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EXECUTIVE SUMMARY 
 
The South African Department of Trade and Industry (DTI) has published a manual that described the 
methodology for developing Customised Sector Programmes.  A standardised methodology and 
manual for the development of Customised Sector Programmes (CSP’s) or sector strategies, is 
intended to generate the following institutional benefits: 
• International best practice in the development of sector strategies 
• Consistency and coherency of sector strategies 
• Retention of institutional memory 
• As a tool to aid institutional learning in the development and implementation of sector strategies 
• Institutional cost savings and higher productivity, resulting from all of the above, both in human 

resource and budgetary terms  
• Improved sector development as a result of well-formulated strategies 
 
This project was executed to be aligned to the South African Department of Trade and Industry’s 
Customised Sector Programme. 
 
This report has been structured to have three parts to it as follows: 
• Part 1: Global Wind-energy Market and Industry; 
• Part 2: South African Wind-energy Market and Industry; and 
• Part 3: Strategic analysis; 
with the objective to research the opportunity to establish a local wind-turbine and component 
manufacturing and services industry in South Africa in support of the DTI’s Industrial Policy Action 
Plan (IPAP). 
 
Part 1 covers the work that was done primarily by Risø-DTU of Denmark.  
Parts 2 and 3 were undertaken by the CSIR of South Africa. 
 
As part of this project a one-day workshop was undertaken on 8 September 2010 to inform and to 
solicit comments and feedback on the work done on the project. This workshop was for the benefit of 
the South African Wind-energy Programme Steering Committee and stakeholders from government 
departments and the private sector. Niels-Erik Clausen, one of the authors from Risø-DTU also 
participated in this workshop. 
 

Part 1: Global Wind-energy Market and Industry 
The astounding growth of the wind industry continued in 2009, with a 35% increase in total installed, 
wind-energy capacity compared to 2008, and an average growth in the last five years of 36%. This 
growth is expected to continue, with strong drivers being, among others,  the increasing demand for 
new capacity in electricity generation, security of energy supply, environmental issues and the 
benefits to the local industry and economy.  The strongest growth took place in China and secondly 
the USA, with China more than doubling its installed capacity in 2009 and coming in second place in 
cumulative installed capacity after the USA.  
 
The wind-turbine market still favours vertically integrated manufacturing for several reasons:  
• in order to guarantee supply (due to component shortage); and 
• to protect their know-how and secure product quality.  
 
This can be achieved either by investing in sub-suppliers of key components or make long-term 
agreements with suppliers of key components.  
 
However, new component suppliers are entering the market, especially in Asia and the U.S. The new 
large industrial conglomerates entering the market are gaining in market share and tend to outsource, 
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e.g. GE wind and Chinese manufacturers, while traditional suppliers of wind turbines that in-source, 
e.g. Vestas and Enercon, are losing market share.  
 
Guarantees of quality via the IEC certification and standards procedure are essential with the new 
suppliers. Furthermore, with the supply of components that are sourced externally, two types of sub-
supplier groups are identified: Firstly, components where the focus is on the reduction of price rather 
than innovative design, in which case it is easier for new suppliers to enter the market and local 
manufacturing is preferred. Secondly, components in which experience and innovative design are 
required and where the turbine manufacturers prefer to keep the know-how in-house. Some new sub-
suppliers enter the market with joint ventures.  
 
The development of international, uniform standards for Wind Turbines is done under IEC, the 
International Electrotechnical Commission. Representatives from all member countries of IEC can 
participate in the working groups developing the standards. The standards that are being developed 
are summarised in Table 0.1 
 
Table 0.1: Standards series issued from the Wind turbines Standardisation Committee IEC TC88 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Small wind turbines will never compete with large wind turbines in terms of efficiency, annual 
production or even specific cost, but there are significant markets or niches where they are or can 
become a viable means of satisfying local electricity consumption. A number of factors in the success 
of promoting the small wind-turbine industry are identified, e.g. government policy support, 
transparent and standardised performance assessment.  
 
Due to poor quality, poor performance and a weak maintenance organisation small wind turbines have 
previously earned a bad reputation. Recently the American Wind Energy Association (AWEA) have 
launched a voluntary certification scheme that might serve as a model in other markets and contribute 
to restore the reputation of small wind turbines. 
 
 
 
 
 

IEC 61400-1 Design requirements for wind turbines 
IEC 61400-2 Design requirements small wind turbines 
IEC 61400-3 Design requirements for offshore wind turbines 
IEC 61400-4 Gears for wind turbines 
IEC 61400-11 Acoustic noise measurement techniques 
IEC 61400-12-1 Power performance measurements 
IEC 61400-13 Measurement of mechanical loads 
IEC 61400-14 Declaration of sound power level and tonality 
IEC 61400-21 Measurement of power quality characteristics 
IEC 61400-22 Conformity Testing and Certification of wind turbines 
IEC 61400-23 TR Full scale structural blade testing 
IEC 61400-24 TR Lightning protection 
IEC 61400-25-(1-6) Communication 
IEC 61400-26 TS Availability 
IEC 61400-27 Electrical simulation models for wind power generation 
IEC 60076-16: Transformers for wind turbines applications 
 
Under development: 
IEC 61400-5 Wind turbine rotor blades 
 



    v 

Part 2: South African Wind-energy Market and Industry 
As the resource is quantified, it is being established South Africa has a good wind resource. Risø-
DTU has done preliminary calculations of meso-scale modelling at 50m and a grid resolution of 5km.  
 
Figure 0.2 shows one of a series of three results that shows the meso-scale results for the coastal 
regions of South Africa. 
 
South Africa currently has an active small turbine industry that not only supplies wind turbines to the 
local market but is achieving success through the export of small wind turbines. 
 
South Africa also has one wind-turbine company that manufactures a medium-sized wind turbine of 
300kW. This turbine size was influenced by a study undertaken by Frost and Sullivan who 
investigated wind energy for the African market. 
 
Research and development are undertaken at various institution and universities in South Africa. 
Notable research and development is being done at the University of Stellenbosch on permanent-
magnet generators. The use of permanent-magnet generators eliminates the need for gearboxes. 
 

Risø DTU, Technical University of Denmark

Preliminary calculations for South Africa
Mean wind speed (m/s) at 50 m

unverified output, do 
not use these numbers  

 
Figure 0.2: Unverified meso-scale wind results for the Western Cape Province 
 
During the course of this project a range of stakeholders were consulted with the objective being to 
solicit data and information on the current status and future potential of the South African wind 
industry. 
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Part 3: Strategic Analysis 
 
A possible industry evolution path is illustrated in Figure 0.3 below. A successful wind-energy 
industry expansion process leads to exports and foreign operations, and to a global industrial profile. 
This has been the case for many wind-energy companies and industry growth may happen through 
acquisitions, organic growth, mergers etc. 
 
However, for such an evolutionary path to grow, a stable home market is requires 
 

 
Figure 0.3 Typical production and market growth strategy (after Lund 2009) 
 
A variety of global policy options exists to support local wind-power technology manufacturing and 
several policy options have proven to be effective as demonstrated in a number of countries (Table 
0.1). These various policy mechanisms do not all target the same goal: some provide blanket support 
for both international and domestic companies to manufacture locally, whiles others provide 
differential support to domestically-owned wind-turbine or components manufacturers. Most 
countries have employed a mix of the following policy tools: 
• local content requirements 
• financial and tax incentives 
• favourable customs duties 
• export credit assistance 
• quality certification 
• research and development (R&D) 
 
Table 0.1: Policy measures to support wind power, country comparison (Lewis and Wiser, 2007) 
Direct policies Primary countries where implemented 

 
Local content requirements Spain, China, Brazil, Canadian provinces 
Financial and tax incentives Canada, Australia, China, USA, Spain, China, Germany, 

Denmark 
Favourable customs duties Denmark, Germany, Australia, India, China 
Export credit assistance Denmark, Germany 
Quality certification Denmark, Germany, USA, Japan, India, China 
Research and development All countries to varying degrees; notable programs in Denmark, 

Germany, U.S., Netherlands 

foreign 
market 

home 
market 

global 
market 

exports 

imports 

expansion 
phase 

Domestic 
production 

Foreign 
production 

start-up 
phase 

Global 
production 

growth 
phase 
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The South African policy and regulatory environment and support mechanisms were analysed.  These 
support mechanisms are in place as per international “best practise”. These support mechanisms were 
evaluated and an attempt was made to represent the current status in Table 0.2 the support measures, 
the key government player, the instruments used and the status of the instruments. 
 
 Independent Power Producers (IPPs) are the organisations that will operate wind farms that will be 
developed in South Africa. Gratwick and Eberhard (2008 Part 3) analysed IPPs in Africa at country-
level and at project-level to obtain insights into what mechanisms would be needed to make IPPs’ 
success more likely. 
 
Country-level mechanisms that government would need to provide to make an IPP’s success more 
likely include: 
• Favourable investment climate in terms of stable macroeconomic policies and good repayment 

records in a legal system allowing for contracts to be enforced and laws to be upheld.  
• A clear policy framework embodied in legislation that specifies a market structure, roles, and 

terms for private and public sector investments. 
• Lucid, consistent and fair regulatory supervision improving general performance of private and 

public sector assets. 
• Coherent power sector planning with energy security standards in place and clarified planning 

roles and functions, as well as built-in contingencies to avoid emergency power plants or 
blackouts. 

• Competitive bidding practices with a transparent procurement process to potentially drive down 
prices. 

 
Project-level mechanisms that are likely to contribute to the success of IPP investments are: 
• Favourable equity partners with preferably local investment as well as experience in developing 

country project risk, and expectations of a reasonable and fair ROE. 
• Favourable debt arrangements including low-cost financing where the share of local capital 

softens the impact of foreign exchange differences, and flexibility in terms and conditions. 
• Secure and adequate revenue streams through commercially sound metering, billing and 

collections by the utility, a robust Power Purchase Agreement (PPA), and security arrangements 
where necessary, such as escrow accounts. 

• Credit enhancements and other risk management and mitigating measures including sovereign 
guarantees, political risk insurance, partial risk guarantees and international arbitration. 

• Positive technical performance in terms of availability and capacity factors as well as sponsors 
that anticipate potential conflicts, like operations and maintenance or budgeting issues. 

• Strategic management and relationship building where sponsors create a good image through 
political relationships, development funds, effective communications and well-managed contracts. 

 
Table 0.2: Matrix of government measures to support the wind industry 

Support 
measure 

Key player Instruments Status 

Target setting DoE Renewable Energy white 
paper 

Target set (10 000 GWh), but no 
specific target for wind  

Revision of RE white paper Process ongoing, targets per 
renewable expected. Start consultation 
in November 2010 

IRP1 Small target for wind of 400MW (incl 
ESKOM Sere farm) 

IRP2010 Process ongoing. Specific targets for 
wind expected in 4th quarter  

Capacity credits Methodology developed 
Local content 
requirements 

Treasury Prescribe mandatory local 
content for government 
investments 

In draft form 
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DTI IPAP2 Wind is referenced 
NERSA Requirements for licensing Draft document 

Facilitate IPPs NERSA REFIT REFIT for wind announced at R 
1.25/kWh 

Standards PPA Draft document out for consultation 
Treasury Funding for REFIT Status unclear. Discussions with 

donors ongoing 
DoE & DPE Independent Systems and 

Market Operator (ISMO) 
Unclear on current status  

ESKOM Signing PPAs Unclear on legal status of ESKOM 
signing PPAs 

Financial and 
tax incentives 

DTI Enterprise Investment 
Programme 
 

Wind industry not identified as such, 
but support possible for “manufacture 
of other fabricated metal products” 
(turbine towers?) and electrical 
motors, generators, transformers, 
electricity distribution and control 
apparatus and wires and cables. 

Favourable 
customs duties 

For wind: not 
clear 

For wind: not clear  

Export credit 
assistance 

DTI Policies in place Not clear if wind is included 

Quality 
certification 

SABS National standards SA to make use of IEC standards 
Testing against international 
standards 

No test/certification facilities in place 

Pilot project -
SERE 

ESKOM Develop national pilot 
project 

Partial funding seems to be secured 
through World Bank and CTF 
funding, but no decision by ESKOM 
Board as yet? 

Training and 
education 

Provincial 
government 

Still to be established  

SETA Learnership  Special unit standards and 
learnerships need to be developed for 
wind, in particular O&M 

Dept Higher 
Education 

Curriculum development: 
needs to be enhanced 

Limited relation between industry and 
higher education institutes 

Dept Basic 
Education 

Technicians/Artisan level: 
curriculum needs to be 
enhanced. 

Coordination lacking 

Research DST Energy Grand Challenge Wind included 
SANEDI Record Wind energy explicitly excluded 
TIA Facilitate local IP Not clear if wind is included 

 
The economics of wind projects were investigated, including the costs of the components of a wind 
turbine. Table 0.3 shows the cost breakdown of components per MWp of a wind-energy project 
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 Table 0.3: Cost breakdown of components/MWp of a wind-turbine project 
Item % value Cost 

(Rmillion)/MWp 

Grid connection 12 1.92 

Civil works 9 1.44 

Other capital costs 8 1.28 

Tower 18,7 2.99 

Rotor blades 15,8 2.52 

Rotor hub 1,0 0.156 

Rotor bearings 0,86 0.139 

Main shaft 1,36 0.217 

Main frame 2,0 0.318 

Gearbox 9,20 1.466 

Generator 2,44 0.391 

Yaw system 0,89 0.142 

Pitch system 1,89 0.302 

Power converter 3,56 0.569 

Transformer 2,55 0.408 

Brake system 0,93 0.150 

Nacelle housing 0,96 0.153 

Cables 0,68 0.109 

Screws 0,74 0.118 

 
A set of scenarios were developed that presented the localisation value for each scenario and is 
presented in Table 0.4 
 
Table 0.4: Scenarios for the localisation of wind-energy project spend 
Scenario Assumptions % 

value 
Local 
spend/MW 

Dates 
achieved?  

1. Low-industrial 
 content 

Grid connection, civil works, other 
capital costs, fully imported wind 
turbines 

29 
 

R4.64 million 2015 
 

2. Medium-low  
industrial content 

Grid connection, civil works, other 
capital costs, tower locally made, 
rest of turbine imported 

47 R7.52 million 2015 
 

3. Medium-high 
 industrial content 

Grid connection, civil work, other 
capital costs, tower, blades, 
generator and nacelle made locally, 
rest imported 

66 R10.6 million 2020 
 

4. High industrial 
 content 

Grid connection, civil works, other 
capital costs, most of turbine made 
locally, except for specialised items 
such as gearbox, rotor bearings  

87 R13.9 million 2020 

 
As inputs into further analysis, the Department of Energy suggested that a GTZ study on capacity 
credits be used. In summary, the GTZ study suggests the following generation capacity as presented 
in Table 0.5. For each target date a target generation capacity is put forward. 
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Table 0.5: GTZ wind-energy generation targets 

Date Generation capacity 

(MW) 

2015 2 000 

2020 10 000 

2025 25 000 

 
A review was done of the employment opportunities from a wind-energy industry. Various 
methodologies were reviewed and since there is no method and data available from the developing 
world a method was adapted from the developed world. Table 0.6 presents the normalised direct 
employment for a range of energy systems including that for wind. 
 
The details behind the figure in Table 0.6 can be found in Part 3 Strategic Analysis of this report. 
 
Table 0.6: Normalised direct employment for every 1000MWa 

 Direct employment over the life of the facility 

 Total jobs/MWa  Total direct jobs for every 
1000MWa (max and min 
range over plant lifetime)  

Total direct jobs for every 
1000MWa (average over 
plant lifetime)   

 CIM  O&M    

PV  7.4 
 

1.43 

5.0 
 

0.6 

12 400 
 

2 030 

7 215 

Solar 
(CSP 
trough)  

1.03 
 

0.45 

5.00 
 

0.16 

6,030 
 

1 050 

3 540 

Nuclear  0.42 0.78 1 200 1 200 

Wind  1.25 
 

0.29 

1.14 
 

0.5 

2 390 
 

790 

1 590 

 
From Table 0.6 the following normalised direct employment is the potential for every 1000MWa of 
wind energy installed in South Africa: 

• Every 1000MWa (2857MWp installed, 35% capacity factor, 25 year plant life) of wind-
power developed creates the potential for an average of 1590 direct jobs 

• Every 1000MWa (2857MWp) of wind-power developed creates an average of 19 328 CIM 
job years or 

• 1000MWp creates 6,765 CIM job years 
 
A preliminary external macro-environment (big picture) analysis was done of the South African wind 
energy research, development and demonstration (RD&D) community. This was done using the 
Political, Economic, Social, Technological, Legal, Environmental (PESTLE) analysis technique. This 
analysis drew on information that has been gathered in this report. 
 
Interpreting the PESTLE analysis above as well as analysing the data and information gathered in this 
report a Technology Tree was developed. Included in this data and information analysis is the taking 
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note of those high value, high intellectual property capital cost items that constitute a large portion of 
a wind energy project namely: 

• Grid connection – approximately 12% of total project costs 
• Rotor blades – approximately 16% of total project costs 

 
This preliminary technology tree, Figure 0.4 was developed within the context that a South African 
Wind Energy Technology Platform be established in support of a wind energy industrial strategy. The 
Applied Technology, or themes, that form the basis of this platform are: 

• Life cycle evaluation and prediction 
• Component design and manufacturing 
• Wind farm design optimisation 
• Condition monitoring and fault prediction 
• Policy development and decision support 

 
It should be borne in mind that advantage can be taken of the strong international links established 
between South African and foreign researchers, such as between CSIR and Risø-DTU of Denmark to 
develop this preliminary South African wind energy research agenda to a complimentary, complete 
and thorough research agenda. This with a view to leverage international funding to undertake 
research activities that are to the benefit of all stakeholders. 
 
A SWOT and value chain analysis was done, which fed into the development of a value matrix 
diagram.  The Value Matrix Diagram was drawn up from the perspective of a potential Wind-turbine 
Manufacturing industry. The value matrix illustrates the constraints and opportunities associated with 
a local wind-turbine manufacturing value chain. 
 
The value matrix diagram flow from right to left, with functions, influences and outcomes flowing 
vertically from the value components. The value chain is comprised of: 
 
• Market needs 

• Raw material and machinery suppliers 

• Design and development services 

• Component manufacturing 

• Supply chain management 

• Assembly and integration 

• Construction and installation  
 
The following opportunities were identified in the value chain 

• Developing a home market 

• Developing the African market 

• Innovative designs  

• Optimise supply-chain management 

• Local manufacture of components 

• Local integration of turbines 
 
 



  

 

Preliminary Technology Tree 

Needs Innovative wind turbine 
system designs 

Local manufacture of 
components 

Job creation Energy security 

Key Solutions 
• Wind resource assessment and maps 
• Advanced designs for next generation wind turbines 
• Advanced materials selection and development 
• Advanced and cost effective manufacturing techniques 

• High quality manufactured components 
• Certification and testing procedures 
• Advanced techniques for wind turbine/grid integration 
• Human capacity development 

Platform South African Wind Energy Technology Platform 

Applied 
technology 

Life cycle evaluation 
and prediction 

Component design 
and manufacturing 

Wind farm design 
optimisation 

Condition monitoring 
and fault prediction 

Policy development 
and decision support 

Base 
technology 

• Constitutive equations 
• Materials 

characterisation 
• Aero-elasticity 

methodologies 
• Numerical failure 

identification methods 
• Non-destructive 

evaluation 
 

• Database of new 
materials 

• New design standards 
• Power electronics 
• Manufacturing 

processes 
• Quality assurance 

• Increased accuracy of 
wind resource 
database 

• Wind turbine 
emulation system 

• Extreme wind 
condition evaluation 
techniques 

• Complex terrain & 
offshore evaluation 
techniques 

• Monitoring & 
evaluation 

• Supervisory Control 
& Data Acquisition 
(SCADA) systems 

• Smart grid 
technologies 

• Data and 
information 
evaluation 
techniques 
 

Infrastructure  
• Wind measurement equipment 
• Computational fluid dynamics 
• Finite element methods 
• Dedicated wind tunnels 
• Blade test facilities 
• Generator test facilities 
• Drive train test facilities 

• Natural resource databases 
• Geographic Information Systems 
• Quantitative methods 
• Science and Engineering know-how 
• Supply chain linkages 
• Indigenous knowledge 

Figure 0.4: Preliminary technology tree 



  

The following constraints were identified in the value chain 

• Human capacity shortages 

• No quality certification processes in place 

• Lack of implementation of policies  

• Unfriendly/complex business environment 

• No guarantee of grid connection 

• International trade barriers 
 
At the design and development stages, the innovation process as well as the cost of innovation is a 
prerequisite for designing a new wind turbine or component, creating intellectual property and 
establishing a bill of materials. The high cost of innovation could be an obstacle that engineers and 
researchers have to overcome. 
 
As the component moves through the development stage proper supply-chain management needs to 
be employed and optimised in order to effectively manufacture the component. Suppliers also import 
manufactured components or utilise local manufacturers, in order to supply these components to the 
bill of materials specifications. Efficiency of customs and/or import duties could be obstacles that 
need to be overcome. 
 
Manufacturers invest large amounts of capital in equipment and have to allow for certification and 
testing, in order to adhere to the necessary standards. Normal business functions, such as marketing, 
human resources, finance and operating expenses have to be managed within a contract manufacturer. 
Continues improvements in the skills of human resources employed, the cost of labour and capacity 
utilisation are needed in order to compete internationally.  
 
Various conclusions were developed based on the study findings. 
 
Recommendations of this study are: 
• The South African government continue on the path of developing and implementing policies that 

support a sizable and stable market for wind power, in conjunction with policies that specifically 
provide support mechanisms  for wind turbines and components to be manufactured locally so as 
to result in a competitive wind industry 

• Current public funding programmes for innovation in South Africa must be intensified and better 
publicised. 

• As part of a national production and market growth strategy a dedicated model, be it an input-
output or analytical model, should be developed so that the potential job opportunities for a South 
African industry can be more accurately quantified.  An expected output of such an analysis 
would be to establish what the job opportunities are for the range of skills that will be required. 
Knowing the type of skills required will enable the education and training facilities to develop 
relevant curricula. 

• To develop a globally competitive wind industry a coherent national certification and testing 
facility be investigated. 
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1. Global Wind-energy Market and Industry 

1.1. Introduction 
The South African Department of Trade and Industry (DTI) have published a manual that described 
the methodology for developing Customised Sector Programmes.  A standardised methodology and 
manual for the development of Customised Sector Programmes (CSP’s) or sector strategies, is 
intended to generate the following institutional benefits: 
• International best practice in the development of sector strategies 
• Consistency and coherency of sector strategies 
• Retention of institutional memory 
• As a tool to aid institutional learning in the development and implementation of sector strategies 
• Institutional cost savings and higher productivity, resulting from all of the above, both in human 

resource and budgetary terms and 
• Improved sector development as a result of well formulated strategies 
 
This project was executed to be aligned to the South African Department of Trade and Industry’s 
Customised Sector Programme. 
 
Consequently this report is divided into three primary components: 
• Part1: Global Wind-energy Market and Industry 
• Part2: South African Wind-energy Market and 
• Part3: Strategic Analysis 
with the objective to research the opportunity to establish a local wind-turbine and component 
manufacturing and services industry in South Africa in support of the DTI’s Industrial Policy Action 
Plan (IPAP) 
 
Part 1 covers the work that was done primarily by Risø-DTU of Denmark  
Parts 2 and 3 was undertaken primarily by the CSIR 
 
The scope of Part 1is to look at the global wind-energy perspective regarding current and future 
deployment, market, technology, industry and research that may be used in the formulation of an 
industrial strategy for the wind-energy generation sector in South Africa. 
 

1.2. Wind-energy Deployment and Environment Require ments 
 
A status of wind-energy deployment in the world, with an overview of main current markets 
contributing to the 2009 and the cumulative global installed capacity will be presented in this chapter, 
as will the resulting environmental benefits from this deployment. An in depth analysis of the current 
market along with market forecast will be presented in the following chapter. The discussion in 
chapter 1.1-1.5 is for large grid-connected turbines and references are shown in section 1.7.1. 
 
Wind energy is the largest contributor to new installed power generation capacity, the strong global 
drivers for wind power making it an extremely favourable source for the increasing demand for new 
capacity in electricity generation. Security of energy supply1, environmental issues and improvements 
in the technology itself, have led to such an astounding growth.  
 

                                                      
1 The dwindling fossil fuel resources and the volatile prices of fossil fuels opposed with the fact that wind energy is a local 

resource (no supply import). 
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Furthermore, wind power is often competitive with traditional power generation sources, sometimes 
even cheaper, the cost depending on the site and the project, provides local employment, and 
encourages regional economic development. Another advantage is the fact that a wind-power plant 
can be set up fast compared with conventional power plants.  
 
In Europe the main driver is political action to combat global warming, in Asia the strong economic 
growth combined with the need for electricity, and in the U.S. the security of supply and the need to 
combat CO2 emissions. 
 

1.2.1. Current Global Wind-energy Deployment  
The astounding growth of the wind industry has continued in 2009, despite the economic crisis 
affecting the Western economies and a slump in the renewable-energy sector in the last quarter of 
2008 and throughout most of 2009 due to lack of investment capital2. There was a 35% increase in 
total installed wind-energy capacity in 2009, and the average growth in the last five years is 36.1%. 
The strongest growth took place in firstly China and secondly the USA, with China more than 
doubling its installed capacity in 2009 and coming to second place in cumulative installed capacity 
after the USA.  
 
The annual and cumulative global wind-energy deployment from 1983 until 2009 can be seen in 
Figure 1.1, and from 2004 until 2009 in Table 1.1.  The total global installed capacity at the end of 
2009 was 160 084MW with 38 103MW installed in 2009 alone. Looking at the cumulative wind-
energy deployed globally by continent (Figure 1.2), the highest wind capacity is in Europe, 
representing 47.8% of the total world installed capacity by the end of 2009.  
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Figure 1.1: Annual and cumulative global installed wind power (MW per year), 1963-2009. Figure from 
[1] 

 
 
 
 
 

                                                      
2 A summary of the impact the financial crisis had on renewable energy financing is given in [GWEC] 
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Table 1.1: World Market growth rates: Annual and cumulative global installed wind power (MW per year), 
2004-2009. Table from [1] 

Year: Installed MW Increase % Cumulative MW Increase %
2004 8,154 47,912
2005 11,542 42% 59,399 24%
2006 15,016 30% 74,306 25%
2007 19,791 32% 94,005 27%
2008 28,190 42% 122,158 30%
2009 38,103 35% 160,084 31%

36.1% 27.3%
Source: BTM Consult ApS - March 2010

Average growth - 5 years
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Figure 1.2: Cumulative global wind-power status by continent. Figure from [1] 

1.2.2. Contribution to power generation capacity 
 
It is of interest to look at the contribution of wind energy in terms of global and national electricity 
supply. The current contribution of wind power in the world today as a percentage of total world 
electricity supply has reached 1.6% at the end of 2009. The growth of electricity from all generation 
sources, including wind, and from only wind power is shown in Figure 1.3.   
 
The trend in the increase of the electricity supply from all generation sources has been linear, whilst 
the trend for wind-energy generation has been exponential, and the contribution to the total electricity 
supply is forecast to reach 4.04% by the end of 2014.  
 
In the USA and Europe renewable energy, a majority of this being wind energy, was the largest 
contributor to new installed power generation capacity in 2009, with around 40% of the total installed 
power generation capacity. In Europe renewable-energy technologies accounted for 61% of new 
generation capacity in 2009 [2]. In [3] 42% of current EU capacity needs to be built over the next 12 
years to replace ageing capacity and meet the expected increase in demand. 
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Figure 1.3: Percentage of wind power in global electricity generation. Source [BTM]. 
 
The IEA wind 2008 and 2009 annual report presents the actual percentage of national electricity 
supply from wind power, for the IEA member countries. This percentage is presented here for the 
countries that are ranked in the top 10 in cumulative installed capacity (Table 1.2). Denmark has the 
highest penetration of wind energy in its electricity grid network, at 19.3%, even though the share of 
total installed wind capacity is 2.1%, followed by Portugal and Spain. USA with the highest installed 
cumulative share of wind generation has only 1.8% of wind penetration.  
 
Table 1.2: Percentage of wind power in national electricity generation for IEC countries ranking in the top 
10 of cumulative wind installed capacity. Source [IEC]. 

Country %  of national 
electricity demand 
from wind 2008 

%  of national 
electricity demand 
from wind 2009 

% of global acc. 
capacity 2008 

% of global acc. 
capacity 2009 

Denmark 19.3% 19.3% 2.6% 2.1% 

Portugal 11.3% 15% 2.3% 2.2% 

Spain 11.7% 14.4% 13.5% 11.7% 

Germany 6.5% 6.6% 19.6% 16.1% 

USA 1.9% 1.8% 20.7% 22% 

Italy 1.9% 2.0% 3.1% 3% 

UK 1.3% 1.3% 2.7% 2.7% 
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1.2.3. Trends in installed capacity 
 
Offshore wind power 
All operating offshore farms except one are situated in northern Europe i.e. Denmark, the UK, 
Sweden, the Netherlands, Germany, Ireland and Belgium. Norway has a prototype floating turbine 
(2.3MW).  China has an offshore wind-farm of 63MW.  A list of operating wind farms in the world 
today is given in Appendix A. 
 
Offshore wind energy is starting to have an increasing impact on Europe’s wind-power development: 
by the end of 2009, 2.7% of the total European wind capacity (2 063MW of installed capacity) is 
offshore and 2010 alone is expected to see 1 000MW of installed offshore capacity in European 
waters, making up around 10% of Europe’s annual market [2].  

 
Repowering  
Repowering is a major trend in Denmark, who has been an early mover in the development of wind 
energy. Over the past decade, an average of 26MW are decommissioned and replaced every year with 
larger turbines, and the rate is expected to grow to 200MW every year until 2020 [2]. In Germany 
repowering is expected to increase after 2010, and after 2015 over 6,000MW of turbines will be 
economical to repower (older than 15years). Repowering has the potential to double the installed 
onshore capacity in Germany.  
 

1.2.4. Environmental Benefits 
 
The energy sector accounts for 80% of greenhouse gas emissions in the EU alone (European 
Environment Agency, 2008), and 41% of global CO2 emissions (WEO, 2006). Thus the potential to 
combat climate change and air pollution by deploying renewable energy is substantial. In this chapter 
the environmental impact in terms of emissions from wind-energy deployment will be summarised, as 
the avoided environmental impact compared to fossil fuel technologies.  
 
In [4], the results from four independent life-cycle assessments (LCA) of emissions and 
environmental impact from onshore and offshore wind energy are presented3. The LCA determines 
the most polluting phase of the products life-cycle, which includes construction, on-site erection and 
assembling, transport, operation and dismantling. In all the presented studies, emissions4 from 
onshore and offshore wind energy are shown to be far below from conventional technologies, except 
for particulates. Construction, on-site erection and assembling constitute around 80% of the 
emissions. The construction is the most crucial phase due to the production of raw materials, which 
are intensive in energy consumption. The contribution of the construction of the different components 
to emissions for onshore wind-farms shows that the tower and the nacelle production, and not the 
rotor blades, contribute mostly to emissions.  
 
To assess the relationship between the energy produced and that consumed by a wind turbine a few 
examples have been given by Vestas [4]: For a Vestas V90 3MW 6.6 months of expected average 
energy consumption will balance the energy needed in the full life-cycle of the product; from actual 
project data, for the V80 2MW turbines installed at the Tjæreborg onshore wind park the energy pay-
back period was 3.1 months.  
 

                                                      
3 The environmental impact in terms of visual effects, noise, land use, birds, electromagnetic interference, marine organisms 

(offshore) and policy measures are also investigated in [4], but not discussed here. 

4 Several of the most important emissions are considered: Sulphur dioxide, particulates, nitrogen oxides, methane fossil and 
carbon dioxide fossil. 
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Wind energy compares extremely well to conventional electricity generation technologies and other 
renewable-energy sources in terms of avoided emissions. In Table 1.3 the avoided emissions are 
presented, when 1kWh of energy is produced from wind instead of coal, lignite or natural gas 
combined cycle (NGCC) power plants. Significant emission reductions can be obtained; in the EU 
countries alone 91 Mt of CO2 have been avoided in 2008 due to wind energy, and this is expected to 
increase to 333Mt in 2020  [3].  In [4], a comparison of emissions to other renewable-energy sources, 
mainly solar PV, solar thermal, and biomass, shows that except for sulphur oxide emissions, in which 
case solar PV and solar thermal have the least emissions, wind energy is the least pollutant 
technology.  
 
Table 1.3: Avoided emissions in (g) from 1kwh produced wind energy, versus coal lignite and natural gas 
combined cycle power plants. Source [EWEC book] 

 Vs. Coal Vs. Lignite Vs. NGCC 

Carbon dioxide, fossil (g) 828 1051 391 
Methane, fossil (mg) 2546 236 984 
Nitrogen oxides (mg) 1278 1010 322 
Particulates (mg) 134 693 -6 
Sulphur dioxide, (g) 1515 3777 118 

1.3 Market for wind turbines and wind-turbine compo nents 

1.3.1 Global Market  
 
Current Market 
The top 10 markets in the world in 2009, in terms of annual installed MW, contributed to 89% of total 
global installations. In 2009, for the first time, China was the largest market, replacing the USA which 
was the top market for 2007 and 2008.  China’s growth rate in 2009 was an astounding 113.3%, 
bringing China to second place after the U.S. in cumulative installed capacity (Table 1.4). Three 
Chinese manufacturers, Sinovel, Goldwind and Dongfang have entered the top ten leading 
manufacturers (Figure 1.4) for the first time and this is primarily due to being the dominant 
manufacturers supplying their own domestic market. The U.S. was the second biggest market in 2009, 
from first place in 2008, but still has the largest cumulative installed capacity.  Quite a few countries 
in Europe have had high market growth rates, namely Italy, France and the UK, at around 30%.  
India’s market slowed down in 2009, compared to 2008. 
 
Table 1.4: Growth rates and accumulated installed capacity in MW 

Accu. Accu. Accu. Accu. Growth rate 3 years
end end end end 2008-2009 average

Country 2006 2007 2008 2009 % %
USA 11,635 16,879 25,237 35,159 39.3% 44.6%
P.R. China 2,588 5,875 12,121 25,853 113.3% 115.4%
Germany 20,652 22,277 23,933 25,813 7.9% 7.7%
Spain 11,614 14,714 16,453 18,784 14.2% 17.4%
India 6,228 7,845 9,655 10,827 12.1% 20.2%
Italy 2,118 2,721 3,731 4,845 29.9% 31.8%
France 1,585 2,471 3,671 4,775 30.1% 44.4%
UK 1,967 2,394 3,263 4,340 33.0% 30.2%
Portugal 1,716 2,150 2,829 3,474 22.8% 26.5%
Denmark 3,101 3,088 3,159 3,408 7.9% 3.2%
Total "Ten" 63,203 80,415 104,051 137,277 31.9% 29.5%
Source: BTM Consult ApS - March 2010  
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The global installed capacity in 2008 and 2009 by region and the top 3 countries in each region are 
shown in Appendix A, Table 1.155, as is the total accumulated capacity by region. Although Europe 
represents 47.8% of the total world capacity, in actuality, Europe’s share of the global market in 2009 
was the lowest ever, due to the growth within Asia and Americas. Of the new added installed capacity 
in 2009:  

• the South and East Asia growth was mainly driven by China, (91.7% of the Asian 
installations), followed by India;  

• the Americas was mainly driven by the USA (87%), followed by Canada and then Brazil;  
• in Europe Spain and Germany had the highest installed capacity, but the markets are more 

evenly spread across a number of European countries;   
• in Africa  Egypt accounted for 52.8% of installations, followed by Tunisia 30.5% and 

Morocco 14.8%.  
 

It is of interest to note that in each region the top three countries account for almost 100% of installed 
capacity in 2009, except for Europe where Spain and Germany account for 44% of installed capacity 
followed by Italy, France, the UK, Denmark with around 6% each.  
 

1.3.2 Leading suppliers in current market 
 
The leading three suppliers in the top ten markets are shown in Table 1.5 and the position of the top 
ten manufacturers in terms of their export strength relative to their share of the market can be seen in 
Figure 1.4. Vestas (DK) holds 12.5% of the 2009 global market, a drop from 20% in 2008: this 
reduction in its market share is due to the Chinese market growth where, as mentioned earlier. 
Sinovel, holding a 9.2% share of the global market, Goldwind, holding a 7.2% share of the global 
market, and Dongfang, holding a 6.5% share of the global market, are the main turbine suppliers. 
Vestas’s share of the market is mainly due to exports.  The other top ten 2009 manufacturers, GE 
Wind (U.S.), Enercon(GE), Gamesa(SP), Suzlon(IND), Siemens(DK), Repower(GE) are mainly 
regional suppliers.  
 
Table 1.5: Leading suppliers in the top ten markets. Table from [1] 

Total
MW

Market/Country 2009
1. P.R. China 13,750 Sinovel Goldwind Dongfang
2. USA 9,922 GE Wind Siemens Vestas
3. Spain 2,331 Gamesa Vestas Alstom Wind
4. Germany 1,917 Enercon Vestas REpower
5. India 1,172 Suzlon Vestas RRB Vestas
6. Italy 1,114 Vestas Gamesa Enercon
7. France 1,104 Enercon REpower Vestas
8. UK 1,077 Siemens REpower Vestas
9. Canada 950 Vestas GE Wind Enercon
10. Portugal 645 Enercon Nordex Vestas
Total MW in Top-Ten 33,982

Source: BTM Consult ApS - March 2010

Positions in the Top-
Ten markets

The Top-Ten markets counts for 89% of the total world market 
in 2009

Suppliers in the leading markets

No. 1 No. 2 No. 3

 
 

                                                      
5 The data is from [6]. Similar data is presented in [2], with some differences in the figures, mainly concerning countries 

with low wind energy installation. 
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Figure 1.4: Top ten manufacturers’ supply status relative to global market share [6] 

1.3.3 Issues affecting growth 
The existence of a domestic market, along with favourable financial and regulatory incentives that are 
long-term rather than short term in order to provide ‘customer’ security, seems to be an essential 
driver for the growth of wind-energy industry in a country. In the European Union countries, the 
setting of national targets to reduce CO2 emissions is having a positive impact. Barriers to the 
development of wind energy, apart from the lack of long-term government support are planning 
issues6 and public resistance, limited grid/transmission capacity, which are already affecting big 
markets such as America [1] and China [10], and lack of local competencies. Government legislation 
and issues for assessing future markets are covered further in the following sections. 
 
