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THE INTERSECTION OF WATER POLICY AND TECHNOLOGY:
SOLAR INNOVATIONS FOR SUSTAINABLE AGRICULTURE
IN ABSHERON PENINSULA OF THE AZERBAIJAN REPUBLIC

This paper investigates the multifaceted challenges of water scarcity and sustainable agricultural
development in arid and semi-arid regions, using the Absheron Peninsula as a case study. Emphasizing
the critical role of renewable energy integration, the research explores how solar-powered technolo-
gies — ranging from solar treatment systems to photovoltaic-driven irrigation — can revolutionize water
resource management for agricultural purposes. A 12-month empirical study, employing high-precision
solar radiation measurements and advanced statistical analyses, reveals significant seasonal variability in
solar energy availability and its synchronicity with agricultural water demands.

The study synthesizes data on solar energy vyields, system efficiencies, and temperature correla-
tions to evaluate the feasibility of solar-powered solutions. By correlating solar energy availability with
regional irrigation requirements, the research underscores the operational viability of technologies such
as desalination, filtration, and UV disinfection in addressing seasonal water scarcity. Furthermore, the
integration of sustainability metrics, including energy return on investment (EROI) and carbon offset po-
tential, highlights the broader environmental and economic benefits of adopting solar-powered systems.
This work also delves into the intersection of policy and technology, arguing for the alignment of innova-
tive water policies with renewable energy frameworks to ensure long-term sustainability. The findings
provide actionable insights for policymakers, engineers, and agricultural practitioners, advocating for
scalable, adaptable solutions that enhance food security, minimize dependency on non-renewable re-
sources, and foster climate resilience. By situating these innovations within the context of global sustain-
ability goals, the study offers a replicable model for integrating renewable energy into agricultural water
management, with implications for similarly resource-constrained regions worldwide.

Key words: solar-powered technologies, water scarcity, solar irrigation systems, photovoltaic en-
ergy, agricultural sustainability.
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Cy casicaTbl M€H TEXHOAOTMSICbIHbIH, KMbIAbICbI: O3ip6aitkaH Pecny6AnKacbIHbIH,
AniuepoH TyOeriHAeri TypakTbl aybiA LLIAPYALLUbIAbIFbIHA aPHAAFAH
KYH MHHOBaLMSIAAPDI

byA Makanapa AnwepoH Ty6eriH MbiCaA peTiHAE MaAaAaHa OTbIPbIN, KYPFaK, >XOHE >KapTblAai
KYPFaK, aiMaKTapAafbl Cy TarlblAblFbl MEH TYPAKTbl ayblA LIAPYaLUbIAbIFbIH AAMbITYAbIH, K6M KbIPAbI
MaceAeAepi 3epTTeaeai. XXaHapTblAaTbiH 3HEPTUS KO3AEpiH GipiKTIPyAiH MaHbI3AbI POAIHE Hazap ay-
Aapa OTbIpbIMN, 3epTTey KYH COYAeCiHEH KyaT aAaTblH TEXHOAOIMSIAAP — KYH COYAECIHEeH Ta3apTy >Ky-
reAepiHeH OTOIAEKTPAIK CyapyFa AeMiH — ayblA LIApyallblAbIFbl MakKcaTTapbl YLWiH CYy pecypCTapblH
6ackapyAa TOHKePIC >Kacal aAaTblHbIH 3epTTenai. dKoFapbl ADAAIKTEr KYH PaAMALMSICBIH BALLIEY XOHe
JKETIAAIPIArEeH CTaTUCTMKAABIK, TaAAQYAAPAbI KOAAQHATBIH 12 aiAbIK, SMMUPKMKAABIK, 3€PTTeY KYH 3Hep-
TMSCbIHbIH, KOA YKETIMAIAITIHIH MaHbI3Abl MayCbIMADIK, ©3repPMEAIAITiH KHE OHbIH, aybIALLIAPYaLUbIAbIK,
CY KQXKeTTIAIKTePIMEH CMHXPOHADBIABIFbIH KOPCeTeAi. 3epTTey KYH SHEPrUsCbhIHbIH, LbIFBIMABIABIFbI, >KY-
MEeHIH, TMIMAIAITT K&He TeMnepaTypaAblk, KOPPEASILMS TYpaAbl AEPeKTEPAI CUHTE3AEMAl, KYH 3Heprus-
CbIMEH >KYMbIC ICTEMTIH LELIMAEPAIH OPbIHAbIAbIFbIH 6aFaAay. KyH 3HEpruschbiHbiH KOAXETIMAIAIriH
aMaKTbIK, Cyapy TaAanTapbIMEH CaAbICTbIpA OTbIPbIN, 3ePTTEY MayCbIMABIK, CYy TarlbIAbIFbIH LIELWyAe
TYLUBIAQHABIPY, CY3Y XK8HE YAbTPAKYATiH COYAEMEH 3aAaACBI3AAHABIPY CUAKTbl TEXHOAOTUSAQPAbIH, >KY-
MbIC KabiAeTTiAiriH kepceTeai. COHbIMEH KaTap, TYPaKThIAbIK KOPCETKILLTEPIHIH MHTErpaumscbl, COHbIH
ilWiHAE MHBECTULMSHDBIH 3Heprus KanTtapbimMbl (EROI) >keHe kemipTeriHiH, OpHbIH TOATBIPY ©AeyeTi KyH
SHEPIUSCIMEH XKYMbIC ICTEMTIH XyneAepAi KabbIAAQYAbIH KEHIPEK 3KOAOTMSIABIK, KOHE IKOHOMMKAADIK,
namAacbliH kepceTeAi. byA >KyMbIC COHA@I-aK, y3ak, Mep3iMAi TYPaKTbIAbIKTbl KaMTaMachl3 eTy YLWiH UH-
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HOBALMSABIK Cy CasiCaTblH >KaHAPTbIAATbIH S3HEPrust HerisaepiMeH CaKeCcTeHAIPYAI ASAEAAEN OTbIPbIM,
cagcart rneH TeXHOAOTUSHbIH, KMbIAbICYbIH KapacTblpaAbl. KOpbITbIHAbIAGD a3bIK-TYAIK KaYiMCi3AiriH
JKaKCapTaTblH, KAAMbIHA KEAMEMTIH pecypcTapFa TOYEAAIAIKTI a3aiTaTblH )KOHE KAMMATKA TO3IMAIAIKTI
apTTbIpaTbiH ayKbIMAbI, BEMIMAEATILL LLELTMAEPAIT XKaKTaNTbIH CasiCaTKEPAEPre, MHXKEHEPAEpre XoHe
ayblALLAPYALLbIAbIK, MPAKTUKTEPIHE BPEKeT eTeTiH TYCiHikTep Gepeai. byAa MHHOBaumsaAapAbl kahaHAbIK,
TYPaKTbIAbIK, MaKcCaTTapbl KOHTEKCTIHAE OPHAAACTbIPY apKbIAbl 3epTTey >KaHAPTbIAATbIH SHEPrusiHbl
ayblALLAPYaLLIbIAbIK, Cy pecypcTapbiH 6ackapyfa OipikTipyAiH KaiTaAaHATbIH YATICIH yCbiHAaAbI, OyA Gy-
KiA @AeM BOMbIHLLIA PecypCTapbl LWEKTEYAI aiMakTapra acep eTeAi.

