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This business proposal describes the venture of a wind power rotor blade manufacturing plant in Mombasa. In contrast
to conventional production, the primary composite fibreglass is substituted by natural fibre composites based on local
bamboo. The following points summarise the underlying idea:
1. East African power demand will multiply.
Emerging markets, population growth and electrification programs will cause the power demand in
Ethiopia, Kenya and Tanzania to increase on average by 7, 7% per year from 2012 to 2030 [5].
2. Wind energy will be part of the future supply.
Thanks to geographical location and topology of these
three countries, wind power will be a reliable and costeffective power source for the region. Wind power will
balance the fluctuations in the energy supply generated by hydro power and reduce the vulnerability to
droughts. Kenya is already host to the largest wind
farm project in sub-Saharan Africa (see section 1).
3. Blade manufacturing is economically feasible.
So far, all components of wind power plants are imported, which involves high transportation costs due
to large scale components and long transport routes.
These costs can be reduced by local manufacturing,
which additionally stimulates the regional economy

and reduces pressure on the nations’ external debt
(see section 2).
4. One technology matches regional conditions.
Conventional wind turbine rotor blade production is
a highly sophisticated and automatised process. But
a revitalised, robust technology using natural fibre
composites based on bamboo allows labour intensive
but "low-tech" local production (see section 3).
5. Its benefits go beyond financial profits.
Besides a promising payback, the local value added is
increased to a large extent by the utilisation of raw
materials and local labour force. The manufacturing
process is more environmentally friendly and, in addition, costs and carbon footprint are heavily reduced,
because shipments can be avoided and natural fibre is
a renewable resource. This makes the region an even
more attractive market for the global wind power industry (see sections 4, 6 and 7).
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The Market: Target Market and Background

1 The Market: Target Market and Background
African emerging markets like South Africa, Ethiopia, Tanzania and Kenya are among the
fastest growing in the world1 . Growth in local economic performance, rural electrification
programmes and high population growth require a vast expansion in local energy supply2 .
Moreover, the lack of electricity in some areas hinders companies to expand to these rural
areas and thus prevents growth. The high dependency on hydroelectricity has made East
African countries especially vulnerable to droughts and raises the need for diversification.
Wind power would turn this risk into an asset, as hydro energy can partially balance the
fluctuations of wind power plants. Given the equatorial climate of East Africa, rain and
wind tend to occur complementarily. Making use of the fact that energy infrastructure in
the region is dramatically underdeveloped, it has long been in the interest of the private
sector as well as local and international institutions to promote a large scale establishment
of renewables – especially of wind power.
The demand for wind turbine rotor blades is directly proportional to the number of wind
turbines installed. Therefore assumptions concerning the turbine market need to be drawn
for the countries in geographical reach. Governmental authorities in Ethiopia, Kenya,
Tanzania and South Africa have announced explicit goals in their energy policies, which
in most cases are backed by specific plans to build large scale on-grid wind farms or by
the introduction of incentives set to attract investors and industry3 . Other countries in
the region lack this information and are not considered in this analysis, since they present
too many sources of uncertainty.
Depending on the country and the respective policies in regard to the expansion of renewable energy, different approaches to large scale promotion of wind power can be observed.
Whereas in Ethiopia and South Africa the political ambition is expressed through long
term project announcements, the Kenyan government is relying on predetermined feed-in
tariffs. An analysis of government documents, international research by universities and
development organisations as well as interviews conducted with businesses established in
the industry shows that the market forecasts highly vary with ambition and focus of the
different entities (figure 1).
From the assumed new installed capacity in a specific market, usually measured in megawatt (MW), it is possible to infer a rough number of required turbines, as 1.5 MW turbines
are seen as becoming the standard in developing markets for the upcoming years. It is
therefore possible to derive the number of ultimately commissioned blades from the total
market outlook for wind power plants, but restrictions on final demand prospects are to be
imposed in respect to the wind turbine manufacturers themselves. Their technical requirements do not allow for the combination of parts from different companies. A production
1

East African Community (2011): [5]; McKinsey Global Institute (2010): [6]
Ranganathan Rupa, Vivien Foster (2011): [4]
3
Climate Investment Fund (2012): [1]; Climate Investment Fund (2011): [3]; Edkins, M., A. Marquard,
H. Winkler (2010): [7]; Gesellschaft für Technische Zusammenarbeit (2009): [8]
2
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Accumulated New Installed Capacity [MW] from 2014 to 2030

