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ABSTRACT: The highly important requirement for achieving urban sustainability for any city is the availability of
renewable energy, as reducing carbon emissions is considered one of the most important factors in improving the
quality of life and health of people in green cities. The main objective of this research is to provide an in-depth study
and analysis of the role of renewable energies, especially solar energies, in promoting sustainable development in cities
around the world, in general, and in Iraq in particular. Strategies for using clean energy sources in a hybrid manner, such
as solar energy, wind energy, and bioenergy, in urban infrastructure were analyzed. The focus was also on highlighting
the most important challenges associated with the transformation of traditional cities into semi-green or green cities
that depend primarily or largely on renewable energy, with a focus on the environmental, economic, and social benefits
or importance of this transformation. A comprehensive picture was provided on how to apply the Siemens Green Cities
Index as a promising assessment tool or benchmark for city performance, in addition to highlighting the criteria of
staff efficiency, carbon emissions, environmental resource management, and analyzing the extent to which global urban
policy and planning are compatible with the index criteria. Finally, the necessary proposals and recommendations were
presented to enhance the use of available renewable energies in cities, as this will contribute significantly to achieving
a large percentage of sustainable development goals. This study is considered the cornerstone for providing a roadmap
for decision-makers and companies to develop or transform traditional cities into cities that rely on renewable energy,
and it also contributes to the transformation or improvement of the environmental and economic levels in the world.

KEYWORDS: Renewable energy; green cities; urban sustainability; siemens green city index; sustainable development;
carbon emissions reduction

1 Introduction
Green cities can be characterized as the paradigm shift to cities, including the utilization of renewable

energy, environmentally friendly infrastructures, and transport systems for resilient and livable urban areas
in relation to sustainable development [1–4]. The Green Cities concept requires a combined strategy in
urban planning to reduce environmental effects, besides enhancing the standard of living among the people.
In addition to this, salient features that are being evaluated may include those related to effective energy
consumption, wide use of renewable energy sources, and the use of smart city technologies in terms of
ecological well-being and economic sustainability [5].
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1.1 The Concept of Green Cities
Green city definition usually involves such traits as sustainable infrastructure, emissions, low energy and

water consumption, and green spaces. Such cities put a premium on environmental custodianship, economic
sustainability, and social inclusiveness [6]. An example is sustainable urban mobility, which is an important
part of green city planning, with integrated networks of renewable energy systems used to facilitate the
network of public transport and electric vehicles to cut the reliance on fossil energy and air pollution [5].

Al-Thani et al. (2022) [5] emphasized the need for cohesive planning in renewable energy deployment to
support sustainable urban mobility. The review highlighted the integrated systems that combine solar, wind,
and energy storage as foundational technologies. In developing countries, where rapid urbanization presents
unique challenges, the green city model is increasingly seen as a path toward sustainable growth. In their
article, Debrah et al. (2023) [7] found the reasons behind the green city development in such locations as
Ghana, where financial limitations, insufficient infrastructure, and other factors require creative solutions.
On this occasion, too, the solutions to the problem of sustainable cities can be renewable energy technologies
and decentralized solar systems, as well as sustainable waste management. The reason is that green cities
address not only the social needs, but also the environmental goals. The Green cities can be scaled to varying
contexts—including those based on low resources—by actualizing the Localized solutions to harnessing the
Natural advantage of every area [7]. Other features of a green city that are featured in Fig. 1 are sustainable
transportation, incorporation of renewable energy, green spaces, and buildings that are energy efficient. All
of these will come together in order to make the city environmentally friendly and, at the same time its
economically viable. Shen and Fitriaty (2018) [8]. Additionally stressed that green city planning in Asian
cities tends to focus on culture. The review also addressed problems that are unique to urban areas that
experience high population density and lack land as well as the development of flexible systems of sustainable
urban development.

Figure 1: Characteristics of a smart city.

1.2 The Importance of Renewable Energy in Urban Sustainability
Renewable energy is a cornerstone of green city development, addressing critical issues such as

carbon emissions, energy security, and environmental degradation. Cities adopting high renewable energy
penetration are able to decrease their reliance on non-renewable energy sources, thus significantly lowering
greenhouse gas emissions [9]. Teske et al. (2018) [9] discussed scenarios in which cities with high renewable
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energy usage benefit from improved air quality, reduced carbon footprints, and enhanced resilience against
energy price fluctuations. All these, in turn, are augmented by the incorporation of renewable energy into
urban transport, residential, and commercial spheres; this further situates the Green Cities at the leading
edge of the transition towards a low-carbon economy. Urban environments that integrate renewable energy
in building designs and public infrastructure can support significant reductions in resource consumption.

