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Abstract

The article is devoted to the study of the possibilities of using the wind
resources of the Khizi region in energy production. The study emphasizes
territorial geographic characteristics and resource availability as primary
determinants for power plant siting. The research database is based on the
analysis of information obtained from various sources, such as measure-
ments of meteorological stations, the Global Wind Atlas, and NASA Power
data. The wind energy potential of the region was assessed based on
meteorological indicators, and prospective areas were identified using GIS,
taking into account factors such as land use, environmental impact, and
energy demand. The collected data was processed using mathematical
models, GIS analyses, economic analyses, and cartographic methods. Op-
timal areas for the construction of wind power plants (WPP) were identified
based on the main wind parameters, including average wind speed, wind
direction, and seasonal wind regime, which reflects long-term va-riability
and intra-annual fluctuations. As a result, the wind energy potential of the
Khizi region was assessed using GIS-based microzoning and 1981-2022 of
meteorological data. The selected location covers an area of 250 km?, and 20
deployment zones with 40 turbines can be built in this field. The potential
wind energy production in the area is possible to be 295.7 GWh, which

could contribute 12% to Azerbaijan's 2030 renewable energy targets.

1. Introduction

The growth of the world population and the
development of industry are deepening the global
challenges related to energy security and climate
change [3]. According to the Renewable Global
Status Report (REN21), global electricity produc-
tion from wind energy will reach 10% in 2023
[15]. In particular, rapid growth in wind energy
production is observed in Europe and China. In
accordance with this trend, expanding the use of
alternative energy sources in Azerbaijan is also
important from an economic and environmental
perspective. Here, the use of renewable energy
sources is not only relevant, but also increases the
strategic importance of wind energy in particular.
Thus, wind energy constitutes a key component of
Azerbaijan's renewable energy strategy due to its
sustainability and resource abundance.

Khizi district, located within the Khizi-Ab-
sheron economic region, possesses the highest
wind energy potential in Azerbaijan. Long-term
analysis of wind speed data over a 41-year period
(1981-2022) indicates an average wind speed of

approximately 5.5 m/s [17]. Although the district
is considered highly suitable for wind power plant
(WPP) development, aspects such as GIS-based
microzoning have not been comprehensively in-
vestigated. This study aims to quantify the wind
energy potential of the Khizi district and evaluate
its prospective contribution to Azerbaijan’s 2030
renewable energy targets. The region's geograph-
ical characteristics-such as its proximity to the
Caspian Sea, presence of low hills, and availabil-
ity of uncultivable land-along with the prevalence
of strong northerly winds during the winter
months, position Khizi as one of the most promis-
ing regions for wind energy development in the
country. However, while previous research has
assessed Azerbaijan’s general wind energy poten-
tial, detailed investigations focusing on site-spe-
cific meteorological conditions, GIS-based spatial
analysis, and optimized wind turbine placement
strategies in Khizi District remain limited and in-
sufficiently substantiated [14].

In order to ensure effective deployment of
WPPs in the Khizi district, it is necessary to con-
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duct a thorough analysis of climatic factors’, par-
ticularly wind speed analysis, and to evaluate the
region’s potential for green energy development.
The Government of Azerbaijan has set a strategic
goal to increase the share of renewable energy in
electricity generation by 2030 [12]. The Khizi
District is well-positioned to support this objec-
tive, as it possesses some of the most favorable
conditions in the country in terms of wind energy
potential and land use conditions. In addition, the
construction of WPPs in the Khizi district can
contribute significantly to environmental protec-
tion, carbon emission reduction, and economic
development of the region. For instance, consider-
ing Azerbaijan’s electricity generation mix, re-
placing fossil fuel energy with 295.7 GWh of
wind energy could reduce CO: emissions by ap-
proximately 100452 tons annually, assuming an
emission factor of 0.45 kg (CO2/kWh).

1.1. Problem statement.

While previous studies have acknowledged the
high wind energy potential of the Khizi—Absheron
economic region [1; 11; 12; 13], a critical research
gap persists in the form of a detailed, spatially-
explicit assessment for the Khizi District itself.
Existing works, such as those by Gardashov et al.
[12], Aliyev [2], and Salamov [19], provide valu-
able insights into Azerbaijan's general wind po-
tential but lack the granular, location-specific
analysis required for practical Wind Power Plant
(WPP) deployment. Although Ismayilov et al.
[14] contributed to a geographical atlas [9], their
study did not incorporate a comprehensive GIS-
based micro-siting methodology. Consequently,
there is a lack of a scientifically robust framework
that integrates long-term meteorological data with
GIS-based multi-criteria analysis to identify opti-
mal turbine placement locations within the Khizi
District. This study aims to address this gap by
conducting a high-resolution assessment of the
region's wind resources, combining statistical ana-
lysis of a 41-year wind dataset with GIS spatial
modeling to provide a precise and actionable
evaluation of Khizi's wind energy potential for
effective project planning.

