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ASSESSMENT OF SOLAR ENERGY POTENTIAL IN ZANGILAN,
KALBAJAR AND QUBADLI DISTRICTS OF AZERBAIJAN
ON THE SPRING EQUINOX

This article considers the main problems contributing East Zangezur, a region of strategic and eco-
logical significance in Azerbaijan, has emerged as a focus of large-scale restoration efforts following
its liberation. Comprising Jabrayil, Kalbajar, Lachin, Gubadli, and Zangilan districts, the district boasts
diverse natural resources, including forests, rivers, and fertile soils. Despite the damage inflicted during
the occupation, substantial progress is being made to restore the ecological balance, including forest re-
generation, water purification, and renewable energy initiatives. This study emphasizes the solar energy
potential of Zangilan, Kalbajar, and Gubadli districts, highlighting their geographical advantages and
year-round sunlight availability. Detailed calculations of solar radiation and zenith angles on March 20th
2024 demonstrate the viability of solar projects in these areas. The findings underscore East Zangezur’s
renewable energy prospects and its role in Azerbaijan’s sustainable development strategy.

Key words: East Zangezur, sustainable development, renewable energy, solar energy potential, solar
panel installations.
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Baky MEMAEKETTIK YHMBEPCUTETI, SKOAOTUS XKOHE ToMbipakTaHy akyAbTeTi, baky, O3ipbaikaH
* e-mail: mehluge_yusifli@mail.ru

O3ip6ai>kaH KaracbiHbIH, 39HriAaH, Kar6axkap xaHe Kyb6aaAbl ayAaHbIHAAFDBI
KYH DHEprusiCbiHbIH, dAeyeTiH OaFaray

ByA Makarapa O3ipbar>kaHHbIH, CTPATErnsAbIK, XXOHe 3KOAOMMSAbIK, MaHpI3bl 6ap anmarbl GOAbIM
TabbiAaTbiH LLbiFbIC 38Hre3ypai asaT eTKeHHEH KeWiH ayKbIMAbl KAATMbIHA KEATIPY >KYMbICTapbIHbIH
oluarbl peTiHAe narnaa 60AFaH Herisri npobAaemasap KapacTbipbiraabl. XKabparbia, Karbaxap, AaublH,
Fyb6aanbl xeHe 38HriAaH ayAaHAAPbIH KAMTUTbIH aliMaK, OPMaHAAPbl, ©3EHAEPI >K&HE KYHapAbl TOMbI-
pakTapbl CUSIKTbl aAyaH TYPAi Taburn pecypcrapra ne. OKKynaums Ke3iHAe KEeATIPIAreH 3aAaAFa Kapa-
MaCTaH, 3KOAOIUSIAbIK, TeMe-TEHAIKTI KQAMNbIHA KEATIPYAE, COHbIH, iLLIHAE OPMaHAAPAb! KAATMbIHA KEATI-
pY, CyAbl Ta3apTy XeHe >KaHapTblAATbIH 3HEPrM1s 6acTamaAapbl OOMbIHLLA alTapAbIKTaN XKeTicTikTepre
KOA >eTKi3iAAi. ByA 3epTTey 3aHriaaH, Kaabaxap >xaHe KybaaAbl aysaHAAPbIHbIH, KYH SHEPrUsiCbIHbIH
aAeyeTiHe 6aca Hazap ayAapbin, OAAPAbIH, FreorpaUsAbIK, apTbIKLLIbIAbIKTAPbl MEH XblA 6OMbI KYH Cay-
AECiHIH KOAXKETIMAIAITH kepceTeai. 2024 xbiaAbIH 20 HaypbI3blHAQ KYH PAAMALMSICBIHBIH, )KOHE 3€HUT
OypbIUTAPbIHbIH, ErXKen-TerkenAi ecenteyaepi GyA anmakTapaarbl KYH »K06aAapbiHbIH, ©MipLIeHAriH
KepceTeai. KopbiTbiHAbIAAP LLbIFbIC 38Hre3ypAiH >KaHapTblAaTblH 3HEPrug nepcrekTMBasapbl MeH
OHbIH O3ip6aii>kaHHbIH TYPaKThl AaMy CTpaTermsCbiHAAFbI POAIH aTarn KepCeTeAi.

Tyiin cesaep: LUbiFbic 38Hre3yp, TypakTbl AaMy, >KaHAPTbIAATbIH SHEPrusl, KYH SHEpPrusiCbiHbIH
aAeyeTi, KyH 6aTapesirapbl KOHABIPFbIAAPbI.