Legislation 
Different incentive programs employed to build up installed capacity and the industry have indeed 
given a major boost to the development of wind energy over the years. A list of these and their 
implementation in the IEA countries are given in the IEA Wind Energy annual report 2008 and 2009.  
 
 
 
 
 
 
 
 
                                                      
6 Among other: time-cumbersome procedures (long lead-times), lack of clarity in their implementation.  
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Table 1.6: Types of Incentive Programs in IEA countries 2009 
Types of Incentive Programs in IEA countries 2008 
Type of program Description 
Enhanced feed-in 
tariff 

An explicit monetary reward is provided for wind-generated electricity, 
paid (usually by the electricity utility) at a rate per kilowatt-hour somewhat 
higher than the retail electricity rates being paid by the customer 

Capital subsidies Direct financial subsidies aimed at tackling the up-front cost barrier, either 
for specific equipment or total installed, wind-system cost 

Green electricity 
schemes 

Allows customers to purchase green electricity based on renewable energy 
from the electricity utility, usually at a premium price 

Wind-specific green 
electricity schemes 

Allows customers to purchase green electricity from wind plants from the 
electricity utility, usually at a premium price 

Renewable portfolio 
standards (RPS) or 
renewables 
production obligation 
(RPO) 

A mandated requirement that the electricity utility (often the electricity 
retailer) source a portion of its electricity supplies from renewable energies  

Wind requirement in 
RPS 

A mandated requirement that a portion of the RPS be met by wind-
electricity supplies (often called a set-aside) 

Investment funds for 
wind energy 

Share offerings in private wind investment funds plus other schemes that 
focus on wealth creation and business success using wind energy as a 
vehicle to achieve these ends 

Income tax credits Allows some or all expenses associated with wind installation to be 
deducted from taxable income streams 

Net metering In effect the system owner receives retail value for any excess electricity 
fed into the grid, as recorded by a bidirectional electricity meter and netted 
over the billing period 

Net billing The electricity taken from the grid and the electricity fed into the grid are 
tracked separately, and the electricity fed into the grid is valued at a given 
price 

Commercial bank 
activities  

Includes activities such as preferential home mortgage terms for houses 
including wind systems and preferential green loans for the installation of 
wind systems  

Electricity utility 
activities 

Includes green power schemes allowing customers to purchase green 
electricity, wind farms, various wind generation ownership and financing 
options with select customers, and wind-electricity power-purchase models 

Sustainable building 
requirements 

Includes requirements on new building developments (residential and 
commercial) to generate electricity from renewables including wind 
microgeneration 

 
Overall it seems that enhanced feed-in-tariffs have encouraged rapid development of wind-energy 
projects, especially when compared to capital subsidies. The Production Tax Credit (PTC) in the USA 
seems to also be an effective incentive. In Europe the establishment of Carbon Markets is still a 
relatively new mechanism, and its effect remains to be seen.  
 
The feed-in tariffs for specific countries for 2009 are given in Appendix A, 0.  
 

1.3.4 Assessing potential markets 
As discussed previously the existence of a domestic market along with favourable financial and 
regulatory incentives, that are long-term rather than short term in order to provide ‘customer’ security, 
seems to be an essential driver for the growth of wind-energy industry in a country. When assessing a 
potential market the following factors are important:  
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• The existing government support, which can be in terms of policy support mechanisms, as 
discussed previously, sufficient information and transparency on planning, or ties of projects 
to local manufacturing (e.g. in Brazil the government requires 60% of equipment in wind 
farms to be manufactured domestically, and along with the announcement of large future 
projects large turbine manufacturers are planning to produce turbines in Brazil);  

• Commitments to national and international targets;   

• The engagement of the country’s utilities and large energy companies: the tendency is for 
wind-energy projects to be more capital intensive, thus the involvement of the former is a 
positive indicator;  

• The industry dynamics in the country in terms of e.g. competencies and alliances is also a 
driver;  

• The development of local competencies within the industry, but also with education and the 
development of R&D create a base for the growth of the industry, with long-term perspective;  

• An assessment of the domestic resource and a clear understanding of how much and how 
easily this can be utilised; and  

• An assessment of patterns of development in similar markets and the likelihood of their 
replication in the market under study. 

1.3.5 Development of wind power in selected markets . 

 
Ireland 2003-04 
 
In 1999 the Irish Government issued a Green Paper on Sustainable Energy setting out a target of 
adding 500MW new capacity from renewable energy in the period 2000-2005. In December 2003 the 
Minister of Communications, Marine and Natural Resources issued a Consultation Document inviting 
the public to comment on proposed targets and policy options for renewable energy in the Republic of 
Ireland for the period 2005 to 2020. In the Consultation Document it was envisaged that the major 
contribution to meet the targets should come from wind energy installed either onshore or offshore. In 
addition, the Irish Government (represented by SEI - Sustainable Energy Ireland) commissioned a 
study with two main tasks:  
 

• Task A: Key requirements to meet potential future targets for the deployment of offshore 
wind energy in Ireland. 

• Task B: Potential opportunities for the development of an industry supplying the wind-energy 
market in Ireland and overseas.  

 Task B is relevant to the present study in South Africa. 
 
The study was financially supported by the Renewable Energy Research Development and 
Demonstration Programme (RE RD&D) administered by Sustainable Energy Ireland (SEI) and was 
carried out by Risø National Laboratory (now Risø DTU) in cooperation with BTM Consult and the 
Danish Energy Authority.  
 
A brief summary of our findings with respect to industrial development in Ireland are summarised 
below in the hope that they can serve as inspiration to the Government of South Africa.  
 
Industry Development in Ireland (2003) 
The consolidation trend in the wind-turbine market, of the merging of companies into large companies 
that can operate internationally on a competitive level, is expected to continue. Small companies may 
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play a role in the international main stream market, in niches as specialised suppliers of sophisticated 
products and services. In the development of an Irish wind industry it is important to focus on 
products and services that can supply and improve already existing technology, and develop and 
utilise the Irish knowledge resources with the highest technical competences, e.g. in the software and 
electronic sector plus the marine and ocean engineering sector. In doing that, cooperation should be 
founded with the already established international companies that produce the state of the art wind 
turbines.  

The wind-energy deployment in Ireland has so far been accomplished with a significant involvement 
of the private sector. With this in mind it is important to establish a framework that makes it attractive 
for investors to enter and stay in the market. In order to provide cost-effective solutions it is important 
that the framework also serves to minimise the risk for investors.   Furthermore, industrial 
development without a good home market is vulnerable and less robust. In order to attract and 
maintain private players in the industry a minimum market volume should be established and 
maintained over a longer period of time.  

The potential market in Ireland, if seen alone, appears to be insufficient to support an industry of even 
a modest size. However, the activity level in the UK offshore market is expected to be significant over 
the next decade or more, and will provide a good basis for development of competences and markets 
for Irish companies. If the Irish wind-energy market develops to a sufficient size and at the same time 
can have a stable growth rate, this may allow Irish entrepreneurs to get started and survive the first 
years, as well as attract producers of wind turbines or the major components to move part of their 
production to Ireland to be close to the Irish/UK market.  

In general, government support, clear targets, and consistent and coherent policy regarding wind are 
essential prerequisites for success.  A proper coordination between environmental policies (e.g. 
responsibility for international obligations and targets), energy policy (renewable-energy planning, 
power system development) and employment and industry policies will facilitate the development and 
pave the way to meet the targets.   

Status in Ireland 2008 [5]: The total installed wind generation in Ireland is 1 002MW, compared to 
339MW in 2004. The country has no manufacturing industry of large-scale wind turbines. Even 
though 80% of the design, development, construction, equipment and connection are imported, the 
value to the local and national economy is estimated at 60 million Euros per year (construction, legal, 
finance). As the equipment is imported, most O&M income goes to the international suppliers. There 
is a developing micro-scale turbine manufacturing industry.  
 
Portugal 
In 2001 Portugal’s total installed wind capacity was around 100MW. In 2003 the Portuguese council 
of Ministers adopted a resolution (No. 63/2003) that, amongst other things, set the target for the 
installed wind capacity to grow to 3 750MW by the end of 2010. By the end of 2009, the installed 
capacity had reached 3 535MW and is on its way to meet, or even exceed, the target set back in 2003. 
How did Portugal achieve this and secure a major manufacturer of wind turbines to set up 
manufacturing facilities in Portugal, employing hundreds of local people?   
 
There were five notable devices that were used to enable this success story: 
 

1. National targets were set by central government. Not just in 2003 but the targets were revised 
again in 2005 (before the date for the old target ran out) to 5 100MW. 

2. Tax incentives were offered. For example, a lower rate of VAT on equipment necessary for 
production from renewable energy. 

3. Feed-in tariffs were guaranteed for electricity produced from renewable-energy sources 
together with the legal framework allowing independent producers to deliver electricity to the 
grid. The feed-in tariffs were complex but clear and were reviewed periodically, being 
adjusted to encourage, for example, a more timely construction of wind farms. 
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4. Local support for a wind farm was engaged, in part by ensuring that the municipality where 
the wind farm was located automatically benefited from a share of the revenue that the wind 
farm generated. 

5. Grid connection concessions were opened up for bidding in specific amounts. The rules for 
bidding contained local content requirements that committed bidding consortia to building 
turbine or major component manufacturing plant(s) in Portugal, as well as dictating a 
minimum of 70% of the total investment remained in the country. 

The result was that the central government created a market with carefully crafted incentives and 
managed to entice the German wind-turbine manufacturer Enercon GmbH to set up manufacturing 
facilities for towers, blades, generators together with module assembly facilities. This feeds the local 
market but is also sized and located to deliver products to export markets.  
 
However, not everything has been resolved as the relatively weak grid in locations attractive to wind 
farms remains a limiting factor. The approval process for the planning and environmental impact 
assessment, although streamlined, can still be lengthy and complex. It remains to be seen how 
Portugal will fare in trying to meet the 5 100MW target by 2013 but the experience so far has been 
very positive. 
 
References: 
[PR1] Global Installed Wind Power capacity, GWEC  
http://www.gwec.net/fileadmin/documents/PressReleases/PR_2010 
[PR2] “Renewable Energy Country Attractiveness Indices”, 2005, Ernst & Young  
[PR3] Windblatt 01, 2009, Enercon’s company magazine 
[PR4] IEA Wind annual report 2008 
 
Egypt 
 
An article in Wind Power Monthly, ‘Wind Aid in Egypt – Long on vision, short on strategy’, dated 
from 1996 [EG1], has a very interesting discussion of the market development in Egypt at the time, 
outlining a theory why the industry might not take off (briefly: no need for additional capacity of 
electricity generation, price of electricity very low for players to enter, political commitment such as 
market incentives). Risø’s experience would suggest7 that a lot of the subsidies given at the time 
resulted in the building of strong competencies in wind energy. Competencies were developed 
primarily within planning, project development, implementation, operation and maintenance through 
establishment of the New and Renewable Energy Authority (NREA) with its wind-energy technology 
centre and wind-energy training facilities. NREA was also the driver for establishing of Wind Atlas 
for Egypt and of demonstration wind farms. This may have proven a very positive building block for 
development that today seems to have moved Egypt to the next level in terms of project size and of 
private enterprise involvement. Currently Egypt is the first country in Africa in accumulated and 
installed capacity.  
 
References: 
[EG1] Aid to Egypt falling on Barren Market, Windpower Monthly, April 1996 
 
India  
 
The current situation is that India is one of the largest markets in wind energy, 5th in the world in 
cumulative installed capacity with a total of 10 827MW at the end of 2009. India has a strong 
domestic manufacturing industry: the Indian wind-turbine manufacturer Suzlon is one of the top ten in 

                                                      
7 Risø has collaborated with Egypt in particular New and Renewable Energy Authority (NREA) on a number of projects 

between 1991 and 2005 e.g. feasibility studies for wind projects, establishing a wind atlas for the Gulf of Suez and for 
Egypt, capacity development, etc. 
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the world, providing over 50% of the domestic market and with global manufacturing facilities; many 
of the other foreign leading manufacturers have established production facilities in India. A strong 
driver in India is the increased need for additional electricity. Despite the 5th position in terms of 
installed wind-power capacity, the actual penetration of wind energy into the power system is low due 
to problems with grid quality and adopted tax policy in India8 [Ind2] 
 
Historical perspective:  
The development of wind power in India started in the 1950’s with small wind turbines used for 
pumping water and as an alternative to diesel power pumps. Electricity generation using wind power 
came into focus in 1984, the first wind-power development being a government supported 
demonstration plant in 1986. Until 1992, the sole buyer for wind was the government that established 
around 41MW, largely paid for by foreign donor agencies. 
  
By the late 1990’s, India experienced notable developments within the wind industry due to policy 
measures, mainly implemented by some states: introduction of feed-in tariffs, guaranties for 
electricity production to increase the customer’s confidence, tax incentives, and preferential loans. 
Another contributing factor would be wind-turbine technology developments, as the up-scaling and 
advancements in the technology of wind turbines resulted in higher cost effectiveness, and improved 
grid capabilities. 
 
The early perception of growth for India led to local manufacturing of wind turbines from 
international companies, as well as the establishment of Indian companies, with Suzlon founded in 
1995. India also developed a national certification program for wind turbines administered by the 
Ministry of New and Renewable Sources (MNRS), and in association with Risø and Danida, 
established C-WET (Centre for Wind Energy Technology), which is among others a wind-turbine test 
site, to promote wind energy and the local industry9. In the late 1990’s, early 2000’s there was a 
slowdown in the Indian market, due to inaccurate resource data, poor installation practices, poor 
power plant performance, and unstable policy drivers. 
 
The EIWEN (EU–India Wind Energy Network) project, from early 2004 to late 2007, took place to 
create a co-operation in the wind-energy sector between various European research institutes, 
enterprises, and financial institutions from both sides with the main purpose of developing a network 
for: 

• knowledge and information exchange 
• facilitating interaction of institutes; 
• awareness creation in the financial world for the participation in the Indian wind-energy 

sector; and 
• identifying barriers in the EU-India trade and suggest new initiatives 

 
The main partners involved were CII, an umbrella organisation of the Indian industry, EWEA, ECN, 
Risø, and IWTMA, representing part of the wind-turbine manufacturers. The project resulted in 
contracts between enterprises10, financial participations, arrangements between institutions, developed 
interest from financiers11, developed understanding of barriers and supportive alternatives for 
accelerating the use of wind energy. Information on the project, presentations from workshops, 

                                                      
8 There are a number of reasons for this: 
-firstly the tax incentives without feed-in-tariffs in some states encouraged building of capacity but not high performance 
output. As a result either turbines are not connected, or they are located on very poor wind resource sites 
-due to the grid quality, many of the farms are off-grid for a large period of time 

9 C-WET is still very active, undertaking training, and although not certified to do design verifications, does measurement 
verifications for the certification process, and recently produced a wind atlas for India [Ind3] 

10 at least 4, but there is limited information on the name of the counterparts and the results due to confidentiality 

11 the events were characterized by some participants as ‘unique and very instructive for their future strategies and 
activities’ 
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reports and deliverables are all found on the web page of the project www.euindiawind.net. The 
resulting publications from the project (September 2007) for the purpose of disseminating results are: 
 

• Collaborative Activities between Indian and European Wind Energy Associations 
• Directory of Wind Energy Stakeholders in India and Europe 
• Policy Paper on Collaboration between European and Indian Wind Energy Sector 
• An Indian Wind Energy Development Pathway 
• WIND ENERGY FINANCE: Mobilising European Investment in the Indian Wind Sector. 

 
More recent studies have also been conducted into the requirements for a higher degree of grid 
penetration in India [Ind2] as also in [Ind1]. In summary, the three most important requirements have 
been identified as: 
 
1) A stable and compatible grid, requirement for grid codes that promote grid reliability: 
For stable grid operations, different grid codes must be implemented which allow wind-farm power 
output to be compatible with different grid load requirements. From an operational view, the ability to 
control active power is important during normal operation to avoid frequency excursions and during 
transient fault situations to guarantee voltage stability. 
 
2) Appropriate wind assessment:  
C-WET (Centre for Wind Energy Technology) has over 1000 measuring stations, but at 50m height 
and the resource assessment needed for modern wind turbines12 is 70-100m.  A numerical wind atlas 
has been created by CWET and Risø-DTU and the resource for the whole country predicted [Ind3]. 
Verification of the modelling results was carried out using wind measurements of speed and direction 
from C-WET meteorological masts and the WAsP software. 
 
3) Clear, stable and long-term nationwide policies, working in harmony with the state level 
mechanisms: 
At the moment the incentives are mainly driven by state governments, with 10 out of the 29 states 
now implementing 10% renewable-energy quotas and preferential tariffs. Many states also guarantee 
buying renewable energy produced, and provide preferential grid-connection [Ind2]. There is no 
overall national renewable-energy policy [Ind2], and the national feed-in-tariff for grid-connected 
wind turbines is too low, but recent legislations have been implemented since 2009 [Ind2] that 
describe that Production Based Tax Credit (PTC) and generation based incentives (GBI) be used. This 
is a very important decision made which will drive towards sustainable electricity production from 
wind energy and not merely installations.  
 
The energy policy must be coherent across the various states in India and this must also reflect on the 
grid power sharing between the states. This would also require harmonised grid codes that work 
synchronously with the wind-farm control system.  
 
Additionally, measures that reduce lead times and improve accessibility to finance would be positive 
for future developments [Ind1]. 
 
References: 
[Ind1] Indian Wind Energy Outlook 2009, GWEC, September 2009 
[Ind2] Challenges and Prospects for Wind Energy to attain 20% Grid penetration by 2020 in India, 
Peter Hauge Madsen, Anand Natarajan, Wind Energy Division, Risø DTU  
[Ind3] Indian Wind Energy Atlas, C-WET and Risø-DTU, ISBN 978-81-909823-0-6 
 

                                                      
12 The use of modern wind turbines is more effective, as they are more cost-competitive, and provide improved grid 

capabilities 
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1.3.6 Future potential markets 
 
A number of scenarios on the future implementation of wind energy in the different markets exist, all 
of which are quite promising for wind power. As an example BTMs ‘Business as Usual (BAU) 
scenario is presented in Figure1. 5. 
 

• EWEA scenario for 2030 for the EU-27 countries: three scenarios exist (low, reference and 
high) the reference scenario assuming 180GW of wind-energy capacity for 2020 and 300GW 
in 2030. These scenarios are presented in [3] and summarised in [4] 

 
• BTM’s ‘Global Wind Power Development, a 2030 scenario’, presents two scenarios for 2030 

and a prediction for 2014. The first scenario is based on the continuation of recent trends, the 
second is an ambitious scenario based on the assumption that governments will aim at a 30% 
minimum reduction of greenhouse gases. Potential barriers to these implementations are the 
establishment of new electricity grids, temporary economic crisis, lack of political agreement 
to the sharing of costs and the sharing of costs for providing technologies to developing 
countries.  
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Figure1. 5: BTMs 2030 Business as Usual (BAU) scenario, based on the continuation of 
recent trends.  

 
• The IEA published in 2008 the second edition of ‘Energy Technology Perspectives’ 

demonstrating how different energy technologies can make a difference in an ambitious series 
of global scenarios to 2050.  

 
In terms of global available resource, a study has been conducted for the first time at Stanford 
University [12], and includes wind-resource maps by continent. With the assumptions made in the 
paper, global wind power generated at locations with mean annual wind speeds above 6.9 m/s at 80m 
height is found to be around 72 TW for the year 2000. Even if only around 20% of this power could 
be captured, it could satisfy over seven times the world’s electricity needs (1.6-1.8 TW). Areas with 
great potential are found in Northern Europe along the North Sea, the southern tip of the South 
American continent, the island of Tasmania in Australia, the Great Lakes region, and the northeastern 
and north-western coasts of North America.  

1.4 Wind-turbine technology and component technolog y  

1.4.1State of the art wind-turbine technology  
Over the past 20 years, average wind-turbine capacity ratings have grown continuously with the 
largest fraction of onshore utility-scale wind turbines installed globally having a rated capacity of 
1.5MW to about 3.6MW.  The main reason for the continual increase in size has been the optimisation 
of the wind turbines. For land-based turbines, however, size growth in the future is expected to be 
limited due to the logistical constraints of transporting the very large blades, tower, and nacelle 
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components over the highway, and the cost and difficulty in obtaining large cranes to lift the 
components in place and due to visual effects especially in areas with high populations.   
 
Many turbine designers don’t expect land-based turbines to grow to a size much larger than about 
3MW to 5MW. The largest installed offshore wind turbines are 5MW.  To date, offshore turbines are 
basically onshore designs with some minor modifications and special foundations.  The mono-pile 
foundation is the most common, but this may change as sites with greater water depths are utilised. 
Also, turbines designed specifically for offshore applications will become more prevalent. 
 
The average size of installed turbines in 2009 was 1.8MW. Denmark, the UK, Germany and Sweden 
have the highest average wind-turbine size (Table1.) due to an increased number of offshore 
installations. 
 
Table1.7: Average size wind turbine (kW) installed each year 

Year China Denmark Germany India Spain Sweden UK USA
2004 771 2225 1715 767 1123 1336 1695 1309
2005 897 1381 1634 780 1105 1126 2172 1466
2006 931 1875 1848 926 1469 1138 1953 1667
2007 1079 850 1879 986 1648 1670 2049 1669
2008 1220 2277 1916 999 1837 1738 2256 1677
2009 1,360 2,368 1,977 1,117 1,897 1,974 2,251 1,731

Source: BTM Consult ApS - March 2010  
 
Wind turbines typically operate at variable speed using full-span blade pitch control.  Blades are 
typically constructed from glass polyester or glass epoxy.  Towers are commonly tubular steel 
structures that taper from the base to the nacelle at the top.  Wind turbines began operating variable 
speed in the mid-1990’s to smooth out the torque fluctuations in the drive train caused by wind 
turbulence and to allow more efficient operation in variable and gusty winds.   
 
Variable speed operation generated variable frequency alternating current (AC) electricity that then 
had to be converted constant frequency 50 or 60 hertz for connection to the utility grids depending on 
the grid operating frequency.  Due to the rapidly decreasing cost and increasing capacity of power 
transistors the cost impact of this power conversion has been minimal, and the loads reduction in the 
drive train has been significant.  A list of MW (>1MW) turbines in the market today is presented in 
Appendix A, section 0.  
 

1.4.2 Present component technologies and R&D trends  
 
Blades 
Most manufacturing technology is vacuum infusion to impregnate different fibres (glass/carbon, 
glass) with resin (epoxy, polyester/epoxy).  Sandwich cores provide local stiffness. The different 
approaches are presented in Table 1.8 with examples of companies using these. 
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Table 1.8: Common blade manufacturing technologies [BTM] 

 
 
R&D trends: The reduction of blade weight with size is one of the main focus points. One approach is 
better blade design methods coupled with new materials, such as carbon fibre, and advanced 
manufacturing methods.  Another approach to increasing blade length while restraining the weight 
and cost growth is to reduce the fatigue loading on the blade, through passive or active aerodynamic 
control. There can be a big payoff in this approach because the approximate rule of thumb for 
fibreglass blades is that a 10% reduction in cyclic stress can provide about an order of magnitude 
increase in fatigue life. 
 
Another focus point is the transportation logistics for the very large blades. Concepts such as on-site 
manufacturing and segmented blades are also being explored to help reduce transportation costs. In a 
currently running EU funded R&D project, UpWind, one of the elements is to develop a segmented 
blade. It may finally be possible to segment moulds and move them into temporary buildings close to 
the site of a major wind installation so that the blades can be made close to or at the wind plant site.  
 
Drive-train/Gearbox, Generators  
Most manufacturers use the conventional drive-train concept: low-speed shaft (driven from the 
rotation of the blades)-gearbox-high speed shaft (connected to the generator). The gearbox is one of 
the most expensive components and the one that has seen higher failure rates, probably due to under-
estimating the loads seen by the gearbox13: 1 to 3 major overhauls in the 20 year life-time of the 
turbine.  Thus, there is a big focus in increasing reliability of these components with recognised 
design standards.  
 
One approach for improving reliability is to build a direct-drive generator that eliminates the 
complexity of the gearbox where most of the current reliability problems are occurring. Depending on 
the design, the generator can be in the range of 4m to 10m in diameter (for conventional DC 
generators taken up by e.g. Enercon) and can be quite heavy.  
 
Some manufacturers that use direct-drive technology are German Enercon (not based on PMG), 
Siemens, Dongfang and Chinese Goldwind.  About 85% of wind turbines use 3-phase asynchronous 
generators.  
 
 

                                                      
13 The reason for this is still under discussion 
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Trends:  
The decrease in cost and increase in availability of permanent magnets is expected to significantly 
affect the size and cost of future permanent-magnet generator designs. Permanent-magnet designs 
tend to be quite compact and lightweight and reduce electrical losses in the windings.  A hybrid of the 
direct-drive approach that offers promise for future large-scale designs is the single-stage drive using 
a low- or medium-speed generator. This allows the use of a generator that is significantly smaller and 
lighter than a comparable direct-drive design. The Multibrid M500 turbine is an example of this 
improvement approach [4]. 
 
Another approach that offers promise for reduced size, weight and cost is the distributed drive-train. 
This concept is based on splitting the drive path from the rotor to drive several parallel generators. 
Studies have shown that by distributing the rotor torque on the bull gear over a number of parallel 
secondary pinions, a significant size and weight reduction is achieved. In 2006, Clipper Windpower 
developed a 2.5MW prototype, which incorporates this approach [4].  
 
Power electronics 
With the increase in the MW capacity of a single wind-farm, utility system operator’s requirements on 
wind farms to operate more as a conventional power plant are increasing. The most efficient and cost 
effective way to handle these requirements and be capable of providing ancillary grid services is 
through full power conversion at the wind turbine. This requires much larger power converters. Power 
converter technology is rapidly developing with a still decreasing cost to power ratio. Three converter 
topologies are currently the most attractive in the wind industry: back-to-back converters, multilevel 
converters and matrix converters, the first being the used most often.  
 
The future success of wind-turbine integration into the grid system, where large concentrated wind 
projects are planned, is dependent on a wind turbine’s grid compatibility, increasing interest in 
developing power electronics. The growth in turbine size and the corresponding increased power 
output is perhaps spurring interest in larger transistors with much higher capacity, such as SiC 
devices, as well as innovative higher voltage circuit topologies.  In the future it is expected that the 
turbine generators will go to medium voltage generators (for example, 4160 volts) and converters, and 
make use of new circuits and transistors. 
 

1.5 Wind-turbine industry 
 
This chapter is divided into the following thematic sections: the wind manufacturing supply chain, i.e. 
the industry related to the supply and the manufacture of components for MW wind turbines 
(>1MW)14; certification and testing of wind turbines; and wind-power project ownership trends. 
 

1.5.1 Wind manufacturing supply chain 
 
The wind manufacturing supply chain is identified as the supply industry related to MW wind turbines 
(>1MW). The suppliers of selected key components only are discussed, more specifically suppliers of 
blades, gearboxes, generators, bearings, converters, transformers and towers. The main information in 
this section is sourced from [6]. 
 
From 2006 until now there has been a shift from scarcity of some of the key components’ supply 
(gearboxes, bearings, cast iron and forged items) towards a surplus. Possible limitations to surplus are 
foreseen:  

                                                      
14 Much of the included information has been sourced from [6], published in January 2010, collected up to the summer of 
2009.  
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• Firstly, for very large turbines for offshore applications, the number of manufacturers 
supplying large rotor blades, towers, castings and forging for large offshore turbines (>5MW) 
is extremely limited. Only six companies produce offshore wind turbines, and five of them 
are in Europe.  

• Secondly, suppliers not complying with required quality standards.  
• Lastly, the geographical location of manufacturing relative to wind-power markets. 

 
Structure of the wind manufacturing supply chain 
The market has favoured vertically integrated manufacturing15 in order to guarantee supply (due to 
component shortage) or companies that have long-term agreements for the supply of key components. 
Advantages to sourcing components in-house is, among others, that the manufacturers can streamline 
designs, keep technological innovations in-house and develop competitive advantage in the 
production process. A limitation to this structure is that a lot of capital is tied up in production 
facilities and in having to keep stock of different components to promptly supply new projects.  
Integrated design has also been favoured by the fact that a limited number of independent suppliers 
can actually keep up with the pace for new technologies and the demand for high quality for the MW 
turbines.  
 
Table 1.9:  Sources of main components to top wind-turbine manufacturers 

 
 
The source of blades, gearboxes, generators and controllers for main wind-turbine manufactures, 
shown in Table 1., is mainly in-house for at least half of the manufacturers, although they still source 
part of their supplies from external companies. From the components that are sourced externally, two 
types of sub-supplier groups are identified: 

1. Components specified by the manufacturer for specific wind-turbine models. These 
components are usually the steel towers, the nacelle and spinner, and the cast and forged 
parts. For these components it is easier for new suppliers to enter the market, as the focus 
is reduction of price rather than innovative design. In these cases local manufacturing is 
preferred.  

                                                      
15 The supply chain of key components is in-house or through long-term contracts with companies dedicated to the specific 

market. 
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2. Standard components supplied by the component manufacturer, such as blades, control 
systems, gearboxes, generators and converters. For these components experience and 
innovative design is required. These are the components that manufacturers would rather 
produce in-house in order not to transfer the expertise and innovation. 

 
A summary of the current status in the structure of the market for the supply of the key wind-turbine 
components and future trends is presented in Table 1.6. This, along with global distribution of 
suppliers and capacity in the supply chain is discussed in detail in the following sections. 
 
Table 1.10: Current and future trends in the key component supply market structure 

Component  Current  Trend  

Blades  83% in-house and LM  Decline of in-sourcing 
New suppliers in U.S. and China  

Gearbox  Out-sourcing from 
‘traditional’ suppliers  

New suppliers reluctant to enter high 
risk, low-profit market  

Generators  In-house, large companies, 
new Asian markets  

Existing (Asian) generator 
manufacturers entering wind  
 

Power 
converter  

In-house (main) 
Independent (European)  

New suppliers entering through joint 
ventures  

Power 
transformers  

Domestic suppliers   

Towers  Domestic suppliers  Saturation in Europe, U.S. and China  

Table 1.6: Current and future trends in the key component supply market structure. 
 
Geographical location of component suppliers 
From 2006 until now there has been a change from Europe being the main component supplier to 
increased component manufacturing in America (mainly the U.S. and Brazil) and Asia (mainly China, 
India and South Korea). A map of the location of established and emerging component suppliers is 
shown in Figure 1.6.  Apart from the established European component suppliers, many others are 
mostly local subsidiaries of established European manufacturers and of the emerging new 
manufacturers (e.g. India, China).  
 
Huge industrial companies that would have the expertise and capacity to supply components for the 
wind industry, in mainly Russia and South America as would other U.S. companies, have not yet 
expressed interest in entering the wind-energy market. The requirements for components are so high 
and specific that it would require some time before they could achieve a significant level of supply 
and change the current map of supply.  
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Figure 1.6: Location of main wind-turbine component suppliers 

Blade suppliers 
The in-house production of blades and LM accounts for around 83% of the global market in 
delivering blades, with LM accounting for 25% of the world market. The percentage of in-house 
production is expected to drop in the future, as the desire to have in-house manufacturing of blades is 
declining16 and several independent manufacturers in America and China are entering the market. 
Most of them are small with a very small market share and they supply their local markets. Two 
Chinese blade manufacturers actually have a 60% share of the domestic blade market. LM is the only 
independent blade manufacturer that supplies globally.  
 
Capacity analysis: There is no expected lack of supply for onshore blades. On the other hand, only 
three independent blade manufacturers (LM, SGL Rotec, Euros) can supply blades for multi-MW 
turbines, so there may be possible future bottlenecks for offshore installations. 
 
Gearboxes suppliers 
Out-sourcing of gearboxes is the main trend (Table 1.11) with only Gamesa having in-house 
production and Siemens having acquired Winergy and Suzlon, owning 26% of Hansen Transmissions. 
European suppliers have been the main suppliers of gearboxes to the wind-energy industry and are 
still the most dominant. New suppliers have been reluctant to enter, mainly due to the high risk, high 
investment costs and not high enough profit margins. The increase in the market and in the price of 
gearboxes since 2007 has encouraged existing suppliers to expand globally and has also encouraged 
new suppliers in Asia (China, India). 
 
 
 
 
 
 
                                                      
16 Firstly, large industrial conglomerates that are entering the market and are tending to out-source, e.g. GE wind and 
Chinese manufacturers, are gaining in market share while Vestas and Enercon that in-source are losing parts of the market. 
Secondly, some leading manufacturers have a multi-supply strategy. Last the global location of the supply chain is having an 
impact. 
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Table 1.11: Suppliers of gearboxes to main wind-turbine manufacturers 

 
 
Capacity analysis: Taking into consideration all planned expansions from existing manufacturers, and 
that the direct-drive concept will gain market share, there is no foreseen shortage of supply. 
 
Electrical generator suppliers 
There are many suppliers of generators to the wind industry, either very large companies for whom 
the wind industry is as a small part of their overall business, in-house manufacturing, and also quite a 
few suppliers from new markets in Asia. Among the top ten wind-turbine manufacturers, four can 
source generators in-house (Table 1.12). 
 
Table1. 12: Supply of generators to the top ten wind-turbine manufacturers. 
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Power converter suppliers 
The production of power converters is both in-house and from independent manufacturers, the former 
being the main pattern for supply of power converters. The suppliers of converters to the top ten 
manufacturers are given in Table 1.13. Apart from Acciona, Nordex and Sinovel, the other top ten 
manufacturers have in-house production, as well as secondary suppliers.  
 
From the independent suppliers large European companies meet most of the demand for the wind-
energy market. New suppliers are emerging in Asia, especially China, but these are still at early stages 
of development and have no track record of supplying quality products. Some Chinese manufactures 
are entering the market through joint ventures with foreign suppliers17. 
 
Table 1.13: Supply of power converters to the main turbine manufacturers 

 
 
Capacity analysis: With new facilities being set up by the leading suppliers and with the new entrants, 
suppliers are confident they can meet the demands of market growth.  
 
Power transformers 
Transformers are not a component that needs the high-tech focus of other wind-energy components, 
and thus domestic suppliers, e.g. in China, are as good as any foreign supplier, and could be offered at 
a more competitive price.  
 
Capacity analysis: Transformer suppliers are more than capable of meeting increased demand from 
the wind-energy industry.  
 
Towers  
For onshore installations, it is the most localised component in the wind-turbine supply chain, being 
the lowest-tech component compared to the other wind-turbine components, and can be mostly18 

                                                      
17 Danish KK electronic has set up a joint venture with Chongqing Qianwei and Swiss IDS with the Chinese turbine 

manufacturer Mingyang 

18 Depending on the requirements of the specific customer, tower supply is not always a low-tech technology, and the 
specifications for materials and welding could be more demanding.  
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produced by companies with a heavy industry background. As the size of towers increases, the 
logistics of transporting these on land becomes an issue.  
 
For offshore there are more technical challenges, limiting the tower supply for offshore wind. The 
logistics for offshore tower manufacturing are also crucial, often requiring the manufacturing facility 
to be in a coastal area near a project.  
 
Location of main suppliers   
Europe: There are more than 20 players and the market is seen to be saturated. Many of these 
companies are expanding globally and getting interested in offshore wind industry. 
 
U.S.: Currently 26 tower manufacturing facilities are active, both locally and globally, but some have 
had to close-down, down-size or put their expansion on hold. 
 
China: The supply of towers in China has surpassed the demand, with 100 domestic companies, one 
third of which were new entrants in 2009.  
 
Capacity analysis: No problem for onshore installations, it could be an issue for offshore supply. 
 

1.5.2 Certification and testing 
 
The success of the implementation of wind energy largely depends on the quality of the wind-power 
equipment. The fast expansion of the wind-power capacity in the world has created a need for a 
system where the quality of turbines and components can be trusted both in the nearby markets but 
also world wide. The fact that certification has been mandatory in many of the European countries 
with successful wind-energy implementation programs proves that it is playing a vital role for the 
development. Certification is aiming to secure that wind-turbine certificates issued in one country can 
be accepted in other countries. Also, if wind-turbine manufacturers have to go through multiple 
assessments to get a particular wind-turbine type certified all over it involves high costs and time 
consuming procedures. 
 
Recognised certifying bodies exist internationally for providing wind-turbine certifications such as 
Germanischer Lloyd (GL), Det Norske Veritas (DNV), etc. These perform the design verification of 
wind turbines and components, in simulation, as well as further verification of the design through 
testing (measurements), following IEC international standards for Wind Turbines. 
 
Standards for the certification of Wind Turbines 
Two large certification and testing organisations are: 

• Germanischer Lloyd (GL)  
• Technischer Überwachungsverein (TUV) 

 
The Germanischer Lloyd SE (ex-AG) is a classification society based in the city of Hamburg, 
Germany. As a technical supervisory organisation, Germanischer Lloyd conducts safety surveys on 
more than 7 000 ships with over 79 million gross tonnes. Its technical and engineering services also 
include the mitigation of risks and assurance of technical compliance for oil, gas and industrial 
installations as well as wind-energy parks. 
 
TÜVs (short for Technischer Überwachungs-Verein, Technical Inspection Association in English) are 
German organisations that work to validate the safety of products of all kinds to protect humans and 
the environment against hazards. As independent consultants, they examine plants, motor vehicles, 
energy installations, devices and products (e.g. consumer goods) which require monitoring. The many 
subsidiaries of the TÜVs can also act as project developers for energy projects and as certification 
bodies. Many of the TÜV organisations also provide certification for various international standards, 
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such as ISO9001:2008 (quality management system) and ISO/TS16949 (automotive quality 
management system). 
 
The development of international uniform standards for Wind Turbines is done under IEC, the 
International Electrotechnical Commission. Representatives from all member countries of IEC can 
participate in the working groups developing the standards.  
 
The IEC work started in the early 90’s and today more than 15 standards or technical specifications 
(Table 1.7) have been developed for wind turbines, including a special procedure standard for 
conformity testing and certification. 26 countries are members of the Wind Turbines Standardization 
Committee IEC TC88 for Wind Energy. 
 
