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SUMMARY 

A study of the assessment of the potential impact of a fire on the environment from a wind 
power generator in the event of an emergency situation, accompanied by its destruction with 
oil leakage, is presented. The initial data for the implementation of the scenario of a natural 
fire study were substantiated and the criteria for dangerous effects on the ecosystem were 
determined. On the basis of the real project and design parameters of the wind power 
generator, FDS simulation of the thermal impact on the environment in the event of the 
destruction of its support with subsequent spillage and burning of lubricant was carried out. 
The verification of the obtained theoretical temperature distributions in the soil and the 
obtained data based on the results of the field experiment was carried out, on the basis of 
which general conclusions were drawn. The verification of the obtained theoretical 
temperature distributions in the soil and the obtained data based on the results of the field 
experiment was carried out, on the basis of which general conclusions were drawn. 
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Introduction 
Wind energy occupies one of the leading places among renewable sources of energy, as it has a 
number of economic and environmental advantages. The advantages of wind power plants include the 
absence of environmental pollution, the absence of harmful emissions into the atmosphere, and wind 
energy itself is inexhaustible and free. In addition, the advantage of wind power plants is the 
possibility of their installation in hard-to-reach areas, autonomy in functioning, that is, it does not 
depend on the operation of the power grid, and the absence of the need for large areas of land for their 
placement. 
 
To determine the location of the wind power plant, it is important to take into account the optimal 
meteorological conditions (wind potential of the area), stability of the soil for the installation of wind 
generators. Wind power generators are not an object of increased environmental danger according to 
the state list of environmentally dangerous types of activities approved in accordance with (On the 
approval…, 2017). At the same time, for the safe operation of wind turbines, it is necessary to 
establish a sanitary and protective zone in accordance with the requirements (SSR 173-96, n.d.). 
 
In addition, the impact of a possible wind turbine fire on adjacent objects remains uncertain, taking 
into account that the construction of wind power plants contains flammable lubricants and oil-
containing containers with a volume of up to 1300 liters, which in the event of destruction can have a 
significant thermal effect on adjacent objects. infrastructure and cause significant damage to the 
environment. Figure 1 shows an example of wind generator fires. 
 

 
Figure 1 Photo of fires at wind power plants 

 
To date, in the south of Ukraine, where a significant number of wind power generators are located, 
there are active hostilities caused by the military aggression of the Russian Federation. The 
destruction of such wind turbines as a result of mechanical damage, including shelling, can cause a 
fire, including ground fire, which can damage not only the upper fertile layer of the earth and animals 
that lead an underground lifestyle, but also underground infrastructural communications. Thus, the 
task arises to investigate the impact of an emergency situation on wind power generators on the 
environment, which is accompanied by their destruction and fire. 

 
The purpose and objectives of the study 
The purpose of the work is to assess the possible impact of a wind generator fire on the environment 
as a result of mechanical damage to its support. 
To achieve this goal: 
- on the basis of data on emergency situations at wind power generating stations, develop a fire 
scenario with the most unfavorable conditions for its development; 
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- develop a mathematical model based on FDS and simulate the temperature effect of a fire on the 
surrounding environment; 
- conduct a full-scale experiment to check the reliability of the data obtained as a result of the 
simulation; 
- on the basis of the received data, make an assessment of the consequences of a fire of wind power 
generators on the environment as a result of their mechanical damage. 
 
Presenting main material 
An analysis of fires that occurred at wind power plants showed that in most cases, fires occurred in 
the housing of the turbine of the wind power plant as a result of technical malfunctions or lightning 
striking the housing of wind power plants. Along with this, the most dangerous fire scenario is the 
collapse of the bearing support and the fall of the wind farm, which is subsequently accompanied by 
the depressurization of the turbine and the leakage of lubricant with subsequent ignition. The 
combustion area as a result of oil leakage from the turbine housing, taking into account the volume of 
1300 l, will be about 150 m2, while the calculation does not take into account the coefficient of 
absorption of a part of the spilled oil by the ground, to form the most dangerous fire scenario in terms 
of the amount of oil that can simultaneously burn. Based on the above data, FDS modeling of the 
possible impact of a wind generator fire on the environment, which occurred as a result of mechanical 
damage to the support and as a result caused the wind turbine to fall to the ground, was carried out. 
Modeling was carried out on the basis of methods and approaches defined in (McGrattan et al.,2013) 
Based on the results of the calculations, the maximum burning temperature of the lubricant on the 
surface of the earth, as well as the soil heating temperature at different depths, were determined. 
Figure 2 shows the obtained datas. 
 

