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Abstract

This paper explores the potential impact of residential rooftop solar photovoltaic (PV) installations in
residential houses in Kabul on Afghanistan's power grid, amid significant energy challenges.
Afghanistan's energy generation is constrained, heavily reliant on fossil fuels and imported electricity,
with approximately 78% of its power sourced from neighboring countries. As rapid population growth
and sectoral advancements intensify energy demands, existing sources fall short, leading to frequent
blackouts and economic vulnerabilities. To address this deficit and promote energy sustainability, this
study argues that decentralized rooftop solar PV systems offer a viable solution by generating power
near consumption points, thus enhancing grid stability, reducing dependency on imports, and
expanding access. Afghanistan’s high solar irradiance and extensive rooftop space present an ideal
environment for PV deployment, though economic, technical, and regulatory barriers must be
addressed to achieve widespread adoption. Drawing from successful implementations in Pakistan,
Nepal and India, provides policy recommendations tailored to Afghanistan's context, highlighting the
importance of advancements in grid management—such as energy storage and smart technologies—
to support intermittent solar energy. By overcoming these challenges, Afghanistan can harness rooftop
solar to secure a sustainable, resilient energy future, reducing dependence on foreign energy and
enhancing national energy security.

Keywords: Rooftop solar, power grid, energy decentralization, Afghanistan, renewable energy, grid
resilience, sustainability, solar photovoltaic (PV).

Introduction

Afghanistan’s electricity sector is marked by a complex set of challenges, deeply impacting the
country’s economic and social development. With approximately 78% of its electricity imported from
neighboring countries—primarily Uzbekistan, Iran, and Tajikistan—A fghanistan is highly vulnerable
to price fluctuations and geopolitical tensions that frequently disrupt supply chains and escalate costs
(Asian Development Bank, 2022). The nation’s domestic generation capacity remains insufficient to
meet the demands of a growing population, resulting in frequent blackouts, particularly in urban
centers like Kabul, and severe constraints on rural electrification. The disparity in energy access is
stark, while nearly 89% of urban households have access to electricity, only about 10% of rural areas
are electrified, exacerbating socio-economic divides and limiting development opportunities (World
Bank, 2021).

In this context, rooftop solar photovoltaic (PV) systems offer a viable and sustainable alternative to
traditional energy sources. These systems empower households by enabling them to generate their
own electricity, reducing dependency on the centralized grid and lowering the demand for imported
power. Afghanistan’s high solar irradiance, ranging from 5.5 to 6.5 kWh/m?/day, makes rooftop solar
particularly effective in supporting local electricity needs during peak sunlight hours (IRENA, 2021).
By decentralizing energy production, rooftop solar installations alleviate grid strain, reduce
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transmission losses, and decrease the likelihood of blackouts—benefits especially critical in a heavily
burdened urban environment like Kabul.

The integration of rooftop solar into Kabul’s residential sector could transform Afghanistan’s energy
landscape by offering enhanced grid stability, economic savings, and environmental benefits.
Decentralized solar power generation minimizes long-distance transmission losses, improving system
efficiency and making renewable energy more accessible. Additionally, as Afghanistan grapples with
the financial strain of electricity imports, widespread adoption of rooftop solar has the potential to
offset a significant portion of this dependency, thus reducing the national electricity bill and
strengthening energy security.

However, while rooftop solar presents a promising solution, challenges remain. The intermittent
nature of solar power requires advancements in grid management, such as energy storage, smart
inverters, and net metering policies, to ensure reliability and seamless integration (National
Renewable Energy Laboratory, 2021). Dealing with these technical and legal obstacles is important
in order to unlock the complete potential of rooftop solar power and help Afghanistan reach a
sustainable, self-sufficient energy future. This article investigates the possibility of using solar panels
on rooftops in Kabul. It assesses how this could help to distribute power generation, maintain the
stability of the grid, and encourage energy independence in a country that is working towards making
its electricity sector more resilient.

1. Goals and methodology

This research seeks to assess the possible effect of rooftop solar PV systems on Kabul’s energy
situation, concentrating on how these systems can improve energy availability, decrease reliance on
imported power, and support environmental sustainability.