Debrah et al. (2023) [6] investigated the content of sustainability in the green city projects and
highlighted renewable energy as a major element. The research cited that it also assists in reducing energy
spending by city residents and therefore leads to economic sustainability. The infrastructure of the cities
themselves, even the solar panels on the roofs, the energy-saving design of buildings, etc., in cities where
there are large renewable systems, is becoming an active resource to help them operate with sufficient
energy functionality. Fig. 2—Renewable energy sources in the transportation and building infrastructure of
cities of different types: This drawing suggests the rates of implementation of solar photovoltaic systems,
wind turbines, and storage of energy as a way of providing more energy independence to cities with
constant streams of electricity to the services that are the most important. This diversified energy portfolio
is guaranteed to ensure reliability, besides achieving the vision of the green city of minimum environmental
impacts and maximum utility and economic efficiency.

Figure 2: Renewable energy options for transport and buildings in different city types.

Overall, green cities harness renewable energy to promote an environmentally sustainable future urban
system that entrenches social and economic co-benefits. The green city offers a sustainable development
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model that adjusts to varying degrees of urbanization and availability of resources by incorporating renew-
able energy technologies into urban infrastructure, such as public buildings, transport systems, and housing.
As has been observed, in efforts, the general intensifying world trend towards city sustainability is against
renewable power. The review contributions can be summarized as follows:

• This review provides a novel integrated perspective by directly linking renewable energy technolo-
gies and hybrid systems to the performance dimensions of the Siemens Green City Index (SGCI).
Rather than discussing green cities, renewable energy, or sustainability indices independently, the
study establishes a structured connection between technological deployment and measurable urban
sustainability indicators.

• The manuscript advances existing reviews by critically analyzing how global renewable energy strategies
and SGCI criteria can be realistically adapted to developing-country contexts, with Iraq used as a
representative case. It highlights structural, financial, regulatory, and data-related constraints that are
often overlooked in generalized global assessments.

• Beyond summarizing prior work, this review synthesizes agreements, limitations, and implementation
barriers across studies and identifies technological, economic, and policy gaps. It proposes a clearer
pathway for aligning renewable energy planning with index-based urban sustainability benchmarking,
thereby offering practical value for decision-makers and researchers.

2 Recent State-of-the-Art Advancements
This review was conducted using a structured literature search and screening procedure to ensure trans-

parency and reproducibility. Relevant publications were retrieved primarily from Scopus, Web of Science,
and Google Scholar, covering the period 2010–2025 to reflect both foundational and recent developments in
renewable energy integration, urban sustainability, and applications of the Siemens Green City Index (SGCI).
The search combined keywords and Boolean operators such as “green city” OR “urban sustainability” OR
“smart city” AND “renewable energy” OR “solar PV” OR “wind energy” AND “Siemens Green City Index”
OR “green city index” OR “urban sustainability index”, with additional terms related to policy frameworks
(e.g., “Paris Agreement”, “European Green Deal”) and regional focus (e.g., “Iraq”, “Middle East”). Inclusion
criteria were: (i) peer-reviewed journal articles and high-quality conference papers written in English,
(ii) studies explicitly linking renewable energy to urban sustainability indicators or city-level performance
assessment, and/or (iii) works discussing SGCI (or closely related city sustainability indices) in evaluation,
benchmarking, or policy contexts. Exclusion criteria included non-scholarly sources, studies lacking clear
methodological detail, and papers not directly relevant to renewable energy–urban sustainability coupling.
After removing duplicates, titles/abstracts were screened, followed by full-text assessment; the final set
of studies was synthesized thematically to extract consistent evidence on technology pathways, policy
instruments, SGCI-related metrics, and implications for Iraqi cities.

The renewable energy technologies have been rapidly becoming part and parcel of the quest for areas
of urban sustainability due to their broad application in the generation, heating, and cooling, as well as
the storage. The world has many cities that are already into solar, wind, and hybrid systems, and they have
incorporated these systems in the city infrastructure to curb the use of fossil fuel and environmental effects.
Moreover, the renewable energy systems are also making the energy supply in the urban centres more robust;
they will play a major role in supporting the rising energy needs of the urban populations in line with the
global sustainability goals.

