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Nature-based and energy transition strategies are amongst most considerable solutions
that are gaining popularity in recent years, especially in global north. This review
provides a new approach to link these apparently independent concepts to highlight
the potentials of coupled systems. Exploring common boundary concepts such as
energy infrastructure, natural capital, land sink, ecosystem services etc. in both
energy and environmental geography fields can facilitate our understanding toward
potential contributions of nature-based solutions and energy transition for efficiency
and sustainability goals. The results of this review can help to further develop robust
coupled systems to deal with urban societal and environmental challenges such as land
and energy scarcity. This review presents a variety of theoretical foundations and the
rationales behind nature-based solutions and energy transition including socio-technical
transitions, socio-ecological-technological, land-energy transition, and circular economy
scholarships. Finally, by proposing future research directions, the role of each boundary
concept in coupled NbS-ET systems is shown.

Keywords: nature-based solutions, energy transition, sustainability transition, coupled systems, climate
mitigation, common boundary concepts

INTRODUCTION

Over 4 billion people live in cities today, with 62% (5.4 billion) of the global population anticipated
to dwell in cities by 2035 (UN-Habitat, 2020). Urban land area is predicted to triple from 2000
to 2030 (d’Amoura et al.,, 2017). The rapid urbanization, happening at a rate never seen before
will heavily impact local and regional ecosystem functions, and exacerbate climate change and
global warming (Venter et al., 2020; Zuniga-Teran et al., 2020). In the case of global environmental
challenges, urban climate-induced greenhouse gas (GHG) emissions, sea level rise and extreme
heat among others must be tackled to meet the aim of Paris Agreement to limit mean global
temperature increase to 1.5°C (IPCC, 2019). To achieve this goal, as academics and non-academics
have emphasized, applying green pathways such as renewable energies and nature-based solutions
can help reduce dependence on fossil fuels and CO; emissions, respectively.

One of the recent approaches to reduce the negative effects of climate change is the use of nature-
based solutions that is gaining considerable popularity among policy makers, planners, and urban
ecologists worldwide. Nature-based solutions (NbS) such as green roofs, green facades, community
gardens, bioswales, urban forests, green infrastructure, urban wetlands, and unmanaged green sites
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are seen as important promises for climate change adaptation
in cities (Van Oijstaeijen et al., 2020; Castellar et al.,, 2021).
While the design and implementation of NbS that are
incompatible with the natural environment may have negative
consequences for the ecosystem (e.g., afforestation with non-
native species), well-planned NbS support a wide range of
ecosystem services at different spatial levels which are critical in
resolving anthropogenic concerns and facilitating the planning
of sustainable and resilient urban areas (Alves et al., 2019; Babi
Almenar et al., 2021; Girardin et al.,, 2021; Pan et al., 2021).
Moreover, transitioning from fossil fuel-based consumptions
to renewable energies such as wind, solar and thermal is
another example of natural solutions in which an integration
of technological innovations and alternative energies can is
used to prevent harming the environment. Energy transition
can help societies achieve sustainable goals through providing a
wide variety of ecosystem services such as food supply, energy
poverty eradication, energy justice among many more (Kabeyi
and Olanrewaju, 2022).

However, it is supposed that technological innovation,
particularly in the realm of ET and NbS, should deal with some
barriers and challenges such as land acquisition, geographical
implications (e.g., transportation, location, and scale), techno-
economic, and socio-technical barriers (Bardi, 2013; Bridge
et al, 2013; Cherpp et al., 2018; Bogdanov et al.,, 2019). For
example, although wind and photovoltaics are two modern
renewables that produce electric power, these technologies are
difficult to integrate into an urban energy system in which
the concepts of flexibility, low cost, and transportability are
fundamental. Also, as Scheidel and Sorman (2012) state, the
land speculation and consequently land rush will happen due
to the need of large ET sectors to be settled. The land scarcity
is expected to be raised considering the growing demand for
alternative energies expansion worldwide. Also, implementing
NbS is sometimes associated with some serious barriers in
different contexts such as the lack of budget or technical
assistance which has made it very difficult to achieve the results
in some circumstances. For example, Toxopeus and Polzin (2021)
show that NbS implementation face two major financial barriers
including a need for balancing and coordinating public and
private financing for a specific urban NBS and determining
how to evaluate and account for NBSs numerous benefits.
Thus, dealing with technological and financial challenges needs
an integrative and comprehensive approach regarding effective
resource management.

