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1 Introduction 

1.1 Learning objectives of the course 

Learning objectives: Upon completion of this course, you should be able to 

• distinguish among different applications of small wind turbines  

• estimate system sizing  

• identify standards and norms of small wind turbines and 

• describe the main operation and maintenance activities for a small wind turbine  

 

1.2 Introduction to the course 

Wind turbines can theoretically convert up to 59% of the wind's kinetic energy into electricity. But in 

practice, the average electricity production is much lower, even from the most efficient turbines. In this 

regard, small wind turbines are even less effective, since there is little commercial investment into 

performance improvements, and no significant technology changes in the pipeline. The capacity factor 

or annual utilization of small, large onshore, and large offshore wind turbines are around 10-20%,1 20-

25%, and 30-35% respectively.2  

It is difficult to provide a globally applicable costing for small wind electrical generation, because wind 

turbine prices are different from place to place. Also, the cost of electricity depends on other factors 

like wind quality at each site, and the quality of the turbine, including the power curve accuracy. This 

course on small wind applications and technology will focus on quality assurance and O&M of wind 

turbines to maximise their output, as well as introducing different applications of small wind.  

Chapter 2 provides a definition of small wind turbines. Chapter 3 will cover various applications of small 

wind. Chapter 4 introduces hybrid applications of small wind alongside other possible energy supply 

technologies.  In chapter 5, the quality assurance is outlined. Chapter 6 describes all important aspects 

that need to be taken into account regarding operation and maintenance. Lastly, chapter 7 gives an 

economical overview about investment, maintenance and energy generation costs. 

  

 
1 AEA, „UK Small Wind Survey: Installed Capacity & Annual Generation“ 2009. 
2 Boccrad, N., „Capacity factor of wind power realized values vs. estimates“, Energy policy 37, 2009. 
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2 Applications 

 

2.1 Definition of small wind turbines 

 

Learning objective: Upon completion of this page, you should be able to 

• Describe the different ways small wind turbines are defined. 

Several definitions of “small” wind turbines exist which distinguish them from larger turbines. The 

following table shows three definitions, from the International Electrotechnical Commission (IEC), the 

United Kingdom (Renewable UK), and the American Wind Energy Association respectively. The IEC 

represents an international standard and defines small wind turbines as those with a rotor swept 

area of less than 200 m2.  

Department/ 

Association 

Turbine 

classification 

Definition  

International 

Electrotechnical 

Commission (IEC) 

Small wind 

turbines  

IEC 61400-2 defines small wind turbines as having a rotor 

swept area of less than 200 m² (ca. 16 m rotor diameter) 

equating to a maximum rated power of approx. 50 to 75 

kW, generating at a voltage below 1,000 V AC or 1,500 V 

DC. 

Renewable UK Micro wind 0 to 1.5 kW rated generator capacity, with 0.5 to 5 m tower 

height and about 1,000 kWh annual energy production. 

Small wind 1.5 to 15 kW rated generator capacity, up to 50 m tower 

height and up to 50,000 kWh annual energy production. 

American Wind 

Energy Association 

(AWEA) 

Small wind 

turbine 

< 100 kW rated generator capacity, as adopted in the AWEA 

Small Wind Report 2010 and the AWEA Small Wind Turbine 

Global Market Study. 

 

Small wind turbine definitions (Source: International, British, and American standards)  
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2.2 General aspects of small wind turbines  

Learning objective: Upon completion of this page, you should be able to 

• Describe the general background and context in which small wind turbines are used. 

Small wind turbines are one of the oldest energies generating technologies. They have been used for 

many centuries to generate mechanical energy from wind energy, for use in pumping water or milling 

grain. The first wind turbines for generating electricity were developed at the end of the 19th Century. 

From the 1980s onwards, turbine size and the rated capacity have grown continuously, so that today 

the largest wind turbines have a rated capacity of 9500 kW and a rotor diameter of 164 m.3  

Small wind turbines remain a niche player on the wind energy market. However, two facts are often 

forgotten when wind energy is talked about only in terms of large wind turbines:  

1. The energy and power demand of many consumers is small, especially in remote areas where 

people have no access to the grid.  

2. The large weight and size of wind turbine elements, such as blades, towers and nacelles, make 

transport and installation in many regions very difficult or even impossible. 

Small wind turbines have the potential to meet these specific demands, and so the interest in this 

technology is again rising. The market for small wind turbines is also growing rapidly as it constitutes 

an attractive, environmentally friendly source of energy. 

