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A B S T R A C T   

Early integration of solar energy considerations into urban planning/design is necessary to ensure that future 
cities do not only consume but also produce energy locally through solar. Yet, strategies for this integration 
remain a key challenge for urban planners and city administrators. Using a scientometric and systematic liter-
ature review approach, the objective of this review is to examine the state-of-the-art and current research gaps 
that constrain such integration. We find that while interests in the interrelationships between solar energy and 
urban planning have spanned several decades, the two remain largely unintegrated. Though a socio-technical 
process, the socio-political and socio-demographic aspects of solar urban planning have not received much 
scholarly attention. Consequently, whereas many software tools for analyzing solar insolation on existing sur-
faces have been developed, there is a lack of methods and decision support systems to integrate the results into 
urban planning practice. There is limited research on the subject in the global South despite significant oppor-
tunities for solar urban planning in this region. Also, a limited application of theoretical frameworks was found in 
existing studies. Future research exploring solar urban planning from the socio-technical transition theoretical 
perspective will significantly enhance the realization of this concept.   

1. Introduction 

The spatial structure of cities has a direct influence on energy con-
sumption. In turn, the availability of energy influences the physical and 
functional form of cities, human behavior as well as processes for social 
inclusion (Owens, 1986). Owens (1992) recounts that the nature and 
availability of energy resources impact the built environment and the 
distribution of human activities, noting that urban expansion at 
declining densities during the 20th century, for example, was in part 
driven by the availability of cheap energy sources. As early as the 1920s 
to 1940s, considerations for energy in urban planning were already 
being made in some parts of the USA, with a key objective of reducing 
direct energy costs resulting from land-use activities (Scott, 1970). In a 
seminal study, Knowles (1974) demonstrated that urban form could be 
designed in synergy with the natural environment to reduce energy use 
and improve thermal comfort. This idea has been widely applied in 
practice and is still very useful in present-day architecture and urban 
design. 

A common strategy for achieving such synergies is through building 
and neighborhood designs that utilize passive solar energy where 

natural light and energy from the sun are harnessed directly to light up 
and heat buildings. Not only is this approach cost-effective, but it also 
reduces fossil fuel use, thus, yielding positive environmental outcomes. 
Given these linkages, it will be misleading to conceive energy in urban 
contexts as a sectoral issue without paying attention to its in-
terrelationships with the physical and functional characteristics of the 
urban area (De Pascali & Bagaini, 2018). Earlier concepts, such as the 
urban metabolism approach, stressed the need to recognize these in-
terrelationships and advocated for an integrated approach to urban 
planning for sustainable cities (Kennedy et al., 2011; Chofre et al., 
2018). However, the urban metabolism approach is much broader in 
scope as it deals with the flows of materials and energy in cities, with 
emphasis on input-output relationships and eliminating waste. The 
discourse on energy in urban/spatial planning has evolved throughout 
the past decades, with recent efforts focusing not only on energy con-
sumption but also on energy generation. The latter is of particular in-
terest in recent times due to the need for a shift from centralized energy 
generation to decentralized/distributed generation. 

With a transition from fossil-based energy systems to renewable 
energies at the heart of the efforts to mitigate climate change and global 
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warming, new strategies that promote the development and utilization 
of renewable and environmentally friendly energy sources are highly 
needed (IPCC 2018). As cities account for the highest GHG emissions, 
such strategies for the energy transition in a rapidly urbanizing world 
are imperative. Several studies have been conducted in this regard, with 
many focusing on how elements of urban form influence energy con-
sumption/production and vice versa (Vartholomaios, 2021; Lau et al., 
2017). These elements include urban density, land use mix, trans-
port/mobility infrastructure, housing/building types, layouts, green 
spaces, and passive solar designs (Lobaccaro & Frontini, 2014; Barton, 
2016; Lobaccaro, Lindkvist, & Wall, 2017; Shareef, 2021; Leng et al., 
2020; Asarpota & Nadin, 2020). However, despite decades of research 
recognizing the interrelationships between the physical-functional 
characteristics of cities and energy consumption/production, energy 
planning remains largely unintegrated with spatial/urban planning (De 
Pascali & Bagaini, 2018; Asarpota & Nadin, 2020). 

Recent needs for such integration, stemming from the energy tran-
sition’s urgency, have generated more research interest in finding the 
best approaches to integrate renewable energies in the built environ-
ment. With significant improvements in solar Photovoltaics (PV) tech-
nology, new avenues for accomplishing this goal have sprung up. Solar 
PV has evolved past a standalone technology to become a building 
material that can be architecturally integrated into buildings. Significant 
efforts have been made to make such integrations possible, and these 
efforts have birthed new terminologies such as Building Integrated Solar 
Photovoltaics (BIPVs). Many studies have focused on developing tools 
and software to operationalize this concept (Jakica, 2018) and much 
success has been achieved. The primary issue of concern now is how to 
achieve renewable energy integration on an urban scale or city-level, 
with terms such as Net-Zero Energy Neighborhoods and Energy Posi-
tive Districts emerging to denote this process (2019). While efforts have 
been made to this end, one of the key realizations is that current ap-
proaches to integrating solar PV in the built environment are not made 
early enough in the urban planning process, hence, leading to unsatis-
factory outcomes (Kanters et al., 2013). This realization has spurred new 
interests in finding approaches to make solar energy considerations an 
integral part of urban planning practice, giving rise to a nascent concept 
known as Solar Urban Planning. Solar urban planning is a cross-sectoral 
concept which covers a wide spectrum of issues in the urban context 
ranging from techno-economic to social, environmental and institu-
tional factors. Thus, it conveys several implications for urban gover-
nance and city administration. Tang (2021), for instance, notes that 
cross-sectoral approaches and collaborative governance are essential 
for overcoming the numerous challenges that urban areas are facing 
today. Solar urban planning is a promising concept in this regard as it 
seeks to integrate energy planning and urban planning which have 
traditionally been treated as separate sectoral issues. In this review, we 
examine the concept of solar urban planning in detail following a 
comprehensive account of the research on the interrelationship between 

solar energy and urban planning. 

1.1. Some major policy efforts to promote solar energy in urban planning 

One of the earliest efforts to promote solar energy in urban planning 
was the Photovoltaic Power Systems Programme (IEA PVPS) which was 
initiated by the International Energy Agency (IEA) in 1997 (IEA, 2002). 
TASK 7 of this project focused on the integration of PV systems in the 
built environment. The project’s main objective was to enhance the 
architectural quality and economic viability of solar PV systems in the 
built environment (IEA, 2002). It project was implemented from 1997 to 
2001, and it included 21 countries, mainly from Europe, the UK, Asia 
and America. Subsequent efforts such as the PV in Urban 
Policies-Strategic and Comprehensive Approach for Long-term Expan-
sion (PV UP-SCALE) project drew substantially from the activities of the 
IEA PVPS TASK 7. The PV UP-SCALE1 project was an initiative by the 
European Union in 2006, aiming to draw urban planners’ and city 
managers’ attention to the various economic and technical tailbacks 
regarding solar PV in the urban planning process. Focusing on case 
studies in the Netherlands, Germany, France, Spain, and the UK, the 
project examined various planning processes based on reviews of 
development plans and stakeholder workshops (Munro, 2009). It also 
examined how critical elements of urban form such as building layouts 
and shapes of roofs could affect the feasibility and performance of BIPVs. 
Fig. 1 provides a timeline of major policy efforts to promote solar energy 
in urban planning. 