Transiting from a fossil fuel-based economy toward net-
zero carbon cities can be supported by using a coupled NbS-
ET systems in which both renewable energies and nature-based
solutions are integrated. This approach strongly supports a
need for sustainable land management (SLM). Earth Summit
(1992) defines SLM as “the use of land resources, including
soils, water, animals and plants, for the production of goods
to meet changing human needs, while simultaneously ensuring
the long-term productive potential of these resources and the
maintenance of their environmental functions” (Motavalli et al.,
2013). Implementing an integrative natural-engineering systems
can optimize SLM in such a rapid urbanization which help

reduce air pollution, biodiversity loss, and heat island effects
in cities. However, although a considerable number of studies
have utilized NbS to facilitate climate change mitigation and
adaptation policies (Depietri and McPhearson, 2017; Nesshover
etal,, 2017; Seddon et al., 2020), focus on sustainability transition
aspects of NBS with the purpose of understanding theoretical
foundations and concepts driving the NbS-based transition in
urban areas remain limited only to a few peer-reviewed articles
(Frantzeskaki et al., 2017; van der Jagta et al., 2020). On the
other hand, albeit due to the similarity and transparency of
the word “energy transition” with “sustainability transition”,
there are several studies that show the significance of ET for
accelerating the latter through using alternative resources from
solar, wind, water, geothermal, waste, and biomass (Chen et al.,
2019; Pietrosemoli and Rodriguez-Monroy, 2019). Thus, one idea
which is rapidly growing among academic and non-academic is
combining both urban natural climate solutions (e.g., wetlands
and gardens) with renewable energy technologies (e.g., solar
photovoltaic) in urban areas, an approach which we call it as
“coupled NbS-ET systems” in this review.

In this paper, I bridge this gap by reviewing the literature to
explore the most important common concepts and theoretical
foundations to link NbS and ET for conceptualizing “coupled
NbS-ET systems” approach in cities. The aim of this review
is exploring the common boundary concepts (CBC) as
intermediaries by which both nature-based solutions and
ET can be linked. Star and Griesemer (1989) suggest that
“boundary concepts” can be used to manage both variety of
understanding and cooperation to solve challenges and achieve
common goals between different disciplines and stakeholders.
Boundary concepts are defined as “plastic enough to adapt
to the needs and constraints of the several parties that
employ them, yet robust enough to maintain a (common)
identity” (Star and Griesemer, 1989, p. 393). In our case,
CBC as intermediaries between NbS and ET are useful
themes which help facilitate sustainability transition and
climate adaptation through transdisciplinary negotiations and
collaborations amongst society, nature, and technology. For
instance, the role of boundary concepts such as ecosystem
services, socio-ecological concepts, and green infrastructure
in creating common understanding among different fields of
geography and planning has been articulated in some previous
studies (Opdam et al., 2015; Razzaghi-Asl, 2015; Schleyer et al.,
2017; Smets et al., 2020). This understanding can help clarify the
NbS concept’s applicability and capacity to address ET concerns
in communities.

The objectives of this review are to: (i) explore the current
debate of combined NbS and ET (ii) detect key mechanisms and
CBC by which two approaches can be linked and (iii) suggest
promising relationships to assess the implications of coupled
NDbBS-ET systems approach. The additional goals of this review are
to highlight the applicability of available concepts and theoretical
foundations to highlight the importance of “coupled NbS-ET
systems” in the face of climate change. This new approach may
help planners and decision-makers find suitable and efficient
ways to better utilize the combined alternatives of natural
resources and renewable energy technologies in the case of land
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scarcity and growing human impacts on natural environment. It
concludes by some important research gaps and questions.

AN OVERVIEW OF THE STATE OF THE ART
Nature-Based Solutions

Nature-based solutions (NbS) are a relatively new notion used
to support sustainable development and climate mitigation
challenges, notably in cities (Nesshover et al., 2017; van der Jagta
et al., 2020). Despite some ambiguities in the definition of this
concept (see also Castellar et al., 2021), NbS can be defined as
“the potential power of nature and the keys it can provide to
global challenges in fields such as climate change, food security,
social and economic development” (IUCN, 2020). According to
this definition, NbS or recently “natural climate solutions” can
offer multiple benefits for both climate change adaptation and
mitigation challenges specifically through reducing the exposure
to natural hazards and GHG reduction, respectively (Chausson
et al., 2020; Seddon et al., 2020; Girardin et al., 2021). For
example, NbS can contribute around 11 Gt CO; e year-1 which is
equivalent to about 20% of the mitigation needed between now
and 2050 to keep global warming below 2°C (Griscom et al.,
2017).