Iqbal and Khan (2017) [10] explored the use of renewable energy sources to provide uninterruptible
power for robotic systems, specifically in Pakistan, where the country’s abundant renewable resources—
such as solar and wind—hold significant potential for powering energy-intensive applications. Their study
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highlights the feasibility of these green energy sources in supporting advanced technological needs, like
robotics, while reducing dependency on traditional power sources. Syahputra and Soesanti (2021) [11]
conducted a case study on micro-hydro and solar photovoltaic systems in rural Yogyakarta, Indonesia. Using
optimization techniques, they assessed the best configuration for integrating these renewable sources to
ensure reliable and cost-effective power for rural communities, demonstrating the adaptability of renewable
technologies across diverse geographies. Adelaja et al. (2010) [12] projected how much renewable energy
could be generated in brownfield sites (e.g., manufactured gas plants) in the State of Michigan, taking into
account the underutilized lands’ reuse for renewable projects redevelopment. These authors concluded that
redevelopment of such sites for wind and solar energies had the potential to meet up to 43% of residential
needs for electricity in the state and thus make a considerable contribution toward local energy self-
sufficiency. Al Afif et al. (2023) [13] have evaluated hybrid renewable energy systems at the Al-Karak site, in
Jordan, with a prime view of off-grid and grid-connected solutions for minimum energy cost and emissions.
They have optimized several configurations combining wind, solar, and biogas to arrive at economically
viable options that integrate renewables in regions with high solar and wind potential.

In Australia, Abu-Salih et al. (2022) [14] investigated the potential for peer-to-peer energy trading
facilitated by renewable energy systems, analyzing data from distributed solar photovoltaic (PV) systems in
residential settings. They used advanced forecasting models to optimize the generation and consumption of
renewable energy, empowering residents to participate actively in local energy markets. In their study, Rosiek
and Batlles (2013) [15] investigated the use of solar-assisted cooling and heating in institutional buildings
(southern part of Spain) due to the hot climate in the country, which presents a serious energy problem.
Their analysis did show that solar absorption cooling systems would consume 61 percent of primary energy
than traditional cooling systems, and this represented the environmental and economic advantages of solar
technologies in cities. In a study by Robalino-Lopez et al. (2014) [16], the authors examined how renewable
energy can be implemented in the reduction of CO2 emissions in Ecuador. On the basis of a system dynamics
applied model of this work, they indicated that, with the growing consumption of renewable energy, as well
as the improvement in the efficiency of fossil fuel combustion, there is certainly potential even in the context
of economic growth to reduce emissions. The supporting mechanism of green finance when investing in
renewable energy in China was reviewed by Wang and Fan (2023) [17]. They discovered that economic factors
and financial policies stimulate increased investment by the enterprise in the infrastructure of sustainable
energy, thereby facilitating the wider application of renewable sources in an urban environment. According
to Zarnikau (2011) [18], the incorporation of renewable energy, especially wind power, into the competitive
electricity market in Texas was successful. Nevertheless, the state has achieved a lot in renewable energy
implementation despite the challenges that are associated with intermittency and market coordination, and
this has in the process, caused the U.S to be a leader in non-hydro renewable energy capacity.

Mellouk et al. (2019) [19] investigated a hybrid renewable energy system for the Laayoune region in
Morocco, which utilized an optimized algorithm for managing microgrids. Their study highlighted the
importance of efficient energy management in maximizing renewable integration, showing that advanced
control methods could reduce costs and emissions in energy-intensive regions. Salameh et al. (2021) [20]
performed a feasibility study of hybrid renewable energy systems in Neom City, Saudi Arabia, taking into
consideration hydrogen production and its storage regarding urban energy management. From the results,
environmental and economic benefits were clearly depicted for integrating solar/diesel/batteries in storage
to meet the urban energy demand. The topic of alternative sources of energy in Ghana was raised in the
article by Arthur et al. (2011) [21]. They also initiated the usage of biogas as a sustainable solution to ensure
Ghana comes out of the intense reliance on wood fuel. Their arguments were founded on the fact that the
country has plenty of organic waste that can be utilized as feedstock to produce biogas fuel to minimize
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the inconveniences of deforestation and emissions. Finally, Tin et al. (2010) [22] studied renewable energy
solutions under the conditions of extremities, in this case, in Antarctica. Their research established that
solar and wind technologies have the potential of being effective to supply power in difficult environmental
situations, and this proved that the renewable systems can be effective even in isolated and difficult areas.
This discussion was further developed by Aydin et al. (2013) [23], who used the Geographic Information
System (GIS) to determine the most suitable location to use a hybrid renewable energy system in Turkey
and revealed that spatial analysis can facilitate strategic planning of the implementation of renewable energy
in urban settings. Table 1 shows the summary of the Key Studies on Renewable Energy Technologies and
Applications in Varying Urban and Regional Environments.

Table 1: Overview of key studies on renewable energy technologies and applications in various urban and regional
settings.

Ref. Location Renewable Energy
Technology Key Findings

[10] Pakistan Solar, Wind, Biological

Highlighted the potential of renewable
energy for powering robotics, emphasizing

Pakistan’s abundant resources and
opportunities for green energy application in

high-tech areas.

