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Abstract. The feasibility and sustainability of integrating photovoltaic (PV) systems with water
treatment processes on the Absheron Peninsula is examined through the combined use of the analytic
hierarchy process (AHP) and water balance modeling. Results indicate that the water balance of Lake
Khojasan remains stable throughout the year, with a net balance of approximately 0 m*/month, while
the required treatment volume is consistently 160,000 m?*/month, representing 5% of the total lake
volume of 3,200,000 m?. The solar resource assessment reveals clear seasonal variability, with the
expected daily energy production ranging from 4.66 kWh/day per kWp in summer (June) to 1.04
kWh/day per kWp in winter (December). These values indicate sufficient potential for solar energy
to support system operation year-round when complemented with energy storage solutions. The AHP
analysis results show that the most influential parameters determining the solar energy potential are
precipitation (0.3362) and global horizontal irradiance (GHI) (0.2218), followed by temperature
(0.1540) and opacity index (0.1063). The low consistency coefficient (CR = 0.027) confirms the
robustness and stability of the proposed decision-making system. In terms of practical application,
the system design demonstrates that three PV panels (550 W each) are sufficient to meet the
operational energy needs of supplying 30 tons of reclaimed water per day to irrigate 2 hectares of
plantation. Overall, the study provides a robust and practically applicable framework for integrating
renewable energy into water resource management systems. Future research should focus on
economic optimization, long-term performance assessment, and hybrid integration of renewable
energy to further enhance the sustainability and scalability of the system.

Aunnomayus. PaccMaTpuBaeTCsl TEXHMUYECKass BO3MOKHOCTb M YCTOMYMBOCTb HHTETpALUH
¢dorosnexTpuueckux (PI) cuctem ¢ npoieccamMu OYMCTKH BOJbI Ha ATIIEPOHCKOM MOIYOCTPOBE
MOCPEJICTBOM KOMOMHUPOBAHHOTO MHCIIOJIb30BaHUA MeTona aHanmuza wuepapxuii (AHP) u
MOJIETUPOBaHUS BOAHOrO OanaHca. Pe3ynbTaThl MOKa3bIBAIOT, YTO BOIHBIN OanaHc o3epa XomkacaH
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OCTaeTCs CTAOUIILHBIM B TEUEHHE T'0/1a, C YUCTHIM OaTaHCOM MPUOIHU3UTENHHO O M3/MeCsII1, B TO BpeMs
KaK HeoOXOAUMBIN 00beM OUMCTKHU MOcTossHHO cocTaBisgeT 160 000 m*/mecsl, yTo cooTBeTCTBYET 5%
ot obmero oosema o3epa B 3 200 000 m>. OrieHKa COTHEYHOTO pecypca BhISBIISET SIBHYIO CE30HHYIO
W3MEHYMBOCTh: O’KUaeMast CyToYHas BEIpabOTKa dHEpruu Konednercs ot 4,66 kBt 4 Ha kBTt tetom
(utons) n0 1,04 xBt'y Ha kBT 3umoit (mexaOpb). DTH 3HAUEHUS YKa3bIBAIOT Ha JOCTATOYHBIN
MOTEHLIMAJ COJIHEYHON SHEPTUU YIS TOJTIepKaHUs paOOThl CUCTEMBI KPYTIIBIA IO/ IPH JTOTIOTHEHUN
e€ peleHUsMU TIO XPAaHCHHWIO JHEpruu. Pesynprarhl aHanmm3a IOKA3bIBAIOT, YTO HauOolee
BIIMSTEIILHBIMY [TapaMeTpaMu, OMPEACIISIONIMMHU TTOTEHITUAN COTHEUHOM YHEPTHH, SBIISIOTCS OCAIKU
(0,3362) u mobanbHas ropuszoHTasnbHas ocBenieHHocTh (GHI) (0,2218), 3a koTOphIMH ClIEAYIOT
temneparypa (0,1540) u unnexc npospaunoctu (0,1063). Huzkuii koaddunneHt cornmacoBaHHOCTH
(CR = 0,027) moaTBep:kIaeT HAASKHOCTh M YCTOWYMBOCTH MPEIJIOKEHHOM CHCTEMBI MPHHATHUS
pemrennii. C TOUYKH 3peHUS TPAKTHYECKOTO IMPUMEHEHU S, TPOSKTUPOBAHUE CUCTEMBI IEMOHCTPUPYET,
yro Tpex (oTornekTpuueckux mnaHenei (mo 550 BtT) mocrarouHo i yIOBIETBOPEHUS
AKCIUTyaTallUOHHBIX MOTpeOHOCTed B 3Hepruu Ang nomadu 30 T OYMINEHHOW BOIBI B JCHB IJIA
OpOIlICHUSI 2 TEKTapoB IUTAHTAlMiA. B 1eoM wuccienoBaHue TPEIOCTABISET HAIS)KHYIO |
MPUMCHUMYIO Ha TPAKTHKE OCHOBY Ui HWHTETpPallMd BO30OHOBIIIEMON SHEPTrUU B CHUCTEMBI
yOpaBlIeHUSI BOIHBIMU pecypcamMu. byaymime ucciaenoBaHHs JOJKHBI ObITh COCPEIOTOYEHBI Ha
HSKOHOMHYECKOM ONTHUMM3AIMK, JOJITOCPOYHONW OLIEHKE MPOU3BOAUTEIHHOCTH M THOPUIAHON
WHTETPAIUN BO30OHOBIISIEMBIX HCTOUHUKOB SHEPTHUH.