TyjiiH ce3aep: KyH 3HEPruscbIMEH XKYMbIC ICTEMTIH TEXHOAOTMSAQP, CY TamnWbIAbIFbI, KYH Cyapy
>KyeAepi, POTOIAEKTPAIK S3HEPrus, aybIA LAPYaLLIbIAbIFbIHBIH TYPAKTbIABIFbI.

®.I. Aames, H.A. 3oxpab6enan”

A3ep6anAXKaHCKMI apXUMTEKTYPHO-CTPOUTEAbHbIN yHUBEpCUTeT, baky, AsepbaiiaxaH
*e-mail: zohrabbayli.nurana@azmiu.edu.az

lNepeceuyeHne BOAHOM NOAUTUKU U TEXHOAOTUI: COAHEYHbIE€ MHHOBALUM
AASl YCTOMYMBOIO CEAbCKOr0 X03SIMCTBa Ha AMLLEPOHCKOM MOAYOCTpOBe
A3zep6aiiaxaHckon Pecry6Anku

B 370N cTaTbe MCCAEAYIOTCS MHOTOrpaHHble MPOOAEMbl HEXBATKM BOAbI M YCTOMUMBOIO Pa3BUTUS
CEAbCKOr0 X034CTBa B 3aCYLUAMBBIX M MOAY3aCyLUAMBBIX PErMOHaX Ha Npumepe AMLLIEPOHCKOro MOAY-
ocTpoBa. [MoAYepKkMBas BaXKHYI0 POAb MHTErpaLMn BO30OHOBASIEMbIX MICTOUYHUKOB SHEPT UK, B UCCAEAO-
BaHMM PaCcCMaTPMBAETCSl, Kak TEXHOAOTMM HAa COAHEUYHOM SHEPrum — OT cucTem 06paboTKM COAHEUYHOM
3Heprum A0 (POTOIAEKTPUUECKOrO OPOLLEHNS — MOTYT MPOU3BECTU PEBOAIOLIMIO B YNPABAEHWUM BO-
AHBIMW pecypcammn AAS CEAbCKOXO3SIMCTBEHHbIX LieAer. 12-MecsiyHoe 3IMMUPUUecKoe UCCAEAOBAHME,
MCMOAb3YIOLLEe BbICOKOTOUHbIE M3MEPEHUS COAHEUYHOW paAMaLMM U PaCLUMPEHHbIN CTaTUCTUYECKMIA
aHaAM3, BbISIBASIET 3HAUMTEABHYIO CE30HHYIO M3MEHUMBOCTb AOCTYMHOCTM COAHEYHOW 3Heprun u ee
CMHXPOHHOCTb C CEAbCKOXO3SMCTBEHHbIMM NMOTPEOHOCTIMU B BOAE. B MccaepaOBaHUM CUHTE3UPYIOT-
CS AQHHbIE O BbIXOAAX COAHEYHOW 3HEprum, 3(pPeKTUBHOCTU CUCTEM M TEMMeEPATYPHbIX KOPPEAILMSX
AASl OLIEHKM OCYLLECTBUMOCTM PELLEHNIA HA OCHOBE COAHEYHOWM 3Heprun. ComnocTaBAsSS AOCTYMHOCTb
COAHEYHOW 3HEepPruu C PerroHaAbHbIMU MOTPEGHOCTSIMN B OPOLLEHNMM, UCCAEAOBAHME MOAUYEpPKMBAET
3KCMAYaTALMOHHYIO >KM3HECMOCOBHOCTb TakMX TEXHOAOTMI, Kak OrpecHeHue, uabTpauns n Y-
Ae3uHeKLMs, B peLeHn Ce30HHOro Aecprumta BoAbl. KpoMe Toro, MHTerpaums nokasareAei ycTon-
UYMBOCTU, BKAIOYAS OKYMAEMOCTb MHBECTULIMIA B SHEPTMIO M MOTEHLMAA KOMIMEHCaLMM BbIGPOCOB yrae-
poAa, NMoAYEpKMBaeT HoAee LIMPOKME IKOAOTMUYECKME M 3KOHOMMYECKME MPEMMYLLECTBA BHEAPEHUS
CMCTEM Ha COAHEYHbIX 6GaTapesix. DTa paboTa TakxKe yrAyBASeTCs B nepeceveHue MOAMTUKU U TeX-
HOAOTMIA, YTBEPXKAAS HEOOXOAMMOCTb COrAACOBaHWSI MHHOBALMOHHOW BOAHOM MOAMTMKM C pamKamu
BO30OHOBASIEMOW 3HEPTUN AAST 0OecrneyeHns AOATOCPOYHOM YCTOMYMBOCTU. Pe3yAbTaTbl MpeAoCTaB-
ASIIOT AEMCTBEHHbIE MAEN AAS TOAMTUKOB, MHXXEHEPOB W MPaKTUKOB CEAbCKOrO XO35IMCTBA, BbICTYMNas
3a MacluTabrpyemble, aAanTUPYEMbIE PELLEHMS, KOTOPbIE MOBbILIAIOT NMPOAOBOAbCTBEHHYIO Ge3omnac-
HOCTb, MUHUMM3MPYIOT 3aBUCHMOCTb OT HEBO30OHOBASIEMbIX PECYPCOB M CMOCOOCTBYIOT YCTOMUMBOCTHU
K M3MeHEeHMIO KAMMaTa. Pacroaarasi 3Tm MHHOBaLUMKM B KOHTEKCTE FAOOAAbHbBIX LIEAEN YCTOMYMBOCTH,
MCCAEAOBaHWE MpPeAAaraeT BOCMPOM3BOAMMYIO MOAEAb AAS MHTErpauyn BO30OHOBASIEMON 3Hepruun B
yrpaBAEHWE CEAbCKOXO3SMCTBEHHBIMW BOAHBIMW pecypcamm C NMOCAEACTBUSMU AASI PEFTMOHOB C aHAAO-
FMYHBIMW OrPaHNYEHUSAMM MO pecypcam BO BCEM MUPE.

KAtoueBble cAOBa: TEXHOAOTMM Ha OCHOBE COAHEYHOM 3HEPrnn, AePULINT BOAbI, COAHEYHbIE CUCTe-
Mbl OpOLUeHMs, POTOIAEKTPUYECKAs SHEPrUs, YCTOMUMBOE Pa3BUTHE CEAbCKOIrO XO34CTBA.