[11] Yogyakarta,
Indonesia

Micro-hydro, Solar
Photovoltaic

Optimized hybrid system for rural areas,
showing that integrating micro-hydro and

solar can provide reliable, cost-effective
electricity for off-grid communities.

[12] Michigan,
USA

Wind, Solar on
Brownfield Sites

Redevelopment of brownfields for renewable
projects could meet 43% of Michigan’s

residential energy needs, supporting energy
independence through land reuse.

[13] Al-Karak,
Jordan

Hybrid (Wind, Solar,
Biogas)

Evaluated the economic and environmental
benefits of hybrid systems, achieving a 71.8%
renewable energy share while reducing costs

and emissions.

[14] Western
Australia

Peer-to-peer Solar
Photovoltaic

Examined peer-to-peer trading of solar
energy in residential areas, enhancing

community energy autonomy and local
renewable energy consumption.

[15] Southern
Spain

Solar-assisted Cooling,
Heating

Solar cooling systems reduced primary
energy use by 61%, proving viable in hot
climates and decreasing dependency on

conventional energy for air conditioning.

(Continued)
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Table 1 (continued)

Ref. Location Renewable Energy
Technology Key Findings

[16] Ecuador Solar, Wind

System dynamics modeling showed that
renewable energy adoption can significantly
reduce CO2 emissions, even amid economic

growth.

[17] China
Green Finance

Mechanisms for
Renewables

Green finance policies promoted investment
in renewable energy enterprises, supporting
urban energy infrastructure and sustainable

economic development.

[18] Texas, USA Wind Power

Texas leads U.S. renewable energy capacity;
strategic market mechanisms addressed

intermittency and reliability challenges in a
competitive energy market.

[19] Laayoune,
Morocco

Hybrid Micro-grid (Solar,
Wind, Battery Storage)

Optimized energy management in a hybrid
micro-grid setup, showing that

renewable-dominated systems are
cost-effective and reduce emissions in

high-energy-demand regions.

[20] Neom City,
Saudi Arabia

Hybrid (Solar PV, Diesel,
Battery Storage)

Showed that hybrid systems can support
urban energy demands and industrial

applications, such as hydrogen production,
through optimized energy and resource use.

[21] Ghana Biogas

Biogas from organic waste presents a
sustainable alternative to wood fuel, reducing

deforestation and emissions, with the
potential to meet a large portion of Ghana’s

energy needs.

[22] Antarctica Solar, Wind

Demonstrated renewable energy feasibility in
extreme environments, indicating that solar
and wind systems are adaptable to even the

most challenging conditions.

[23] Turkey Hybrid (Wind, Solar)
with GIS Optimization

GIS-based methodology optimized site
selection for hybrid systems, integrating
environmental and economic factors to
enhance feasibility and sustainability.

(Continued)
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Table 1 (continued)

Ref. Location Renewable Energy
Technology Key Findings

[24] India Solar, Wind

COVID-19 impacts on the renewable sector
highlighted; findings showed economic

resilience in renewables despite the
pandemic’s economic challenges.

[25] Southeast
Germany

Wind, Solar (Community
Co-ownership Model)

Demonstrated that community
co-ownership increased local acceptance of

renewable projects, contributing positively to
local renewable energy adoption

3 Renewable Energy
The integration of renewable energy into urban planning and policy frameworks is essential for

advancing sustainable cities [26,27]. As urbanization increases, so does the need for energy, and strategic
policies can help kick-start the use of renewable energy sources [28,29]. International agreements on actions
revisit the frameworks that set guiding structures on how cities can take up green energy systems, optimize
energy use, and reduce greenhouse gas emissions [30–35]. Such frameworks will, in turn, enable the urban
areas to transition towards renewable sources of energy, supported fully at both the national and international
levels, in line with the local goals of environmental, economic, and social sustainability.

3.1 Urban Planning and Renewable Energy
The aspect of including renewable energy in urban design is comprehensive since it must ensure that

energy generation matches the urban growth. The transition to resilient cities is placing all existing urban
planning projects on the way to green infrastructure e.g., renewable energy grids, solar rooftops and electric
transportation systems [36–47]. It is also useful in energy security in incorporating renewable energy sources
in the urban planning through lessening reliance on fossil fuels, which are normally vulnerable to changes
in prices and availability constraints. Furthermore, with the integration of renewables, energy self-sufficient
cities with the highest demands will assist in achieving goals as set by various international agreements.
Among those, perhaps the most influential guiding framework for urban renewable energy integration is
the Paris Agreement through its series of targets for the reduction of greenhouse gas emissions over three
key periods: 2020, 2030, and 2050 [48–50]. The Paris Agreement encourages nations to adopt renewable
energy sources as primary drivers within their urban energy mixes, a factor that includes those comprising
the European Union. Such targets are given in the European Union’s commitments of a 20% cut in emissions
by the year 2020, a 40% cut by 2030, and 80%–95% by 2050 based on 1990 levels, as shown in Fig. 3. These
set targets challenge the urban planners as they have to consider the integration of renewable energy systems
such as solar, wind, and biomass into the city structure, especially when urban areas contribute a great deal
to global carbon emissions.
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Figure 3: European commitments under the Paris Agreement for 2020, 2030, and 2050.