1.2. Review of previous studies

Research on Azerbaijan's wind energy poten-
tial has established a foundational understanding
of the resource, though site-specific studies for
optimal WPP placement remain limited. Key
national assessments, such as those by Gardashov
and Gardashov [12], have applied analytical me-
thods like the Weibull distribution to evaluate the
general wind potential, highlighting coastal zones
as particularly promising. Similarly, Aliyev [2]

and Salamov et al. [19] provided early estimations
of wind resources, focusing broadly on the Ab-
sheron Peninsula and identifying it as a key area
of interest.

The critical role of geospatial analysis in wind
farm planning is well-documented in international
literature. Bandoc et al. [4] demonstrated the ef-
ficacy of GIS for large-scale wind potential asses-
sments, integrating topographic and meteorolo-
gical data. This approach is essential for iden-
tifying viable locations while considering land use
constraints. Furthermore, studies like those by
Sahin et al. [20] in the Igdir Province of Turkey
provide valuable methodological frameworks for
regional wind energy site suitability analysis that
can be contextualized for similar semi-arid,
moderate-wind regions like Khizi.

A significant contribution to the national da-
taset was made by Ismayilov et al. [14], who de-
veloped a wind atlas for Azerbaijan using Weibull
analysis. However, their work did not fully
leverage GIS-based multi-criteria decision ana-
lysis for micro-siting, which is crucial for addres-
sing local infrastructural, environmental, and
socio-economic factors. This gap is particularly
relevant for the Khizi district, which, despite
being recognized in strategic documents [12] and
preliminary assessments [16] as a high-potential
zone, lacks a detailed, spatially-explicit feasibility
study that integrates long-term wind data, land use
compatibility, and economic viability to identify
deployable sub-zones and calculate realistic
energy yields.

This study builds upon these previous works
by implementing a integrated methodology that
combines a 41-year meteorological dataset with
advanced GIS spatial analysis to perform a micro-
scale assessment of the Khizi district, thereby
transitioning from general potential to actionable
project development insights.

2. Materials and Methods

For the analysis of wind speed, hourly data
from the Khizi meteorological station, 0.5°x0.5°
grid data from the NASA POWER platform for
the period 1981-2022 [17], and microzonation
models from the Global Wind Atlas were utilized
[21]. Long-term variability was statistically eval-
uated using the Mann—Kendall trend test and
Sen’s slope estimator. The suitability of areas was
assessed using GIS-based spatial analysis, math-
ematical models (energy production equations),
and economic assessments. The materials used to
investigate the strategic importance of wind ener-
gy sources include the following:
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Literature and reports: Key references include
the Agroclimatic Atlas of Azerbaijan, the Geo-
graphical Atlas of Azerbaijan, and reports from
the Hydrometeorological Service Bureau.

Official statistical data: Based on the data pro-
vided by the Ministry of Energy of Azerbaijan,
the State Agency for Renewable Energy Sources,
and the State Statistical Committee, analyze the
national energy balance, fuel-based production,
and the share of renewable energy.

Energy Sector Strategy: Government-led stra-
tegic documents and projects focusing on the de-
velopment of the alternative energy sector were
reviewed.

Comparative Analysis: Wind speed data from
the Khizi District were compared with those of
other regions in Azerbaijan to assess relative per-
formance.

Turbine models: The hub-height wind speed
(100 m) was extrapolated from the 10 m observa-
tional dataset using the power-law with an expo-
nent o = 0.14, resulting in a representative wind
speed of approximately 6.8 m/s. a was selected
based on coastal semi-flat terrain characteristics
consistent with Class II wind regimes. Based on
this value, the expected capacity factor of the se-
lected 3.45 MW IEC Class II turbine is approxi-
mately 24.5%, which corresponds to typical
performance levels for medium-wind Class II
sites. Therefore, this turbine type is fully compati-
ble with the meteorological characteristics of the
study area.

