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instruments for local energy governance, with their effectiveness closely tied to the degree of synergy achieved
between public and private actors, convergence with other urban plans, and active citizen participation. How-
ever, in some cases, SECAPs are used to access external funding without achieving the desired level of coordi-
nated management, limiting their impact.

1. Introduction

The challenge of integrating energy planning with urban develop-
ment has been a persistent issue in efforts to combat climate change
(Akpan Umoh et al., 2024; Mi et al., 2019). Since the launch of the
Covenant of Mayors in 2008, European local action plans, such as Sus-
tainable Energy Action Plans (SEAPs) and Sustainable Energy and
Climate Action Plans (SECAPs), have continuously evolved to align with
EU frameworks aimed at reducing greenhouse gas (GHG) emissions
(Guo et al., 2020; Melica et al., 2018; Rosenow et al., 2016).

Despite their alignment with European policies, SECAP imple-
mentation remains limited, with insufficient integration into other
urban plans (Manzanera-Benito and Capellan-Pérez, 2021; Toopshekan
et al., 2022). This is largely due to the inertia of traditional sectoral
approaches and fragmented governance of urban infrastructure
(Lafortune et al., 2019; Reckien et al., 2018; Wittmayer et al., 2020).
Although studies highlight the potential of SECAPs to foster sustainable
urban development (Fastenrath and Braun, 2018; Geekiyanage et al.,
2021; Grubler et al., 2016), their quality and effectiveness depend on the
level of detail and the commitment of local authorities to their imple-
mentation (De las Rivas-Sanz, 2019).

This complexity is closely linked to Sustainable Land Management
(SLM), which requires a multilevel, multiscale, and multisectoral
governance approach to effectively address spatial planning and land-
use coordination (Cuervo and Délano, 2019; Dabrowski, 2022; Lee
and Koski, 2015; Lozano et al., 2018; Rando Burgos, 2022; Zachar-
opoulou et al., 2021):

e Multilevel interactions coordinate governance across local, regional,
national, and supranational levels, ensuring public-private partner-
ships and citizen involvement to enhance decision-making and
resource mobilization.

Multiscale interactions integrate spatial and temporal dimensions,
adapting policies to scale-specific needs and securing tailored
financing sources.

Multisectoral interactions promote collaboration across sectors such
as energy, transportation, and urban planning, minimizing ecolog-
ical footprints and aligning with other planning instruments to
develop integrated sustainability strategies.

Table 1 provides a quick overview of the articles cited in this docu-
ment that address SLM and/or SECAPs over the past five years (since
2020), using the snowballing methodology (Wohlin, 2014). These arti-
cles are categorized based on their coverage of the SLM integrated
approach, with a dot indicating the dimensions they encompass. The
objective of this visual synthesis is to assess whether multilevel, multi-
scale, and multisectoral coordination is considered, given that SECAPs
were originally designed as cross-sectoral instruments integrating mul-
tiple levels of governance, implementation scales, and sectors.

The sample of articles included in Table 1 shows diverse approaches
in the literature while also identifying persistent gaps in achieving
effective integration across these three dimensions, underscoring the
need for further research. In reviewing this conceptual framework, sig-
nificant potential within the SECAP structure was identified, as it
inherently incorporates multilevel, multiscale, and multisectoral di-
mensions. However, while designed to be synergistic, SECAPs frequently
fall short in bridging these dimensions effectively.

The 1ISECAP (Institutional and Integrated SECAP) H2020 project
aims to enhance the capacity of public authorities to manage sustainable

development and engage civil society in the energy transition (1ISECAP,
2024). Through this lens, it explores systemic barriers to effective
integration of energy and land use planning, highlighting the impor-
tance of collaborative frameworks for achieving sustainable urban
development (Ameen and Mourshed, 2019; Baskent, 2021).

Fig. 1 illustrates the distribution of SECAPs (in blue) and similar
plans (in yellow) among the member countries of the 1ISECAP project
(Denmark, Estonia, Greece, Italy, Netherlands, Slovenia, Spain,
Switzerland), as well as the number of municipalities adhering to the
Covenant of Mayors (European Commission, 2024).

In terms of SEAP/SECAP implementation, Italy leads with a total of
3770 plans. However, in medium-sized cities, Italy has implemented
only 152 plans compared to Spain’s 470 within this city size range
(1ISECAP, 2024; European Commission, 2024).

The Spanish context, particularly in medium-sized cities (Fig. 2),
exemplifies these difficulties in achieving effective SLM integration and
provides insights applicable to similarly sized areas across Europe and
the Americas that meet this definition (Hendrickson et al., 2016; Rabelo
et al., 2017; Ramos-Mejia et al., 2018). This reality is shaped by several
key factors:

e The financial crisis of 2008-2012 underscored vulnerabilities in
Spain’s real estate sector, marked by unprecedented construction
rates (INE, 2014). Legislative responses such as the 2013 Law on
Urban Regeneration aimed to address these issues, promoting urban
renewal over new construction (Government of Spain, 2013). This
legislative framework has influenced urban planning approaches,
emphasizing regeneration and sustainability over growth, which is
often shaped by developments in large cities that collaborate through

Table 1
Visual synthesis of the sample of cited papers from an inte-
grated approach.

SLM integrated approach

Scientific references

Multilevel
Multiscale
Multisectoral

(Guo et al., 2020) .
(Lucertini & Musco, 2020) .
(Montoya et al., 2020) .
(Palermo et al., 2020) . .
(Wittmayer et al., 2020) .

(Baskent, 2021) . °
(Geekiyanage et al., 2021) .
(Kissinger & Stossel, 2021) .

(Rivas et al., 2021) °
(Zacharopoulou et al., 2021) .
(Assumma et al., 2022)
(Dabrowski, 2022)
(Gongalves et al., 2022)
(Masuda et al., 2022)
(Orejon-Sanchez et al., 2022)
(Rando Burgos, 2022)
(Richiedei & Pezzagno, 2022)
(Rivas et al., 2022)

(Cunha & Ferrao, 2023)
(Sanchez-Rivero et al., 2023)
(Zhang et al., 2023) °
(Akpan Umoh et al., 2024) .

(Soares de Moura et al., 2024) .

1 topic 2 topics 3 topics
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networks and have access to far greater public economic and human
resources. (European Commission, 2007, 2010).

Medium-sized cities, typically defined as having populations be-
tween 50,000 and <500,000 inhabitants (Broto et al., 2012; Lucer-
tini and Musco, 2020), play a crucial role in the urban network,
acting as hubs for regional development and innovation. However,
they face distinct challenges and opportunities compared to larger
metropolitan areas (Assumma et al., 2022; Servillo et al., 2017). A
major issue in this category of cities is the global trend of population
decline, which undermines their economic sustainability, limits
public service funding, and weakens their capacity to retain talent
and resources (Statistical Commission, 2020). In many -cases,
medium-sized cities tend to “follow” the larger cities, both in terms of
development and urban planning priorities, rather than establishing
their own independent paths (Manzanera-Benito and Capellan-Pérez,
2021).

