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Abstract. The paper presents an overview of the climate risk impact on the development of the renewable energy
facilities in the rural regions of Kazakhstan. Brief introduction in the current situation with climate changes
forecasts and evaluation of the climate risks is presented in the article. Rural regions are the most sensitive areas
to climate change. In addition to the actual farming, there is also an acute need to provide these areas with electrical
energy. Another aspect is the necessity of considering the increasing occurrence of climate catastrophes and their
impact on the facilities of power plants with renewable energy sources. Examples of such impact are also described
in the article. The model of the development of the renewable energy sources in the specific region of Kazakhstan
is provided. The climate risk factor has been introduced and considered in the model. Several ways of climate risk
mitigation are considered in the paper: power grid backup; proper selection of the type of renewable energy sources
(RES) based on climate risks; development of the energy storage facilities; regional grids interconnection and unit
commitment. Nowadays a lot of renewable energy projects are realized worldwide. Kazakhstan adopted several
programs of the renewable energy sources development as well, but climate risks have not been considered. We
believe that without taking into account climate risks it is impossible to build sustainable long-term development
of renewables, especially in the rural areas.
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Introduction

According to the United Nations press release, climate change is the ‘biggest threat modern humans
have ever faced’ [1]. It is a global problem which could affect all regions and countries in the world.
Kazakhstan is not an exception.

Climate is a statistical concept that is related to the weather over a long period of time. A description
of climate includes information on, e.g., the average temperature in different seasons, rainfall, and
sunshine. Also, the risk of unusual events such as storms, disasters is covered by the ‘climate’ term [2].

Consequently, the change in the long term of such parameters as the average annual temperature,
the speed and direction of movement of air masses, the number of sunny days per year are the parameters
of climate change. First of all, these parameters are of interest to us from the point of view of the
development of renewable energy sources.

At the same time, of course, the forecast for catastrophic climatic events, such as drought and
storms, also has a great influence on the development of RES in rural areas. Above all, these events have
an impact on the very possibility of developing farming in these areas. What is also important, such
events like storms have direct influence on electricity production. To prevent damages of wind turbines,
it is a necessity to stop their operation and the drop of electricity production could reach 70% [3].

Kazakhstan has a big potential for renewable energy facilities development [4], but in addition to
other aspects the climate change risk factor should be considered and applied to the model of RES
facilities selection and development forecasting. For such model creation and climate risk factor
implementation with specific values and numbers, the north region of Kazakhstan was chosen.

1. Materials and methods

1.1. Global climate changes scenarios and their impact on the renewable power generation
process

We will not cover here all aspects of climate change scenarios, but only what is mostly related to
the renewable energy facilities, specifically wind and solar power.

In 1988 the Intergovernmental Panel on Climate Change (IPCC) was created by the World
Meteorological Organization (WMO) and the United Nations Environment Programme (UNEP) [5].
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The main target of the organization is to provide governments and society with the latest
information regarding climate change problems on the global level. At the same time, there are a lot of
studies and institutions on the countries and regional level focused on the climate changes problem.
According to the latest IPCC climate change mitigation report, there are 8 scenarios (C1-C8) which have
been considered till 2100. An increase in mean annual temperature (1.5°C, 2°C, 2.5°C, 3°C, 4 °C),
combination of warming increase steps and the likelihood of this process are the basis for these scenarios
(Figure 1) [6].
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Fig. 1. Median global warming across scenarios in categories from C1-C8 [6]

An increase in temperature will upset the climate balance, and accordingly, air flows will change,
which in theory should influence the possibility of generating wind power.

IPCC latest report states that there will be no huge impact on the possibility of using wind energy
as a renewable energy source. More importantly, the statement that no major changes in the level of
wind energy generation are foreseen is based on a fairly small amount of data, in most cases in Europe
[6].

Other studies give certain predictive values, for example, a study that was carried out for Lithuania
gives a forecast of a decrease in the possibility of near-surface wind speed (10 m) up to 8% till the end
of 21% century [7]. One more example: according to the study [8], European wind farms, which are
planned to be installed by 2050, will remain mostly with a stable generation (about + 5% for different
climate scenarios) during the 21 century. But in some areas, for instance, Iberian peninsula, wind power
production could decrease up to 15% [8] with some climate change scenarios what is a real significant
value. Wind power output changes two times higher than the wind speed change. For Mediterranean
region wind power production decrease could reach 6-12%, but at the same time there are some
scenarios with 4-8% power production increase [9]. Thus, there is a certain difficulty in obtaining
sufficiently accurate forecasts and figures in the long term, because there are quite a lot of scenarios for
the development of events and a lack of data [6; 10].

With regard to the impact of climate change on generation using solar energy, it is noted that these
changes will not have a significant impact. Changes may be within < 3% until the end of the 21st century

[6].

1.2. Kazakhstan’s climate changes and wind forecast

To obtain information and visual data on Kazakhstan in terms of climate change and the predicted
wind speed, we used the IPCC WGI Interactive Atlas. The Atlas uses the latest IPCC data and climate
change scenarios [11].
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For the North regions of Kazakhstan, the forecast until the end of the 21st century in terms of the
wind speed shows its gradual decrease (Figure 2) [11].
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Fig. 2. CMIP6 — Surface wind change forecast for the North Kazakhstan area, % [11]

This tool uses all available models and scenarios. The numerical results of the simulation and the
values of the change in the wind speed are presented in Figure 3, 4 [11].