3. Results.

The average annual wind speed at a height of
10 meters in the Khizi region between 1981 and

2022 were studied based on NASA Power data
[17]. The analysis focused on monthly and sea-
sonal wind speeds. The results indicated that the
lowest wind speed in summer is observed in July.
The monthly wind speed in the region varies be-
tween 4.2 m/s and 6.5 m/s. Relatively low wind
speeds are observed in this season, especially in
July and August (Table 1, Figure 3).

Long-term wind speed analysis (1981-2022)
reveals distinct seasonal patterns in the Khizi dis-
trict (Table 1). Winter and autumn months exhibit
the highest wind speeds, optimal for energy gen-
eration, while summer months show significantly
lower velocities. October consistently emerges as
the windiest month across most observational pe-
riods.

An analysis of the overall annual average wind
speeds determined that there were certain changes
in wind speed between 1981 and 2022. In particu-
lar, although a relative stabilization in wind
speeds was observed after the mid-1990s, signifi-
cant increases in wind speed were recorded in
some years. The wind speed distribution map of
the Khizi region illustrates the spatial variability
of the distribution of wind speed across the terri-
tory and demonstrates the highest wind energy
potential of the Caspian Sea coast (Fig. 1).

In terms of seasonal variation, the wind speed
in winter months was higher than in other seasons.
In contrast, the average wind speed in summer
months (June-August) was in the range of 4.1-5.2
m/s, representing a 28% decrease compared to
winter values (Table).

Table

Seasonal and 3-year average wind speeds at 10 m height in Khizi district (1981-2022) [17]

Year Range Winter (Dec- | Spring (Mar- |Summer (Jun- Fall Average Annual Wind
Feb) May) Aug) (Sep-Nov) Speed
1981-1983 591 5.20 4.88 5.05 543
1984-1986 5.82 4.89 5.05 5.23 5.53
1987-1989 5.87 4.93 4.98 5.18 5.52
1990-1992 5.76 4.96 4.81 5.33 541
1993-1995 5.84 4.82 5.00 5.50 5.55
1996-1998 542 4.61 4.95 5.38 5.53
1999-2001 5.49 4.72 4.79 5.37 5.38
2002-2004 5.35 4.87 4.90 5.48 5.26
2005-2007 5.62 4.96 4.76 5.48 545
2008-2010 5.84 4.83 4.83 5.44 531
2011-2013 5.37 4.60 4.90 5.33 5.28
2014-2016 5.91 4.93 4.86 543 5.69
2017-2019 5.71 4.78 5.17 547 5.59
2020-2022 5.61 4.89 5.15 5.32 5.51
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Figure 1. Average annual wind speed in Khizi district (1981-2022)
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Figure 2. Annual average wind speed trend (1981-2022) [17]

However, it is 24% lower than that of the Dan-
ish coastal zones (7.2 m/s). Nevertheless, the large
expanse of undeveloped land and the simplicity of
land ownership make Khizi district more econom-
ically efficient. This can also be seen from the
table showing the wind energy potential of this
area. The annual variation in wind speed was vis-
ualized as the annual variability of wind speed in
the area with a trend line (Fig. 2).

This trend may be attributed to the negative
phase of the North Atlantic Oscillation (NAO).
Also, the average wind speed of Khizi is approx-
imately 15% higher than that of the Igdir Province
of Turkey (4.8 m/s) [20].

To assess the wind energy production potential
in Khizi district, the data for the years 1981-2022
at a standard height of 10 meters were analyzed,

and the average monthly wind speed for this peri-
od was calculated. According to the analysis re-
sults, since the intensity of the northern winds is
higher in the cold seasons of the year, a trend is
clearly reflected in the seasonal wind speed val-
ues. The dynamics of wind speed by season (7a-
ble) and peak speeds in the autumn months were
spatially analyzed using GIS tools, and in Decem-
ber, the maximum speed zones (6.5-7.0 m/s) were
identified approximately 2 km inland from the
Caspian Sea coastline. Thus, the average wind
speed in January was 5.68 m/s, in February 5.85
m/s, and in March 5.86 m/s [17]. A decrease in
wind speed was observed in the summer months:
5.2 m/s was recorded in April, 4.8 m/s in May,
and 4.73 m/s in June.
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Figure 3. Average wind speed by month (1981-2022) [17]
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Figure 4. Average monthly wind speed data trend (1981-2022) [17]