M.M. IOcndposa*, LLI.H. Aanzaae
bakunHckuin FocyaapcTBeHHblin YHuBepcuTeT, baky, AsepbanakaH
*e-mail: mehluge_yusifli@mail.ru
OueHKa NoTeHLMAAd COAHEYHOM 3Heprun B 3aHrMAaHCkom, Keabbaakapckom
n Ky6aaAMHCKOM paiioHax Asep6aiia)kaHa B NepuoA BeCEHHEro paBHOAEHCTBUS

B 37Ol cTaTbe paccMaTpMBAIOTCS OCHOBHbIE MPOGAEMbI, criocobcTBytolmMe BocTouHomy 3aHresy-
Py, PErMoHy CTPaTerMyeckoro 1 3KOAOrMYeCKoro 3HadeHus B AsepbainaskaHe, KOTOPbIA CTaA LEHTPOM
KpYMHOMACLLTabHbIX BOCCTAHOBUTEAbHbIX paboT nocae ero ocBo60OXAeHus. Brarouaiowmin Axebpa-
nAbckni, Keabbaaskapckmnii, AaumnHckmi, ['yGaAAMHCKMIA M 3aHIMAQHCKWI PaiOHbl, PEFMOH MOXKET Mo-
XBaCTaTbCs Pa3HOOBPa3HbIMU MPUPOAHBIMM PECYPCAMM, BKAIOUAS AECA, PEKM 1 MAOAOPOAHBIE MOYBbI.
HecmoTps Ha yuiep6, HaHECEHHbIM BO BPEMS OKKYMaLmn, AOCTUIAeTCsl 3HAUMTEAbHbIN NMPOrpecc B BOC-
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Assessment of solar energy potential in Zangilan, Kalbajar and Qubadli districts of Azerbaijan on the spring equinox

CTAaHOBAEHUM IKOAOTMUECKOro 6aaHca, BKAIOYAs MHULMATMBbI MO BOCCTAHOBAEHMIO AECOB, OUMCTKE
BOAbI U BO30OHOBASIEMbIM MCTOYHMKAM 3Hepruun. B aTom nccaepaoBaHUM NMPEACTABASETCS MOTEHLUMAA
COAHeYHOW 3Heprum 3aHrnaarckoro, Keabbaaykapckoro n Ky6aaAMHCKOro paiioHOB, MOAYEPKMBAOTCS
MX reorpauueckme nNpemmMyLLLecTBa 1 KPyrAoroAMuHas AOCTYMHOCTb COAHEYHOro ceeTa. MoApob6Hble
pacyeTbl COAHEUHONM paAamMaLmm 1 3eHUTHbIX YrAoB 20 mMapTa 2024 r. AEMOHCTPUPYIOT >KM3HECNoCo6-
HOCTb COAHEUHbIX MPOEKTOB B 3TUX paroHax. PesyAbTaTbl MOAUYEPKMBAIOT NEPCMEKTHBbI BO30GHOBASIE-
MOV 3Heprum BocTtouHoro 3aHresypa u ee poAb B CTpaTernm yCTomumBoro passmntus AsepbanaskaHa.

KAtoueBble cAoBa: BocTouHbllii 3aHresyp, yCcTonumMBoe pas3BmTue, BO30OHOBASIEMAs SHEPrus, no-
TEHUMAA COAHEUYHOM 3Heprmm, yCTaHOBKA COAHEUHBIX MaHeAen.

Introduction

East Zangezur is a historical and geographical
region located in western Azerbaijan, covering the
eastern part of the Zangezur mountain range. This
area is one of the important regions of the country
with its strategic location, natural resources and
ancient cultural heritage. After the liberation of East
Zangezur from occupation, large-scale restoration
work has begun here.

The total area of the region is approximately
7,748 square kilometers and includes five main
districts: Jabrayil, Kalbajar, Lachin, Gubadli and
Zangilan. Each district has its own unique natural
and geographical features. The area is known for its
mountainous terrain, dense forests, rich water
resources and biological diversity.

Forests are the main ecological wealth of East
Zangezur. The  mountain-forest landscape,
especially in the Kalbajar and Lachin districts, is of
great importance for the natural balance of the
region. However, during the occupation, these
forests were seriously destroyed by illegal logging
and fires. As a result, soil erosion increased, and the
habitat of rare plant and animal species was
disrupted [1].