According to the World Wind Energy Association, approximately one million small wind turbines are 

installed around the world, representing a combined capacity of about 950 MW, at the end of 2015. 

China accounts for most of the small wind turbine capacity installed, followed by the USA and the 

United Kingdom.4 

Wind turbines are used to generate electricity in two distinctive contexts: 

1. Off-grid applications, in which they are not connected to any larger electrical system (also 

called “stand-alone”, “grid-isolated”, or “autonomous electrical systems”).  

2. Grid-connected applications, in which they are connected to a larger distribution network that 

is controlled by a grid operator (also called “on-grid applications”). 

Small wind turbines are used for a wide range of applications, such as: 

• Electricity generation (for public illumination in common spaces, conservation of food and 

edible products, cooling and heating systems, water treatment and desalinization systems, 

water heating for domestic or productive ends, ice production, or cooking and freezing 

chambers for community self-supply). 

• Mechanical power, for instance water pumping for communities or agriculture. 

Wind systems for residential homes are often in the range of up to 5 to 15 kW. Small wind turbines are 

usually combined with batteries, especially for the power supply of remote houses, sailboats, street 

lighting and signalling. If a small wind turbine is combined with other sources, such as photovoltaics 

(PV), it becomes part of a hybrid system. If the system is a combination of a small wind turbine and 

 
3 Wind power monthly, Ten of the biggest turbines 2018. 
4 WWEA, “Small Wind World Report” 2017. 



 
 
 

Small wind power – Application and technology                                                                                               Page 5 of 31 
                                                                                                                                                                                                                                03/03/2020 

existing diesel generators it is called a wind-diesel system. Larger systems can be used to power villages 

or small businesses.  

The following sections present the main applications in which small wind turbines are used.  

 

2.3 Decentralised, remote applications 

Learning objective: Upon completion of this page, you should be able to 

• Describe some specific challenges related to off-grid wind generation. 

As mentioned above, a promising application for small wind turbines is in an off-grid system. A small 

turbine can be a good option for generating electricity in remote areas where fuel transport costs (e.g. 

diesel for generators) is high, and where the demand for electricity comes from small units such as 

farm houses, government security installations in border areas, telecommunication masts, or data 

collection stations for research. 

However, a number of specific challenges are found in off-grid solutions. Most important, perhaps, is 

the fact that wind is not an entirely reliable energy resource; therefore, the electricity needs to be 

stored for periods when no wind is blowing. Battery banks can provide this storage but they increase 

the cost of an off-grid system; still, today they are the only market-ready storage technology. 

Furthermore, transport, installation and maintenance of turbines in remote areas is cost-intensive. 

Before purchasing an off-grid system, careful planning must be done around ensuring a supply of spare 

parts and effective maintenance solutions.  

 

  

Telecommunication base station (Source: 

©Holger Peters, Inensus) 

Remote Village in Mongolia (Source: ©Holger 

Peters, Inensus) 
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2.4 Application on boats  

Learning objective: Upon completion of this page, you should be able to 

• Identify some advantages of wind power generation on a boat. 

Probably one of the most obvious applications for small wind turbines is on fishing and other boats. In 

these situations, electricity must either be ‘brought along’ at high cost, or generated on board. The 

advantages of the latter stem from the following:5  

• Fishing or other boats spend much of their time offshore. The wind resource offshore is 

generally more favourable than onshore, which promises high yields.  

• The electricity generated by a small wind turbine can cover the demand of electric devices 

such as television, refrigerators or lights.  

• If no electricity is immediately needed, the generated electricity can be used to charge 

batteries, e.g. of mobile phones.  

• The energy costs for other generating technologies such as diesel generators are reduced.  

  

Small wind turbine on a boat (Source: ©A. 

Tiedemann RENAC) 

Small wind turbine on a boat (Source: ©A. 

Tiedemann RENAC) 

 

 

2.5 Water pumping 

Learning objective: Upon completion of this page, you should be able to 

• Understand the main differences between using wind turbines for producing electricity versus 

for mechanical water pumping. 

Water pumping turbines have two possible functions: 1) pump clean, drinkable water from 

underground to the surface, or 2) remove water from a specific area. In contrast to electricity producing 

applications, the rotational energy of the rotor can be used to mechanically drive a pump cylinder 

which pumps the water.  

Turbines used for applications such as water pumping or grinding grain need to have a high torque to 

carry out this mechanical work. Therefore, they typically have a large number of blades and spin at low 

tip-speed ratios6 of less than one. 