Table 1.7: Standards series issued from the Wind turbines Standardization Committee IEC TC88. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Details of the activities to develop the standards presented in Table 1.14 can be found in Appendix B 
of Part 1 of this report. 
 
Testing of Wind Turbines 
Before the serial production of a turbine, a small number of prototype turbines are fully tested to 
validate the design and the ‘load certification’ of the design. Following the IEC standards the 
prototype wind turbines are tested for power performance, mechanical loading, and noise and grid 
power quality. The measurements and accreditation are performed by accredited bodies at accredited 
wind test sites. Resulting ‘small’ design changes are further tested in the ‘0-series’, usually production 
machines whose operation are still monitored by the manufacturer, leading into the final design of the 
specific model. 

1.5.3 Wind-power project ownership 
 
As wind-power projects have developed from single turbine projects in many countries where the 
initial development took place into large power plant with capacities equal to conventional power 
plants the ownerships have changes from individual farmers or cooperatives to large stakeholders and 
electricity providers. 
 

IEC 61400-1 Design requirements for wind turbines 
IEC 61400-2 Design requirements small wind turbines 
IEC 61400-3 Design requirements for offshore wind turbines 
IEC 61400-4 Gears for wind turbines 
IEC 61400-11 Acoustic noise measurement techniques 
IEC 61400-12-1 Power performance measurements 
IEC 61400-13 Measurement of mechanical loads 
IEC 61400-14 Declaration of sound power level and tonality 
IEC 61400-21 Measurement of power quality characteristics 
IEC 61400-22 Conformity Testing and Certification of wind turbines 
IEC 61400-23 TR Full scale structural blade testing 
IEC 61400-24 TR Lightning protection 
IEC 61400-25-(1-6) Communication 
IEC 61400-26 TS Availability 
IEC 61400-27 Electrical simulation models for wind power generation 
IEC 60076-16: Transformers for wind turbines applications 
 
Under development. 
IEC 61400-5 Wind turbine rotor blades. 
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Share of the operators / owners market (%)

18.6%

13.6%

11.2%

11.2%

8.7%

5.4%

5.2%

4.8%

3.6%

3.4%

3.1%

2.8%

2.8%

2.7%

2.7%

Iberdrola Renovables (ES)

NextEra Energy Resources (US)

Acciona Energy (ES)

EDP Renovaveis (P)

China Longyuan (CN)

Datang Corporation (CN)

E.ON Climate and Renew ables (GE)

EDF Energies Nouvelles (FR)

Invenergy (US)

Eurus Energy Holding (JP) 

Infigen Energy (formerly BBW, AUS)

RWE Innogy (GE)  

Huaneng New  Energy (CN)

Enel (IT)  

GDF Suez (FR)

Source: BTM Consult ApS - March 2010

Total market: 55,519 MW (100%)

 
Figure1. 7: Share of the operators/owners market by end of 2009 
 
The initial investments are now significantly capital intensive and the major investors, i.e. large 
utilities, IPPs, oil companies, have shown a greater interest in the wind-power industry and have 
increased their share of the market. The wind-power capacity operated/owned by utilities and IPPs 
represents 34.7% of the world’s cumulative capacity.  The main operators/utilities in the market and 
their percentage ownership (of the 34.7%) are shown in Figure1. 7. 
 

1.6 Research and development 

1.6.1 Current trends in global R&D  
 
Wind-energy research strategies have been developed through government and industry 
collaborations in the U.S. and in Europe. The U.S. Department of Energy (DOE) in conjunction with 
the American Wind Energy Association (AWEA), the National Renewable Energy Laboratory 
(NREL), and Black & Veatch undertook a study to explore the possibility of producing 20% of the 
United States electricity using wind energy.  This “20% Wind Energy by 2030” (2008) report 
describes in detail the many important future development needs to achieve 20% wind energy, 
including turbine technology development; manufacturing, materials and resources; transmission and 
integration into the U.S. electric system; siting and environmental issues; and wind-power markets.   
 
In Europe, “The European Wind Energy Technology Platform” (2008) supported by the European 
Commission and led by the European Wind Energy Association together with industry and the wind-
energy research community, envisions that “in 2030, wind energy will be a major modern energy 
source, reliable and fully cost competitive in terms of cost per kWh.”  The “European Wind Energy 
Technology Platform” describes a long series of research and development improvements that will be 
necessary to make wind the most cost competitive energy source on the global market by 2030.   
 
However, there is no “big technology breakthrough” envisioned for wind technology in the United 
States or in Europe.  The path forward is seen as many evolutionary steps executed through 
incremental technology advances that cumulatively bring about a 30% to 40% improvement in the 
cost effectiveness of wind technology over the next two decades, as has been achieved over the past 
two decades.  
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While the industry focuses on short-term production, operation and installation issues, government-
sponsored R&D programs promote innovation and long-term research and development routes, roles 
that have been assumed in the past.  In 2008 the IEA Wind Agreement developed a new strategic plan 
for R&D from 2008 to 2013 [8], and in 2009 a Wind Technology Roadmap [9].   
 
Key identified research areas from the above sources, and from project information from Risø-DTU, 
representative trends for R&D for larger scale wind turbines can be summarised as:  

• Large turbine development: improved reliability; better understanding of aerodynamics; 
innovative concepts and integrated design; improved design codes; improved gearbox design; 
mechanical structures and materials 

• Offshore wind in shallow and deep waters (floating structures) 
• Power system operation and grid integration: wind power-plant capabilities (providing 

ancillary services, wind-farm control); grid planning and operation; energy and power 
management 

• Wind-farm optimisation 
• Wind conditions: complex terrain, offshore meteorology, wakes, extreme wind speeds, wind 

profiles at high heights, short-term predictions 
 

1.7 Small Wind Turbines 

1.7.1 Introduction 
 
This section aims to give an overview of activities within the market for small wind turbines (SWTs), 
that is, turbines smaller than 100kW that are designed for electricity production. (There are, naturally, 
small wind turbines that are used for other purposes – for example, those that pump water – but these 
are not covered here.) Reference material is given in chapter 1.7.2 and includes papers, web sites and 
company literature and they have been chosen to try to give the best overall picture of the SWT 
industry. 
 
Small wind turbines are very different to large wind turbines, even though they may look like 
miniature versions. The Small Wind Energy section of the Canadian Wind Energy Association notes 
the following comparisons between the two (1):  

• Purchase decisions. The decision to install a large wind turbine is largely based on financial 
considerations, such as return on investment and payback. In contrast, the decision to install a 
small wind turbine can be based on a wide variety of factors including energy independence, 
energy price stability and a desire to make a personal or corporate contribution to a cleaner 
environment. These "soft" components do not have a numerical value that enters into typical 
cost payback calculations.  

• Value of generated electricity. "Large wind" generates electricity at the wholesale price 
while small wind systems offset utility supplied electricity at the retail price level. Note that 
in certain cases, small wind can produce power at less than half the cost of "traditional" 
electricity sources (e.g. remote communities with diesel electric generators).  

• Technology. Small wind turbines involve different materials and technologies, including the 
mechanisms for transferring energy.  

• Installation requirement. Small wind installations involve different by-laws, tax treatment 
and local installation requirements than large wind. There are also differences in terms of the 
requirements for wind studies and environmental assessments.  
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The players and opportunities within the area of production of small wind turbines are therefore very 
different from those that concern the large wind turbines, and for this reason they are considered in 
this separate section of the report. 
 
For this size of wind turbine there are fundamentally two applications: 

• Grid connected: turbines that feed directly into the grid, perhaps off-setting the local 
consumption using net-metering. 

• Isolated systems: turbines that are part of a (usually small) grid independent of the main grid, 
perhaps for recharging a battery and maybe in combination with other generation, e.g. solar 
voltaic panels or diesel powered generators. 

There are many companies manufacturing small wind turbines around the world, and interest in 
generating “green” electricity on a small scale from these devices has been increasing as people and 
companies investigate how they can a) reduce their carbon footprint and b) reduce their electricity 
bills. A small wind turbine also offers the chance to generate electricity far from a national grid, 
giving the opportunity to access electricity where using conventional forms of generation would be 
prohibitively expensive or logistically difficult. 
 
This section will discuss some of the challenges and opportunities in the use of small wind turbines, 
the markets for them and some of the players, both global and local. 

1.7.2 Markets and Applications  
 
It is generally recognised that the worldwide market for small wind turbines (SWTs) has an enormous 
potential. Applications range from remote, autonomous, off-grid systems in developing countries to 
private, grid connected, SWTs that are installed with the aim of reducing electricity bills. However, 
despite their enormous potential, the markets for SWTs have been on the brink of expansion for some 
time but never actually realising the potential. The are many reasons: high costs, a lack of 
technological maturity, insufficient testing and a complex market with a large number of small 
manufacturers and various technical concepts are among those most often quoted (2). 

1.7.3 Overview of markets  
 
The current global market for small wind turbines is of special interest because, unlike the market for 
large wind turbines, American small wind-turbine manufactures hold a dominant market share. 
American manufacturers of small and distributed wind turbines represent the most diverse and 
internationally recognised industry in this technology area (3). 
 
The American Wind Energy Association conducted a global market survey for 2009 which showed 
that the American domestic market is the largest and of a similar size as the rest of the world put 
together.  Figure 1.8 is taken from their survey (4). 
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Figure 1.8: Sales of SWTs in the U.S. compared to global sales 

The AWEA survey also states the following statistics which indicate that the SWT industry in 
America is one of the strongest: 

• 95% of all small wind systems sold in the U.S. last year were made by U.S. manufacturers 
• 2/3 of all small wind systems sold in the world last year were made by U.S. manufacturers 
• Approximately 250 companies worldwide manufacture or plan to manufacture small wind 

turbines, 95 of which – more than one-third.– are based in the U.S. (4) 
 

It is worth noting the split between on-grid and off-grid markets shown by the AWEA research which 
show that in 2009, it was the off-grid units that were the best sellers whilst the on-grid applications 
returned the larger installed capacity (Figure1. 9) [4].  
 

 

Figure1. 9: Global sales by application 

The AWEA also took a historical perspective on the development of activity for the American market 
which showed a decidedly level market for off-grid applications and a strong growth in the 
installation of grid-connected capacity (Figure 1.10) [4]. 
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Figure 1.10: Historical development of markets in the U.S. 

A report by the National Renewable Energy Laboratory (NREL) in the USA (3) has found that, from 
a manufacturing perspective, the strongest market segment is in turbines smaller than 10kW in size, 
with 20 domestic or internationally manufactured turbines to choose from. Conversely, it found that 
the number of turbine choices between 20kW and 100kW is quite limited. 
 
The NREL report goes on to look at the international market and picks out three areas of special note. 
Firstly, it suggests that the application of “small-scale” community wind will become a more 
dominant player in the world wind market, replacing the substantially increased off-grid market. 
Then, it expects that wind/diesel applications will become a stronger market element. Finally, it 
predicts that “residential wind” will diminish in importance. It balances this by saying that the off-grid 
market still offers a huge potential, noting that although most of this market potential is outside the 
developed world, China has a current installed capacity of 170 000 mini wind turbines (60 to 200W), 
together with aggressive renewable-energy goals and an already proven use of mini turbines.  
 
The AWEA report (4) also mentions the Chinese market but implies that there is difficulty in 
obtaining sufficiently reliable data to be included in their survey. However, after the U.S., the UK and 
Canada are the largest identified markets for small wind. This is backed up by the British Wind 
Energy Association (BWEA, now RenewableUK) who also position the UK as the world's second 
biggest small wind market, equating to 25% of global demand. Like the U.S., the UK market is 
dominated by domestic producers (UK manufacturers have an 82% market share by revenue) and 
therefore provide domestic employment (over 500 jobs created in 2008 and around 1 800 jobs in the 
sector as a whole) (5). 
 
The market situation elsewhere in Europe has been studied by the Small Wind Turbine Strategy group 
(6), funded by the EU. Here, they note that the provision of stand-alone power in the leisure, 
communications and agricultural markets is a proven and continuing opportunity for micro-turbines, 
e.g. yachting, remote monitoring, electric fencing, etc. However, the market for larger capacity stand-
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alone machines of kW capacity has been limited in Europe because the great majority of dwellings are 
grid connected, even in many remote areas. They contrast this to other continents, including the 
Americas, where there are many dwellings needing stand-alone, autonomous power, so national 
manufacturers have a ‘local’ market for this application not available to European manufacturers. It is 
only recently that opportunities are arising in some European counties, e.g. the UK, for such small 
turbines of kW capacity to be grid connected as 'microgenerators' for the partial export of power using 
the standard grid.  Whatever the perceived markets, the Strategy group says that it is obvious that 
European institutional policy has predominantly supported and funded the development of utility-
scale machines and equipment, now of MW capacities. The ‘small’ and ‘micro’ turbine manufacturers 
have been unable, by themselves, to fund advanced engineering R&D. The disparate industry has no 
single representative voice and no coordinated lobbying strength (6). 
 

1.7.4 Market drivers and barriers 
The expansion and contractions of the markets for small wind turbines have often reflected the price 
of energy and the support mechanisms afforded by governments. In the U.S., for example, the 
industry was “born” out of the energy crisis of the 1970’s, when people took advantage of the federal 
tax credits available (7) and re-used designs from the 1930’s or developed new ones based on modern 
technology. However, then energy prices then fell, the tax incentives disappeared and the only people 
left wanting small wind turbines were rural stand-alone applications. 
 
Then in the late 1990’s, electricity prices started rising again. People are now once again concerned 
about the security of their energy supplies and the centralised generating facilities that rely on those 
sources of energy. Some people want independence from electric utilities and there are those, 
particularly commercial consumers, who want to improve their “green” image. There is also a steadily 
increasing concern about global warming. Governments, under utility restructuring, have enacted 
significant incentive programs that reduce the initial cost of small wind-turbine systems, thereby 
removing the cost barrier. (As an example, the 2009 American Recovery and Reinvestment Act 
expanded the federal investment tax credit (ITC) for small wind turbines, allowing consumers to take 
30% of the total cost of a small wind system as a tax credit (4). Likewise, the launch of feed-in tariffs 
in the UK this year will, it is hoped, enable homes and businesses to generate income from producing 
their own renewable electricity and selling the surplus to the national grid (5).)  All these factors have 
increased interest in small wind turbines, the majority connected to the utility grid (7).  
 
The barriers to market expansion are, if anything, even more numerous and diverse than the drivers. If 
a reliable market is to exist then these must be addressed in co-ordination with the market drivers. 
Many studies have been carried out (for example (4), (3) and (6)) but the following are common 
findings: 

• Poor image: the idea that small wind turbines are noisy, unsafe and unreliable is persistent, 
based on older turbine experience. The preconceived notions of modern wind turbines need to 
be addressed. 

• Price competitiveness: the cost of small wind turbines will need to come down through mass 
production to allow appropriate payback periods. 

• Permitting restrictions: the procedures for gaining permissions to erect a turbine are often 
complex and lengthy. Where they are not there is often a lack of incentive programmes (3). 

• Connection requirements: without simple and straightforward connection requirements from 
utility service providers, it is very difficult for the industry to give comprehensive assistance 
to consumers. 

• Lack of (and/or complex) incentive policies: the lack of clear, consistent and economically 
motivating incentives complicates and distorts the markets for small wind systems (3). 
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• Low customer awareness: small wind-turbine customers are often not technically educated 
and so do not have the desire to get involved to understand the issues surrounding the turbine 
and the wind resource. 

• Over-optimistic manufacturers: claims by manufacturers that are not rigorously tested give 
rise to expectations that are sometimes not fulfilled. (See section on manufacturers and 
specifications.) 

1.7.5 Review of common applications for SWTs 
 
There are many applications for small wind turbines. A review of the possibilities is given by NREL 
(3) and is summarised and supplemented below: 

• Small-scale remote or off-grid power (residential, village or remote): Supplying energy to 
rural, off-grid applications in the developed and developing world. This market encompasses 
either individual homes or small community applications and is usually integrated with other 
components, such as storage and power converters and PV systems. One specialised 
application is the powering of remote traffic signs and lighting.  

• Residential or on-grid power: Small wind turbines used in residential settings that are 
installed on the side of the home electrical meter using net metering to supply energy directly 
to the home. Excess energy is sold back to the supplying utility.  

• Farm, business and small industrial wind applications: Supplying farms, businesses and 
small industrial applications with low-cost electric power. The loads represented by this 
sector are larger than most residential applications, and payback must be equivalent to similar 
expenditures (4 to 7 years). In many cases, businesses are not eligible for net metering 
applications; thus the commercial loads must use most of the power from the turbine.  

• “Small-scale” community wind: Using wind turbines to power large, grid-connected loads 
such as schools, public lighting, government buildings and municipal services. Turbines can 
range in size from very small, several-kW turbines to small clusters of utility-scale multi-
megawatt turbines. The key defining factor is that these systems are owned by or for the 
community.  

• Wind/diesel power systems: Providing power to rural communities currently supplied 
through diesel technology in an effort to reduce the amount of diesel fuel consumed. The 
rising cost of diesel fuel and increased environmental concerns regarding diesel fuel, 
transportation and storage have made project economics more sensible.  

• Irrigation water pumping: Using wind turbines to supply energy for agricultural 
applications. Current applications are powered by grid electricity, diesel, gasoline, propane, 
and particularly natural gas. Wind or hybrid systems allow farmers to offset use of high-
priced fossil fuels.  

• Water desalination: Using wind energy to directly or indirectly desalinate sea or brackish 
water using reverse osmosis, electrodialysis or other desalination technologies. The economic 
and technical performance of wind-powered desalination depends on the configuration and 
placement of wind resource with regard to the impaired water and existing energy resources. 
Water desalination works well with the wind resource found in coastal or desert 
environments.  
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1.7.6 Performance and operation: turbines and compo nents 
 
Performance 
 
Small wind turbines are far more affected by the ground-air interaction merely because they are closer 
to the ground. They also tend to be located (for ease of installation as well as for being close to the 
point of electricity consumption) close to buildings and/or vegetation. Both these factors severely 
reduce the output from a wind turbine, so much so that figures of 5% capacity factors have been 
quoted for urban wind turbines (UWT) (8). However, thorough scientific measurement of 
performance is costly and small wind turbines are rarely exposed to the same rigours as large wind-
turbines tests, leading some marketing literature to claim unrealistic performance. Then, when 
performance disappoints customers, small wind turbines receive a bad name (9). 
 
A major trial of small wind turbines in urban locations in the UK, The Enkraft Warwick Wind Trials 
Project (9), came up with some disappointing results: The best performing turbine in the trial 
generated an average of 2.382kWh per day when in operation, equivalent to 869kWh in a full year. 
The poorest site generated an average of 41Wh per day when in operation or 15kWh per year, which 
is less than the energy it consumed to run the turbine’s electronics.  
 
Overall the trial has painted a picture of an industry and technology that is still at development stage 
and is likely to make a tangible contribution to energy and carbon saving only on the most exposed 
sites and tallest buildings. The combination of this reality, aggressive and over-optimistic marketing 
by some suppliers, and the enthusiasm and credulity of the market (and regulators) has potentially led 
to an unfortunate outcome where the wind industry as a whole is in danger of suffering from a setback 
in credibility (9). 
 
Turbines 
Although there are many design variations, the three-bladed horizontal axis wind turbine has emerged 
as the dominant configuration for most commercially-available SWTs. Within this design there are a 
number of approaches that vary from one manufacturer to another, including heavy versus light 
construction, and induction generators versus permanent-magnet alternators (1). 
 
The rotor of small wind turbines could have two, three, five or more blades but there are advantages 
and disadvantages for each choice. The more blades there are, the more the wind turbine can produce 
energy at low wind speed. However, rotors with a high number of blades do not provide a good yield 
with strong winds.  Two-bladed rotors are the lightest and permit easier installation, but on the other 
hand, with three blades the rotor is more stable and generates fewer vibrations than the two-bladed 
rotors during yawing phases. (6)  
 
The control of SWTs is extremely important, not necessarily just for maximum production yield but 
for survivability in high winds. Generally, small wind turbines can be destroyed due to one of the 
three following processes during periods of strong winds: a) overloading of the generator leading to 
overheating; b) rotor speed-up and run-away due to e.g. generator failure; and c) mechanical failure of 
some part (e.g. blades). The control is fundamental in preventing these situations and although the 
SWISS project found that, in the marketing information delivered by manufacturers, the relative 
advantages of different rotor speed regulation technologies installed in the various machines were 
listed, there was no information on the drawbacks and limitations of each included. They also found 
that it was also sometimes difficult to identify the regulation technology installed (10). 
 
Initial Costs and Operation 
The operating costs for large wind turbines has been decreasing together with the specific initial cost 
by increasing production rates and optimising production processes (2). There are opportunities to do 
the same with SWTs but this must be accompanied by good siting and adequate tower height so as to 
see an improvement of specific operating costs. A typical comparison of the operating costs by size of 
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wind turbine is given in (2) and reproduced in Figure 1.11. (Large WT = swept area >>200m2, SWT 
category 1 = 40m2<swept area<200m2, SWT Category 2 = swept area < 40m2.) 

 

Figure 1.11 Operational costs and specific power output by size of turbine 

 
The AWEA has put some projections on the future cost of energy from the Category 2 SWTs (7). “In 
2002, typical 5- to 15-kW residential wind turbines cost about $3 500 per installed kilowatt. These 
turbines produce about 1 200kWh per year of electricity per kilowatt of capacity in an area with a 
DOE class 2 wind resource. By 2020, the industry hopes to have lowered the installed cost to between 
$1 200 and $1 800 per kilowatt (smaller systems being relatively more expensive) and to have raised 
the productivity level to 1 800kWh per installed kilowatt. If these goals are met, the 30-year lifecycle 
cost of energy will be in the range of $0.04 to $0.05/kWh, lower than virtually all residential electric 
rates in the country today”. 
 
Maintenance and reliability 
The Fraunhofer Institute for Wind Energy and Energy Systems Technology (formerly ISET) in 
Germany has analysed data on more than 235 small wind turbines that was collected as part of the 
Scientific Evaluation and Monitoring Programme (WMEP).  
 
The findings they came up with concerning maintenance and reliability (2) are interesting because the 
majority of failures came from defective parts, control system malfunctions or loose parts and this 
was about the same as for the large wind turbines (57% of failures). The failures due to external 
conditions (e.g. storms or lightning) accounted for about 25% of failures: a much larger proportion 
than for large turbines. The report thus concludes that SWT design should put more effort into 
operation in extreme conditions as many off-grid applications will be in remote regions. 
 
Repair of mechanical components (hub body, pitch mechanism, pitch bearings, etc.) made up 23% of 
all repairs for the smaller of the small wind turbines (category 2). Whilst a pitch mechanism is 
common in both the large and small wind turbines, it proves to be less reliable in the small wind 
turbines. The passive pitch mechanism, in particular, needed many more repairs. 
 
The Fraunhofer report then goes on to study the downtime of the turbines and their study produced the 
chart in Figure 1.12. When they compared the figures with the large wind turbines, it was quite clear 
that the average downtime of the small wind turbines was very long. This can partly be explained by 
the limited resources that SWT manufacturers have for repairs and also that the comparatively low 
production losses do not give an incentive to tackle the repairs.  
 
They also surmised that the long downtimes where the turbine stood still lead to further problems and 
a further need for repairs. A lack of availability of spares and a “limited capacity of trained service 
personnel” were also reasons highlighted. 
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Figure 1.12 Frequency of component failure and related downtime 

 
In conclusion, the report is encouraged by the relatively promising low frequency of failures for small 
wind turbines. However, it warns that attempts to use more complex design features results in 
decreased reliability and, due to the longer downtimes, a lower availability. The areas the report 
suggests that manufacturers should concentrate on are simpler designs (even though this may mean a 
loss in efficiency, it should result in a reduced cost), and ease of maintenance and repair. 
 
Technology and research efforts 
In order to try to improve the performance, reliability and ultimately the cost of energy of small wind 
turbines various studies (e.g. (3)) have identified areas where there is, or should be, research and 
development effort. These are summarised below: 

• Product reliability: Turbine and system reliability, especially in distributed/rural 
applications where service personal are less readily available, hinder the adoption of wind 
systems. A reduction in the number of components in a system minimise the use of moving 
parts (especially mechanical furling systems) and research into preventing corrosion are all 
identified as means of improving reliability (6). 

• Improve designs: Blade and generator efficiencies can be improved. Many technological 
advances have been made on residential turbine designs and multi-megawatt turbine designs, 
and these technological advances could be applied to distributed turbines. Inverters offer less 
opportunity for improved design as most are already quite efficient. 

• Focus on “design for manufacturing”: techniques for designing for production, 
manufacturing and assembly can help bring down the initial cost of a turbine. 

• Availability of maintenance support: It is always a problem for a small company 
manufacturing wind turbines to provide support functions in many remote areas.  

• Use of performance standards, testing, and ratings: The small number of industry-
accepted standards makes it difficult and expensive to establish the credibility of performance 
estimates for wind turbines. Performance is typically over-predicted (usually due to a poor 
understanding of the wind resource, the micro-siting of the turbine system, and insufficient 
tower heights). In many cases, incentive organisations are unsure of which products to 
endorse, limiting the available product with good economic value. The small but growing 
number of third-party equipment testing sites should help with this situation. 
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• Technologies for low-wind regimes: Recent advances in low-wind-speed technology should 
be applied as a large number of sites where distributed applications will be applied are not in 
high-wind-speed regimes. 

• Turbine noise: This is an area where advances are being made but, for some urban 
applications, there is still a way to go.  

• Lightning: The rural locations of many small wind turbines make them more susceptible to 
lightning strikes. Although resulting in an increase in cost, a better resistance to the impact of 
lighting would improve reliability. 

• Grid interconnection and integration: The technical complexity and cost of interconnection 
of small wind systems to the electric distribution grid require further advancement, 
standardisation, and testing. Distributing turbines through the use of more sophisticated 
remote-monitored controllers can allow the turbine to support the weak rural distribution 
systems, providing grid stability.  

• Tower options for larger wind systems: Most towers are currently designed around wind 
turbines for central-station wind farms. To allow for more cost-effective installation and 
maintenance, distributed wind turbines must be developed with towers and systems 
specifically designed for the distributed wind market, such as self-erecting towers or 
lightweight, tall towers for small turbines in rural low wind-speed applications.  

• Energy storage for remote power systems: Remote, non-grid-connected power and water 
irrigation applications require some form of energy storage to supply consistent, grid-quality 
electrical service. Energy storage is currently the highest life-cycle cost component of a 
remote power system. Improving the cost and technical performance of energy storage will 
increase the applicability of wind-driven remote power systems but, with the market moving 
towards more grid-connected applications, this may be difficult to fund. (3) 
 

1.7.7 Manufacturers  
 
Global overview 
In an industry such as the small wind-turbine industry it is notoriously difficult to keep track of the 
manufacturers that are in business around the world. This is mainly because the industry is 
characterised by small companies making a specific product, reliant on a small market.  
 
The AWEA report (4) found recently that approximately 250 companies in the world manufacture, or 
plan to manufacture, small wind turbines. Their survey revealed that 99% of them have fewer than 
100 employees and they are spread out over 26 countries. However, the vast majority is in start-up 
phases and, to put it in perspective, roughly half the world market share is held by fewer than ten 
American manufacturers. 

 

Figure 1.13: Prominent Manufacturers of Small Wind Turbines (Source (4)) 
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The Canadian Wind Energy Association (1) reports that the U.S. and China manufacture the majority 
of the world's small wind turbines of 10kW or less. The U.S. manufacturers produce roughly half of 
the world's small wind turbines under 100kW. Four manufacturers account for the majority of these 
sales (1). Worldwide, the United States and China have developed a dominant presence in the 
manufacture of SWTs from 300 Watts to 3kW.  
 
The U.S. manufacturers also have a presence, albeit less dominant, in the 3kW to 10kW range of 
SWTs. European SWT manufacturers cover a broader range, with reasonable presence in SWTs from 
300 Watt to 100kW, and a very strong presence in the 100kW to 300kW range. The Canadian SWT 
manufacturing market consists of only six firms, five of which are focused on production of medium 
wind machines in the range of 20kW to 50kW. Given that there are only 12 known manufacturers of 
SWTs larger than 20kW in the world, it appears that Canada has a small, but important niche in this 
size range (1). 
 
The Nordic Folkecentre for Renewable Energy produces a catalogue of small wind-turbine producers 
(11). This reports that, according to the Chinese Wind Energy Association (CWEA), there are around 
80 manufacturers of small scale wind turbines in China. As of 2009 this amounts to over 400 000 
Chinese manufactured units installed in rural areas of the country, providing electricity to about 1.5 
million people. Between the years of 2005 and 2009 more than 120 000 units have been exported to 
other countries. 
 
There are many other countries with a number of manufacturers of small wind turbines with Japan, 
the UK and Germany making up the majority of the others not mentioned above. 
 
Three example companies 
The inclusion of the three example companies below does not imply any endorsement of their 
product(s). They are mentioned to give a feel for the range of companies in the market and because, in 
an industry of start-ups, they have been around for a significant period of time.  
 
Southwest Windpower is based in Flagstaff, Arizona, USA and promotes itself as “The world’s 
leading producer of small wind turbines”, a claim that is backed up by the AWEA survey (4). It is on 
record as saying that gaining IEC turbine certification increased the sales noticeably, particularly for 
commercial applications. The company started in 1987 and the 100 000th unit was produced back in 
2007. They produce turbines at the smaller end of the market (up to 3kW in their current five-product 
range) but there are ambitions to go larger. The “Skystream 3.7” unit is rated at 2.4kW and is a three-
bladed, downwind configuration with a permanent-magnet generator and inverter in the nacelle. The 
company has embarked on an expansion strategy and has a presence in many countries in Europe, 
Asia and Australasia (12).  
 
Gaia wind turbines have been developed and manufactured in Denmark over the last 20 years and, to 
date, there are over 200 installations of Gaia wind turbines worldwide, the majority in Denmark itself. 
The company produces one model of turbine, the Gaia-Wind 133-11kW turbines. It is a downwind, 
two-bladed design and has an asynchronous, constant speed generator that is directly coupled to the 
grid. The majority of customers are larger rural houses, farms, and light industrial and commercial 
enterprises. An example of the turbine is undergoing independent testing at NREL’s National Wind 
Technology Centre’s test site in Colorado, USA, where it is being tested against both IEC and AWEA 
standards (13) 
 
Proven Energy is located in Scotland where it manufacturers its three-product range: 3, 6 and 15kW 
turbines. The turbines are of the three-bladed downwind type with a permanent-magnet generator 
running at variable speed. The inverter(s) for AC grid connection are housed in a separate cabinet at 
ground level. The company’s first turbines were installed in 1982 and since then have sold around 
3000 units (14). 
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1.7.8 Standards and testing 
 
Overview 
As has been mentioned in the preceding sections, small wind turbines are perceived to have a large 
potential but they have, to date, been unable to fulfil this opportunities. Almost all of the studies that 
address, or at least mention, this issue (e.g. (9), (15), (16), and (17)) state the lack of industry-wide 
standards and testing as a contributory factor. Some go so far as to say it is the main reason for the 
lack of progress in the expansion of the small wind-turbine industry. The Small Wind Turbine 
Certification Council (18) gives the following explanation for this malaise: 

• Performance specifications are not standardised, and manufacturer reports are optimistic and 
inconsistent.  

• Consumers do not have user-friendly tools to compare turbines or accurately estimate energy 
performance. 

• Consumers and agencies providing financial incentives need greater assurance of safety, 
functionality and durability to justify investments. 

• Less than half of the small wind-turbine models on the market have been tested.  

• Small turbine ratings, on which most incentive programs are based, vary by as much as 40% 
between programs. The most effective approach to surmounting these hurdles is through a 
standardised certification process with easy-to-understand labels that allow consumers to 
make “apples-to-apples” comparisons of different small wind turbines. While international 
certification programs are in place, a more affordable and appropriate option has been needed 
for the North American small wind-turbine market. 

It is, however, symptomatic of an industry where many of the players are small and therefore cannot 
afford the comprehensive testing and certification that is standard in the large wind-turbine arena. 
Combine this with the average customer’s lack of experience with wind energy or machinery then 
there is an unfortunate mix. In order to try to address this, there has recently been concerted industry 
activity to try and produce a suitable set of standards. 
 
Prominent standards 
The main international standard for wind turbines is the IEC 61400 series and, in this instance, the 
performance of a turbine is covered under IEC 61400-12, “Power Performance Measurements of grid 
connected Wind Turbines”. However, this is most applicable to large wind turbines. The IEC 61400-2 
“Small Wind Turbine Safety” applies to small wind turbines but, as the title implies, it does not 
address performance. So the TC88/MT12 group has produced an Annex H that deals directly with the 
measurement of the performance of small wind turbines. 
 
This IEC standard has now been used as a basis for many national standards. The American Wind 
Energy Association (AWEA) has produced the “Small Wind-Turbine Performance and Safety 
Standard “(AWEA Standard 9.1 - 2009). This standard states that the  

“standard was created by the small wind-turbine industry, scientists, state officials and 
consumers to provide consumers with realistic and comparable performance ratings and an 
assurance the small wind-turbine products certified to this standard have been engineered to 
meet carefully considered standards for safety and operation. The goal of the standard is to 
provide consumers with a measure of confidence in the quality of small wind-turbine products 
meeting this standard and an improved basis for comparing the performance of competing 
products. “ 
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Furthermore, 
 
“This performance and safety standard provides a method for evaluation of wind-turbine 
systems in terms of safety, reliability, power performance and acoustic characteristics. This 
standard for small wind turbines is derived largely from existing international wind-turbine 
standards developed under the auspices of the International Electrotechnical Commission 
(IEC). Specific departures from the IEC standards are provided to account for technical 
differences between large and small wind turbines, to streamline their use, and to present their 
results in a more consumer-friendly manner.”  

 
The BWEA (now RenewableUK) has also come up with a domestic standard, the “BWEA Small 
Wind Turbine Performance and Safety Standard”.  

 “The BWEA standard is a technical standard for manufacturers of small wind turbines who 
wish to supply into the British marketplace, perhaps with the support of feed-in tariffs which 
provides to MCS approved installations. By choosing a small wind turbine that meets this 
standard a user can be assured that the turbine has been designed to withstand the structural 
loads that the wind can impose, that it has been tested in a full range of wind speeds and that 
in general it meets the claims made for overall performance.” (19) (5) 

Testing and certifying 
The standards are of limited use unless there is some co-ordinated procedure and facilities for using 
the standards. In the U.S., UK and Spain there has been government support for testing schemes: 
 

• To help industry provide consumers with more certified small wind-turbine systems, the 
National Renewable Energy Laboratory and the U.S. Department of Energy (NREL/DOE) 
launched the Independent Testing project in 2007. This resulted in five commercially 
available small wind-turbines systems being put to test in 2008/2009. The data from these 
tests has been used to help set up the Small Wind Certification Council (18) a non-profit 
organisation formed with support from the DOE, AWEA, state energy offices and turbine 
manufacturers to certify small wind-turbine systems. The first 13 turbine models to start the 
SWCC certification scheme were announced on the 16th June 2010 (20). 

• In the UK, the Microgeneration Certification Scheme (MCS) has support from the 
Department of Energy and Climate Change, which links to the BWEA SWT P&S Standard 
through the small wind system product standard, MCS006. The MCS is an independent 
scheme that certifies microgeneration products and installers in accordance with consistent 
standards. It is designed to evaluate microgeneration products and installers against robust 
criteria providing greater protection for consumers (5). 

• In Spain, the government has instigated a Proyecto Singular Estratégico (PSE) project 
(Strategic R&D Project) especially for small wind turbines. The public research agency, 
CIEMAT, has been instrumental in carrying  out performance research by their Wind Energy 
Unit at their Small Wind Systems Test Plant (21) and have looked into how the standards can 
be best used (15) (16). One of the recommendations of the research is that there is a clear need 
for the usefulness of the standards to be marketed and suggests a product labelling system that 
displays a user-friendly output for the customer.  

1.7.9 Opportunities and Outlook 
 
Do SWTs have a bright future? 
According to the manufacturers surveyed in the AWEA Global Market Study (4), small wind turbines 
have a good future: “The world’s leading 15 manufacturers continue to predict exponential sales 
growth in the U.S. market over the next five years, with projections of over one gigawatt (1 000 
Megawatts) of cumulative installed, small wind capacity in the U.S. by 2015, despite current 
economic conditions and the cooled sales of 2009.” However, the AWEA temper this by stating that 
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although the signs are that the industry seems to be in for sustained growth, there is still a question of 
how fast and when.  
 
The industry appears dependent on the right governmental framework for growth and is currently 
sufficiently small such that the success of any given company is more dependent on its products, 
managers and capitalisation than on global or national trends (4). 
 
The European SWISS study also paints a good picture for the future of SWTs (6) and notes the rising 
cost of oil and the adoption of international protocols on climate change. “There is general agreement 
that conventional energy prices will continue to increase in real terms and that policies to abate 
climate change will strengthen. All such pressures on conventional power increase the market 
opportunities for renewable energy, including small wind turbines.”  
 
Barriers, successes and road maps 
In 2002, the AWEA Small Wind Turbine Committee drew up a document entitled, “Roadmap: A 20-
year industry plan for small wind-turbine technology” (7). They looked at the barriers to industry 
development and found that at the heart of the matter lay the companies themselves. In general they 
were small, headed by entrepreneurs who were committed to renewable energy but had limited 
resources.  They pointed out that, “Their businesses lack the capitalisation to effectively promote 
mass markets, exploit design-to-cost technology options, or provide forward pricing to accelerate 
market adoption. They struggle in a capital-intensive business that requires substantial investments in 
technology and overcoming institutional barriers.”  They made the interesting comparison with the 
solar industry that has had “billions in investment” over the last two decades and had the backing of 
major energy companies, whereas the small wind-turbine industry has attracted far less capital. 
 
Their roadmap listed the technical, market and policy barriers they thought were important and 
explored a number of actions for each of these in the near, mid and long-term. It does not appear to be 
an accident that the U.S. had the strongest industry and market for small wind turbines.  
 
Part of this success has been the National Renewable Energy Laboratory’s and U.S. Department of 
Energy’s “Small Wind Project” whose objectives “are to reduce barriers to wind-energy expansion, 
stabilise the market and expand the number of small wind-turbine systems installed in the United 
States” (22). A significant asset in this has been NREL's small wind-turbine research which has 
provided turbine testing, turbine development and prototype refinement leading to more commercially 
available small wind turbines.  
 