By using a comparison analysis, it examines reports and case studies from organizations that are
following this pathway. The approach includes recognizing the financial, practical, and legal obstacles
that hinder the use of rooftop solar panels in Kabul, Afghanistan. This is a potential solution to tackle
the urgent energy problems in the area.

It contributes to environmental protection and reduces the country’s reliance on fossil fuels. Offering
a stable and predictable source of energy, it also decreases dependence on hydropower. Moreover, by
enabling decentralized generation, rooftop solar installations can be distributed widely, bringing
electricity to remote areas where grid connections are difficult. Also, the growth of the rooftop solar
sector can generate jobs, stimulate local economies, and attract foreign investment, promoting overall
economic prosperity and resilience.

2. Current State of Energy in Afghanistan

Afghanistan’s energy landscape is defined by a mix of hydropower, fossil fuels, and increasingly solar
energy. As recent data indicate, less than 50% of the population has reliable access to electricity, with
major cities seeing greater connectivity than rural areas, which remain largely underserved. Efforts to
bridge this gap include the Central Asia-South Asia power project (CASA-1000), which is expected
to enhance cross-border energy transmission and generate an additional 600 MW through
hydroelectric plants. Afghanistan currently imports approximately 720 MW of electricity from
neighboring countries, including Iran, Tajikistan, Turkmenistan, and Uzbekistan. This imported
power costs Afghanistan $250-$280 million annually (CASA-1000 Project, 2022). With increasing
demand projected to reach 7,000 MW soon, Afghanistan’s National Development Strategy has
prioritized alternative energy sources, particularly wind and solar, as crucial for sustainable growth.
However, Afghanistan’s power grid remains constrained by limited generation capacity, reliance on
hydropower (which fluctuates with seasonal water levels), outdated infrastructure that results in high
transmission losses, and ongoing security concerns that impact power plants and transmission lines
(Ministry of Energy and Water, Afghanistan, 2020).
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1. Economic and Technical Benefits of Rooftop Solar PV Systems

Decentralized energy solutions like rooftop solar PV systems are widely recognized for their potential
to improve energy security and grid stability, particularly in energy-constrained countries. According
to the International Renewable Energy Agency (IRENA, 2019), solar PV systems, especially at the
residential level, contribute to emission reductions, enhance energy independence, and strengthen
local grids by generating power closer to consumption points, thus reducing transmission and
distribution losses. In regions with similar energy landscapes, such as Pakistan, Nepal and India,
rooftop solar has been shown to lower peak demand, boost grid resilience, and promote energy
independence (Asian Development Bank, 2022). Given that Afghanistan imports around 78% of its
electricity, adopting rooftop solar could reduce dependency on imported power and the associated
costs, as well as provide economic benefits through job creation in installation and maintenance (GIZ,
2016). Although initial installation costs remain high, economic models suggest that incentives such
as subsidies, net metering, or tax rebates could improve the feasibility of rooftop solar adoption,
especially given the declining global costs of PV technology (World Bank, 2022).

3. Potential Benefits of Rooftop Solar PV in Kabul

Afghanistan’s high solar irradiance, estimated between 5.5 to 6.5 kWh/m?/day, makes rooftop solar
PV an ideal energy solution, particularly for urban centers like Kabul. Kabul alone has approximately
18 million square meters of rooftop space suitable for PV installation, indicating a vast potential for
solar generation at the local level (Afghanistan Renewable Energy Union, 2020).

4. Environmental Impact and Sustainability of Rooftop Solar PV

The environmental benefits of rooftop solar PV are significant in a country like Afghanistan, where
reducing reliance on fossil fuels aligns with broader climate commitments under the Paris Agreement.
The Renewable Energy Policy (RER2032) forecasts that Afghanistan could reach 1.5 GW of on-grid
and off-grid solar capacity by 2032, with rooftop PV comprising a substantial share. This shift is
projected to reduce residential sector emissions by up to 30%, which is especially relevant for urban
areas like Kabul, where pollution levels are high (UNEP, 2021). Additionally, solar energy is a water-
efficient power source, a critical advantage in Afghanistan’s water-scarce environment. Comparative
analyses suggest that rooftop solar can mitigate air pollution in urban areas by up to 20% and provide
energy independence, reducing vulnerability to geopolitical tensions and fossil fuel price volatility
(IRENA, 2021; Asian Development Bank, 2017).