In 2009, the EU launched another project known as POLIS2 (Identi-
fication and Mobilization of Solar Potentials via Local strategies). 
Similar to previous projects, the POLIS project aimed to identify and 
examine best practices in solar urban planning and leverage stakeholder 
interests to create a more organized planning and legislation practice for 
solar developments (Martín et al., 2012). The project focused on five 
cities in Europe (Lisbon, Lyon, Malmo, Munich, Paris and 
Vitoria-Gasteiz). Also, as part of the International Energy Agency’s (IEA) 
Solar Heating and Cooling (IEA SHC) project, a specific task force (TASK 
51) was established in 2013 with the primary goal of supporting urban 
planners and architects in integrating solar PV in urban areas. This task 
force spearheaded a series of action research which included 34 case 
studies from 11 countries in Europe, North America and Asia (Lobac-
caro et al., 2019; Wall et al., 2017). The case studies dealt with a range of 
issues such as planning processes, legal/regulatory frameworks, ap-
proaches, methods and tools for solar energy integration in urban en-
vironments. Key lessons found included the positive environmental 
impacts such as CO2 emission reductions and economic opportunities as 
well as avenues for citizen engagement, inclusion and social integration 

Fig. 1. Timeline of major policy efforts for solar energy in urban planning (star bullets denote project initiator/funder).  

1 www.pvupscale.org (accessed on 05/06/2021).  
2 http://www.polis-solar.eu (accessed on 05/06/2021) 
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(Lobaccaro et al., 2019; Wall et al., 2017; Lundgren & Dahlberg, 2018). 
However, a major challenge that emerged from these case studies was 
the lack of approaches and decision support systems for solar integration 
into urban planning practice (Lobaccaro et al., 2019). 

Similar to the IEA TASK 51 project, the European Union (EU), as part 
of its European Strategic Energy Technology Plan (SET), established the 
Positive Energy Districts and Neighborhoods program in 2018. The 
programme aims to build and replicate 100 Positive Energy Districts 
(PEDs) across Europe by 2025 (2019). PEDs denote urban neighbor-
hoods or districts with net-zero energy imports and carbon dioxide 
emissions (2019). This project is focused on integrating solar energy into 
urban environments from the planning/urban design stage, taking into 
account the participation of all relevant actors in the process. The ma-
jority of these efforts are concentrated in the global North, with Europe 
and the UK in particular taking center stage in these policy efforts. 

Observably, the above efforts focused on bottom-up approaches to 
ascertain and provide strategies and tools for local governments or 
municipalities to develop effective policies for low carbon and energy- 
efficient cities through an integrated urban planning approach. While 
these efforts have yielded numerous insights at the local level, 
comprehensive solar urban planning policies at the international level 
are yet to emerge. International agencies such as the IRENA and the IEA 
which have both supported some of these local-level efforts, could 

leverage the lessons learnt from different countries to formulate solar 
urban planning policies and guidelines at the international level. 

1.2. Past reviews, objectives, and structure of this review 

Even though several papers related to solar integration in urban 
planning have been published, literature on the subject remains frag-
mented with no comprehensive review of the scholarly works. The 
spatio-temporal evolution of the concept, key research trends, and 
research gaps have not been fully explored. Reviews on the subject are 
limited and have only dealt with some aspects of it. Jakica (2018), for 
instance, reviewed the solar design tools and methods for assessing 
daylighting and solar potential for BIPV. The review analyzed the 
strengths and limitations of over 200 solar design tools. Kanters & Wall 
(2016) identified key decisions regarding solar energy that need to be 
considered at each stage of the urban design process. Both reviews 
(Jakica, 2018, Kanters & Wall, 2016) draw substantially from the 
IEA-TASK 51 project. Vandevyvere & Stremke (2012) also examined 
challenges and opportunities associated with urban design concerning 
renewable energy in urban planning. The study focused on renewable 
energies in general and was not specific to solar energy. 

Moghadam, Delmastro, & Corgnati (2017) undertook a review of 
various spatial approaches to urban and regional energy planning. 

Fig. 2. Outline of the analytical approach.  
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Through a meta-analysis and SWOT analysis, they appraised the char-
acteristics of existing spatial approaches and identified the lack of a 
comprehensive, integrated framework as a significant challenge for 
sustainable energy planning in urban areas. Notably, none of these re-
views utilized a scientometric analysis to measure the research impact 
and map the current knowledge on solar integration in urban planning 
and its evolution using large scholarly datasets. Through rigorous 
analysis of bibliometric data, scientometric analysis helps to identify 
systematic literature themes and link concepts that might be overlooked 
in manual reviews (Su & Lee, 2010). 

In an attempt to address this gap, our review aims to answer three 
main questions: (1) What is the current state-of-the-art on solar energy 
in urban planning? (2) What is the concept and characteristics of solar 
urban planning? (3)What are the research gaps and future research di-
rections on solar urban planning? The review is structured into four 
parts. Part 1 (this section) presents the introduction and objectives of the 
review. In Part 2 (the ensuing section), the method of data collection and 
analysis is explained, while the results and discussion of findings are 
presented in Section 3. The emergent research gaps and future research 
directions are outlined in Section 4, and finally, a conclusion to the study 
is presented in Section 5. 

2. Methodology 

2.1. Bibliometric data collection 

The Preferred Reporting Items for Systematic Reviews and Meta- 
Analysis (PRISMA) (Moher et al., 2009) procedure was followed in 
conducting this review. This process includes four main steps: identifi-
cation of the relevant literature, screening, eligibility, and inclusion 
(Moher et al., 2009). In the first stage (identification), a literature search 
was conducted in the SCOPUS database. SCOPUS is a leading database of 
peer-reviewed journals with comprehensive bibliometric data of pub-
lished articles in various disciplines. It contains over thirty-four thou-
sand peer-reviewed journals with more than sixty-nine million records, 
making it a leading database for retrieving published literature for sys-
tematic reviews. The database has extensive coverage of 
inter-disciplinary research topics in a wide range of peer-reviewed 
journals (Martinez et al., 2019). Prior to searching the SCOPUS data-
base for relevant documents, a search criterion was designed. 