3.2 Policy Frameworks and Incentives
Policy frameworks such as the European Green Deal set specific guidelines and incentives for cities

to achieve climate neutrality and environmental sustainability [51,52]. The European Green Deal aims to
transform Europe into the first climate-neutral continent by 2050 [53]. This involves policymaking that would
drive green energy forward, providing fiscal or technical assistance to cities with a preference for investment
in renewable energy. These policies encourage innovations in energy that smart grids and decentralized
systems would provide resilience in cities, but also provide the cities with better means of dealing with
energy. Fig. 4 shows the European Green Deal encompasses everything from clean energy to sustainable
industry and energy-efficient buildings in creating a circular economy across Europe.
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Figure 4: European Green Deal main objectives.

More and more cities across Europe take advantage of incentives provided under frameworks such as the
European Green Deal. For instance, funding mechanisms like the Just Transition Mechanism have large-scale
financing for regions heavily dependent on fossil fuels to adopt renewable energy technologies. The grants,
tax incentives, and subsidies will, in turn, incentivize the cities to invest in solar photovoltaic systems, wind
turbines, and energy-efficient building designs that help attain conformity with renewable energy targets.
These policy-driven investments support cities to achieve reduced emissions and lower energy costs and
enhance local economic resilience through the creation of jobs in the green energy sector. The adoption of
the international treaties the Paris Agreement and the newer European Green Deal-presupposes that the
city realizes its renewable energy plans in compliance with the peculiarities of local natural resources and
should economize in accordance with local economical conditions and demands. In this context, localization
would imply the extensive adjustment of policy in accordance with the city-specificities and may involve the
modification of building codes, the creation of renewable energy zones, or the encouragement of partnerships
between the government and the business. This makes the cities implement world policies to fulfill their
unique energy needs in a sustainable manner. To illustrate, cities that have high solar potentials invest more
on incorporation of photovoltaic systems whereas those that have abundance of wind resources may prefer to
invest on installations of wind turbines to produce wind energy first. In that manner, the localized strategies,
which are triggered by the global policy frameworks, will give the urban areas the opportunity to enhance
the use of renewable energy integrations to their fullest potential.

Acceptance of renewable energy within city set-ups has wide economic and ecological implications
that define fiscal dynamics and ecological sustainability. The transition into renewable energy sources is
highly governed by high energy use, hence providing a way forward in mitigating what have been perceived
as environmental challenges: carbon emissions, air pollution, and depletion of natural resources. In other
words, excluding those, renewable energy sources had been found to actually create impressive economic
benefits due to jobs created, reduction in energy costs, and financial freedom from fuel price volatility to the
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contribution of economic resiliency and development of urban economies. Renewable energy investments
in urban regions, in terms of economics, have the effect of stimulating the local economy in the employment
of individuals and energy savings. Creation of solar and wind facilities as well as other renewable facilities
require skilled labor in installing, maintaining and managing them thus creating a number of jobs in different
industries. Also, there is a tendency that the cities investing in renewable energy systems tend to reduce the
total expenses of energy costs, since renewable energy technologies such as solar and wind are inexpensive
to operate once installed. This economic efficiency saves on the use of imported fossil fuels that would
mean that cities would have more funds to invest in development projects and social programs that in turn
promotes economic growth and resilience. Switching to renewable energy also cushions the cities against the
unpredictability of the price of fossil fuels which would otherwise disrupt the local economies. Such stability,
in its turn, will stimulate the additional investment in renewable energy technologies to form a reinforcing
cycle of economic and environmental rewards.