Moreover, NbS are more complex natural solutions in
comparison to other nature-derived solutions (e.g., solar panels)
which have ability to store carbon and regulate water flow and
help communities reach sustainability transition in a faster and
more resilient way (Stefanakis et al., 2021). According to Girardin
et al. (2021), the promise of NbS is to reduce GHG emission
through protecting and restoring ecosystems as well as improving
land management which in turn results in natural cooling of the
earth. The land sector including forests, wetlands, agriculture,
and other land uses is responsible for about 24% of annual
CO; emissions (IPCC, 2014), so that land-based ecosystems as
a strong strategy of NbS alone play a very decisive role in the
carbon sequestration process of the planet’s climate (Keesstra
etal., 2018).

Energy Transition

According to IRENA (2021a) energy transition is defined as “a
pathway toward transformation of the global energy sector from
fossil-based to zero-carbon by the second half of this century. At
its heart is the need to reduce energy-related CO, emissions to
limit climate change”. Carbon dioxide (CO;) emissions account
for two-thirds of all greenhouse gas emissions (IPCC, 2014;
Asarpota and Nadin, 2020). It is the key driver of ET worldwide
in the face of what Martil de la Plaza (2021) calls “perfect storm”
in which fossil fuel depletion and increased energy consumption
due to population growth has occurred. There is a growing
interest in using alternative energies (e.g., wind, solar, etc.) to
shift from a fossil fuel-based systems to a more efficient low-
carbon energy system (Hoppe and de Vries, 2018; Gielena et al.,
2019). Renewable energies are known as an alternative powerful
tool to moderate societal and environmental challenges. As a new
report from International Energy Agency (IEA) shows, renewable
energy has shown to be the most resistant to COVID19 lockdown
tactics yet (IEA, 2020), meaning that renewable power has

been mostly unchanged, although demand for other renewable
energy sources has decreased. They promise a safe, dependable,
economical, and quickly deployable path to a low-carbon future
that can accomplish over 90% of the energy-related CO, emission
reductions required to fulfill climate targets according to the
REmap (IRENA, 2021b). However, renewable energy sources
should be sustainable because they are obtained organically
from ongoing energy flows in our environment. Renewable
energy must be infinite and provide non-harmful delivery of
environmental products and services to be sustainable (Owusu
and Asumadu-Sarkodie, 2016).

Coupled NbS-ET Systems

Since NbS and ET are relatively new ideas, growing interest
in both by policy makers and planners compels reflection on
the interplay of these concepts, even though they are seemingly
viewed as disparate approaches. Recent research has focused on
the combination of different renewable energy technologies with
a wide variety of green spaces and green infrastructure which
constitute NbS in such a way that it can be efficient and less
harmful for the environment (Figure 1). Benefits provided by
natural mechanisms such as evapotranspiration would be helpful
to better utilize the ET technologies. For example, a study by
Shafique et al. (2020) shows that the combination of solar cells
in green roofs (PV-green roof) can increase the benefits of green
roofs for residents as well as the environment. Enhancing the
power output of PV as well as urban heat island mitigation
are some benefits of such combined systems. Results of a study
in Zurich, Switzerland reveals that, as compared to a normal
roof, green roofs can boost yearly PV energy yield by 1.8%,
while cool roofs (an integrated green roof and solar panels as
a niche) can raise it by 3.4% for a flat rooftop PV installation
(Battista Cavadini and Cook, 2021). Burney et al. (2018) indicate
the suitability of solar market gardens in northeast Benin, West
Africa. Tt is defined as a technology and management package
for women’s agricultural organizations in Sub-Saharan Africa
engaged in hand-watered horticultural produce. In this case both
renewable solar energy and community or village gardens can be
combined in a coupled system in which both green infrastructure
and PV are interlinked.

Moreover, O’Connor (2019) highlights the potential benefits
of community solar gardens as a coupled NbS-ET systems
for low-income communities through providing more equitable
distribution of solar panels among these people. This approach is
promising because it is crucial to increase the total land needed
to install more solar panels as a reliable source of renewable
energy in already constructed green spaces in neighborhoods or
villages. In another technical study by Casierra-Martinez et al.
(2020) indicates the usefulness of combining Solar photoreactor
and constructed wetlands to enhance the wastewater treatment
process. Also, as a study shows, it is possible to combine solar
panels in urban green spaces to provide heating in cold days,
cooling in summertime and lighting in night (Hakimizad et al.,
2015). According to Randle-Boggis et al. (2020), solar parks
provide ecological benefits, and they may assist ensure that the
energy transition does not result in localized ecosystem damage
and may even lead to increases in ecosystem health. However,
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panels (solarnow.fpl.com).