 
5 World Wind Energy Association, 2012. 
6 Tip-speed ratio is the undisturbed wind speed in front of the wind turbine divided by the speed of the rotor 
tip. 
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The figure below shows two wind turbines – on the right, one producing mechanical power which is 

directly applied to water pumping, and, on the left, one generating electricity. The mechanical wind 

turbine transforms the rotational movement of the rotor into an up and down movement in order to 

pump water. In the other turbine, the rotation of the rotor is transformed into electric power, which 

could also be used for water pumping, and of course for many other purposes. 

 

Wind turbines for water pumping (Source: RENAC)  

  

 

Wind turbine for mechanical water pumping (Source: ©R. Buss, RENAC) 
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Wind turbine for mechanical water pumping 

(Source: © K. Brown, RENAC) 

Wind turbine for mechanical water pumping 

(Source: © A. Tiedemann, RENAC) 

 

2.6 Residential and commercial buildings 

Learning objective: Upon completion of this page, you should be able to 

• Identify problems that may be caused by installing a wind turbine on a building roof. 

Households are large electricity consumers. In the new millennium the idea of “electricity autonomy”, 

or at least of generating a proportion of household electricity demand from renewable sources, has 

become popular.  

Sometimes a small wind turbine on the roof can demonstrate the commitment of the owner to 

sustainability. However, it is likely that the wind turbine will not produce the expected energy yield, as 

the wind resource is heavily influenced by the building itself.7 The building interferes with the wind 

resource, blocking its flow and generating turbulence. Furthermore, an inappropriately installed 

turbine will cause vibration, and can therefore potentially damage the building structure during 

operation. In addition, a rooftop turbine will emit noise due to rotation and vibration, and this may be 

stressful for relations with neighbours. Therefore, small wind turbines should generally be located at a 

certain distance from buildings, rather than being mounted on a building. This usually simplifies the 

installation and increases the energy yield.  

 

 
7 Energy Saving Trust, 2009. 
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3 Wind hybrid applications 

 

3.1 Introduction 

Learning objective: Upon completion of this page, you should be able to 

• Identify the different components of a hybrid system. 

Small wind turbines can be combined with other energy resources, in a combination known as a mini-

grid or hybrid system. The figure below shows possible components of a hybrid system. The wind 

turbine is the main component. When the wind is blowing and the household requires electricity, the 

generated electricity is used directly. In cases where the wind is blowing but the demand is low (e.g. at 

night), the surplus electricity is stored in the battery bank. The stored energy can be used when there 

is household demand for energy and the wind is not blowing.  

The system may also include photovoltaic panels or other sources of renewable energy. The wind and 

the sun often complement each other well – for example, during winter months the wind normally 

blows strongly, while the sun’s intensity is low. In summer it is often the other way around.  

 

Wind–PV battery hybrid system for a residential house (Source: RENAC)  

 

3.2 Wind hybrid – direct current (DC) bus 

Learning objective: Upon completion of this page, you should be able to 

• Describe the configuration of wind turbines and other sources of energy in a DC hybrid/mini-

grid system. 

The following figure shows an electricity system coupled at the direct current (DC) line. Photovoltaic 

modules are directly connected to the DC line, since they produce DC. A small wind turbine, a hydro-

electric generator, and a fuel burning generator (Genset) are connected to the DC line via an AC/DC 

rectifier. The batteries need to be supplied with DC power, and they are connected via a charge 

controller to the DC bus. The charge controller manages the battery charging and discharging, and 
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prevents deep discharge of the batteries that would reduce battery lifetime. If the consumption 

consists of DC loads, these can be directly connected to the DC line, as well. To supply AC loads with 

electricity, one or more DC/AC inverters would be needed. 

 

 

Hybrid/mini-grid system with electricity generation and load coupled via DC bus – note the different 

types of inverters. (Source: ARE, “Hybrid power systems based on renewable energies”, 2008, modified 

by RENAC, 2016) 

 

3.3 Wind hybrid – alternating current (AC) bus  

Learning objective: Upon completion of this page, you should be able to 

• Describe the configuration of wind turbines and other sources of energy in an AC 

hybrid/mini-grid system. 