Visually, Figs. 1 and 2 underscore Spain’s unique position in the EU,
with the highest number of SECAPs in medium-sized cities, making it an
ideal case study. This dynamic raises a key question: “Under what
conditions can medium-sized cities retain their populations and sustain
growth?” This article seeks to answer that question by exploring how the
SECAP framework, as a synergistic tool, can contribute to promoting
SLM networks for municipalities with fewer resources and limited
analytical capacity (Sanchez-Rivero et al., 2023).

S
S
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Therefore, the objective of this work is to present a comprehensive
analysis of the practical challenges and successes in implementing
SECAPs in medium-sized cities, providing a replicable model for other
contexts. Assessing whether SECAPs are genuinely synergistic can serve
as an indicator of progress toward decarbonization, a critical component
of advancing SLM (Kissinger and Stossel, 2021; Wang et al., 2023).

These findings are especially relevant for urban planners, policy-
makers, and scholars focused on sustainable urban development and
energy governance. Lessons learned from medium-sized cities in Spain
can inform strategies in other countries, contributing to a broader un-
derstanding of how to effectively integrate energy and urban planning in
response to the challenges posed by climate change (Bhattacharya and
Painho, 2018; Gongcalves et al., 2022; Ramos-Mejia et al., 2018).

2. Material and methods

The methodology is designed to ensure reproducibility and robust-
ness, enabling independent researchers to replicate the study. It com-
bines qualitative methods with a critical analysis of SECAP documents
and supplementary planning instruments, including General Urban
Plans (PGOUs, in its Spanish acronym), Sustainable Urban Mobility
Plans (PIMUS, in its Spanish acronym), and Urban Agendas (Rivas et al.,
2022).

The SECAPs framework (Table 2) follows the structure established by
the European Commission and outlines the key components and

Fig. 1. SECAPs (in blue) and others similar plans (in yellow) among the member countries of the 1ISECAP project (created by the authors).
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integration points of SECAP implementation, emphasizing their role in
embedding SLM principles (Cunha and Ferrao, 2023; Hassan and Lee,
2015; Melica et al., 2018; Mi et al., 2019).

The SECAP implementation process begins with defining the
implementation approach (whether sectoral, multisectoral, or multi-
level) involving various administrative bodies. Key steps include setting
ambitions, implementing actions, and establishing evaluation and
monitoring mechanisms (Soares de Moura et al., 2024; Directive-2018/
844-EN-EUR-Lex, 2018). While this flexibility allows municipalities to
tailor their assessments to local conditions, it can also lead to variability
in the comprehensiveness and accuracy of the plans (Conke and Ferreira,
2015). Nonetheless, the structure ensures that municipalities align their
local contexts with standardized guidelines (Rivas et al., 2018).

Fig. 3 summarizes the methodological approach followed to obtain
the results (Hély and Antoni, 2019; Orejon-Sanchez et al., 2022):

1. Size, temporal and regional trends in SECAP adoption: examines the
geographical and temporal dimensions of SECAPs to identify rele-
vant patterns.

2. Disconnect in SECAP content and implementation: assesses in-
consistencies between SECAP objectives and their practical execu-
tion within their established framework. This includes evaluating the
extent to which each SECAP achieves its intended integration across
these dimensions, identifying gaps where the plan’s objectives of
cohesion and cross-functional collaboration are unmet.

3. Integration of SECAPS with planning tools: enables a systematic
classification of SECAPS according to the integrated SLM approach,
highlighting cross-sectoral synergies. This involves analyzing the
synergies between each SECAP and other urban planning in-
struments in the respective cities, categorizing these synergies under
the relevant multilevel, multiscale, or multisectoral approach.

4. SLM connection analysis: applies the same methodology to other
SLM tools, establishing connections and addressing the energy land-
use planning disconnect. By comparing the outcomes across cities,
we aim to pinpoint areas where integration falls short and to identify
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Table 2

Key components of SECAPs and their integration points (created by the authors).

SLM Component Description Integration Points
integrated

approach

Multilevel Methodological Framework for Cross-

Structure defining departmental
implementation coordination,
approach, personnel, stakeholder
and budget engagement

Multiscale Baseline Emission ~ Calculation of GHG Alignment with

Inventory (BEI) emissions by energy PGOUs, sector-
consumption and specific policies (e.
sector breakdown g., building

regulations)
Multisectoral Risk and Evaluation of climate ~ Coordination with

Vulnerability risks, vulnerabilities, disaster risk

Assessment (RVA)  and adaptation management
capacity plans, public

health strategies

Action Plans and Detailed mitigation Integration with

Implementation and adaptation PIMUS, social
actions, timelines, welfare programs
and monitoring (e.g., energy

poverty actions)
specific aspects of synergy—or its absence—that hinder
effectiveness.

The SECAP methodology has not been a major focus in sufficiency
reviews. In the current investigation, we aim to identify where synergies
exist and where they do not, providing a useful framework for munici-
palities that lack substantial economic and human public resources. The
study builds on previous research analyzing energy transition in Spain,
conducted through the Intensss-PA project (Cantero Celada and Fer-
nandez Maroto, 2018). To achieve a comparative perspective on the
profiles of SECAPs in Spanish cities, seven case studies have been
selected based on specific criteria and justification (A Coruna, Bilbao,
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Fig. 2. Medium-size municipalities with SECAPs in Spain (created by the authors based on data from the Covenant of Mayors, 2024).
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Fig. 3. Methodological framework for SECAPs analysis (created by the authors).

Huelva, Ledn, Terrassa, Valladolid and Vitoria, in alphabetical order).
2.1. Selection criteria for case studies

These cases are selected based on three criteria: they are medium-
sized cities, they vary temporally to assess cities that joined at
different times, and they have different approaches to SECAPs, including
whether they are developed in conjunction with other local instruments
(Palermo et al., 2020; Rivas et al., 2021; Sanyasi Naidu, 2018).

e Medium-sized cities: medium-sized cities are defined as those with
populations between 50,000 and 500,000 inhabitants (Servillo et al.,
2017). Studying medium-sized cities allows for a broader range of
cases, capturing the diversity of urban types. This selection includes
Bilbao (346,096), the largest among the selected cities, which is in
transition and on the threshold of becoming a large metropolitan
area, and Leon (121,281), the smallest, representing a more compact
urban environment.

Temporal criterion: cities are selected to represent different time-
frames of SECAP adoption to evaluate the changes and improve-
ments over time. The selection ranges from early adopters, such as A
Coruna (2013), to more recent implementers, such as Terrassa
(2022) or Huelva (2023). This criterion helps understand the impact
of EU climate policies and funding mechanisms introduced at
different periods.

