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Please justify your program choice *
I am applying for the program of [XXX].

My research focuses on the linkages (including synergies and trade-offs) between energy
and climate policy objectives (such as GHG mitigation and energy security) and broader
sustainable development goals (such as alleviating energy poverty, ensuring water
availability, and increasing resilience to climate variability). Taking two typical sorts of
urban PV systems, we provide evidence-based tradeoffs analysis of urban rooftop PV and
ground-mounted PV using a whole-system approach, explore how these complex tradeoffs
play out in different cities, and put forward scientific roadmaps for urban energy transition
for cities in [XXXX].

More specifically, we explored the urban geographical development potential of rooftop PV
and ground-mounted PV at the city scale, and analyzed the tradeoffs of the energy-water-
land-carbon nexus driven by urban PV systems in [XXX] cities of different types and
locations in [XXXX]. This clarifies how energy transformation (urban PV deployment)
interacts with land-use challenges, water resource constraints, and carbon emissions. The
research further establishes flexible and generalizable workflows to reveal heterogeneity in
resource tradeoffs, potentials, and policy challenges, supporting analysis of national and
city-wide transformation pathways such as Nationally Determined Contributions (NDCs)
under the Paris Agreement.

The study includes three main components:

(1) extraction of urban development potential for rooftop PV and ground-mounted PV;
(2) whole life-cycle energy-water-land-carbon nexus tradeoffs of these systems;

(3) synergies and tradeoffs of urban PV systems under future climate scenarios (such as
SSPs and RCPs) using multi-objective optimization.

For the first component, we applied advanced data analytics—including GIS, web
crawlers, and machine learning—to identify potential areas suitable for rooftop and
ground-mounted PV across [XXX] cities in [XXXX].

For the second component, we used an urban metabolism approach (life cycle assessment
and material flow analysis) to study the flow of energy and resources in cities. This reveals
how resources are consumed and what environmental burdens arise from urban PV
deployment. Benefits include solar generation, land savings (for RPV), reduced carbon
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emissions and water consumption relative to the energy grid, and irrigation water savings
for GPV due to reduced evapotranspiration. Burdens include energy consumption, water
consumption, carbon emissions, land occupation, and economic costs across the life cycle.
This tradeoff analysis helps decision-makers plan cities that are resource-efficient, climate-
friendly, resilient, and equitable.

For the third component, we developed novel scenario analyses that identify policy
portfolios maximizing co-benefits and minimizing tradeoffs of urban PV deployment. We
simulated solar generation potential, electricity self-sufficiency, and energy-water-land-
carbon tradeoffs under SSP/RCP scenarios using multi-objective optimization. This
supports policy and regulatory approaches that incentivize energy efficiency, accelerate
low-carbon technology deployment, and support coal phase-out while considering the needs
of diverse stakeholders.

Regarding my scientific qualification, I have participated in an international program
supported by the [XXX] Forum entitled “Understanding Innovative Initiatives for
Governing Food, Water, and Energy Nexus in Cities,” led by [ XXXX] and [XXXX]. In this
program, I examined how urban green and blue infrastructure affects the food-water-
energy nexus and contributes to addressing climate change, biodiversity loss, food security,
and human health challenges. During my master’s studies, I focused on system approaches
and published three English-language papers in [XXX], [XXX], and [XXX].

I have developed strong analytical skills in urban metabolism (life cycle assessment,
material flow analysis, input-output analysis), GIS, multi-objective optimization, and
machine learning—all of which support my long-term research capabilities. I began my
doctoral studies this September and am currently working on two projects: one on
innovative aquaponics systems for urban food-energy-water-carbon nexus, and one on
nexus tradeoffs of urban GPV and RPV. I plan to further develop the latter to support
practical solar deployment planning for city governments in [XXXX].

Title of your proposed research *

Ground-mounted and rooftop photovoltaic provide co-benefits and tradeoffs across the
energy-land-water-carbon nexus in cities

City or hinterland—energy-water-land-carbon nexus of rooftop and ground-mounted
photovoltaic in [XXX] cities in [XXXX]

Abstract of your proposed research *

Urban ground and rooftop areas provide significant space for photovoltaic (PV)
deployment, but tradeoffs among energy, water, land, and carbon always arise. GPV and
RPYV systems generate substantial life-cycle burdens—energy consumption, water
consumption, land occupation, and carbon emissions. Yet PV generation also produces
major benefits relative to conventional grid power, including reduced carbon emissions and
reduced water consumption, while RPV saves land. GPV can reduce irrigation demand by
shading vegetation (lower evapotranspiration), but also decreases photosynthesis and thus

31

https://heiatelmi.ir/



ool Obd colw g

I FS

carbon sequestration. These complex interactions vary across cities. Quantifying these
tradeoffs is essential to identifying key breakthroughs for urban PV deployment.