The figure here shows an electricity system coupled at the alternating current (AC) line. Photovoltaic 

modules are connected via a DC/AC inverter to the AC line: because the PV modules produce DC, 

inversion to AC is necessary. The small wind turbine, the hydro-electric generator and the fuel burning 

generator (Genset) produce AC and therefore can be connected to the AC line directly or via an AC/AC 

converter. The purpose of the AC/AC converter is to improve the power quality and frequency of the 

generated electricity so that wind speed or water flow fluctuations do not have a negative impact on 

the power quality. The batteries are connected via an AC/DC rectifier. AC loads are directly coupled to 

the AC line. DC loads are connected via an AC/DC rectifier, if needed.  
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Hybrid/mini-grid system with electricity generation and load coupled via AC bus – note the different 

types of inverters(Source: ARE, “Hybrid power systems based on renewable energies”, 2008, modified 

by RENAC, 2016) 

 

3.4 Wind hybrid – combination of AC-coupled and DC-coupled system 

 

Learning objective: Upon completion of this page, you should be able to 

• Describe the configuration of wind turbines and other sources of energy in a mixed AC and 

DC hybrid/mini-grid system. 

A system combining aspects of AC-coupled and DC-coupled configurations is quite complex. The 

photovoltaic array and the small wind turbine are connected directly to the DC line. The hydro-electric 

generator and the conventional generator (Genset) are connected directly to the AC line. The 

connection between the AC and the DC line is via an inverter, which is also used to charge the batteries 

and/or to provide DC power for the DC loads. AC loads are directly coupled to the AC lines.  
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Hybrid/mini-grid system with a mixture of AC and DC electricity generation and AC and DC coupled 

loads (Source: ARE, “Hybrid power systems based on renewable energies“, 2008, modified by RENAC, 

2016) 

 

Wind-PV-diesel example  

In the oasis Wadi El-Natrun in the Egyptian desert, the company Juwi Solar GmbH built a PV-wind-

battery hybrid/mini-grid system in 2012. This off-grid power system generates power for farmland 

irrigation (water pumps) and the desalination of ground water.  

The hybrid power system combines four 12 kW wind turbines, 50 kW of PV modules, and a battery 

bank with a storage capacity of 500 kWh. With this system, groundwater can be extracted around the 

clock for watering the Wadi’s farmland. This clean energy power supply system replaced an old diesel 

generator.  

The system also uses different bidirectional inverters for stand-alone systems to couple AC and DC loads 

(battery-inverter and charger).  
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Installation of small wind turbines, Wadi El-Natrun, Egypt (Source: Juwi Solar GmbH Transferred © 

simple rights of Juwi Solar GmbH to RENAC) 

 

 

Wind-PV-diesel hybrid system, Wadi El-Natrun, Egypt(Source: Juwi Solar GmbH-Transferred © simple 

rights of Juwi Solar GmbH to RENAC.) 
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4 Quality assurance – international standards for power curves, design and noise 

4.1 Low quality small wind turbines 

Learning objective: Upon completion of this page, you should be able to 

• Understand and describe the problems with low quality small wind turbines. 

Small wind turbines require comparatively high investments relative to their power outputs. Therefore, 

the investor assumes that the technology works without major problems, and that the turbine will yield 

the estimated power output. In reality these assumptions cannot be taken for granted.  

Low quality products and incorrect or insufficient product information lead to an overall loss of 

confidence in small wind, which, for the industry, creates serious obstacles to future market 

development. It is especially problematic for companies that do produce high quality products, as these 

are normally more expensive than their lower quality counterparts. Certified turbines are safe and the 

indicated power output is accurate. Internationally recognized certification schemes can effectively 

promote the growth of the small wind industry and protect consumers’ interests. 

Accredited certifying companies, such as DNN Germanischer Lloyd, offer certification for small wind 

turbines. In the UK, subsidies for small wind turbines were only granted to turbines certified under the 

Microgeneration Certification Scheme. In Germany, a few companies are offering IEC certified small 

wind turbines. 

However, the main problem for small wind turbine manufacturers is that the costs related to a 

comprehensive certification process are high in comparison to the investment costs of the turbine, and 

are thus a significant burden for smaller companies. Therefore, many manufacturers choose not to 

have their turbines certified.  

The figure below shows the power curves of a small wind turbine as provided by a manufacturer 

(orange), and as measured by the U.S. National Renewable Energy Laboratory. A Weibull distribution 

with a scale factor A = 8 and a shape factor k = 2 is assumed. The average wind speed at such a site is 

7.1 m/s. Taking the manufacturer’s power curve as a basis for the calculation, the annual power 

production of the small wind turbine would be AEPmanufacturer = 36.8 MWh. The measured data, on the 

other hand, only forecasts an annual power production of AEPmeasured =19.6 MWh: only 53% of the 

estimated value! 
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Power curve published by a manufacturer of a small wind turbine (orange) and measured by an 

independent institute (blue), showing significant deviation (Source: Paul Kühn, 2010) 

 

4.2 Internationally accepted certification standard (IEC 61400 family) 

Learning objectives: Upon completion of this page, you should be able to 

• Understand the important considerations for buying a small wind turbine, and  

• Name the sub-chapters of IEC 61400 standard relating to small wind turbines. 