The SWISS project also came out strongly in favour of access to testing facilities: “A main 
recommendation of the SWISS study is the establishment and continued support of a European SWT 
Testing and R&D Facility. For instance, this facility would measure and certify the power curves and 
safety features of European turbines according to classifications of conditions. The use of this facility 
should be free or at minimal cost for European Manufacturers, since there presently is not the sales 
income to cover the costs of such certificated testing and R&D” (6).   
 
Opportunities 
The Canadian Wind Energy Association have summarised the most important complementary 
elements they have identified that need to be in focus for any strategy that is designed to open up 
opportunities for a small wind-turbine industry (1): 
 

• Enabling policies (net metering, ease of connection, simple permitting)  

• Market incentives (capital rebates, tax breaks, etc.)  

• Technology development (R&D, testing, collaboration between national laboratories and 
universities with input from members of the industry)  
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• Education and awareness-raising (published wind maps, guides for dealing with local bylaws, 
etc.)  

In general, it is not foreseen that there will be any “breakthrough” new markets for the small wind-
turbine industry to exploit, and survival through the current economic climate is through knowing a 
traditional niche market and controlling business costs. However, the progress needed is to reduce the 
cost per initial investment and, in a paper at the recent 1st World Summit on Small Wind Turbines, 
New Energy Husum Trade Fair, Dr. Preben Maegaard, Director Danish Folkecenter for Renewable 
Energy, reports this is being achieved (23).  
 
A market pull may come, not directly from consumers but from supply system providers and 
operators (6). The increasing acceptance of distributed (embedded) generation “gives the vision of the 
mass-production of small generators, include SWTs, with the associated equipment for system 
balancing, monitoring and safety etc.” It is the development of this latter “balance of plant” in a 
system that is allowing the electrical connection be increasingly straightforward. In this way a more 
secure and open market for small wind turbines can be established. 
 

1.7.10 Conclusion 
 
The market for small wind turbines has, until recently, been out of the reach of many without 
adequate financial resources. The emerging acceptance of distributed generation, the lowering of the 
cost of small wind technology and new policy incentives in many parts of the world has started to 
change this situation (3). Small wind turbines will never compete with large wind turbines in terms of 
efficiency, annual production or even specific cost, but there are significant markets where they are or 
can become a viable means of satisfying local electricity consumption. 
 
This review of the state of the activities within the market for small wind turbines has identified the 
following factors in the success of promoting the small wind-turbine industry: 
 

• Government policy support (incentives, tax breaks, standardisation, etc.) have been key in 
areas where there has been a growth in the small wind-turbine industry because a real market 
has been expanded. 

• Transparent and standardised performance assessment is needed to establish consumer 
confidence in small wind-turbine products. 

• The provision of coherent national testing facilities provides a clear focus point for industry, 
consumers and regulators. 

• Potential buyers of small wind turbines need clear and concise information on the benefits and 
advantages of wind power, together with realistic data to be able to form proper expectations.  
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1.9 Appendix A: Global Energy 

1.9.1 Installed capacity by region and country 
 
 Installed 

MW 2008 
Accu. MW 
2008 

Installed 
MW 2009 

Accu. MW 
2009 

% of global 
installed 
MW 2009 

Total Americas 
 

9 527 28 918 11 433 40 351 30% 

        USA 8 358 (88%) 25 237 (87%) 9 922 (87%) 35 159 (87%)  
   Canada 526 (6%) 2 371 (8%) 950 (8%) 3 321 (8%)  
   Brazil 295 (3%) 687 (2%) 248 (2%) 935 (2%) 97% 

Total Europe 
 

9 179 65 971 10 738 76,553 28.2% 

   Spain 1 739 (19%) 16,453 (25%) 2 331 (22%) 18 784 (25%)  
   Germany 1 665 (18%) 23 933 (36%) 1 917 (18%) 25 813 (34%)  
   Italy  1 010 (11%) 3 731 (6%) 1 114 (10%) 4 845 (6%) 50% 

Total South 
and East Asia 

8 201 22 174 14 991 37 147 39.3% 

   China 6,246 (76%) 12 121 (55%) 13 750(92%) 25 853 (70%)  
   India 1 810 (22%) 9 655 (44%) 1 172 (8%) 10 827 (29%)  
   Taiwan  145 (2%) 369 (2%) 42 (0%) 411 (1%) 100% 

Total OECD-
Pacific 

1 056 4272 622 4 890 1.6% 

   Australia  615 (58%) 1 587 (37%) 300 (48%) 1 886 (39%)  
   Japan 356 (34%) 2 033 (48%) 178 (29%) 2 208 (45%)  
  New Zealand  4 (0%) 325 (8%) 143 (23%) 467 (10%) 100% 

Total Africa 
 

228 696 318 1 014 0.8% 

   Egypt 73 (32%) 384 (55%) 168 (53%) 552 (54%)  
   Morocco 82 (36%) 206 (30%) 47 (15%) 254 (25%)  
   Tunisia  34 (15%) 62 (9%) 97 (31%) 160 (16%) 98% 

Annual global 
MW installed 
capacity  

28 190  38 103   

Cumulative global 
MW installed 
capacity 

 122 158  160 084  

Table 1.15: Installed capacity in 2008 and 2009 (Global and top 3 countries for 2009 in each region). 
Source of data is [1]. The percentages in brackets give the country’s contribution to the region. 

 
Country 2007 2008 2009 Share % Cum. Share %
USA 16,879 25,237 35,159 22.0% 22%
P.R. China 5,875 12,121 25,853 16.1% 38%
Germany 22,277 23,933 25,813 16.1% 54%
Spain 14,714 16,453 18,784 11.7% 66%
India 7,845 9,655 10,827 6.8% 73%
Italy 2,721 3,731 4,845 3.0% 76%
France 2,471 3,671 4,775 3.0% 79%
UK 2,394 3,263 4,340 2.7% 81%
Portugal 2,150 2,829 3,474 2.2% 84%
Denmark 3,088 3,159 3,408 2.1% 86%
Total 80,415 104,051 137,277
Percent of World 85.5% 85.2% 85.8%
Source: BTM Consult ApS - March 2010  

Table 1.16: Cumulative installed MW by the end of 2009. Table from [1] 
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1.9.2 Offshore wind Farms 
 
Project name (Country) WTG`s MW Type foundations Construction
Vindeby (DK) 11 x 450 kW, Siemens 4.95 Concrete caisson 1991
Lely (NL) 4 x 500 kW, NEG Micon 2.00 Driven monopile 1994
Tunø Knob (DK) 10 x 500 kW, Vestas 5.00 Concrete caisson 1995
Dronten Isselmeer (NL) 28 x 600 kW, NEG Micon 16.80 Driven Monopile 1996
Bockstigen (S) 5 x 550 kW, NEG Micon 2.75 Drilled Monopile 1997
Utgrunden (S) 7 x 1.5 MW, GE Wind 10.50 Driven Monopile 2000
Blyth (UK) 2 x 2 MW, Vestas 4.00 Drilled Monopile 2000
Middelgrunden (DK) 20 x 2 MW, Siemens 40.00 Concrete caisson 2000
Yttre Stengrund (S) 5 x 2 MW, NEG Micon 10.00 Drilled Monopile 2001
Horns Rev (DK) 80 x 2 MW, Vestas 160.00 Driven Monopile 2002
Palludan Flak (DK) 10 x 2.3 MW, Siemens 23.00 Driven Monopile 2002
Nysted Havmøllepark (DK) 72 x 2.3 MW, Siemens 165.60 Concrete caisson 2003
Arklow Bank Phase I (IRL) 7 x 3.6 MW, GE Wind 25.20 Driven monopile 2003
North Hoyle (UK) 30 x 2 MW, Vestas 60.00 Driven Monopile 2003
Scroby Sands (UK) 30 x 2 MW, Vestas 60.00 Driven Monopile 2004
Kentish Flat  (UK) 30 x 3 MW, Vestas 90.00 Monopile 2005
Barrow (UK) 30 x 3 MW, Vestas 90.00 Monopile 2006
NSW (NL) 36 x 3 MW, Vestas 108.00 Monopile 2006
Source: BTM Consult ApS - March 2010  
Project name (Country) WTG`s MW Type foundations Construction
Burbo Bank (UK) 25 x 3.6 MW, Siemens 90.00 Monopile 2007
Lillgrund (S) 48 x 2.3 MW, Siemens 110.40 Concrete caisson 2007
Inner Dowsing (UK) 27 x 3.6 MW, Siemens 97.20 Monopile 2008
Lynn (UK) 27 x 3.6 MW, Siemens 97.20 Monopile 2008
Q7 (NL) 60 x 2 MW, Vestas 120.00 Monopile 2008
Thornton Bank (B) 6 x 5 MW, RePower 30.00 Concrete caisson 2008
Greater Gabbard Ph.1(UK) 42 x 3.6 MW, Siemens 151.20 Monopile 2009
Gunfleet Sands 2 (UK) 18 x 3.6 MW, Siemens 64.80 Monopile 2009
Rhyl Flats (UK) 25 x 3.6 MW, Siemens 90.00 Monopile 2009
Horns Rev 2 (DK) 90 x 2.3 MW, Siemens 207.00 Monopile 2009
Hywind (floating) (NO) 1 x 2.3 MW, Siemens 2.30 Floating 2009
Great Belt (DK) 7 x 3 MW, Vestas 21.00 Monopile 2009
Alpha Ventus (GE) 10 x 6 MW, RePower & 

Alstom Wind
60.00 Monopile 2009

Donghai Bridge Offshore (CN) 
Phase 1

21 x 3 MW, Sinovel 63.00 Monopile 2009

Väneren Gässlingegrund (S) 10 x 3 MW, WinWinD 30.00 n.a 2009
Source: BTM Consult ApS - March 2010  

Table1.17: List of operating wind farms in the world by end of 2009. 

 

1.0.3 Feed-in Tariffs 
 
Country Rate per kWh Comments

Euro-cent  

Austria 7.45
The tariffs for wind power was approved by the European commission in
summer 2009. See note 1.

Australia 4.75
The Renewable Energy Act in force since 2001 regulates the subsidies used
to promote wind energy. See note 2.

Belgium 7.50
The tariff consists 5.0EURct (fixed for 10 years) +2.5EURct (green
certificate).

Croatia 31.19
The government sets a purchase price for wind power for the first 12 years of
operation. See note 3.

Czech rep. 9.64
A fixed price for electricity or a green power bonus on top of the wholesale
electricity price. See note 4.

Denmark 6.95
The onshore wind get a purchase price subsidy, plus the wholesale price for
electricity. See note 5. 

Estonia 7.35 The Parliament adopted amendment on Electricity Market Act in 2007 to 
France 8.20 France reinstated the rates for wind power fixed in 2006. See note 7.

Germany 9.20
The new mandated rates paid for wind power were adopted in 2009. See note
8.

Source: BTM Consult ApS - March 2010                                                                                                  1 Euro = 1.38 USD  
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Country Rate per kWh Comments
Euro-cent  

Greece 7.30
The current tariff was in force since 2006 and is guaranteed for 20 years. See
note 9.

India 6.81
Ministry of New and Renewable Energy has announced Generation Based
Incentives in 2009. See note 10. 

Ireland 6.50
Feed in tariff is paid to wind generators under a 15-year power purchase
contracts.See note 11.

Italy 18.00
A combination of revenues from both sales of electricity and the green
certificates. See note 12.

Japan 7.22
Most wind power producers get payment between ¥9-11/kWh (€0.073-
0.089/kWh). See note 13.

Latvia 9.92 The economy ministry offers an initial purchase price with a contract lasting
10 years. See note 14.

Lithuania 8.69
National Control Commission sets new purchase price for wind energy from
01/01/2009. See note 15.

Netherlands 8.80
The previous MEP was replaced by Stimuleringsregeling Duurzame
Energie(SDE) in April 2008. See note 16.

Norway 5.05
Nordpool price plus a subsidy. Investor will get a 15-year support. See note
17.

Source: BTM Consult ApS - March 2010                                                                                                  1 Euro = 1.38 USD  
Country Rate per kWh Comments

Euro-cent  

Poland 9.03
EURct 9.0/kWh, consisting of electricity price and a subsidy for a Green
Certificate traded since 2005.

Portugal 8.00
The price for wind power remains varied from €0.069/kWh to €0.093/kWh.
See note 18.

Romania 7.33
The legislation approved in Oct 2008 increases the incentive price to wind
power. See note 19. 

Spain 9.34
The Royal Decree 661/2007 introduced the new retributive system. See note
20.

Sweden 7.25 Onshore: 7.6EURct & Offshore: 8.5EURct. See note 21.
Switzerland 6.85 A new energy regulation is applied for the start of 2009. See note 22.
Turkey 4.28  A fixed price is guaranteed by the renewable energy law. See note 23.

UK 5.48
New policy has been annouced by the UK government in 2009. See note 24.

USA 3.47 Currently, two wind incentives avaliable: PTC or ITC. See note 25.
Source: BTM Consult ApS - March 2010                                                                                                  1 Euro = 1.38 USD  
 
For a list of the notes mentioned in the above tables please refer to [1]. 
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1.9.4 List of MW wind turbines 
 
Technical Spec.: Capacity Rotor diam. Control Comments
Name/types: kW m Features
Acciona AW 77/70 1500 70/77 Pitch (V)
AccionaAW 3000 3000 116 Pitch (V)
AlstomWind 1.67 MW 1670 74 Pitch (V)
Alstom Wind 1.67 MW 1670 80 Pitch (V)
Alstom Wind 1.67 MW 2000 80 Pitch (V)
Alstom Wind 3.0 MW 3000 100 Pitch(V)
Areva Multibrid 5.0 MW 5000 116 Pitch(V) Multibrid concept
Bard 5.0 5000 122 Pitch(V)
Clipper Liberty 2.5 MW 2500 89-100 Pitch(V) Rotors avail.:89/93/96/100
Dongfang, DEC, 1.5 MW 1500 70 Pitch(V)
Dongfang, DEC, 1.5 MW 1500 77 Pitch(V)
Enercon E66, 1.8 MW 1800 70 Pitch (V) Multipoled generator
Enercon E66, 2.0 MW 2000 71 Pitch (V) Multipoled generator
Enercon E70, 2.0 MW 2000 70 Pitch (V) Multipoled Generator
Enercon E82, 2.0 MW 2000 82 Pitch (V) Multipoled Generator
Enercon E82, 3.0 MW 3000 82 Pitch (V) Multipoled generator
Enercon E112, 4.5 MW 4500 112 Pitch (V) Multipoled Generator
Enercon E112 , 6.0 MW 6000 112 Pich (V) Multipoled generator
Enercon E126, 6.0 MW 6000 126 Pitch (V) Mutipoled Generator
Fuhrländer FL MD77 1500 77 Pitch (V)
Fuhrländer FL 2500 2500 100 Pitch (V)
GAMESA G80 2000 80 Pitch (V) IGBT-Inverter
GAMESA G83 2000 83 Pitch (V) IGBT-Inverter
GAMESA G87 2000 87 Pitch (V) IGBT-Inverter
Source: BTM Consult ApS - March 2010 (C) = Constant Speed ; (V) = Variable Speed  
Technical Spec.: Capacity Rotor diam. Control Comments
Name/types: kW m Features
GE Wind 1.5s,sl,se 1500 70.5 / 77 Pitch (V) IGBT-Inverter
GE Wind 2.3 2300 82 Pitch (V) IGBT-Inverter
GE Wind 2.5 2500 104 Pitch (V) IGBT-Inverter
Goldwind GW70/1500 1500 70 Pitch (V) Direct Drive - PMG
Goldwind GW77/1500 1500 77 Pitch (V) Direct Drive - PMG
Goldwind GW82/1500 1500 80 Direct Drive - PMG
Hunan XEMC XE72 2000 72
MHI, MWT 62 1000 62
MHI,MWT 92 2400 92
Mingyang MY1.5se 1500 77 IGBT-Inverter
Mingyang MY 1.5see 1500 82 IGBT-Inverter
Nordex N60/N62 1300 60/62 Stall (C) 2-speed switchable poles
Nordex S70/77 1500 70/77 Pitch (V)
Nordex N90, 2.3MW 2300 90 Pitch (V)
Nordex N90, 2.5MW 2500 90 Pitch(V)
Nordex N100, 2.5 MW 2500 90 Pich (V)
REPOWERMD77/MM70 1500 70/77 Pitch (V)
REPOWER MM82 2000 82 Pitch (V) IGBT-Inverter
REPOWER MM92 2000 92
REPOWER M5, 5 MW 5000 126
REPOWER M6, 6 MW 6000 126
Source: BTM Consult ApS - March 2010 (C) = Constant Speed ; (V) = Variable Speed  
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Technical Spec.: Capacity Rotor diam. Control Comments
Name/types: kW m Features
Sewind W1250 1250 64
Siemens SWT-1.3-62 1300 62 Active Stall(C) 2 speed CombiStall
Siemens SWT-2.0-76 2000 76 Active Stall (C) 2-speed CombiStall
Siemens SWT-2.3-82 2300 82.4 Active Stall (C) CombiStall
Siemens SWT-2.3-93 2300 93 Pitch (V) Variable Speed
Siemens SWT-3.6-107 3600 107 Pitch (V) Variable Speed
Sinovel 70-1500 1500 70
Sinovel 77-1500 1500 77
Sinovel 82-1500 1500 82
Sinovel SL 3000 3000 90-110 Pitch(V) Rotors available: 90/100/105/110
Suzlon 1.25 MW 1250 64/66
Suzlon 1.5 MW 1500 82
Suzlon 2.1 MW 2100 88
United Power UP77/1500 1500 77 Pitch(V)
United Power UP82/1500 1500 82 Pitch(V)
VESTAS V82 1650 82 Active Stall (C) 1 or 2 speed
VESTAS V80-1.8MW 1800 80 Pitch (V) N/A
VESTAS V80 2000 80 Pitch (V) Variable Frequency Control System
VESTAS V90-1.8/2MW 1800/2000 90 Pitch (V) Variable Frequency Control System
VESTAS V90 3000 90 Pitch (V) Variable Frequency Control System
WinWind 1 MW 1000 62 Pitch (V) Multibrid
WinWind 3 MW 3000 90/100 Pitch (V) Multibrid
Windey WD77 1500 77
Source: BTM Consult ApS - March 2010 (C) = Constant Speed ; (V) = Variable Speed  
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1.9.5 List of Independent component manufacturers 
 
Blades 
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Gearboxes 
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Generators 
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Bearings 
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1.10  Appendix B: Details of IEC activities 
 
TC-88 Standards Working Groups 
This section provides brief summaries of IEC activities. Standards are not available for use or 
application until they exist as approved "Draft International Standards" or "International Standards." 
 
WG 1, 2, 3.  Safety of Wind-turbine Generating Systems 
Background – The first three TC-88 working groups (Safety Philosophy, Design, and Installation and 
Operation) were originally chartered separately, but were combined when it became evident that their 
objectives and roles were interdependent. 
Scope of Work – This international standard deals with safety philosophy, quality assurance and 
engineering integrity, and specifies requirements for the safety of Wind-turbine Generator Systems 
(WTGS), including design, installation, maintenance, and operation under specified environmental 
conditions. Its purpose is to provide the appropriate level of protection against damage from all 
hazards from these systems during their planned lifetime. This standard is concerned with all 
subsystems of WTGS, such as control and protection mechanisms, internal electrical systems, 
mechanical systems, support structures, foundations and the electrical interconnection equipment. The 
standard applies to 1) all sizes of WTGS connected to electrical power networks; and 2) WTGS with 
swept area equal to or larger than 40 m2. 
 
WG4 Safety Requirements for Small Wind Turbines 
Background – Standards for wind turbines with swept areas less than 40 square meters (m2) were 
developed separately because of the unique control methods and features used by designers of these 
systems (such as foldable tails.) The separate standard was developed to avoid imposing costly 
requirements that would not result in improved safety of the smaller systems, which have different 
inherent risk factors than larger systems. 
 
Scope of Work – Deals with safety philosophy, quality assurance, and engineering integrity and 
specifies requirements for the safety of small wind-turbine generators (SWTGS), including design, 
installation, maintenance and operation under specified external conditions. This standard is 
concerned with all subsystems of SWTGS, such as protection mechanisms, internal electrical systems, 
mechanical systems, support structures, foundations and the electrical interconnection with the load. 
The standard applies to WTGS with swept area less than 40 m2. 
Contact- F. Van Hulle, ECN, The Netherlands 
 
WG5 Acoustical Measurement Techniques 
Background – This standard was developed to provide a uniform methodology that will ensure 
consistency and accuracy in the measurement and analysis of acoustic emissions by Wind-turbine 
Generator Systems (WTGS). The standard was prepared with the anticipation that it would be applied 
by: 
• The WTGS manufacturer striving to meet well-defined acoustic emission performance 

requirements and/or a possible declaration system; 
• The WTGS purchaser in specifying such performance requirements; 
• The WTGS operator who may be required to verify that stated, or required, acoustic performance 

specifications are met for new or refurbished units; 
• The WTGS planner or regulator who must be able to accurately and fairly define acoustical 

emission characteristics of WTGS in response to environmental regulations or permit 
requirements for new or modified installations. 

 
Scope of Work – Presents sound measurement procedures that enable noise emissions of a wind 
turbine to be characterised. This involves using measurement methods appropriate to noise emission 
assessment at locations close to the machine, in order to avoid errors due to sound propagation, but far 
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enough away to allow for the finite source size. The procedures described are different in some 
respects from those that would be adopted for noise assessment in community noise studies. They are 
intended to facilitate characterisation of wind-turbine noise with respect to a range of wind speeds and 
directions and comparisons between different wind turbines. 
Contact – T.J. DuBois, DuBois and Associates, USA  
 
WG6 Power Performance Measurement Techniques 
Scope of Work – Specifies a procedure for measuring the power performance characteristics of wind-
turbine generator systems of all types and sizes connected to the electric power network. It is 
applicable for both the determination of the absolute power performance characteristics of a WTGS 
and relative differences among the power performance characteristics of various WTGS 
configurations. 
 
The WTGS power performance characteristics are defined by the measured power curve and the 
estimated annual energy production (AEP). The measured power curve is determined by collecting 
simultaneous measurements of wind speed and power output at the test site for a period long enough 
to establish a statistically significant database over a range of wind speeds and under varying wind 
conditions. The AEP is estimated by applying the measured power curve to reference wind speed 
frequency distributions, assuming 100% availability. 
 
In 1995, participants in WG6 agreed to approve the draft standard with the understanding that 
extensions would be added to the scope of work. These extensions will handle the special 
requirements of power performance testing of small turbines, as well as testing of all turbines in 
complex terrain and in wind-farm environments. 
Contact – Troels Pedersen, Riso National Laboratory, Roskilde, Denmark 
 
WG7 Safety of Wind-turbine Generator Systems (Revision of IEC 1440-1) 
Background – Changes in the technology, increasing proliferation of wind-turbine installations, and 
an increased understanding of environmental load cases for wind turbines have necessitated a revision 
of the safety requirements standards set forth by combined working groups 1, 2 and 3. 
 
Scope of Work – Deals with safety philosophy, quality assurance and engineering integrity, and 
specifies requirements for the safety of Wind-turbine Generator Systems (WTGS), including design, 
installation, maintenance, and operation under specified environmental conditions. Its purpose is to 
provide the appropriate level of protection against damage from all hazards from these systems during 
their planned lifetime. This standard is concerned with all subsystems of WTGS such as control and 
protection mechanisms, internal electrical systems, mechanical systems, support structures, 
foundations and the electrical interconnection equipment. The standard applies to WTGS with swept 
area equal to or larger than 40 m2. 
Contact- Peter H. Madsen, Riso National Laboratory, Denmark 
 
WG8 Full Scale Structural Testing of Rotor Blades for WTGS 
Background – NREL and many other wind-energy laboratories throughout the world are conducting 
static, dynamic fatigue, and modal tests of full-scale wind-turbine blades using various test methods 
and configurations. This standard will help establish commonality among these methods and will 
provide guidelines to help ensure that results are comparable. 
 
Scope of Work – This standard is intended to be used as a guideline for full scale testing of rotor 
blades of a WTGS as a possible part of a final design verification of the structural integrity of the 
blade. The tests included are fatigue tests, static tests and modal tests. The standard describes 
recommended practices to perform various tests on full scale blades and gives guidance on 
interpretation or evaluation of results. It describes the blade and load data with the appropriate format 
necessary to evaluate the test results. Guidance is given on which (partial) safety factors should be 
incorporated during testing and evaluation. 
Contact – Don van Delft, Delft University, The Netherlands 
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WG9 Certification Standard 
Scope of Work – Develop guidelines for certification and type approval of wind turbines using test 
data and analyses (scope of work under development). 
Contact – John McGuire, Lloyds Register, UK 
 
WG10 Power Quality Requirements for Grid Connected Wind Turbines 
Background – Existing certification procedures and other standards for wind turbines for grid 
connection do not deal with the requirements of the design of the turbine to minimise its effects on the 
power quality of the electrical network. As the power capacity/penetration increases, an evident need 
arises for a standardised specification of the power quality characteristics of the turbine output and for 
defining requirements to the wind-turbine design. 
 
Scope of Work – To prepare a standard for determining the characteristics of wind-turbine output with 
respect to the impact on the power quality in the public supply system, while securing proper 
operation of the wind turbine. 
Contact – J.O. Tande, Riso National Laboratory, Roskilde, Denmark 
 
WG11 Load Measurements for WTGS 
Scope of Work – Develop guidelines for measuring loads on wind-turbine structures (scope of work 
under development). 
Contact – F. Van Hulle, ECN, The Netherlands 
 



    61 

 

 

 
 
 

 
 

PART 2:  South African wind-energy market and indus try 
 
 



    62 

 

2. South African Wind-energy Market and Industry 

2.1   Introduction 
 
This part will compliment the previous part, Part 1, in providing an overview of the current South 
African wind-turbine industry as well as providing an overview of the current issues that affect the 
more widespread use of wind turbines. 
 
A key issue affecting the uptake of wind energy relates to the various policy documents that the 
relevant government departments have in place to assist a future wind-energy industry. 
 
Another key factor is South Africa’s wind-energy resource and the ability of the South African 
manufacturing industry to respond to developing innovative wind turbine generators that can operate 
under South African climatic conditions. 
 
This chapter will provide an overview of South Africa’s policy and regulatory environments, its wind 
resources, its wind-energy industry as well as insights provided by discussions with stakeholders. 
Other topics covered are innovation, research and development, education and training, and sources of 
financial support to undertake such activities. 
 

2.2 South African relevant policies 

2.2.1   Energy White Paper of South Africa 
 
The White Paper (DME 1988) sets out five policy objectives and then considers what they mean for 
demand sectors (energy users), supply sectors and crosscutting issues. The white paper makes 
mention of the government’s commitment to renewable-energy options for the country. However, it 
does not set out implementation plans and targets for renewable energies in the country’s energy 
balance. This weakness prompted the government to develop a white paper specifically for new and 
renewable energy. Table 2.1 provides a summary of short and medium objectives of the renewables 
within the context of the white paper. 
 
Table 2.1 Policy objectives of the Energy White Paper and relevance to renewables 
Policy Objectives Renewable-energy relevance 
• Increase access to affordable 

energy 
Short term: treat off-grid electrification in the same way as grid 
electrification 
Medium term: stimulate the development of new and renewable 
sources of energy 

• Improving energy 
governance 

Medium term: establish suitable renewable-energy information, 
statistical and database systems 

• Stimulating economic 
development 

Medium term: Develop standards and codes of practice for the 
correct use of renewable-energy systems 

• Managing energy-related 
environmental impacts 

Medium term: Investigate an environmental levy on energy sales to 
fund the development of renewable energy, energy efficiency and 
sustainable energy activities. 

• Securing supply through 
diversity 

Medium term: support the introduction of other primary energy 
carriers as appropriate 

 
Another weakness of the White Paper is that it does not distinguish the various types or options of 
renewables, or the contribution each option could make to the energy balance. 
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2.2.2 White Paper Renewable Energy  
 
In 2003, the DME published the White Paper on Renewable Energy, which includes a target of 10 000 
GWh of renewable energy by the year 2013 (DME 2003). No specific target for the different 
renewable is mentioned in the White Paper.  
 
At the Renewable Energy Summit in March 2009, concerns were raised about the slow pace of 
implementation of the White Paper, especially the widening gap in terms of access to modern energy 
services for households and businesses and the risks to South Africa’s economy of committing almost 
100% of the national investments in energy infrastructure to carbon-encumbered technologies (DME 
2009). As follow-up on the Summit, a policy review process has been started with the ultimate aim of 
presenting a “Revised White Paper on Renewable Energy (2010)” to cabinet for approval late 2010. It 
is envisaged that this revised White Paper will incorporate more ambitious renewable-energy targets. 
 

2.2.3 Energy and Climate Change strategy (forthcomi ng) 
 
In March 2009, the DoE announced at the climate change summit that it has recently commenced with 
the development of an Energy and Climate Change Strategy for the energy sector. The energy and 
climate change strategy has not yet been published.  
 
While the details of the strategy are not clear, it is hoped that it will assist the DoE with measures to 
mitigate climate change impacts posed by the South African Greenhouse Gas intensive energy sector. 
It will do this by considering innovative technological options particularly for energy efficiency and 
renewable energy.   
 

2.2.4 The Integrated Resource Plan (IRP) 
 
In the South African context the Integrated Resource Plan is a National Electricity Plan, not a full 
energy plan. It is a subset of the Integrated Energy Plan. The IRP is a plan that directs the expansion 
of the electricity supply over the given period and gives indications of the energy mix over this 
period. It identifies investments in the electricity sector that allows the country to meet the forecasted 
demand with the minimum cost to the country. 
 
Under the IRP1, developments for wind are estimated to only be 400MW by 2013, while the current 
second version of IRP is still in the consultation phase and have not yet announced targets for any 
renewable-energy source, including wind. It is expected that details of IRP2 will be released towards 
end August 2010. 
 

2.2.5 The Long-term Mitigation Scenario (LMTS) 
 
In July 2008, Cabinet agreed on an ambitious plan, setting a strategic direction for national climate 
policy and doing a fair share in the international context. The plan laid out government’s vision, 
strategic direction and framework for climate policy. The scenarios developed under the LTMS were 
confirmed by President Zuma as Government policy at the COP15 climate change conference in 
Copenhagen end 2009. In summary, South Africa will undertake mitigation actions which will result 
in a deviation below the current emissions baseline of around 34% by 2020 and around 42% by 2025. 
This level of effort enables South Africa’s emissions to peak between 2020 and 2025, plateau for 
approximately a decade and decline in absolute terms thereafter (The Presidency 2009). 
 
The LMTS provides data on the envisaged contribution by wind energy towards the reduction of 
carbon emissions and uses an upper limit of 7700MW of installed capacity by 2025 (Hughes et al. 
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2007). The LTMS study can be seen as the driving force behind the South African climate change 
policy and will inform the forthcoming energy and climate change policy. 
 

2.2.6 Industrial Policy Action Plan (IPAP) 
 
In January 2007 Cabinet adopted the National Industrial Policy Framework (NIPF) which sets out 
Government’s broad approach to industrialisation. However, there has been a growing recognition 
that industrial policy needs to be scaled up from ‘easy-to-do’ actions to interventions that we ‘need-to-
do’ to generate a structurally new path of industrialisation. This mandate has been strengthened under 
the new administration and was formalised in the President’s State of the Nation Address of 3 June 
2009. 
 
A process of intensive consultation and analysis – led by the Minister of Trade and Industry – has 
culminated in a revised IPAP for the 2010/11 – 2012/13 financial years. It was recognised that a one-
year IPAP is too short a period and that future IPAPs will be for a three-year rolling period, updated 
annually and with a 10-year outlook on desired economic outcomes. The 2010/11 – 2012/13 IPAP 
represents a significant step forward in SA industrial policy efforts. As it is reviewed and updated 
annually, it will be continuously strengthened and up scaled. 
 
One of the key clusters that the 2010/11 – 2012/13 IPAP will focus on is: 
 
Cluster 1 – Qualitatively new areas of focus: 
• Realising the potential of the metal fabrication, capital and transport equipment sectors, 

particularly arising from large public investments 
• ‘Green’ and energy-saving industries 
• Agro-processing, linked to food security and food-pricing imperatives 
 
Under ‘Green’ and energy-saving industries one of the technologies specifically mentioned is wind 
energy. A summary of IPAP’s wind-energy-related activities will be given. 
 
A milestone to strengthen market standards is for SABS to introduce additional SANS and testing 
capacity to support the creation/scaling up of wind-energy turbines. IPAP recommends that further 
work be undertaken to unpack the potential of the wind sector. IPAP also recommends that further 
work is required to develop strategies for wind-energy generation. 
 
A key milestone during 2010/11 Q4 is:  

• The development of a wind-energy generation strategy and action plan. 
 

2.3 Environmental Issues and Risks 

2.3.1 Water consumption and GHG emissions 
 
Water is a very scarce commodity in South Africa and is expected to become even more scares in the 
near future. Traditional, coal-based electricity production requires large amounts of water to wash the 
coal and operate the steam cycle.  
 
Eskom is currently using 1 210 litres of water per MWh electricity generated (ESKOM 2000). 
 
If a capacity factor of 0.30 is assumed for wind turbines in South Africa, a wind farm with 100MW of 
installed capacity (the size considered for the ESKOM Sere wind farm) would avoid the use of 300 
million litres of water. Compared to the SAWAE (2010) proposal of 30 000MW by 2025, a total of 
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over 80 billion litres can be saved, which is equivalent to the yearly water consumption of a city of 
280 000+ inhabitants.  
 
Wind energy has virtually no emissions of GHG and compares very favourably to fossil fuels and 
other renewables in this respect, see Figure 2.1 
 
If wind electricity is to mitigate coal-based power, the avoided CO2 emissions are related to a baseline 
of 0.85 tonne CO2/MWh emissions (ESKOM 2000). Using the same examples as with the avoided 
water consumption, the 100MW Sere wind farm would avoid 2.3 million tonnes of CO2, while the 
proposed SAWAE scenario would reduce emissions by 67 million tonnes. 
 
 

 

Figure 2.1 Life-cycle Green House Gas emissions of energy technologies 
 
 
2.4 Financial/Fiscal Measures 

2.4.1 Renewable-energy Feed-in Tariff 
 
In March 2009, the National Energy Regulator of South Africa (NERSA) published the renewable-
energy feed-in tariff (REFIT) for wind, small hydro, landfill gas and concentrating solar under an 
initial phase of the renewable-energy feed-in tariffs (NERSA 2009).  
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Table 2.2 REFIT phase 1 (R/kWh) 
Technology REFIT 
Wind 1.25 
Small hydro 0.94 
Landfill gas 0.90 
Concentrated solar 2.10 

 

2.5 Wind Resources 

2.5.1 South Africa’s wind resource 
 
Several studies have been carried out to assess the wind-energy potential of South Africa, which 
provide a wide range of the potential size of the resource available.  
 
Diab’s wind atlas: The first estimates of wind-power potential for South Africa were done by Diab 
(1995) who concluded that wind-power potential is generally good along the entire coast with 
localised areas, such as the coastal promontories, where potential is very good, i.e., mean annual 
speeds are above 6m/s and power exceeds 200W/m2; that moderate wind-power potential areas 
include the Eastern Highveld Plateau, Bushmanland, the Drakensberg foothills in the Eastern Cape 
and KwaZulu-Natal; and areas with low-wind-power potential include the folded mountain belt (vast 
region of very complex and diverse terrain), the Western and Southern Highveld Plateau, the 
Bushveld basin, the Lowveld, the Northern Plateau, the Limpopo basin, Kalahari basin, the Cape 
Middleveld and the KwaZulu-Natal interior. The upper limit of wind energy available to be captured 
in South Africa was estimated at 3GW (Diab 1988), with an expectation that 198000GWh could be 
supplied by wind in 2002.  
 
DME/CSIR/ESKOM renewable-energy resource database: As part of a larger scale project of the 
(then) Department of Minerals and Energy, ESKOM and the CSIR, Geographical Information 
Systems (GIS) were used to assess the resource base for different renewable-energy types. This 
database houses the current wind atlas for South Africa. The study investigated the wind regimes in 
the country but did not estimate the potential wind-energy production. 
 
African Development Bank’s Africa-wide assessment: Commissioned by the African Development 
Bank with the support of the Canadian International Development Agency, Helimax prepared a 
quantitative map of wind speeds for the African continent at a resolution of 50 km, using a WEST 
model. The main purpose of the project was to identify target countries for investment in wind energy 
by the private sector arm of the African Development Bank, through combining the identification of 
countries with a favourable wind regime with an assessment of the legal, regulatory and political 
framework. In total eight countries were identified for priority investment by the Bank in wind-energy 
projects: Tunisia, Morocco, South Africa, Mauritania, Madagascar, Cape Verde, Mauritius and 
Eritrea. No indication of possible wind-energy production is given by the study. 
 
Hagemann’s wind atlas: A meso-scale wind map of South Africa at 10m above ground was 
produced by Hagemann (2008) as part of his PhD research at the University of Cape Town. This 
study was reviewed by respected local and international climatologists and was based on the industry-
recognised MM5 model. The study modelled wind speeds across the country at various heights above 
ground and carried out the GIS-based scenario analysis for South African wind-power penetration for 
low, central and high case scenarios with resultant wind-electricity production of 20, 80 and 157 
TWh/year respectively. 
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Table 2.3 Scenarios for wind development by Hagmemann (208) 
Case Assumptions Result 
Low case All sites within 3 km of existing 

infrastructure (66+ kV grid, roads), 
60m hub height, minimum of 35% 
capacity factor 

20 TWh of feasible annual electricity 
generation corresponding to approx. 6 000 
MW of installed wind-power capacity 

Central Case All sites within 4 km from existing 
infrastructure, 60m hub heights, 
minimum of 30% capacity factor 

80 TWh of feasible annual electricity 
generation, corresponding to approx. 
26 000MW of capacity 

High Case All sites within 5 km from 
infrastructure, 100m hub height, 
minimum of 25% capacity factor 

157 TWh of feasible annual electricity 
generation corresponding to approx. 
56 000MW of capacity 

 
In terms of the resultant mesoscale wind atlas of South Africa, a significant inland wind resource was 
discovered over the Northern, Western and Eastern Cape Provinces that was previously unknown. 
Hagemann puts forward the case that South Africa’s wind resource is higher than some previous 
studies have suggested and is comparable to some of the windiest markets in the world. 
 