5. Challenges to Implementation of Rooftop Solar PV

Despite its clear advantages, the large-scale adoption of rooftop solar PV in Kabul faces numerous
challenges. High initial costs, limited financing options, and a shortage of policy for installation and
maintenance remain significant barriers. Additionally, Afghanistan lacks a supportive regulatory
framework that includes policies for net metering, grid interconnection, and financial incentives, all
of which are essential for encouraging residential solar investment (Enabling PV Afghanistan Report,
2017). Technical challenges related to integrating distributed solar PV into the grid are also notable;
Afghanistan’s grid is not currently optimized to handle intermittent renewable sources, necessitating
modern grid management tools such as battery storage and smart inverters to mitigate issues such as
voltage fluctuations and reverse power flow (NREL, 2021).

6. Technical Influence of Rooftop Solar Power of residential houses on Afghanistan’s Power
Grid

The deployment of rooftop solar PV could substantially improve grid reliability by alleviating strain

during peak hours, as evidenced in studies conducted in other high-solar-potential region like Kabul

(Asian Development Bank, 2022). However, for effective integration, Afghanistan’s grid
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infrastructure requires upgrades, including microgrids and battery storage to address the intermittency
of solar power. Lessons from India demonstrate that battery storage can effectively mitigate solar
variability, ensuring stable power availability in rural regions (IRENA, 2022). Though costly, these
grid improvements are essential for the long-term sustainability and reliability of solar PV integration.

7. Lessons from Global Comparisons

Countries with geographic and economic conditions similar to Afghanistan, such as India, Nepal and
Pakistan, illustrate how supportive policies can drive successful adoption of rooftop solar PV.
Measures such as net metering, feed-in tariffs, and subsidies have encouraged high residential solar
uptake, leading to reduced urban energy demand and enhanced grid reliability (Asian Development
Bank, 2022). These experiences underscore the importance of a supportive policy environment in
overcoming financial and technical barriers, suggesting that with appropriate regulatory frameworks,
Afghanistan could achieve significant progress in energy independence and sustainability.
(https://www.scribd.com/document/620306244/Report-Enabling-Pv-Afg).

8. Conclusion

The integration of rooftop solar PV systems into Kabul's residential sector presents a promising
pathway for Afghanistan to enhance energy resilience, reduce dependency on imported power, and
contribute to environmental sustainability. With high solar irradiance and ample rooftop space,
Afghanistan has an opportunity to address its energy challenges by decentralizing electricity
generation, thus alleviating grid strain, minimizing transmission losses, and mitigating the economic
burden of imported electricity. The experiences of neighboring countries, such as Pakistan, India, and
Nepal, underscore the potential of rooftop solar to strengthen local grids, improve energy access, and
reduce greenhouse gas emissions.

However, for rooftop solar PV to reach its full potential in Afghanistan, significant economic,
technical, and regulatory challenges must be addressed. The high initial cost of solar installations,
limited financing options, and the absence of supportive policies, such as net metering and subsidies,
remain substantial barriers to widespread adoption. Additionally, the intermittency of solar energy
requires advancements in grid management, including energy storage and smart technologies, to
ensure stable and reliable power supply.

This study suggests that Afghanistan's path to sustainable energy independence is achievable but
requires coordinated policy reforms, investment in grid infrastructure, and incentives to encourage
residential solar adoption. By learning from successful regional examples, Afghanistan can create a
framework that supports renewable energy growth, ultimately fostering a more resilient and self-
sufficient electricity sector. Embracing rooftop solar in Kabul and beyond could lead to substantial
economic, social, and environmental benefits, helping Afghanistan transition toward a sustainable
energy future that aligns with global climate goals and improves the quality of life for its citizens.
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PE3IOME
BJIUSHUE COJTHEYHBIX SJHEPTETUUYECKHUX MMAHEJIEN HA KPBIIIAX JKIAJIBIX
JAOMOB B I'OPOJE KABVYJIE HA SJIEKTPOCETb AOT'AHUCTAHA
A. Axmanu
Kazaxcrancko-HeMenkuii yHuBepcuUTeT
Anmarsl, Kazaxcran