Diverse approaches: the selected cities’ SECAPs exhibit diverse ap-
proaches, including sectoral integration, implementation strategies,
coordination with local planning instruments, and the development
of Climate City Contracts (CCCs). This diversity provides a compre-
hensive basis for analyzing how different methodologies influence
the effectiveness and coherence of climate action plans. While CCCs
have been more prevalent in larger urban centers, Valladolid and
Vitoria stand out as intermediate cities that have successfully
established CCCs. In these cases, SECAPs have served as a foundation
for developing CCCs, reinforcing their alignment with broader
climate and sustainability policies.

The data collection process involves a detailed review of the SECAP
documents, supplementary planning instruments (e.g., PIMUS, urban
regeneration plans), and interviews with key stakeholders involved in
the development and implementation of these plans. The information
gathered is summarized in the table included in the annex.

2.2. Justification of the case selection

The methodological selection of cities is justified through a combi-
nation of scientific literature and practical relevance to ensure a robust
and representative analysis. Table 3 and Fig. 4 provide a summary of the
selected cities, the rationale for their inclusion, and relevant references.

3. Results and discussions

This section examines the adoption, integration, and effectiveness of
SECAPs in Spanish municipalities, focusing on size-related patterns,
regional and temporal trends, integration with urban planning tools, and
emission inventory analyses.

3.1. Size, temporal and regional trends in SECAP adoption

Focusing on their role in advancing urban energy transitions, our
examination reveals that approximately 25 % of Spanish municipalities
have adopted SECAPs, with adoption rates varying significantly by
municipal size. Table 4 presents the distribution of municipalities by
population, showing a clear correlation between municipal size and the
number of SECAPs—adoption rates increase as population size rises.

Complementing Table 4, Fig. 5 illustrates the correlation between
municipal size and SECAP adoption, highlighting that only six cities
(Barcelona, Madrid, Malaga, Sevilla, Valencia, and Zaragoza) exceed
500,000 inhabitants, just 0.1 % of the total. Additionally, the map re-
veals a notable absence of SECAPs in the central region of Spain,
particularly in Extremadura, Castilla y Leén, and Castilla-La Mancha.
This geographic gap suggests a disparity in the adoption of climate and
energy planning tools, underscoring the need for stronger multilevel
governance and policy incentives to promote SECAP implementation in
these areas.

In addition to size-related patterns, Fig. 6 (with its breakdown in the
annex, Fig. B) demonstrates the temporal and regional distribution of
SECAP adoption, revealing clusters of municipalities that joined the
Covenant of Mayors in different phases. This temporal progression re-
flects a gradual increase in SECAP adoption across specific regions,
starting with Catalonia and Andalusia. Interestingly, although the
development phase of the SECAP is estimated to be two years, the final
approval of the plans has been more uniform, with 834 plans approved
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Table 3
Selection of case study cities and justification (created by the authors based on INE, 2024).
City Population 2023 Covenant SECAP  Approach Justification
year adoption
A Coruna 247,376 2010 2013 Sectoral integration Early adopter with a strong focus on energy efficiency in buildings (Lozano et al.,
2018).
Bilbao 346,096 2015 2019 Multisectoral coordination Mid-term adopter integrating mobility and renewable energy projects (Lopez-
Goyburu and Garcia-Montero, 2018).
Huelva 142,532 2011 2023 SECAP with PPP Early adopter leveraging Public-Private Partnerships (PPPs) for renewable
energy projects (Masuda et al., 2022).
Leon 121,281 2016 2022 SECAP with urban Mid-term adopter focusing on urban regeneration and energy poverty (van
regeneration projects Vuuren et al., 2015; Zhang et al., 2023).
Terrassa 225,277 2020 2022 SECAP with PIMUS Recent adopter integrating sustainable mobility with energy planning (Batty
et al., 2012).
Valladolid 297,459 2012 2022 Standalone SECAP Focus on adaptation strategies with limited integration with other plans (
Montoya et al., 2020).
Vitoria 255,886 2018 2021 Multilevel governance Recent adopter with emphasis on multilevel governance and community
engagement (Richiedei and Pezzagno, 2022).
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Fig. 4. Location of the case studies (created by the authors).
Table 4

SECAPs distribution by population size (created by the authors based on INE, 2024).

Population Municipalities (n°) Distribution in Spain (%) SECAPs (n°) SECAPs distribution (%) SECAPs (%) for municipalities
<1000 4997 61.5 581 28.0 12

<5000 1821 22.3 715 34.4 39

<10,000 553 6.8 304 14.6 55

<50,000 611 7.5 377 18.2 62

<100,000 86 1.1 50 2.4 58

<500,000 57 0.7 43 2.1 75

>500,000 6 0.1 6 0.3 100

Total 8131 100 2076 100 25.5
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Fig. 5. Distribution, by size, of municipalities with SECAPs in Spain (created by the authors based on data from the Covenant of Mayors, 2024).

between 2009 and 2012, 711 plans in the second period, 2013-2018,
and 706 plans between 2019 and 2023."

3.2. Disconnect in SECAP content and implementation

Table 5 summarizes the sources consulted to identify the various
synergies found, outlining key components such as strategy, GHG in-
ventory, studied consumption sectors, risk evaluation, mitigation and
adaptation actions, and energy poverty actions. This comparison reveals
that while all cities have a defined strategy, significant discrepancies
exist in areas such as risk evaluation and energy poverty actions.
Moreover, some missing elements in certain SECAPs should be manda-
tory according to the methodology outlined in Table 2.

The variability in the scope and detail of SECAP actions further
highlights the complexity of urban energy transitions. Differences in the
number and specificity of proposed actions, as well as the integration
with broader climate and energy policies, underscore the diverse ap-
proaches municipalities take in their efforts to enhance energy sustain-
ability. There is a divergence among the different SECAPs, not only in
their format but also in the amount of information provided. Regarding
the initial conception, the case of Vitoria stands out. Starting in 2021,
Vitoria drafted two parallel plans to merge them into a single document,
giving equal importance to both climate and energy.

Concerning the assessment of environmental risks, neither A Coruna
nor Valladolid addresses this aspect. In the case of A Coruna, it is an
older SEAP, so the climate factor is not developed in the plan. In

! Data obtained from https://eu-mayors.ec.europa.eu/en/action_plan_list.

Valladolid, despite being a recent plan, specific climate risks and vul-
nerabilities of the municipality are not analyzed. The case of Terrassa is
noteworthy, with a section on adaptation capacity that leads to a reor-
ganization of the municipal government, identifying existing plans that
impact adaptation and highlighting available municipal resources.