Figure 1: The optimistic scenario represents political aims, the pessimistic one stands only for
already announced or launched projects.

facility can produce blades of only one type at a time, thus adaptation to completely different types is possible but time-consuming. Small variations in specifications are easier
to manage.
While China-based manufacturers build blades which are easily interchangeable between
separate brands by implementing common interfaces (also called modular blades), western
manufacturers are more focused on customisation. In the market shares analysis the Chinabased manufacturers are therefore considered as a single option, whereas all other major
manufacturers are treated individually. Assuming fulfilment of the market as presented
in the neutral scenario, assumed total accumulated new installation volumes in MW from
2018 to 2030 are presented for each country and each market player in Figure 2.
In general, the blade production should be adapted to the most promising type of blades.
As can be seen in the pie charts of Figure 2, the modular (white) sector is by far the
largest in all four markets. The total accumulated installed capacity with modular blades
for the four countries under consideration sums up to more than 1,9 GW from 2018 to
2030. Hence the business plan at hand will focus on this option exclusively.

4
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Neutral Scenario for Average Market Shares [MW] from 2018 to 2030
(Accumulated New Installed Capacity)

Figure 2: The average future market shares were ascertained on the basis of interviews conducted with businessmen and experts. The projection incorporates current world market
share, individual manufacturers growth projections and the countries’ sensitivity to
various manufacturer characteristics.

Market Assumptions [MW] from 2018 to 2030 (Accumulated New Installed Capacity)

Table 1

2 Market Entry Strategy
Given the market outlook as discussed above, the desirable segment is clearly the one
of modular rotor blades – today mainly installed by China-based manufacturers. There
are two decisive reasons for this approach: Firstly, the segment will be the largest of all
options and thus provide the most promising expected demand. Secondly, fewer issues
concerning intellectual property are to be expected, as the components are compatible
with different manufacturers. The modular design allows for a single blade design to be
offered to several potential buyers, with minimal adjustments required.

5
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When it comes to the suitable market entry strategy, the crucial argument lies with the
transportation costs, which are high for rotor blades due to their size and fragility. The
comparison of Mombasa and Shanghai as possible blade production sites, in regard to
their delivery costs to Ethiopia, Kenya, Tanzania and South Africa, helps to quantify the
transportation cost advantage of a regional production (Table 2). Shanghai stands for the
business-as-usual case, as most modular blades are produced in China, whereas Mombasa
represents a hypothetical Africa based production site.
Comparison of Transportation Costs (2012 Prices)

Table 2: Marsabit is chosen for Kenya as point of reference, because a local component manufacturer has a transport cost advantage regarding inland wind projects. This applies
only to the country of the local component manufacturer itself. The calculation above
can be found attached in greater detail. Main assumptions are: Weight/Blade (t):
7. Weight/Tower (t): 100. Weight/Generator (t): 100. Heavy-Lift Carrier (e/day):
9,000. IFO-380 ($/t): 590. MGO ($/t): 975. Average Speed (knots): 13.

2.1 Pricing Strategy

Market Price Assumption (2012 Prices)

Table 3: Differentiated pricing for the four studied geographic markets: Transport cost advantages are distributed amongst supplier and buyer. A standard market price of 150,000
e per set at the factory gate is assumed.

Differentiated pricing for the four studied geographic markets is crucial, in accordance
with the respective competitive advantage generated through an Eastern African production. Within the pricing strategy it is necessary to negotiate a price, which distributes

6
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the transport-cost-advantage amongst the blade supplier and the buyer (the turbine manufacturer).
This way, if a standard market price of 150,000 e per set is assumed at the factory gate, one
can pursue a price policy which guarantees a high penetration of these markets, through
remarkably lower prices, while at the same time leveraging the price advantage (Table 3).
The data used above assumes average values for the years 2018 to 2030. All assumptions
can vary with the underlying size of the blades, which is why assumptions ought to be
developed carefully. A local fabrication can also, incrementally, produce blades of different
types and sizes. The given example explores the market for 1.5 MW turbines and blades
of 38 or 40 meters. Taking the own competitiveness in different geographical markets into
account, it becomes possible to develop sales forecasts (Table 4).
Market Coverage Assumptions from 2018 to 2030

Table 4: Assumed market coverage according to pricing strategy: The calculations above can be
found attached in greater detail. The market coverage has been opted rather optimistically in exchange for neglecting any positive effects on the market size that may be
created by the presence of local blade production.