It is common practice to certify large wind turbines according to international standards, specifically 

IEC 61400 by the International Electrotechnical Commission. This standard allows a buyer to be 

confident that the turbine will perform as stated in the product information. Sub-chapters within this 

standard apply specifically to small wind turbines.  

The design requirements (IEC 61400-2) ensure that the technology functions properly and the turbine 

does not present a safety risk. This is especially important for small wind turbines, which are often 

installed by laypeople in densely populated areas.  

Specific requirements regarding acoustics (noise) are important in inhabited areas, and in determining 

the minimum required distance to residential buildings. Sound waves propagate through the air and 

solid structures, and can thus cause severe discomfort and have a negative impact on health. The IEC 

61400-11 standard outlines how to assess noise pollution from a turbine.  

The chapter on power performance testing (IEC 61400-12) gives best practice for measuring the power 

curve of a small wind turbine. The power curve accuracy is a crucial point for the (economic) success 

of a small wind power project. However, as mentioned before, often the power curves provided by the 

manufacturers of small wind turbines are not developed according to such standardized procedures. 

Sometimes they are not even measured at all, but are based solely on estimates. Therefore, the actual 

power performance of a small wind turbine may deviate significantly from the manufacturer’s 

indicated values, leading to an over- or underestimation of the energy production.  
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 Name  Code  Content 

Design 
requirements 
for small wind 
turbines  

IEC 61400 -2  Deals with safety aspects, quality assurance and engineering 
integrity, and specifies requirements for the safety of small wind 
turbines, including design and installation, plus maintenance and 
operation under specified external conditions. Provides the 
appropriate level of protection against damage from hazards of 
these systems during their planned lifetime.  

Acoustic 
noise 
measurement 
techniques  

IEC 61400 -11  Presents measurement procedures that enable noise emissions of a 
wind turbine to be characterised with respect to a range of wind 
speeds and directions. Allows comparisons between different wind 
turbines. May be applied by wind turbine manufacturers, 
purchasers, operators, planners and regulators.  

Wind turbine 
power 
performance 
testing  

IEC 61400 -12 Specifies a procedure for measuring the power performance 
characteristics of a single wind turbine and applies to the testing of 
wind turbines of all types and sizes connected to the electrical 
power network. Also describes a procedure to be used to 
determine the power performance of small wind turbines.  

 

Sub-chapters of IEC 61400 relating to small wind turbines 

 

Recommendations: 

• Buy certified wind turbines only. The IEC 61400-2 (design) and IEC 61400-12 (power curve) and 

IEC 61400-11 (noise) are internationally accepted standards. Some national standards take 

IEC-standards into account and simplify them for small wind turbines (for examples see 

www.smallwindcertification.org). 

• The certifying body and data collection and analysis should be independent from the 

manufacturer. Ask for certificates and the name of the independent certifying body.  

• The certification body should be recognized internationally.  

 

Sample: Statement of IEC compliance: EasyWind  

The EasyWind 6 is a 6 kW wind turbine, producing either AC or DC voltage, which can be installed on 

either concrete or steel foundations, or directly on the ground with soil anchors. The small wind turbine 

can be operated parallel to the grid to help cover the electricity supply of houses and businesses, to 

charge batteries, or to provide electricity for heating. It can also feed power into the electrical grid. 

This wind turbine has a passive pitch control, which automatically changes the position of the blades 

when the wind speeds increase or decrease. This enables the wind turbine to maintain stable energy 

production even in the strongest winds.  
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Small wind turbine EasyWind. (Source: 

EasyWind GmbH.) 

Small wind turbine EasyWind in combination with 

PV. (Source: EasyWind GmbH) 

 

In combination with a 3-phase hybrid inverter, this small wind turbine can be integrated into an off-

grid hybrid system with direct connection on the AC-side of the inverter. Typical applications include 

house or village electrification and water pumping.  