The implementation of a SECAP implies an integrated approach, as
its methodology requires a framework defining budget, personnel,
implementation strategies, risk assessments, and actions. However, it is
surprising to note that some items appear as “No”, despite being
mandatory in SECAPs. This is a critical finding that has not been
highlighted.

Finally, regarding the actions proposed in each case, there are sig-
nificant differences in the number of actions proposed (ranging from 35
in Terrassa to 1202 in Huelva) and in the description of each action. In
some cases, there is only a brief description (Valladolid or Huelva),
while in others, there is a detailed description, including timelines,
stakeholders involved, identified barriers, and relationships with the
Urban Agenda objectives (Vitoria). Therefore, there is evident disparity
in the content of the analyzed plans, where despite the framework
imposed by the Covenant of Mayors, their scope and development
depend on the expertise of each city.

3.3. Integration of SECAPs with planning tools

Complementing trends and component aspects, we investigate the
integration of SECAPs with other urban planning tools, such as spatial
planning, sustainable mobility, and green infrastructure. Table 6 pre-
sents the interaction metrics within each SECAP, while a more detailed
version of this table is included in Appendix A.
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Fig. 6. Distribution by stages of municipalities adhering to the Covenant of Mayors in Spain (created by the authors based on data from the Covenant of
Mayors, 2024).

Table 5

Assessment of SECAPs content in the analyzed cities (created by the authors).
City Strategy ~ GHG Studying consumption Risk evaluation Mitigation actions Adaptation actions Energy poverty actions

inventory sectors” (ERV)** (n°) (n°) (n°)

A Coruna Yes Yes 1,2.1,2.2,3and 4 No Yes (53) No No
Bilbao Yes No - Yes No Yes (55) No
Huelva Yes No - Not specified No Yes (1202) No
Le6n Yes Yes Not Specified Yes Yes (24) Yes (21) No
Terrassa Yes Yes 1 and 4 Yes Yes (24) Yes (9) No
Valladolid  Yes Yes 1, 2,3 and 4 No Yes (17) Yes (31) Yes (2)
Vitoria Yes Yes 1,2.1,2.2,3,4.1 and 4.2 Yes Yes (40) Yes (61) Yes (5)

" Sectors: 1. Municipal equipment and facilities, 2. Buildings and equipment/facilities in the tertiary sector (non-municipal), 2.1 Service sector, 2.2 Industry, 3.
Residential buildings, 4. Transportation, 4.1 Public, 4.2 Private.
" No reference to vulnerable groups, despite their recommendation in the JRC guide.

Table 6

SECAP qualitative analysis: interaction metrics (created by the authors).
SECAP Multilevel Multiscale Multisectoral =
3
City | Citizen Public-Priv?te Scale Unique Financing Ecologi_cal Relationship with Other |2

nvolvement Partnership Sources Footprint Plans

A Corufia ° ° 2
Bilbao . . . . . 5
Huelva . . . . 4
Lebdn ° ° ° . ° 5
Terrassa . . 2
Valladolid . ° ° ° . 5
Vitoria . . ° . ° 5
1-2 3-4 5-6 6
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In the multilevel approach, the analysis focuses on citizen involve-
ment and PPPs, assessing the extent to which these elements contribute
to SECAP implementation, ranging from active participation strategies
to collaborations with private entities on specific projects.

In the multiscale approach, the interaction metrics examine scale and
unique financing sources, evaluating whether interactions occur at local
or regional levels. The results highlight that the highest level of cross-
departmental coordination occurs in financing sources, which include
European projects, grants from the European Commission, and funds
from state, regional, municipal, national, and private entities. These
funding mechanisms can be combined to adapt to the specific needs of
each context.

In the multisectoral approach, the analysis focuses on ecological
footprint and the relationship with other plans. This includes examining
actions related to emissions monitoring, awareness campaigns, and the
execution (or omission) of specific climate actions. This analysis also
considers the relationship between SECAPs and other existing plans,
identifying whether they exhibit continuity, combination, integration,
or accumulation.

The combination of these variables results in the unique character of
each SECAP, as each plan adapts to the specific realities and needs of its
local environment.

For a SECAP to be considered integrated and synergistic (with a
maximum of six points in the metrics), at least one point must corre-
spond to different integration approaches (multilevel, multiscale, and
multisectoral). For instance, A Coruna and Terrassa, despite being
flagship SECAPs, lack integration with other plans and scales, signifi-
cantly limiting their effectiveness. This highlights that the multiscale
approach is the area most in need of improvement, as the absence of
multiscale integration restricts the articulation of SECAPs with broader
planning instruments.

In this scenario, the convergence or lack thereof of other plans with
the SECAP in each case will be relevant because it provides a qualitative
approximation of urban governance conditions in each instance. This
also serves as an external indicator of the quality based on the confi-
dence demonstrated in the planning within the analyzed cities. From
this, we can characterize each city based on the detected singularities.

Table 7, expanded in Annex Table A.2, organizes the information
from Table 5 into different supplementary planning instruments asso-
ciated with the SECAP framework. The “SECAP” column consolidates
the results from Table 6, while the subsequent columns indicate whether
the cities possess various types of Sustainable Land Management (SLM)
tools, grouped into the final column as the total number of plans. This
structure allows for a comparative analysis of how SECAPs align—or fail
to align—with other planning instruments within the multilevel, mul-
tiscale, and multisectoral frameworks.

Table 7
Supplementary planning instruments analysis (created by the authors).
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The results show a significant disconnect between SECAPs and other
urban planning instruments. For instance, cities like Valladolid, which
operates under an integrated approach, do not utilize the SECAP as a
multisectoral tool, limiting its potential impact. Conversely, cities like A
Coruna, which have multiple planning instruments across the three in-
tegrated approaches, fail to align their SECAP with these tools, under-
mining its role as a unifying framework. Bilbao and Vitoria stand out as
cities that exhibit the highest degree of integration, yet gaps persist even
in these cases.

3.4. SLM connection analysis

To better understand the relationship between SECAPs and other
SLM planning tools within the urban energy transition, Table 8 syn-
thesizes the information from Tables 6 and 7, providing a comprehen-
sive assessment of integration across the multilevel, multiscale, and
multisectoral dimensions. The total integration score reflects how well a
city’s SECAP connects with broader planning instruments. Cities like
Vitoria, Valladolid and Bilbao exhibit the highest levels of integration,
suggesting a strong alignment between SECAP strategies and SLM
planning tools. In contrast, other cities, such as Terrassa and A Coruna,
show lower integration scores, indicating limited synergy with other
urban policies.

The disparity between SECAPs and SLM tools in the multiscale
dimension suggests that while SECAPs require improvement in cross-
level coordination, SLM tools already incorporate multiscale perspec-
tives. This finding reinforces the importance of better aligning SECAPs
with existing urban planning frameworks, leveraging complementary
tools to enhance coordination and drive the urban energy transition
forward.