For the years 2018 to 2030 important average macro data for the local blade production
can be derived from the market assumptions, prices and sales strategy presented above
and be summarised as displayed:

2.2 Partners
The venture involves two types of partners: industrial partners and development institutions. The industrial partners construct the production plant and produce the rotor
blades. Moreover, the maintenance of the wind power stations must be carried out by
the same partners, since the technology has not been employed in Kenya so far. Given a
modular blade production, the industrial partners will be China-based companies, as the

7
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technological leadership in the construction of wind power plants with rotor blades based
on natural fibres is clearly in Chinese hands. The most favourable company is Khanwind,
the inventor and leader of the bamboo based composite blade technology. Khanwind covers the whole supply chain of the composite development. They supplied global players
like Goldwind and Sinovel. Hence, a collaboration of Khanwind and Sinovel as industrial
partners for the development of wind farms is the most promising model. An alternative
to Sinovel could be Windey, also a globally active Chinese company with experience in
the construction of wind power stations using bamboo-based composites from KhanWind
(refer to section 3).
The financing of the venture is distributed among all partners with a combination of local
and foreign debt as well as equity. Desirable partners are the German "Kreditanstalt für
Wiederaufbau" (KfW) and the "Kenya Commercial Bank" regarding foreign and local currency, respectively. According to the financial analysis (see section 7) the total investment
amounts to a maximum of roughly 7.7 million e. The local share consisting of labour
costs and raw material costs does not exceed one fourth of this amount. The needs in
foreign capital arise mostly from the construction of the production facility.

3 Technology
3.1 A Revitalised Material for Wind Rotor Blades: Bamboo Natural
Fibre-Composites
Rotor blades for wind turbines are manufactured from composite materials. These materials may be engineered or naturally occurring and are composed of two or more different
materials. They usually have very different physical and chemical properties and retain
these properties within the composition of the new material. Composite materials for
wind turbine rotor blades are specifically made to endure high stress at a comparatively
low weight. While fibreglass and carbon composites consist of strong glass or carbon fibres
within a soft or hard polymer matrix, wood itself can also form part of composite materials, where cellulose fibres are embedded in a matrix of lignin. As such, the principal of
the composites are the same: a combination of two materials with the positive properties
of both.
Since the beginning of modern rotor blades design for wind turbines in the 1980s, wood
has been the dominating material used. It was slowly substituted by fibreglass and lately
carbon composites. However, wood is still used, especially at large dimensions, due to its
cost efficiency and low energy intensity. For example, the largest off-shore wind turbine
built by Siemens is made of high performance light weight balsa wood4 . The wind turbines
built of such natural fibre composites generally show 20 years of good performance and
4

Siemens (2012): [17]
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trouble free service5 .
The natural material which has been used for years was Khaya, also known as African
mahogany. It was later substituted by Finnish birch, which is the best wood available for
this usage in the western world. The only naturally grown material available which has
better properties for rotor blade manufacturing than birch is bamboo6 . Bamboo is a fast
growing material of high bending and tension strength. In many parts of the world it has
for centuries been used as a building material due to its light weight and comparatively
high stability.
To increase the mechanical strength of bamboo as a construction material, it is further
processed by using only the outer layers of the culm, resulting in so called bamboo composites. In order to produce the final material, the bamboo culms have to be cut in thin
traces and the inner, softer material is removed. The outer layer is usually a waste product
in other bamboo industries, but for this particular technology, several layers of it are glued
together using an epoxy paste. The resulting material is comparatively light and has a
good strength-to-cost ratio7 .
For wind turbine rotor blade production, the bamboo composite material, consisting of
small sticks of about one centimetre in width, two in height and two meters in length, is
hand-laid into the rotor blade moulds and finally merged with the resin8 . This process
is labour intensive and robust. The hand-laying of the sticks of natural fibre-composites
does not require highly-skilled labour, is reversible as long as the resin is not added and
does not pose any dangers to the workers health.
In rotor blades the new material of "natural fibre composites" substitutes to a large extent
fibreglass material, which has been used throughout the industry so far. Fibreglass is not
only very difficult to handle in manufacturing, but also highly toxic. Therefore its usage
is reduced to an absolute minimum and it is only incorporated for the outermost layer of
the rotor blades9 .