The search criterion included the keywords: "solar urban planning", 
"solar energy", "urban planning" and "BIPV"—Building Integrated Solar 
Photovoltaics. Document types were limited to articles, review articles, 
book chapters and books. The document language was also limited to 
English, while the subject areas of agriculture and biological sciences, 
chemical engineering, chemistry, medicine, neuroscience, biochemistry, 
genetics and molecular biology were excluded. No limitation was set for 
the time period. Thus, all articles that matched the search criteria for all 
the years contained in the SCOPUS database were included. This search 
was conducted on February 29, 2021. The keywords were combined in 
the final search string found in Fig. 2. This search string churned out 147 
publications. All 147 documents were exported in Comma-Separated 
Values (CSV) format alongside all associated bibliometric data for sci-
entometric analysis in VosViewer Software. The VosViewer software is 
by default designed to process data independently from four main bib-
liometric databases—SCOPUS, Web of Science, Dimensions and 
PubMed. We chose the SCOPUS database based on the justification 
provided above. A scientometric analysis of the 147 publications ob-
tained from SCOPUS forms the first stage of our final analysis. The 
objective of this analysis is to provide a general overview of the research 
trends on solar energy in urban planning and the emergent themes on 
this subject. Thus, all (147) publications which matched the search 
criteria were analyzed in this stage using VosViewer software. 

In the second stage of our analysis, the emphasis is on the "concept of 
solar urban planning." Thus, only documents that exclusively deal with 
"solar urban planning" were included. From the policy efforts reviewed 

in Section 1.1 it was evident that significant and very important litera-
ture on this concept were published in reports from action research on 
the subject. In view of this, we carried out a supplementary document 
search in the google and google scholar search engines. This search 
yielded 21 documents in addition to the 147 SCOPUS documents. Hence, 
a total of 168 publications were screened for inclusion in the in-depth 
content analysis for the concept of solar urban planning. This analysis 
aims to answer the research question; what is the concept and charac-
teristics of solar urban planning? For the selection of articles in line with 
this research question, the screening criteria included a time limit of 
articles published in the last ten years (2011–2021) and documents that 
were specific to solar urban planning as a concept and examined or 
attempted to examine the various dimensions of it. The abstracts of the 
articles were first screened, followed by skimming of the full texts to 
determine their suitability for inclusion. This process resulted in the 
exclusion of 132 publications. Upon further reading of the 36 publica-
tions selected, 21 were excluded. Thus, 153 documents were excluded in 
the entire process, while 15 publications that were specifically on the 
concept of solar urban planning were included in the analysis. The 
selected documents can be found in Appendix A. Fig. 2 summarizes the 
steps outlined above. 

2.2. Data analysis 

Scientometric and systematic analyses were employed in analyzing 
the bibliometric data retrieved. A scientometric analysis is a technique 
for mapping the state-of-the-art of a particular subject and its evolution 
as well as measuring research impact in a specific field based on large 
bibliometric datasets (Chen, 2006). It helps researchers to systematically 
analyze the literature on a particular subject, including its evolution, key 
concepts, applied methods, and research gaps. Thus, scientometric 
analysis eliminates biases that may occur and helps to link key concepts 
that might be overlooked in manual reviews (Su & Lee, 2010). Key el-
ements of this analysis include keyword co-occurrence analysis, 
co-authorship analysis, networks of countries/regions, and co-citation 
analysis. Keyword co-occurrence helps to map the evolution of 
research on a particular subject and identify seminal topics within that 
subject area (Zhong et al., 2019). Co-authorship analysis measures 
research collaborations, while, the network of countries/regions gives a 
geographical distribution of research publications and it can provide an 
indication of the spatial dimension of research gaps on the subject. 

VosViewer software (van Eck, 2010) was used in analyzing the bib-
liometric data obtained from SCOPUS database. A CSV file containing 
the data was uploaded into the primary unit of VosViewer software for 
analysis. Keyword co-occurrence and co-authorship analytical tools 
inherent in the software were used to generate their corresponding 
networks. After conducting the scientometric analysis of the 147 docu-
ments, a systematic analysis of the 15 selected articles on the concept of 
solar urban planning was done to answer the second research question. 
This entailed a content analysis of the documents, identifying key the-
mes/clusters, synthesizing information on these themes, and discussing 
the findings. Key research gaps were identified from the discussion to 
form the basis for our recommendations for future research. 

3. Results and discussion 

3.1. Overview of the selected publications 

Original research articles constitute a majority (87.8%) of the 
selected publications, followed by review articles (6.8%), book chapters 
(3.4%) and books (2.0%). More than half of all the publications 
retrieved from SCOPUS database were published in ten journals. 
Elsevier’s Solar Energy journal was the leading journal in terms of the 
number of publications. Fig. 3 provides a summary of the top ten jour-
nals in the field and their subject areas. Despite being a socio-technical 
process (Kanters & Wall, 2016; Amado & Poggi, 2012), research on the 
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social science aspects of solar energy integration in urban planning ap-
pears limited, as seen in Fig. 3b. Energy, Engineering, and Environ-
mental Science subject areas are dominant, accounting for about 70% of 
all publications on the subject thus far. 

3.2. Trend and spatial distribution of publications 

The earliest records of publications on solar energy integration in 

urban planning, based on data from the SCOPUS database, were found in 
1974. Indeed seminal studies such as “Energy and form: an ecological 
approach to urban growth” by Knowles (1974), and “The Costs of Sprawl: 
Environmental and Economic Costs of Alternative Residential Development 
Patterns at the Urban Fringe” by the Real Estate Research Corporation 
(1974) were published around this period. These studies propounded 
that energy potentials in cities could be maximized while reducing en-
ergy consumption through urban design. Knowles (1974), for instance, 

Fig. 3. Top 10 journals on the subject regarding the number of publications (a) and various subject areas (b).  

Fig. 4. Trend of publications on solar energy in urban planning (1974-February, 2021).  

Fig. 5. Geographic distribution of publications (1974-February, 2021).  
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emphasized that by using passive solar design strategies, building en-
ergy use could be significantly reduced while improving thermal com-
fort. The Real Estate Research Corporation (1974) also examined the 
relationship between building density and energy consumption and 
concluded that higher housing density has lower energy and environ-
mental costs. The ideas put forward in these studies formed an important 
part of other seminal studies that followed, including those carried out 
by Owens (1986), (1992). The trend of publications is shown in Fig. 4. 

The trend in Fig. 4 shows that there has been a relatively higher 
number of publications on the subject in the last eight years, notably 
from 2013 to 2020, with the trend over the previous three years 

(2017–2020) showing a persistent increase every year. The fewer pub-
lications for 2021 is understandable because this review was conducted 
in the early months (February) of the year. Hence, not many studies have 
been published at this time of the year. The recent rise in publications on 
the subject is consistent with global efforts for the sustainable energy 
transition, which forms a core part of the 2030 Agenda for sustainable 
development. Global efforts such as the SDGs and Paris Accord 
emphasize the need for approaches and strategies that foster the 
development and utilization of clean energy, especially in cities which 
are critical in this transition. 