The wind turbine has proven its reliability over more than 20 years of operation in more than 100 

locations, and it is also certified in accordance with IEC 61400 standards. The certification procedure 

for the EasyWind 6 AC was carried out by the DEWI-OCC Offshore and Certification Centre GmbH. The 

Centre published a statement of compliance in accordance with IEC 61400-12 (power curve). DEWI-

OCC also certified the design as being in compliance with IEC 61400-2. This means that load 

assumptions, safety system and manuals, rotor blades, machinery components, tower and foundation, 

as well as electrical installations, were all checked. The following figure shows the statements of 

compliance. 
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Statement of compliance for IEC 61400-12 

(power curve). (Source: EasyWind, transferred © 

simple rights of EasyWind to RENAC.) 

 

Statement of compliance for IEC 61400-2 

(design). (Source: Easy Wind, transferred © 

simple rights of EasyWind to RENAC.) 

 

The diagram below describes the relation between wind speed, power and power coefficient of the 

small wind turbine EasyWind 6. The blue line represents the power output relative to the left vertical 

axis while the red line represent the power coefficient relative to the right vertical axis. It is noticiable 

that the small wind turbine reaches its maximum power output at about 16 m/s and its maximum 

power coefficient at 8 m/s.  

Measured power curve of the small wind turbine EasyWind 6 (v_cor = wind speed, P_cor = power 

output and CP = power coefficient) (Source: EasyWind -Transferred © simple rights of EasyWind to 

RENAC) 
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Sample: Statement of IEC compliance: WESpe  

The small wind turbine WESpe has a rated capacity of 5 kW. It is equipped with a four-blade upwind 

rotor with a passive yaw system. This system rotates the wind turbine automatically into the wind 

direction. The wind turbine has a pitch system that is regulated by centrifugal force. This means that 

the position of the blades is adjusted according to the rotational speed of the rotor. Special sensors 

control the power output, the rotational speed, vibrations, wind speed, generator temperature, etc. If 

one of the controlled parameters is out of range the controller will trigger the wind turbine’s brake 

system. For maintenance purposes the wind turbine can be laid down on the ground.  

  

Left: 5 KW small wind turbine WESpe on a 15 m tower. Right: drive train of the 5 KW small wind 

turbine WESpe (Source: WES IBS GmbH -Transferred © simple rights of WES IBS GmbH to RENAC) 

  

 

Drive train of the 5 KW small wind turbine WESPpe. (Source: WES IBS GmbH -Transferred © simple 

rights of WES IBS GmbH to RENAC) 
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The statement of compliance for the design and safety certifies that the wind turbine fulfils the IEC 

61400-2 requirements. 

The power curve is measured according to IEC 61400-12. Rated power is achieved at 12 m/s. The 

statement of compliance (only available in German) shows the power curve and details of the 

measurement. 

  

Statement of compliance for IEC 61400-2 

(power curve) (Source: WESpe -Transferred 

© simple rights of WESpe to RENAC) 

Statement of compliance for IEC 61400-12 

(design) (Source: WESpe -Transferred © simple 

rights of WESpe to RENAC) 

 

 

Measured power curve according to IEC 61400-12 (for details see report page 16) (Source: WES IBS 

GmbH -Transferred © simple rights of WES IBS GmbH to RENAC) 
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5 Operation and maintenance 

5.1 Need for maintenance and repair  

Learning objectives: Upon completion of this page, you should be able to 

• Provide an overview of maintenance and repair aspects for small wind turbines, and  

• Identify reasons for small wind turbine damage and downtime.  

System operation and maintenance costs are often not taken into account during the project planning, 

and this can lead to future surprises. Of course, it is not realistic to believe that a mechanical-electrical 

machine will operate for its expected lifetime, perhaps 20 years, without any maintenance. Still the 

impact and cost of maintenance and repair is often treated as a secondary concern.  

If the investors would compare the operation of a small wind turbine with a car, the need for 

maintenance becomes obvious. If they were to assume an average speed of a car of 50 km/h (combined 

highway and city driving) and a distance of 100,000 km over 5 years, the car motor would run for 2,000 

hours. In comparison, a small wind turbine may operate 85% of the time, or some 7,446 hours/year. It 

follows that a small wind turbine would operate within ¼ of a year almost as many hours as a family 

car would over 5 years. No-one would expect a car to perform for such an extended period without 

maintenance and repair.  

In any case, the life expectancy of a wind system and the repair costs are directly proportional to the 

owner's willingness to accept responsibility. If the owner ignores the system over a long time, costs will 

almost certainly increase. 