Moreover, the multisectoral dimension stands out as the weakest
across all cities, emphasizing the need for stronger inter-sectoral inte-
gration. To address this, policymakers and urban planners should pri-
oritize the development of cross-sectoral strategies that not only connect
SECAPs with broader sustainability plans but also enhance collaboration
between different policy areas.

This disconnect highlights a critical gap that administrations must
address to unify their ongoing actions. Despite the variety and sophis-
tication of existing planning instruments, the lack of coordination limits
the effectiveness of SECAPs as a central tool for integrated urban energy
and climate planning.

We propose addressing this gap through the SECAP paradigm. As
illustrated in Fig. 7, SECAPs express key data, such as CO, emissions, in
actionable terms, making them not only a practical tool for monitoring
but also a critical indicator for advancing decarbonization. By aligning
SECAPs with other planning tools, cities can foster synergies that

a Multilevel Multiscale Multisectoral _
City § Ageﬂia a Urban cce Urban Mobility Green Water Waste Z(Er:e(r:g;l g
[72] others Agenda planning infrastructure management management efficiency
A Corufia | 2 ° ° ° ° ) 5
Bilbao 5 . . . ° . . . 7
Huelva 4 . . . ° ° . 6
Leén 5 . . ° ° 4
Terrassa 2 . ° ° ° 4
Valladolid ' 5 ° ° ° ° ° ° 6
Vitoria 5 . . ° ° ° . ° ° 8
6 9

SECAP1-2 3-4 5-6

SLM 1-2-3-4-5-6 7-8-9
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Table 8
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Integrated assessment of SECAP and SLM planning tools in the urban energy transition (created by the authors).

Multilevel Multiscale Multisectoral
City SECAP SLM SECAP SLM SECAP SLM Total
A Coruia . oo . oo ° 7
Bilbao ) oo oo oo . eee 12
Huelva oo [ . oo . oo 10
Leén oo . . oo oo . 9
Terrassa ) . . 1) . 6
Valladolid oo XY . oo oo ° 11
Vitoria ) YY) . oo ) eee 13
1-56-10 11-15 15
Vitoria 2020 m=  =m
Vitoria 2005 e mmmm ktCO, eq emissions
Valladolid 2020 s —
Valladolid 2012 mesem— I
Terrassa 2012
Terrassa 2005 -
Ledn 2019 s
Ledn 2017 — ® Industrial sector
Huelva 20021 ™ |1 . .
® Residential sector
Huelva 2020 ™ 1 —
Bilbao 2009 wem — Transport
Bilbao 2005 . I u Others
A Coruna 2017 —
A Corufia 2011 I
0 1000 2000 3000 4000 5000 6000

*Huelva values distort the comparison as it is a provincial-scale inventory.

Fig. 7. Emission inventory evolution (created by the authors based on emission inventory data).

enhance the impact of their climate and energy strategies, ultimately
promoting a cohesive, sustainable urban development framework.

Fig. 7 illustrates CO2z equivalent emissions in the seven case studies,
tracking their evolution from the base year of reference emissions to the
year of SEAP development across three major sectors: industrial, resi-
dential, and transportation. Although drawing objective conclusions
from these data is challenging due to the lack of standardization in
criteria and the disparity of data included in each section, this analysis
remains essential for understanding emission trends at the municipal
level.

Notably, the reduction in emissions even before the formal devel-
opment of SEAPs/SECAPs reinforces the idea that climate action is not
an isolated effort but rather a continuous process that benefits from the
integration of multiple SLM tools. This finding strengthens the core
argument of the study, emphasizing SECAPs as key instruments for
linking planning tools, tracking emission trends, and refining local
climate policies.

However, current emissions data would be valuable for comparison,
but changes in methodology now present emissions at the provincial
level, making direct comparisons with previous municipal-scale in-
ventories more complex. The high number of emissions in Huelva cor-
responds to a provincial inventory within an industrial setting and lacks

municipal data. The same situation occurs in Bilbao, where recent data
are detailed only at the provincial level. Notably, in A Coruna, the
extremely high emission rate from the industry sector stands out in
comparison to other sectors.

This methodological shift highlights the need for standardized CO:
monitoring at the local level, reinforcing the role of SECAPs not only as a
coordination tool but also as a framework for new carbon emission
measurements aligned with urban sustainability strategies. In this
context, considering that the primary goal of SECAP is the reduction of
CO4 emissions, only the analysis of emission inventories and the balance
of their evolution will allow for the assessment of goal achievement.

Generally, there is a decline in the overall CO, emission values,
although the trend suggests that the expected 40 % reduction by 2030
might not be achieved. In any case, the fundamental difficulty in
quantitatively comparing different indicators among the SECAPs be-
comes more pronounced. This is due to the lack of consistency in
considering the same sectors, and even when it seems possible, the
measurements are not grouped the same way (Wolfram, 2016).

4. Conclusions

SECAPs hold considerable potential as integrated instruments to
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address the challenges of urban energy transitions and climate action.
However, while they are designed to function as fully integrated tools,
they frequently fall short of achieving this goal in practice. This
disconnect underscores the need for collaborative frameworks that
facilitate intersectoral and multilevel coordination—essential elements
for meeting their objective of effective integration.

The misalignment between SECAPs and existing planning in-
struments is particularly evident in municipalities like Valladolid and A
Coruna, where critical disconnections weaken their effectiveness.
Despite these challenges, SECAPs offer a unique capacity for monitoring
energy consumption and CO: emissions, positioning them as key tools
for assessing progress toward decarbonization and climate neutrality.
Strengthening this function would enable SECAPs to not only serve as
analytical frameworks but also as practical, action-driven tools that
guide cities toward sustainable transitions.

However, to fully realize this potential, certain structural weaknesses
must be addressed:

e The omission of risk and vulnerability assessments in some munici-

palities, such as A Coruna and Valladolid, represents a critical gap

that undermines the resilience of climate action plans.

Disparities in the level of detail and planning depth among SECAPs

reduce their effectiveness. While Vitoria provides comprehensive

action plans linked to Urban Agenda, cities such as Valladolid and

Huelva present only minimal descriptions, lacking implementation

strategies.

e Smaller municipalities exhibit significantly lower SECAP adoption
rates, indicating a need for targeted technical and financial support
to ensure these territories can effectively engage in climate planning.

Furthermore, this study underscores that SECAPs can play a central
role in energy and climate transition if key actions are taken:

e Aligning SECAPs with existing planning instruments is essential to
maximize their impact as integrative frameworks. The multiscale
perspective is well addressed in SLM tools but remains a key weak-
ness in SECAPs, reinforcing the need for better alignment and coor-
dination between planning instruments.

e Standardizing criteria for emissions reporting and analysis will
facilitate more accurate comparisons and rigorous progress

Science of the Total Environment 973 (2025) 179110

evaluation. While SECAPs provide a structured framework for CO2
emission monitoring, methodological inconsistencies, such as the
shift from municipal to provincial-level inventories, hinder compa-
rability over time.