In terms of the geographic distribution of the publication, the USA (n 

Fig. 6. Co-authorship network (a) and country collaborations/co-authorship (b). Note: The nodes in (a) and (b) denote the number of documents. In (a) different 
node colors denote the year in which the document was authored, while in (b) the colors denote each cluster of collaborating countries, and the link size indicates the 
strength of collaboration in terms of the number of documents authored between two countries. 
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= 17), UK (n =14) and Italy (n =14) were the top three contributors, 
followed by China (n =12). Notably, most countries are in Europe, with 
6 out of the top ten countries being European countries. The dominance 
of European countries in terms of the number of publications on the 
subject is not surprising because the most notable projects (the IEA SHC, 
and the EU’s PV UP-SCALE, POLIS, and PEDs) on solar urban planning 
were undertaken in these regions. The IEA SHC involved countries in 
Europe, North America and Asia with some 34 case studies. In com-
parison, the PED project focused specifically on European countries and 
has seen some 61 case studies thus far (Bossi et al., 2020). Accordingly, 
the largest funding for research on the subject also came from these 
regions. Based on funding sources retrieved from the SCOPUS database, 
the European Commission (n =12), National Natural Science Founda-
tion of China (n =7), the UK Engineering and Physical Sciences Research 
Council (n =5) and the UK Research and Innovation (n =5) were the top 
funders of research on the subject. It is apparent that the subject has not 
received much attention in Africa, with a stark difference between 
research publications on the continent and other continents very visible 
in Fig. 5. 

3.3. Authorship and co-authorship patterns 

Co-author analysis helps to map out research collaborations on a 
particular subject matter. Research collaborations are crucial to 
knowledge production in any field since they help to understand the 
status quo of research on a particular subject. Based on the SCOPUS data 
retrieved, the highest number of documents published by an author is 
three, with only 13 out of the 430 authors identified having published 
three documents each. Also, very few pockets of research collaborations 
exist on the subject, as seen in the co-authorship network (Fig. 6a and b). 
Three key clusters were identified in terms of author collaborations 
(indicated in dotted circles in Fig. 6a). Notably, the authors in Wall 
et al.’s cluster were involved in the IEA SHC Task 51 project. This cluster 
contains six authors, while Amado et al.’s cluster contains four authors. 
Despite having the largest co-authorship cluster, Conander et al.’s 

collaboration occurred around 2012, and almost all collaborations 
appeared on one publication titled solar potential calculation at city and 
district levels. It is worth noting that the authors in that cluster were 
contributors to the EU’s POLIS project, which was also focused on solar 
urban planning. The main objective of the project was to deploy local 
policy measures for maximizing solar energy potential in European 
cities. 

Research collaborations between countries also follow a similar 
pattern of countries involved in the projects outlined above. Four main 
clusters of collaborations were found, with the most extensive set 
occurring between Germany, Portugal, Spain and Sweden as well as 
China, Italy, Switzerland and the UK. All countries in this network can 
also be found in at least one of the three major projects on solar urban 
planning (IEA SHC, POLIS and PEDs). The connection between author/ 
country collaborations, publications and specific solar urban planning 
initiatives indicates that solar urban planning as a concept is primarily 
driven by action research, as evidenced by the number of experiments 
and case studies carried out in each project, with the corresponding sets 
of publications from them. 

3.4. Keyword co-occurrence and cluster analysis 

3.4.1. Co-occurrence and evolution of keywords 
Keyword co-occurrence helps to identify key research themes/topics 

on a particular subject and how these themes have evolved. Fig. 7a 
provides a generic keyword co-occurrence network of the research on 
solar energy in urban planning, while Fig. 7b–e shows the evolution of 
keywords within the past ten years (2010–2020). Each color in Fig. 7a 
denotes a keyword cluster, while colors in Fig. 7b to e denote the years 
these keywords appeared in publications. The keyword co-occurrence 
network affirms the socio-technical nature of solar urban planning and 
aligns with the key subject areas in Fig. 3. It portrays the concentration 
of existing research on technical aspects of the subject with little 
attention to the socio-political dimensions. 

Emphasizing the most dominant keywords by setting the minimum 

Fig. 7. Key word clusters on solar urban planning (a), and the evolution of keywords over time (b, c, d, and e)  
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number of keyword occurrences to 5 (the default value) in VosViewer, 
66 keywords in 5 major clusters were identified, as indicated by various 
color codes in Fig. 7a. The top five keywords are urban planning (118), 
solar energy (111), solar power (48), solar radiation (35), and urban 
area (34). Three clusters (in blue, red and green) dominate and provide a 
quick overview of the key issues researched in solar urban planning. 
Cluster 1 can be seen as the solar power generation cluster, given that all 
terms in this cluster are related to solar power generation. In the same 
manner, cluster 2 denotes the urban planning cluster, while cluster 3 
denotes the climate change mitigation cluster. A detailed analysis of these 
clusters is presented in Fig. 8. 

Fig. 7b portrays a gradual emergence of research on the socio- 
political and economic dimensions of solar integration in urban plan-
ning, as evidenced in the clusters in yellow and red. Research dealing 
with "decision making", “planning process” and “investments” could be 
seen in documents published between 2015 and 2020. However, from 
the main keyword clusters in Fig. 7a, these keywords belong to the less 
visible clusters (in purple and yellow), indicating that despite gaining 
some traction in recent years, publications on the socio-political and 
economic aspects of the subject remains meager. Aspects such as regu-
lations, investments, social acceptance, and political support are crucial 
to the success of solar integration in urban planning. The technical 
dimension (solar potential analysis, architectural integration, etc.) is the 
foremost and perhaps the most critical step in solar urban planning 
(Amado & Poggi, 2012). Consequently, much of the existing research 

has focused on this aspect, and significant gains have been made in 
developing software tools to aid this process (Jakica, 2018). 

3.4.2. Keyword cluster analysis 
The keyword composition of the three major clusters in Fig. 7a, b, 

and c can be interpreted in the sequence of “what”, “why”, and “how”. 
Cluster 1 (solar energy generation) denotes the “what” and its compo-
sition shows various keywords related to solar energy generation. These 
keywords can be put into four main categories—tools on solar potential 
analysis, the technology used, methods applied, and the spatial focus/ 
scale of solar energy generation. Fig. 8 provides details of the keyword 
composition of the three clusters. 

The “technology” and “focus” subcategories dominate in this cluster, 
with “photovoltaic systems”, “roofs”, “GIS”, and “numerical model” 
emerging as the dominant keywords for these categories. Hence, cluster 
1 essentially indicates that research on solar integration in urban plan-
ning focuses more on solar power generation on rooftops in urban en-
vironments using GIS tools and numerical models to conduct the various 
technical analysis required. Indeed many studies (Lobaccaro & Frontini, 
2014; Kanters & Horvat, 2012; Peronato, Rastogi, & Rey, 2018; Sarralde 
et al., 2015; Ronchi et al., 2020) have used modelling and GIS tools for 
solar potential analysis in urban settings. Cluster 2 (climate change 
mitigation) reflects more of the “why” dimension of solar energy in 
urban planning, with keywords such as climate change, fossil fuels, and 
environmental impacts. This cluster implies that the goal of solar 

Fig. 8. Composition of the three major keyword clusters on solar energy in urban planning.  
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integration in urban planning is climate change mitigation through a 
transition from fossil-based energy systems to solar energy systems in 
cities. Subcategories in this cluster include drivers, policy focus, target 
and spatial focus. With a key driver being climate mitigation, the policy 
focus is on solar energy regarding access and use. Key targets include 
heating and cooling in buildings in urban areas, which form the spatial 
focus. 