Considering the worst scenario, annual wind speed decrease could reach up to 9.9% till the end of
the 21° century. For the medium-term period (2041-2060) the value is 5.7%. For the short-term period
(2021-2040) the value is 4.3% [11].
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Fig. 3. CMIP6 — Surface wind change forecast for the North Kazakhstan area, 31 models, % [11]
P

® MNear Term (2021-2040)
*,'» Medium Term (2041-2080)
o ® Long Term (2081-2100)

! Surface wind (Change) %

+
o

F ¥: Surface wind {Change) %

Points: Models

834



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 25.-27.05.2022.

Fig. 4. CMIP6 — Surface wind change forecast for the North Kazakhstan area, 31 models, % [11]

Thus, for the purposes of modeling the conditions for the development of renewable energy sources,
we took three values for three periods of time: 2021-2040 — 4.3%, 2041-2060 — 5.7%, 2081-2100 —
9.9%.

1.3. Climate catastrophes and their impact on the facilities of RES

A few words about wind generation and climate catastrophes (storms). What is important to know
is that most wind turbines have wind speed limits for operation. Operation of a wind turbine is not
starting from zero wind speed but from a certain speed value. This value is called ‘cut-in’ speed. Also,
the turbine cannot operate beyond a certain speed, as too high a wind speed can damage the turbine
mechanisms. This speed is called ‘cut-out’ speed. The average values of these speeds are shown in
Figure 5 [12].

Power (kilowatts
A ‘ Rated output speed Cut-out speed
Rated output power Y y
Cut-in speed
35 14 25

Steady wind speed (metres/second)
Fig. 5. Typical wind turbine power speed with steady wind speed [12]

Figure 6 shows an example of what can happen to a turbine if the blades are not stopped spinning
at high wind speeds [13].

Fig. 6. Effects of a storm on a wind turbine. Image: Stuart McMahon/Getty [13]
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According to the forecast [6] the probability of occurrence of such events and the geography of their
distribution will increase due to climate change. Therefore, this should be taken into account when
building new RES capacities and operating existing ones.

2. Results and discussion

According to the analysis, there is no doubt that the wind speed will change. To analyse the impact
of the process of renewable energy source development in the rural regions of the North Kazakhstan a
modelling process was performed.

The Global Wind Atlas was used for wind energy potential calculation [14]. Mean wind speed map
for 50 m helghts is represented below (Flgure 7) [14]
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Fig. 7. Mean wind speed map for 50 m heights [14]

Mean wind speed was calculated as 6.93 m-s™* and the average wind power potential is 375 W-m
(Figure 8) [14].
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Fig. 8. Wind calculacion data for 50 m heights [14]

For forecasting purposes, considering climate risks, it is necessary to introduce a correction factor
for each forecast period, which will be proportional to the predicted changes in the wind speed in future.

The turbine power depends on the wind speed according to the relation [15]:
P=n/2-7*-v-p -y, QD
where r — turbine radius;
v —wind speed,;
p — air density;
n — efficiency factor.

The calculation results are presented in Table 1.

Table 1
Wind power potential calculations considering the climate change factor

for the rural regions of the North Kazakhstan

Period, Wind speed climate Wind speed, Wind power,
years factor, % m-s*! W-m
Base period (2022) 0 6.93 375.06
2021-2040 -4.30% 6.63 328.73
2041-2060 -5.70% 6.53 31451
2081-2100 -9.90% 6.24 274.33

As we can see, there is a rather significant decrease in the wind potential of the region, when the
worst-case climate scenario is implemented. It is necessary to compensate for this power loss by adding
solar generation to wind generation, considering, for instance, the potential of solar energy in this region
as it is not affected seriously by the climate change process [6; 16].
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Fig. 9. Photovoltaic power output for the North Kazakhstan [16]

The combination of solar and wind power will make it possible to optimally use the potential of
renewable resources in the region in the long term [17; 18].

Another prospective renewable energy source in the region is biofuel. Kazakhstan’s rural regions
have a significant biofuel energy potential. However, this type of renewable energy source is
underestimated and undeveloped [4].

At the same time, it is also necessary to consider the possibility of using energy storage devices and
connecting to the unified power system, considering and solving the unit commitment problem [4; 18].

As it was mentioned above, there are not so many studies on our research topic, mainly in the EU
and US [19], but most of them show a negative climate change impact on the wind energy production
and the necessity of having a backup with solar or biofuel power. For instance, Latin America and
Caribbean research study case provides us with such scenario [20].

Conclusions

Climate change will affect all countries and aspects of our life. Renewable energy is considered as
a driver to improve life and climate on the planet, but at the same time climate change can affect
renewable energy development. Nowadays, there are not many studies on this topic, but every year there
are more and more of them.

According to our research, at the end of the 21% century the Northern rural regions of Kazakhstan
will face a problem of declining surface wind speeds. This decrease can reach up to 10%. At the moment,
wind energy potential of the region is about 375 W-m2 But in the worst-case scenario, the wind energy
potential can drop down to about 274 W-m-2,

This is quite a significant amount, therefore, solutions to the problem have been proposed, such as
using solar energy, electricity storage and considering the possibility of integrating renewable energy
sources into the energy system.

Also, when designing renewable energy sources, the risks of storms, which will occur more often
and not only in coastal areas, should be taken into account.
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Kazakhstan has great potential and plans for the development of renewable energy sources,
therefore, it will be necessary to consider the climate risk factor in the development and take the
necessary actions to level the negative impact of the climate change process.
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