It is important environmentally in reducing the urban footprint, as it reduces to a great amount of degree
the potential impacts of climate change. Since the towns are significant sources of carbon emissions, thereby
renewable energy systems have provided an opportunity to substitute for fossil fuels, which are among key
contributors to greenhouse gas emissions. Solar, wind, geothermal, and hydropower are some of the main
renewable sources applied with the intent of reducing carbon fuel intensity. Since renewable energies displace
fossil fuels, the adoption of renewable energy can significantly lower urban air pollution, improving public
health due to a reduction in respiratory and cardiovascular problems linked to poor air quality. Reduction
in greenhouse gas emissions drives cities to meet international emission targets, as Fig. 5 shows the dynamic
effect multiple sectors have on carbon emission. Another related cause with the environmental benefits
of renewable energy is resource conservation. In contrast to fossil fuels, which are finite resources whose
extraction and use contribute to environmental degradation, the base resource for renewable energy, like
sunlight, wind, and water, naturally renews itself. Just this one fact alone would make renewables increasingly
important tools for reaching environmental preservation and climate resilience. The cities could lower their
ecological footprint and increase biodiversity by exploiting resources that have small ecological footprint.
The bulk of renewable forms of energy sources such as solar, wind and hydropower require less intensive
land use and generate less of waste products, thereby being more attuned to urban sustainability of efficient
land and resource utilization (Fig. 5). These are some of the most common sources of renewable energies
that have varied environmental dividends in contributing to the overall climate change mitigation drive.

1- Economic Growth .
2- INDUSTRIALIZATION. 1-Forest Area.
3- Urbanization. 2-RENEWABLE ENERGY  
4- Tourism 3-Agricultural Productivity

Figure 5: Dynamic impacts of economic growth, renewable energy use, urbanization, industrialization, tourism,
agriculture, and forests on carbon emissions.

The transition to renewable energy would also be in line with international climate objectives, such
as those of the Paris Agreement. Renewable energy is a critical component of the climate action of the
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cities moving towards carbon neutrality because the renewable energy can help achieve significant benefit
in terms of greenhouse gas emission and is also related to economic and social welfare. Also, policies to use
the renewable energy in the city level are receiving support of local policies and incentives more and more
promoting the business and the population to take part in the process of transforming to the green power.
Tax breaks, subsidies, and grants for the installation of renewable forms speed up adoption rates and put
renewable forms of energy within the purview of more urban stakeholders

4 Recent State-of-the-Art Advancements in Iraq
The renewable energy technologies have been rapidly becoming part and parcel of the quest for areas

of urban sustainability due to their broad application in the generation, heating, and cooling, as well as
the storage. The world has many cities that are already into solar, wind, and hybrid systems, and they have
incorporated these systems in the city infrastructure to curb the use of fossil fuels and environmental effects.
Moreover, the renewable energy systems are also making the energy supply in the urban centres more robust;
it will play a major role in supporting the rising energy needs of the urban populations in line with the global
sustainability goals.

In this respect, from a renewable viewpoint, Iraq is one of those countries that have strategic positions
to overcome most of their energy problems, become less dependent on fossil fuels, and help reduce
environmental degradation. Iraq’s solar energy resource, in this regard, provides a real opportunity to
ensure a clean and dependable power supply to meet the increasing demand of its growing population and
industry. In their study, Aziz et al. (2021) [54] presented the effects of meteorological conditions albedo, and
temperature on photovoltaic efficiencies concerning Iraqi conditions. In their conclusion, they insisted on
the optimization of configuration parameters, such as tilt angles, which have to be performed by garnering
maximum economic benefits. Al-Shammari et al. 2021 [55] developed a proper hybrid micro-grid driven
by solar, wind, and battery storage for rural electrification at Zerbattiya, southeast Iraq. This model showed
how the hybrid systems might be trusted in order to generate inexpensive power in the isolated regions and
how renewable technologies could suit the rural landscape of Iraq. The grid-connected solar systems are
becoming popular in urban areas as a potential source of domestic energy. Aziz et al. (2022) [56] investigated
the design and optimization of a grid-connected PV/battery hybrid system customized to the households in
Iraq using a new dispatch strategy that optimally balances between the solar generation and the household
demand. Their paper suggested that the incorporation of renewables would result in significant decrease in
greenhouse gas emissions as well as the expense of electricity and offer a viable alternative to traditional
utility fueling.

A good potential to diversify the energy mix of the country has been shown by the wind energy of
Iraq, which is not well developed as compared to the solar power of the country. The study by Darwish et al.
(2019) [57] suggested a methodology for selecting the best form of wind turbine system can be selected to
be applied to low wind speed regions. It was a good model to successful implementation of wind energy in
problematic weather. A different study conducted by Al-Shammari Zaidoon et al. (2021) [58] assessed the
optimal sites to integrate solar, wind, and biomass in 88 regions of Iraq with the aim of minimizing the cost
and emission of energy by a spatial-specific hybrid system, which it proved highly efficient in enhancing the
efficiency of energy saving and achieving long-term sustainability goals of Iraq. Equally, Al-Shammari et al.
(2021) [59] carried out an analysis of the HOMER software population used to simulate the feasibility of
the solar microgrid in Baghdad in both grid-connected and islanded operation modes. According to their
findings, it was emphasized that due to the rate of power outages and environmental advantages, solar PV can
be considered in terms of enhancing the rate of renewable in the city energy infrastructure of Iraq. Isolated
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and rural areas of Iraq have their own set of problems connected with the availability of energy, and hybrid
energy proposals are developed.