The following table shows the most common causes of damages to small wind turbines. The basis of 

the data is a survey of small wind turbine operators in Germany, using maintenance reports and 

interviews.8 Broken components and turbine control failures cause more than 50% of the damages. 

 

Reason for damage Percentage 

Broken components. 31% 

Turbine control 

failures. 

22% 

Storms. 10% 

Lightning strikes. 8% 

Loose components. 4% 

Ice on components. 2% 

Reasons for small wind turbine downtime (Source: Paul Kühn, 2011) 

The downtime of small wind turbines due to failures in the electrical system, electronic control, sensors, 

mechanical brake, rotor hub, yaw system, rotor blades, generator gearbox, drive train and load bearing 

parts is also shown in the next figure. The graph shows the annual damage frequency. Damages to the 

 
8 Paul Kühn “kleine Windenergieanlagen – Ertrag und Wirtschaftlichkeit”, Haus der Technik, 24.2. bis 25.2.2011. 
Data base: Maintenance reports and interviews with 51 small wind turbine operators (September/October 
2011). 
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generator, gearbox, rotor blades and drive train caused long downtimes of up to 24 days or more. The 

highest damage frequency occurred in electric and electronic components. 

 

 

Annual damage frequency and downtime related to small wind turbine components (Source: RENAC. 

Based on Paul Kühn, 2011) 

 

5.2 Maintenance plans 

Learning objectives: Upon completion of this page, you should be able to 

• Describe general maintenance responsibilities of the operator, and  

• Explain maintenance plans for different applications of small wind turbines.  

5.2.1 General responsibilities of the operator 

Small wind turbine projects must apply a management model for their operation. This is important to 

secure the overall sustainability of the project.  

The system operator should ensure the following safety related parameters are fulfilled: 

1 Regular maintenance work.  

2 Electrical installation to be carried out only by persons with specialist knowledge.  

3 Designated persons must be capable of the work assigned to them and able to recognise any 

possible risks. 

4 Installation manual is available during installation. 

5 Installation manual, and in particular the safety instructions, are read and understood by the 

relevant personnel prior to installation. 

6 Correct foundation type is used for the subsoil properties and static requirements. 
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7 Durability of the fitted connections, the foundations and the fixing of the tower to the 

foundations. 

 

5.2.2 Maintenance plan for electricity producing small wind turbines  

Maintenance recommendations for small wind turbines vary from manufacturer to manufacturer. 

They are usually provided in the manufacturer’s manual.  

Recommendations: 

• Follow the manufacturer’s small wind turbine manual instructions and read them carefully 

before you or people with maintenance responsibilities start any work! Keep safety first in 

mind!  

The instructions can refer to any or all of the wind turbine elements that should be checked, 

as shown in the table here:9 

 

Rotor blades and blade edges 

(damage and spalling). 

Welds on the tower 

and the machine unit. 

Ventilation grille (dirt, parasites, 

bird nests and insects). 

Lateral braces (firm seating). Nacelle cracks. Azimuth bearing on the nacelle. 

Clamps. Wind vane seating. Wires (rust and damage). 

Gearbox (oil leaks, lubricants). Screw connections. Battery charge controller. 

Bearings (lubricants). Cables. Power supply of loads. 

Fuses. Foundations. Data logger. 

 

• Safety checks should be done every two months, or following an automatic emergency 

shutdown. 

• Carry out a first visual inspection/check-up after six months, and then every two years. 

 

More detailed recommendations could include the following: 

• Carrying out maintenance work on the small wind turbine requires shutdown first. 

Conducting any maintenance without first switching the turbine off may entail a high risk of 

accident. Small wind turbines can be switched off manually, and the effect of the brake 

should be observed until the rotor stops completely. Before work begins, one should ensure 

that the system is fully powered down and cannot be switched back on accidentally during 

the work. 

• For turbine or rotor blade maintenance work, the tower should be lowered carefully. It is 

generally advisable to ensure the presence of a second party who can provide help in the 

event of an accident through the entire disassembly. It is good practice to ensure no one 

stands underneath the tower while it is being raised or lowered. 

 
9 Easywind, “Installation Manual”, 2016. Filename: installation_manual_6AC_Conergy-easywind; Stroup, K.K. 

“DOE/NREL Inner Mongolia PV/Wind Hybrid Systems Pilot Project: A Post-Installation Assessment”, 2005, page 

109 ff. 
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• Do not remove or disable any safety devices. 

• Wear work clothes in accordance with the regulations and in compliance with the relevant 

national or local safety regulations. 