FIGURE 1 | Diverse coupled nature-intensive systems. (A) PV-green roof (Baumann et al., 2016) (B) A local solar garden (sustany.org) (C) An urban park with solar

there might be some tradeoffs between using combined systems.
For example, Tasneem et al. (2020) investigate the suitability and
efficiency of different models of urban wind farms and conclude
that commercial wind farms cannot be replaced by urban wind
farms. The performance of urban wind farms is limited by
the chaotic and turbulent character of city wind. Our review
shows that despite a growing literature on investigating about
synergies and tradeoffs of coupled NbS-ET systems, there is a
need to explore theoretical foundations and conceptual linkages
to understand the real outcomes of such systems.

METHODS

The literature review was mostly based on an inductive and
snowballing approach (Badampudi et al, 2015), in which
concepts and theoretical foundations linking NbS with ET in
urban settings were found and categorized in the literature. A
set of keywords was used to limit the search to studies that
looked at NbS and ET in urban settings to create a “Start Set”.
All searches were conducted using Scopus as the search engine,
with the search field set to “keywords” and the document type
set to article or review. To find relevant literature, five separate
search queries were used, each with a different two-way and
three-way combinations of (keyword category-related) search
phrases (Query 1: Nature-based solutions AND Urban context;
Query 2: Energy transition AND Urban context; Query 3:
Nature-based solutions AND Energy transition; Query 4: Nature-
based solutions AND Sustainability transition; Query 5: Nature-
bases solutions AND Energy AND Climate change). Because
the fields of NbS and ET have evolved mostly independently of
one another, this technique was selected. Total 28 articles were
chosen after an initial assessment of their relevance to our topic,
to be further analyzed by author as start set. To consolidate
and deepen the review’s goal, the second round of searches

was begun by setting search field to a two-way combination
of (mechanism/nature-based solutions) OR (mechanism/energy
transition) based on extracted mechanisms in the same database.
As a result, further 39 articles were added and then examined.
After the screening samples, total 67 articles were examined
through qualitative content analysis (Mayring, 2000). Content
analysis is a research approach for testing theoretical concerns
and improving data comprehension in which a condensed
number of concepts or categories characterizing a reality, a
theory, or a study topic can be obtained (Elo and Kyngis, 2008).

RESULTS AND DISCUSSION

From the 68 articles it was possible to extract some basic
theoretical concepts that define the mutual contribution of
nature-based solutions to ET. To do this, an inductive
approach to analyze different boundary concepts was applied to
categorize some major theoretical foundations and frameworks
as mechanisms by which we can realize the potential relationships
between NbS and ET. The mechanisms and CBC intend to
promote the use and development of coupled NbS-ET systems
in different contexts. The mechanism identified in Table 1
are: socio-technical transition; land-energy relations; circular
economy; and socio-ecological-technological systems. Table 1
intends to promote our knowledge about separates and quickly
summarizes the mechanisms and CBC, which are described more
below. “Mechanisms” are theoretical and conceptual foundations
by which the two concepts can be implemented and linked. This
is followed by more in-depth descriptions of the mechanisms
and CBC, emphasizing the breadth of the literature, which spans
several research traditions and epistemic logics. It is possible to
identify socio-technical transitions and land-energy relations as
the most frequently stated theoretical approaches in the literature
by reviewing the results.
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TABLE 1 | Overview of the mechanisms and associated CBC of the NbS and ET.

Mechanism CBC

Example references

Socio-technical transition Socio-technical regime
Socio-technical landscape
Urban infrastructure regime
Social innovation

Natural capital

Land-energy relations Energy landscape

Dodson, 2014; Cherpp et al., 2018; Hoppe and de Vries, 2018; Geels, 2019; Battista Cavadini
and Cook, 2021; Dorst et al., 2021; Lupp et al., 2021; Mitic-Radulovic and Lalovic, 2021;
Morgunova, 2021; Rhodes et al., 2021; Ryszawska et al., 2021; Sillak et al., 2021; Xu, 2021

Nadai and van der Horst, 2010; Scheidel and Sorman, 2012; Bridge et al., 2013; Broto, 2017;

Qiao et al., 2018; Calvert et al., 2019; Thran et al., 2020; Hale et al., 2021; Rink and Schmidt,
2021; van de Ven et al., 2021

Circular economy Resource management

Land sink

Kim and Park, 2018; Kisser et al., 2020 Langergraber et al., 2020; Pearlmutter et al., 2020;

Atanasova et al., 2021; Mutezo and Muopo, 2021; Okafor et al., 2021; Stefanakis et al., 2021

Socio-ecological-technological systems Urban ecosystem services

Heaslip and Fahy, 2018; Holland et al., 2018; Keeler et al., 2019

Socio-Technical Transition

As literature shows NbS and ET are innovative tools to address
global societal and environmental challenges. Implementing
these tools often is associated with urban transformation as
a systematic social and technological change in planning and
designing cities. In this regard, the concept of socio-technical
transition is a relevant theory to conceptualize the potential
contributions of both ET and NbS. As Lawhon and Murphy
(2011) state through its multi-level conception of how societies
might transition toward more sustainable futures, this theory
provides a particularly valuable tool for geographers to address
these challenges. Yet, socio-technical transition framework has
been largely applied in the context of ET and less in NbS literature
(Morgunova, 2021; Wu et al., 2021).