B nanHoli cratbe paccMaTpuBaeTCs MOTEHIMATIBHOE BIUSHUE COIHEUHBIX (poToekTpruueckux (D3)
YCTaHOBOK Ha KpbIax KWIbIX 1oMOoB B KaOynme Ha snekrpocerb Adranucrana Ha ¢(oHe
CYIIECTBEHHBIX YHEPTEeTHYECKUX MpooIieM. I eneparus sHepruu B AGpraHucTane orpaHndeHa, CHIIbHO
3aBHCHUT OT HCKOMAEMOI'0 TOIJIMBA U MMIIOPTUPYEMOM BJIEKTPOIHEPTUH, MPHU ITOM OKoio 78% ee
ANIEKTPOIHEPTUU TOCTYMaeT W3 CcOoceqHUX cTpaH. [locKonbKy OBICTpPBIM pPOCT HaceleHus Hu
CEKTOpalbHbIE JOCTHIKEHUS YCWIMBAIOT CIOPOC Ha DSHEPIrUl0, CYHIECTBYIOIIUX HCTOYHHUKOB
CTAQHOBHUTCS HENOCTAaTOYHO, YTO MPHUBOAUT K YACTBIM OTKIIOYCHUSAM DJICKTPOIHEPTHH U
SKOHOMHYECKOH ys3BUMOCTH. [l yCTpaHeHHUs 3TOro AeQHUIMTa U COACHCTBHUS SHEPreTHUECKOM
YCTOMYMBOCTH B O3TOM HKCCIEIOBAaHUU YTBEPXKAACTCS, YTO JACICHTPATM30BAHHBIC COJHEYHBIC
(boTOdNIEKTPUUECKHE CHUCTEMBbl Ha KpBINIAX MPEANaraloT XU3HECIOCOOHOE pelIeHHe, TeHEepUpys
ANIEKTPOIHEPTUIO BOIM3U TOUEK MOTPEOICHHS, TEM CaMbIM MOBBIIIAsl CTAOUIBHOCTh CETH, CHIXKAS
3aBHCUMOCTb OT UMIIOpPTa U paciiupsist 1ocTymn. Bbicokas conHeuHas paguanus AdraHucraHa u
00IIMPHOE MPOCTPAHCTBO Ha KPBIIIE MPEACTABIAIOT COO0N HIealnbHYIO Cpey Ui pa3BepThIBAHUS
(OTONEKTPUUECKUX CUCTEM, XOTS ISl JOCTHXKEHUS IIMPOKOTO BHEAPEHUS HEOOXOAUMO YCTPAHUTh
HSKOHOMMUYECKHE, TEXHUYECKHE U HOpPMAaTUBHBbIE Oapbepbl. Onupasich Ha yCIELIHbIE BHEAPEHUS B
[Takucrane, Hemane u MHauu, npenocTaBisieT peKOMEHAANWH MO IMOJUTUKE, aJalTHPOBaHHBIE K
KOHTEKCTYy A¢raHucTaHa, OoJUYepKHBas BaXXHOCTb JIOCTH)KEHUN B YNPABICHUM CETAMH, TaKUX Kak
XpaHEHUE SHEPIrUU U MHTEJUIEKTyaJIbHbIE TE€XHOJIOTUH, NI MOAJEPKKH MPEPHIBUCTON COTHEYHOM
sHepruu. [IpeogoneBast 3tu mpoOiembl, APraHucTaH MOXKET HCIOIb30BaTh COJHEUYHBIE OaTrapen Ha
KphIlIaXx Juis OOecleyeHHsl yCTONYMBOIO, YCTOMYMBOIO 3HEPreTHYECKOro OyaylIero, CHIXKas
3aBUCHUMOCTb OT MHOCTPAHHOM HEPTUH U MOBBIIIAs HALIMOHAJIbHYIO SHEPTeTHUECKYI0 0€30I1aCHOCTb.
KutoueBblie ciioBa: conHeuyHble OaTaped Ha KpbIIIAX, AJIEKTPOCETh, JACLEHTpaIU3alusl YHEPrUH,
Adranucrad, BO300HOBISIEMbIE HCTOYHMKU DSHEPIrUH, YCTOWYMBOCTb CETH, YCTOWYHBOCTD,
conHeuyHbIe poTodnemenTsl (PV).