3.2 State of the Art Technology: Track Record
The technology of using bamboo for wind turbine rotor blade production was developed
by Dr. Jim Platts of the University of Cambridge in 200510 and has already been used in
Chinese wind power rotor blades for a number of different companies. The manufacturer
KhanWind, for example, has produced and installed blades of 40 m length for two wind
power stations of 1.5 MW each in 2010 and 2012 in Hekou and Tiansheng, China. A larger
5

Jim Platts (2006): [11]
Ibid.
7
Jim Platts (2008): [10]
8
Peer Ederer [21]
9
Ibid.
10
Ibid.
6
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order of at least 40 blades for further wind parks followed in 2013 and 201411 . One of
the customers is Sinovel, the company with the largest market share in China and one of
the largest worldwide with 9% in 201112 . Windey, also a Chinese company distributing
globally, with an installed annual capacity of 2 GW, has made several orders since 2008
and continues to rely on the natural fibre composite technology13 .

4 Organisation
4.1 Production Process
The organisational processes of the venture involve the construction of a factory, production processes, supply chain management, human resources management, maintenance
issues and a time framework14 . All data concerning the factory are derived from an inventory list from Khanwind for the installation of a production plant for rotor blades
based on natural fibre composites from 2011 and publicly available sources [14]. The rotor
blades for which the inventory list has been compiled correspond to 1.5 MW wind power
plants, which is the same size as used in this business proposal.
The production hall measures 8,000 square meters in area and ten meters in height. This
area allows to handle rotor blades with a size of 40 m in all four divisions15 . Within the
hall there is one production line divided into four separate divisions, which correspond to
four different manufacturing stages of about twelve hours each. The first stage, which is
executed by two shifts of workers during daytime, contains lay-up of the natural fibre composite material in two moulds, each corresponding to half a rotor blade, and stabilisation
by means of a vacuum pump and infusion of resin. These three processes take place in
two different divisions as the vacuum pump requires for a non-dusty environment. Each
shift consists of about six hours of processing and two hours of preparation and followup. In the second stage, during the night, the blade halves stay in the same division for
curing, which does not entail any labour. Peeling and trimming, applying of adhesives
and joining of the two moulds constitute the third stage during the next day, which as a
dusty process takes place in a further division. The final treatment is the last stage in a
fourth, non-dusty division. It contains varnishing and placement of studs and a lightning
conductor16 .
Since there are always two blades simultaneously being processed, the production results in
an output of one blade per day. Calculating with 250 working days and 20% productivity
11

Charlie Du [22]
IHS Emerging Energy Research (2012): [2]
13
Windey: [19]
14
General assumptions in this section, especially concerning supply chain and time structure, are based
on information from [21].
15
Vestas uses a production hall of 38,000 square meters in Colorado, USA, for rotor blades of 49 meters
length and a yearly output six times higher than the aim of this venture [18].
16
The whole production process follows along the process explained by Jim Platts in his presentation [11].
12
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loss due to extraordinary technical or personal incidents, the factory achieves 200 rotor
blades per year. However, the predicted market demand amounts to approximately 144
blades (refer to section 1) which would be sufficient for a profitable operation. Hence,
there is a potential of 56 additional blades without any cost increase except for material
costs. In case of an excessive market demand due to a major wind farm project, the factory
could hence raise the output by about 40%.
The overall production process is substantially altered by the substitution of fibreglass
materials with natural fibre composites. As fibreglass requires an extremely exact handling, the manufacturing process of Western production facilities is highly mechanised. In
contrast, natural fibres composites are less sensitive and can be processed with a lower
degree of mechanisation, but quite labour intensive. This basic difference is the crucial advantage for the production on the African continent: sophisticated technology is relatively
scarce, but labour is abundant and relatively cheap17 .

4.2 Human Resources
In regard to human resources, different positions ought to cover the basic labour on the
production line, technical experts, middle and top management as well as administrative
staff. Given the need for both highly and less skilled labour, a combination of local
and foreign personnel is most likely. One production line requires at least one managing
director, two employees in the middle management, six engineers, six technicians, 90
workers and fourteen administrative employees. The managing director as well as the
engineers and technicians will very likely have to be foreign. The remaining staff and the
workers are contracted locally. All personnel, except for administrative staff and labour
force, is remunerated in foreign and local currency at equal shares18 .