One of the most applicable frameworks that has been
proposed in articulating socio-technical transition so far is the
multi-level perspective (MLP). The MLP was originally created
to explain and comprehend change processes (such as transition
and transformation) in a complex system (Geels and Kemp,
2007). It is a framework for mapping and analyzing complex
systems on three levels: socio-technical landscape (exogenous
environment’s pressure), socio-technical regime (a shared set of
rules), and niche level (micro level innovations). For example,
Morgunova (2021) shows that a greater attention on the
socio-technical regime’s capacities and traits can help with the
transition to a more sustainable energy system. Likewise, using
the multi-level approach as a framework for analysis in China,
Xu (2021) concludes that coordination of interests during the ET,
the rule of law in the energy sector, full life-cycle clean renewable
energy generation, and the phase-out of excessive fossil fuel
subsidies are central measures to sustainable ET. In another study
done by Roesler (2018), MLP is applied to show the importance
of community-led approach to energy transition projects such as
bioenergy villages in Germany.

Secondly, Mitic-Radulovic and Lalovic (2021) have examined
the suitability of MLP framework to analyze the application
of co-created NbS in the urban planning process. They try
to apply three components of MLP including urban planning
systems as “socio-technical regime”, socio-political tensions and

oppositions as “socio-technical landscape” and “linear parks”
as niches in two case studies of Belgrade and Serbia. Dorst
etal. (2021) conceptualizes the concept of “structural conditions”
affecting the integration of NbS in urban development with a
new framework “urban infrastructure regimes” adapted from
“socio-political regime”. The findings of this study suggest that
NBS necessitate a distinct understanding of socio-technical
regimes more than other types of innovation. They propose
that, in addition to the usual components of socio-technical
regime frameworks, physical geographies be considered to better
understand the hurdles to NBS development and prospects for
enabling its wider application.

As literature indicates successful ET and cost-effective NbS
are often associated with citizen participation (Van Ham and
Klimmek, 2017; Ryghaug et al., 2018). Yet, as some studies
state, emerging new technologies often face difficulties in
gaining socio-cultural acceptability and deployment which need
a social innovation approach or recently used term “sustainable
innovation” notions (Hoppe and de Vries, 2018; Janssen et al.,
2020). Desa and Jia (2020) define social innovation in relation
to sustainability transition as “a set of multi-level mechanisms
that facilitate sustainability transitions: across sectors, across
social finance, across institutional structures, and through social
ventures across geographic regions”. In this case, both ET and
NbDS as socio-technical innovations should involve people in co-
creating and co-designing processes (Palomo et al., 2021). As
several studies show, co-creation is one of the key sustainable
principles for complex NbS and ET in which real environmental
and societal challenges can be addressed by harnessing citizen
participation (Mahmoud and Morello, 2018; TUCN, 2020;
Ryszawska et al., 2021). Reviewing the current literature shows
that co-creation is recognized as one of the most crucial parts
of sustainability transition including both NbS implementation
and ET planning. For instance, Sillak et al. (2021) propose a
conceptual framework for assessing strategic co-creation in ET
planning based on the role of actors (state, market, community,
and third sector) in the various phases of co-creation, the use
of activities (expectation alignment, social learning, resource
acquisition, assessment, and evaluation) to foster transformative
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power; and the outcomes of co-creation (in terms of effectiveness,
efficiency, and social acceptability). In addition, Co-creating of
NbS and ET can help policy makers and planners achieve more
resilient and sustainable urban areas aiming at reconnecting
people with natural capitals or so-called “Living Labs (LLs)”
due to its capacity to include different stakeholders’ needs
and expectations (Irene DeLosRios-White et al., 2020). The
European Commission defines Living Labs as “user-centered,
open innovation ecosystems based on a systematic user co-
creation approach integrating research and innovation processes
in real life communities and settings. In practice, Living Labs
place the citizen at the center of innovation, and have thus shown
the ability to better mold the opportunities offered by new ICT
concepts and solutions to the specific needs and aspirations of
local contexts, cultures, and creativity potentials”.