An increase in wind speed was observed dur-
ing the late summer months: 5.0 m/s in July, 5.1
m/s in August, and 5.75 m/s in September. In the
autumn months, wind speed remained high: 6.01
m/s in October, 5.92 m/s in November, and 5.86
m/s in December [17]. These findings confirm the
favourable meteorological conditions for the ex-
ploitation of wind energy for the potential use of
wind energy. This research represents the present-
ed data and provides a robust scientific foundation
for the efficient use of natural resources in prom-
ising areas such as the Khizi region in terms of
wind energy. It is significant not only as the first
comprehensive and multidimensional analysis to
quantify the wind energy potential of Khizi, but
also of importance both scientifically (GIS and
meteorological model synthesis) and from an ap-
plied (roadmap for the 2030 strategy) perspective.

The trend line in the monthly wind speed val-
ues in the graph below shows that the wind speed
does not remain constant over the years, or that
there is an average speed difference of 1.2 m/s
between June and October, and that it suggests a
consistent seasonal trend. The differences in wind

speed between seasons are significant (Fig. 4).
The average speed difference between winter and
autumn is 1.3 m/s, and between summer and win-
ter is 2.1 m/s. From the point of view of site suita-
bility for WPP construction, wind speed is a key
indicator for electricity generation. If the average
speed is between 5 and 6 m/s and no large fluctua-
tions are observed, this may indicate favorable
conditions for a WPP. Linear trend analysis is
favorable for wind power generation, along with
the statistical stability of wind speed over 41
years, with no extreme anomalies. This wind
speed data contributes to the stable and predicta-
ble energy production in the area, which is an im-
portant factor for economic feasibility and grid
integration. Also, the wind regime of the region is
characterized by fairly intense wind conditions
that do not threaten the mechanical integrity of
wind turbines. Thus, for the efficient operation of
modern wind turbines, a minimum wind speed of
4-5 m/s is required. The analyzed data reaffirms
that the average wind speed consistently exceeds
this threshold, making the region favorable for the
development of wind energy.
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Figure 5. Optimal area for wind power plants installation

The spatial variability of wind speed (spatial
variability of wind speed) in the Khizi region was
modelled using NASA’s POWER data platform
and GIS (ArcMap 10.8) based on available long-
term meteorological data [4]. The areas suitable
for the placement of turbines in the area were con-
sidered based on land use (e.g., agriculture, resi-
dential areas) and constraints (e.g., protected
natural areas, transportation and utility infrastruc-
ture). As can be seen in the figure, the wind speed
in the region is more intense around the coast, and
the vacant areas also coincide with these areas.
GIS-based spatial analysis identified optimal
zones for turbine placement based on wind speed
(>5.5 m/s) and proximity constraints (>500 m
from settlements) (Figure 5). The total suitable
area covers 250 km? accommodating 40 turbines
across 20 deployment zones. Based on turbine
spacing standards (600-900 m) and exclusion
buffers, each sub-zone can host between 1 and 4
turbines, resulting in a total capacity of 40 tur-
bines across the 20 deployment zones. These 20
optimal zones and 40 turbine locations take into
account wind potential, relief, land use type, envi-
ronment and social constraints through a GIS-
based microzoning method.

The annual energy yield was calculated using
the capacity factor method. For the selected 3.45
MW IEC Class II turbine operating at a hub-
height wind speed of 6.8 m/s, the capacity factor
is 24.5%, resulting in an annual output of

approximately 7.4 GWh per turbine. This
approach enables precise forecasting of both
installed capacity and energy generation for each
selected site, while also providing a basis for
economic valuation and revenue potential
assessment. The following standard wind energy
equation was employed to estimate the annual
energy output:

E=05XxpXAXvPXtxng

(1)

Where:

¢ E: Estimated energy output (kWh or MWh)

e p: Air density (typically 1.225 kg/m? at sea

level)
A: Swept area of the turbine blades (m?)
v: Average wind speed (m/s)
t: Time duration (hours/year)

¢ 1: Capacity Factor of the turbine.