East Zangezur is also rich in water resources.
Rivers such as Hakari, Okchuchay and Basitchay
flow through the region. These rivers are important
both as a source of drinking water and for agriculture
and industry. However, during the occupation,
industrial waste was discharged into these rivers by
Armenia. In particular, a high concentration of
heavy metals (mercury, zinc, cadmium) was found
in Okchuchay, which seriously damaged the flora
and fauna of the river [2].

The soils of the region are highly productive.
However, during the occupation, the soils were
contaminated with heavy metals and other
chemicals. This created difficulties for agriculture
and disrupted the ecological balance of the region.
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The unique ecosystem of East Zangezur is home
to rare flora and fauna. The Caucasian leopard,
mountain goat and other rare animal species live
here. However, illegal hunting and destruction of the
ecosystem have reduced the population of these
species.

After liberation from occupation, large-scale
measures are being taken by the Azerbaijani
government to improve the ecological situation of
the region. Special projects are being implemented
to restore forests, clean up polluted water bodies and
protect natural resources. At the same time, work is
being carried out to use alternative energy sources
and develop ecotourism.

East Zangezur, with its rich natural resources
and strategic location, is one of the most promising
regions of Azerbaijan in economic and ecological
terms. Solving ecological problems and ensuring
sustainable development are one of the main
conditions for fully revealing the potential of this
region.

The East Zangezur region stands out as one of
Azerbaijan's primary economic and geographical
zones with significant renewable energy potential.
Its favorable natural and climatic conditions make it
well-suited for the production of solar, wind, hydro,
biomass, and geothermal energy. Each energy type
contributes substantially to regional economic
progress and energy security [3].

Zangilan district is located in the south-western
part of Azerbaijan and is an important area in terms
of solar energy potential. The terrain characteristics
and geographical position of the district allow for a
high level of solar radiation, which increases the
interest in the production of solar energy. In this
article, the solar radiation potential of Zangilan
district will be analyzed, and information will be
provided about favorable conditions for the use of
solar energy and energy production in the region.

Solar radiation refers to the amount of energy
reaching the earth's surface from the sun and is
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largely related to the length of the day, weather
conditions, and geographic location. The annual
average value of solar radiation for Zangilan district
ranges from 1,600 kWh/m? to 1,800 kWh/m?. This
is an indicator that provides ideal conditions for the
production of solar energy [4].

Zangilan district is characterized by numerous
sunny days, especially in spring and summer. The
district has 250-280 days of sunshine per year,
which is very favorable for increasing the efficiency
of solar panels. The high number of sunny days is
one of the main factors that ensure the constant
production of solar energy.

Since Zangilan district is located in the
southwest, the influence of solar radiation on this
area is high. Being close to the equator increases the
intense influence of the sun for most of the year.
Mountainous and plain areas of the district are met
with different degrees of strong solar radiation. Flat
areas are more suitable for installing solar panels
because these areas allow better reception of the
sun's rays.

The annual distribution of solar radiation in
Zangilan district is different in different seasons.
The radiation level is at its highest during the spring
and summer months, when solar panels can provide
maximum energy production. In winter and autumn,
the amount of radiation decreases, but this period
also retains a certain potential for solar energy
production [5].

Kalbajar district is located in the western part of
Azerbaijan, in a high mountainous area with
significant strategic importance. The district lies
within the Karabakh mountain range and shares
borders with Lachin district to the east and Armenia
to the west. The total area of the district is 3,054
square kilometers, with an average elevation
ranging between 1,500 and 2,000 meters above sea
level [6].

The geographic location of Kalbajar provides
access to abundant natural resources, including
water reserves. The Tartar River, Bazarchay, and
their tributaries traverse the region, making it one of
the richest areas in terms of water resources in
Azerbaijan. These rivers are vital for hydroelectric
power generation and agricultural irrigation. The
district is also known for its mineral springs, thermal
waters, and medicinal water sources, contributing to
its potential for health tourism and economic
development.

Kalbajar has a mild mountain climate, characte-
rized by cool summers and cold winters. The
average annual temperature ranges between 6-10°C,
with significant snow cover during winter months.
Annual precipitation varies from 600 to 800
millimeters, which enhances the district's water
reserves and supports year-round river flow. The
mountainous terrain plays a crucial role in shaping
the climate, creating favorable conditions for both
renewable energy projects and agricultural activities
[7].

Gubadli is a strategically significant district
located in the southwestern part of Azerbaijan.
Established in 1930, it covers an area of 802 square
kilometers. The district shares borders with Lachin
to the north, Khojavend to the northeast, Jabrayil to
the east, and Armenia to the south and west. The
area is predominantly mountainous, situated in the
southern part of the Zangezur mountain range. One
of the highest peaks in the district is Mount
Garachig.