SAWEP Wind Atlas for South Africa project : The Global Environment Facility (GEF) and the 
Danish Government are funding a three-year project to develop an accurate wind-resource map for the 
coastal regions of South Africa based on actual wind-resource measurements (contrary to the reliance 
on weather stations of all earlier mentioned resources assessments). It is expected that the first wind 
speed measurement data will be available to the public by end 2010, while the full wind atlas will 
only be ready by 2013. 
 
Risø-DTU mesoscale data: One of the work packages being undertaken in the SAWEP Wind Atlas 
for South Africa project is the development of a meso-scale model of the wind resources for South 
Africa. Risø-DTU has done preliminary calculations of meso-scale modelling at 50m and a grid 
resolution of 5km.  
 
It must be pointed out that the data presented in Figures 2.1, 2.2 and 2.3 are preliminary and are yet to 
be verified and can be used with discretion.  
 
Nevertheless, Figures 2.1, 2.2 and 2.3 depicts results that indicate that South Africa has a good wind 
resource. 
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Risø DTU, Technical University of Denmark

Preliminary calculations for South Africa
Mean wind speed (m/s) at 50 m

unverified output, do 
not use these numbers  

Figure 2.1 Unverified meso-scale wind results for the Eastern Cape Province. 
 

Risø DTU, Technical University of Denmark

Preliminary calculations for South Africa
Mean wind speed (m/s) at 50 m

unverified output, do 
not use these numbers  

Figure 2.2 Unverified meso-scale wind results for the Western Cape Province 
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Risø DTU, Technical University of Denmark

Preliminary calculations for South Africa
Mean wind speed (m/s) at 50 m

unverified output, do 
not use these numbers  

Figure 2.3 Unverified meso-scale wind results for the West Coast of South Africa 
 

2.5.2 Regional Wind-energy Assessment 
 
A brief overview of the current state of wind-energy resource assessment is given for the countries 
surrounding South Africa. Such an assessment will provide the reader with an overview of the current 
state of readiness of these countries for wind energy. 
 
Mozambique 
No full wind-resource assessment of Mozambique has been conducted, although it is expected that the 
coastal areas will have enough wind to justify large scale wind turbines. Inland scope exists for small 
scale wind turbines, as proven by a number of initiatives in this respect.  
 
Namibia 
In 1993, the Namibian Ministry of Mines and Energy launched the programme “Promotion of the Use 
of Renewable-energy Sources in Namibia” which was supported by GTZ on behalf of the German 
Federal Ministry for Economic Cooperation and Development (BMZ). Within the framework of this 
programme it was decided to evaluate Namibia's wind potential. 
 
Wind measurements showed that the wind-energy potential is good in the regions round the coastal 
towns of Walvis Bay and Lüderitz. The Namibian Ministry, the electricity utility NamPower and GTZ 
conducted a wind-energy study at these two locations. The results show good wind-power potential 
and good infrastructural conditions for setting up a wind farm in the region round Lüderitz (InWEnt 
2004).   
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Zimbabwe 
Zimbabwe is a landlocked country with very limited scope for large scale wind-energy application. 
Data collected by the Department of Meteorological Services indicate that the highest wind speeds 
(measured at 10 meters heights) are found near Harare, Chivhu, Gweru, Bulawayo and Chipinge. The 
average wind speed in these areas is only 3.8m/s, making water pumping the only feasible application 
of wind energy (UNEP-RISØ 2001)(Mungwena 2002). 
 
In the eastern part of the country some projects using small wind turbines charging batteries have 
given good results (UNEP-RISØ 2001). Some initiatives have been ongoing in Zimbabwe to locally 
produce small wind turbines, including with ZERO/PowerVision (Piggot 2004), but the current status 
is unclear. 
 
Botswana 
Wind energy has been used on a small scale to supply water both for livestock and irrigation in 
Botswana. Although there is quite some information on the wind-energy characteristics of Botswana, 
it seems that wind speeds are generally low, limiting the application of wind electricity to small scale 
wind turbines (Oladiran 1995). 
 
Current information suggests that the wind regime is generally low at about 3 m/s (10m height). In 
2000 a wind-energy resource mapping exercise was carried out with funding by the Foreign and 
Commonwealth Office of the UK, but the results of this could not be verified at this stage (Olayiwola 
Fagbenle 2001).  
 
SWERA Programme 
To access more wind detail on the above countries the GEF funded and UNEP managed SWERA 
Programme (http://swera.unep.net/) provides easy access to high quality renewable-energy resource 
information and data to users all around the world. Its goal is to help facilitate renewable-energy 
policy and investment by making high quality information freely available to key user groups. 
SWERA products include Geographic Information Systems (GIS) and time-series data, along with 
links to energy optimisation tools needed to apply these data. To view additional information about 
the available resources or tools, select one of the links in the "Resource Information" or "Analysis 
Tools" sections. These products are being offered through a team of international experts and their in-
country partners. 
 
SWERA wind products provide estimates of how much wind resource is available at potential 
development sites. SWERA wind resources are depicted as average wind speed (meters per second) or 
wind-power density (watts per square meter) at a specified height above the ground (nominally 50 m). 
These are derived from models, and satellite and global weather observations and do not contain site-
specific data. The SWERA high-resolution (such as 1-km and 5-km) gridded data products allow for 
identification of resource rich areas that could be missed in lower resolution data sets. The SWERA 
wind products can be used to determine what areas warrant further investigation for wind 
development. These products are not intended to be used for siting decisions, especially wind farms, 
but instead should be used to identify potential areas for wind farms at which more detailed time-
series site-specific data should be collected. 
 

2.6 Generation capacity 

2.6.1 South Africa’s wind generation capacity 
 
At present only about 0.05% of South Africa’s installed generation capacity is derived from wind 
energy. Some of the supporting information was obtained from a baseline study on wind energy in 
South Africa (DME, 2003) 
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This tiny amount can be divided into three categories: 
• Large grid connected wind turbines (10.2MW) 
• Small wind turbines (0.56MW) 
• Borehole windmills (approx 22 000 units -12MW) 

 
The large grid connected wind turbines are made up of: 

• Eskom Klipheuwel (3.17MW) 
• Darling (5.2MW) 
• Coega (1.8MW) 

 
The 1.8MW generation capacity at Coega was installed in 2010 and this additional generation 
capacity represents an increase in generation capacity of nearly 22% over the 2009 installed 
generation capacity. 
 
Two wind/PV hybrid mini-grid energy systems in the Eastern Cape Province add a small fraction to 
South Africa’s generation capacity, as do other isolated off-grid turbines. A number of small wind 
turbines has been installed in the country on premises connected to the grid, for example the three 
Kestrel turbines at the Pick ’n Pay regional centre in Port Elizabeth, but these are typically installed 
behind the electricity meter and do not feed in to the national grid. 
 
In sharp contrast to the currently installed capacity is the very large 8000MW of wind capacity for 
which grid connection requests have been received by ESKOM. 
 
However, this study will only cover large grid connected and small wind turbines. Borehole windmills 
are excluded. 
 

2.7 South Africa’s wind-energy industry 

2.7.1 Wind-energy manufacturing industry 
 
South Africa’s wind-turbine and component manufacturing industry is still in its infancy, nevertheless 
South Africa has a manufacturing capability for small wind turbines as well as that for a medium-
sized wind-turbine generator. South Africa’s manufacturing capability for the small and medium-
sized wind turbine will be described. 
 
Small wind turbines 
Small wind turbines are currently being manufactured by Kestrel Wind Turbines. Kestrel Wind 
Turbines range from 0.6kW to 3kW in size.  
 
Aero-Energy, a company that designs and manufactures small wind-turbine blades, was spun out of 
the University of North-West’s Department of Mechanical Engineering.  Aero-Energy designs and 
manufactures blades in response to requests from various clients.  Many of the clients are farmers who 
are looking towards wind energy to provide electricity for their farms. 

 
It is worthwhile noting that Aero-Energy’s blades are designed for South African inland conditions 
where the wind speed is classified as medium to low.  
 
The American Wind Energy Association published a small wind-turbine global market assessment in 
2009 as well as a map (AWEA 2009) showing the global distribution of identified manufacturers. It is 
not clear from this assessment how the information was gathered but it should be noted that South 
Africa is listed as a global manufacturer of small wind turbines. 
 



    72 

 
Figure 2.4 Global distribution of identified manufacturers of small wind turbines 
 
Medium/large grid connected wind-turbine generators 
PalmTree Power manufactures a medium-sized 300kW wind turbine. This wind turbine is a direct-
drive machine, i.e. this wind turbine has no gearbox between the wind-turbine blades and the 
generator. The variable speed, permanent-magnet multi-pole direct-drive generator is designed to 
operate the rotor blades at peak performance over the complete range of operating wind speeds.  
It has a stationary stator and permanent-magnet rotor.  
 
The decision regarding the size of the wind turbine of 300kW was influenced by research undertaken 
by Frost & Sullivan. Frost & Sullivan undertook a study entitled “African Large-Scale Wind Turbine 
Market” and provided an in-depth analysis of the market drivers, equipment suppliers and industry 
challenges in the African wind-power market. In this research, Frost & Sullivan, examined the North 
Africa and Sub-Saharan Africa regional wind-power markets:. The research focused on the following 
segments of the large scale wind-turbine market: 600kW, 660-850kW and greater than 850kW. 
 

Frost & Sullivan: African Large-Scale Wind Turbine Market  
 
Market Overview 
Growing Demand for Electricity Drives the African Large-scale Wind Turbine Market 
 
Despite its potential, the African large-scale wind-turbine market is yet to contribute significantly to 
the power sector in the continent. Historically, the low price of electricity generation from 
traditional feedstock such as coal and natural gas has limited the interest in renewable-energy power 
generation. However, higher-than-anticipated economic growth in African states in the last five 
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years has led to a rapid increase in electricity demand, along with a renewed interest in alternative 
forms of power generation. "As a result of public pressure to provide reliable power supply, 
governments in Africa are investing more time and resources into exploring renewable energy for 
power generation," says the analyst of this research. "The success of the wind-power market in 
Europe and the United States has convinced many governments that wind power can assist in 
alleviating some of the power shortages in the continent." Wind-power projects between 120MW 
and 300MW have been announced in Kenya, Tanzania, Ethiopia and South Africa. In North Africa, 
the Zafarana wind site in Egypt continues to increase its installed capacity, and interest is growing 
in the Algerian, Tunisian and Moroccan wind-power markets. 
 
A major challenge to market expansion is that the power sector in many African countries is still 
regulated by monopoly control. Thus, the onus of meeting electricity demand is the sole 
responsibility of utilities. "Moreover, there are other restraints such as aging infrastructure, over-
reliance on single feedstocks for power generation, and the lack of capital for electrical 
infrastructure refurbishment," explains the analyst. "This has resulted in many countries failing to 
meet the rising electricity demand." 
 
Strategic consultation among equipment suppliers, project developers and government institutions 
on key issues such as grid capacity will promote the market prospects. The level of government 
support for renewable-energy projects will also be a key to the growth of the renewable-energy 
power market. 

 
Within the context of large grid-connected wind turbines, there are niche concerns manufacturing 
limited quantities of components for this market sector.  
 
An example of a South African concern manufacturing components is Titanus Slew Rings, who 
manufacture slew bearings for the pitching and yawing mechanisms found in wind-turbine systems. 
 

2.7.2 Wind-energy services industry 
 
The services industry that support large grid connected systems can be described as that industry 
comprised of consultants, civil and other contractors, operation and maintenance (O&M) companies, 
assemblers and system integrators. These organisations are readily identifiable and in most cases large 
organisations that are able to bring their resources to bear to support the large wind-turbine market. 
   
Whilst investigating the large wind-turbine market it was noted that there are many more 
organisations that support the small wind-turbine market and it was apparent that to list these 
organisations from across the world would be impractical. However, an issue that was noted with the 
small turbine market was that of finding a reputable and experienced organisation to provide services. 
 
In the USA, unlike the solar industry, there is no nationally recognised database of wind-energy 
contractors and no nationally recognised process for certifying them. NABCEP, a renewable-energy 
certifying association, has certifications for solar PV and solar thermal but is still working on its 
certification program for wind energy. One source of information on wind-energy providers is the 
member directory of the American Wind Energy Association (AWEA), an industry group for the 
wind-energy industry. Another option for finding wind-energy providers is to contact manufacturers 
who produce wind turbines.   
 
However, in the large wind-turbine sector the major role-players have international footprints and 
have developed reputable track records. International standards are being developed to achieve 
international conformity and quality in the level of service that is to be provided 
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International organisations 
Analysing the various global organisations that provide contracting, consulting, O&M, assembling 
and integration services it is clear that there are companies that provide more than one of these 
services. The list is by no means complete but international organisations that are able to provide 
services for the South African market are listed below.  
  
• BerlinWind GmbH  – independent expertise on wind energy focusing on the optimisation of 

wind-turbine performance, dynamic rotor balancing and  technical consulting 
• Hatch Ltd  – supplies engineering, project and construction management services, process and 

business consulting and operational services for the wind-energy industry 
• Mott MacDonald – providing services that draw on a combination of marine, wind and project 

finance expertise in integrating wind farms into electrical networks 
• Garrad Hassan – world’s largest independent wind-energy consultancy company 
• Parsons Brinckerhoff – capability to see a wind-energy project through its entire life cycle, from 

planning to implementation to operation and maintenance 
• Det Norske Veritas (DNV Global Energy Concepts) – an independent global provider of 

services for managing risk in the entire wind-energy project life cycle 
• Black & Veatch – capability to see a wind-energy project through its entire life cycle, from 

planning to implementation to operation and maintenance 
• Offshore Marine Management – an independent provider and supplier of managed solutions 

such as consultant, owner's engineer and supplier for offshore wind farm projects 
• Tetra Tech – resource management and sustainable infrastructure services that encompass the 

full life cycle of wind-energy projects 
• GENIVAR  – a global supplier of a one-stop approach to the delivery of engineering and 

construction services for the wind-energy sector 
• MEGAJOULE  – privately-owned Portuguese company that undertakes wind-resource 

assessments, from site evaluation to wind-resource assessment studies, including planning and 
conducting wind measurement campaigns and project due-diligence 

• AWS Truewind – consulting company that provides atmospheric modelling and wind-farm siting 
• Renewable Energy Systems – wind-energy developers working across the globe to develop, 

construct and operate wind-energy projects 
• Everpower – a USA-based wind-energy project developer 
• Sarens South Africa – a “heavy lifting solutions group” that can provide the plant to erect wind 

turbines 
 
Many of the above organisations also act as owner's engineers for wind-farm projects as well as 
undertake power performance testing of wind farms. 
 
South African Organisations 
There are South African companies who are gearing up to take advantage of emerging opportunities 
in the growing South African wind-energy sector. A number of SA-based organisations were 
consulted and a list compiled of South African concerns who could supply a range of services. This 
list is by no means complete but should assist the reader in identifying local service providers 
 

• DCD Dorbyl  – largest mechanical engineering concern in Southern Africa with a diversified 
product and services range that can support the wind-energy industry and includes mobile 
heavy lift cranes as part of their asset base 

• Target Cranes – An established supplier of mobile heavy lift cranes (recognisable bright red 
in colour) that is one of the largest in the southern hemisphere 

• Tandem Cranes – an established mobile crane hire company, which evolved out of a rigging 
company 

• Vanguard – a specialist service provider offering heavy lifting, specialised transport, turnkey 
relocations, and mechanical and electrical construction 
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• Ram-Tec Systems – an SME that supplies industrial automation and control systems as well 
as Supervisory Control and Data Acquisition (SCADA) systems 

• Conco – specialises in the creation of turnkey solutions for the electricity supply industry, 
based on the design, procurement, construction, commissioning, project management and site 
management of high-voltage installations. Conco did the Darling Wind Farm 

• Navitas Holdings – an investment and wind project-development company 
• Thutuka Group Ltd  – a multidisciplinary engineering company, active in the design, 

manufacture, installation, project management and project finance of wind-energy projects 
• LHA Consultants – established in 1974, a South African techno-economic and management 

consulting company   
 

2.7.3 Industrial innovation 
 
Wind-energy investments now come from a highly diverse range of public and private sources. 
Investment flows are being aided by technology standardisation, growing acceptance and familiarity 
by financiers at all scales, from commercial finance of hundred-million-dollar wind farms to 
household-scale micro-financing. One of the most recent trends is that large commercial banks are 
starting to notice renewable-energy investment opportunities.  
 
This section will cover the options and mechanisms that are open to the South African wind-energy 
industry to access funds to undertake projects. 
 

2.7.3.1 International overview 
Examples of large banks that are "mainstreaming" wind-energy investments are HypoVereins Bank, 
Fortis, Dexia, Citigroup, ANZ Bank, Royal Bank of Canada and Triodos Bank.  Deutsche Bank is one 
of the world’s largest and most sophisticated financial institutions that provide finance for the wind-
energy sector. One of the instruments that Deutches Bank uses is what is called “senior secured 
financing facility”.  
 
Investments by traditional utility companies, which, historically as a group have been slow to consider 
wind-energy investments, are also becoming more "mainstreamed." Examples of utilities active in 
renewable energy include Electricité de France, Florida Power and Light (USA), Scottish Power and 
Endesa (Spain). 
  
Other large investors are entering the renewable-energy market, including leading investment banks. 
There is a growing belief in the mainstream investment community that wind energy is a serious 
business opportunity. For example, Morgan Stanley is now investing in wind-power projects in Spain. 
Goldman Sachs, one of the world’s largest investment firms, bought Zilkha Renewable Energy, a 
wind-development firm currently developing a 4GW of wind capacity in the United States. GE’s 
commercial and consumer finance arms have started financing wind energy.  
 
Venture capital investors have also started to notice wind energy and venture capital is being driven 
partly by future market projections.  
 
Financing by public banking institutions has played an important role in stimulating private 
investments and industry activity. The European Investment Bank is the leading public banking 
institution providing finance for wind energy.  
 
Multilateral, bilateral, and other public financing flows for wind-energy developments in developing 
countries take place. A significant portion of these funds supports training, policy development, 
market facilitation, technical assistance and other non-investment needs. The three largest sources of 
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funds have been the German Development Finance Group (KfW), the World Bank Group and the 
Global Environment Facility (GEF).  
 
Other sources of public financing include bilateral assistance agencies, United Nations agencies and 
the contributions of recipient-country governments to development-assistance projects. Several 
agencies and governments are providing aid and these include the Asian Development Bank (ADB), 
the European Bank for Reconstruction and Development (EBRD), the Inter-American Development 
Bank (IDB), UNDP, UNEP, the UN Industrial Development Organization (UNIDO), Denmark 
(Danida), France (Ademe and FFEM), Germany (GTZ), Italy, Japan (JBIC), and Sweden (SIDA). 
Other donors contributing technical assistance and financing on an annual basis include the UN Food 
and Agriculture Organization (FAO), Australia (AusAid), Canada (CIDA), the Netherlands (Novem), 
Switzerland (SDC), and the United Kingdom (DFID). Some of these donors are establishing specific-
purpose investment funds and credit lines that combine additional private financing. 
 
Financing sources for wind energy in developing countries, once the province of international 
development agencies, have also been growing. There is an increasing emphasis by donors and 
market facilitators on helping to increase these local financing sources and finding ways to mitigate 
financing risks for private investors. One of the best examples is the India Renewable Energy 
Development Agency (IREDA).  
 
There are several national and international government and private finance institutions and schemes 
that can offer financial assistance to private sector companies that wish to establish renewable-energy 
production capacity. These institutions offer a wide range of products which can support companies in 
their endeavours to reach project financial closure. These products include: 
 
Grants or loans for detailed feasibility studies  
In order to complete its business case a company must perform a detailed feasibility study. These 
studies can be quite expensive and usually addresses areas such as environmental impact assessment, 
technology optimisation, CO2 reduction potential, financial cash flow, ownership arrangements and 
management structures. Grants to support these studies may be available from certain International 
Donor Organisations. 
 
Export Credits for the import content of the plant  
These are relative low-cost funding arrangements supported by international governments (either 
directly or through Export Credit agencies) in order to promote the export of goods and services from 
their countries. All OECD member states have export credit facilities. Such facilities usually result in 
a relative lower interest rate because the payment is guaranteed. 
 
Export credits have rarely applied to wind energy in the past, but this situation appears to be changing. 
The OECD recently decided to give special treatment to renewable energy within the OECD 
Arrangement on Officially Supported Export Credits, including extending repayment terms from 12 to 
15 years. This special status may help bring export credit agency terms in line with other financing 
going to developing countries’ wind-energy projects, potentially increasing export credit agency 
investment in wind energy. 
 
A comprehensive overview of the financing of wind-energy schemes through export guarantee 
schemes (Sievers, 2010) where the advantages of export guarantee schemes were compared to other 
schemes follows. Advantages include: 

• Most comprehensive security level 
• Transferability 
• Security is fully linked to the respective project 
• German supplier receives full purchase price upon delivery 
• Pay-as-you-earn 
• Tax advantages 
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• No burden on lessee’s balance sheet 
 
Another example of an export credit scheme is that offered by the Danish Government and was 
designed to contribute to economic growth in developing countries. The Danish Mixed Credit 
Programme was established by the Danish Government in 1993 and is a programme that offers 
interest free or low interest loans. The loans finance equipment and related services for development 
projects in developing countries. The immediate objective of mixed credits is to help mobilise funds 
for projects that are financially “non-viable” and, therefore, would not be carried out without financial 
subsidies. By offering a mixed credit facility, Denmark is able to support projects that cannot be 
financed on normal market conditions or solely by grant aid. The subsidy of a Danish Mixed Credit 
consists of up to three elements:  

• Payment of interest – fully or partly 
• Payment of the export credit premium and other financial costs  
• Up-front grant to reduce the principal of the loan (only for projects in least developed 

countries) 
 
Long-Term Finance 
Most international, multilateral and local banks and finance institutions offer long-term finance for 
renewable-energy power plants. The conditions vary and it often pays to take in quotes from several 
institutions. Some institutions are able to offer better loans due to special commercial, environmental 
or political interests. Developers can also explore the option to allow the supplier of the goods to 
arrange finance. 
 
Soft Loans or Mixed Credits 
These are traditional export credits combined with a 35% grant element calculated on the value of the 
export credit. The grant element is typically enough to off-set all interest payments and sometimes 
even the first one or two instalments on a ten-year loan. Soft loans or mixed credits are available from 
many OECD countries. The terms and their conditions in terms of eligibility vary greatly and it is 
advisable to shop around. 
 
Cash flow buffer and start up funds 
These are traditionally the more expensive funds – they are short term and typically available through 
the local banks. These loans are in general not recommended but can sometimes be necessary to start 
the project. Again, it is recommended to take in a few offers as the conditions vary. 
 
Business-to-business 
The term "business-to-business" was originally coined to describe the electronic communications 
between businesses or enterprises in order to distinguish it from the communications between 
businesses and consumers (B2C). It eventually came to be used in marketing as well, initially 
describing only industrial or capital goods marketing. Today it is widely used to describe all products 
and services used by enterprises. Many professional institutions and the trade publications focus much 
more on B2C than B2B, although most sales and marketing personnel are in the B2B sector. 

The volume of B2B transactions is much higher than the volume of B2C transactions. The primary 
reason for this is that in a typical supply chain there will be many B2B transactions involving 
subcomponent or raw materials, and only one B2C transaction, specifically the sale of the finished 
product to the end customer. For example, an automobile manufacturer makes several B2B 
transactions such as buying tires, glass for windscreens and rubber hoses for its vehicles. The final 
transaction, a finished vehicle sold to the consumer, is a single (B2C) transaction. 

An example of a B2B programme for the wind-energy sector is that offered by WindIntell.com. 
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WindIntell.com offers links to wind-energy company websites, windpower stocks, alternative energy 
blogs, wind investing tips, renewable-energy stocks and green power websites. Publicly-traded wind 
companies and clean energy stocks is the focus of WindIntell.com. 

2.7.3.2 South African Public and Private Support Sc hemes 

REFSO 
The Department of Energy has established the Renewable Energy Finance and Subsidy Office 
(REFSO) whose mandate includes:  
• The management of renewable-energy subsidies; and  
• Offering advice to developers and other stakeholders on renewable-energy finance and subsidies.  

(This includes information on the size of awards, eligibility, procedural requirements, and 
opportunities for accessing finance from other sources.)  

 
Submitting an expression of interest form, the first step in applying for a renewable-energy subsidy, 
can be submitted throughout the year. However, decisions regarding the awarding of letters of 
registration (step two) and the subsequent awarding of subsidy contracts (step three) are made by the 
departmental Renewable Energy Subsidy Governance Committee (SGC) upon receiving applications. 
The REFSO Secretariat supports the SGC in this process by evaluating applications against pre-
defined criteria and making recommendations.  
 
More information on the DoE’s REFSO scheme can be found on their website: 
http://www.energy.gov.za/files/esources/renewables/r_refso.html. 
 
Department of Science and Technology: Energy Grand Challenge 
Within the context of the wind-energy sector, the DST has its Energy Grand Challenge as the primary 
mechanism to encourage industrial and technology innovation. 
 
Current public funding programmes for innovation in South Africa could perhaps be intensified, 
better publicised and aimed at establishing more trusting relationships between funders and 
performers of innovation activities. To increase interest in public funds for innovation, the DST has 
established five thematic grand challenges with one of them being a move towards increasing use of 
renewable energy, including wind energy. 
 
In its Energy Grand Challenge the Department of Science and Technology anticipates that by 2018 
South Africa will have 5% of the energy used coming from wind and other sources of renewable 
energy. 
 
In its Energy Grand Challenge, South Africa’s Department of Science and Technology (DST) has 
developed its Energy Grand Challenge where in its plans the DST anticipates that by 2018 South 
Africa will have 5% of the energy used coming from wind and other sources of renewable energy.  To 
achieve this Energy Grand Challenge the DST has implemented a support mechanism known as the 
Technology Innovation Agency. 
 
Technology Innovation Agency 
A mechanism to achieve the innovation necessary to achieve DST’s goal will be through the newly 
established Technology Innovation Agency (TIA). To stimulate innovation the function of TIA is to: 

• Use appropriately structured financial and non-financial interventions 
• Develop and maintain human capacity for innovation 
• Build a culture of innovation 
• Leverage local and international partnerships 

 
The Technology Innovation Agency (TIA) is a schedule 3a Public entity of the Department of Science 
and Technology in terms of the Public Finance Management Act, 1999. 
 



    79 

Further information can be found on TIA’s website: 
http://www.tia.org.za/. 
 
Industrial Development Corporation (IDC) 
Established in 1940, the Industrial Development Corporation (IDC) is a self-financing state-owned 
national development finance institution. The IDC’s financing instruments are: 

• Equity 
• Quasi-equity 
• Limited recourse finance 
• Commercial loans 
• Wholesale loans 
• Share warehousing 
• Export/Import finance 
• Short-term trade finance and Guarantees 

 
The IDC also provides special funds and will be described briefly. 
 
Fund for Research into Industrial Development Growth and Equity (FRIDGE)  
FRIDGE funds investigations, studies and facilitation processes leading to the generation of 
information, knowledge, and/or action initiatives that are aimed at improving South African 
industries’ global economic competitiveness. The fundamental aim of FRIDGE is to fund research 
into studies where the major deliverables of the study are implementable policy outcomes based on 
objective facts emanating from that study. In other words, to facilitate the creation of findings which 
are not only informational but also achievable and which can be “fed” back into the public and the 
private sectors. 
 
The FRIDGE is funded by the Department of Trade and Industry (the dti) managed by a Sub-
committee of the National Economic Development and Labour Council (NEDLAC) Trade and 
Industry Chamber and its funds are administered by the Industrial Development Corporation (IDC).  
 
Risk Capital Facility (RCF) 
The primary objective of the RCF is to provide funding support to projects that have a high 
developmental impact. It achieves this by managing concessionary funds and disbursing these funds 
into deserving projects. 
 
Strategic High Impact Project (SHIP) 
The object of SHIP is to work with project champions to proactively identify, conceptualise and 
develop economically sustainable greenfield projects with high development, employment, 
environmental and/or community upliftment impact. The project size considered should be at least 
R100 million. Another objective of SHIP is to align the IDC with government’s ASGISA plan.  
 
Support Programme for Industrial Innovation (SPII) 
The South African Government, through the Department of Trade and Industry (the dti), has always 
placed a priority on the development of new technologies as part of an important thrust to strengthen 
South Africa’s competitiveness globally. 
 
Criteria for SPII Support are: 
• Development should represent significant advance in technology  
• Development and subsequent production must take place within South Africa.  
• Intellectual Property to reside in South African registered company  
• Available to all South African registered enterprises  
• Government funded institutions (e.g. CSIR) do not directly qualify for support, but can act as 

subcontractors to SPII projects being developed  
• No simultaneous applications from the same company  
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Additional information on the IDC can be found on their website: 
http://www.idc.co.za. 
 
Renewable Energy Market Transformation Fund (REMT) 
The Department of Energy (DoE), together with the Development Bank of Southern Africa (DBSA), 
established a renewable-energy market transformation programme (REMT) to assist investors in 
overcoming some of the obstacles and barriers preventing growth in the renewable-energy sector, 
including wind energy. 
 
Some $8,3-million in funding has been made available for the programme. This came from 
government ($2,3-million), and global financial institutions, namely the World Bank, through its 
Global Environment Facility ($6-million). 
 
The objectives of REMT are to remove the barriers and reduce the implementation costs of 
renewable-energy technologies, and also to promote on-grid electricity for renewable-energy sources. 
The REMT would not actually finance investments, but would rather assist with feasibility studies, for 
example. The aim is to help in overcoming the problem of penetrating the market and creating a 
sustainable market for renewable-energy technologies, as getting these technologies commercialised 
has been a challenge 
 
Financial Institutions 
South African and international financial institutions that can provide support to the schemes 
described above are: 
 

• ABSA Bank 
• African Development Bank (Grants, soft loans, long-term finance) 
• AFD – French Finance (Grants, soft loans, long-term finance) 
• AUREOS Capital – Southern Africa (www.aureos.com) 
• Austria Wirtschaftsserive Gesellschaft m.b.h (AWS) (www.awsg.at) 
• Belgian Development Finance (BIO) (www.b-i-o.be) 
• COFIDES (Spanish) (www.cofides.es) 
• Danida (Danish soft loans) 
• Development Bank of Southern Africa 
• DEG (member of KfW) (www.deginvest.de) 
• EDC-CEF (long-term finance) (www.cef.org.za) 
• European Investment Bank (long-term finance) (www.eib.org) 
• FMO - Dutch finance (www.fmo.nl) 
• Globeleq (www.globeleq.com) 
• ICO – Spanish Development Agency 
• International Finance Corporation 
• Investec 
• Macqaurie Bank Africa 
• NEDBANK 
• Nordic Development Fund (www.ndf.fi) 
• Rand Merchant Bank 
• Standard Bank 
• UNDP-GEF Climate Change 

 

2.7.3.3 Innovation and technology transfer mechanis ms 
Innovation is a change in the thought process for doing something, or the useful application of new 
inventions or discoveries. It may refer to an incremental emergent or radical and revolutionary change 
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in thinking, products, processes or organisations.  Innovation is the driving force behind a nation’s 
economic development and the improvement of the competitiveness of its firms. In South Africa there 
is a growing awareness among entrepreneurs, policy-makers and scientists that innovation should be 
central in business and policy strategies. To formulate such strategies, the existing economic and 
innovative performance of South African companies must be understood. 
 
A survey on innovation (Buys, 2007) found that 52% of South African firms in the manufacturing 
sector had technological innovations. This figure is surprisingly high – it is the same as the European 
average and higher than that of developed countries such as Italy, Norway and France. Furthermore, 
31% of South African innovators reported that their relative market position had improved 
substantially due to their innovative activities and that 30% of their total sales in 2000 could be 
attributed to innovative products and services. 
 
Technology transfer is the process of sharing of skills, knowledge, technologies, methods of 
manufacturing, samples of manufacturing and facilities among governments and other institutions to 
ensure that scientific and technological developments are accessible to a wider range of users who can 
then further develop and exploit the technology into new products, processes, applications, materials 
or services. It is closely related to (and may arguably be considered a subset of) knowledge transfer. 
Technology brokers are people who discovered how to bridge the disparate worlds and apply 
scientific concepts or processes to new situations or circumstances. Related terms, used almost 
synonymously, include "technology valorisation" and "technology commercialisation". While 
conceptually the practice has been utilised for many years, the present-day volume of research has led 
to a focus on the process itself. 
 
Keywords that are used to describe the process of technology transfer are: 
Angel investor, business incubator, commercialisation, diffusion of innovations, discover 
(observation), innovation, intellectual property, patents, prior art, seed money, startup company, 
technology assessment, technology readiness level, value chain and venture capital. 
 
Joint Ventures  
A joint venture (JV) is a legal entity formed between two or more parties to undertake an economic 
activity together. The JV parties agree to create, for a finite time, a new entity and new assets by 
contributing equity. They then share in the revenues, expenses, assets and "control" of the enterprise. 
 
In European law, the term 'joint-venture' is an elusive legal concept, better defined under the rules of 
company law. In France, the term 'joint venture' is variously translated as 'association d'entreprises', 
'entreprise conjointe', 'co-enterprise' and 'enterprise commune'. But generally, societe anonyme covers 
foreign collaborations. In Germany, 'joint venture' is better represented as a 'combination of 
companies' (Konzern). 
 
The venture can be for one specific project only – when the JV is referred to more correctly as a 
consortium – or a continuing business relationship. The consortium JV (also known as a cooperative 
agreement) is formed where one party seeks technological expertise or technical service 
arrangements, franchise and brand use agreements, management contracts, rental agreements, for 
“ one-time”  contracts. The JV is dissolved when that goal is reached. 
 
Some major joint ventures include Dow Corning, MillerCoors, Sony Ericsson and Penske Truck 
Leasing. 
 
The term JV refers to the purpose of the entity and not to a type of entity. Therefore, a joint venture 
may be a corporation, a limited liability enterprise, a partnership or other legal structure, depending on 
a number of considerations such as tax and liability. 
 
Reasons for forming a JV are: 
• reducing 'entry' risks by using the local partner's assets  
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• inadequate knowledge of local institutional or legal environment  
• access to local borrowing powers  
• perception that the goodwill of the local partner is carried forward  
• in strategic sectors, the county's laws may not permit foreign nationals to operate alone  
• access to local resources through participation of national partner  
• influence of local partners on government officials or 'compulsory' requisite (see China coverage 

below)  
• access by one partner to foreign technology or expertise, often a key consideration of local 

parties (or through government incentives for the mechanism)  
• again, through government incentives, job and skill growth through foreign investment 
• incoming foreign exchange and investment 
 
Examples of South African wind-energy-based JV’s are: 

• Isivunguvungy Wind-energy Converters – technology transfer and licence agreement with 
Aerodyn of Germany 

• Navitas Holdings – formed a JV with Sutton Energy of Australia to explore wind-energy 
opportunities in SA 

• Genesis Eco Energy – formed a joint venture with Mainstream Renewable Power of Ireland 
to develop wind-energy opportunities in SA 

• G7 – formed a JV with Energie Baden-Wuerttemberg of Germany 

2.8 Research and Development 

2.8.1Current status of R&D in South Africa 
 
Various South African organisations have been identified that undertake research and development as 
well as provide education and training programmes in the wind-energy sector. These organisations 
and their activities will be briefly described. 
 
University of Cape Town 
At UCT the research groups who are active in the wind-energy domain are: 

• Climate Systems Analysis Group (CSAG) and are currently part of the  Wind Atlas for South 
Africa project and do macro-scale modelling of wind resources 

• Energy Research Centre (ERC) 
• Advanced Machines and Energy Systems (AMES) group 
• Power Networks Group and the 
• Power and Energy Group 

 
Research activities by the various groups include:  

• a laboratory-based wind-turbine emulation system,  
• a maximum efficiency control strategy for PM wind generators, 
• development of low-cost steel-cored axial-flux PM wind generators,  
• development of a wind generator from scrap materials,  
• a hybrid wind/PV electric water-pumping system,  
• condition monitoring of PM wind generators. 
• Power quality and network integration issues 

 
UCT has two laboratory based wind-energy conversion systems test rigs. This includes a doubly-fed 
induction generator system and a permanent-magnet generator system with a full-converter. These 
systems are intended for power system control and fault studies associated with wind systems. 
 
Several condition monitoring algorithms have been developed for wind-generator systems and have 
been mainly tested on laboratory-based systems. 
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University of Stellenbosch 
The Electrical Machine Laboratory (EMLab) in the department of Electrical and Electronic 
Engineering focuses on electrical renewable-energy conversion as one of its main research areas. 
Currently research and development is mainly on wind-energy technologies. 
 
The EMlab’s range of wind-energy projects and studies are: 

• Development of a 3-4kW air-cored permanent-magnet wind generator for direct battery 
charging 

• Development of three 15-20kW direct-drive grid-connected iron-cored permanent-magnet 
wind-generator systems for the SA base in Antarctica. 

• Design and testing of the first South African 300kW grid-connected permanent wind-
generator system for Palm Tree Power. 

 
Recent initiatives from the EMLab are as follows: 

• EMLab and the Department of Mechanical Engineering at the North West University plan the 
development of an SA manufactured 50kW grid-connected wind-generator system 

• The EMLab proposed the development of a 1MW research and development and training 
wind farm consisting of 20 X 50kW wind-generator systems 

 
Discussions were held with Prof Maarten Kamper on permanent-magnet (PM) generators that form 
the basis of direct-drive wind turbines, i.e. wind turbines that have no gearboxes. PM generators are 
made from neodymium (Nd), boron (B) and iron (Fe). Nd is a rare earth metal. It should be noted that 
China has the world’s largest reserves of neodymium. 
 