In here the cubic power equation is provided
for theoretical context; annual energy was
calculated using the capacity factor (CF) method.
This formula provides a scientific basis for
quantifying the wind energy potential of the Khizi
district and supports investment planning for WPP
infrastructure. Based on the technical characte-
ristics of wind turbines, their electricity generation
capabilities at different wind speeds and rotor di-
ameters were assessed. The analysis focused on
identifying the most efficient turbine models
compatible with the region's wind resource pro-
file. As a result, the "Generic IEC Class" turbine
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with a rated capacity of 3.45 MW was selected as
the most suitable option due to its high perfor-
mance, cost-effectiveness, and opera-tional effici-
ency under moderate wind conditions. Based on
41 years of wind observations in the Khizi region
(average annual wind speed of 5.5 m/s, appro-
ximately 67 m/s at 100 m hub height, low tur-
bulence intensity, and rare extreme wind events),
the site corresponds to the medium-wind category
defined as IEC Class II under the IEC 61400
standard. Therefore, selecting the 3.45 MW
‘Generic IEC Class’s turbine is both technically
and economically optimal for the region. Class I
turbines would be unnecessarily robust and costly
for Khizi’s wind regime, while Class III turbines
would underperform under the local wind condi-
tions. Hence, the chosen IEC Class turbine model
is fully compatible with the wind characteristics
of the study area. The 3.45 MW IEC Class 1l
turbine was selected as optimal for Khizi's wind
regime. This class provides the ideal balance
between performance and cost-effectiveness for
the region's moderate wind speeds, avoiding the
over-engineering of Class [ turbines and the
underperformance of Class III models in these
conditions. Due to their high performance and
reasonable price, these turbines provide more
efficient results in the field. The tower height of
this turbine is 100 m, the blade diameter is 126 m,
and the nominal power is 3450 kW. The wind
speed for this turbine is calculated to be 8.5 m/s at
100 meters above ground level. As an example,
the power of this turbine is given in more detail in
the following example according to formula 1.

"Generic IEC Class" wind turbine

e Rotor diameter = 126 m
e Wind speed, v = 6.8 m/s (extrapolated

from 10 m data using the power-law
with a =0.14)
Blade length, 1 =63 m
Air density, p = 1,23 kg/m?
Area, A = (1 X 1?)
A =763%= 12466 m?
T =28760
n =0.2446

The theoretical annual energy output can be
estimated using the standard wind power equation
(1). However, for practical energy yield
calculations, the capacity factor (CF) method was
employed. The net annual production per turbine
was calculated as follows:

E=P x CF x 8760 h

The calculation of Wind energy based on the
average annual energy production of a single
turbine is as follows:

E=1/2x 1,23 x 12466 x 6.8° x 8760 x 0.2446
=7.4 GWh

The wind energy potential of the Khizi region
was estimated using a standard wind power calcu-
lation formula. These estimations were applied to
the technical specifications of a single turbine,
yielding the aforementioned energy output. It is
important to note that the required total capacity
can be achieved by increasing the number of in-
stalled turbines in proportion to the regional ener-
gy demand. The actual energy production of a
wind turbine is highly dependent on wind speed.
While energy generation typically occurs in the
range of 3 to 12 m/s, the turbine reaches its rated
(nominal) power output of 3,450 kW once wind
speeds exceed 12 m/s, after which the output re-
mains constant. Given that daily average wind
speeds in Khizi generally fluctuate between 4.5
and 6.5 m/s, the expected average operational
output of the turbine is approximately 690 kW.
Based on the extrapolated hub-height wind speed
of 6.8 m/s, the calculated capacity factor of the
selected 3.45 MW IEC Class II turbine is approx-
imately 24.5%.

According to the average annual energy pro-
duction of a single turbine and based on the aver-
age annual electricity consumption per household
in Azerbaijan (approximately 2,000-3,000 kWh
for homes without electric heating systems), one
345 MW wind turbine producing around 7.4
GWh/turbine per year can meet the electricity
demand of approximately 2957 households (7.4
GWh/2,500 kWh/house~2957 households). For
consistency, the total annual output of the 40-
turbine configuration is standardized as: Eiw =
295.7 GWh/year, and this value is used uniformly
in all later calculations (CO: reduction and eco-
nomic analysis).