4.3 Supply Chain
The manufacturing process consists of mainly six different types of materials: natural fibre
composites, fibreglass, glue and resin, core materials, consumables and other materials.
These are separated into locally available and imported pre-components. Core materials,
consumables, other materials and fibreglass composites must be imported, since the local
industry cannot provide them in the required quantity. The associated transport costs
are relatively low due to the low weight and easy handling of the material, as they do not
contain added value. Natural fibre composites are available in Ethiopia at low cost thanks
to abundant bamboo agriculture. Transport neither represents a complication because of

17
18

Peer Ederer [21]
The direct and indirect labour positions are derived from the amounts Gurit set up in a cost study for
a rotor blade production plant [20].
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short distances and low weight material. Glue and resin are basic materials easy to obtain
locally. 19 .

4.4 Production Utility
The production utility costs include expenses for energy, water, waste, diesel, gas, transport, communication as well as legal, insurance and administrative services. The former
are entirely provided locally, whereas legal advice and insurance are employed in Europe.
Another position of the utility costs includes maintenance of the production facility, engaging staff and materials. Unfortunately a detailed split-up of the utility costs is not
possible due to poor availability of information about the mentioned items. As a result
for this plan, values from European manufacturing plants have been extrapolated20 .

4.5 Implementation Schedule
The business proposal is aligned to a time horizon of ten years. During the first two
years, the establishment phase, there is no output. In a minimum time span of one year
the factory is constructed. Afterwards, the production plant has to manufacture a test
blade which is to be certified. Further calibration and certification processes are expected
to last another year. In the meanwhile, the personnel is acquired and trained. Taking
into account all of the mentioned aspects, within the first two years there is no regular
production possible. After this period the capacity utilisation is expected to increase to
37.5% in year three and 75% in year four, respectively. Only in the fifth year the factory’s
full potential can be tapped. At the same time, the utility costs are expected from year
one on with 50%, in year two with 80% and in the following with 100%.

5 Risks and Opportunities
5.1 Market
The energy markets of all discussed countries are dominated by their national governments.
Therefore the development of wind power is sensitive to political will and the efficiency of
public agencies.
Risk: National governments can withdraw unilaterally from their plans to promote wind
power and ease the business of international wind companies. This would threaten the
19
20

Cost data on transport ways are derived from [16].
Gurit mentions utility costs of 549,500 e for a factory with a blade productivity of 1,206 blades [20].
Assumed utility costs of 200,000 e represent a conservative estimation, which is drawn from a more
complicated access to utilities and maintenance technology as well as higher legal and insurance fees.
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expansion of wind power in the region and reduce projected sales for local blade manufacturing considerably.
Opportunity: Calculations in the presented case are based on very conservative assumptions for new installed capacity. If the Ethiopian and Kenyan governments for example
would push their wind power agenda very seriously, sales would outnumber the presented
calculations significantly.

5.2 Technology
Large rotor blades are produced in a series of sophisticated techniques including carbon
and wood with fibreglass in an epoxy matrix. Materials and design were developed for
optimising energy extraction, weight, lifetime, viscosity, maintenance and reduced noise.
While carbon and fibreglass materials require extensive automatisation of the production
process, established epoxy resins based on fibre glass are proven to work well for manufacturing in less developed countries.
Risk: Even as natural fibres were used for decades to produce rotor blades for wind
turbines, no long-term experience for bamboo as a basis material has been obtained yet.
Eastern Africa still poses a number of additional challenges, like supply-chain security for
engineering grade bamboo.
Opportunity: The revitalised natural fibre technology has several advantages for manufacturing in less developed countries, like robustness, relative high labour intensity, low
hazardous substances and ecological friendliness.