Keywords: solar energy potential, photovoltaic systems, global horizontal irradiance, water
balance modeling.

Kniouesvie cnosa: moTeHIaN COTHEYHON YHEPTUH, (POTONIEKTPHUECKUE CUCTEMBITTIO0ATbHAS
TOpPU30HTANbHAS COTHEYHAs paJualivsi, MOJICTMPOBAHKUE BOIHOTO OanaHca.

The Absheron Peninsula is known to be the most highly developed and densely populated
industrial zone in Azerbaijan. Its steadily deteriorating environmental conditions, and the state of its
lakes, are a constant subject of research by scientists in our country [1-4].

The Absheron Peninsula has abundant solar energy potential due to its high levels of solar
radiation (Figure 1).

Proposed location of water treatment station o 210 420  Meters A
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Figure 1. Satellite Image of Lake Khojasan and Proposed Location of the Water Treatment Facility
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To address the dual challenges of water management and sustainable energy use, this study
explores the integration of solar power with water treatment systems, specifically for Khojasan Lake.
The lake, facing seasonal water deficits, presents an opportunity to utilize solar energy for water
treatment.

The primary aim of this study is to evaluate the solar energy potential of the Absheron Peninsula
to power a solar-driven water treatment system for Khojasan Lake. An Analytic Hierarchy Process
(AHP) was employed to identify the most influential meteorological criteria—such as Global
Horizontal Irradiance (GHI), temperature, humidity, and precipitation—and to evaluate their impact
on the system's performance. Additionally, this study also focuses on the efficiency of the Multimedia
Filtration (MMF) system in removing contaminants from the lake water, which is crucial for ensuring
water quality for irrigation and other non-potable uses.

The study’s goal is to demonstrate that solar energy can be used as the primary energy source
for MMF systems, with a high filtration efficiency to treat lake water contaminated with organic
pollutants and heavy metals. The system will provide the required 30 tons of water per day (in terms
of drop irrigation) for 2 hectares of newly planted trees, as part of the General Plan Baku (2040).

Materials and Methods

Based on the water balance calculations for both summer and winter months, the net water
balance for the lake is approximately 0 m?/month, indicating that the inflows and outflows are
balanced over a monthly cycle (Figure 2). While the precise water balance value is negligible due to
calculation precision, this suggests that the lake's water level remains relatively stable across both
seasons, with no significant gain or loss in volume. The volume of water to be treated remains
constant at 160,000 m? per month in both summer and winter, assuming a treatment efficiency of 5%
of the total lake volume (Figure 3).

Figure 2. Water Balance Diagram of Lake Khojasan Showing Major Inflows and Outflows [5]
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Figure 3. Average Monthly Water Inflow to Lake Khojasan [5]
To calculate the net water volume change in the lake for each month, we will use the formula:

Vbalance = (Virgﬂow + Vprecipitation + Vwastewater) - (Voutﬂow + Vevaporation + Vgroundwaterﬁleak) (1)

Calculation of the Volume of Water to be Treated:
From the table, we know that the volume of water to be treated each month can be calculated

Vcleaning =k X Vtotal (2)

Where: k£ = 0.05 (the assumed treatment efficiency), Vios = 3,200,000 m? (the total volume of
the lake).