Introduction climate change intensifies water stress,

Water scarcity and the adoption of sustainable
agricultural practices represent two of the most
critical challenges of the 21st century, particularly
in arid and semi-arid regions. The Absheron
Peninsula, with its distinct climatic conditions and
limited freshwater resources, highlights the urgent
need for innovative strategies to address these
issues. As global populations continue to rise and
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integration of advanced technologies with effective
water management policies has become crucial for
ensuring both food security and environmental
sustainability [1,26].

In recent years, solar-powered technologies
have emerged as a game-changer in agriculture,
providing  energy-efficient and eco-friendly
solutions for water management [27]. Innovations
such as solar desalination, photovoltaic (PV)-
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driven irrigation, and solar-powered water filtration
systems have shown great potential in mitigating
water shortages, especially in regions with
abundant solar energy [2—4]. Among these, solar
irrigation systems have proven particularly
effective in improving water-use efficiency and
enhancing agricultural productivity in semi-arid
environments [5,6].

A growing body of research highlights the
feasibility of integrating solar energy into
agricultural water management systems. Studies
indicate that seasonal variability in solar energy
availability  often  aligns  with  irrigation
requirements, enabling the efficient use of
renewable energy resources [7, 8]. Furthermore,
solar-powered innovations such as UV disinfection
and thermal desalination contribute to improving
water quality and reducing the environmental
impact of agricultural practices [9, 10]. These
systems also offer broader sustainability benefits,
including lower greenhouse gas emissions and
enhanced energy return on investment (EROI),
thereby supporting global climate goals [11, 12].

However, the successful adoption of solar-
powered solutions necessitates the alignment of
technological advancements with supportive policy
frameworks. Research underscores the importance
of integrating water, energy, and agricultural
policies to maximize the scalability and long-term
viability of renewable energy systems in
agriculture [13, 14]. For instance, case studies from
semi-arid regions demonstrate that robust policy
support and financial incentives significantly
influence the deployment of solar-powered
technologies [15]. Moreover, the socio-economic
benefits of renewable energy integration, such as
increased rural employment and reduced energy
costs, further justify its adoption [16, 17].

This paper investigates the role of solar-
powered innovations in promoting sustainable
agriculture on the Absheron Peninsula. By
synthesizing empirical data on solar energy yields,
system efficiencies, and correlations with climatic
conditions, this study evaluates the operational
feasibility of solar-powered solutions [18, 19].
Furthermore, the analysis incorporates
sustainability metrics, including carbon offset
potential and lifecycle energy costs, to assess the
broader environmental and economic implications
of adopting these systems [20, 21]. The findings
provide actionable recommendations for
policymakers, engineers, and practitioners,

emphasizing the need for integrated strategies that
align renewable energy technologies with
agricultural water management [22-25].

Materials and methods

The methodology employed in this study was
designed to evaluate the feasibility and efficiency
of solar-powered technologies for sustainable
agricultural water management in the Absheron
Peninsula. The research was conducted over a 12-
month period, from January to December 2023,
and involved high-precision measurements of solar
radiation and ambient temperature. The following
key steps were undertaken:

1. Solar radiation measurements: High-
precision pyranometers (Model SR-100, accuracy
+0.5%) were used to measure global and diffuse
solar radiation. Temperature sensors (PT-100,
accuracy £0.1°C) monitored ambient temperature.
Data was collected at 10-minute intervals and
averaged hourly.

2. Data analysis: The collected data was
analyzed to determine seasonal variability in solar
energy availability, system efficiency, and
temperature correlations. Key parameters such as
global radiation, diffuse radiation, clearness index,
solar energy density, and system efficiency were
calculated.

3. Statistical analysis: Statistical tools,
including one-way ANOVA, were used to assess
the variability and significance of the data. The
coefficient of wvariation (CV) was calculated to
quantify the variability in solar radiation.

4. System performance optimization: The
study evaluated the performance of solar-powered
water treatment and irrigation systems by analyzing
hydraulic energy requirements, solar array sizing,
and the levelized cost of water (LCOW).

5. Sustainability metrics: key sustainability
metrics, including Water Use Efficiency (WUE),
Energy Return on Investment (EROI), and Carbon
Offset Potential (COP), were calculated to assess
the environmental and economic benefits of solar-
powered systems.

Results and discussion
The experimental study was conducted in the
Absheron Peninsula (40°24'N, 49°53'E) over a 12-

month period, from January to December 2023
(Table 1). The primary objective was to evaluate
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the solar radiation potential and its seasonal
variability (Figure 1), with a focus on its
applicability to sustainable agricultural practices.
High-precision pyranometers (Model SR-100,
accuracy +0.5%) were employed to measure global

Table 1 — Monthly Solar Radiation and Derived Parameters

and diffuse solar radiation, while calibrated
temperature sensors (PT-100, accuracy #0.1°C)
were used to monitor ambient temperature. Data
acquisition was performed at 10-minute intervals,
with automatic averaging to hourly values.

Global Diffuse Solar Energy
o . . Clearness Index . System Temperature
Month Radiation Radiation (KT) Density Efficiency (%) | Coefficient (oT)
(kWh/m?) (kWh/m?) (kWh/m?*/day) y (7o
Jan 352+ 1.8 30.1+1.5 0.41 £0.02 1.13 +£0.06 15.8+0.4 -0.42+£0.03
Feb 504+20 402+ 1.7 0.45+0.02 1.80+0.07 16.2+0.4 -0.40 £0.03
Mar 70.6 +2.1 503+1.8 0.52 +0.03 2.28 +£0.07 16.8+0.5 -0.38 £0.03
Apr 90.3+2.2 60.4+1.9 0.58 £0.03 3.01 £0.08 17.2£0.5 -0.35+0.02
May 110.5+2.3 65.2+2.0 0.64 +£0.03 3.56 £0.08 17.5+0.5 -0.33£0.02
Jun 120.8 £+2.4 70.3+2.0 0.68 +£0.03 4.03 +£0.09 17.8+0.5 -0.31+£0.02
Jul 1253 +24 75.4+2.1 0.70 £0.03 4.04 +0.09 17.6 £0.5 -0.32+0.02
Aug 120.1 £2.3 70.2+2.0 0.67+0.03 3.87+0.08 17.4+0.5 -0.33£0.02
Sep 1004 £2.2 60.1 +1.9 0.61 +£0.03 3.35+0.08 17.0+0.5 -0.35+0.02
Oct 80.2 2.1 502+1.8 0.54 +0.03 2.59 +0.07 16.5+0.4 -0.37£0.03
Nov 503+2.0 40.1+£1.7 0.44 +0.02 1.68 £0.07 16.0+0.4 -0.41 £0.03
Dec 352+1.8 30.1+1.5 0.40 £0.02 1.14 £ 0.06 15.7+0.4 -0.43£0.03
Monthly Solar Radiation Potential - Absheron Peninsula
Global Radiation
120 —&— Diffuse Radiation
100
E 80
£
5 w
40
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
Figure 1 — Monthly solar radiation in absheron peninsula
The graph illustrates the monthly solar - Solar Energy Density (kWh/m?/day): £0.06 to

radiation potential in the Absheron Peninsula,
including global and diffuse radiation values with
respective uncertainties. The data accounts for the
following error margins:

- Global Radiation (kWh/m?): +1.8 to +2.4

- Diffuse Radiation (kWh/m?): £1.5 to 2.1

- Clearness Index (KT): +£0.02 to £0.03
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+0.09

- System Efficiency (%): 0.4 to +0.5

- Temperature Coefficient (aT): £0.02 to +£0.03

These uncertainties reflect variations due to
measurement  precision and  environmental
conditions. The shaded areas between global and
diffuse radiation curves highlight the difference in
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direct solar radiation potential across different
months.