The last cluster (urban planning) best describes the “how” to achieve 
the “what” (solar power generation in urban areas) for the “why” 
(climate change mitigation). Unlike traditional urban planning, which 
focuses on land use decisions, economic, social services, and facilities in 
urban areas, the focus of urban planning here is on electricity generation 
with a specific focus on solar energy and energy efficiency. The domi-
nance of power generation in this cluster highlights that research on 
solar energy in urban planning has evolved from reducing energy de-
mand/consumption through urban design/planning to generating 
renewable energy through urban design/planning (Knowles, 1974; Real 
Estate Research Corporation, 1974; Burton et al., 2000; Ali-Toudert & 
Mayer, 2006). This latter focus resonates with the current need for 
decentralized/distributed generation, especially through integrating 
solar systems into buildings in urban areas, a strategy that the IEA 
(2014) estimates could generate more than half of the global solar ca-
pacity by 2050. Scholars have identified mainstreaming solar consid-
eration into the urban planning process as the most effective way of 

achieving such integration, an approach that has birthed the concept 
known as solar urban planning (Amado & Poggi, 2014; Lindner & Müller, 
2014; Hanna, 2016). The ensuing section provides an introduction to 
this concept in detail based on the content analysis of 15 selected doc-
uments (see Appendix A for the selected documents) 

3.5. Concept and characteristics of solar urban planning 

3.5.1. Conceptions of solar urban planning 
Amado & Poggi (2014) described solar urban planning as an 

approach that utilizes solar energy as an urban design principle to 
enhance energy efficiency and sustainable energy access in pre-existing 
and new urban developments. It is “…a deeper dive into the notion that 
urban planning practices can specifically include, advance, and fortify the 
incorporation of solar and ultimately rely upon it as a substantial tool for 
addressing global warming (Hanna, 2016).” Lindner & Müller (2014) 
viewed it as integrating solar energy into town planning through urban 
renewal, urban removal and new development. The approach stresses 
the need for solar energy to be considered an urban design parameter. 
Given that the traditional urban planning process is a technical and 
political process that considers economic, social, and environmental 
concerns, integrating solar energy considerations into this process must 
equally consider these issues. 

Solar urban planning can be more broadly defined as a socio- 

Fig. 9. Sustainable solar urban planning framework. Source: Amado & Poggi (2012).  

M.M. Akrofi and M. Okitasari                                                                                                                                                                                                               



Urban Governance xxx (xxxx) xxx

10

technical and political process that seeks to maximize solar energy po-
tentials in urban areas by integrating solar energy considerations into all 
stages of the urban planning/design process to achieve sustainable en-
ergy solutions and long-term environmental sustainability. It is note-
worthy that while earlier concepts such as the urban metabolism 
approach highlight such an approach, solar urban planning’s specific 
focus on solar PV integration in the built environment makes it more 
specific and differentiates it from the urban metabolism approach. This 
approach was initially defined by Wolman (1965) as “all the materials 
and commodities needed to sustain a city’s inhabitants at home, at work, 
and at play” and later elaborated by Kennedy et al. (2007) as “the sum 
total of the technical and socio-economic processes that occur in cities, 
resulting in growth, production of energy, and elimination of waste.” 
Hence, urban metabolism is more of a model for describing and 
analyzing material flows within cities (Kennedy et al., 2011). In 
contrast, solar urban planning is more oriented towards a tool/techni-
que for urban planners to facilitate the integration of solar energy 
technologies in the built environment of cities. Various scholars have 
attempted to conceptualize the concept of solar urban planning in 

various ways. In their proposed “sustainable solar urban planning 
framework”, Amado & Poggi (2012) identified four main stages (energy 
model definition, solar potential estimation, solar design and imple-
mentation evaluation) for solar urban planning. Fig. 9 shows how these 
solar urban design stages can be mainstreamed into the urban planning 
process. 

It is apparent from the framework that solar urban planning entails 
governance, socio-economic, and technological considerations. Kanters 
& Wall (2016) provided a planning process map encompassing gover-
nance, socio-economic, and technological considerations for BIPVs in 
urban areas. The stages are elaborated in Fig. 10. The fourth stage 
(renovation) sheds light on the fact that solar urban planning is con-
cerned with both new urban developments and how to integrate solar 
technologies in existing built-up areas. The latter can be done through 
building renovations and retrofits (Lundgren & Dahlberg, 2018). 

As evident in the second stage outlined by Kanters & Wall, 2016), the 
strategies used in solar urban planning may differ depending on the 
specific urban context under consideration. In this regard, Lobaccaro 
et al. (2019) identified three different urban environments where solar 

Fig. 10. A planning process map for solar buildings in urban environments. Based on Kanters & Wall (2016).  

Fig. 11. Ground-mounted PV arrays in Fujisawa Sustainable Smart Town (Picture taken by the authors)  
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urban planning may occur, and considerations needed to be made in 
each domain. These different urban environments and considerations in 
solar urban planning are outlined in the ensuing section. 

3.5.2. Different urban environments and considerations in solar urban 
planning 

The urban environments in solar urban planning are: existing urban 
areas, new urban areas and solar landscapes. The existing urban areas 
refer to already built-up areas in urban settings where solar energy 
integration may focus on two areas—new buildings erected through 
infills, densification and/or renovations or alterations made to existing 
buildings or the urban fabric within existing building regulations 
(Lobaccaro, Lindkvist, & Wall, 2017; Lundgren & Dahlberg, 2018). The 
second environment (new urban areas) is concerned with developing 
new buildings and infrastructure in response to new demand, and it 
involves detailed development planning and urban design (Lobaccaro, 
Lindkvist, & Wall, 2017; Lundgren & Dahlberg, 2018). This type of 
environment typically deals with undeveloped urban lands. It may 
commonly occur in the periphery of existing urban areas where urban 
expansion necessitates converting such lands into new developments. 

On the other hand, solar landscapes involve large solar arrays in 
landscape areas. The goal of planning in this environment is to ascertain 
the potential impacts of solar systems in these landscapes (Lobaccaro, 
Lindkvist, & Wall, 2017). Large scale solar farms may be built in the 
immediate surroundings of cities characterized by natural landscapes. 
With environmental sustainability as a key objective, solar urban plan-
ning is essential in these landscape environments. It is noteworthy that 
ground-based large solar arrays in such environments are typically 
associated with peri-urban areas. Large-scale ground-based solar areas 
may not be possible in the urban setting due to space limitations. As 
such, the concept of solar landscapes could be better conceptualized as 
Solar Urban Landscapes, where places such as car parks, university 
campuses, commercial and industrial areas within cities could serve as 
avenues for large scale PV installations. 