The seasonal dynamics of the water balance were further analyzed in conjunction with the
Expected Daily Energy Output (Eday)), calculated on the basis of monthly Global Horizontal
Irradiance (GHI) values. Periods characterized by elevated GHI, particularly during the summer
months, correspond to increased solar energy availability, which is essential for sustaining the
operation of water treatment pumps under peak load conditions. Concurrently, higher ambient
temperatures intensify evaporation losses, thereby increasing treatment demand. This temporal
alignment between maximum solar energy generation and heightened water treatment requirements
highlights the functional synergy of the proposed photovoltaic-powered system and supports its
suitability for addressing seasonal stress within the water—energy nexus.

Water Balance for Summer and Winter: The net water balance for both the summer and winter
months is approximately 0 m*/month. This indicates that the inflows and outflows of water in the lake
are balanced on a monthly cycle. The negligible value is a result of calculation precision, but
practically, the water levels in the lake remain stable across the seasons.

Volume of Water to be Treated: The volume of water to be treated is 160,000 m* per month for
both summer and winter months, assuming a treatment efficiency of 5% of the total lake volume.

Expected Daily Energy Output (Eday)): For the summer months (June, July, August), the
expected daily energy output is: June: 4.66 kWh/day per kWp; July: 4.03 kWh/day per kWp; August:
3.49 kWh/day per kWp.

For the winter months (December, January, February), the expected daily energy output is:
December: 1.04 kWh/day per kWp; January: 1.37 kWh/day per kWp; February: 2.07 kWh/day per
kWp.

In the context of renewable energy studies, particularly solar energy, decision-making often
requires evaluating multiple criteria that influence energy generation potential. The Analytic

as:
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Hierarchy Process (AHP) is a powerful method employed to assess the relative importance of
different criteria. A key application of AHP in environmental and solar energy systems involves
pairwise comparisons between various meteorological and environmental parameters [6]. This study
uses AHP to determine the relative importance of seven key criteria that influence solar energy
generation: ALLSKY SFC SW DWN (Surface Shortwave Downward Irradiance), T2M
(Temperature at 2 meters), WS2M (Wind Speed at 2 meters), RH2M (Relative Humidity at 2 meters),
PRECTOTCORR (Precipitation), ALLSKY KT (Insolation Clearness Index), and GHI (Global
Horizontal Irradiance).

The criteria for solar energy modeling are selected based on their significant impact on solar
radiation, energy capture efficiency, and climatic conditions, all of which are essential for accurately
forecasting solar power generation potential. To justify the judgments made in the pairwise
comparison matrix, the following academic references are considered:

1. Surface Shortwave Downward Irradiance (ALLSKY SFC SW DWN) is a critical
parameter for solar energy assessments. It quantifies the solar radiation that reaches the Earth's surface
and is the primary input for solar power generation models. Surface solar radiation is essential for
determining the efficiency of solar energy systems [7]. Given its direct influence on the solar power
potential of a region, this parameter holds considerable weight in the pairwise comparison matrix.

2. Temperature plays a significant role in the performance of solar panels and energy systems.
Higher ambient temperatures generally decrease the efficiency of solar photovoltaic (PV) systems.
The temperature at 2 meters (T2M) is widely used in environmental models to assess how thermal
conditions affect solar energy production. This factor is critical but not as directly influential as
surface shortwave downward irradiance, leading to its moderate priority in the pairwise comparison.

3. Wind speed at 2 meters (WS2M) is another important meteorological factor in energy
generation studies. Although not as directly correlated with solar radiation, wind speed can influence
temperature patterns and atmospheric conditions, indirectly affecting solar power generation [8]. In
the context of a hybrid solar-wind energy system, WS2M has a lower weight compared to other
criteria directly related to solar radiation.

4. Relative humidity at 2 meters (RH2M) significantly impacts cloud formation and
precipitation patterns, which in turn affect solar radiation availability. High humidity can reduce the
amount of solar radiation reaching the surface due to cloud cover and atmospheric moisture [9].
However, its influence is secondary to more direct measures of solar energy, such as irradiance,
leading to a lower weighting in the pairwise matrix.

5. Precipitation (PRECTOTCORR) affects solar energy generation through cloud cover, which
obstructs sunlight and reduces the amount of solar radiation reaching the Earth's surface. The
relationship between precipitation and solar radiation is indirect, but it remains significant, especially
in regions with frequent rainfall [10]. As such, it is assigned a relatively lower importance in the
pairwise comparison matrix compared to more direct meteorological variables like irradiance and
temperature.

6. The Insolation Clearness Index (ALLSKY KT) is a key parameter for determining the clarity
of the atmosphere and its impact on solar radiation availability. A high KT value indicates clear skies,
which are ideal for solar energy generation, making this index highly relevant for solar energy models
[7]. The clarity of the atmosphere directly influences the amount of solar radiation that reaches the
surface, thus making ALLSKY KT a highly important factor in the pairwise comparison matrix.