Solar radiation measurements

The temporal distribution of solar radiation
exhibited significant seasonal variation. Global
radiation values ranged from 35.2+1.8 kWh/m? in
December to 125.342.4 kWh/m? in July. Similarly,
diffuse radiation varied from 30.1+1.5kWh/m? to
75.4+2.1kWh/m?,

The relationship between global (IG) and
diffuse (ID) radiation was characterized by the
following empirical correlation [28]:

I—D=a+b(£)

Ig Hy

(1)

where: H — represents the measured daily radiation;

Hy, — represents the extraterrestrial radiation
coefficients ;

a and b were determined to be 0.384 and 0.216
respectively (R2=0.91).

This strong correlation clearly highlights the
proportional contribution of diffuse radiation to
total solar energy, particularly under overcast
conditions, which is a critical consideration for
consistent energy output in water-dependent
agricultural systems. The experimental solar
radiation data measured in the Absheron Peninsula
over the 12-month period demonstrates clear
seasonal trends and performance metrics, thereby

Table 2 — Derived Performance Metrics

directly supporting the feasibility of solar-powered
lake water treatment systems for sustainable
agriculture.

Specifically, the total solar energy yield of
985.6 + 124 kWh/m*year, with summer
contributing 366.2 + 7.1 kWh/m?> and winter
providing 120.8 + 5.6 kWh/m?, highlights the
region's abundant energy potential. During the
summer months, when agricultural water demands
peak, the high energy availability ensures that
solar-powered water treatment systems such as
filtration, distillation, or desalination can operate at
maximum capacity to treat lake water for irrigation.
Conversely, in winter, when solar energy yield
decreases, the recorded average daily insolation of
1.36 = 0.12 kWh/m?*/day remains sufficient to
sustain essential water treatment processes,
particularly when coupled with energy storage
systems or low-power technologies like UV water
disinfection (Table 2).

The clearness index (KT), which varies from
0.40 to 0.70, reflects a combination of clear and
diffuse radiation throughout the year. Importantly,
on overcast days, the diffuse fraction, averaging
0.62 annually and peaking at 0.78 in winter, plays a
critical role in ensuring that photovoltaic (PV)
systems maintain operational efficiency. This
aspect is vital for the continuous operation of lake
water treatment systems under cloudy conditions,
thereby enhancing reliability in winter when direct
solar radiation is limited (Table 1).

Parameter Annual Average Summer (Jun-Aug) Winter (Dec-Feb) Units
Total Solar Energy Yield 985.6+12.4 366.2+7.1 120.8£5.6 kWh/m?/year
Average Daily Insolation 2.70 £0.15 3.98+0.18 1.36 £0.12 kWh/m?/day
Diffuse Fraction 0.62 +0.03 0.58 £0.03 0.78 £0.04 -
Performance Ratio 0.84 +0.02 0.86 +0.02 0.81 +0.02 -
Energy Conversion Efficiency 16.8 £0.5 17.6 £0.5 159+04 %
Temperature Loss Factor -0.36 £0.02 -0.32+£0.02 -0.42+£0.03 %/°C

Furthermore, system efficiency data PV system performance during the critical summer

underscores this suitability, with peak values
reaching 17.8% in summer and dropping modestly
to 15.7% in December. The temperature coefficient
(aT), which ranges from -0.31%/°C in summer to -
0.43%/°C in winter, reflects minimal efficiency
losses in warmer conditions, thus ensuring optimal

irrigation period.

The strong seasonal correlation between solar
energy availability and agricultural water needs
clearly reveals that solar-powered technologies can
effectively address water resource challenges in
Absheron. Notably, in summer, when the solar
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energy density reaches its maximum at 4.03—4.04
kWh/m?/day, systems like solar desalination and
high-volume filtration can process larger water
volumes to meet irrigation demands. In contrast,
during winter, the combination of diffuse radiation
and steady insolation supports smaller-scale water
treatment, such as UV disinfection, which ensures
year-round reliability.

By aligning water policies with these findings,
stakeholders can promote the adoption of solar-
powered lake water treatment systems to enhance
sustainable  agriculture. ~ Consequently, the
measured global and diffuse radiation values
demonstrate that Absheron’s solar potential is
sufficient to provide a renewable and reliable
energy source for water management. This, in turn,
supports the intersection of technology and policy
in addressing agricultural water demands.
Ultimately, this integration highlights the viability
of solar innovations to transform water resource
management and achieve agricultural sustainability
in regions with similar climatic challenges.

Temperature and solar radiation
correlation:

The relationship between ambient temperature
(T) and solar radiation (I) demonstrated a strong
positive  correlation  (1=0.89,p<0.001).  The
functional relationship was best described by the
exponential model:

I = lyexp(aT) 2)

where,

Iy =31.5kWh/m?
radiation and;

0=0.028°C™" is the temperature coefficient.

This correlation demonstrates how increasing
temperatures significantly enhance solar radiation
intensity, especially during the summer months
when both parameters peak. For instance, in July
and August, temperatures climb to around 30°C,
and solar radiation values reach 7.8-8.0
kWh/m?/day, creating optimal conditions for the
operation of solar-powered systems (Figure 2).
This seasonal synergy between higher temperatures
and increased solar energy availability is

represents the baseline
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particularly advantageous for implementing solar-
powered lake water treatment technologies to
address peak irrigation needs.

When viewed alongside the tabular data, the
practicality of such systems becomes even clearer.
During the summer months, solar energy density
reaches its highest levels, at approximately 4.03—
4.04 kWh/m?/day, while system efficiency achieves
its peak values of 17.6-17.8%. Notably, the low
temperature loss factor (-0.31%/°C) ensures that
elevated summer temperatures do not significantly
reduce the performance of photovoltaic (PV)
systems. Consequently, technologies such as solar
desalination, large-scale filtration, and pumping
systems can function at full capacity to treat lake
water for irrigation, providing a reliable and
sustainable solution to meet agricultural demands.
In contrast, the winter months (December—
February) exhibit reduced solar radiation levels,
averaging 2.0-3.0 kWh/m?/day, as well as lower
temperatures of 5-6°C. However, the increase in
the diffuse fraction to 0.78 during this period
ensures that PV systems continue to generate
usable power under cloudy conditions. This allows
for the operation of smaller-scale water treatment
processes, such as UV sterilization or basic
filtration systems, which are sufficient to support
agricultural activities that require minimal water
input during the off-season.