5.3 Organisation
Highly developed technology and associated expertise are scarce in East Africa. This
requires a special attention on the industrial partner. It is his responsibility to provide
utilities and know-how in the necessary amount. Concerning the organisational processes,
these country-specific circumstances bear a major risk.
Risk: The construction of the production facility itself and maintenance operations might
be more costly than planned due to unexpected incidences. Any violations of the time
frame could inherit high costs, since the capacity utilisation would decrease.
Opportunity: The technology required for natural fibre based manufacturing is not as
sophisticated as the technology required for fibreglass based manufacturing. The labour
intensive natural fibre based production matches with the high availability of relatively
cheap workforce in Kenya.
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5.4 Finance
The financial feasibility of the project is determined by a variety of factors. Market size
and market demands are decisive factors as well as the sum of direct and indirect costs
over the production period. Additionally the necessity to carry out transactions in at least
two different currencies will make the financial feasibility of the production plant subject
to currency risks. Currency risks can work in favour of the plant operations or against
them.
Risk: Together with country- and site-specific uncertainties this is likely to result in a
high risk premium on interest rates.
Opportunity: Factors such as a high local content, environmental friendliness and decreased health risks make the product attractive beyond purely economic reasons and can
result in a revenue increase. It will attract investors who are willing to lend at lower interest
rates in order to aid sustainable development and social self empowerment. In addition,
companies can include these aspects in their campaigns for corporate social responsibility,
attracting customers who are willing to pay a premium for social and ecological sustainability.

6 Benefits
A local production site is not only profitable, but is associated with numerous other
benefits, three are striking:
1. Low-energy-input Material
The innovative manufacturing process has a very low impact on the environment.
Bamboo is a low-energy-input material, resulting in a more sustainable manufacturing process and resource use21 . The energy input of a material specifies the energy
needed in order to produce it, i.e. the encapsulated or also so called "grey energy".
This is of particular interest, when taking into account carbon trading, as bamboo
cultivation extracts carbon from the atmosphere. In consequence bamboo presents a
material which can be used for sustainable electricity production22 . The rotor blades
manufactured from bamboo composites have an estimated life time of 20 years, but
an energy payback for the bamboo used in it amounts to only 20 days23 . Apart
from the environmental advantage of the natural fibre composite material, it is also
non-hazardous to the workers’ health in contrast to fibreglass.
2. Reduction of Fuel Consumption
The reduced transportation costs mainly stem from reduced vessel fuel consumption
21

Peer Ederer [21]
Jim Platts (2008): [10]
23
Ibid.
22
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due to shorter shipping routes (see Table 5). Vessel fuel is ecologically extremely
damaging and responsible for most of the carbon emission caused by the construction
of wind power stations. In addition, it contains many toxic substances.
Transportation Vessel Fuel Consumption (IFO-380) per Turbine [t]

Table 5: The calculation above can be found attached in greater detail. Main assumptions are:
Weight/Blade [t]: 7. Weight/Tower [t]: 100. Weight/Generator [t]: 100. Heavy-Lift
Carrier [e/day]: 9,000. IFO-380 [$/t]: 590. MGO [$/t]: 97. Average Speed [knots]:
13.

3. Local Content
It can be assumed that the local share of the investment in new East African wind
parks amounts to about 11% 24 . For wind power projects in Kenya, locally manufactured rotor blades would immediately raise the local share to 21% 25 . For wind
power projects in Ethiopia and Tanzania the national content would stay at 11%, but
the regional share rises to about 21%. By reducing the share of foreign investment
the pressure on the foreign national debt of East African countries can be reduced
together with trade deficits – while pursuing ambitious agendas regarding renewable
energy.
With the establishment of a production site for wind turbine rotor blades, the whole
region profits in numerous ways. Stimulated local input industries will lead to more
inter-region, inter-industry transactions and facilitate regional economic stability and
growth. The injection of new income through new and sustainable private sector jobs
leads to more spending, which itself creates employment and income. Furthermore,
infrastructure will be built, which will attract new investments and industry. Skills,
knowledge, and methods of manufacturing are transferred to East Africa with the
technology, which ultimately can lead to further development like new products
or services in the long term. As such, the region will benefit significantly in its
development, resulting in an increase in standard of living, education and economic
stability.