Land-Energy Relations

The review found that the land scarcity appears to be one of the
key drivers of ET and NbS implementation worldwide (Janssen
et al., 2020). Due to a fast urban growth in many countries,
public land in cities accounts for a very tiny proportion of total
area in comparison to private property and it is suggested that
many important issues, such as space for schools, hospitals, and
recreation, should be considered for public land rather than
NbS (Qiao et al.,, 2018). The large-scale NbS such as wetlands
and detention basins need large swaths of land depending on
their capacity (van de Ven et al, 2021). Renewable energy is
scattered widely and unevenly throughout the land, and its ability
to be harvested is largely dependent on specific physical, bio-
physical, cultural, and social landscape qualities that may be
significantly more prominent in some locations than in others
(Nadai and van der Horst, 2010; De Boer et al., 2018). As
the solar power or other renewable energies development are
rapidly growing, conflicts over land usage and environmental
justice issues are gaining traction (Katkar et al., 2021; Sareen,
2021). The re-composition of socio-technical relations so-called
“energy landscape” between landscape and energy might be
viewed because of this spatial impact. As Silva and Sareen (2021)
indicate in some cases in Portugal, multiple variables related to
energy infrastructure changes, such as shifting land use, local cash
flows for welfare functions, and altered landscapes, are important
to local populations.

The transition from traditional fossil fuels or oil-based
consumption to new alternative energies as well as the
transformation of structural and gray infrastructure to NbS
require a paradigm shift from producing “energy and services
for landscape” to “energy and services from landscape”. Urban
nature has strong potentials to support both above shifts
through providing nature-intensive renewable energy sources
and green large or small lands. As Thrin et al. (2020) state,
new energy landscapes not only include traditional public or
private lands but also contain new land potentials for cities
such as contaminated lands, landfills, or brownfields. These
sources of energy and ecosystem services can be appropriate for
solar energy because they are not utilized and have no other
productive purpose from a human perspective (EPA, 2012; van
de Ven et al, 2021). For example, The U.S. Environmental

Protection Agency (EPA) has provided a new plan called “RE-
Powering” to turn contaminated lands, brownfields, and landfills
to renewable energy developments (Figure2). In the case of
integrating renewable energy technologies with green vacant
lands or grasslands as large scale NbS, a coupled NbS-ET can
be imaginable.

Circular Economy

Circular economy (CE) or more recently “nature-based
economy” (Rhodes et al., 2021) is defined as an “economic
system that aims at minimizing waste and making the most of
resources’ (Langergraber et al., 2020). According to estimates,
CE will reduce world energy production by 12.7%, assisting
in the achievement of the Paris climate agreement (Chen and
Kim, 2019). Indeed, at numerous levels and dimensions, energy
transition and circular economic transition are inextricably
linked. Circular economy, on the other hand, prioritizes
renewable resources, such as renewable energy. For instance, the
findings of a recent review in Africa show that a circular economy
model could help with renewable energy adoption and transition
(Mutezo and Muopo, 2021). Both energy transition and circular
economy have common sustainability concern, creating two
overlapping communities beneficial to other through creating
pathways to a net-zero system. Circular economy can increase
the efficient use of renewable energies and reduce the ecological
footprint. It is noticeable that circular economy and ET models
are considered as two pillars of resource management and low
carbon (Okafor et al., 2021).

As this review shows, in a circular system, resource input and
waste, emission, and energy leakage are minimized by slowing,
closing, and narrowing energy and material loops (Pearlmutter
et al., 2020). It is supposed that this approach can mitigate
climate change through decarbonization, dematerialization and
material management. In the framework of a green and circular
economy, NbS can be considered as a reliable source for
transiting from traditional carbon-based supply systems to a
new renewable-oriented circular economy (Ramirez-Agudelo
et al.,, 2021). Shifting to a circular economy with less waste, a
more plant-based diet, and less resource overconsumption will
free up land for carbon storage and biodiversity which can be
facilitated by means of NbS (Seddon et al., 2020). NbS can
supplement sector-level decarbonization efforts by neutralizing
emissions that firms and organizations are unable to reduce
due to technological constraints. In this regard, evidence-based
outcomes show that NbS can help with the transition to a circular
economy by offering extra benefits and ecosystem services in
addition to more sustainable resource management (Stefanakis
etal., 2021).

Natural and modified ecosystems as NbS can contribute
significantly to climate change mitigation by acting as a
“natural carbon sink”, absorbing and sequestering CO; emissions
(IUCN, 2020). Forests, wetlands, and oceans conservation,
restoration, and sustainable ET play a key part in the proper
functioning of the carbon cycle and the balanced regulation
of the planet’s climate. Some NbS solutions, like preserving
existing wetlands, are primarily aimed at reducing greenhouse
gas emissions. Others, such as regrowing clear-cut forests and
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RE-POWERING AMERICA'S LAND INITIATIVE

FIGURE 2 | Schematic Re-powering America’s land initiative (EPA, 2012).