The scatter plot represents the relationship
between temperature (°C) and solar radiation
(kWh/m?/day) across different months. Each point
corresponds to a specific month, showing varia-
tions in solar radiation with increasing temperature.
The following error margins apply to the data:

- Temperature (°C): £0.5 to £1.0

- Solar Radiation (kWh/m?/day): +£0.06 to £0.09

- System Efficiency (%): £0.4 to +£0.5

- Temperature Coefficient (aT): +0.02 to +0.03

The distribution indicates a general trend where
higher temperatures correlate with increased solar
radiation, peaking during the summer months
(June—August). However, seasonal variations and
atmospheric conditions contribute to fluctuations in
solar energy availability.
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Temperature vs. Solar Radiation
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Figure 2 — Temperature and Solar Radiation Correlation in Absheron Peninsula

This interplay between temperature, solar
radiation intensity, and diffuse fraction highlights
the resilience of solar-powered technologies in
Absheron’s climatic conditions. During summer,
the natural alignment of high solar energy
availability with peak agricultural water needs
enables large-scale operations, while in winter, the
presence of diffuse radiation sustains essential
baseline activities. These findings emphasize the
significant potential for integrating solar-powered
lake water treatment systems into regional water
management strategies. By leveraging the seasonal
patterns in solar radiation and temperature,
policymakers and stakeholders can establish a
robust framework for sustainable water resource
management. The data demonstrates that
Absheron’s solar potential is not only sufficient but
also consistent enough to support year-round
applications, ensuring water availability for
agricultural purposes. Ultimately, the integration of
solar-powered technologies aligns with the goals of
enhancing  agricultural  resilience, reducing
dependency on non-renewable energy sources, and
promoting a sustainable water-energy nexus in
regions with similar semi-arid climates.

Cumulative solar radiation

The annual cumulative solar radiation (E total)
was calculated using numerical integration [29]:

¢ n
Etotal = ftlzl(t)dt ~ .leiAti (3)
i=

The annual cumulative solar radiation (Etotal)
for the Absheron Peninsula was calculated using
numerical integration, yielding a total solar energy
potential of 985.6 £+ 12.4 kWh/m?*year.

The cumulative radiation curve demonstrates a
quasi-linear trend during the summer months
(May—August), with a consistent average daily
increment of 4.2 = 0.3 kWh/m?day. This steady
accumulation of solar energy aligns seamlessly
with the critical agricultural growing season,
during which water demands for irrigation are at
their peak.

The tabular data reinforces this trend, showing
that the solar energy density reaches maximum
values of 4.03—4.04 kWh/m?*/day in June and July,
alongside high global radiation values of 120.8 +
2.4 kWh/m? (June) and 125.3 + 2.4 kWh/m? (July).
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System efficiency, which peaks at 17.8%, ensures
that photovoltaic (PV) systems can effectively
convert this abundant solar radiation into usable
energy. Importantly, the minimal temperature loss
factor of -0.31%/°C during the summer months
indicates that high ambient temperatures have little
negative impact on PV performance, making
summer an optimal period for harnessing solar
power.

This alignment between the quasi-linear
cumulative solar energy trend and the seasonal
energy performance metrics underscores the
significant potential for solar-powered agricultural
water treatment

operate at full capacity throughout the peak
irrigation period. Moreover, the gradual increase in
cumulative radiation observed between April and
August provides a reliable energy supply that
matches the water requirements of crops during the
growing season.

In contrast, the slower accumulation of solar
radiation in winter reflects lower daily solar energy
density values (1.14-1.80 kWh/m?*/day) and a
higher contribution from diffuse radiation. Despite
this reduction, the data indicates that baseline
energy levels remain sufficient to support smaller-
scale water treatment processes, such as UV

60

50 A

40 1

30 A1

20 A1

Cumulative Radiation (kWh/m?)

10 1

systems. The steady energy  disinfection or low-volume filtration, ensuring
accumulation ensures that systems such as solar  year-round  agricultural  water  availability
desalination, filtration, and pumping units can  (Figure 3).
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Figure 3 — Cumulative Solar Radiation of Absheron Peninsula

The graph presents the cumulative solar
radiation (kWh/m?) over the months, showing the
accumulation of solar energy throughout the year.
The steady increase indicates seasonal variations in
solar radiation availability. The following
uncertainties apply to the data:

- Cumulative Radiation (kWh/m?): +1.8 to +2.4
per month

- Monthly Global Radiation (kWh/m?): £1.8 to
+2.4

- System Efficiency (%): £0.4 to +0.5

- Temperature Coefficient (aT): £0.02 to £0.03
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Statistical Analysis

Statistical analysis was conducted to evaluate
the variability and significance of the measured
data. The standard deviation for global radiation
was 0=32.5kWh/m?, while that for diffuse radiation
was 6=15.8kWh/m?. The coefficient of variation
(CV) was calculated as

cv %x 100 (4)



F.G. Aliyev , N.A. Zohrabbayli

Where, i represents the mean radiation value.

This variability is further quantified by the
coefficient of variation (CV), calculated as 27.8%
for global radiation, indicating moderate variability
across the annual cycle. Such a degree of
variability aligns with seasonal solar radiation
trends, as observed in the monthly data, and
underscores the predictable shifts in energy
availability that are essential for the design and
implementation  of  reliable  solar-powered
agricultural water treatment systems.

The results of the one-way ANOVA test,
yielding F(11,354) = 128.3, p < 0.001, further
validate these seasonal differences. This statistical
significance highlights the sharp contrast between
summer and winter radiation levels, which directly
informs the planning and operation of solar-
powered technologies. Specifically, during the
summer months, when global radiation peaks
between 120.8—125.3 kWh/m?, the abundant energy
availability ensures that high-capacity water
treatment systems, such as solar desalination
plants, high-volume filtration units, and pumping
systems, can operate at maximum efficiency to
meet increased irrigation demands. This seasonal
synergy between energy supply and water needs
represents a critical opportunity for integrating
solar-powered solutions into agricultural practices.

In contrast, during winter, while global
radiation decreases to values as low as 35.2 + 1.8
kWh/m?, the consistent contribution of diffuse
radiation mitigates this reduction to some extent.
The diffuse radiation component, which peaks at
75.4 = 2.1 kWh/m? in overcast conditions, ensures
that solar photovoltaic (PV) systems maintain
functional output even when direct sunlight is
limited. This provides a foundation for the
operation of low-power technologies, such as UV
water disinfection systems or small-scale filtration
units, which can sustain essential agricultural
activities during the off-season.

The moderate variability, as indicated by the
CV, further emphasizes the importance of system
resilience and adaptability. Solar-powered water
treatment systems can be designed to accommodate
seasonal fluctuations through energy storage
solutions or hybrid configurations, combining solar
energy with backup power sources to ensure
uninterrupted water treatment services. Such
adaptive  designs address variability = while
maximizing efficiency, ensuring a steady supply of
treated water for irrigation year-round.