24
25

GIZ (2006): [9]
NREL (2006): [12]
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7 Finances
7.1 Investment Costs of the Production Plant
The manufacturing of the wind turbine rotor blades requires first of all the establishment
of production facilities. The plant for one single fabrication line is made up of four major
components (for a detailed list, see Appendix):
Investment Costs of the Production Plant

Table 6

Since, on average, construction costs of 30 e arise for every cubature (m3 ), the fabrication
hall of 80,000 m3 (a built surface area of 8,000 m3 and 10 m in height) requires an
investment of 2,400,000 e. The needed production equipment is made up of numerous
single machines and tools, which can be acquired on the Chinese or European market.
The necessary investment amounts to 2,399,495 e. In addition, a testing facility for
the certification of the blades is required. Finally, the costs of construction, transport,
installation and staff training are added. In consequence, the full initial investment needed
to acquire a fully functioning production plant, sums up to 6,726,434 e. Of these, 20%
will be expenses in local currency (= 158,844,948 KES26 ). These are one-time investments
that merely need maintenance and reinforcement at later points in time.

7.2 Costs of Production
The operation of the production plant generates numerous expenses, which are considered
as fixed costs, as their adjustment is only possible for long-term changes in production
capacity. Firstly, utility costs, which include expenses for energy, water, maintenance, insurance, communication and legal or administrative matters, amount to 200,000 e a year
(for details see Appendix). Of these costs 90% will accrue in local currency. Secondly,
indirect labour costs will also arise independently of production. These salaries are estimated to amount to 201,600 e per year and on average are made up of 40 % local and 60%
26

Kenyan shilling
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foreign currency payments. Direct labour costs occur in accordance with the utilisation of
the production facility, but since skilled workers should be maintained within the firm, full
payment all year around is necessary. The total sum of yearly salaries for 90 workers in
direct labour then amounts to 216,000 e, which are paid fully in local currency. At high
capacity utilisation, full yearly operating expenses are thus 4,810,539 e, of which 63% are
foreign and 37% local share. The differentiation of payments in local and foreign currency
is made on the basis of the recipients’ requirements.
Costs for materials are variable with production. The resulting average costs of production
per turbine blade as well as the earnings that are to be expected, given the presented
market analysis, can be seen in the following table.
Production Costs of Wind Turbine Blades

Table 7

7.3 Financing and Capital Structure
The capital structure of the initial outlay, covering the investments for the production
facility as well as the first operating costs, should approximately consist of equal shares of
equity and debt. In order to cover the accruing expenses during the first years, including
already occurring interest payments, the financial investment should be a little higher
than the immediate expenses. Interest rates for loans are given at 9%. Amortisation
of the financial liabilities is achieved over a period of nine years with the first annuity
payment starting in the fifth year of operation after two years grace period. At 50% of
the full investment consisting of debt, the total loan will amount to 3,890,172 e with an
annuity of 1,000,134 e, payable over five years. Interest expenses accrue over all nine
years, starting with the first loan receipt.
After the first investment is made, facility and equipment will need regular maintenance,
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repair and replacement. These assets commonly have a life cycle of at least ten years, which
is why they are depreciated linearly over these ten years. While regular maintenance is
covered by the utility costs, if equipment is bought second hand or an impairment is
noticed, earlier reinvestment costs can occur. Nonetheless, these will not necessarily need
extra financing, as they can be covered by retained earnings.

7.4 Resulting Cash Flow Forecast for the First Ten Years
Given the expected demand for modular wind turbine blades in the four considered markets, a cash flow projection illustrates the expected operating activities and the resulting
returns on investment.

18
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Cash Flow

Finances

19

Finances

7.5 Key Data for Financial Comparison
Derived from the Cash Flow presented above, the data in Table 9 has been calculated and
gives an overview over the profitability of the project.
Key Financial Data

Table 9

7.6 Financial Sensitivity
By altering individual parameters and recording their influence on the internal rate of
return (IRR), parameters with the largest potential to cause the economics of the project
to deviate from its expected value can be determined. This provides a transparent overview
of the project risk profile. Parameters listed in Table 10 had their expected values altered
by +10%, −10%, +25%, −25%, +50% and −50% respectively. This has been done for one
parameter at a time, in order to isolate the impact of that variable on project feasibility.
On the one hand, as the table shows, the parameters with the greatest potential influence
on the IRR are the price per blade and the number of sales. On the other hand, IRR
is more immune to fluctuations in salaries, interest rate and vessel fuel prices. With
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Financial Sensitivity

Table 10

demand and prices expected to pick up in the coming years, the IRR is likely to improve
significantly, given that the global wind industry faces a phase of recovery.
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