NEODYMIUM (Nd) 
 
Neodymium is a chemical element with the symbol Nd and atomic number 60. It is a soft silvery 
metal which tarnishes in air. Neodymium was discovered in 1885. It is present in significant 
quantities in the ore minerals monazite and bastnasite. Neodymium is not found naturally in metallic 
form or unaccompanied by other lanthanides, and it is usually refined for general use. Although 
classed as a “rare earth” it is not rare as compared with many metals, and is widely distributed in the 
Earth's crust – about 38 mg/kg, which is the second among rare-earth elements after cerium. The 
world production of neodymium is about 7 000 tonnes per year. 

Neodymium is used as an alloy constituent of high strength. Neodymium magnets are the strongest 
permanent magnets known. Larger neodymium magnets are used in high power/weight electric 
motors and generators, for example wind-turbine generators. 

The main mining areas are China, United States, Brazil, India, Sri Lanka and Australia; and global 
reserves of neodymium are estimated at about 8 million tonnes. The bulk of current global 
neodymium production is in China.  
 
In South Africa, one mine that contains resources of Neodymium is near Vanrhynsdorp in the 
Western Cape Province, known as the Steenkampskraal Mine. This mine has 4898 tonnes of Nd 
reserves. 
 
A possible opportunity is for SA to manufacture permanent magnet and to do so may require 
making use of its good relations with China. 
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Cape Peninsula University of Technology (CPUT) 
CPUT builds technical capacity in its various departments through tertiary education. The Centre for 
Instrumentation Research (CIR) is involved with the development of power electronics applicable to 
specifically wind-turbine technology.  
 
Energy optimisation concepts are explored in the Energy Institute which has a strong affiliation to 
Eskom. The Mechanical Engineering Department investigates alternative wind-turbine designs, 
manufacturing techniques and optimisation.  
 
North West University 
The Mechanical Engineering Department of the University is actively involved in energy 
management and has postgraduate masters and doctorate programmes specific to energy efficiency 
and renewable energy, in particular wind energy. 
 
The Mechanical Engineering Department works closely with Aero-Energy in the design, manufacture 
and testing of small wind-turbine blades. 
 
University of the Witwatersrand 
The School of Electrical Engineering is actively involved in the design and development of 
renewable-energy technologies, especially suited for the inland regions of South Africa.  Associated 
with these technologies is the need to interface and control these sources into a common grid.  This is 
a new field of research for the School, and the first such project sees the mix of small wind-turbine 
energy and photovoltaic energy being combined into a test mini-grid.  As the project progresses, other 
renewable-energy research projects may also be incorporated into this mini-grid.  All these research 
projects are being conducted at postgraduate level. 
 
Research groups of the School are: 
• Centre for Systems and Control Engineering Electrical Machines and Drives Research Group 
• Information Engineering Research Programme 
• Electronics Engineering Research Group. 

 
The Mechanical Engineering Department has established the National Aerospace Centre of 
Excellence (NACOE). One of the primary focus areas of the NACOE is the development of advanced 
materials for the aerospace.  
 
Due to the strong aerodynamic and mechanical links between aircraft structures and wind-turbine 
blades the NACOE could provide a useful source of technical know-how that could benefit the wind-
energy industry. 
 
CSIR 
Advanced materials (“green” materials”) for wind-turbine blades. Szewczuk (2010) undertook a 
review of wind-energy activities at the CSIR. 
 

2.9 Education and Training 

2.9.1 Status of education and training in South Afr ica 
 
A mechanism for technology or knowledge transfer is via education and training programmes. 
Tertiary education institutions such as universities and technical universities offer education and 
training programmes. The Energy Research Centre at the University of Cape Town offers focused 
education and training programmes in the energy, including renewable energy, domain. 
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The Centre for Renewable and Sustainable Energy Studies (CRSES) at the University of 
Stellenbosch offers different modules at postgraduate level. The four modules that are applicable to 
wind energy are: 

• Renewable Energy Systems 
• Renewable Energy Policy 
• Renewable Energy Finance 
• Wind and Hydro Energy 

 
The wind portion of the Wind and Hydro Energy module is presented by Francis Jackson from 
WindLab. 
 
The modules offered by CRSES are taught at the Sustainability Institute near Lynedoch under the 
auspices of Mark Swelling. 
 
Under the encouragement of the Western Cape Provincial Government many stakeholders in the 
Western Cape Province have been discussing and developing what is currently called  the “South 
African Wind-energy Centre”. The primary objective of this centre is to train artisans and technicians 
to support the growing wind-energy industry in South Africa.  
 
Another method to transfer knowledge is through conferences. The Cape Peninsula University of 
Technology (CPUT) organise two energy-related conferences annually, namely: 

• Domestic Use of Energy (DUE); and  
• Industrial and Commercial Use of Energy (ICUE). 

 
Details of these conferences can be found on CPUT’s website: http://www.cput.ac.za. 
 
Various European government agencies also provide education and training programmes. One of the 
more proactive agencies is the German-based Deutscher Akadenischer Austausch Dienst (DAAD) or 
the German Academic Exchange Service. DAAD has a presence in Johannesburg and further 
information can be found on: 
http://ic.daad.de/johannesburg/. 
 
The South African Wind Atlas (WASA) project has as an objective the dissemination of information 
related to the South African wind resource. Information can be downloaded from the SANERI 
website:  
http://www.saneri.org.za/wind_atlas.htm. 
 
International conferences held in SA also provide relevant information on wind energy. The Wind 
Power Africa 2010 conference has a website from where presentations can be downloaded: 
http://www.windenergyafrica.com/Speakers.php. 
 

2.10 Highlights of consultations with stakeholders 

2.10.1 Consultation methodology 
 
Further information and insights into the South Africa and global wind-energy industry was sought 
through semi-structured interviews with stakeholders all closely connected to the topic of wind 
energy. Information was gathered within the principle of qualitative research. Qualitative research is a 
recognised approach to achieving insight into certain settings without making predictions about these 
settings, and is a useful tool to gather information in an investigative project such as this one. 

 
The interviews took place in an atmosphere of an ordinary conversation, which puts the interview in 
the category of an exploratory interview, as opposed to a standardised interview, such as commonly 
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used in public opinion polls, market research and government surveys. In the interviews, open 
questions were mixed with factual questions and led to a collection of ideas in the interviewees own 
words combined with data. This interview style can be classified ‘conversation with a purpose’, 
(Koen, 2010).  

 
Appendix 2A is the list of stakeholder organisation that initially had been identified to be interviewed.  
 
Appendix 2B is the list of stakeholders with whom discussions and interviews were subsequently 
held. 
 
The resultant interviews were analysed and conclusions drawn and highlights are provided in the next 
chapter.  

2.10.2 Stakeholder consultation highlights 
 
Of significance is South African Industry’s propensity to innovate that is in the same league as their 
counterparts in Europe. To state this differently, South African Industry has a can-do attitude and 
mindset, i.e. the ability to “make a plan”. 
 
Industry has experience in manufacturing components to exacting specifications, integrating complex 
systems and this being done with efficient use of resources. 
 
Industry is very much aware of the need to be globally competitive by reducing costs and maintaining, 
if not increasing, on quality. 
 
There are small manufacturing concerns, SMEs, that are proactive and explore manufacturing 
opportunities in the South Africa and global wind-turbine market. Some success in manufacturing 
components for wind-turbine companies is achieved. 
 
There are also SMEs exploring related opportunities such as the provision of condition monitoring 
and SCADA equipment for wind turbines. 
 
In response to South African market demands small, low-medium speed wind turbines are being 
manufactured. This broadens the opportunity for wind-turbine manufacturers, in particular the small 
wind-turbine manufacturer as these concerns do not only need to rely on markets that have high wind 
speeds. Significantly small wind turbines are being exported. 
 
Based on strategic studies on the African market, PalmTree Power has opted to enter the market with 
a medium-sized wind-turbine generator sized at 300kW. Furthermore, Palmtree has opted to 
manufacture a direct-drive wind turbine using permanent-magnet generators that was designed by the 
University of Stellenbosch. Such a configuration of wind turbine does away with gearboxes. 
 
Direct-drive wind generators may be the future of wind turbines and if this is the case then South 
African industry has applied its innovative skills and leapfrogged to the next generation of wind-
turbine configuration. 
 
There are also concerns who are investigating vertical axis wind turbines. It remains to be seen what 
market share these wind turbines will capture. 
 
 A key challenge facing South African wind-turbine manufacturers is that of certification and testing 
of their systems to be able to export their products in the near future. Nevertheless, the South African 
Bureau of Standards (SABS) and the South African National Accreditation System (SANAS) are 
responding by developing or adopting the appropriate certification and testing standards. 
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Through the use of technology transfer and licensing agreements companies such as Isivunguvungu 
Wind Energy Converters are exploring the local manufacture of large wind turbines with as much 
local content as possible. The high local content is potentially possible by the wide experience and 
knowledge base within South Africa. 
 
However, if large-scale production of both small to large wind turbines is successful, this will need to 
be supported by skilled workers. The curriculum for such skilled workers, to a large extent, still has to 
be developed. 
 
Large conglomerates, such as engineering concerns and mining houses, are also exploring wind 
energy. 
 
Since the REFIT has been announced, financial houses have an “appetite for risk” by providing early 
stage funding for pre-feasibility studies. 
 
International wind-farm developers, wind-turbine suppliers, EPC companies and financing institutions 
are establishing a presence in South Africa to take advantage of a new emerging market for wind 
energy in South Africa. There are international concerns who are establishing themselves in SA 
through JVs with South African companies. 
 
On the issue of the local manufacture of wind turbines and components by international organisations 
the following criteria are of interest to investing in South Africa: 

• Sound and consistent policies 

• REFIT 

• Attractive wind-energy generation targets 

• Quality, quality, quality of local production 

• Manufacturing components locally such that these costs are cheaper than that of  imported  
components 

Grid access is another area that is of interest to wind-farm developers and the high costs associated 
with this. 
 
It was also noted that there are stakeholders who are waiting from the sidelines and seeing whether 
opportunities evolve. This is in contrast to some stakeholders who are being proactive with their 
activities. 
 
With regards to the provision of services such as installation and construction, a range of established 
South African companies are positioned to provide services such as heavy lifting gear. 
 
There are also provincial government initiatives to encourage local wind-energy development and 
manufacturing of turbines and components.  
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2.11 Stakeholder database 

2.11.1 Overview of database 
 
The number of stakeholders interested in wind energy, in particular those who are interested in 
manufacturing and providing services, is growing.  Workshops and conferences are attracting large 
numbers of interested people and organisations, for example the wind seminar organised by the Royal 
Danish Embassy in January 2009 and the Wind Power Africa 2010 conference held from 12-14 May 
2010  in Cape Town. 
 
The stakeholder workshop that was associated with this project was held on the 8th September 2010 at 
the DBSA in Midrand attracted over 100 participants 
 
As part of this project a database has been developed to manage the contact details of all the interested 
stakeholders. 
 
The database is set up using the Microsoft Access platform and is currently populated with the data 
generated by the stakeholders’ consultation and will be supplemented with data from the DoE. The 
database can be used to find contact data on stakeholders, but also to generate mailing lists. 
 
Figures 2.5 and 2.6 are screenshots of the database and the data entry and viewing screens. 
 

 
Figure 2.5: Screenshot of the database 
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Figure 2.6 Screenshot of information of a generic stakeholder 
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Appendix 2A: Stakeholders to be interviewed 
 

Company Name Category Company Profile 
Consolidated Power Projects 
(Pty) Ltd 

Wind-farm developers Since 1986, Consolidated Power Projects (Conco) has gained an enviable reputation as a provider of turnkey solutions 
and power services for the electricity supply industry. 

Electrawinds Wind-farm developers Wind-farm developer - Coega wind farm 
Exxaro Resources Wind-farm developers Exxaro is a South African-based mining group, listed on the JSE Limited. Exxaro has a diverse and world-class 

commodity portfolio in coal, mineral sands, base metals and industrial minerals, with exposure to iron ore through a 
20% interest in listed Kumba 

Mainstream Renewable Power 
SA 

Wind-farm developers Our core business is to develop, build and operate renewable-energy plants, globally. It's our approach that sets us 
apart. Our vision, our passion, our entrepreneurial spirit and most of all, our commitment to partnership. 

SAWEA Wind-farm developers   
ESKOM Wind-farm developers   
Kestrel Wind Turbine manufacturers Kestrel Wind Turbines is a part of Eveready Diversified Products, which is a subsidiary of Eveready, the power 

manufacturing giants of South Africa. It is a manufacturer of small wind turbines and is offering, internationally, small-
scale, personal access 

GE Energy Turbine manufacturers GE is a global infrastructure, finance and media company taking on the world’s toughest challenges. From everyday 
light bulbs to fuel cell technology, to cleaner, more efficient jet engines, GE has continually shaped our world. 

Nordex SE Turbine manufacturers The Nordex Group is one of the world’s leading suppliers of wind turbines. The principal focus is on units with a high 
capacity above all in the megawatt range, the strongest growth segment in the sector 

Palm Tree Power Turbine manufacturers Manufacture wind turbines in SA 
Siemens Turbine manufacturers Founded more than 159 years ago, the company focuses on the areas of Information and Communications, Automation 

and Control, Power, Transportation, Medical, and Lighting. In fiscal 2006 (ended September 30) 
Suzlon Wind Energy A/S Turbine manufacturers Suzlon Energy Limited is the world's third-largest wind-turbine group with a 12.3 percent global market share. Suzlon 

and REpower, if taken together, stand as the world's third leading wind-turbine supplier group in terms of market share. 
Market share of 12.3% is derived from BTM Consult ApS World Market Update 2008, ranking Suzlon with 9% of 
global market share and REpower with 3.3% of global market share. 

ABSA Bank Financial sector wind-farm investment finance 
Investec Bank Limited Financial sector Investec is an international, specialist banking group that provides a diverse range of financial products and services to 

a select client base. 
Nedbank Capital Financial sector Nedbank Resources specialises in the customised design and implementation of sophisticated and innovative deal 

solutions. These include structured debt, project finance, equity, quasi-equity and corporate advisory services that take 
advantage of Nedbank' 

Standard Bank Financial sector Standard Bank is a South African-based financial services company with a global presence. We operate from 17 
African countries and 21 countries on other continents, including the key financial centres of Europe, the Americas and 
Asia. 
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Company Name Category Company Profile 
ABB (SA) Development support ABB is a global leader in power and automation technologies that enable utility and industry customers to improve 

their performance while lowering environmental impact. 
Alstom S & E Africa (Pty) Ltd Development support At ALSTOM, we offer a comprehensive capability, possessing the broadest scope of power generation systems, 

equipment and services in the industry. 
Bosch Development support electrical engineering 
Dewey & LeBoeuf (Pty) Ltd Development support specialised law firm 
Hatch Development support Hatch provide a full range of services including resource assessment, design, procurement, project and construction 

management, field testing and commissioning, permitting, environmental and turbine evaluation services. Major 
expertise includes regulatory permitting, noise analysis, pre- and full feasibility studies, optimisation for profitability, 
foundation design and erection specific to wind-turbine loadings, and interconnection to electricity grid. As a leader in 
windpower, with involvement in over 15 000MW, Hatch actively contribute to the knowledge-base in developing 
windpower facilities and will continue to work with industry and governments to bring affordable, clean electricity to 
all regions of the world. 

Kappa Heavy Engineering Ltd. Development support Kappa Engineering is a general Heavy Engineering company specialising in the manufacture of Spare Parts and 
fabrication of Heavy Equipment. We concentrating on Power Generation, Steam, Hydro, Wind and Mining. We also 
grew for site service and installations. 

Martifer Energy Systems Development support Martifer began its activity in 1990, in the steel structures sector. Today, in the year that celebrates its 20th anniversary, 
Martifer SGPS SA is a holding company of a group of enterprises focused on two different sectors, Metallic 
Construction and Renewable Energy. During the latter part of 2008 Martifer opened offices in Johannesburg as well as 
Cape Town and was one of only three companies invited to tender for Eskom`s first Wind-farm 
Project(Koekenaap/Sere) on the West Coast. Martifer Energy Systems specialises in the Construction of Wind Farms 
on an EPC (Engineering, Procurement and Construction) or BOP (Balance Of Plant) basis. 

Poyry Development support Engineering 
Sarens Development support lifting equipment 
Savannah Environmental Development support Savannah Environmental (Pty) Ltd is a specialist environmental consulting company, established for the purpose of 

providing a holistic environmental management service to public and private sector clients, including development 
agencies and other funding 

SGS South Africa (Pty) Ltd Development support SGS is the world’s leading inspection, verification, testing and certification company. SGS is recognised as the global 
benchmark for quality and integrity. With more than 46'000 employees, SGS operates a network of over 1000 offices. 

Wind Measurement 
International 

Development support Wind Measurement International is a leading wind measurement and met mast business - a partnership in science and 
engineering. With high quality equipment and leading edge wind measurement techniques WMI provides accurate data 
and predictions for wind resources on your site, to ensure your project's success. WMI has successfully supplied and 
installed many bespoke met masts to major industry clients, ranging from tubular tilt-up to lattice masts, from 12m to 
180m. WMI prides itself on its exemplary health & safety record, and high quality service. 

Wind Prospect Development support assistance to project managers 
Consolidated Power Projects 
(Pty) Ltd  

Development support electric works for Darling Wind farm 
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Company Name Category Company Profile 
Civils 2000 Development support civil works for Darling 
Vanguard  Development support biggest crane in SA. Did Darling turbines and recently Electrawinds Vestas turbine at Coega 
Aberdare Cables Component 

manufacturers 
Manufactures an extensive range of electrical cables for application in power transmission 

General Cables Component 
manufacturers 

As One Company with 44 manufacturing facilities in 22 Countries, we have the products and know how to benefit 
from fossil fuel, renewable energy on and off shore and the grid to move the power. Copper aluminium ACSR XLPE 
PILC PVC Rubber are some of our range. 

LM Wind Power Component 
manufacturers 

LM Wind Power Blades is the world's leading supplier of blades for wind turbines, and the only supplier that operates 
on a global basis. We have achieved this strong position in a business distinctive for international growth via a 
consistent focus on research, product development, quality and excellent customer service. Blades play a crucial role in 
wind turbines their design is crucial to the efficient exploitation of energy from the wind. LM Wind Power blades are 
currently mounted on more than one in three wind turbines throughout the world. Our production capacity measured in 
MW is the largest in the industry, and we have factories in four major regions: Northern Europe, Southern Europe, 
North America and Asia. Our factories are located right in the most important wind-energy markets. This is to make 
sure our customers benefit from rapid, efficient, on-time delivery. The Power to Deliver We have produced and sold 
more than 130 000 blades from 5 to 61.5 meters since 1978, 

LM Wind Power Component 
manufacturers 

LM Wind Power Blades is the world's leading supplier of blades for wind turbines, and the only supplier that operates 
on a global basis. We have achieved this strong position in a business distinctive for international growth via a 
consistent focus on research, product development, quality and excellent customer service. LM Wind Power blades are 
currently mounted on more than one in three wind turbines throughout the world. Our production capacity measured in 
MW is the largest in the industry, and we have factories in four major regions: Northern Europe, Southern Europe, 
North America and Asia. Our factories are located right in the most important wind-energy markets. This is to make 
sure our customers benefit from rapid, efficient, on-time delivery. The Power to Deliver: We have produced and sold 
more than 130 000 blades from 5 to 61.5 meters since 1978. 

PEC Metering Component 
manufacturers 

PEC METERING (PTY) LTD conducts business in the field of UTILITY SERVICES and ENERGY 
MANAGEMENT and specialises in Electricity and Water consumption accounting. 

Powertech Component 
manufacturers 

SA's leading supplier of Electrical and Electronic equipment 

Profibre Component 
manufacturers 

Profibre was established in 1990 as a closed corporation with an initial focus on diverse industrial products. The 
company developed a competence to produce unique customised solutions for customers in very diverse industrial 
spheres, from mining and construction etc. They also produce OEM parts for South African automotive manufacturers. 

Reutech Radar Systems Component 
manufacturers 

RRS was founded in 1987 as a division of ESD, which was formed in the early 1980's through an amalgamation of 
Barlows Electronic Systems and Marconi South Africa. Prior to its founding, the company's experience in radar goes 
back two decades with the manufacturing. 

Simera Aerospace Component 
manufacturers 

A mechanical engineering consulting firm focusing on systems engineering support, program development, structural 
design, finite element analyses as well as experimental vibration and strain measurement. 
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Company Name Category Company Profile 
Steinmüller Engineering 
Services 

Component 
manufacturers 

The company has developed resources, expertise and strategies encompassing The Design, Fabrication And 
Construction Of Industrial Plant, Optimising The Day-To-Day Plant Operation And Maintenance, Assessment And 
Analysis Of Plant Condition, Performance etc. 

Titanus Slew Rings Component 
manufacturers 

Titanus Slew Rings (TSR) is today a global leader in the Design, Manufacture and Supply of ball and roller type slew 
bearings, for Wind turbine applications. In addition TSR is able to manufacture and supply large diameter connecting 
flanges for wind-turbine towers. 

Voith Turbo Component 
manufacturers 

Voith Turbo specialises in solving demanding tasks in the field of power transmission. Hydrodynamics especially are 
an area in which Voith Turbo has become the worldwide market leader. 

Webb Industries Component 
manufacturers 

Manufacture lattice masts 
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Appendix 2B: List of stakeholders consulted 

 
Surname First name Company/organisation 

Baptists Thelma ECN/General Cables 
Beute Nico Cape Peninsular University of Technology 
Beyers Christelle International Finance Corporation 
Braid James University of the Witwatersand 
Brodsky Scott Dewey LeBoeuf 
Bruwer Retief Industrial Development Corporation 
Carpy  James Kestrel wind turbines 
Chwon Davin Mainstream 
Cronje Willie  University of the Witwatersrand 
Damm Oliver LHA Management Consultants 
Darrington Martin Voith Turbo 
Dawson Ozzie Vulkan Drive Tech 
Day Brian Exxaro 
de Beer Jason Pöyry 
Dent Evan Endress & Hauser 
du Plessis Jacques Pöyry 
Ford John Sarens South Africa 
Garner Thomas Exxaro 
Gaspari  Roberto Titanus Slew Rings 
Gynne-Evans Nigel Western Cape Provincial Government 
Hazakis John Siemens 
Kamper Maarten  University of Stellenbosch 
Kast  Michael Isivunguvungu Wind-energy Converter 
Krabbendam Paul Bosch 
Kuhn  Paula Standard Bank 
Kurylo Daniel Vestas 
Leimecke Sakkie Nedbank Capital 
Levington Mike Navitas Holdings 
Locke  Neville ACTOM (previously Alstom) 
Mabena  Jacob Palm Tree Power 
Matzner Dieter Hatch Energy 
Potgieter Paul Aerosud 
Potgieter Tommie Investec 
Radebe Ivan GE Energy 
Schaal Thomas Isivunguvungu Wind-energy Converter 
Shears Chris Everpower USA 
Siddique Mo Suzlon 
Smit Riaan Eskom 
Sparke Robert Civils 2000 
Spoorendonk Jonas ABB South Africa 
Stevens  Bob Steinmuller 
Swarts  Andre Safrelec 
Tumiel Jan Ram-Tec Systems 
Unger Emil Megatrade 
Van Meurs Nico Aero-Energy 
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Van Niekerk Wikus University of Stellenbosch 
Vajeth Omar ABSA Capital 
Villacian Rodrigo GA Solar, Spain 
Webb Murray Webb Industries 
Zijlstra Dane Vanguard 
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3. Strategic Analysis 

3.1. Introduction 
This part, Part 3, will cover the strategic analysis for this project. Parts 1 and 2 essentially represent 
what is currently known about the global and South African wind-energy sectors. In this part the 
global support mechanisms for wind energy will be analysed, localisation models will be discussed as 
well as the direct policy measures that have been successfully implemented by a range of countries. 
Barriers to the more wide spread use of wind energy will also be discussed. 
 
An analysis of available support mechanisms that have been in place in South Africa will be 
discussed. Since Independent Power Producers (IPPs) will be the main generators of wind electricity a 
review of country-level and project-level mechanism will be discussed for successful IPP investments. 
 
A key aspect to this project is to establish the economics of wind-energy projects in South Africa and 
based on consensus from stakeholders costs and associated scenarios for local content manufacturing. 
Another key aspect to this project has been to estimate the employment potential for wind energy in 
South Africa. Estimating jobs is a complex process but data was derived from a developed world 
setting and manipulated to establish jobs for a South African setting. 
 
A SWOT analysis was also carried out with the primary focus here on South Africa’s industrial 
capabilities and its propensity to innovate. This was followed by a value matrix analysis that should 
provide insight into the extent of South Africa’s readiness to ramp up into a growing global wind-
energy player. 
 
Recommendations provide suggestions on the way forward. 

3.2. Global Support Mechanisms 

3.2.1. Introduction 
Government’s role can be summarised as having the capacity to develop climate- and business-
friendly policies, laws and relevant power-sector regulations as well creating an enabling environment 
for financing and business viability. Most wind-energy developments in South Africa are likely to 
adopt the Independent Power Production (IPP) model, i.e. private wind-farm developers relying on 
project finance mechanisms to develop wind farms. 
 
 IPPs are seen to introduce private participation and competition into the power generation systems of 
a country and offer fast and relative straightforward solutions to worsening supply deficits as well as 
providing a benchmark to state-owned supply. 
 
IPPs can become an important source of new investment in a country’s power sector. 
 
This chapter will describe and analyse the South African government’s role in creating an 
environment to achieve the above. A global literature search and analysis were done to address this 
issue in a South African context. 
 

3.2.2. Analysis of global support mechanisms 
 
Three countries that have an emerging wind-energy industry are China, India and Spain (Lewis 2007) 
that have excellent wind resources and the growing demand for wind energy has kept foreign turbine 
manufacturers closely involved in all these three markets.  
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However, fundamental risks in the Indian and Chinese markets remain, making international 
manufacturers somewhat reluctant to invest. For example, the Indian power grid has such severe 
reliability problems that day and night voltages differ. Fundamental power sector problems face China 
as well where China still relies on often unconnected, regional grids that vary in quality and reliability 
throughout the country. Furthermore, both countries have been undergoing power sector reforms of 
varying degrees, and the impact of such reforms on renewable energy is still uncertain.  
 
Spain, in comparison, has been an attractive location for foreign turbine manufacturers to compete in 
as a consequence of the advantages that Spain’s policy structure gives to domestic manufacturers. 
 
The institutional and other barriers present in China and India certainly challenge any simplistic 
notions of wind-energy technology leapfrogging. However, as an examination of wind-turbine 
development in these countries has shown, substantial technical advances are indeed possible in 
relatively short amounts of time. 
 
The investigation (Lewis, 2007) of how locally owned wind-turbine companies of India, China, and 
Spain acquired their ability to manufacture wind turbines provides insights at how countries obtain the 
necessary technical capacity to make successful international transfers possible. Such insights are 
crucial to facilitating international technology transfers, which will be an important component of any 
technological leapfrogging strategy in countries in the developing world. 
 
The European Commission funded two studies that analysed the effectiveness as well as the economic 
efficiency of support schemes currently being employed in Europe for renewable energy that includes 
wind energy. The titles of these reports are: 

• OPT RES – Assessment and optimisation of renewable-energy support schemes in the 
European electricity market 

• PROGRESS – promotion and growth of renewable-energy sources and systems 
 
Ragwitz et al (2007) undertook the OPT RES study and Coenraads et al (2008) undertook the 
PROGRESS study. Even although the European Union has a thriving renewable-energy industry, 
including a wind industry, many barriers were identified that hamper the uptake of renewable-energy 
technologies. These barriers are common to the implementation of the renewable energies considered. 
 
Examples of barriers worth noting are: 
Administrative barriers 

• High number  of authorities involved 
• Lack of co-ordination between different authorities 
• Long lead times to obtain necessary permits 
• Renewable-energy systems insufficiently taken into account in spatial planning 
• Low awareness of benefits of renewable energies with  local and regional authorities 

 
Grid barriers 

• Insufficient grid capacity available 
• Procedure of grid connection is not fully transparent 
• Objectiveness is not fully guaranteed 
• Costs of grid connection 
• Long lead time to obtain grid connection authorisation 

 
Social barriers 

• Opposition from local public and local authorities (NIMBY) 
• Low awareness of benefits of renewable-energy technologies 
• Invisibility of the full costs of electricity from non-renewable-energy technologies 
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Financial barriers 
• Lack of trust of financial sector 
• Low predictability of capital subsidies and cash-flows 

 
A comprehensive set of recommendations were developed to overcome the above barriers and 
summarising these recommendation would not do justice to what the authors wrote. The interested 
readers would best study the recommendations as outlined by Ragwitz et al (2007) and Coenraads et 
al (2008). 
 
The most popular European policy models were also investigated by Ragwitz et al (2007) and 
Coenraads et Al (2008).  These policy models being feed-in tariffs and quota schemes where the latter 
can be divided into obligation/certification models and tendering systems as well as fiscal incentives. 
 
Feed-in tariffs – a pricing system 
Feed-in tariffs can be considered pricing systems, in which RE producers are paid a set rate for the 
electricity generated for a certain period of time, usually a premium to existing non-renewable 
generation sources. Typically, the tariffs differ according to the technology used, size and time of the 
installation, plant location and wind resources. Feed-in tariffs are calculated to guarantee a profitable 
operation. 
 
Obligation/Certification system – a quota system 
While the pricing scheme of feed-in tariffs establishes a price for electricity and the market 
determines the capacity, in quota systems the government mandates a minimum share of capacity of 
electricity to be generated from renewable energies. The price on the other hand is set in the market. 
There are two main types of quota mechanisms: the obligation or certificate system and the tendering 
system. 
 
Tradable Green Certificates 
In Europe the quota system is often combined with Tradable Green Certificates. Eligible renewable-
energy producers receive certificates for the electricity they produce, which is proof of meeting their 
legal obligation as well as an additional income source, as they can be traded separately from the 
physical commodity. There are financial penalties or “buy-out payments” for non-compliance. 
 
Tendering System – a quota system  
Under tendering systems, governments establish a desired level of renewable energies and the 
corresponding growth rates over time. This target amount or percentage of total capacity is specified 
as well as sometimes a maximum price per kWhr. Then RE developers enter a competitive bidding 
process for power purchase agreements and/or access to a government administered fund, while 
submitting price bids for contracts. In some cases, government might separate tenders for different RE 
technologies, so that, for example, a wind farm is not competing against a solar PV project. 
 
Fiscal Incentives 
 Another category of renewable-energy promotion schemes are fiscal incentives. These incentives 
lower the cost of RE as they reduce the prices for renewable technologies or energy by increases in 
received payments or reduction in the production costs. In addition to several EU countries, such 
incentives have been in use in Japan, the U.S. and India. This form of economic assistance ranges 
from “rebates on general energy taxes, rebates from special emission tax, proposals for lower Value 
Added Tax (VAT) rates, tax exemptions for green funds, to fiscally attractive depreciation schemes”. 
However, these taxes were consciously kept at a low level and did not significantly add to the 
exploitation of RE due to considerations of international competition. 
 
Moreover, long-term, low-interest loans and loan guarantees help reduce the cost of capital.  Reducing 
or eliminating subsidies for conventional energy would help creating a fair market for renewable 
energies. Even though this is technically not a direct subsidy for RE, it would help renewables to 
become more competitive on a cost basis. Ragwitz et al (2007) see the attractiveness of fiscal 
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incentives in their direct message to final energy consumers about the added value of renewable-
energy projects. 
 
Other Renewable-energy Policies 
In addition to the above-mentioned specific renewable policy mechanisms, there are other regulations 
that might contribute substantially to the development of RE projects. These could include policies 
around industry standards, such as renewable technology standards and certification, and project 
siting and permitting. 
 
In addition, there is a need for regulations and policies around grid access, transmission tariffs, or 
local special planning processes 
 
Internationally, energy policies are developed with an express intention that they lead to important 
industrial outcomes. Lund (2009) investigated the impacts of energy policies on industry growth in 
renewable energy. Lund showed that energy policies can significantly contribute to the expansion of 
domestic industrial activities in sustainable energy, including that for the wind-energy industry. 
Market deployment measures that enhance home markets will in most cases lead to growing industrial 
activities in that country even when the related industrial base is relatively weak. 
 
However, irrespective of the domestic market situation, investment or R&D support to strong 
industries in related fields may be a powerful way to help diversification into the wind-energy field 
and to generate new export opportunities. 
 
Considering the whole value/supply chain of the wind-energy production may be useful to position 
and identify industrial strengths but also to focus the energy policy measures optimally, in particular 
when industrial impacts are important to policy makers. Market deployment actions would basically 
influence the downstream part of the supply chain more, but would also cause upstream impacts.  
 
Research and technology development are more linked to the upstream side of the value chain, e.g. 
components, but vertical integration will most likely take place when global markets expand. Several 
exogenous factors, such as timing, target size, geography, etc., will influence both the industrial and 
policy positioning in practice.  
 
Lund also suggests a possible industry evolution path and is illustrated in Figure 3.1 below. A 
successful wind-energy industry expansion process leads to exports and foreign operations, and to a 
global industrial profile. This has been the case for many wind-energy companies and industry growth 
may happen through acquisitions, organic growth, mergers, etc. 
 



    103 

 
Figure 3.1 Typical production and market growth strategy (after Lund, 2009) 
 
The present industry expansion in wind energy is associated with the growth in global markets. With 
increasing production volumes, companies also seek improved competitiveness through scale of 
economies types of growth strategies meaning larger manufacturing units, consolidations, etc. which 
may generate market thresholds for industrial laggards and would require more careful entry strategies 
and policy planning. 
 
Lewis and Wiser (2007) examined the importance of national and local policies in supporting the 
development of successful wind-turbine manufacturing companies by exploring the motivations 
behind establishing a local wind-power industry, and the paths that different countries have taken to 
develop indigenous large wind-turbine manufacturing industries within their borders. This is done 
through a cross-country comparison of the policy support mechanisms that have been employed to 
directly and indirectly promote wind technology manufacturing in 12 countries.  
 
Lewis and Wiser first examined strategies for local industry development, including models for wind-
turbine manufacturing, technology acquisition and incentives for technology transfers. The potential 
benefits of a domestic wind-power technology manufacturing industry were described, as well as 
barriers to entering this business. The experiences of some of the major existing or emerging national 
wind markets around the world were analysed, focusing on 12 countries: Denmark, Germany, Spain, 
the United States, the Netherlands, the United Kingdom, Australia, Canada, Japan, India, Brazil and 
China.  
 
All of these countries have either fostered, or are attempting to foster, the development of a domestic 
wind-technology manufacturing industry, though to varying degrees. The importance of sizable and 
stable home markets in supporting emerging local wind-power technology manufacturers were 
discussed, and the policy mechanisms used by these countries to directly or indirectly support 
localisation of wind-power technology manufacturing were highlighted. 
 
In many instances there is a clear relationship between a manufacturer’s success in its home country 
market and its eventual success in the global wind-power market. Whether new wind-turbine 
manufacturing entrants are able to succeed will likely depend in part on the utilisation of their turbines 
in their own domestic market, which in turn will be influenced by the annual size and stability of that 
market.  
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Consequently, policies that support a sizable, stable market for wind power, in conjunction with 
policies that specifically provide incentives for wind-power technology to be manufactured locally, 
are most likely to result in the establishment of an internationally competitive wind industry. 
 
Lewis and Wiser further describe the extent to which a local wind industry may aspire to manufacture 
complete wind-turbine systems, to manufacture certain components and import others, or just to serve 
as an assembly base for wind-turbine components imported from abroad. These different models for 
local manufacture are contrasted in Table 3.1. 
 
Table 3.1 Models for localisation of wind-power technology manufacturing (after Lewis and Wiser, 
2007) 
 Imported Localised 

 

Turbine assembly Foreign turbine components Know-how associated with turbine 
assembly 

Component 

manufacturing 

All components not manufactured 
locally 

Select components (e.g. towers 
blades, generator, gearbox) 

Full turbine 

manufacturing 

Nothing, except perhaps a few 
select components 

Virtually the complete wind-turbine 
system 

 
Each of these basic approaches to and forms of localisation implies different degrees of local 
manufacturing and technology ownership and each may require a distinct and targeted set of policy 
measures. Countries may move from one model to another over time as local technological 
capabilities expand. 
 
A variety of global policy options exist to support local wind-power technology manufacturing and 
several policy options have proven to be effective as demonstrated in a number of countries (Table 
3.2). These various policy mechanisms do not all target the same goal: some provide blanket support 
for both international and domestic companies to manufacture locally, while others provide 
differential support to domestically owned wind-turbine or components manufacturers. Most countries 
have employed a mix of the following policy tools: 
• local content requirements 
• financial and tax incentives 
• favourable customs duties 
• export credit assistance 
• quality certification 
• research and development (R&D) 
 
Table 3.2: Policy measures to support wind power, country comparison (Lewis and Wiser, 2007) 
Direct policies Primary countries where implemented 

 
Local content requirements Spain, China, Brazil, Canadian Provinces 
Financial and tax incentives Canada, Australia, China, U.S., Spain, China, Germany, 

Denmark 
Favourable customs duties Denmark, Germany, Australia, India, China 
Export credit assistance Denmark, Germany 
Quality certification Denmark, Germany, USA, Japan, India, China 
Research and development All countries to varying degrees; notable programs in Denmark, 

Germany, U.S., Netherlands 
 
The above policy measures will be discussed in more detail. 
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Local content requirements 
The most direct way to promote the development of a local wind-manufacturing industry is by 
requiring the use of locally manufactured technology in domestic wind-turbine projects. A common 
form of this policy mandates a certain percentage of local content for wind-turbine systems installed 
in some or all projects within a country. Such policies force wind companies interested in selling to a 
domestic market to look for ways to shift their manufacturing base to that country or to outsource 
components used in their turbines to domestic companies. 
 
Financial and tax incentives 
Preference for local content and local manufacturing can also be encouraged without being mandated 
through the use of both financial and tax incentives. Financial incentives may include awarding 
developers that select turbines made locally with low-interest loans for project financing, or providing 
financial subsidies to wind power generated with locally made turbines. Tax incentives can be used to 
encourage local companies to get involved in the wind industry through, for example, tax credits or 
deductions for investments in wind-power technology manufacturing or R&D. Alternatively, a 
reduction in sales, value-added-tax (VAT), or income tax for buyers or sellers of domestic wind-
turbine technology (or production) can increase the competitiveness of domestic manufacturers. In 
addition, a tax deduction could be permitted for labour costs within the local wind industry. Tax or 
financial incentives can also be applied to certain company types, such as joint ventures between 
foreign and local companies, in order to promote international cooperation and technology transfer in 
the wind industry, and to specifically encourage some local ownership of wind-turbine manufacturing 
facilities. 
 