Gubadli experiences a moderate warm
mountain-steppe climate, characterized by hot and
dry summers and relatively mild winters. The
average annual temperature ranges between 10-
12°C, while annual precipitation amounts to 600-
800 mm, mainly occurring in spring and autumn. In
the mountainous areas, a snow cover forms during
the winter months, which plays a crucial role in
replenishing the district's water resources [8].

Gubadli is rich in natural resources.
Approximately 20-25% of its territory is covered
with forests, consisting of oak, walnut, elm, and
other valuable tree species. The district is home to
diverse wildlife, including deer, mountain goats,
bears, foxes, and various bird species.

The district also has significant potential for
agriculture. Fertile plains are suitable for crop
cultivation, while forest resources and pastures
support livestock farming.

Gubadli is abundant in water resources. The
main rivers flowing through the district are the
Hakari River and the Bargushad River, which are
vital for agricultural irrigation and hydroelectric
energy production. The district also has numerous
springs and freshwater sources, which provide
drinking water and support various economic
activities [9].

Gubadli
Azerbaijan’s

holds a
renewable

significant
energy

position in
strategy. Its
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geographical location and natural conditions create
favorable opportunities for the development of
alternative energy sources, including solar, wind,
hydro, and biomass energy.

Solar Energy — With 2,500-2,800 hours of
annual sunlight, Gubadli is well-suited for solar
power projects. The implementation of solar energy
systems can significantly contribute to the region's
energy sustainability.

Wind Energy — The mountainous terrain and
frequent winds make the district ideal for wind
power generation. Wind turbines can be installed in
high-altitude areas to produce clean, renewable
energy.

Hydropower — The steady flow of the Hakari
and Bargushad rivers provides an excellent
opportunity for the construction of small
hydropower plants, which could enhance the
district's energy infrastructure.

Biomass Energy — Forest resources, agricultural
waste, and organic materials in Gubadli can be used
to produce biomass energy. This approach not only
offers an alternative energy source but also ensures
effective waste management [10].

Gubadli is not only a district of natural and
historical significance but also a strategically vital
area. Liberated from occupation during the 2020
Patriotic War, the district is now undergoing
extensive reconstruction and redevelopment.
Significant investments are being made in modern
infrastructure ~ projects,  renewable  energy
development, and environmental conservation [11].

The district’s geographical location, abundant
natural resources, and renewable energy potential
are expected to make substantial contributions to
Azerbaijan’s economic growth and energy security.
The ongoing restoration efforts will transform
Gubadli into a thriving region, ensuring its
integration into the country’s broader development
framework [12].

Materials and methods

Zangilan district has high potential for solar
energy production. The vast plains of the district
provide ideal conditions for the construction of solar
power stations. In particular, the use of solar energy
is proposed to meet the energy needs of Zangilan's
agricultural and industrial sectors. Installing solar
panels will help protect the environment, reduce
energy costs and ensure energy independence [13].
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To calculate the solar radiation and solar energy
production for March 20™ 2024, we need to calculate
the following parameters: declination (3), sun
angles, and other factors. Let’s go through these
steps [14]:

1. Declination (8) — March 20" 2024.

The solar declination angle represents the angle
at which the sun's rays strike the Earth, varying
throughout the year based on Earth's position in its
orbit. To calculate the solar declination angle, the
following formula is used [15]:

§ = 23.44° X sin (% x (N + 10)) (1)

Where:

N is the day of the year. For March 20, N = 79
since it is the 79th day of the year.

23.44° represents the Earth's maximum tilt
relative to its orbital plane.

Using the formula for March 20 2024:

§ = 23.44° X sin (% x (79 + 10))

6 = 23.44° X sin(87.6°)
0 = 23.44° x 0.998 = 23.34°

Therefore, the solar declination angle on March
20 is approximately 23.34°.

2. Calculation of Solar Hour Angle (H):

The solar hour angle H represents the position of
the sun relative to a given meridian at a specific time
of day. The formula 2 to calculate the hour angle is
[16]:

H=15°x (T — 12) )

Where:

T is the time of day in hours.

For this calculation, we will use T = 12, which
corresponds to 12:00 PM.

H=15°x (12 — 12) = 0°

Thus, at 12:00 PM, the hour angle is 0°.