RE-Powering America’s Land

Potential Advantages of Reusing Potentially
Contaminated Land for Renewable Energy

restorative agriculture, actively remove CO, from the sky.
As some studies indicate, land-use and land-cover change,
which includes deforestation and forest degradation, changes
in agricultural practices, reforestation and afforestation, and
changes in ecosystem management and fire control, is the most
direct human cause of unbalanced land carbon (The Royal
Society, 2001; Harper et al., 2018; Yue et al., 2020). NbS has the
potential to expand the extent of land and ocean carbon sinks,
as well as cut GHG emissions, making a significant contribution
to climate change mitigation (Seddon et al., 2020). Land sinks
are crucial resources for achieving a net-zero future due to their
capacity to store and capture CO, as they have eliminated 33%
of anthropogenic emissions between 2009 and 2018 and they
are also important for ET due to the strong demand for these
technologies on land, as previously mentioned (Zhu et al., 2021).
As a result, land may act as a potent carbon sink, absorbing
carbon from the atmosphere and returning it to live flora and
soils. Yet, although the possibility of nature-based solutions is
exciting, it cannot be used as an urgent action to phase out of
current energy practices or environmental damage in order to
provide food and fuel.

Furthermore, one of the greatest contributions of circular
economy to ET and NbS is dematerialization of natural resources

in the face of “ecological overuse”. As Wackernagel et al.
(2021) indicate, increased overuse has hastened the biosphere’s
ecological depletion, resulting in increased biodiversity loss,
climate change, forest degradation, and freshwater scarcity.
By progressively depleting natural capital, delayed impact
and insufficient feedback aggravate future resource security
issues. NbS can address these challenges through restoring
and maintaining the water cycle, water and waste treatment,
recovery and reuse, nutrient recovery and reuse, material
recovery and reuse, food and biomass production, energy
efficiency and recovery, and building system recovery. Moreover,
although ET can help the dematerialization process through
reducing a total resource flow for generating electricity (Watari
et al, 2019), one of the most important unresolved issues
of ET is waste management which could be facilitated by
using similar natural climate solutions such as treatment
wetlands. For example, as research show, the expansion
of low-carbon energy generates new circular economy
opportunities through waste-to-energy and the recycling of
end-of-life energy items (e.g., retired photovoltaic panels), an
action that requires enhanced resource governance approach
(Watari et al, 2021). So, coupled NDbS-ET technologies can
facilitate the transition to circular economy with probably
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differing degrees and mechanisms that can be interlinked or
mutually applicable.

Socio-Ecological-Technological Systems
As mentioned above, a symmetrical combination of society,
technology and ecology’s implications should be considered
for conceptualizing the sustainability transition through NbS
and ET concepts. Loorbach et al. (2017) distinguish three
kinds of systems including socio-technical (e.g., energy), socio-
economic (e.g., education) and socio-ecological (e.g., forestry).
As Tzoulas et al. (2021) state NbS can be conceptualized
as complex socio-ecological systems by which it can help
understand of the importance of nature in urban areas.
In this respect, the linkage between NDbS as mainly socio-
ecological systems and ET technologies as socio-technical
systems can be investigated through an integrated framework
called “socio-ecological-technical systems” (SETS). The urban
SETS framework is a systems approach to urban constructed
infrastructure that stresses the relevance of technology. This
paradigm examines underlying social causes and acquired
benefits in monitoring and intervention and conceptualizes
nature-based projects as part of connected human and natural
systems. Using the SETS paradigm to investigate the interactions
between diverse green energy infrastructures and NbS in urban
systems allows for equal attention on the coupling of social,
ecological, and technical processes, which may aid in identifying
barriers to and opportunities for urban sustainability transitions
(McPhearson et al., 2016; Browna et al., 2021). For instance,
turning vacant lots into solar farms need more attention when
a network of green infrastructure such as urban wetlands
are already present on the site. In this case, new renewable
energy park can simultaneously benefit existing structures and
facilities, nevertheless, it may harm urban ecology by producing
unrecyclable materials.

Additionally, Keeler et al. (2019) propose a new framework
to analyze the value of NbS including social factors (e.g., social
norms, income, and demographics), ecological (e.g., vegetation
structure, landscape position, and soil), and technological
factors (e.g., existing infrastructure). This framework can
help geographers, energy policy makers, and urban ecologists
determine synergies and tradeoffs between potential NbS or
ET services to optimize the final outcomes for urban nature.
Yet, little research has been done on the application of this
framework in the field of ET albeit with no direct SETS
framing. For instance, Browna et al. (2021) propose a range of
local strategies to reduce carbon emissions including rooftop
solar and large-scale solar among others in consistent with
our review, an analysis based on using SETS framework for
localizing climate solutions. Also, it seems that this approach
needs a transdisciplinary point of view to integrate not only
different disciplines’ aspects but also stakeholders’ viewpoints
in the transition process. For example, Park (2021) emphasizes
on the role of social acceptance in this regard, with the
increasing attention of policy makers and planners as well
as NGOs to the application of NbS as facilitators of urban
sustainability transition, adopting a transdisciplinary perspective
has become one of the requirements for its realization which

would be possible with defining practical CBC such as supporting
ecosystem services.