The statistical findings also highlight the role
of solar radiation variability in shaping water
policy frameworks. By aligning water policies with
the observed seasonal energy patterns, stakeholders
can promote efficient resource allocation. For
instance, policies could encourage large-scale
water treatment and storage during summer months
when solar energy availability is highest, enabling
the storage of treated water for use during winter
when energy production is reduced. This strategic
approach would optimize resource utilization and
enhance agricultural productivity.

In conclusion, the statistical analysis
demonstrates a clear correlation between the
variability of solar radiation and its applicability to
solar-powered agricultural water treatment systems.
The statistically significant seasonal differences
provide a robust basis for aligning technological
solutions with energy availability and water
demand. By leveraging high solar energy yields
during summer and accounting for variability
during winter, stakeholders can implement reliable
and efficient solar-powered water solutions. This
integration of technology, policy, and resource
management supports the broader goal of achieving
sustainable agriculture in Absheron and other
regions with similar climatic conditions.

Measurement Validation

The provided quality control procedures and
uncertainty assessment for solar radiation
measurements are highly relevant to the
intersection of water policy and technology,
specifically for solar innovations supporting
sustainable agriculture in the Absheron Peninsula.
Adhering to ISO 9847 standards and using rigorous
statistical approaches ensures that solar radiation
data is both accurate and reliable—essential for

optimizing solar-powered systems in water
management.
The acceptance criteria for measurement
accuracy, defined as:
Imeasured_lrgference < 0.02 (5)
1 reference

ensures that deviations in measured solar radiation
remain within 2% of the reference values. This
level of precision is crucial for applications like
solar desalination, filtration systems, and solar-
powered pumping units because these technologies
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rely on precise solar radiation input to determine
energy availability and system performance. Small
deviations could lead to underperformance or
inefficiencies, particularly in agricultural irrigation,
where reliable water delivery is essential during
critical growing periods.

The calculation of expanded uncertainty U,
expressed as:

(6)

where:

U — Expanded uncertainty, representing the
combined uncertainty of a measurement;

K — Coverage factor, which accounts for the
confidence level of the uncertainty (commonly

k=2 for a 95% confidence level);

Ui — Standard uncertainty of each contributing
factor, where i ranges from 1 to n;

N — The total number of uncertainty
components contributing to the measurement;

>, u? — Summation of the squares of each

individual standard uncertainty.

By maintaining overall uncertainties at £2% for
global radiation and £3% for diffuse radiation, the
data achieves a level of reliability necessary for
solar energy system design and deployment.

Solar-Water system integration analysis and
policy implementation framework

The experimental findings necessitate a
comprehensive analysis of the solar-water nexus
for agricultural applications in the Absheron
Peninsula. The integration framework encompasses
multiple interconnected parameters that directly
influence system efficiency, sustainability, and
policy implementation strategies. This section
explores the correlations between solar radiation
data, water management needs, and agricultural
productivity, while providing a detailed framework
for integrating solar-powered irrigation systems
into the region's agricultural practices.

Radiation-Water = Pumping  Correlation
Analysis
The relationship between solar radiation

intensity and water pumping capacity follows a
non-linear correlation expressed by:

_ Ig-Apy
Qw = Nsys W (7)
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where,

Ow represents the volumetric water flow rate
(m/h);

ns — is the system efficiency;

1 denotes global radiation (W/m?);

Apy is the photovoltaic array area (m?);

P — is water density (kg/m?), g is gravitational
acceleration (m/s?);

and £ is the total dynamic head (m).

The experimental data yields an average system
efficiency of 16.8£0.5% during peak radiation
periods, enabling optimal water delivery for
irrigation purposes.

The annual average solar energy yield of
985.6£12.4 kWh/m?, as derived from the
experimental data, highlights the significant solar
resource availability in Absheron. This energy
potential is particularly critical during the summer
months (June—August), where the total solar energy
yield reaches 366.2+7.1kWh/m?. This period
coincides with the peak agricultural water demand
due to higher evapotranspiration rates. The high
clearness index (KT) wvalues during summer,
averaging 0.68+0.03, further indicate optimal
conditions for solar energy harvesting, ensuring

reliable operation of solar-powered irrigation
systems.
Temporal distribution and agricultural

water demand

The temporal correlation between solar radia-
tion availability and agricultural water demand, as
captured by the synchronicity coefficient (Sc),
plays a pivotal role in understanding the feasibility
of solar-powered systems for sustainable
agriculture in the Absheron Peninsula. The
synchronicity coefficient is defined as:

¢ - ILRERWW)
c _ —
P RRS w2

®)

where,

Ri — represents daily solar radiation values;

Wi — denotes daily water demand;

R and W are the mean values of solar radiation
and water demand, respectively.

The calculated Sc =0.83 indicates a strong
positive  correlation between solar energy
availability and irrigation water needs. This
synchronicity highlights the natural alignment
between energy supply from solar resources and
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the seasonal peak in agricultural water demand,
particularly during the critical growing seasons.

In Absheron, where water scarcity remains a
pressing challenge, the peak availability of solar
radiation during summer months provides a
renewable and reliable energy source for water
treatment systems. The data demonstrates that
during June to August, when global solar radiation
reaches maximum values (120.8-125.3 kWh/m?),
agricultural water requirements are also at their
highest due to increased evapotranspiration rates.
This overlap ensures that solar-powered water
treatment technologies, such as desalination
systems, filtration units, and pumping systems, can
operate at maximum efficiency to provide treated
water for irrigation. By aligning solar energy
availability with water demand, these systems can
significantly enhance agricultural water manage-
ment, reducing dependence on conventional energy
sources and increasing water-use efficiency.

Furthermore, the strong correlation between
radiation and water demand supports the year-
round viability of solar-powered systems. While
global radiation decreases in winter months (to
values as low as 352 + 1.8 kWh/m?), the
contribution of diffuse radiation ensures that
smaller-scale treatment systems, such as UV
disinfection or basic filtration units, continue to
operate reliably. The steady presence of diffuse
radiation, averaging 62% annually and peaking at
78% in winter, mitigates energy losses under
overcast conditions, ensuring a consistent baseline
output for water treatment processes. This
adaptability of solar-powered systems to seasonal
variations underscores their resilience and
practicality for sustaining agricultural activities
throughout the year.

The correlation between solar radiation trends
and irrigation demand also highlights the
scalability of solar-powered treatment systems in
water resource management. For example, during
the summer months, high-capacity systems can be
deployed to treat and distribute large volumes of
lake water for irrigation, supporting agricultural
productivity. In contrast, during the off-peak winter
season, energy-efficient technologies can maintain
essential water treatment operations with lower
energy input. This flexibility ensures that water
treatment remains uninterrupted, improving water
accessibility for farmers while optimizing energy
use.