By evaluating the region's suitability under
prevailing wind conditions, an economic analysis
was conducted on the initial installation costs of
the turbines, maintenance costs, and income from
energy production. An economic analysis was
also conducted, factoring in the initial capital in-
vestment, operation and maintenance costs, and
expected revenue from electricity generation. The
calculated LCOE of $0.045/kWh reflects compre-
hensive economic modeling, incorporating capital
expenditures (turbine procurement, civil works,
grid connection), operational costs (maintenance,
insurance, administration), and standard financial
parameters (20-25-year lifetime, 7-8% discount
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rate, 24.5% capacity factor). This cost level
demonstrates strong competitiveness against cur-
rent Azerbaijani electricity prices ($0.050-
0.055/kWh) and enhances project bankability. In
addition, the environmental impact (e.g., bird mi-
gration routes and noise pollution) should also be
taken into account when placing turbines, and the
placement of turbines should be consistent with
the interests of the community living in the area
[5]- To mitigate environmental risks, it is essential
to map ecologically sensitive areas, especially
protected zones, and ensure that turbine placement
does not conflict with wildlife conservation or the
interests of local communities [22].

Field photographs were collected in 2025 by
the author of the study area and visually demon-
strates the practical application potential of the
Sitalchay, Yeni Yashma and, Shorabad area. As
can be seen, the flat relief and sparse vegetation
create favorable conditions for the transportation
and installation of wind turbines. The lack density
and wide spacing of agricultural areas and settle-
ments is an additional advantage from a social and
environmental perspective. At the same time, the
proximity to existing power transmission lines
and transport infrastructure (road, rail and sea)
allows for cost reduction and easier integration
into the grid when building new wind turbines.

When analyzing the photographs of the area. it
is clear that the relief is open and favorable condi-
tions for wind energy production. The photo-
graphs demonstrate socio-technical compatibility
(agriculture. distance from settlements. open ter-
rain) (Fig. 6a—d)

rable turbine technology.

a) (40°4920"N. 49°25'16"E) — relatively
smooth terrain and sparse agricultural areas;

b) (40°48'03"N. 49°26'57"E) — flat terrain and
sparse vegetation opportunities for combining
agriculture with energy infrastructure;

c) (40°49"21"N. 49°26'17"E) — open terrain
and distance from nearby settlements;

d) (40°52'01"N. 49°31'28"E) — open terrain
sparse agricultural areas and proximity to existing
power lines and transport infrastructure.

Field photographs (Fig. 6) visually confirm the
key characteristics of the identified sites: predom-
inantly flat terrain, sparse vegetation, and proxim-
ity to existing infrastructure such as roads and
power lines. These factors collectively reduce in-
stallation costs, simplify logistics, and facilitate
grid connection, enhancing the overall feasibility
of WPP development in the study area.

4. Discussion

This study provides the first comprehensive
assessment of wind energy potential in the Khizi
district, integrating long-term meteorological data
with GIS spatial analysis. The identified seasonal
pattern-with peak winds in winter and autumn-
aligns with the regional climate dynamics influ-
enced by Caspian Sea effects and the North Atlan-
tic Oscillation.

The calculated capacity factor of 24.5% for the
selected 3.45 MW IEC Class II turbine positions
Khizi competitively against other moderate-wind
regions. For comparison, similar regions in East-
ern Turkey achieve capacity factors of 17-20%,
while Georgian sites report 16-19% with compa-
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The proposed 138 MW wind farm could gen-
erate approximately 295.7 GWh annually, con-
tributing significantly to Azerbaijan's 2030
renewable energy targets. With an estimated
LCOE of $0.045/kWh, the project demonstrates
economic viability compared to current electricity
costs in Azerbaijan ($0.050-0.055/kWh).

The significant seasonal variation in wind
speed, particularly the lower velocities during
summer months, highlights the potential for hy-
brid wind-solar systems. As identified in this
study, the region receives high average annual
solar radiation (1550 kWh/year), creating ideal
conditions for complementary solar energy gener-
ation. Following models such as the Tamil Nadu
hybrid system, an optimal ratio of 30% wind and
70% solar could substantially improve supply sta-
bility throughout the year. During peak solar peri-
ods in summer, solar generation would
compensate for reduced wind speeds, while in-
creased wind resources in autumn and winter
would offset declining solar radiation.

The reliance on NASA POWER and Global
Wind Atlas data, while comprehensive, may not
capture micro-scale topographic effects. Future
studies would benefit from high-resolution local
measurements and detailed feasibility analysis of
hybrid wind-solar configurations to optimize re-
newable energy integration in the Khizi district.