The effective implementation of SECAPs requires adequate technical
expertise, institutional capacity, and financial resources. The role of
SECAPs as a coordinating tool should be reinforced, ensuring they
serve as a common reference point for local, regional, and national
climate action strategies.

Creating networks among municipalities to share best practices, as
exemplified by the innovative case of Vitoria, can inspire and guide
the development of better SECAPs in other territories.

Only through integrated and synergistic planning, supported by
robust collaborative frameworks, will it be possible to achieve decar-
bonization goals and progress toward a SLM. This requires not only
technical sound plans but also effective implementation through stron-
ger intersectoral and multilevel connection.

CRediT authorship contribution statement

Alejandra Duarte Montes: Writing — original draft, Methodology,
Investigation, Formal analysis, Data curation, Conceptualization.
Monica Victoria Sanchez-Rivero: Writing - review & editing, Visual-
ization, Methodology, Formal analysis, Data curation. Miguel Fernan-
dez-Maroto: Validation, Supervision, Investigation, Conceptualization.
Juan Luis De las Rivas Sanz: Validation, Supervision, Resources,
Project administration, Funding acquisition.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
Acknowledgements

This research was conducted with a support from the European

Climate, Infrastructure and Environment Executive Agency (Grant
agreement number: 101033752-1ISECAP).

Appendix A. Convergence of planning tools with SECAPs in the analyzed cities
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SECAP qualitative analysis: interaction metrics (created by the authors).
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SECAP Multilevel Multiscale Multisectoral =
Aconma Agmicte e SmPeecsSeeGme Ol (2
Bilbao  During Planning Financing Regional EU Cli/ﬁrr:itsi’pitlalzirsjrsams’ Awareness  Overlap / Combination 5
Huelva gt)r;tz?\l;; Action Development  Regional Not Defined A(Eigg:?ege Cog:)’ﬁ[igni?&e / &
Lebdn During Planning Financing Local EU C;;Sgit;‘pzaéirgsams‘ Monitoring Overlap / Combination 5
Terrassa Awareness Financing Local Eué?gstas n hljl[lorj;ﬁg:)sélii%ig:al - Coggﬁ{%i?&e ! 2
Valladolid A;t)i(zzl}?ege Action Development Local Regional (?:rj:éi Municipal Monitoring Accumulation 5
Vitoria  During Planning Financing Local State Gr;a:r::jét'\e/llgi%):l Funds, Aét)izg:?ege Symbiosis / Integration S
1-2 3-4 5-6 6

Table A.2

Supplementary planning instruments analysis (created by the authors).
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Fig. B. Evolution of the years of accession [created by the authors based on inventory data (European Commission, 2024)].

Broto, V.C., Allen, A., Rapoport, E., 2012. Interdisciplinary perspectives on urban
metabolism. J. Ind. Ecol. 16 (6), 851-861. https://doi.org/10.1111/j.1530-

) ) 9290.2012.00556.x.

The data used is public Cantero Celada, S., Fernandez Maroto, M., 2018. El proyecto INTENSSS-PA en Castilla y

Ledn: una experiencia de planificacién energética y espacial sostenible e integrada

(INTENSSS-PA Castilla y Leon & Instituto Universitario de Urbanistica Universidad

Data availability

References de Valladolid. (eds.)). https://uvadoc.uva.es/handle/10324/45196.

Conke, L.S., Ferreira, T.L., 2015. Urban metabolism: measuring the city’s contribution to
1ISECAP, 2024. Institutionalized Integrated Sustainable Energy and Climate Action sustainable development. Environ. Pollut. 202, 146-152. https://doi.org/10.1016/].
Plans. https://2isecap.eu/. envpol.2015.03.027.

Akpan Umoh, A., Efosa Ohenhen, P., Chidolue, O., Ngozichukwu, B., Fafure, A.V., Cuervo, L.M., Délano, M.P., 2019. Planificacion multiescalar: Las desigualdades
Ibekwe, K.I,, 2024. Incorporating energy efficiency in urban planning: a review of territoriales. Volumen II. In: CEPAL (Ed.), Serie Seminarios y Conferencias, Vol. 92,
policies and best practices. Eng. Sci. Technol. 5 (1), 83-98. https://doi.org/ p. 148. https://www.cepal.org/es/publicaciones/44847-planificacion-multiescalar
10.51594/estj/v5il.729. -desigualdades-territoriales-volumen-ii.

Ameen, R.F.M., Mourshed, M., 2019. Urban sustainability assessment framework Cunha, S., Ferrao, P., 2023. Urban metabolism characterization from the national to the
development: the ranking and weighting of sustainability indicators using analytic regional scale: a case study of Lisbon. Environ. MDPI 10 (2). https://doi.org/
hierarchy process. Sustain. Cities Soc. 44 (February 2018), 356-366. https://doi. 10.3390/environments10020014.
0rg/10.1016/j.s¢s.2018.10.020. Dabrowski, M.M., 2022. Multi-level and multi-actor governance: why it matters for

Assumma, V., Bottero, M., De Angelis, E., Lourenco, J.M., Monaco, R., Soares, A.J., 2022. spatial planning. In: Rocco, R., Bracken, G., Newton, C., Dabrowski, M. (Eds.),
Scenario building model to support the resilience planning of winemaking regions: Teaching, Learning & Researching Spatial Planning. TU DELFT OPEN, pp. 56-67.
the case of the Douro territory (Portugal). Sci. Total Environ. 838 (January). https:// https://doi.org/10.34641/mg.50.
doi.org/10.1016/j.scitotenv.2022.155889. De las Rivas-Sanz, J.L., 2019. City turns toward nature. Territorio 88, 89-98. https://doi.

Baskent, E.Z., 2021. Assessment and improvement strategies of sustainable land org/10.3280/TR2019-088014.
management (SLM) planning initiative in Turkey. Sci. Total Environ. 797, 149183. Directive-2018/844-EN-EUR-Lex, 2018. https://eur-lex.europa.eu/eli/dir/2018/844/0j.
https://doi.org/10.1016/j.scitotenv.2021.149183. European Commission, 2007. Carta de Leipzig sobre ciudades europeas sostenibles (p. 8).

Batty, M., Axhausen, K.W., Giannotti, F., Pozdnoukhov, A., Bazzani, A., Wachowicz, M., https://www.mitma.gob.es/recursos_mfom/pdf/91B5958A-585C-4E92-8B1F-C
Ouzounis, G., Portugali, Y., 2012. Smart cities of the future. Eur. Phys. J. Spec. Top. 06F5CBC4C4B,/111500/LeipzigCharte_Es_cle139ba4.pdf.