In conclusion, the strong synchronicity
(Sc=0.83) between solar radiation availability and
agricultural water demand demonstrates the critical
role of solar-powered treatment systems in
addressing water resource challenges in Absheron.
By leveraging peak solar energy availability during
critical growing seasons, these systems provide a
sustainable solution for water treatment and
irrigation. Their adaptability to seasonal variations
ensures consistent performance throughout the
year, enhancing water-use efficiency and
supporting  agricultural  sustainability.  This
alignment between solar resource availability and
irrigation requirements showcases the
transformative  potential  of  solar-powered
technologies in improving water management and
fostering sustainable agricultural practices in
regions facing similar climatic challenges.

System performance optimization

The optimization of system performance for
solar-powered water treatment and irrigation
systems integrates multiple critical variables,
ensuring efficiency, reliability, and economic
viability. The framework revolves around key
components such as hydraulic energy requirements,
solar array sizing, and the levelized cost of water
(LCOW), each of which is influenced by solar
energy availability, system design, and operational
parameters [30].

Hydraulic Energy Requirement (Eh):

Ep = pghQyt €)
where,

p is the water density, g is the gravitational
constant;

h represents the height of water lifted;

Ow is the water flow rate, and t is the
operational duration.

This equation highlights the direct relationship
between energy requirements and water pumping
conditions, such as the lifting height and flow rate.
For example, to pump water to a height of 10
meters with an efficiency of 70%, a system would
require approximately 0.1 kWh/m?® of energy. This
parameter is particularly relevant for solar-powered
water systems in agricultural contexts, where
irrigation demands often require significant
volumes of water to be pumped over variable
terrain.

Solar Array Sizing Factor (Sf):
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The sizing of the solar array determines the
capacity of the photovoltaic (PV) system to meet
the hydraulic energy demands. It is given as:

P ed
Sp =g Neon (10)
where,
P peak is the peak power output of the solar
array;

E} is the hydraulic energy requirement;

N conv 18 the conversion efficiency of the PV
system.

This factor is critical in ensuring that the solar
array is sized appropriately to match water
pumping needs. Given the daily solar energy
density in Absheron, which averages 3.98 + 0.18
kWh/m?*/day during summer, a PV system with
sufficient area can reliably generate the energy
required to pump water. For instance, a properly
sized system could pump up to 6.7 m® of water per
square meter of solar panel area, meeting the
irrigation demands of most crops during the peak
growing season. This highlights the importance of
aligning solar array size with energy availability to
achieve maximum performance during critical
agricultural periods.

Levelized Cost of Water (LCOW):

The economic performance of solar-powered
water systems is assessed using the levelized cost
of water, defined as:

2 e
t=1(1+1)t

- (1)

t=1(1+1)t

LCOW =

where,

Ct represents the total costs in year t;

Wt is the water volume delivered in year t;

r is the discount rate.

The LCOW provides a comprehensive measure
of the lifecycle cost of water production,
accounting for capital costs, operational
expenditures, and the volume of water delivered
over time. By minimizing the LCOW, solar-
powered systems can offer a cost-effective
alternative to conventional water pumping methods
that rely on fossil fuels or grid electricity. The
availability of abundant solar radiation in Absheron
ensures that these systems can operate with low
operational costs, enhancing their economic
viability for farmers and stakeholders.

The solar energy density, averaging 3.98+0.18
kWh/m?/day during summer, provides sufficient
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power to operate photovoltaic (PV) systems for
water pumping and distribution. For instance, a
system designed to pump water to a height of 10
meters with an efficiency of 70% would require
approximately 0.1kWh/m* of energy. Given the
daily solar energy density, such a system could
pump up to 6.7 m? of water per square meter of PV
panel area during summer, meeting the irrigation
needs of most crops.

The optimization framework, which
incorporates hydraulic energy requirements, solar
array sizing, and lifecycle costs, ensures that solar-
powered water treatment systems in Absheron are
not only efficient but also economically feasible.
By leveraging high solar energy availability, these
systems can reliably deliver water for irrigation
during critical growing seasons, reducing operatio-
nal costs and increasing energy independence for
farmers. The ability to optimize system
performance based on local solar conditions further
supports the adoption of solar-powered innovations
in sustainable agriculture, addressing the
challenges of water scarcity and energy reliance.

Sustainability metrics
indicators

The integration of sustainability metrics with
performance indicators establishes a robust
analytical framework for evaluating the efficiency,
energy performance, and environmental impact of
solar-powered water management systems. Key
metrics, namely Water Use Efficiency (WUE),
Energy Return on Investment (EROI), and Carbon
Offset Potential (COp ), provide critical insights
into the operational feasibility and long-term
implications of  deploying solar-powered
technologies within the context of sustainable
agricultural practices in the Absheron Peninsula.
By systematically assessing these parameters, the
analysis demonstrates the potential of solar-driven
systems to address water scarcity, optimize energy
utilization, and contribute to environmental
sustainability in arid and semi-arid regions [31].

The integration of experimental data yields key
sustainability metrics:

Water Use Efficiency (WUE):

and performance

(12)

where,
Yc is crop yield;
Vw is volume of water used.
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This metric highlights the effectiveness of
water usage in agricultural production. In the
context of solar-powered water treatment systems,
WUE becomes a critical performance indicator
because these systems optimize water availability
by treating and delivering lake water for irrigation.
Higher WUE values indicate that water resources
are being used efficiently, maximizing crop yield
per unit of water consumed. For arid regions like
Absheron, where water scarcity limits agricultural
productivity, achieving high WUE through precise
irrigation supported by solar technologies can
transform water management practices. By aligning
energy input with water delivery systems, solar-
powered technologies ensure that treated water
meets irrigation demands while minimizing waste.

Energy Return on Investement (EROI):

t
Egut _ fo Pout(t)dt

EROI = =
Ej fOtP,'n(t)dt

(13)

where,

Pout(t) — Power output over time t;

Pin (1) — Power input over time t.

This ratio provides a measure of the energy
efficiency of the system. Solar-powered water
treatment and pumping systems, driven by
photovoltaic (PV) technology, inherently offer high
EROI values due to the abundant solar energy
available in Absheron. The daily solar energy
density, averaging 3.98 + 0.18 kWh/m?*day during
summer, ensures that energy input from solar
arrays is consistently high, enabling significant
energy output for water treatment and delivery
processes.

A high EROI confirms that the energy
generated from solar systems far exceeds the
energy invested in operating and maintaining them,
making these systems both economically and
environmentally  sustainable.  This indicator
strengthens the argument for transitioning to solar-
powered solutions for agricultural water
management, reducing reliance on fossil fuels
while ensuring consistent energy performance.

Carbon Offset Potential (COp):

n
COp = .Zl(Esol,i ' EFgrid) (14)
i=

where,
Esol i- is solar energy generated ;
EFgrid- is grid emission factor.

The use of solar-powered water treatment
systems significantly reduces carbon emissions by
replacing fossil fuel-based pumping and treatment
technologies with clean, renewable solar energy.
Given Absheron’s high solar energy availability,
the cumulative carbon offset can be substantial. For
instance, solar pumping systems operating during
summer months, when solar energy peaks, can
deliver water for irrigation without contributing to
greenhouse gas emissions. This reduction supports
global climate targets while addressing local
environmental concerns such as air quality and
ecosystem preservation.