3. Calculation of Zenith Angle (0):

The zenith angle represents the angle between
the sun and a point directly overhead (zenith). To
calculate the zenith angle, the formula 3 is used [17]:
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6 = arccos (sin (¢) X sin(8) + cos (¢) X
cos (8) X cos (H)) (3)
Where:
¢ is the geographic latitude of the location,
which for Zangilan is 39.4°.

0 is the solar declination angle, which we
calculated as 23.34°.

1200

1000

800

Solar Radiation (W/m2)

600 4

400 1

H is the solar hour angle, which is 0°.
Substituting into the formula [18]:
6 = arccos (sin (39.4°)
X sin(23.34°)
+ cos (39.4°) X cos (23.34°)
X cos (0°)) = 16.2°
Thus, the zenith angle on March 20 2024 at
12:00 PM is approximately 16.2°.

T T T T T T
6 7 8 9 10 11

T T T T T T T
12 13 14 15 16 17 18

Hour of the Day (Local Time)

Figure 1 — Solar radiation in Zangilan on March 20 2024

4. Calculation of solar radiation (Ed):

Solar radiation is the amount of energy received
per unit area from the sun. To calculate the solar
radiation, we use the base value of solar radiation G,
= 1361 W/m? and the zenith angle 0 we just
calculated.

The formula 4 to calculate solar radiation is [19]:

Ed = Gy X cos(0) 4)

Where:

Gy is the base value of solar radiation, which is
1361 W/m?,

0 is the zenith angle, which we found to be 16.2°.

Calculating the solar radiation:

Ed = 1361 x 0.961 = 1309.5 W /m?

Thus, the solar radiation in Zangilan on March
20 at 12:00 PM is approximately 1309.5 W/m?.

Kalbajar’s renewable energy resources align
with  Azerbaijan's long-term energy security
strategy. Utilizing hydropower, solar, wind, and
biomass energy can help reduce reliance on fossil
fuels while improving the region’s environmental
sustainability. Renewable energy development also
plays a key role in fostering economic growth and
creating job opportunities in the region.

1. Solar Radiation Analysis for Kalbajar on
March 20 2024

To analyze the solar radiation in Kalbajar on
March 20, we follow similar steps as for Zangilan,
adjusting the calculations based on Kalbajar's
latitude.

The geographical latitude of Kalbajar is
approximately 40.1°.
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2. Solar Declination Angle (8)
The solar declination angle represents the tilt of
the Earth's axis relative to the sun. For March 20:

§ = 23.44° X sin (% x (79 + 10)) =0

Where:

79 is the day of the year (March 20 is the 79th
day).

The Earth's axial tilt is 23.44°.

Substituting into the formula:

6 = 23.44° x 0.998 = 23.34°
Thus, the solar declination
approximately 23.34°.

3. Solar Hour Angle (H)

The solar hour angle determines the sun's
position relative to the observer's meridian. For noon
(12:00 PM):

H=15°%x(12-12)=0°

angle s

Thus, the hour angle is 0°.
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Figure 2 — Solar radiation in Gubadli on March 20 2024

4. Zenith Angle (0)

The zenith angle represents the angle between
the sun and the vertical line overhead. The formula
1S:

6 = arccos (sin (40.1°)
X sin(23.34°)
+ cos (40.1°) X cos (23.34°)
X cos (0°)) = 17.3°

Thus, the zenith angle is approximately 17.3° at
12:00 PM.

5. Solar Radiation (Ed)

Solar radiation is calculated using the base solar
constant Gy = 1361 W/m? and the zenith angle:
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Ed = 1361 X cos 17.3°
Ed = 1361 X 0.955 = 1299.2 W /m?

Thus, the solar radiation in Kalbajar on March
20 at 12:00 PM is approximately 1299.2 W/m?.

Solar Radiation and Zenith Angle Calculation
for Gubadli on March 20" 2024 (Table).

e Latitude (d): 39.2° (Qubadli
approximate geographical latitude).

e Solar Declination (3): 0° (corresponds to the
spring equinox).

e Solar Constant (Go): 1361 W/m* (average
solar energy reaching the Earth).

e Hour Angles (H): These represent the Sun's
position at different times of the day

region’s
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Table — Hourly Results for March 20"

Time (Hours) Hour Angle (H) Zenith Angle () Solar l};ﬁl/i;tzi)"“ (Ea)
6:00 AM —90° 108.05° 0
9:00 AM —45° 70.39° 465.36
12:00 PM 0° 39.2° 1057.40
3:00 PM 45° 70.39° 465.36
6:00 PM 90° 108.05° 0

e At 6:00 AM and 6:00 PM, the Sun is at a low
position, leading to a zenith angle exceeding 90°.
Thus, no direct solar radiation reaches the surface.

o At 12:00 PM, the Sun is at its highest point
with a zenith angle of 39.2°.

o Peak radiation of 1057.40 W/m?* occurs at
solar noon.

e Morning and evening radiation values are
significantly lower due to the higher zenith angle.