Scognamiglio (2016), for instance, argued that as an element of the 
urban landscape, solar PV integration needs to focus on ecologi-
cal/landscape objectives in addition to energy efficiency. Lobaccaro 
et al. (2019) equally highlighted the opportunities that public spaces 
present for solar PV integration. However, they noted that such spaces 
have been put to limited use. This landscape environment also highlights 
the importance of solar urban planning in designing public spaces such 
as parks and gardens, bus stops, city/town squares, roads, etc. A typical 

example of solar PV mounted along the road can be found in Fujisawa 
Sustainable Smart Town (https://fujisawasst.com/JP/), in Japan as 
Fig. 11. 

Apart from the above environments, some key considerations need to 
be made in solar urban planning. These considerations can be catego-
rized broadly into technical, economic, social and political consider-
ations. Technical considerations include solar potential analysis and 
how elements such as urban morphology (Sarralde et al., 2015: Xu et al., 
2021) and land use (Amado & Poggi, 2014) could affect solar energy 
integration in urban areas. Political considerations include political 
support, policies, and regulations (Wall et al., 2017; Lundgren & Dahl-
berg, 2018; Kanters & Wall, 2018). In contrast, demographic factors 
include user acceptance and how other socio-demographic factors, such 
as gender, educational attainment, etc., could influence the solar urban 
planning process (Wall et al., 2017). Economic factors include costs of 
solar PV systems, income levels of users, among others. Fig. 12 outlines 
different scales and considerations in solar urban planning. 

An analysis of the selected publications shows that very few studies 
attempted to examine all the spatial scales and considerations (see 
Appendix A). The majority of studies focused on technical aspects in 
existing urban environments, with the solar potential analysis using 
various tools and methods often being the goal. Action research and 
document reviews were the dominant research methods used. Conse-
quently, there is a very limited application of theories in the existing 
studies. The emergent research gaps are discussed in detail below. 

4. Research gaps and future research directions 

Three key gaps emerged from the literature reviewed. These gaps are 
classified in terms of the geographical divide, the socio-technical gap 
and the absence of a theoretical underpinning for the concept of solar 
urban planning. Each gap is discussed in detail below. 

4.1. The geographical divide 

It is apparent from Figs. 4 and 5 that research on solar energy in 
urban planning is concentrated in the global north, with very few studies 
from the global South. Current research suggests that solar urban 
planning has a greater chance of success in new urban areas than in 
existing urban areas (Lobaccaro et al., 2019; Wall et al., 2017; Lundgren 
& Dahlberg, 2018). This is because solar integration in existing urban 
areas is limited to the roofs of existing buildings and often disregards the 

Fig. 12. Different urban scales and considerations in solar urban planning. Based on Lobaccaro, Lindkvist, & Wall, 2017) and Wall et al. (2017).  

M.M. Akrofi and M. Okitasari                                                                                                                                                                                                               



Urban Governance xxx (xxxx) xxx

12

quality of architectural integration and its effects on the urban context 
(Lundgren & Dahlberg, 2018). Conflicts between integrating solar sys-
tems on buildings and protecting socio-cultural values and cultural 
heritage also arise in existing urban areas (Lundgren & Dahlberg, 2018). 
In some instances, existing buildings might not have been designed to 
accommodate the additional weight of rooftop solar systems. On the 
other hand, these problems are easily resolved in new urban areas 
because the solar design can be implemented from the beginning of the 
planning process (Lobaccaro et al., 2019; Wall et al., 2017; Kanters & 
Wall, 2016). Such early considerations also allow building facades and 
not only the buildings’ rooftops to be used for solar installations. Hence, 
realizing solar urban planning will be more challenging in the developed 
world, where urban areas are already consolidated with built-up areas. 

On the other hand, urban planners and city authorities can take 
advantage of new developments to facilitate solar urban planning in 
regions where intensive urbanization is yet to occur. In regions such as 
Africa, the increasing urban population is propelling the expansion of 
cities, resulting in the springing up of new urban areas in the peripheries 
of existing cities. With much of the urbanization yet to occur, urban 
planners and city authorities can capitalize on the enormous solar en-
ergy potentials (IRENA, 2016), declining costs of solar PVs (IRENA, 
2020), increasing awareness and acceptance of solar energy systems, 
and existing urban planning processes to facilitate the integration of 
solar energy in emerging African cities. However, the current research 
deficit on this subject remains a significant limitation to solar urban 
planning in this region. Therefore, research on the various facets of solar 
urban planning (technical, economic, social, political, and regulatory) is 
needed in Africa and the global South in general. 

4.2. The socio-technical gap 

Solar urban planning is certainly a socio-technical process and a 
multi-disciplinary concept. Amado & Poggi (2012) framework (Fig. 9) 
shows the various technical, social, economic, political, and environ-
mental dimensions. However, much of the current research on this 
subject has focused on the technical aspect. Studies dealing with solar 
potential analysis, solar simulations and parametric urban design are 
dominant. This socio-technical divide is evident in Fig. 2, where major 
journals that published research on the subject were primarily in the 
engineering domain. Subject areas of Energy, Engineering and Envi-
ronmental Science account for about 70% of all publications on the 
subject thus far. The technical aspects such as estimating the solar po-
tential, conducting various urban designs, environmental and para-
metric analysis form the first and most crucial step of the solar urban 
planning process. Without understanding these issues, solar integration 
in urban areas is likely to yield unsatisfactory outcomes (Amado & 
Poggi, 2014). 

Understandably, several studies have focused on developing tools 
and techniques for conducting such technical analyses (Jakica, 2018; 
Peronato, Rastogi, & Rey, 2018). A great deal of success has been ach-
ieved in developing such tools. Jakica (2018) found that more than 200 
solar design tools have been developed to this effect. On the other hand, 
research on the socio-political and cultural/behavioral aspects which 
play a significant role in the urban planning process remains limited. 
Lundgren & Dahlberg (2018) recount that many cities have employed 
solar design tools to create 2D and 3D solar maps. However, they noted 
that “even though there has been a rapid increase in software tools where 
solar insolation on existing surfaces can be calculated or measured, there is a 
lack of approaches and methods to integrate the results into traditional 
planning processes” (Lundgren & Dahlberg, 2018). This observation is 
shared by several authors who also noted that metrics and robust 
decision-support tools for integrating solar energy into urban planning 
practice are generally lacking (Eicker et al., 2015; Sampaio et al., 2013). 

While it is widely acknowledged that socio-demographic factors 
affect the adoption of solar energy by residential end-users (Sampaio 
et al., 2013), Barau et al. (2020) recount that such studies do not 

comprehensively address the interrelationships between urban plan-
ning, technological challenges and behavioral dimensions in Africa. 
Lobaccaro et al. (2019) also pointed out that a significant number of 
studies have examined the energy and financial performance of solar 
systems. However, a limited number of studies deal with the actual 
implementation of solar energy in urban planning. The urban planning 
process is essentially political as it involves goal setting, regulations and 
managing the interests of several actors in the urban arena. An under-
standing of the socio-political context for solar urban planning is crucial 
for its success. Future research needs to unearth these socio-political 
issues to bridge the current socio-technical gap. 