TYUIHIAEME
JKAJIFACTBIPY KABYJI KAJTACBIHJIAFBI TYPFBIH YI YHJIEPIHIH,
TAMBIPJIAPBIHJIAFBI KYH SHEPT'UAACHI TAHAJIIAPBIHBIH AYFAHCTAHHBIH
JIEKTP KEJIT'THE 9CEPI
A. Axmanu
Kazak-HeMmic yHUBepcUTeTI
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by makana MaHbI3Ibl SHEPTETUKANBIK KUBIHABIKTAp ascbiHna Kabynaarel TypFbeIH Yii TeOeciHaeri
KYH (OTOZJIEKTPIIi KOHABIPFBUIAPBIHBIH ~AYFAaHCTAaHHBIH JJIEKTP JKENICIHE BIKTUMANl JCepiH
KapacTbIpaJibl. AyFaHCTaHHBIH JHEPrusl eHIIpyl MIEKTEYNi, 0J1 Ka30a OThIHAAphl MEH UMIOPTTHIK
SIIEKTP SHEPTHSICHIHA KATThl TOYEINl, OHBIH AJIEKTP KyaTbIHBIH IamMameH 78% Kepuii enjepacH
Kenenl. XadbIKTBIH OKbUIIAM  ©Cyl JKOHE calalblK IPOrpecc HSHEprusifa  CYpaHbICTHI
apTTHIPATHIHBIKTAH, KOJIAHBICTAFBI KO3/IEP JKETKITIKCI3 OOJBIM, MEKTP KyaThIHBIH JKUi Y3UTyiHEe
JKOHE HKOHOMHKANBIK OcalfblkKa okeneai. OChl TamIIbUIBIKTBL JKOK JKOHE HSHEPTUSHBIH
TYPaKTBUIBIFBIH apTTHIPY YIIiH OYJI 3epTTEy OpTaIbIKTaHIBIPhIIIMAFaH MATBIPABIH KYH cayiecinin PV
JKyHenepi TYThIHY HYKTEJEpiHE >KaKbIH AJIEKTP JHEPrHsChIH OHJIPY apKbUIbl ©MIPIIEH MM
YCBIHAJIBl, OCBUTAMIIA el TYPaKTBUIBIFBIH apTTHIPAJbl, UMIOPTKA TOYENAUIIKTI a3alTaibl JKoHE
KOJDKETIMAUTIKTI KeHeWTeAl. AyFaHCTAaHHBIH >KOFapbl KYH pPaaualUschl >KOHE IIATHIPABIH KEH
KEHICTIT1 (OTOIMEKTPIIK KYHelaepAl OpHAIACTBIPY YIIIH Tamalla OpTaHbl KamMTaMmachl3 eTeli,
JEreHMEH KEHIHEH KOJJIaHbICKa KETy YIIIH SKOHOMHKAJBIK, TEXHHKAJIBIK >KOHE HOPMATHUBTIK
Keaepriiepai memy KaxkeT. [lokictanmarsl, Henmannmarsl skoHe YHIICTaHAAFBl COTTI EHTI3ylepre
HET13/1e7Ie OTBIPHIIN, ayFaH KOHTEKCTiHe OeiiMienreH casicaT OOMbIHIIA YChIHBICTAp Oepel, y3iiicci3
KYH DHEPTUSACHIH KOJJay YIIIH SHEPTHSHBI CaKTay XOHE CMapT TEXHOJIOTHSUIAD CHSIKTBI JKEIiHi
Oackapyaarbl >KETICTIKTEPAIH MaHbBI3IbUIBIFBIH KepceTedl. OChbl KUBIHIBIKTapIbl >KEHE OTBIPHI,
AyFaHCTaH TYpPaKThl, TYPaKThl JHEPreTHKAJBIK OOJIallaKKa KOJI JKETKi3y, CBIPTKbI JSHEprusra
TOYETAUTIKTI a3aliTy »KOHE YITTHIK DHEPreTUKAaJbIK KayiMCI3MIKTI apTThIpy YUIIH MIATBIPIAFbl KYH
OarapesutapblH MalijanaHa ajajbl.

Tyiinai ce3nep: KyHHIH maTbIpbl, DIEKTp KeJici, DHEPTrUSHBI OPTaIbIKCHI3IAHABIPY, AYFaHCTaH,
XKanapteutateid sHeprust, TOpabIH TYPaKTHUIBIFEL, TypakTeutbiK, KyH GoTtosnekrpraepi (PV).
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