  
 
                                           а)                                                                                                         b) 
Figure 2 Temperature distributions in the soil as a result of an oil spill accompanied by a fire, where 
a is the heating temperature directly on the surface of the earth; b – the maximum values of soil 
heating temperature at different depth levels 
 
To verify the reliability of the obtained results, a full-scale experiment was organized to investigate 
the impact of a possible fire on the environment in the event of an emergency situation accompanied 
by oil leakage from the wind generator and subsequent fire. Taking into account that during the fall of 
the wind generator, its mass creates a depression in the ground, creating a certain "reservoir" where 
the oil flows, it is determined that for an accident area of 1 m2, the amount of oil that will flow from 
the turbine will be at least 50 liters. The synthetic lubricant Castrol Optigear Synthetic X320/X320 
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WTO was used as the turbine lubricant, which corresponds to the data (Description…, 2016). In the 
conditional place of the accident at a depth of 20; 40; 60; Thermocouples are placed at 80 cm, which 
are connected to the information and measurement system "Thermokont" for knowing the temperature 
indicators in the soil. During the tests, the "sandy" soil type was chosen, as it is one of the most 
common soils for the southern regions of Ukraine, and it does not retain water well in the upper layers 
of the surface. During the experiment, the oil was heated to an operating temperature of 180oC for 7 
minutes, after which it was poured into a depression in the soil. During the pouring of turbine oil, its 
self-ignition was observed, which was accompanied by further burning until it was completely burned 
out during the 22-minute duration of the experiment. During this time, the "Termokont" system 
received data from thermocouples about the temperature regime at different levels of soil depth every 
10 seconds. Figure 3 shows a photo of the field experiment. 
 

 
 

Figure 3 Photo of fragments of a natural experiment 
 

Based on the results of the obtained data, it was determined that the maximum temperature value at 
the level of the soil depth of 20 cm reaches 81 oC; at the level of 40 cm - 46°C; at the level of 60 cm - 
28°C and at the level of 80 cm - 16°C. The maximum burning temperature of the lubricant on the soil 
surface was in the range of 680-710°C. The partial deviation of theoretical calculations and field tests 
can be explained by the presence of moisture in the sandy soil and a significant decrease in soil 
temperature at a depth of 0.5-1.0 m compared to the temperature at the level of the upper layers. 
 
Immediately after the completion of the process of free burning of the turbine oil, which was 22 
minutes, the temperature of the upper layer of the soil was determined with the help of a thermometer, 
which was 130 oC. During 6 minutes, the temperature of the upper layer of the soil decreased to 70oC. 
 
A separate stage of the research was the determination of the depth of soil impregnation by products 
of combustion as a result of spillage and combustion of turbine oil. The analysis showed significant 
coking of the upper layer of sandy loam to a depth of up to 5 cm, while at a depth of up to 30 cm there 
was a heterogeneous presence of oil in the soil layers, which may indicate its contamination. Figure 4 
shows a photo of a section of the top layer of the soil after the field studies were completed. 
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Figure 4 Photo of a section of the soil after burning out the turbine oil 

 
The obtained results are a prerequisite for further analysis of the impact of emergency situations, 
which are accompanied by oil spills and fires at wind power generators, on environmental objects, 
including nature. Given that the area around wind generators is often used for crops and growing 
agricultural products, potential accidents at wind power plants may create conditions for the 
unusability of these lands for a long time, or require cutting and replacement of the top layer of soils. 
Taking into account that under normal operating conditions, cases of destruction of wind power 
generators are not quite a common phenomenon, in the conditions of military operations, damage to 
such installations or other oil-filled infrastructure facilities is quite likely. In addition, in the case of 
massive damage to such objects in a certain limited area, such cases can lead to a significant 
environmental problem, both for the agro-industrial sector and for local fauna and animals that lead an 
underground lifestyle. 
 
Conclusions 
According to the results of the calculations and field studies, thermal distributions in the middle of 
different levels of soils, namely sandy loams, as a result of the burning of turbine oil on their surface, 
were obtained. The obtained research results will allow in the future to more accurately predict the 
possible potentially dangerous impact of a fire from a damaged wind power generator on the 
surrounding environment, as well as to develop measures to limit the spread of fire to adjacent 
objects. 
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