Favourable customs duties 
Another way to create incentives for local manufacturing is through the manipulation of customs 
duties to favour the import of turbine components over the import of entire turbines. This creates a 
favourable market for firms (regardless of ownership structure) trying to manufacture or assemble 
wind turbines domestically by allowing them to pay a lower customs duty to import components than 
companies that are importing full, foreign-manufactured turbines. 
 
Export credit assistance 
Governments can support the expansion of domestic wind-power industries operating in overseas 
markets through export credit assistance, thereby providing differential support to locally owned 
manufacturers.  Export assistance can be in the form of low-interest loans or “ tied-aid”  given from 
the country where the turbine manufacturer is based to countries purchasing technology from that 
country. Export credit assistance or development aid loans tied to the use of domestic wind-power 
technology have been used by many countries. 
 
Quality certification 
A fundamental way to promote the quality and credibility of an emerging wind-power company’s 
turbines is through participation in a certification and testing program that meets international 
standards.  Standards help to build consumer confidence in an otherwise unfamiliar product, help with 
differentiation between superior and inferior products and, if internationally recognisable, are often 
vital to success in a global market. 
 
Research and development 
Sustained public research support for wind turbines can be crucial to the success of a domestic wind 
industry, and such efforts can and typically do differentially support locally owned companies. R&D 
has often been found to be most effective when there is some degree of coordination between private 
wind companies and public institutions like national laboratories and universities. Wind-turbine 
technology, demonstration and commercialisation programs in particular can play a crucial role in 
testing the performance and reliability of new domestic wind technology before those turbines go into 
commercial production. 
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3.2.3. Synopsis of global support mechanisms 
 
Energy policies can significantly contribute to the expansion of domestic industrial activities. 
 
Market deployment measures that enhance home markets will in most cases lead to growing industrial 
activities in the country, even when the industrial base is initially weak. 
 
Irrespective of the domestic market situation, investment or R&D support to strong industries in 
related fields may be a powerful way to help diversification into the sustainable energy field and to 
generate new export possibilities. 
 
There are industrial opportunities in sustainable energy to be captured not only by large countries or 
through large public resources, but also by smaller countries if they manage with the 
commercialisation processes. 
 
The final success of energy policies in producing secondary industrial effects is naturally judged for 
example by the cost/benefits ratio of the public expenditure. 
 
For countries seeking to encourage local wind technology manufacturing, we believe that a first step 
should be a comprehensive assessment of the potential economic, employment and cost reduction 
benefits associated with different forms of local wind-turbine manufacturing, as well as a detailed 
assessment of existing domestic capabilities in the wind sector. Such assessments may provide critical 
input to government policymakers who must decide which localisation strategies to pursue, and over 
what timeframe. 
 
Selection of an appropriate set of direct policy incentives hinges on the fundamental goals of 
localisation. For example, if the development of domestically owned manufacturers is the goal (not 
just the localisation of manufacturing from international turbine vendors), then localisation 
requirements or incentives might specifically target domestically owned manufacturers rather than 
providing blanket incentives to all forms of localisation. 
 
Export credit assistance, and research, development, and especially demonstration programs, can also 
be targeted to truly domestic companies. If instead localisation of any ownership type is the goal, then 
standard local content requirements or incentives, along with favourable customs duties, might be 
sufficient. The design details of localisation requirements, R&D programs and other policies should 
also vary depending on whether assembly, component, or turbine localisation is the goal. 
 
Regardless of which of these direct incentives are used, a sizable local market appears to be a pre-
requisite to achieving successful localisation. 
 
A stable feed-in tariff has clearly proven to be one of the most successful mechanisms to date for 
promoting large-scale wind-energy markets that offer the stability necessary to attract local 
manufacturing. 
 
Regardless of the policy mechanism, it seems clear that whether new wind-turbine manufacturing 
entrants are able to succeed will depend in large part on the utilisation of their turbines in their own 
domestic market, which in turn will be influenced by the annual size and stability of that market. 
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3.3. South African Support Mechanisms 

3.3.1. Review of support mechanisms 
 
Independent Power Producers (IPPs) are the organisations that will operate the commercial wind 
farms that will be developed in South Africa. There is a dearth of published information on South 
African/Africa experiences and Gratwick and Eberhard (2008) analysed IPPs in Africa and attempted 
to understand the development and investment outcomes. This analysis provides some insight into 
what factors government would need to provide to make IPPs’ success more likely.  
 
Country-level mechanisms to enhance successful IPP investments is summarised in Table 3.3. These 
are factors that are within the purview (range of interests) of host governments. 
 
Table 3.3: Mechanisms for successful IPP investments within the range of interests of host 
governments (after Gratwick and Eberhard, 2008) 

Mechanisms Details 

Favourable investment climate Stable macroeconomic policies 
Legal system allows contracts to be enforced, laws to be upheld 
Good repayment record and investment grade rating 
Requires less (costly) risk-mitigation techniques to be employed that translates 
into lower cost of capital and hence lower project costs and more competitive 
prices 
Potentially more than one investment opportunity 

Clear policy framework Framework enshrined in legislation 
Framework clearly specifies market structure and roles and terms for private and 
public sector investments (generally for single buyer model not, yet, wholesale 
competition in African context) 
Reform-minded ‘champions’ concerned with long run, lead and implement 
framework. 

Clear, consistent and fair regulatory 
supervision 

Improves general performance of private and public sector assets 
Transparent and predictable licensing and tariff framework improves investor 
confidence 
Cost-reflective tariffs ensure revenue sufficiency 
Customers protected 

Coherent power sector planning Energy security standard in place; planning roles and functions clarified 
Vested with lead, appropriate (skilled, resourced and empowered) agency 
Takes into consideration hybrid market (public and private stakeholders and their 
respective real costs of capital) and fairly allocates new build opportunities 
among stakeholders 
Has built-in contingencies to avoid emergency power plant or blackouts 

Competitive bidding processes  Procurement process is transparent; competition ultimately drives down prices 

Abundant low-cost fuel and secure 
contracts (in the case of this project 
abundant wind) 

Cost-competitive with other energy sources 
Contract safeguards affordable and reliable fuel (wind) for duration of contract 

 
Project-level mechanisms identified by Gratwick and Eberhard that affect successful IPP 
investments are summarised in Table 3.4. 
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Table 3.4 Mechanisms for successful IPP investments, project issues (after Gratwick and Eberhard, 
2008) 

Factors Details 

Favourable equity partners  Local capital/partner contribution, where possible 
Risk appetite for project 
Experience with developing-country project risk 
Involvement of a DFI partner (and/or host country government) 
Reasonable, fair ROE 
Development-minded firms 

Favourable debt arrangements Low-cost financing 
Local capital/markets mitigate foreign exchange risk 
Risk premium demanded by financiers or capped by off-taker matches 
country/project risk 
Some flexibility in terms and conditions (possible refinancing) 

Secure and adequate revenue stream Commercially sound metering, billing and collections by the utility 
Robust PPA (stipulates capacity and payments well as dispatch, metering, 
interconnection, insurance, force majeure, termination, change of law provisions, 
refinancing arrangements, dispute resolution, etc. 
Security arrangements where necessary (escrow accounts, letters of credit, stand-
by debt facilities, hedging and other derivative instruments, committed public 
budget and/or taxes/levies, targeted subsidies and output-based aid, hard 
currency contracts, indexation in contracts)  

Credit enhancements and other risk 
management and mitigation 
measures 

Sovereign guarantees 
Political risk insurance 
Partial risk guarantees 
International arbitration 

Positive technical performance Technical performance high (including availability) 
Sponsors anticipate potential conflicts (especially related to O&M and 
budgeting) and mitigating them 

Strategic management and 
relationship building 

Sponsors work to create good image in country through political relationships, 
development funds, effective communications and strategically manage their 
contracts, particularly in the face of exogenous chocks and other stresses. 

 
The country-level and project-level mechanisms are outlined in further detail. 
 
Country-level mechanisms that government would need to provide to make an IPP’s success more 
likely include: 
• Favourable investment climate in terms of stable macroeconomic policies and good repayment 

records in a legal system allowing for contracts to be enforced and laws to be upheld.  
• A clear policy framework embodied in legislation that specifies a market structure, roles and 

terms for private and public sector investments. 
• Lucid, consistent and fair regulatory supervision improving general performance of private and 

public sector assets. 
• Coherent power sector planning with energy security standards in place and clarified planning 

roles and functions, as well as built-in contingencies to avoid emergency power plants or 
blackouts. 

• Competitive bidding practices with a transparent procurement process to potentially drive down 
prices 

 
Project-level mechanisms that are likely to contribute to the success of IPP investments are: 
• Favourable equity partners preferably with local investment as well as experience in developing 

country project risk, and expectations of a reasonable and fair ROE. 
• Favourable debt arrangements including low-cost financing where the share of local capital 

softens the impact of foreign exchange differences, and flexibility in terms and conditions. 
• Secure and adequate revenue streams through commercially sound metering, billing and 

collections by the utility, a robust Power Purchase Agreement (PPA), and security arrangements 
where necessary, such as escrow accounts. 
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• Credit enhancements and other risk management and mitigating measures including sovereign 
guarantees, political risk insurance, partial risk guarantees, and international arbitration. 

• Positive technical performance in terms of availability and capacity factors as well as sponsors 
that anticipate potential conflicts like operations and maintenance or budgeting issues. 

• Strategic management and relationship building where sponsors create a good image through 
political relationships, development funds, effective communications and well-managed contracts. 

 

3.3.2. Stakeholder collaboration and partnership mo del 
 
Various stakeholders are required to ensure the successful implementation of public and commercial 
wind farms. These stakeholders range from “country-level” to “project-level” stakeholders.   
Collaboration and partnerships are also necessary to achieve this common success. 
 
The following stakeholders have been identified: 
Government departments: 
• Department of Energy. The DoE is seen as the main driver towards the uptake of renewable 

energy in the country, which is facilitated through the Renewable Energy White Paper and the 
revision thereof that is currently ongoing, the IRP2 process and their involvement in a number of 
other initiatives like SAWEP, REMT, REFSO, etc. 

• The Department of Trade and Industry. The DTI will be the main driver behind the 
development of an industrial policy, which will fit within the IPAP-process. 

• The Department of Science and Technology. The main function within the wind industrial 
policy is seen through the DST Energy Grand Challenge, which looks into the science and 
technology aspects of renewable energy. The line function of DST in relation to research councils 
and universities is important as well. 

• The Department of Public Enterprises. The main involvement is through the line function 
towards parastatal ESKOM. 

• The Department of Environmental Affairs. Important with respect to the environmental 
impacts of wind farms and the associated environmental clearances required. 

• National Treasury. The main function is the channelling of funds to the line departments and 
their coordinating role with respect to (international) donor and IFI funding streams. 

• Provincial governments.  Provincial governments play a leading role in the development of a 
provincial/local industry around wind, including manufacturing, education, and training and 
research facilities. 

 
Government implementation agencies: 
• The National Energy Regulator of South Africa (NERSA). Responsible for regulation of the 

renewable-energy market through licensing, REFIT, PPAs, etc.  
• Power utility ESKOM . ESKOM has its own research facilities and is developing a pilot wind 

farm.  
• The Technology Innovation Agency (TIA). Will manage all IP related to research council and 

university R&D and will need to be involved in any local IP development. 
• The Central Energy Fund (CEF). Implementing agency of the DoE with a strong presence in 

the renewable energy filed through the South African National Energy Development Institute 
(SANEDI). 

• The Independent Systems and Market Operator (ISMO). Will be responsible for processes 
around feeding wind power into the national grid and most probably the signing partner for PPAs. 

• The Industrial Development Corporation (IDC). Role in funding industrial initiatives around 
wind energy. 

• The South African Bureau of Standards (SABS). Role is to ensure that standards are in place. 
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Private sector entities: 
• Small and medium scale industries. Can play an important role as sub contractor for larger 

companies and a supplier of components. 
• International industry, mainly wind-turbine manufac turers. The international market is 

dominated by a number of large international wind-turbine manufacturers with established market 
shares. They need to be “convinced” to locally produce (parts of) wind turbines. 

• Wind-farm developers. The organisations that will actually build the wind farm that can make 
use of local expertise. As most developers have strong international links knowledge transfer can 
be part of their operations in the country. 

• Financial institutions and donors, both locally and internationally . Local commercial and 
development banks, as well as the international finance institutions like the World Bank, IFC, 
African Development Bank, as well as the international donor community. 

 
A model has been developed that attempts to relate the different stakeholders with their respective 
roles as well as to indicate the collaboration and partnerships between the various stakeholders. 
 
In Figure 3.2, the different groupings of stakeholders are represented in different colours in line with 
descriptions given above: 

• Government departments – Blue 
• Government Implementation agencies – Red 
• Private sector stakeholders – Green 

 
This model illustrates the stakeholder and function relationships from a country-level down to a 
project-level. Each organisation, as depicted on the left, operates within its specific mandate and due 
to the complex nature of developing wind farms collaboration between the various government 
departments and partnerships with industry stakeholders is needed to meet project objectives. 
 
The objective of this model is to highlight the list of role-players in the development of wind energy 
projects and since more than one role-player is linked to any process item on the left careful co-
ordination by role-players is needed to reduce bureaucracy. 
 
A large number of links to a process item on the left is an indication of where bottlenecks are likely to 
occur i.e. a large number of stakeholders active around that role, with a potential for coordination 
problems and misalignment.  
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Figure 3.2: Model depicting stakeholder and function relationships from country-level to project-level
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3.3.3. Analysis of South African support mechanisms  
 
The South African policy and regulatory environment, and support mechanisms were analysed.  These 
support mechanisms are in place as per international “best practise”. These support mechanisms were 
evaluated and an attempt was made to represent the current status in tabular form and taking guidance 
from Table 3.2 and Figure 3.2. 
 
Table 3.5 presents in tabular form the support measures, the key government player, the instruments 
used and the status of the instruments. 
  
Table 3.5: Matrix of government measures to support the wind industry 

Support 
measure 

Key player Instruments Status 

Target setting DoE Renewable-energy white 
paper 

Target set (10 000 GWh), but no 
specific target for wind  

Revision of RE white paper Process ongoing, targets per 
renewable expected. Start consultation 
in November 2010 

IRP1 Small target for wind of 400MW (incl 
ESKOM Sere farm) 

IRP2010 Process ongoing. Specific targets for 
wind expected in 4th quarter  

Capacity credits Methodology developed. 
Local content 
requirements 

Treasury Prescribe mandatory local 
content for government 
investments 

In draft form 

DTI IPAP2 Wind is referenced 
NERSA Requirements for licensing Draft document 

Facilitate IPPs NERSA REFIT REFIT for wind announced at R 
1.25/kWh 

Standards PPA Draft document out for consultation 
Treasury Funding for REFIT Status unclear. Discussions with 

donors ongoing 
DoE and DPE Independent Systems and 

Market Operator (ISMO) 
Unclear on current status  

ESKOM Signing PPAs Unclear on legal status of ESKOM 
signing PPAs 

Financial and 
tax incentives 

DTI Enterprise Investment 
Programme 
 

Wind industry not identified as such, 
but support possible for “manufacture 
of other fabricated metal products” 
(turbine towers?) and electrical 
motors, generators, transformers, 
electricity distribution and control 
apparatus and wires and cables 

Favourable 
customs duties 

For wind: not 
clear 

For wind: not clear  

Export credit 
assistance 

DTI Policies in place Not clear if wind is included 

Quality 
certification 

SABS National standards SA to make use of IEC standards 
Testing against international 
standards 

No test/certification facilities in place 

Pilot project -
SERE 

ESKOM Develop national pilot 
project 

Partial funding seems to be secured 
through World Bank and CTF 
funding, but no decision by ESKOM 
Board as yet? 
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Training and 
education 

Provincial 
government 

Still to be established  

SETA learnership  Special unit standards and 
learnerships need to be developed for 
wind, in particular O&M 

Dept Higher 
Education 

Curriculum development: 
needs to be enhanced 

Limited relation between industry and 
higher education institutes 

Dept Basic 
Education 

Technicians/Artisan level: 
curriculum needs to be 
enhanced. 

Coordination lacking 

Research DST Energy Grand Challenge Wind included 
SANEDI Record Wind energy explicitly excluded 
TIA Facilitate local IP Not clear if wind is included 

 
Compared to international obstacles and barriers found in relevant literature, the central issues in 
South Africa indicate that the country is still in its beginning stages of developing wind energy. 
Hurdles described for the European market seem to concentrate on administrative issues, in particular 
the high number of authorities involved or long lead times to obtain necessary licenses, as well as 
permission procedures and grid issues. Only then legislative and financial barriers are mentioned 
(Coenraads et al, 2008), (Ragwitz et al, 2007). It might be of benefit for South Africa’s approach to 
look at international experience and lessons learnt, bypassing some problem areas in advance. 
 
However, there is insufficient institutional and human capacity to implement these various support 
mechanisms. 
 
South African Renewables Initiative (SARi)  
 
Another initiative of DPE and the DTI is the South African Renewables Initiative (SARi). SARi is an 
ongoing project to investigate the localisation of components for the wind-energy industry and the 
Concentrated Solar Power (CSP) technology. 
 
Preliminary analysis has been done but the stakeholders from the wind industry have expressed 
concerns on the assumptions made that form the basis of the financial analysis. A major concern is 
around the assumption that the full economic cost of coal power remains constant. Another concern 
relates to the development of an average REFIT for wind energy and CSP. This creates the situation 
that there is a gap between REFIT and tariff over time. 
 

3.4. Economics of Wind Energy 

3.4.1. Generations costs of wind energy 
 
This chapter will discuss the main cost categories of wind-energy investment, pointing out their 
relative weights and to propose a range of generation costs. Since the South Africa wind-energy 
industry is still in its infancy, not much if any published data is available to establish costs. As a point 
of departure, recently published data has been sourced from European experiences. 
 
According to Blanco (2009) the key parameters that govern wind-power costs are: 
• Capital costs, including wind turbines, foundations, road construction and grid connection 
• Variable costs, the most significant being the operation and maintenance (O&M) of wind turbines 
• The electricity produced 
• The discount rate and economic lifetime of the investment 

 
The discount rate and economic lifetime of the investment reflect the perceived risk of the project, the 
regulatory and investment climate in each country and the profitability of alternative investments. 
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Capital costs 
The capital costs of wind projects can be divided into several categories: 
• the cost of the turbine itself (ex-works) which comprises the production, blades, transformer, 

transportation to the site and installation; 
• the cost of grid connection, including cables, sub-station, connection and power evacuation 

systems (when they are specifically related to and purpose-built for the wind farm); 
• the cost of the civil work, including the foundations, road construction and buildings; and 
• other capital costs, including development and engineering costs, licensing procedures, 

consultancy and permits, SCADA (Supervisory, Control and Data Acquisition) and monitoring 
systems. 

. 
Wind energy is a capital-intensive technology with capital costs being as much as 80% of the total 
cost of the project over its entire lifetime, with variations between models, markets and locations. The 
wind turbine constitutes the single largest cost component, followed by grid connection. 
 
Blanco depicted a tentative cost breakdown of a wind-energy investment in Europe as shown in 
Figure 3.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3 Estimated capital cost distribution of a wind project in Europe (after Blanco 2009) 
 
Discussions with South African wind industry stakeholders revealed that there was consensus that the 
cost distribution in Figure 3.3 is similar to that for a South African wind project. 
 
Hence, the capital cost breakdown as depicted in Figure 3.3 will be used for further analysis of an 
average South African wind-energy project. 
 
Ex-works cost breakdown of large wind turbines 
One of the key factors affecting the development of a wind-energy scheme is that of supply chains 
associated with the integration of a complete wind-energy scheme where in Figure 3.3 it is seen that a 
turbine ex-work comprises 71% of total project value. 
 
Aubrey (2007) discussed the supply-chain challenges associated with the procurement of the 
components of wind turbine itself and presented a diagram (Figure 3.4) that illustrates the components 
that make up a wind turbine and their share of total wind turbine cost. It should be noted that this 
breakdown is for a large 5MW wind turbine. 
 
Discussions with South African wind industry stakeholders revealed that there was consensus that the 
cost distribution in Figure 3.4 is similar to that for a South African wind project. 
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Figure 3.4 main components and their share of overall wind turbine costs (Aubrey 2007) 
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Hence, the capital cost breakdown as depicted in Figure 3.4 will be used for further analysis of a 
typical ex-works wind turbine for a typical South African wind-energy project. 
 
However, it should be noted from Figure 3.4 that three components – the tower (26%), the rotor 
blades (22%) and the gearbox (13%) – make up approximately 60% of the value of a wind turbine 
 

3.4.2. Economics of South African wind projects 
 
The costs associated with developing a typical South African grid-connected wind project will be 
done using the information presented in the previous section as a basis. 
 
Capital costs for South African wind projects 
To assist in analysis of the economics of a South African wind-energy project, it is important to 
establish costs under South African conditions. In this context of developing a full wind-energy 
project it is useful to establish the average cost/MW of a project in South African currency. 
 
Cost figures that have been sourced from a range of stakeholders in industry revealed the following 
range of costs/MW: 
• US$2.5million/MW or R17.5million/MW (average conversion rate in August/September 2010 of 

7:1) 
• €1.6million/MW or R14.6million (average conversion rate in August/September 2010 of 9,1:1) 
 
From these figures an average cost per MW is R16million.  
 
Until more accurate costs are established for a South African project the figure of R16million/MW 
will be used in further analysis. 
 
Based on the weighting of the capital cost of a wind project from Figure 3.3 and the weighting of the 
components that make up a turbine ex-works, the cost breakdown per MWp for a South African wind 
project is presented in Table 3.6. 
 
Definition: MWp is the nameplate or peak generation capacity of a wind turbine. 
 
MWp will be use in later analysis related to job creation and is being defined now for consistency. 
 
For every R16million spent on developing 1MW of wind energy in South Africa, it will assist 
decision makers if it can be established how much of the R16million could be spent in South Africa 
and under what scenarios such spending could happen. 
 
The financial structuring of a wind-energy project is a complex process and is not within the scope of 
work of this project. It can be said that the financial structure of a wind-energy project is likely to be 
made up of investments from various sources and ultimately forms one pool of funds. 
 
This pool of funds is what is spent in developing a wind-energy project and obviously it will be in 
South Africa’s interests if as much of the funds from this pool is spent in South Africa. 
 
In terms of local spending it can be argued that the cost of grid connection, civil works and other 
capital costs is the minimum that could be spent in South Africa.  
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         Table 3.6 Cost breakdown of components/MWp of a wind-turbine project 

Item % value Cost 

(Rmillion)/MWp 

Grid connection 12 1.92 

Civil works 9 1.44 

Other capital costs 8 1.28 

Tower 18,7 2.99 

Rotor blades 15,8 2.52 

Rotor hub 1,0 0.156 

Rotor bearings 0,86 0.139 

Main shaft 1,36 0.217 

Main frame 2,0 0.318 

Gearbox 9,20 1.466 

Generator 2,44 0.391 

Yaw system 0,89 0.142 

Pitch system 1,89 0.302 

Power converter 3,56 0.569 

Transformer 2,55 0.408 

Brake system 0,93 0.150 

Nacelle housing 0,96 0.153 

Cables 0,68 0.109 

Screws 0,74 0.118 

 
 
Supply chain: inputs into possible scenarios 
In Part 1 Chapter 1.4 the structure of the wind-turbine manufacturing supply chain was discussed in 
detail. 
 
In order to develop possible scenarios for a South African wind-turbine manufacturing industry a brief 
review will be given of the supply chain associated with the global wind-turbine industry. 
 
Supply chain management is essential to wind-turbine supply. The relationships between 
manufacturers and their component suppliers have become increasingly crucial, and have come under 
increasing stress in the past few years as soaring global demand has required faster ramp-up times, 
larger investments and greater agility to capture value in a rapidly growing sector. Supply chain issues 
have dictated delivery capabilities, product strategies and pricing for every turbine supplier.  
 
Manufacturers have sought to strike the most sustainable, competitive balance between a vertical 
integration of component supply and full component outsourcing to fit their turbine designs. 
These procurement trends have given rise to unique market structures for each component segment, 
underlining the complexity of wind-turbine design and manufacturing 
 
The source of blades, gearboxes, generators and controllers for main wind-turbine manufactures is 
mainly in-house for at least half of the manufacturers, although they still source part of their supplies 
from external companies. From the components that are sourced externally, two types of sub-supplier 
groups are identified: 
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1. Components specified by the manufacturer for specific wind-turbine models. These 
components are usually the steel towers, the nacelle and spinner, and the cast and forged 
parts. For these components it is easier for new suppliers to enter the market, as the focus 
is reduction of price rather than innovative design. In these cases local manufacturing is 
preferred.  

2. Standard components supplied by the component manufacturer, such as blades, control 
systems, gearboxes, generators and converters. For these components experience and 
innovative design is required. These are the components that manufacturers would rather 
produce in-house in order not to transfer the expertise and innovation. 

 
Figure 3.5, adapted from Pullen et al, provides an overview of the turbine component supply chain 
and illustrates the fact that the market is highly concentrated for multiple segments, including blades, 
bearings and gearboxes. These segments have high entry barriers based on the size of investment and 
manufacturing ramp-up time. 
 
At the same time, controls, generators, castings and tower segments have lower entry barriers with a 
larger number of players. 
 
It is evident that with such uneven market structures across the supply chain, turbine manufacturers 
will see an opportunity to vertically integrate in order to reduce risk. In addition, this supply-chain 
structure makes turbine shortages likely, as pinch points ripple through the market due to disparities in 
the availabilities of the different components. This means that in today’s seller’s market, turbine 
assembly volume is dictated by the number of units that slip through the tightest pinch point. 
Generally, according to Pullen et al, a proliferation in suppliers is anticipated throughout the supply 
chain, due to strong growth in the wind industry. 
 
Once again, it should be noted from Figure 3.4 that three components – the tower (26%), the rotor 
blades (22%) and the gearbox (13%) – make up approximately 60% of the value of a wind turbine, 
with the rest of the components having different weightings to make up a complete turbine. 
 
Consider the tower: it is a high value item with low barriers to entry in terms of local manufacture 
and, if manufactured locally, has a large impact on local content. 
 
Consider the blade: it is also high value item but due to its high intellectual property value this would 
require huge investments to be made locally. However, it should be recalled from Part 2, Chapter 2.7 
that the South African industry has a high propensity to innovate. Building on an existing aerospace 
industry where experience has been built over the years on manufacturing aircraft components out of 
composite materials, the same basic materials used in wind-turbine blades, South African industry has 
the know-how and ability to manufacture wind-turbine blades. 
 
Manufacturing blades locally would further increase the local content of a wind-turbine system. 
 
Similar discussions and motivations can be put forward for most of the components in a wind-turbine 
system. 
 
Finally, since South African industry has the propensity to innovate, this places South African 
industry in a strong position to leapfrog in wind-energy technology advances.  
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Figure 3.5:  Turbine component supply-chain overview (adapted from Pullen et al) 
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3.4.3. Scenarios for local manufacture 
 
To recap, for a typical South African wind-energy project the total cost is R16million/MW. 
Weightings have been allocated to the various costs that make up a wind-energy project, with the 
primary weightings being allocated to grid connection, civil works, other capital costs, tower, blades, 
gearboxes, generator, nacelle and the other components that make up a wind turbine. 
 
It is beneficial to the South African economy that as much of this R16million/MW is spent in South 
Africa as possible. 
 
Based on the above, four scenarios for the localisation of wind-energy project can be suggested, and 
are: 
• Scenario 1: Low-industrial content 
• Scenario 2: Medium-low industrial content 
• Scenario 3: Medium-high industrial content 
• Scenario 4: High industrial content 
 
South African wind-energy generation targets 
To develop the details of the scenarios it would have been useful if the outcomes of the Integrated 
Resource Plan 2010 (IRP2010) process had been published. IRP2010 is intended to spell out in clear 
detail the energy mix that the country will implement in the next 20 years. It is expected that IRP2010 
will be published in late 2010. 
 
As inputs into further analysis the Department of Energy suggested that a GTZ study on capacity 
credits be used. In summary the GTZ study suggests the following generation capacity as presented in 
Table 3.7. For each target date a target generation capacity is put forward. 
 

Table 3.7: GTZ wind-energy generation targets 

Date Generation capacity 

(MW) 

2015 2 000 

2020 10 000 

2025 25 000 

 
 
Table 3.8 presents the four scenarios for the localisation of a wind-energy project for South Africa and 
the value of local spend/MW and the associated weighting of local content. 
 
Scenario 1: Low-industrial content consists of the costs associated with grid connection, civil 
works, other capital costs and the wind turbine being fully imported, since this is the minimum that 
can be spent on a local wind-energy project. This scenario gives a local content spend of 29%, with a 
local spend R4.64million/MW. Within the context of generation targets it is suggested that the target 
date be 2015. 
 
Scenario 2: Medium-low industrial content consists of the costs associated with grid connection, 
civil works, other capital costs and the tower being made locally with the rest of the turbine being 
imported. This scenario is essentially Scenario 1 with the tower being made locally. The high value of 
the tower increases the local content to 47% with a suggested target date of 2015. 
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Table 3.8: Scenarios for the localisation of wind-energy project spend 
Scenario Assumptions % 

value 

Local 

spend/MW 

Dates 

achieved?  

1. Low-industrial 

 content 

Grid connection, civil works, 
other capital costs, fully 
imported wind turbines 

29 
 

R4.64million 2015 
 

2. Medium-low  

industrial content 

Grid connection, civil works, 
other capital costs, tower locally 
made, rest of turbine imported 

47 R7.52million 2015 
 

3. Medium-high 

 industrial content 

Grid connection, civil work, 
other capital costs, tower, blades, 
generator and nacelle made 
locally, rest imported 

66 R10.6million 2020 
 

4. High industrial 

 content 

Grid connection, civil works, 
other capital costs, most of 
turbine made locally, except for 
specialised items such as 
gearbox, rotor bearings  

87 R13,9million 2020 

 
Scenario 3: Medium-high industrial content consists of the costs associated with grid connection, 
civil works and other capital costs with the tower and blades being made locally with the rest of the 
turbine being imported. This scenario is essentially Scenario 2 but with the blades being made locally. 
Since the blade is a high value this increases local content to 66% with a suggested target date of 
2020. 
 
Ideally Scenario 4: High industrial content could be one where the entire wind turbine is made in 
South Africa. However, based on the information that has been gathered in this report it will be more 
prudent to suggest that certain specialised and critical items such as gearboxes and rotor bearings be 
imported. Consequently, for Scenario 4 the following is suggested: 
 
Scenario 4: High industrial content consists of the costs associated with grid connection, civil 
works, other capital costs, most of turbine made locally, except for specialised items such as gearbox, 
rotor bearings.  In this scenario the local content value is 87% with a suggested target date of 2020. 
 
To assist investment decisions, an attempt will be made to relate the various scenarios to the 
generation targets and to obtain an estimate of what the annual spend could be on wind-energy 
projects until 2035. 
 
Table 3.9 shows the estimated spend for the four scenarios, percentage local contents and the three 
generation targets. To achieve the targets, the total spend, in Rbillions, is presented in the fourth 
column. What may be of interest to investors is the final column where the annual spend is presented. 
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Table 3.9: Local spend for industrial content scenarios 
Scenario % 

value 
Generation 
capacity 
(MWp) 

Total local spend 
(Rbillions) 

Average annual spend 
(Rbillions) 

1. Low industrial 
 content 

29 2 000 9.28 1.84 

10 000 46.4 4.64 

25 000 116.0 4.64 

2. Medium-low  
industrial 
content 

47 2 000 15.04 3.0 

10 000 75.2 7.52 

25 000 188.0 7.52 

3. Medium-high 
 industrial 
content 

66 2 000 21.2 4.24 

10 000 106.0 10.6 

25 000 265.0 10.6 

4. High 
 industrial 
 content 

87 2 000 27.8 5.56 

10 000 139.0 13.9 

25 000 347.5 13.9 

 
Impact on Gross Domestic Product (GDP) 
Ultimately it would be beneficial to investors and government economists to establish what the impact 
will be on a growing wind-energy sector on South Africa’s Gross Domestic Product (GDP). 
Goningarth Economists (2010) provided a brief overview of macro-economics and the challenges 
associated with establishing the impact of economic activities on GDP. 
 
Very briefly, various macro-economic methodologies can be applied by a range of economists to 
economic analysis resulting in differing outputs. Many factors are also fed into these analyses and 
guesstimates are the eventual outcomes with an attempt by a range of analysts attempting to reach 
consensus. 
 
Nevertheless, in a South African context, economic growth rate is a key determinant to the future 
GDP of South Africa and the South African government has set an annual growth rate between 3 and 
6%. 
 
Consensus amongst economists is that South Africa’s growth rate is expected to be in the range 3-4% 
per annum. 
 
However, to establish the impact of the growing South African wind industry on GDP will require a 
comprehensive analysis which is beyond the scope of this project. Nevertheless, an attempt at a 
guesstimate will be provided. 
 
 The South African GDP for 2009 is estimated to be R4 244.52billion. 
 
Based on the Department of Energy’s input parameters for IRP210 a moderate GDP annual growth 
rate of 4.0% will be assumed. 
 
An attempt will be made to estimate the future South Africa’s GDP based on the following equation: 
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GDP (year y) = average annual growth rate% x (year x – 2009) x 4244billion/100 + 4 244 billion 
 
So for example the GDP for 2015 is estimated to be: 
 
GDP (2015) = average annual growth rate% x (6) x 4 244billion/100 +4 244billion = R5 263billion. 
 
Tables 3.8 and 3.9 will now be adapted to incorporate guesstimates of the impact of the future wind 
industry on GDP. Since macro-economic analysis is very complex the results in Figure 3.10 will 
reflect the figures using a generation capacity in 2015 of 2000MW and in 2020 a generation capacity 
of 10 000MW. 
 
Table 3.10: Impact of wind industry in GDP 

Scenario % 
value 

Local 
spend/MW 

Dates 
achieved?  

Generation 
Capacity (MWp) 

%GDP 

1. Low-
industrial 
 content 

29 
 

R4.64million 2015 
 

2000 R4.64 million x 
2000/5263 billion 
 
= 0.18 

2. Medium-low  
industrial 
content 

47 R7.52million 2015 
 

2000 R7.52 million x 
2000/5263 billion  
 
= 0.28 

3. Medium-
high 
 industrial 
content 

66 R10.6million 2020 
 

10 000 R10.6 million x 
10000/6111 billion 
 
= 1.73 

4. High 
industrial 
 content 

87 R13,9million 2020 10 000 R13,9 million x 
10000/6111 billion 
 
= 2.3 

 
Although a comprehensive macro-economic analysis would need to be done, and based on the 
assumption made, Table 3.10 gives some insight into the fact that within the time period up to 2020 a 
growing wind-energy sector would have a positive impact on South Africa’s GDP. 
 
For example, assuming a Scenario 3: Medium-high industrial content strategy of 66% local content by 
2020 the impact on GDP is a positive 1.73% 
 
 
3.5. Job Creation Potential of Wind Energy  

3.5.1. Europe and developed world job creation 
The total globally installed capacity at the end of 2009 was 160 084MW with 38 103MW installed in 
2009 alone. Looking at the cumulative wind energy deployed globally by continent the highest wind 
capacity is in Europe, representing 47.8% of the total world installed capacity by the end of 2009. 
 
Europe manufactures 100% of their turbine needs and to establish how many jobs, both direct and 
indirect, has been created in Europe, one of the advantages that the European wind industry has is that 
accurate data and information can be obtained from the industry itself. 
 
Blanco and Kjaer (2009) undertook a study to investigate how many jobs have been created in the 
European Union. Importantly, Blanco and Kjaer discussed the methodological approaches to 
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employment quantification. In Europe, employment data is collected by means of surveys, which are 
sent out periodically by national governments. These are generally known as “labour force surveys” 
and they follow the NACE methodology (Statistical Classification of Economic Activities rev 1.1: 
Statistical Office of the European Communities, Eurostat, 2008). The job figures that Blanco and 
Kjaer presented were for 2007. 
 
Table 3.11 shows the employment type and the share and jobs numbers for the various job types. 
 
Table 3.11: 2007 jobs in the European Union 
 Share of 

direct employment 
Direct 

employment 
Indirect 

employment 
 

Wind-turbine manufacturing 37.0% 40 182.0 42 716.0  
Component manufacture 22.0% 23 892.0   
Wind-farm development 16.0% 17 376.0   
Installation, operation and 
maintenance 

11.0% 11 946.0   

IPP/utilities 9.0% 9 774.0   
Consultants 3.0% 3258.0   
R&D/universities 1.0% 1 086.0   
Financial 0.3% 325.8   
Others 0.7% 760.2   
Total 100.0% 108 600.0 42 716.0 151 316.0 
 
Based on the 2007 installed capacity in the European Union 15.1 jobs were created in the EU for 
every MW installed. In addition, 0.4 jobs are created per MW of cumulative capacity in operations 
and maintenance and other activities. 
 
Job definitions and job-study methodologies 
It is important to define employment terms as there is often confusion about types of jobs and job-
years. One job-year (or equivalently person-year or “full-time equivalent” (FTE) job) is full time 
employment for one person for a duration of one year. Often, “ jobs”  and “ job-years”  are used 
interchangeably; however, referring to “ jobs”  created without duration can be misleading. The 
definitions of direct, indirect, and induced jobs vary widely by study and Wei et al described their 
definitions and usage of these categories.  
 
Direct employment includes those jobs created in the design, manufacturing, delivery, 
construction/installation, project management and operation and maintenance of the different 
components of the technology, or power plant, under consideration.  
 
This data can be collected directly from existing facilities and manufacturers in the respective phases 
of operation.  
 
Indirect employment refers to the “ supplier effect”  of upstream and downstream suppliers. For 
example, the task of installing wind turbines is a direct job, whereas manufacturing the steel that is 
used to build the wind turbine is an indirect job.  
 
Induced employment accounts for the expenditure-induced effects in the general economy due to the 
economic activity and spending of direct and indirect employees, e.g. non-industry jobs created such 
as teachers, grocery store clerks, and postal workers.  
 