In addition, Ghanim and Farhan (2023) [60] predicted how the estimated climate change patterns would
influence Iraq’s PV energy potential, hence needing strategic planning due to the rising temperature and
shifting weather conditions to sustain energy productivity within urban and rural areas of Iraq. Table 2:
Summarized discussion of literature to understand the presented research gap for further analysis. The
potential of renewable energy systems for various climatic regions of Iraq shows the way to energy
independence and ecological sustainability. Aziz et al. (2019) [61] assessed a PV-wind-diesel hybrid system
for the off-grid electricity requirements of. They reported that hybrid configurations can reduce costs while
ensuring a reliable power supply in those areas that are far from the grid. Therefore, their study targeted the
economic feasibility of wind and diesel systems concerning grid-dependent power solution systems.

Table 2: Overview of renewable energy applications and key findings in Iraq.

Ref. Location Renewable Energy
Technology Key Findings

[54] Choman,
Iraq Solar PV

Optimized PV performance based on
temperature, tilt, azimuth, and albedo
conditions, demonstrating that precise

configurations can enhance efficiency and
cost-effectiveness.

[55] Zerbattiya,
Iraq

Solar, Wind, Battery
Storage

Proposed a hybrid micro-grid system for
rural areas, highlighting economic and

reliable electricity for off-grid communities
through renewable integration.

[56] Iraq (urban
areas)

Grid-connected
PV/Battery Hybrid

Grid-connected hybrid systems reduced
emissions and energy costs, showcasing a

sustainable alternative for residential
electricity needs.

[61] Baghdad,
Iraq Solar PV Microgrid

Feasibility analysis showed PV microgrids
are viable even during power outages, with
economic advantages and environmental

benefits for Baghdad’s urban energy
infrastructure.

[58] Al-Faw, Iraq Solar, Wind, Grid

Flexible hybrid system optimized for remote
regions, reducing dependency on outdated

networks and providing reliable electricity to
isolated areas.

[59] Iraq (nation-
wide) Solar PV

Projected climate change impacts PV
performance, showing stable PV potential

with minor declines in output, emphasizing
the need for strategic adaptation.

(Continued)
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Table 2 (continued)

Ref. Location Renewable Energy
Technology Key Findings

[62]
Iraq

(southern
regions)

Solar PV (Farm Site
Selection)

GIS and multi-criteria analysis identified
southern Iraq as ideal for solar farms,

emphasizing location-based optimization to
maximize solar energy production.

[63] Zerbattiya,
Iraq PV, Wind, Diesel, Battery

Assessed cost-effectiveness and reliability of
PV-wind-diesel systems, finding the hybrid

design optimal for cost and consistent power
supply in remote areas

5 Siemens Green City Index (SGCI) and Its Potential Application in Iraq
Urban sustainability is widely inspecte when it comes to modern development of countries, especially

Iraq [64–73]. The Siemens Green City Index presents a very valuable framework for urban sustainabil-
ity [74,75], especially in comparing cities along parameters of renewable energy use [76,77], environmental
quality [78,79], and overall livability. The SGCI supplies key performance indicators through which cities
can measure progress in categories such as energy, water, air quality, and comfort factors. The SGCI
provided a structured approach for Iraq, where irregular urban planning and reliance on conventional
energy sources significantly impact the environment and public health, to find opportunities for urban
development sustainably. Al-Swaiedi et al. (2022) [80] implemented the SGCI to review sustainability in
terms of local conditions related to renewable energy, water resources, air quality, and comfort factors in
four Iraqi cities: Um Qasr, Baghdad, Anah, and Sulaymaniyah. For renewable energy-renewable resources,
mainly solar and wind, the best score was obtained for the city of Um Qasr, with a result of 60.88% in that
category. Anah had the highest score in water resource availability with 85%, crucial for sustainable urban
planning. Sulaymaniyah had the lowest air pollutant score with only 24.86% of its pollutants, while it was
at the same time high on comfort factors by scoring 94% due to good temperature and wind chill factors.
Overall, Sulaymaniyah proved to be the best candidate for a sustainable city in Iraq location bolstered by its
rich endowment of natural resources, good air quality, and high comfort factor with an overall score of 72%.
Using the SGCI framework to guide the development of green cities in Iraq allows for informed decision-
making that considers local environmental conditions, resource availability, and potential renewable energy
sources. As Iraq faces environmental challenges and increasing urbanization, the application of the SGCI
can help direct sustainable growth to ensure that cities are both livable and resilient to climate impacts.