4.3. The need for theory 

Observably, most of the publications on solar urban planning have 
not employed any theories or theoretical frameworks. This situation is 
perhaps because key studies on the subject were based on findings from 
experimental projects or case studies. As shown in Fig. 6a, the major 
research clusters are based on research projects such as the IEA SHS 
TASK51 and the EU’s POLIS, while other studies draw from similar 
projects outlined in Section 1.2. As a socio-technical concept, solar 
urban planning fits the context of the socio-technical transitions theory 
and the Multi-Level Perspective (MLP), in particular. With its focus on 
changes and interactions between technology, political regimes, market 
users and external conditions such as climate change, it would be 
interesting to see studies that examine solar urban planning from this 
socio-technical lens. 

The keyword composition (Fig. 8) already mirrors some of the core 
elements of the MLP. The cluster on solar energy generation deals with 
the technological aspect where socio-technical niches could be located. 
The cluster on climate mitigation relates more to the landscape 
component of the MLP, and the regime and market user dimensions of 
the MLP could more appropriately fit in the urban planning cluster 
where political decisions, stakeholder interests and market users could 
be found. Exploring the concept of solar urban planning from this 
theoretical dimension would add significantly to the application of the 
MLP in energy transition studies, especially in the global South, where 
research on solar urban planning is limited. 

5. Conclusion 

Cities are estimated to be home to about two-thirds of the global 
population by 2050. As the highest energy consumers and emitters of 
GHGs, a transition to clean energy in cities is paramount to addressing 
the current climate crisis. By integrating solar PV systems on buildings, 
more than half of the global solar capacity can be harnessed by 2050, 
providing significant opportunities for low carbon development (IEA, 
2014). Solar urban planning offers a novel approach to achieving such 
integration. However, the concept remains nascent and has not received 
much scholarly attention. In this review, we provided an up-to-date 
account of research on the connections between solar energy and 
urban planning and narrowed it down to discuss the concept of solar 
urban planning. A key find is that although interests in the in-
terrelationships between energy planning and urban planning have 
spanned several decades of research, the two remain largely 
unintegrated. 

Specific to solar energy, significant strides have been made in 
developing tools and technologies for integrating solar systems in 
buildings. There seems to be a consensus among scholars that to achieve 
effective and efficient solar integration in buildings on a wider scale in 
urban environments; solar considerations need to be incorporated into 
the early stages of the urban planning process. Yet, approaches and 
decision support systems to mainstream solar energy considerations into 
urban planning processes are lacking. While earlier concepts such as the 
urban metabolism approach offer some insights to address this gap, the 
transversal nature of this concept makes it quite difficult to apply in 
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Table A1 
Selected publications on solar urban planning.  

Document 
Type 

Author (s) Study Title Main Objective Theory 
applied 

Methods Regional 
Focus 

Type of Urban 
Environment 

Key aspects/ 
considerations 

Conference 
paper 

Amado, M., & 
Poggi, F. (2014) 

Solar urban planning: 
a parametric 
approach 

To provide a 
parametric approach 
for assessing solar 
energy potential in 
urban settings. 

None Parametric 
urban 
modelling with 
Geographic 
Information 
System (GIS) 

Portugal Existing urban 
area 

Technical: solar 
potential analysis 
and electricity yield. 

Conference 
paper 

Haine, K., & 
Blumberga, D. 
(2016) 

Towards Solar Urban 
Planning: A New Step 
for Better Energy 
Performance Case of 
Study Ibenbadis, 
Constantine (Algeria) 

To apply and explore 
a methodology for 
solar integration in 
urban planning 

None Solar potential 
analysis using 
ArcGiS and 
AutoCAD 

Algeria Existing urban 
area 

Technical: solar 
potential analysis 
and electricity yield. 

Journal 
article 

Amado, M., & 
Poggi, F. (2012) 

Towards solar urban 
planning: A new step 
for better energy 
performance 

To develop a 
working 
methodology for 
assessing the best 
conditions necessary 
for Zero Energy 
Buildings (ZEB) 

None Solar potential 
analysis using 
ArcGiS 

Portugal Existing urban 
area 

Technical: solar 
potential analysis 
and electricity yield. 

Journal 
article 

Bossi, S., Gollner, 
C., & Theierling, 
S. (2020) 

Towards 100 Positive 
Energy Districts in 
Europe: Preliminary 
Data Analysis of 61 
European Cases 

To identify common 
features, strategies, 
challenges, and 
success factors of 
Positive Energy 
District (PED) 
projects to provide 
insights for 
stakeholders 

None Document 
review 

Europe Existing and 
new urban 
areas. 

Technical, 
economic, social 
and political success 
factors and 
challenges. 

Thesis Hanna, T. (2016). Solar Urban 
Planning: Addressing 
barriers and conflicts 
specific to Renewable 
Energy Policy and the 
current field and 
practice of Urban 
Planning within the 
context of a changing 
Climate 

To examine the 
opportunities, 
challenges for solar 
urban planning 
regarding policies, 
planning policies, 
urban design and 
solar PV. 

None Document 
reviews and 
expert 
interviews 

Unite 
States of 
America 
(USA) 

Existing and 
new urban 
environments, 
and solar 
landscapes. 

Policy/political: 
policy strategies, 
implementation and 
effectiveness. 

Journal 
article 

Kanters, J., & 
Horvat, M. 
(2012). 

Solar energy as a 
design parameter in 
urban planning. 

To assess the impact 
of geometric form of 
urban blocks on 
solar energy 
potential. 

None Parametric 
modelling and 
simulation 

Sweden Existing urban 
areas 

Technical: solar 
potential analysis 

Journal 
article 

Kanters, J., & 
Wall, M. (2016). 

A planning process 
map for solar 
buildings in urban 
environments 

To develop a process 
map for planning 
solar energy 
decisions in urban 
areas. 

None Literatutre 
review 

Worldwide Exsiting and 
new urban 
areas. 

Policy/political: 
decision making/ 
planning process for 
solar integration in 
urban areas 

Journal 
article 

Kanters, J., & 
Wall, M. (2018). 

Experiences from the 
urban planning 
process of a solar 
neighbourhood in 
Malmö, Sweden. 

To examine how the 
urban plan 
development 
process affects the 
implementation of 
Solar PV systems in 
new buildings. 

None Participatory 
action 
research. 

Sweden New urban 
areas 

Technical (solar 
potential analysis), 
economic 
(incentives) and 
policy/political 
(planning process). 

Journal 
article 

Lobaccaro, G., 
Croce, S., 
Lindkvist, C., 
Munari Probst, M. 
C., Scognamiglio, 
A., Dahlberg, J., 
Lundgren, M., & 
Wall, M. (2019) 

A cross-country 
perspective on solar 
energy in urban 
planning: Lessons 
learned from 
international case 
studies 

To examine the 
technical and non- 
technical challenges, 
constraints and 
opportunities of 
active and passive 
solar systmes in 
urban areas. 

None Action research Europe, 
Asia, and 
North 
America. 

New urban 
areas, existing 
urban areas and 
solar 
landscapes. 