214 (1), 481-518. https://doi.org/10.1140/epjst/e2012-01703-3. European Commission, 2010. Toledo charter. http://www.mpt.es/prensa/notas_de_p

Bhattacharya, D., Painho, M., 2018. Location intelligence for augmented smart cities rensa/notas/2010,/03,/20100317.html.
integrating sensor web and spatial data infrastructure (SmaCiSENS). In: GISTAM European Commission, 2024. Covenant of Mayor for Climate and Energy. Directorate-
2018 — Proceedings of the 4th International Conference on Geographical General for Energy. https://eu-mayors.ec.europa.eu/en/home.

Information Systems Theory, Applications and Management, 2018-March (Gistam Fastenrath, S., Braun, B., 2018. Sustainability transition pathways in the building sector:
2018), pp. 282-289. https://doi.org/10.5220/0006786102820289. energy-efficient building in Freiburg (Germany). Appl. Geogr. 90, 339-349. https://

doi.org/10.1016/J.APGEOG.2016.09.004.

14


https://2isecap.eu/
https://doi.org/10.51594/estj/v5i1.729
https://doi.org/10.51594/estj/v5i1.729
https://doi.org/10.1016/j.scs.2018.10.020
https://doi.org/10.1016/j.scs.2018.10.020
https://doi.org/10.1016/j.scitotenv.2022.155889
https://doi.org/10.1016/j.scitotenv.2022.155889
https://doi.org/10.1016/j.scitotenv.2021.149183
https://doi.org/10.1140/epjst/e2012-01703-3
https://doi.org/10.5220/0006786102820289
https://doi.org/10.1111/j.1530-9290.2012.00556.x
https://doi.org/10.1111/j.1530-9290.2012.00556.x
https://uvadoc.uva.es/handle/10324/45196
https://doi.org/10.1016/j.envpol.2015.03.027
https://doi.org/10.1016/j.envpol.2015.03.027
https://www.cepal.org/es/publicaciones/44847-planificacion-multiescalar-desigualdades-territoriales-volumen-ii
https://www.cepal.org/es/publicaciones/44847-planificacion-multiescalar-desigualdades-territoriales-volumen-ii
https://doi.org/10.3390/environments10020014
https://doi.org/10.3390/environments10020014
https://doi.org/10.34641/mg.50
https://doi.org/10.3280/TR2019-088014
https://doi.org/10.3280/TR2019-088014
https://eur-lex.europa.eu/eli/dir/2018/844/oj
https://www.mitma.gob.es/recursos_mfom/pdf/91B5958A-585C-4E92-8B1F-C06F5CBC4C4B/111500/LeipzigCharte_Es_cle139ba4.pdf
https://www.mitma.gob.es/recursos_mfom/pdf/91B5958A-585C-4E92-8B1F-C06F5CBC4C4B/111500/LeipzigCharte_Es_cle139ba4.pdf
http://www.mpt.es/prensa/notas_de_prensa/notas/2010/03/20100317.html
http://www.mpt.es/prensa/notas_de_prensa/notas/2010/03/20100317.html
https://eu-mayors.ec.europa.eu/en/home
https://doi.org/10.1016/J.APGEOG.2016.09.004
https://doi.org/10.1016/J.APGEOG.2016.09.004

A. Duarte Montes et al.

Geekiyanage, D., Fernando, T., Keraminiyage, K., 2021. Mapping participatory methods
in the urban development process: a systematic review and case-based evidence
analysis. Sustainability 13 (16). https://doi.org/10.3390/su13168992.

Gongalves, C., Honrado, J.P., Cerejeira, J., Sousa, R., Fernandes, P.M., Vaz, A.S.,

Alves, M., Aratjo, M., Carvalho-Santos, C., Fonseca, A., Fraga, H., Gongalves, J.F.,
Lomba, A., Pinto, E., Vicente, J.R., Santos, J.A., 2022. On the development of a
regional climate change adaptation plan: integrating model-assisted projections and
stakeholders’ perceptions. Sci. Total Environ. 805. https://doi.org/10.1016/j.
scitotenv.2021.150320.

Government of Spain, 2013. BOE-A-2013-6938. Ley 8/2013, de 26 de Junio, de
Rehabilitacion, Regeneracion y Renovacion Urbanas. BOE. https://www.boe.es/bu
scar/act.php?id=BOE-A-2013-6938.

Grubler, A., Wilson, C., Nemet, G., 2016. Apples, oranges, and consistent comparisons of
the temporal dynamics of energy transitions. Energy Res. Soc. Sci. 22, 18-25.
https://doi.org/10.1016/J.ERSS.2016.08.015.

Guo, J., Fast, V., Teri, P., Calvert, K., 2020. Integrating land-use and renewable energy
planning decisions: a technical mapping guide for local government. ISPRS Int. J.
Geo Inf. 9 (5). https://doi.org/10.3390/1JGI9050324.

Hassan, A.M., Lee, H., 2015. Toward the sustainable development of urban areas: an
overview of global trends in trials and policies. Land Use Policy 48, 199-212.
https://doi.org/10.1016/j.landusepol.2015.04.029.

Hély, V., Antoni, J.P., 2019. Combining indicators for decision making in planning
issues: a theoretical approach to perform sustainability assessment. Sustain. Cities
Soc. 44 (November 2018), 844-854. https://doi.org/10.1016/j.5¢5.2018.10.035.

Hendrickson, T.P., Nikolic, M., Rakas, J., 2016. Selecting climate change mitigation
strategies in urban areas through life cycle perspectives. J. Clean. Prod. 135,
1129-1137. https://doi.org/10.1016/j.jclepro.2016.06.075.

INE, 2014. La organizaci6n estadistica en Espana/Inventario de Operaciones
Estadisticas/Inventario actual/Ficha IOE actual: 20001. https://www.ine.es/dyngs/I
OE/es/operacion.htm?numinv=20001.

Kissinger, M., Stossel, Z., 2021. An integrated, multi-scale approach for modelling urban
metabolism changes as a means for assessing urban sustainability. Sustain. Cities
Soc. 67 (November 2020), 102695. https://doi.org/10.1016/j.5¢s.2020.102695.

Lafortune, G., Zoeteman, K., Grayson, F., Mulder, R., Dagevos, J., Schmidt-Traub, G.,
2019. SDG Index and Dashboards Report for European Cities. Ustainable
Development Solutions Network (SDSN) and the Brabant Center for Sustainable
Development (Telos). https://sdgtransformationcenter.org/reports/sdg-index-for-e
u-cities.

Lee, T., Koski, C., 2015. Multilevel governance and urban climate change mitigation.
Environ. Plann. C Gov. Pol. 33 (6), 1501-1517. https://doi.org/10.1177/
0263774X15614700.