Future Research Directions

Our comprehensive review reveals the most important
theoretical foundations and common boundary concepts
(CBCQ) to conceptualize coupled NbS-ET systems. Since this new
approach has not been developed yet, its promise for a more
sustainable and resilient natural infrastructure is remarkable.
Our synthesis is aimed at exploring conceptual linkages between
NbS and ET as two relatively new rapidly growing nature-
intensive solutions that are supposed to be effective for climate
change adaptation in cities. While the actual benefits of such
systems limit to a few studies, theoretical evidence show that
developing robust coupled systems (e.g., PV-green roofs) in
urban areas can be significant. However, more investigation
about potential synergies and tradeoffs between incorporating
and co-locating NbS and ET types is needed. Also, as theories
such as circular economy indicate, solar panels may have
some detrimental effects in terms of waste disposal, it would
be possible to further analysis the suitability of incorporating
other renewable resources such as biomass and biothermal

TABLE 2 | Synthesis of responsibility of coupled NbS-ET systems to each CBC's
characteristics.

CBC May addressed by CBC

Socio-technical factors Coupled systems can respond to global
societal and environmental challenges such as
land rush, uneven distribution, and the lack of

budget as cost-benefit solutions.

Urban infrastructure regime Coupled systems may help stakeholders and
landowners to use aggregated incentives and
other available financial and institutional

resources.

Social innovation (niche) Coupled solar panels and green infrastructure
(e.g., solar gardens and PV-green roof) may
have multi benefits in terms of better cooling

effects and less environmental disturbances.

Natural capital People can become familiar with both
renewable energy technologies and natural
infrastructure living labs at the same place and

access real time data.

Energy landscape Coupled systems as nature-intensive solutions
can smoothly transform traditional
infrastructure to new natural infrastructure. This
needs to plan for programs such as
RE-powering which use contaminated lands or
green vacant lands as natural capital for

renewable energies.

Resource management Coupled systems may support both waste and
resource management by using less land,
efficiency, or using more sustainable resources

such as biomass.

Urban ecosystem services Coupled NbS-ET systems support more
services in terms of ecosystem restoration and
conservation, energy efficiency and learning

services in urban areas for people.

Land sink Coupled systems can reduce embodied
carbon emissions bu using both natural

environments, land and renewable energies.
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in nature-based solutions projects to create more sustainable
coupled systems.

Several empirical and case study research on the potential
of such systems for urban resilience and sustainability is
needed. Table 2 shows some possible benefits may be addressed
by coupled NbS-ET systems based on each CBC. When
comparing different applicable CBC among the NbS and ET,
they have a lot in common albeit with different processes and
approaches. NbS can help to mitigate the negative effects of
the energy industry by reducing energy use and capturing and
storing carbon. Urban NbS such as urban parks, for example,
might help to reduce an area’s overall energy demand helping
mitigate the ’urban heat island’ effect. By shading building
surfaces, deflecting solar radiation, and releasing moisture into
the air, trees, green roofs, and other green NbS can help
cool metropolitan areas (Menon and Sharma, 2021). NbS
can also lower embodied emissions in urban development
and infrastructure by employing renewable energies such as
solar, wind or biothermal instead of using non-renewables
materials like concrete and steel. Also, coupled NbS and ET
systems may result in natural assets restoration and preservation
through greenhouse gas (GHG) emissions reduction, and
ecosystem protection.

Perhaps the lack of empirical and modeling research
in the case of coupled systems is the most critical gap.
So, it is recommended that the future research respond
to some important questions regarding the applicability of
coupled systems for sustainability transition and climate change
mitigation. For example, can PV-green roofs help accelerate the
sustainability transition in different socioeconomic conditions?
To what extent such a system may contribute to air pollution
or urban heat island effects? How can we prioritize co-
locating the different types of renewable energies and ecosystem-
based solutions to increase ecosystem services? Who will
benefit from coupled systems for climate adaptation? What
governance arrangements can be appropriate for coupled
systems in different scales? Do scaling up and down of
such systems contribute to more efficient and sustainable
natural systems? This research calls for further research and
investment in coupled NbS-ET systems to help determine
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