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The key parameters governing wind power economics are the:

• Investment costs (including those associated with project

financing).

• Operation and maintenance costs (fixed and variable).

• Capacity factor (based on wind speeds and turbine

availability factor).

• Economic lifetime.

• Cost of capital.

Economics of Wind Systems
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What are the largest cost components ?



 For the turbine, the largest costs components are the
rotor blades, the tower and the gearbox. Together, these
three items account for around 50% to 60% of the turbine
cost.

 The generator, transformer and power converter account
for about 13% of the turbine costs, with the balance of
“other” costs being made up miscellaneous costs
associated with the tower, such as the rotor hub, cabling
and rotor shaft.

 Overall, the turbine accounts for between 64% to as
much as 84% of the total installed costs, with the grid
connection, civil works and other costs accounting for the
rest.

Capital Cost for onshore wind turbines



Capital Cost breakdown for a typical onshore wind power 
system and Turbine

Source: IRENA Report: RENEWABLE ENERGY TECHNOLOGIES: COST ANALYSIS SERIES, Volume 1: Power Sector, 2012



Comparison of capital cost breakdown for typical onshore and 
offshore wind power systems in developed countries



Source: IRENA Report: RENEWABLE ENERGY TECHNOLOGIES: COST ANALYSIS SERIES, Volume 1: Power Sector, 2012

Capital cost breakdowns for typical onshore and offshore wind systems



A typical wind turbine will contain up to 8000 di erent components. This guide shows the main 
parts and their contribution in percentage terms to the overall cost. Figures are based on a 
REpower MM92 turbine with 45.3 metre length blades and a 100 metre tower.

WIND TURBINE COST BREAKDOWN (5 MW OFFSHORE WIND TURBINE)



The installed cost of wind power projects

• The installed cost of wind power projects is
currently in the range of USD 1700/kW to USD
2150/kW for onshore wind farms in developed
countries.

• In China, where around half of recent new wind
was added, installed costs are just USD 1300/kW.



Wind turbine prices variation with time

• Wind turbine prices have declined significantly since their peak in 2007/2008 in
most countries (the notable exception being Japan).

• China, which is now the most important wind market, experienced the highest
percentage decline and had the lowest absolute wind turbine prices.



The installed cost of wind power projects

The reasons for price increases are several, and include:

• The rapidly rising cost of commodities in general, and steel and copper prices
in particular. In offshore projects, copper and steel alone can account for as
much as 20% to 40% of the total project cost.

• The shift to offshore developments may be raising average installed costs in
Europe. This is being accelerated by the shift from a shallow water market
driven by Denmark to deeper water projects in the United Kingdom and
Germany.

• Growing pains and more sophisticated systems. Market demand grew so
rapidly that the supply chain and human capacity required had difficulty
keeping up with demand and shortages incertain components – notably,
wind turbines, gear boxes, blades, bearings and towers – and led to higher
costs. The increasing sophistication of turbine design, component
integration and grid interaction also pushed up prices.



Operations and Maintenance costs

Fixed O&M costs typically 
include insurance, 
administration, fixed grid 
access fees and service 
contracts for scheduled 
maintenance.

Variable O&M costs typically 
include scheduled and 
unscheduled maintenance 
not covered by fixed 
contracts, as well as 
replacement parts and 
materials, and other labour
costs.



Operations and Maintenance costs

O&M costs for onshore wind projects



Operations and Maintenance costs

• The fixed and variable operations and
maintenance (O&M) costs are a significant part of
the overall LCOE of wind power. O&M costs
typically account for 20% to 25% of the total LCOE
of current wind power systems.



Operations and Maintenance costs

• It is clear that annual average O&M costs of wind power
systems have declined substantially since 1980. In the
United States, data for completed projects suggest that
total O&M costs (fixed and variable) have declined from
around USD 33/MWh for 24 projects that were completed
in the 1980s to USD 22/MWh for 27 projects installed in
the 1990s and to USD 10/MWh for the 65 projects
installed in the 2000s.

• Costs appear to be lower and to be more uniform across
projects than was the case prior to 2000.



• O&M costs are not evenly distributed over time. They tend
to increase as the length of time from commissioning
increases. This is due to an increasing probability of
component failures and that when a failure does occur it
will tend to be outside the manufacturer’s warranty period.

• This decline in O&M costs may be due to the fact more
recent projects use larger, more sophisticated turbines and
have higher capacity factors (reducing the fixed O&M costs
per unit of energy produced).

Operations and Maintenance costs



What are the four phases of a typical wind farm time line?

What are the major components of the cost of a wind farm?



19



20

Just some rough numbers regarding the cost !
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What is the economic revenue?
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What are the commonly used electricity tariff 
types for wind energy?
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What are the economic tools commonly used to 
know if the wind project is “good”?
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Tools for wind energy economics

If we have calculated the:

• Cost of building and operating a wind farm, and
• Revenue from selling the energy production

How do we find out if our potential wind farm is “good”?

Some basic tools:
1) Simple payback time (SPT)
2) Net present value (NPV)
3) Levelised cost of energy (LCoE)
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Sum of PVs and initial investment 
gives Net Present Value (NPV)

Discounted cash flows gives 
Present Values (PV)
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Discount to present day
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Levelised cost of electricity generation
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Summary of the economic tools commonly used to 
know if the wind project is “good” or not?



A large‐sized wind turbine generates 1.5 million kWh
in a year. The generated electricity is sold to the
utility at a rate of 5 cents per kWh. The discount rate
is 5%. Calculate the present worth of electricity
generated by the turbine throughout its life of 20
years.

Explanatory Example 1:
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Cash flow from electricity sales:

The cash flow during the n = 20 years

Analysis of example 1:
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Accumulated present value of electricity generated is calculated using this 
equation:

Analysis of example 1:
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Explanatory Example 2:

For a medium‐sized turbine, $50,000 was borrowed
at a discount rate of 7% and invested in a project.
The loan has to be settled in 10 years through
uniform annual repayment. Calculate the amount to
be paid annually.
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Analysis of example 2:

Cash flow of loan
repayment.

Here we have to find out the annual repayment of the loan (A).
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Analysis of example 2:

In this example, the nominal interest or discount rate for computing the present value
of the investment is considered although inflation has not been considered. In an
economy, inflation can cause an increase in prices of goods and services over
a period of time, thereby decreasing the value of “current” dollars. In an economy, the
consumer price index (CPI) commonly gauges the rate of the inflation.
“There are two different ways of incorporating the effect of inflation in our
calculations. We can either treat inflation and interest separately or combine inflation
with the interest and use the adjusted discount rate.”
The discount rate corrected for inflation is termed as the real rate of discount (interest
I ), which is the difference between the nominal interest rate (i) and the inflation rate
(r), and given as:
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The price of some commodities may increase at a rate higher than that of inflation,
for example, electricity price increase during Gulf War was a result of oil price
increases; similarly electricity tariff (rates) can be a reflection of international
market trends, political pressures, or national policy changes. “The increase in the
cost of a commodity, in comparison with the general inflation is termed as the
escalation (e).

When the escalation rate “e” is combined with inflation rate “r,” it is termed as the
apparent escalation rate ea, which is given by:

The real rate of discount, adjusted for both inflation and escalation, is then given
by:

Analysis of example 2:
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Explanatory Example 3:

Calculate the annual repayment in the previous
example, if the rate of inflation is 3%.

Analysis of example 3:

The real discount rate, corrected for 
inflation, from Eq.:
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Analysis of example 3:

Therefore the annual payment fees:

Hence, when we include the effect of inflation, the annual
payment is reduced to $6135.
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