Technical (solar 
potential analysis), 
economic (impacts), 
social (impacts), 
environmental 
(impacts) and 
political/policy 
(regulations). 

Technical 
Report 

Lobaccaro, G., 
Lindkvist, C., 
Wall, M., & 
Wyckmans, A. 
(2017) 

Illustrative 
Perspective of Solar 
Energy in Urban 
Planning. 

To present case 
studies and stories in 
order to replicate 
success stories and 
mitigate drawbacks 
of integration solar 
considerations in 
urban planning 

None Document 
review 

Europe, 
Asia, and 
North 
America. 

New urban 
areas, existing 
urban areas and 
solar 
landscapes. 

Technical (solar 
potential analysis), 
economic (impacts), 
social (impacts), 
environmental 
(impacts) and 
political/policy 
(regulations). 

Journal 
article 

Vandevyvere, H., 
& Stremke, S. 
(2012). 

Urban Planning for a 
Renewable Energy 
Future: 

To assess the 
methodological 
challenges and 

Trias 
energetica 
concept 

Literature 
review 

Worldwide New urban 
areas 

Technical (urban 
design) and 

(continued on next page) 
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contemporary urban planning. Solar urban planning is emerging as a 
more specific concept that promises to provide city planners with the 
tools and techniques needed to design low carbon cities through solar 
integration in the built environment. 

Three key research gaps regarding this concept emerged from our 
analysis—the geographic divide, the socio-technical gap and the need 
for theoretical underpinnings for the concept of solar urban planning. 
These gaps are worthy of future research that can contribute to 
strengthening/supporting the integration of solar into urban planning/ 
the implementation of solar urban planning to foster a low-carbon 
transition in cities. Li et al. (2021) recount that the changing dy-
namics of urban problems require new, practical and effective strategies 
for governing and managing urban areas. Further research into these 
gaps will bring out new insights for city administrators and urban 
planners on how to better design integrated, cross- sectoral planning 
approaches to facilitate low carbon development in cities. The concept 
of solar urban planning, is therefore, relevant to contemporary urban 
governance and administration of cities. 

While our review intends to provide a comprehensive account of 
research on solar urban planning, it is noteworthy that the exclusive use 
of the SCOPUS search engine, as well as the limitation of publications to 
documents authored in English only, could have resulted in the exclu-
sion of other relevant documents in our analysis. However, given the 
wide coverage of the SCOPUS database and our supplementary search in 
google and google scholar, we believe that the majority of publications 
in this domain have been included in our analysis, and the few we might 
have missed would not affect our findings. 
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Table A1 (continued ) 

Methodological 
Challenges and 
Opportunities from a 
Design Perspective. 

opportunities for 
renewable energy 
integration in cities 

environmental 
(impacts) 

Conference 
paper 

Wall, M., Snow, 
M., Dahlberg, J., 
Lundgren, M., 
Lindkvist, C., 
Lobaccaro, G., 
Siems, T., Simon, 
K., Cristina, M., & 
Probst, M. (2017) 

Urban Planning for 
Solar Energy-IEA 
SHC TASK 51 

To present an 
overview of the 
challenges, 
opportunities for 
solar urban planning 
regarding legal 
frameworks, 
planning process 
and educational 
issues 

None Action 
resesearch and 
document 
review 

Europe, 
Asia, and 
North 
America. 

New urban 
areas, existing 
urban areas and 
solar 
landscapes. 

Political/policy: 
Legal/regulatory, 
planning process 

Conference 
paper 

Sarkheyli, E., & 
Bemanian, M. R. 
(2011). 

Solar Urban Planning 
and Design 

To review key 
considerations 
needed in solar 
urban planning and 
design 

None Literature 
review 

Worldwide Existing and 
new urban areas 

Technical (urban 
design), economic, 
environment 

Technical 
Report 

Lundgren, M., & 
Dahlberg, J. 
(2018). 

Approaches, Methods 
and Tools for Solar 
Energy in Urban 
Planning. 

To present existing 
and new approaches 
on how to inform 
and support decision 
making for solar 
energy in urban 
planning. 

None Action 
research, 
document 
review and 
case studies 

Europe New urban 
areas, existing 
urban areas and 
solar 
landscapes. 

Technical (solar 
potential analysis), 
economic (impacts), 
social (impacts), 
environmental 
(impacts) and 
political/policy 
(regulations). 

Journal 
article 

Martín, E. C., 
García, E. H., 
Linder, S., Faysse, 
E., Saade, A., 
Barrigón, I. U., 
Tortora, F., Bote, 
D. M., & Herrera, 
J. (2012) 

Towards Solar Urban 
Planning in Europe: 
The Project “POLIS” 

To present a 
compilation of good 
practices regarding 
solar urban planning 
in European cities. 

None Document 
(action plans) 
review 

Europe Existing and 
new urban 
areas. 

Political/policy: 
action plans.  

M.M. Akrofi and M. Okitasari                                                                                                                                                                                                               

https://doi.org/10.1016/j.buildenv.2005.01.013
https://doi.org/10.1016/j.buildenv.2005.01.013
https://doi.org/10.1016/j.egypro.2012.11.139
https://doi.org/10.1016/j.egypro.2012.11.139
https://doi.org/10.1016/j.egypro.2014.02.174


Urban Governance xxx (xxxx) xxx

15

Asarpota, K., & Nadin, V. (2020). Energy strategies, the urban dimension, and spatial 
planning. Energies, 13, 3642. https://doi.org/10.3390/en13143642 

Barau, A. S., Abubakar, A. H., & Kiyawa, A. H. I. (2020). Not there yet: Mapping 
inhibitions to solar energy utilisation by households in African informal urban 
neighbourhoods. Sustainability, 12, 840. https://doi.org/10.3390/SU12030840. 
Page12 (2020) 840. 

Barton, H. (2016). City of well-being: A radical guide to planning (1st ed.). London: 
Routledge https://www.routledge.com/City-of-Well-being-A-radical-guide-to-p 
lanning/Barton/p/book/9780415639330 (accessed April 7, 2021).  

Shareef, S. (2021). The impact of urban morphology and building’s height diversity on 
energy consumption at urban scale. The case study of Dubai. Building and 
Environment, 194, Article 107675. https://doi.org/10.1016/j.buildenv.2021.107675 

Bossi, S., Gollner, C., & Theierling, S. (2020). Towards 100 positive energy districts in 
Europe: Preliminary data analysis of 61 European cases. Energies, 13, 6083. https:// 
doi.org/10.3390/en13226083 

Burton, E., Jenks, M., Williams, K., & Elizabeth Burton, M. (2000). Achieving sustainable 
urban form ((1st ed.)). London: Routledge, 1st ed.. https://www.routledge.com/Achi 
eving-Sustainable-Urban-Form/Burton-Jenks-Williams/p/book/9780419244509 
(accessed April 7, 2021) 

Chen, C. (2006). CiteSpace II: Detecting and visualizing emerging trends and transient 
patterns in scientific literature. Journal of the American Society for Information Science 
and Technology, 57, 359–377. https://doi.org/10.1002/asi.20317 
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