7. Global Horizontal Irradiance (GHI) is one of the most widely used parameters in solar energy
studies. It represents the total solar radiation incident on a horizontal surface and is a direct indicator
of solar energy potential. Moussa et al. [11] states that GHI is fundamental for calculating solar energy
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generation in various regions, making it the most critical factor in solar energy modeling.
Consequently, GHI receives the highest weight in the pairwise comparison matrix.

Results and Discussion

This solar-powered water treatment system is designed to operate autonomously, utilizing solar
energy to perform critical water treatment tasks, with energy storage ensuring system continuity
during periods of low irradiance or nighttime operation. The integration of the air blower for
backwashing plays a significant role in ensuring the MMF system's longevity by maintaining filter
performance and efficiency. The demonstrated solar-powered water treatment system for Khojasan
Lake is designed to meet the irrigation demand for the Baku Green Plan, which involves irrigating 2
hectares of newly planted trees with 30 tons of water per day. The calculations reveal that 3 solar
panels of 550 W each are sufficient to meet the daily energy needs of the system's water pumps and
MMF filtration process, with energy storage incorporated to ensure continuous operation throughout
the day and night. This design demonstrates the feasibility of using solar energy for sustainable,
autonomous water treatment in regions with seasonal solar variations, such as the Absheron
Peninsula. By quantifying the solar potential through AHP, this study provides a clear understanding
of the relevance of using solar power to drive the MMF system, ensuring that the water treatment
process remains sustainable and energy-efficient (Table 1). The findings also underscore the
importance of integrating solar power with energy storage solutions to address seasonal variations in
solar availability, allowing for year-round operation of the water treatment system.

Table 1
PAIRWISE COMPARISON MATRIX

Criteria ALLSKY SFC T2 WS2 RH2 PRECTOTCO ALLSKY  GH
SW DWN M M M RR KT 1
ALLSKY SFC SW _DWN 1 3 2 1/3 5 2 3
T2M 1/3 1 1/2 1/5 3 1/2 2
wS2M 1/2 2 1 1/3 4 2 3
RH2M 3 5 3 1 7 3 5

PRECTOTCORR 1/5 1/3 1/4 1/7 1 1/3 1/2
ALLSKY KT 1/2 2 1/2 1/3 3 1 3
GHI 1/3 1/2 1/3 1/5 2 1/3 1

Normalized Weights and Consistency Check Results. Normalization of the pairwise comparison
matrix is done by dividing each element by the sum of the corresponding column. Let S; represent the
sum of column ;:

n

3

Sj= X ajj ®)
1=1

Matrix normalization is achieved by dividing each element aij by the corresponding column
sum Sj.

3 “4)
W=y
j
The normalized matrix N is given by:
N47 MNqp * N (5)
Nz1 Nzz = Npp
N = H
Npp  Npp Npp
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0.170 0.217 0.264 0.131 0.200 0.218 0.171 6)
0.057 0.072 0.066 0.079 0.120 0.055 0.114
0.085 0.145 0.132 0.131 0.160 0.218 0.171
N=10.511 0.361 0.396 0.393 0.280 0.327 0.286
0.034 0.024 0.033 0.056 0.040 0.036 0.029
\0.085 0.145 0.066 0.131 0.120 0.109 0.171
0.057 0.036 0.044 0.079 0.080 0.036 0.057

The final weight for each criterion is obtained by averaging the values in each row of the
normalized matrix. The weight for criterion i is:

1o )

where wi denotes the normalized weight of criterion, nij represents the elements of the
normalized matrix N, and n is the total number of criteria considered in the analysis.

The evaluation of solar power potential for the Absheron Peninsula indicates that Precipitation
Correlation (PRECTOTCORR) and Global Horizontal Irradiance (GHI) constitute the dominant
criteria, attaining the highest normalized weights of 0.3362 and 0.2218, respectively. These
parameters exert a primary influence on solar energy availability, as precipitation governs cloud cover
and atmospheric attenuation, while GHI directly quantifies the total solar irradiance incident on
horizontal photovoltaic surfaces. Temperature at 2 m (T2M) and the Sky Clearness Index
(ALLSKY KT), with respective weights of 0.1540 and 0.1063, play a secondary yet significant role
by affecting photovoltaic conversion efficiency and atmospheric transmissivity (Table 2). Although
Wind Speed (WS2M) and Relative Humidity (RH2M) exhibit comparatively lower weights, they
remain relevant due to their indirect effects on thermal regulation and atmospheric conditions.
Overall, the combined influence of GHI, PRECTOTCORR, and T2M emerges as the principal
determinant of photovoltaic system viability in the region.