Errors:

When considering an £0.5° error in the zenith
angle (0) calculation, it affects the results and can
cause a £5 W/m? variation in the solar radiation
value. Let's explain this in detail:

There can be a +0.5° error in measuring the
zenith angle. This will change the position of the
sun, and in turn, the solar radiation values.

A £0.5° error in 0 directly affects the calculated
radiation value because the cos(0) function is very
sensitive to small changes in 0.

A #0.5° error in 0 can cause a +5 W/m? change
in solar radiation. This happens because the cos
function changes significantly with small variations
in the angle.

For example, when 6 = 16.2°, a +0.5° error
means 0 could range from 15.7° to 16.7°, leading to
a 5 W/m? variation in the radiation value.

This error is a approximate error and should
always be included in the results as error margins.
Thus, when presenting the calculation, the £5 W/m?
variation should be specified to indicate the
potential error in the result.

The +0.5° error in the zenith angle results in a
+5 W/m? variation in solar radiation. This is a typical
error margin that should be considered during

calculations and reflected in the results to ensure the
data 1s accurate and reliable.

Results and discussion

Gubadli, Zangilan, and Kalbajar, located in
Azerbaijan, are ideal regions for solar energy
development due to their geographical location,
climate conditions, and solar irradiation potential.
These areas receive significant sunlight throughout
the year, making them suitable for renewable energy
projects like solar panel installations. Below is an
analysis of the energy potential and proposed
installations.

To estimate energy production, we assume the
installation of 1 hectare (10,000 m?) of solar panels
with an efficiency (1) of 18%. The formula 5 is used
[20]:

P=E;xXAXn ®))

Where,

P: Power output (W);

Eq: Solar radiation (W/m?);

A: Panel area (m?);

n: Panel efficiency.

Annual energy production is estimated using
[21]:

Eyear = P X Annual Sunshine Hours (6)

Assuming 2000 sunshine hours per year, the

results are calculated below.
2. Solar Energy Potential Calculations [22]:
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a. Kalbajar
P =1299.2-10,000 - 0.18 = 2,338,560W = 2.34MW
Eyear = 2.34 - 2000 = 4680MW /year
b. Zangilan
P =1309.5-10,000-0.18 = 2,357,100W = 2.36 MW
Eyear = 2.36 - 2000 = 4720MW /year
c. Gubadli
P =1057.4-10,000-0.18 = 1,903,320W = 1.90MW
Eyear = 1.90 - 2000 = 3806.6MW /year
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Figure 3 — Annual Solar Energy Production Potential in Kalbajar, Zangilan, and Gubadli

The regions of Kalbajar, Zangilan, and Gubadli
have significant potential for solar energy
production, with an estimated combined annual
output of approximately 13,206.6 MW/year.
Harnessing this energy will support Azerbaijan's
renewable energy goals and contribute to
sustainable development in these areas.

Conclusion

The regions of Zangilan, Kalbajar, and
Gubadli possess significant potential for solar
energy production, contributing to Azerbaijan's
renewable energy strategy. The calculations were
conducted for March 20 2024, which
corresponds to the spring equinox. This date was
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chosen because the distribution of solar radiation
is equal worldwide, providing a precise reference
point for energy assessments. On this day, the
equal length of day and night creates ideal
conditions for evaluating solar energy generation
potential.

Based on the research findings, the annual
energy output from 1 hectare (10,000 m?) of solar
panels in these regions amounts to a total of 13,206.6
MW. Zangilan (4,720 MW/year) and Kalbajar
(4,680 MW/year) demonstrate higher solar radiation
levels, resulting in greater energy production
capacity.

Utilizing solar energy in these areas will signi-
ficantly reduce greenhouse gas emissions,
contributing to environmental conservation and
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enhancing energy security. Additionally, this
technology will lower energy costs and stimulate
economic development in the regions. The study
highlights that the installation of solar panels in
Zangilan, Kalbajar and Gubadli not only boosts

renewable energy generation but also aligns with
Azerbaijan’s long-term energy strategy. These
initiatives support sustainable economic growth and
play a pivotal role in fostering environmental
sustainability.
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