When discussing energy efficiency, a large portion of the induced jobs are the jobs created by the 
household savings due to the energy-efficiency measures.  
 
There are two types of studies encountered while focusing on the employment impacts in the 
renewable industry: 
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(1) those that use input-output (I/O) models of the economy (“top-down”); and 
(2) those that use simpler, largely spreadsheet-based analytical models (“bottom-up”). 
 
Both types of models have advantages and disadvantages. 
 
I/O models are intended to model the entire economy as an interaction of goods and services between 
various industrial sectors and consumers. I/O models provide the most complete picture of the 
economy as a whole. They capture employment multiplier effects, as well as the macroeconomic 
impacts of shifts between sectors; that is to say, they account for losses in one sector (e.g. coalmining) 
created by the growth of another sector (e.g. the wind-energy industry). The methodology in its most 
basic form consists of a system of linear equations containing productive coefficients that describe the 
relationship between the materials – the physical input – used by the sector and the final product – the 
output. 
 
I/O models are thus designed to encompass both the direct and indirect employment effect of shifts in 
energy demand as brought upon by various policies as well as the induced economic effects due to 
economic impacts of spending by workers. In practice, I/O models are very complex and can be 
opaque to understand. 
 
Within a larger I/O model there are also disaggregation problems in modelling the employment 
generated by specific technology types such as solar PV or wind and in isolating the impact of 
specific policies versus a suite of policies. Collecting data to build an I/O model is highly data and 
labour intensive, and I/O models also can suffer from time delays between when industry data has 
been collected and when the I/O model has been run. When an emerging sector like wind-energy 
needs to be studied, the I-O table must be adapted, either by adding a new vector to the model or by 
extending the table to include the new sector. In both cases, the analyst will need detailed information 
on the characteristics of the emerging sector, and this is normally gathered through questionnaires and 
expert interviews. 
 
The input-output table traces the sources of the input used by each sector and whether it is purchased 
from other firms in the economy or imported, and provides a breakdown of the sector’s output, with a 
quantification of sales to other industries and final demand. The table provides quantitative data on 
the size of the effect on total employment, income and gross output. 
 
As may seem obvious, designing I/O models is difficult, and there are very few research institutes in 
any country that can boast of having such a model – normally only the national statistics office and 
the government.  
 
Most analytical models calculate direct employment impacts only, but an increasing number include 
indirect jobs as well. Although analytical models typically do not account for job losses in the fossil 
fuel sector, they are much easier to understand and model. Sensitivity analysis of specific policies or 
changing key assumptions can be readily modelled, and data can be collected more frequently than 
with I/O models. 
 
Normalising methodologies of job creation studies 
In any emerging wind-energy industry in a country the opportunities for job creation is of prime 
interest to national governments, in particular those governments in the developing world. Studies 
have been carried out over the range of renewable-energy technologies using differing reporting 
techniques.   
 
In the absence of input-output and analytical models, this inconsistency in reporting and analysing 
data makes it difficult to then use existing data and information to predict what the job creation 
opportunities for newly emerging wind industries are in South Africa. 
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Wei et al (2010) attempted to develop a consistent methodology of normalising job data so that the 
number of job opportunities could be compared across a range of renewable-energy technologies. Wei 
et al investigated fifteen studies covering a range of energy technologies. In each of the studies job 
data was reported in different forms, using different methods and in different units. Wei et al 
normalised the data so that direct comparisons could be made. 
 
Two job function groupings were considered:  
(1) construction, installation and manufacturing (CIM); and  
(2) operations, maintenance and fuel processing.  
 
Items in the first group are typically reported in “ job-years per MW installed”  or equivalently, “ job- 
years per peak (or nameplate) MW”  while the second group is reported in “jobs per peak MW over 
the lifetime of the plant”. How then to best combine one-time employment (e.g. installation) with 
ongoing employment? Wei et al opted to average over the life of the project. 
 
By converting the CIM job-years per peak MW to average jobs per megawatt over the lifetime of the 
plant, the two can be combined. This assumes that a large number of facilities of a given type are 
being built (and eventually replaced) throughout the economy, which is a reasonable assumption for 
many renewable-energy sources.  
 
Next, the total jobs per peak megawatt (MWp) is normalised to total jobs per average megawatt 
(MWa)  by dividing jobs per peak megawatt by the capacity factor, where the capacity factor is the 
fraction of a year that the facility is in operation. This follows since lower capacity technologies will 
have to build more plants than higher capacity technologies to deliver the same power. 
 
This averaging technique has the advantage of providing a simple metric for comparing employment 
for different technologies. Annual employment for a given technology is calculated based on only two 
parameters: annual output energy (in GWh) and the employment multiplier (in job-years per GWh). 
This simplicity enables a straightforward implementation of a jobs model without having to track the 
exact details of combining one-time employment activities with ongoing employment on a year to 
year basis, and the approach converges to the correct number of cumulative job-years after several 
years. The disadvantage of this technique, however, is that it underestimates total employment for a 
technology that is growing rapidly (e.g. renewable-energy technologies), while it overestimates 
employment for a technology that is reducing capacity. 
 
Wei et al compared a range of energy technologies as a function of their normalised job creation 
opportunities. The range of energy technologies that were investigated, together with their respective 
capacity factors and equipment lifetime, is presented in Table 3.12.  
 
Table 3.12: Range of energy technologies investigated by Wei et al (2010) 

 Capacity factor (%) Equipment Lifetime (years) 
Biomass 85 40 
Geothermal 90 40 
Landfill gas 85 40 
Small hydro 55 40 
Solar PV 20 25 
Solar thermal 40 25 
Wind 35 25 
Carbon capture and storage 80 40 
Nuclear 90 40 
Coal 80 40 
Natural gas 85 40 
Energy Efficiency 100 20 
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For the studies on job opportunities for wind energy, Wei et al reviewed five studies and a summary 
of these studies are presented in Table 3.13. 
 
Table 3.13: Summaries of five wind studies reviewed by Wei et al (2010) 
No Year Author-affiliation Name of study Method  Scenarios used 
1 2009 Isabel Blanco and 

Christian Kjaer —
European Wind 
Energy Association 
(EWEA) 

Wind at Work: 
Wind energy and 
job creation in the 
EU 

Assumes that wind energy 
creates 10 jobs (man years) per 
MW of annual installation, 
turbine manufacturing, 
component manufacturing, 
wind-farm development, 
installation and indirect 
employment. O&M work 
contributes an additional 0.4 
jobs/MW of total installed 
capacity. 

Wind sector employment 
in EU increasing from 
154 k in 2007 to 377 k in 
2030. 180 GW of wind 
energy will be operating 
in the EU in 2020 and 
300 GW by the end of 
2030. Over that period, 
an increasing share of 
the installations will be 
offshore 

2 2001 Virender Singh of 
Renewable Energy 
Policy Project 
(REPP) and Jeffrey 
Fehrs of BBC 
Research and 
Consulting 

The work that goes 
into renewable 
energy 

Study calculates jobs in person- 
years/MW and person-years/$ 
invested. Uses a simple model, 
does not take into account 
multiplier effects as an I–O 
model would. Authors collected 
primary employment data from 
companies in the solar PV, 
wind energy and coal sectors, 
and used project scenario 
numbers for biomass energy. 
Study takes in account jobs in 
manufacture, transport and 
delivery, construction and 
installation, and O&M. 

None 

3 2006  McKinsey 
Consulting 

Windpower and 
Development: Jobs, 
Industry and Export 

Jobs generated by an onshore 
and on offshore park, 
considering development and 
installation jobs and operations 
and maintenance jobs 

 

4 2002 Heavner and 
Churchill —
CALPIRG 
(California Public 
Interest Research 
Group) Charitable 
Trust 

Job Growth from 
Renewable Energy 
Development in 
California 

Report detailing job creation 
potential of renewable-energy 
industry in California. Data is 
yielded from CEC (California 
Energy Commission) research, 
and a CEC funded EPRI 
(Electric Power Research 
Institute) study from 2001 

Comparison of 
employment projections 
from CEC and data from 
existing plants was used 
to derive employment 
rates for wind, 
geothermal, solar PV, 
solar thermal, and 
landfill/digester gas 

5 2001 G. Simons 
(California Energy 
Commission) and T. 
Peterson (EPRI) 

California 
Renewable 
Technology Market 
and Benefits 
Assessment 

Report includes estimates of job 
creation from renewable-energy 
development projected in 
California to 2011. Based on 
existing and planned projects 
and market outlook of project 
developers and equipment 
manufacturers 

Three scenarios 
considered with average 
prices received by 
renewable power at 
$0.041/kWh, 
$0.068/kWh, and 
$0.091/kWh, 
respectively, 
corresponding to 
projected 10%, 14%, 
20% cumulative 
contribution to 
California electricity 
generation 

 
It must be noted that the five studies summarised in Table 3.13 are all from the developed world.  
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3.5.2. Job creation opportunities for South Africa 
South Africa’s wind-energy industry is still in its infancy and consequently there is no industry to 
speak of to obtain figures. Efforts have been made in the past to address the potential job creation for 
a South African wind industry.  
 
Austin et al (2003) investigated the employment potential of renewable energy in South Africa. Wind-
power employment data from the Renewable Energy Policy Project by Virender Singh and Jeffrey 
Fehrs (study number 2 in Table 3.13) was selected for input to their study. 
 
Since Wei et al (2010) investigated an extended range of job-related studies for wind, the results of 
their study has been selected for this study.  To allow the reader some comparison of job-creation 
opportunities across a selected range of energy technologies, results will be presented for PV, thermal 
solar (CSP), nuclear and wind. 
 
To recap, the employment components in an energy project are: 

• Construction, Installation and Manufacturing – CIM  
• Operation and maintenance  – O&M 

 
CIM is typically reported in “job-years/MW installed” or “job-years/peak (or nameplate) MW”, i.e. in 
job-years/MWp. 
 
 O&M is typically reported in “jobs/ peak MW over the lifetime of the plant”, i.e. jobs/MWp over the 
lifetime of the plant. 
 
Converting CIM job-years/MWp to average jobs/MW over the lifetime of the plant allows for CIM 
and O&M to be combined. 
 
Total jobs/MWp is normalised to jobs/MWa by dividing the jobs/MWp by the capacity factor. 
 
Hence the normalised comparison of jobs for PV, solar thermal (CSP), nuclear and wind is presented 
in Table 3.14. CIM and O&M are based on the ranges that are presented in the analysis by Wei et al. 
 
Table 3.14 Normalised comparison of jobs. 
 Employment components Ranges of employment over life of facility 

Total jobs/MWp  Total jobs/MWa 

 CIM (job-
years/MWp)  

O&M 
(jobs/MWp)   

CIM   O&M   CIM   O&A   

PV  7.14-37.0  0.12-1.00  0.29-1.48  0.12-1.00  1.43-7.40  0.60-5.00  

Solar 
(CSP 
trough)  

4.50-10.31  0.22-1.00  0.18-0.41  0.22-1.00  0.45-1.03  0.6-5.00  

Nuclear  15.20  0.70  0.38  0.70  0.42  0.78  

Wind  2.57-10.96  O.14-0.4  0.1-0.4  0.14-0.4  0.29-1.25  0.50-1.14  

 
Since MWa is normalised for the technologies investigated, it has been selected to represent jobs for 
every 1000MWa installed, since 1000MWa is 1000MWa for each technology. For instance, 
1000MWp for wind energy is not comparable to 1000MWp for nuclear energy.  
 
Furthermore, only direct jobs will be estimated. Hence, manipulating the data in Table 3.15 the 
number of direct jobs/1000MWa can be derived for the range of CIM and O&M values and an 
average derived that is presented in the last column. 
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Table 3.15: Normalised direct employment for every 1000MWa 
 Direct employment over the life of the facility 

 Total jobs/MWa  Total direct jobs for every 
1000MWa (max and min 
range over plant lifetime)  

Total direct jobs for every 
1000MWa (average over 
plant lifetime)   

 CIM  O&M    

PV  7.4 
 

1.43 

5.0 
 

0.6 

12 400 
 

2 030 

7 215 

Solar 
(CSP 
trough)  

1.03 
 

0.45 

5.00 
 

0.16 

6,030 
 

1 050 

3 540 

Nuclear  0.42 0.78 1 200 1 200 

Wind  1.25 
 

0.29 

1.14 
 

0.5 

2 390 
 

790 

1 590 

 
From Table 3.15 the following normalised, direct employment is the potential for every 1000MWa of 
wind energy installed in South Africa: 

• Every 1000MWa (2857MWp installed, 35% capacity factor, 25 year plant life) of wind-
power developed creates the potential for an average of 1590 direct jobs; 

• Every 1000MWa (2857MWp) of wind-power developed creates an average of 19 328 CIM 
job years; or 

• 1000MWp creates 6,765 CIM job years. 
 
It must be emphasised that the analysis presented in this section is based on data obtained from studies 
for developed countries. 
 
It must be noted that the above analysis is an aggregate for all employment associated with CIM and 
assumes that all these jobs take place in South Africa. Further analysis would be required to establish 
what the employment opportunities are per component, for example for the tower and blades. 
 
It should be noted that the actual total jobs will be higher, as indirect and induced jobs can also be 
incorporated.  
 
A detailed analysis, based on either an input-output or analytical model will produce a more accurate 
estimation of the employment opportunities for wind energy in South Africa. It remains to be seen 
whether such an analysis will create more jobs bearing in mind South Africa’s lower labour rates 
compared to the developed world. 
 

3.6. SWOT Analysis 
A literature review was undertaken of published papers on any international Strength, Weakness, 
Opportunity and Threat (SWOT) analysis of the wind-energy sector. To date no published papers 
were found that dealt specifically with such as analysis. 
 
However, SWOT analyses were done in the broader energy context for sustainable energy 
development and may provide insight into the issues that would need to be addressed for such an 
analysis of South Africa’s wind-energy industry. 
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A holistic perspective on the Strengths, Weaknesses, Opportunities and Threats (SWOT) of the 
Macedonian energy sector was utilised as a baseline to diagnose the current and to sketch the future 
action lines towards sustainable energy development. Markovska et al (2009) undertook a SWOT 
analysis that pointed to the progressive adoption of European Union (EU) standards in energy policy 
and regulation as the most important achievement in its energy sector. The most important problems 
the Macedonian energy sector faces are scarce domestic resources and an unfavourable energy mix, 
low electricity prices, a high degree of inefficiency in energy production and use, as well as 
insufficient institutional and human capacity. 
 
Terrados et al (2005) discuss the strategic planning processes, which are commonly used as a tool for 
region development and territorial structuring, and that can be harnessed by politicians and public 
administrations, at the local level, to redesign the regional energy system and encourage renewable-
energy development and environmental preservation.  
 
The province of Jaen, a southern Spanish region whose economy is mainly based on olive agriculture, 
has carried out its strategic plan aiming at a major socioeconomic development. Renewable-energy 
development during the first years of plan execution is presented, and the impact of additional issues 
is discussed. It is concluded that, although multi-criteria decision-making technologies (MCDA) are 
extensively used in energy planning, a different approach can be utilised to incorporate techniques 
from strategic analysis. Furthermore, SWOT analysis has proven to be an effective tool and has 
constituted a suitable baseline to diagnose current problems and to sketch future action lines for the 
Jaen Province. 
 
Within the context of this project a first assessment of a SWOT analysis was undertaken. Parts 1, 2 
and 3 of this report were analysed, further data and information was gathered through consultations 
with stakeholders. The SWOT list was developed from a “bottom-up” approach (participation by 
consultation) complimented with a “top-down” approach by analysing the information gathered in 
Parts 1, 2 and 3.  
 
The SWOT analysis was guided by: 
• Building on strengths 
• Eliminating weaknesses 
• Exploiting opportunities 
• Mitigating the effects of threats 
 
The emphasis of this SWOT analysis is on the wind-turbine and component-manufacturing sector for 
South Africa. 
 
Table 3.16 summarises the SWOT analysis for an emerging South African wind-energy sector.  
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Table 3.16 SWOT analysis for SA wind-energy sector 
Strengths 
• Supportive policies, legislative and regulatory 

environment 
• Good wind regime 
• Access to raw materials locally 
• Established small wind-turbine industry 
• Industry has high propensity to innovate 
• Proven ability to develop manufacturing sectors 

(e.g. automotive, defence/aerospace) 
• Ability and understanding to integrate complex 

and quality high-tech systems 
• Close geographical location to sub-Saharan 

market 
 

Weaknesses 
• Insufficient institutional and human capacity to 

implement policies, etc. 
• Full extent of wind resource is not yet known 
• No guarantee of grid connection 
• No artisan and technician training facilities 
• Human capacity shortages at most stages of the 

manufacturing value chain 
• No quality certification procedures in place 

 

Opportunities 
• Alignment of industry to government policies 

and targets 
• Growing understanding of extent of wind 

resource 
• JVs and technology transfer 
• Innovative improvements to be more 

competitive (reduce costs, increase quality) 
• Developing the home and African market 
• Manufacture components and assemble systems 

for exports 
• Learn from global best practice and leapfrog to 

forefront technologies: innovative designs and 
materials 

 

Threats 
• Delays in finalising regulatory environment 

will discourage investments, e.g. PPAs 
• Lack of certainty of growth rate of generation 

capacity - need “constant” demand to ensure 
localisation 

• Perceived unfriendly/complex business 
environment 

• International trade protectionism – technical 
barriers to trade 
 
 

 

3.7. Preliminary South African Wind-energy Technolo gy Platform 

3.7.1. Introduction 
 
In Part 1 of this report the current trends in global wind energy research and development was briefly 
discussed. Here the component technologies and research and development trends for blades, drive-
train/gearboxes, generators and power electronics were presented. 
 
The reduction of blade weight is one of the main focus research and development points through 
better blade design methods couples with new materials. Another approach to restraining blade weight 
and cost growth is to reduce the fatigue loading on the blade through passive or active aerodynamic 
control. 
 
The gearbox is one of the most expensive components and one that has seen high failure rates. Thus 
there is a large focus in increasing the reliability of these components with recognised design 
standards. 
 
Another approach to improving the reliability of a wind energy system is to eliminate the complexity 
of the gearbox and to design direct-drive generators. The decrease in cost and increase in availability 
of permanent magnets is expected to significantly affect the size and cost of future permanent-
magnets generator designs, 
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The future success of wind turbine integration into the grid system, where large concentrated wind 
projects are planned, is dependent on a wind turbine’s grid compatibility and hence the increasing 
interest in developing power electronics. 
 
In Part 2 of this report the current status of wind energy research and development in South Africa 
was briefly covered.  An overview of wind energy research and development was given for the 
University of Cape Town, University of Stellenbosch, University of the North West, University of the 
Witwatersrand and the CSIR. 
 
This chapter will develop a preliminary research agenda for South Africa.  
 
The International Energy Agency (IEA), (2009), published a global technology roadmap for wind 
energy. This roadmap aims to identify the primary tasks that must be undertaken in order to reach a 
vision of 2000 GW of global wind energy capacity by 2050. Governments, industry, research 
institutions and the wider energy sector will need to work together to achieve this goal. Best 
technology and policy practise must be identified and exchanged with emerging economy partners, to 
enable the most cost-effective and beneficial development. 
 
The IEA’s primary tasks and actions in the technology roadmap is summarised in Table 3.17. 
 
Table 3.17 Primary tasks and actions in the IEA technology roadmap 

 Primary tasks 

Wind Technology 
Development 

Delivery and System 
Integration 

Policy Frameworks International 
Collaboration 

A
ct

io
ns

 

Wind energy resource 
assessment 

Transmission 
deployment 

Incentivising 
investment 

Expand international 
RD&D collaboration 

Improved wind turbines Reliable system 
operation 

Public engagement and 
the environment 

Build capacity in 
emerging economies 

Improved supply chains  Planning and 
permitting 

 

Increased research and 
development 

   

 
During the Barcelona European Council in 2002 the European Union (EU) set the goal of increasing 
the European research effort to 3% of EU’s GDP by 2010, with two-thirds coming from private 
investment and one-third from the public sector. 
 
To reach this objective, the European Commission proposed six key instruments, one of which is the 
implementation of Technology Platforms. This instrument was designed to bring together companies, 
research institutions, the financial world and regulatory authorities at a European level to define a 
common research agenda. This research agenda aimed to mobilise a critical mass of both national and 
European public and private resources.  
 
In 2006, the European wind energy sector launched the European Wind Energy Technology Platform 
(TPWind). TPWind’s (2008) tasks are to identify and prioritise areas for increased innovation, and 
new and existing research and development tasks. Its primary objective is to reduce the social, 
environmental and technological costs of wind energy. 
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The Strategic Research Agenda (SRA) of TPWind is divided into five thematic priorities for research. 
These thematic priorities are: 
• Wind resources, design wind conditions and forecasting 
• Wind turbine technology 
• Wind energy integration 
• Offshore deployment and operation 
• European research infrastructures. 
 
Resource, design conditions and forecasting is supported by six supplementary research topics: 

• Siting of wind turbines in complex terrain and forested areas 
• Wakes in and between wind farms 
• Offshore meteorology 
• Extreme wind speeds 
• Wind profiles at heights greater than 100m 
• Short-term forecasting 

 
Wind turbine technology is supported by the following research topics: 

• Wind turbine as a flow devise 
• Wind turbine as mechanical structure/materials 
• Wind turbine as an electricity plant 
• Wind turbine as a control system 
• Innovative concepts and integrated design 
• Operation and maintenance 
• Standards 

 
Wind energy integration is supported by the following research topics: 

• Wind power plant capabilities 
• Grid planning and operation 
• Energy and power management 

 
Offshore deployment and operations is supported by the following research topics: 

• Common themes with land based systems 
• Sub-structures 
• Assembly, installation and decommissioning 
• Electrical infrastructure 
• Offshore turbines 
• Operations and maintenance 

 
Research infrastructure is supported by the following research topics: 
Wind turbines are large structures and most of the research infrastructure is correspondingly large and 
costly. This applies particularly to wind tunnels, blade fatigue testing facilities, drive train testing, 
wind turbine test stations and facilities for evaluating wind farm control.  
 
The priorities are: 

• New dedicated wind tunnels for wind energy, and keeping existing wind tunnels operational 
and accessible for wind energy research 

• New blade test facilities 
• Drive train test facilities 
• Other component test facilities for extreme environmental loading 
• Test fields for specific conditions (e.g. high wind, turbulent and extreme test conditions) 

 
Facilities are needed for testing the grid compliance of wind turbines and wind farms. These facilities 
can be mobile or at specific locations, and will be used to undertake research into the following fields: 
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• Grid code requirements for cost-effective and reliable power systems 
• Active and reactive power control 
• Fault ride through 
• Monitoring of voltage dips  

3.7.2. Preliminary wind-energy technology platform 
 
A preliminary external macro-environment (big picture) analysis was done of the South African wind 
energy research, development and demonstration (RD&D) community. This was done using the 
Political, Economic, Social, Technological, Legal, Environmental (PESTLE) analysis technique. This 
analysis drew on information that has been gathered in this report. 
 
Table 3.18 (following page) presents the PESTLE analysis and this analysis also draws on the SWOT 
analysis presented in Table 3.16. 
 
Interpreting the PESTLE analysis above as well as analysing the data and information gathered in this 
report a Technology Tree was developed. Included in this data and information analysis is the taking 
note of those high value, high intellectual property capital cost items that constitute a large portion of 
a wind energy project namely: 

• Grid connection – approximately 12% of total project costs 
• Rotor blades – approximately 16% of total project costs 

 
Wind energy projects can benefit from reduction in capital costs associated with grid connection and 
rotor blades. 
 
This technology tree, from top to bottom, describes the following issues for a preliminary research 
and development agenda for South Africa: 

• Needs 
• Key Solutions 
• Platform 
• Applied Technology 
• Base Technology 
• Infrastructure 

 
This preliminary technology tree, Figure 3.6 was developed within the context that a South African 
Wind Energy Technology Platform be established in support of a wind energy industrial strategy. The 
Applied Technology, or themes, that form the basis of this platform are: 

• Life cycle evaluation and prediction 
• Component design and manufacturing 
• Wind farm design optimisation 
• Condition monitoring and fault prediction 
• Policy development and decision support 

 
It should be borne in mind that advantage can be taken of the strong international links established 
between South African and foreign researchers, such as between CSIR and Risø-DTU of Denmark to 
develop this preliminary South African wind energy research agenda to a complimentary, complete 
and thorough research agenda. This with a view to leverage international funding to undertake 
research activities that are to the benefit of all stakeholders. 
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Table 3.18 Political, Economic, Social, Technological, Legal and Environmental (PESTLE) analysis 
Political 
• REFIT for wind energy  in place 
• DST’s Energy Grand Plan 
• DoE’s white paper on renewable 

energy 
• DTI’s Industrial Policy and 

Action Plan encourages 
localisation 

• SA has strong international 
relations 

• Potential for international RD&D 
collaboration 

• SA research funding for wind 
energy non-existent 

• Research themes to be influenced 
by high value, high intellectual 
property content items 

 

Economic 
• Need to grow SA’s energy sector 

to meet demand 
• Concerns on decline in 

manufacturing 
• Wind energy part of overall SA 

energy mix 
• Favourable SA government 

support measures for wind 
industry 

• Funding programmes for 
innovation need to be 
strengthened 

• South African/African supply and 
value chain issues will influence 
innovative design concepts 
 

Social 
• Job creation opportunities 

through localisation of wind 
energy 

• Increase in quality of life through 
universal access to electricity 

• Capacity development (career) 
opportunities at all levels as wind 
energy sector grows 

• Curricula at all levels(artisan to 
post doctorates) needs to be 
enhanced as wind energy sector 
grows 
 

Technological 
• Globally, reduction of blade 

weight is a main focus point 
• Reduction in fatigue loading on 

the blade  
• Increasing reliability of gearboxes 
• Increasing reliability of wind 

turbines by direct-drive 
permanent-magnet generators 

• Wind turbine integration into the 
grid has increased interest in 
developing power electronics. 

• Increasing quality and quantity of 
wind resource data 

• Improving certification and 
testing 

• Locally, South African industry 
has propensity to innovate. 
 

Legal 
• National Treasury’s mandatory 

local content for government 
investments in wind energy being 
developed 

• SA regulatory body, NERSA, in 
place but processes yet to be fully 
operationalised 

• The DTI’s Enterprise Investment 
Programme needs to be made 
more clear on possible support for 
the wind energy sector 

• Customs duties for wind energy is 
not clear 

• Policies are in place for export 
credit assistance, but is not clear 
if wind is included 

• Quality certification needs to be 
finalised 

Environmental 
• Growth in wind energy 

influenced by need to reduce 
green house gas emissions 

• Wind resource for South Africa 
not fully quantified 

• Unfriendly/complex business 
environment in South Africa 

• Restrictive international trade 
barriers 
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Preliminary Technology Tree 

Needs Innovative wind turbine 
system designs 

Local manufacture of 
components 

Job creation Energy security 

Key Solutions 
• Wind resource assessment and maps 
• Advanced designs for next generation wind turbines 
• Advanced materials selection and development 
• Advanced and cost effective manufacturing techniques 

• High quality manufactured components 
• Certification and testing procedures 
• Advanced techniques for wind turbine/grid integration 
• Human capacity development 

Platform South African Wind Energy Technology Platform 

Applied 
technology 

Life cycle evaluation 
and prediction 

Component design 
and manufacturing 

Wind farm design 
optimisation 

Condition monitoring 
and fault prediction 

Policy development 
and decision support 

Base 
technology 

• Constitutive equations 
• Materials 

characterisation 
• Aero-elasticity 

methodologies 
• Numerical failure 

identification methods 
• Non-destructive 

evaluation 
 

• Database of new 
materials 

• New design standards 
• Power electronics 
• Manufacturing 

processes 
• Quality assurance 

• Increased accuracy of 
wind resource 
database 

• Wind turbine 
emulation system 

• Extreme wind 
condition evaluation 
techniques 

• Complex terrain & 
offshore evaluation 
techniques 

• Monitoring & 
evaluation 

• Supervisory Control 
& Data Acquisition 
(SCADA) systems 

• Smart grid 
technologies 

• Data and 
information 
evaluation 
techniques 
 

Infrastructure  
• Wind measurement equipment 
• Computational fluid dynamics 
• Finite element methods 
• Dedicated wind tunnels 
• Blade test facilities 
• Generator test facilities 
• Drive train test facilities 

• Natural resource databases 
• Geographic Information Systems 
• Quantitative methods 
• Science and Engineering know-how 
• Supply chain linkages 
• Indigenous knowledge 

Figure 3.6: Preliminary Technology Tree
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3.8. Value Chain Analysis 
 
The supply chain (Kaplinsky and Morris) describes the full range of activities that are required to 
bring a product or service from conception, through the different phases of production (involving a 
combination of physical transformation and the input of various producer services), delivery to final 
consumers and final disposal after use.  
 
Figure 3.7 based on the work of Kaplinsky and Morris was formulated to represent the value chain of 
a wind turbine from raw material to installation. Moreover, there is a range of activities within each 
link of the chain. 
 
During the execution of this project and consulting with a range of stakeholders, mainly from 
industry, a relatively good idea was obtained of the capability of South African industry. Using colour 
coding each activity in the range of activities for each link was assessed and allocated a colour. This 
colour coding was based on whether it was deemed feasible, possible or difficult to undertake. 
 
Green represents those activities that are deemed feasible and is present in most of the activities. 
Orange represents those activities that are possible but a more detailed economic analysis is needed to 
establish whether these activities feasible or not to be undertaken. 
 
Red represents those activities that are deemed difficult. For instance, at this very early stage of South 
Africa’s wind-energy industry it is difficult for South Africa to be a global player within the top 10 
global utility scale wind-turbine companies. 
 
The value chain is comprised of: 
 
• Market needs 

• Raw material and machinery suppliers 

• Design and development services 

• Component manufacturing 

• Supply-chain management 

• Assembly and integration 

• Construction and installation  
 
The following opportunities were identified in the value chain: 

• Developing a home market 

• Developing the African market 

• Innovative designs  

• Optimise supply-chain management 

• Local manufacture of components 

• Local integration of turbines 
  
The following constraints were identified in the value chain: 

• Human capacity shortages 

• No quality certification processes in place 

• Lack of implementation of policies  

• Unfriendly/complex business environment 

• No guarantee of grid connection 
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• International trade barriers 
 
At the design and development stages, the innovation process as well as the cost of innovation is a 
prerequisite for designing a new wind turbine or component, creating intellectual property and 
establishing a bill of materials. The high cost of innovation could be an obstacle that engineers and 
researchers have to overcome. 
 
As the component moves through the development stage proper supply-chain management needs to 
be employed and optimised in order to effectively manufacture the component. Suppliers also import 
manufactured components or utilise local manufacturers in order to supply these components to the 
bill of materials specifications. Efficiency of customs and/or import duties could be obstacles that 
need to be overcome. 
 
Manufacturers invest large amounts of capital in equipment and have to allow for certification and 
testing in order to adhere to the necessary standards. Normal business functions, such as marketing, 
human resources, finance and operating expenses have to be managed within a contract manufacturer. 
Continued improvements in the skills of human resources employed, the cost of labour and capacity 
utilisation are needed in order to compete internationally.  
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Figure 3.7: Raw material-to-installation value chain 
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The Value Matrix Diagram was drawn up from the perspective of a potential Wind Turbine 
Manufacturing industry. The mindset and strategy development focus of management should not only 
be directed to the local market but also be directed towards export development. 
 
Final testing and certification also takes place during assembly and integration of the various 
components into sub-systems and system. This is done prior to construction and installation of the 
wind turbine. 
 
At various key points in the value chain, logistics is a key feature that must be considered as a 
consequence of the large distances associated with the local and international markets. 
 
However, obstacles such as standards, international trade barriers, a complex and unfriendly business 
environment in South Africa and import competition need to be overcome. 
 
Analysing the information a value matrix diagram was developed and is shown in Figure 3.7. 
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Figure 3.8: Value Matrix Diagram 
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3.9. Conclusions and Recommendations 
 
• The growth in global wind-energy production is expected to continue, with strong drivers being, 

among others, the increasing demand for new capacity in electricity generation, security of energy 
supply, environmental issues and the benefits to the local industry and economy. 

 
• The wind-turbine market still favours vertically integrated manufacturing for several reasons:  

o in order to guarantee component supply (due to component shortage), and  
o to protect know-how and secure product quality.  

. 
• An advantage to sourcing components in-house is that the manufacturers can streamline designs, 

keep technological innovations in-house and develop competitive advantage in the production 
process. A limitation to this structure is that a lot of capital is tied up in production facilities and 
in having to keep stock of different components to promptly supply new projects. 

 
• Integrated wind-turbine designs favoured by a number of independent suppliers can actually keep 

up with the pace for new technologies and the demand for high quality MW turbines.  

 
• The success of the implementation of wind energy largely depends on the quality of the wind-

power equipment. The fast expansion of the wind-power capacity in the world has created a need 
for a system where the quality of turbines and components can be trusted and guaranteed. 

 
• Uniform international standards for the certification of wind turbines are being developed under 

the auspices of the International Electrotechnical Commission (IEC). 

 
• Small wind turbines have a role to play in provision of electricity but indications are that the main 

reason for the relatively slow growth of this market is due to the fact that there is no industry-wide 
certification and testing procedure. 

 
• The South African small wind-turbine industry is internationally recognised and its products are 

exported but face similar challenges as their competitors. 

 
• South Africa’s policy and regulatory support mechanisms for wind energy are in line with 

international best practices and from a country-level to a project-level there is a growing 
collaboration across the various role players. 

 
• A  production and market growth strategy for the South African wind industry is needed to 

position South Africa as a regional if not a global player 

 
• Based on developed world data and methodologies, the South African wind industry has the 

potential to create direct jobs. The number of jobs that are created will be determined by the 
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localisation content of the wind-turbine system. A set of four scenarios were developed that 
indicate the levels of possible localisation. 

 
• A very rudimentary macro-economic analysis indicated that a South African wind industry will 

have a positive impact on GDP. 

• A preliminary technology tree was developed and provides insight into a South African Wind 
Energy Technology Platform that can be used for inputs into the development of a South African 
wind energy research and development strategy. 

 
• A SWOT and a value-chain analysis and the development of a value matrix diagram presented the 

opportunities and constraints for a South African wind industry. Opportunities are the local 
manufacturing of a range of components for a wind-turbine system based on innovation to 
develop new intellectual property, reduce costs and to increase quality. Constraints faced will be 
the need for a realisable strategy, the cost of innovation, a lack of testing and certification 
facilities, lack of skilled people and the cost of labour. 

 

Based on the findings of this report the following recommendations are made: 
 
• The South African government to continue on the path of developing and implementing policies 

that support a sizable and stable market for wind power, in conjunction with policies that 
specifically provide support mechanisms  for wind turbines and components to be manufactured 
locally so as to result in a competitive wind industry 

 
• Current public funding programmes for innovation in South Africa to be intensified and better 

publicised. 

 
• As part of a national production and market growth strategy a dedicated model, be it an input-

output or analytical model, should be developed so that the potential job opportunities for a South 
African industry can be more accurately quantified.  An expected output of such an analysis 
would be to establish what the job opportunities are for the range of skills that will be required. 
Knowing the type of skills required will enable the education and training facilities to develop 
relevant curricula. 

 
• To develop a globally competitive wind-industry a coherent national certification and testing 

facility be investigated. 

 



    144 

 

References 
 
Aubrey C, 2007, Supply chain: the race to meet demand, Wind Directions, January/February 2007, 
pages 27-34 
 
Austen G., Williams A., Morris G., Spalding-Fecher R. and Worthington R., 2003, Employment 
potential of renewable energy in South Africa, Agama Energy, 14 November 2003. 

Blanco M.I., 2009, The economics of wind energy, Renewable and Sustainable Energy Reviews, 13 
(2009) 1372-1382 

Blanco I and Kjaer C, 2008, Wind at work: Wind energy and job creation in the EU, European Wind 
Energy Association, www.windfacts.eu 

Coenraads R, Reece G, Voogt M, Ragwitz M, Held A, Resch G, Faber T, Haas R, Konstantinaviciute 
I, Krivosik J and Chadim T, PROGRESS – promotion and growth of renewable energy sources and 
systems, Final Report, Utrecht, Netherlands. Available on line from EC    
http://ec.europa.eu/energy/renewables/studies/doc/renewables/2008_03_progress.pdf 

Coningarth Economists, 2010, personal communication  

Gratwick K.N and Eberhard A., 2008, An Analysis of Independent Power Projects in Africa: 
Understanding Development and Investment Outcomes, Development Policy Review, 2008, 26 (3): 
309-338 
 
International Energy Agency, 2009, Technology Roadmap – Wind Energy. 
 
Kaplinsky R. And Morris M., A handbook for value chain research, Prepared for the IDRC 
 
Lewis JI, 2007, A comparison of wind power industry development strategies in Spain, India and 
China, Pew Centre on Global Climate Change 
 
Lund P.D., 2009, Effects of energy policies on industry expansion in renewable energy, Renewable 
Energy, 34 (2009) 53-64 
 
Markovska N., Taseska V. and Pop-Jordanov J., 2009, SWOT analysis of the national energy sector 
for sustainable energy development, Energy 34 (2009), 752-756 
 
Pullen A., Hays K. and Knolle G., Wind Energy – The Facts, Industry and Markets 
 
Ragwitz M.  Held A, Resch G, Faber T, Huber C, Coenraads R, Voogt M, Reece G, Morthorst PE, 

Jensen SG, Kanstantinavicitue I and Heyder B, Assessment and optimisation of renewable energy 

support scheme sin the European electricity market. Intelligent Energy Final Report. Available 
online from the EC      
http://ec.europa.eu/energy/renewables/studies/doc/renewables/2007_02_optres.pdf 

Terrados J., Almonacid G. and Hontoria L., Regional energy planning through SWOT 

analysis and strategic planning tool. Impact on renewables development, Renewable and 
Sustainable Energy Reviews 11 (2007), 1275-1287 



    145 

TPWind, 2008, Strategic Research Agenda – Market Deployment Strategy from 2008 to 2030, 
European Wind Energy Technology Platform. 
 
Wei M., Patadia S. and Kammen D, 2010, Putting renewable and energy efficiency to work: How 

many jobs can the clean energy industry generate in the U.S.?, Energy Policy, 38, (2010), 919-931 