• Immediately replace any warning symbols fitted on the system that have become illegible. 

• Only authorised and appropriately qualified personnel should carry out electrical work. 

National and local electrical codes must be adhered to. 

 

 

Safety first, stop – think – act (Source: RENAC) 
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Problem  Cause  Corrective action  

Acute shaking of 

the wind 

machine. 

Loose guy cable.  Tighten the guy cable.  

Loose securing bolts in tail vane.  Tighten the loose parts.  

Distortion of blades. Rectify the blades. 

Hub cannot turn smoothly.  Disassemble and reassemble.  

Securing bolts of generator become 

loose.  

Tighten bolts with spring or lock washer. 

Trouble in 

changing 

direction.  

Rotating part is dirty or is full of sand 

or gravel.  

Clean and grease.  

The upper end of the mast is 

distorted by accident.  

Correct the distortion.  

Abnormal noise.  The fastened part has become loose.  Take down the wind machine and 

tighten the loose part.  

The generator’s bearing is loose.  Add copper cushion, reassemble.  

Damage to generator’s bearing.  Replace bearing.  

Hub is rubbing the other part.  Check and rectify.  

Friction between rotor and stator.  Replace or repair pertinent bearings. 

Failure of brake 

system.  

Brake bracket is worn out. Replace the brake bracket.  

Loose or lost joint of brake.  Check and rectify.  

Rotating speed 

of blades drops 

dramatically.  

Failure to restore the blades.  Check and grease. 

Generator not greased for a long 

time.  

Grease.  

Generator’s bearing is damaged. Replace bearing.  

Brake system does not work 

properly.  

Readjust the brake system.  

Distortion of blades.  Repair or replace the blades.  

Generated 
voltage is too 
low or without 
output voltage.  

Short circuit.  Check and correct. 

Open circuit.  Check and correct. 

Failure of rectifying tube. Replace rectifying tube. 

Fuse error.  Check for short circuit load or overload; 

replace fuse. 

Bad connection to the lead. Check and rectify.  

Connection between rotator and 

shaft (of generator) is loose.  

Replace generator.  

Generator overheated.  Grease or replace generator.  
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Failure to 

charge 

batteries.  

Generated voltage is too low or is 

without output voltage. 

Refer to the above.  

Corrosion of lead batteries.  Clean corrosion and cover terminals 

with Vaseline.  

Damage to battery.  Replace battery.  

Insufficient or 

no power 

supply.  

Refer to ‘Generated voltage is too 

low or without output voltage’ and 

‘Failure to charge batteries,’ above.  

See above. 

 

Small wind turbine problems and causes that an experienced technician should check/rectify (Source: 

RENAC) 

 

5.2.3 Maintenance of small water-pumping wind turbines  

 

Maintenance recommendations for small water pumping wind turbines include the following:10 

• Check the mechanical system regularly. 

• Screens and filters should be checked regularly, and cleaned or changed as needed.  

• In cases where water is pumped from a lake or a river, rubbish in the water and or nearby 

surroundings should be kept to a minimum to prevent the system from clogging. 

• Bearings should be greased regularly, as often as every three to four weeks depending on 

weather conditions. 

• If water is not coming through the pipes, check valves and couplings for leakage. 

 

 

 

 

 

 

 

 

 

 

 
10 Sara Salomonsson and Helena Thoresson, 2010. 
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6 Summary 

 

Small wind turbines in off-grid and grid-connected context are used for a range of applications, the 

most common being electricity generation and the provision of mechanical power. Small turbines can 

be combined with other energy resources such as solar or hydro to create a hybrid system. A hybrid 

system is usually more flexible and reliable due to the availability of different resources, although it 

also requires a higher up-front investment.  

The investment cost for small wind turbines is relatively high per kWh, and purchasers would want 

confidence they are buying high-quality components and can expect electricity output is as claimed in 

manufacturers’ documents. But in practice, quality is not assured. Some manufacturers are able to 

absorb the high costs of the certification process in comparison to the turbine investment costs to have 

their turbine performance certified to show compliance with IEC 61400-2, IEC 61400-11, and IEC 

61400-2 standards. Such certification tends to raise the cost of quality turbines. 

Operation and maintenance costs are additional important expenses that are often not fully taken into 

account during the planning of small wind turbine projects. This is why small wind turbines require a 

proper maintenance plan, which considers work that must be performed by a specialist due to the 

possibility of relatively long downtimes for the turbine. 

 