5. Conclusions.

This study assessed the wind energy potential
of the Khizi region through GIS-based analyses,
meteorological data, and economic analyses,
providing a scientific basis for the efficient use of
renewable energy sources in the region. Data col-
lected for the years 1981-2022 show that the aver-
age annual wind speed in the Khizi region is 5.5
m/s. Although the wind speed varies by season, it
is higher in winter and autumn (5.5-6.5 m/s) and
relatively lower in summer (4.1-5.2 m/s). These
values consistently exceed the minimum speed
limit (4-5 m/s) required for the effective operation
of modern wind turbines, confirming that the re-
gion is suitable for wind energy production. As a
result of the GIS-based modelling used during the
study, a potential area of more than 250 km? was
identified. It is possible to establish a 40-turbine
power plant with a total capacity of 138 MW (40
x 3.45 MW = 138 MW) on these lands. The pro-
posed 40x3.45 MW turbines have an estimated
annual production capacity of approximately
295.7 GWh, equivalent to an average continuous
output of 25.5 MW (295.7 GWh/8,760 hours).
The WPP’s total installed capacity is 138 MW,
representing approximately 1.7% of Azerbaijan’s

current national installed capacity (=8 GW). This
level of production would be sufficient to meet
the annual electricity needs of roughly 103,880
households (assuming 2,500 kWh per household
per year). GIS analyses, land use, environmental
constraints, and infrastructure factors were taken
into account for the optimal placement of tur-
bines. If realized, the proposed wind energy pro-
jects could result in a reduction of carbon
emissions by approximately 100,440 tons annual-
ly, contributing to Azerbaijan’s green energy tran-
sition and long-term climate goals. The findings
are of great importance in unlocking the country's
renewable energy potential and will make the
Khizi region a key player in the use of renewable
energy sources, positively impacting Azerbaijan's
energy strategy and environmental sustainability.
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XI1ZI RAYONUNUN KULOK ENERJIiSi
POTENSIALININ COGRAFI
QiYMOTLONDIRILMOSIi: TEXNIiKi VO
IQTiISADI TOHLIL

N.S.imamverdiyev

Xiilasa. Moqalo Xiz1 rayonunun kiilok resurslarin-
dan enerji istehsalinda istifads imkanlarinin dyronilmo-
sino hoesr olunmusdur. Todqiqatda orazi-cografi xiisu-
siyyatlor vo resurs mévcudlugu elektrik stansiyalarinin
yerlosdirilmasinin asas toyinedicilori kimi vurgulanir.
Tadqigatin mslumat bazasi meteoroloji stansiyalarin
6l¢molori, Qlobal Kiilok Atlasi vo NASA Power malu-
matlar1 kimi miixtolif monbalordon olds edilmis malu-
matlarmn tohlilino asaslanir. Rayonun kiilok enerjisi po-
tensiali meteoroloji gostaricilor asasinda qiymatlondi-
rilmis, torpaqdan istifado, otraf miihito tosir vo enerji
tolobat1 kimi amillor nazars alinmagqla, perspektivli sa-
holor Cografi Informasiya Sistemlori (CIS) vasitosilo
miioyyon edilmisdir. Toplanmig molumatlar riyazi mo-
dellor, CIS tohlillori, igtisadi tohlillor vo kartografik
tisullardan istifado etmoklo islonmigdir. Kiilok elektrik
stansiyalarinin (KES) tikintisi ii¢iin optimal sahoslor or-
ta kiilok siirati, kiilok istiqgamati vo uzunmiiddatli doyis-
kenliyi va ildaxili dalgalanmalari oks etdiron mévsiimi
kiilok rejimi daxil olmagqla asas kiilok parametrlori asa-
sinda miioyyon edilmisdir. Noticods, Xiz1 rayonunun
kiilok enerjisi potensiali CIS osasli mikrozonlasdirma
va 1981-2022-ci illor meteoroloji malumatlarindan isti-
fado etmoklo giymotlondirilmigdir. Seg¢ilmis orazi 250
km? sahani shats edir vo bu sahads 40 turbin iigiin na-
zords tutulmus 20 qurasdirma zonasi insa edils bilor.
Burada potensial kiilok enerjisi istehsalinin 295,7 GWh
ola bilacayi, bu isa Azarbaycanin 2030-cii il ti¢iin bor-
pa olunan enerji magsadlorinin 12%-ni toskil eds bilo-
coyl miiayyan edilmisdir.

Acar sozlor: Borpa olunan enerji monbolori, kiilok

enerjisi, CIS tohlili, enerji potensiali, elektrik stan-
siyalart.
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