NORMALIZED WEIGHTS OF EVALUATION CRITERIA DERIVED fable?
FROM THE ANALYTIC HIERARCHY PROCESS (AHP)

Criteria Weight
ALLSKY SFC_SW DWN 0.0639

2M 154

WS2M 84
RH2M 0.0338
PRECTOTCORR 0.3362
ALLSKY KT 0.1063
GHI 0.2218

Consistency Vector:
C = Aw ®)

Maximum Eigenvalue:
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1n Ci
-yt 9

A« -
max
ni=1w;

Consistency Index:

cl =/1max_n (10)
n—1
Consistency Ratio:
CI (11)
CR =—
RI

The consistency of the pairwise comparison matrix was assessed through the computation of
the consistency vector C=Aw, where A denotes the original pairwise comparison matrix and w is the
normalized priority vector. The maximum eigenvalue Amax was subsequently estimated from the
ratio of the components of the consistency vector to the corresponding weights. For the present
analysis, the resulting value of Amax is 7.215. Based on this value, the Consistency Index was
calculated as CI=0.036, and the Consistency Ratio was determined as CR=0.027. Since CR<0.10, the
pairwise comparison matrix satisfies the AHP consistency requirement, indicating that the judgment
matrix is logically consistent and the derived weights are reliable.

Conclusion

This study confirms the technical feasibility and sustainability of integrating photovoltaic (PV)
systems with water treatment processes in the Absheron Peninsula through the combined use of the
Analytic Hierarchy Process (AHP) and water balance modeling. The results show that the water
balance of Khojasan Lake remains stable throughout the year, with a net balance of approximately 0
m?/month, while the required treatment volume is consistently 160,000 m?*/month, representing 5%
of the total lake volume of 3,200,000 m3. The solar resource assessment reveals clear seasonal
variability, with expected daily energy outputs ranging from 4.66 kWh/day per kWp in summer (June)
to 1.04 kWh/day per kWp in winter (December). These values indicate sufficient solar energy
potential to sustain system operation year-round when complemented by energy storage solutions.
The AHP results identify precipitation (0.3362) and Global Horizontal Irradiance (GHI) (0.2218) as
the most influential parameters affecting solar energy potential, followed by temperature (0.1540)
and clearness index (0.1063). The low consistency ratio (CR = 0.027) confirms the robustness and
reliability of the decision-making framework. From an application perspective, the system design
demonstrates that three photovoltaic panels (550 W each) are sufficient to meet the operational energy
demand required to supply 30 tons of treated water per day for irrigation over 2 hectares of plantation.
Overall, the study provides a robust and transferable framework for integrating renewable energy into
water management systems. Future research should focus on economic optimization, long-term
performance evaluation, and hybrid renewable energy integration to further enhance system resilience
and scalability.
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    V  balance =  (   V  inflow +   V  precipitation +   V  wastewater ) −  (   V  outflow +   V  evaporation +   V  groundwater_leak )


    V  cleaning = k ×   V  total


   S j =    ∑  i = 1 n  a ij


   n ij =    a ij   S j


  N =  (     n 11   n 12  ⋯   n  1 n    n 21   n 22  ⋯   n  2 n   ⋮  ⋮  ⋱  ⋮    n  n 1   n  n 2  ⋯   n nn )


  N =  (    0 . 170  0 . 217  0 . 264  0 . 131  0 . 200  0 . 218  0 . 171   0 . 057  0 . 072  0 . 066  0 . 079  0 . 120  0 . 055  0 . 114   0 . 085  0 . 145  0 . 132  0 . 131  0 . 160  0 . 218  0 . 171   0 . 511  0 . 361  0 . 396  0 . 393  0 . 280  0 . 327  0 . 286   0 . 034  0 . 024  0 . 033  0 . 056  0 . 040  0 . 036  0 . 029   0 . 085  0 . 145  0 . 066  0 . 131  0 . 120  0 . 109  0 . 171   0 . 057  0 . 036  0 . 044  0 . 079  0 . 080  0 . 036  0 . 057 )


   w i =  1 n    ∑  j = 1 n  n ij


  C = A w


    𝜆  m a x =  1  n    ∑  i = 1  n     C  i    w  i


  C I =     𝜆  m a x − n  n − 1


  C R =   C I  R I