We developed an urban-scale methodological framework integrating GIS, machine
learning, life cycle assessment, and multi-objective optimization. First, GIS and machine
learning were used to extract suitable space for GPV and RPV across [ XXX] cities in
[XXXX], covering both built-up and suburban areas. Then we calculated economic costs
and energy-water-land-carbon tradeoffs for both systems. Finally, scenario analyses under
SSP/RCP pathways using multi-objective optimization were conducted for each city.

Results show that most GPV potential in [ XXXX] is concentrated in western and northern
cities, and irrigation water saving from GPV could reach up to [XXXX]% of annual water
transfer from [ XXXX] Water Diversion Project. RPV potential is highest in eastern and
southern cities, especially suburban rooftops. About half of the cities exhibit higher RPV
than GPV potential, with higher carbon-reduction densities observed along eastern coasts
of [ XXXX]. Nationwide RPV development could offset [XXXX]% of GPV land occupation,
although indirect land occupation from RPV is equivalent to [ XXXX]% of the total area of
[XXXX]. These findings help stakeholders manage GPV and RPV deployment in line with
city-specific energy-water-land-carbon tradeoff patterns.

Main research questions and objectives *

Research questions:

(1) How much rooftop and ground space is suitable for PV deployment in [XXX] cities in
[XXXX]?

(2) What energy-water-land-carbon nexus impacts arise from PV development?

(3) How can tradeoffs be balanced, synergies expanded, and solar potential realized?

Research objectives:

(1) Identify potential areas for urban rooftop and ground-mounted PV systems in [XXXX].
(2) Clarify metabolic processes and resource/environmental flows (energy, water, land,
carbon) throughout PV development.

(3) Propose policies and regulations that incentivize energy efficiency and feasible
deployment of low-carbon technologies to meet energy service needs and support coal
phase-out.

Methods and approach *

This study established a whole-system methodological framework for evaluating tradeoffs
of urban rooftop and ground-mounted PV from an energy-water-land-carbon nexus
perspective. It integrates GIS, machine learning, urban metabolism, and multi-objective
optimization. The framework includes:

(1) extraction of potential areas for RPV and GPYV,
(2) tradeoff analysis of the energy-water-land-carbon nexus,
(3) future climate scenario analysis under SSP/RCP using multi-objective optimization.
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This framework reveals interactions between urban energy transformation and land/water
constraints, supporting sustainability evaluation and improved planning for urban PV
deployment.

Data availability

We have established an initial dataset for RPV and GPYV in [XXX] cities in [XXXX],
including:

(1) potential areas for RPV and GPYV,

(2) solar energy generation,

(3) levelized cost of electricity,

(4) life-cycle energy-water-land-carbon tradeoffs (benefits + burdens),

(5) grid carbon and water consumption factors.

I plan to explore how urban RPV and GPV can be utilized and grid-connected; however, I
lack expertise in PV grid-connected system design. Therefore, I am applying to the [XXX]
program to improve research on grid integration, energy storage, and electricity transfer so
this study can support practical planning and management of urban energy systems.

Innovative aspects *

Concepts:

We analyze unequal access to PV services and their environmental impacts across [ XXXX].
We identify the development potential of two typical PV systems (GPV and RPV),
comparing their tradeoff heterogeneity in [XXX] cities from an energy-water-land-carbon
perspective. This detailed, systematic analysis refines PV planning based on climate zones,
geographic characteristics, and other factors, helping identify policy portfolios that
maximize co-benefits and minimize tradeoffs.

Methods:

We develop flexible, generalizable workflows integrating data mining and urban
metabolism into a systematic model for evaluating tradeoffs of RPV and GPV. Methods
include GIS, web crawlers, machine learning, material flow analysis, life cycle assessment,
and multi-objective optimization. This toolkit enables exploration of environmental,
technical, social, and policy dimensions of solar deployment and resource targets (GHG
reduction, water saving, land utilization).

Expected results & risks *

Expected results:

I have extracted potential areas for [XXX] cities in [XXXX] to develop RPV and GPV and
calculated their energy-water-land-carbon tradeoffs. Next, I aim to strengthen PV network
design (grid connection, distribution, transmission) to explore energy accessibility across
cities and alleviate energy poverty. I also plan to apply [XXX] climate scenarios to analyze
future co-benefits and tradeoffs and evaluate whether a low-carbon transition proceeds in
an orderly or disorderly manner. This will support improved scenario optimization and
feasible low-carbon technology deployment strategies.
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Risks:

I am strongly interested in how RPV and GPV can reduce energy-access inequalities and how
tradeoffs play out under future scenarios. However, I lack knowledge in grid-connected PV
design, making current research less practical for evaluating energy accessibility. I also need
guidance to explore future potentials under [ XXX] climate scenarios (e.g., transition pathways,
macroeconomic impacts of physical risks). Therefore, expert support from the [XXX] program is
essential.
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