Table 3 below shows a synthesis and analysis that shows the advancements in such index treated in Iraq.
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Table 3: Critical synthesis of hybrid renewable energy systems and SGCI-oriented urban sustainability assessment.

Focus Area
Key Evidence from
Reviewed Studies

(Examples)

Agreements/
Converging

Findings

Common Limitations
in the Literature

Practical Barriers for
Developing Contexts

(e.g., Iraq)

Research/
Technology/Policy

Gaps

PV–Wind–
Battery hybrid

microgrids
(rural/remote)

Iraq and comparable
hybrid microgrid studies

([50,53,55,59])

Hybrids improve
reliability and

reduce fuel
dependence
compared to

diesel-only systems

Heavy reliance on
simulation tools; limited

long-term operational
validation

High capital cost,
limited O&M expertise,

weak technical
infrastructure

Need multi-year field
data, realistic O&M
modeling, and local

capacity-building
strategies

PV–Battery
grid-connected
systems (urban)

Household PV-battery
optimization in Iraq

([56])

Storage enhances
resilience and

self-consumption

Battery degradation and
lifecycle costs often

simplified

Tariff uncertainty,
limited net-metering

clarity, import
constraints

Standardized economic
modeling frameworks
and regulatory reform

studies

PV microgrids
for outage
mitigation

Baghdad microgrid
feasibility studies

([47,63])

PV microgrids
reduce outage
impacts and

emissions

Limited analysis of
grid-code compliance

and protection
coordination

Grid instability, weak
distribution

infrastructure

Grid-integration studies
aligned with national

utility regulations

PV–Wind–
Diesel hybrids
(transitional

systems)

Off-grid electrification
case studies ([50,53,64])

Diesel backup
improves reliability

in weak-grid
contexts

Carbon externalities and
fuel volatility often
underrepresented

Fuel logistics,
maintenance burdens,

environmental concerns

Transition pathways
toward reducing diesel

share and incorporating
carbon pricing

Solar–Wind–
Biomass GIS
optimization

Spatial multi-criteria
planning in Iraq

([45,49,52])

GIS tools effectively
identify optimal
renewable zones

Sensitivity to weighting
assumptions and data

quality

Data scarcity, land-use
conflicts, grid expansion

limitations

Transparent weighting
justification and

stakeholder-integrated
planning models

Peer-to-peer
energy trading

Distributed PV and
forecasting studies ([16])

Local trading
increases renewable

utilization and
community
engagement

Often tested in mature
regulatory markets

Regulatory readiness
and metering

infrastructure gaps

Pilot regulatory
frameworks and digital

infrastructure
development

SGCI
benchmarking

application

Iraqi SGCI evaluation
([80])

Index-based
assessment clarifies

sustainability
priorities

Limited localization of
SGCI indicators to
regional conditions

Inconsistent municipal
data and monitoring

limitations

Adapted SGCI
framework with

Iraq-specific baselines
and indicator
normalization

Linking
renewables to

SGCI
performance

Combined renewable
and index discussions

([55])

Renewables
positively influence

emissions and
sustainability

indicators

Lack of quantitative
linkage between

technology deployment
and index scores

Difficulty justifying
investment without
measurable SGCI

impact

Development of KPI
translation models

connecting renewable
penetration to SGCI

metrics

Climate
impacts on
renewable

performance

PV performance under
Iraqi climatic ([54])

Meteorological
factors strongly

influence PV
efficiency

Climate uncertainty
rarely integrated into
long-term economic

models

Planning under
temperature rise and

dust conditions

Integration of climate
projections into

techno-economic
planning

6 Conclusions
The current review has been concerned with the issue of renewable energy in the development of

green cities and the sustainable urban infrastructure policy frameworks, as well as the impacts of renewable
energy economically and to the environment. Urban planning is progressively focusing on renewable energy
sources, especially solar and wind, as one of the key elements of providing sustainable development and
counteracting the effects of the environment. Research indicates that the adoption of renewable energy
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systems in cities not only improves the quality of the environment by minimizing emissions but also boosts
the economy in such cities by creating employment opportunities and saving on expenditure.

The paper further discussed the possible use of the SGCI as a tool to assess urban sustainability in
Iraq. Since the metrics of the SGCI are built for renewable energy, water, air quality, and comfort factors,
their output will carry significant value for Iraqi cities aiming at the path toward sustainability. Application
of the metrics of the SGCI, along with the various region-specific challenges and opportunities that have
been mentioned, may thus serve to orient policymakers towards focused sustainable urban development
policies in specific areas. There are, however, gaps that remain in research, especially in applying the metrics
of SGCI in localized ways both to Iraqi cities and to the broader Middle Eastern context. Further studies
using such global metrics under regional conditions will help set up benchmarks tailored to Iraq’s urban
sustainability goals.
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