Contextual framework: alignment with sdgs
and local legislation

The Absheron Peninsula faces mounting
challenges of water scarcity, energy sustainability,
and climate resilience due to its semi-arid
conditions and growing agricultural demands. By
integrating solar-powered technologies into water
management systems, Absheron can address these
interconnected challenges while aligning with
global sustainability goals and local legislative
frameworks [32]. This approach not only supports
the region's agricultural productivity but also
demonstrates the transformative potential of solar
energy innovations in achieving long-term water
and energy security.

Broader sustainable
agriculture

The integration of solar energy into water
management systems directly complements the
previously  discussed precision-driven  solar
radiation measurements and their role in system
optimization. High-accuracy data, ensured through
adherence to ISO 9847 standards and rigorous
uncertainty controls, provides the technical
foundation necessary for reliable system design.
These systems, such as solar-powered irrigation,
desalination, and filtration technologies, represent
practical solutions for agricultural water needs in
Absheron.

Alignment with Global Sustainability Goals

The adoption of solar innovations aligns
seamlessly with the United Nations Sustainable
Development Goals (SDGs), specifically SDG 6
(Clean Water and Sanitation) and SDG 7
(Affordable and Clean Energy). Accurate solar
radiation data, with a maintained measurement
uncertainty of +2% for global radiation and +3%

implications  for
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for diffuse radiation, ensures these systems perform
optimally to deliver clean water for irrigation and
energy for agricultural operations.

By fostering water-use efficiency and energy
access, solar-powered water systems address the
dual challenges of water scarcity and energy
dependency. For instance, during summer months,
when global radiation peaks (120.8-125.3
kWh/m?), technologies like solar desalination
plants and high-capacity pumps can be operated at
maximum output to meet agricultural irrigation
demands. These innovations align  with
Azerbaijan’s commitments under COP 29,
contributing to climate adaptation and greenhouse
gas emission reductions, key components of a low-
emission economy.

Integration with Local Legislation and Policy
Frameworks

The deployment of solar-powered technologies
also aligns with Azerbaijan’s Long-Term Low-
Emission Development Strategy (LT-LEDS). The
LT-LEDS framework prioritizes the development
of resilient infrastructure and the transition to
renewable energy  solutions.  Solar-powered
irrigation systems, as highlighted in previous
analyses, directly contribute to these goals by
ensuring:

1. Resilient water infrastructure that can
operate consistently under variable environmental
conditions.

2. Sustainable energy access for rural
agricultural areas, reducing reliance on external
energy sources.

3. Improved climate resilience through
renewable energy adoption, addressing both water
and energy challenges.

4. This synergy between solar energy
systems, water management policies, and climate
strategies provides a unified pathway to achieving
sustainable agricultural development in Absheron.

Environmental and economic benefits

The integration of solar-powered water systems
offers significant environmental and economic
advantages, as demonstrated through previous
contextual analyses:

1. Environmental Benefits: By replacing
fossil fuel-based technologies, solar-powered
systems reduce greenhouse gas emissions and
contribute to Azerbaijan’s Paris Agreement
commitments. This aligns with the observed
seasonal trends in global and diffuse radiation,
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where abundant summer solar energy ensures
maximum performance of high-capacity systems.

2. Economic Benefits: Solar-powered systems
lower operational costs for farmers by eliminating
expensive fuel and electricity requirements. This
enhances the economic resilience of rural
communities, allowing for reinvestment into
agricultural productivity, crop diversification, and
land improvements.

The previously discussed coefficient of
variation (27.8%) and statistically significant
seasonal differences (F(11,354) = 128.3, p < 0.001)
ensure reliable energy projections for both peak
irrigation needs and baseline water treatment
activities during winter. This data-driven reliability
further reinforces the economic viability of solar-
powered systems in Absheron.

Case Study: Baku general and
environmental remediation

The previously highlighted Baku General Plan
identifies critical areas for ecological remediation,
including lakes such as Boyuk Shor Lake and
Khojahasan Lake. The deployment of solar-
powered water treatment systems aligns with these
efforts by providing:

1. Clean energy for lake water treatment and
irrigation.

2. Support for land restoration in key
remediation corridors like Boyuk Shor-Binagadi-
Balakhani and Khojahasan-Lokbatan.

3. Sustainable agricultural practices on
remediated lands, fostering ecological recovery and
improved agricultural productivity.

By integrating solar-powered systems into
environmental remediation initiatives, Absheron
can simultaneously address water quality concerns,
restore degraded ecosystems, and promote
sustainable agricultural practices. This directly
correlates with the earlier discussions on solar
energy's role in sustainable water management.

The integration of solar-powered water
management systems into Absheron’s agricultural
sector is grounded in high-precision solar radiation
measurements, robust policy frameworks, and
alignment with global sustainability goals.
Accurate and reliable radiation data, combined
with the broader implications of solar energy
technologies, ensures that these systems can
address water scarcity, climate resilience, and
agricultural sustainability effectively. By aligning
these innovations with Azerbaijan’s LT-LEDS

plan
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strategy, COP 29 objectives, and environmental
remediation plans, Absheron can pave the way for
a transformative approach to water-energy
management. This approach not only meets
immediate agricultural needs but also contributes to
a low-emission, climate-resilient economy, setting
a replicable model for regions facing similar
challenges worldwide.

Conclusion

The results of the study revealed significant
seasonal variability in solar energy availability,
with global radiation values ranging from 35.2+1.8
kWh/m? in December to 125.342.4 kWh/m? in July.
The annual cumulative solar radiation was
calculated to be 985.6£12.4 kWh/m?/year, with
summer months contributing 366.2+7.1 kWh/m?.
The clearness index (KT) varied from 0.40 to 0.70,
indicating a combination of clear and diffuse
radiation throughout the year. The study found a
strong positive correlation between solar radiation
intensity and water pumping capacity, with an
average system efficiency of 16.8+0.5% during
peak radiation periods.

The findings of this study underscore the
potential of solar-powered technologies to address

water scarcity and enhance sustainable agricultural
practices in the Absheron Peninsula. The strong
seasonal correlation between solar energy
availability and agricultural water demand suggests
that solar-powered systems can effectively meet
irrigation needs, particularly during the critical
summer months. The integration of solar-powered
water treatment systems, such as desalination,
filtration, and UV disinfection, offers a reliable and
sustainable solution for water management in arid
and semi-arid regions. The high solar energy
density during summer ensures that these systems
can operate at maximum capacity, while the
presence of diffuse radiation in winter supports
smaller-scale operations.

The study also highlights the importance of
aligning water policies with renewable energy
frameworks to ensure the long-term viability of
solar-powered systems. By leveraging the abundant
solar energy resources in the Absheron Peninsula,
policymakers can promote the adoption of scalable
and adaptable solutions that enhance food security,
minimize dependency on non-renewable resources,
and foster climate resilience.
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