Lépez-Goyburu, P., Garcia-Montero, L.G., 2018. The urban-rural interface as an area with
characteristics of its own in urban planning: a review. Sustain. Cities Soc. 43 (June),
157-165. https://doi.org/10.1016/j.scs.2018.07.010.

Lozano, R., Fullman, N., Abate, D., Abay, S.M., Abbafati, C., Abbasi, N., Abbastabar, H.,
Abd-Allah, F., Abdela, J., Abdelalim, A., Abdel-Rahman, O., Abdi, A.,
Abdollahpour, 1., Abdulkader, R.S., Abebe, N.D., Abebe, Z., Abejie, A.N., Abera, S.F.,
Abil, O.Z., Murray, C.J.L., 2018. Measuring progress from 1990 to 2017 and
projecting attainment to 2030 of the health-related Sustainable Development Goals
for 195 countries and territories: a systematic analysis for the Global Burden of
Disease Study 2017. The Lancet 392 (10159), 2091-2138. https://doi.org/10.1016/
S0140-6736(18)32281-5.

Lucertini, G., Musco, F., 2020. Circular urban metabolism framework. One Earth 2 (2),
138-142. https://doi.org/10.1016/j.oneear.2020.02.004.

Manzanera-Benito, G., Capellan-Pérez, 1., 2021. Mapping the energy flows and ghg
emissions of a medium-size city: the case of Valladolid (Spain). Sustainability 13
(23), 13181. https://doi.org/10.3390/SU132313181/S1.

Masuda, H., Kawakubo, S., Okitasari, M., Morita, K., 2022. Exploring the role of local
governments as intermediaries to facilitate partnerships for the Sustainable
Development Goals. Sustain. Cities Soc. 82 (September 2021), 103883. https://doi.
org/10.1016/j.scs.2022.103883.

Melica, G., Bertoldi, P., Kona, A., lancu, A., Rivas, S., Zancanella, P., 2018. Multilevel
governance of sustainable energy policies: the role of regions and provinces to
support the participation of small local authorities in the Covenant of Mayors.
Sustain. Cities Soc. 39, 729-739. https://doi.org/10.1016/J.5CS.2018.01.013.

Mi, Z., Guan, D, Liu, Z., Liu, J., Viguié, V., Fromer, N., Wang, Y., 2019. Cities: the core of
climate change mitigation. J. Clean. Prod. 207, 582-589. https://doi.org/10.1016/J.
JCLEPRO.2018.10.034.

Montoya, J., Cartes, L., Zumelzu, A., 2020. Indicators for evaluating sustainability in
Bogota’s informal settlements: definition and validation. Sustain. Cities Soc. 53 (51).
https://doi.org/10.1016/j.5¢s.2019.101896.

Orejon-Sanchez, R.D., Crespo-Garcia, D., Andres-Diaz, J.R., Gago-Calderon, A., 2022.
Smart cities’ development in Spain: a comparison of technical and social indicators
with reference to European cities. Sustain. Cities Soc. 81 (March). https://doi.org/
10.1016/j.5¢5.2022.103828.

Palermo, V., Bertoldi, P., Apostoulu, M., Kona, A., Rivas, S., 2020. Assessment of climate
change mitigation policies in 315 cities in the Covenant of Mayors initiative. Sustain.
Cities Soc. 60 (August 2019), 102258. https://doi.org/10.1016/j.s¢s.2020.102258.

Rabelo, A.C.S., Oliveira, L.L., Lisboa-Filho, J., 2017. An architectural model for intelligent
cities using collaborative spatial data infrastructures. In: Proceedings Ofthe 6th
International Conference on Smart Cities and Green ICTSystems (SMARTGREENS
2017), pp. 242-249. https://doi.org/10.5220/0006306102420249.

Science of the Total Environment 973 (2025) 179110

Ramos-Mejia, M., Franco-Garcia, M.L., Jauregui-Becker, J.M., 2018. Sustainability
transitions in the developing world: challenges of socio-technical transformations
unfolding in contexts of poverty. Environ. Sci. Pol. 84, 217-223. https://doi.org/
10.1016/J.ENVSCI.2017.03.010.

Rando Burgos, E., 2022. Governance in the new Urban Agendas: particular reference to
its implementation in Spain. Rev. Eurolatinoamer. Der. Admin. 9 (1), 5-24. https://
doi.org/10.14409/redoeda.v9i1.11194.

Reckien, D., Salvia, M., Heidrich, O., Church, J.M., Pietrapertosa, F., De Gregorio-
Hurtado, S., D’Alonzo, V., Foley, A., Simoes, S.G., Krkoska Lorencova, E., Orru, H.,
Orru, K., Wejs, A., Flacke, J., Olazabal, M., Geneletti, D., Feliu, E., Vasilie, S.,
Nador, C., Dawson, R., 2018. How are cities planning to respond to climate change?
Assessment of local climate plans from 885 cities in the EU-28. J. Clean. Prod. 191,
207-219. https://doi.org/10.1016/j.jclepro.2018.03.220.

Richiedei, A., Pezzagno, M., 2022. Territorializing and monitoring of sustainable
development goals in Italy: an overview. Sustainability 14 (5). https://doi.org/
10.3390/5u14053056.

Rivas, S., El-Guindy, R., Palermo, V., Kona, A., Bertoldi, P., 2018. Guidebook how to
develop a Sustainable Energy and Climate Action Plan (SECAP) in the MENA Region.
https://climate-adapt.eea.europa.eu/en/metadata/guidances/how-to-develop-a-
sustainable-energy-and-climate-action-plan-secap.

Rivas, S., Urraca, R., Bertoldi, P., Thiel, C., 2021. Towards the EU Green Deal: local key
factors to achieve ambitious 2030 climate targets. J. Clean. Prod. 320 (September),
128878. https://doi.org/10.1016/j.jclepro.2021.128878.

Rivas, S., Urraca, R., Palermo, V., Bertoldi, P., 2022. Covenant of Mayors 2020: drivers
and barriers for monitoring climate action plans. J. Clean. Prod. 332 (June 2021),
130029. https://doi.org/10.1016/j.jclepro.2021.130029.

Rosenow, J., Fawcett, T., Eyre, N., Oikonomou, V., 2016. Energy efficiency and the
policy mix. Build. Res. Inf. 44 (5-6), 562-574. https://doi.org/10.1080/
09613218.2016.1138803.

Sanchez-Rivero, M.V., Bote Alonso, 1., Dominguez Serrano, M.V., Montalban Pozas, B.,
2023. SDG monitoring framework for rural settlements mapping interactions with
the Spanish Urban Agenda. Sustain. Cities Soc. https://doi.org/10.1016/j.
5¢s5.2023.104514.

Sanyasi Naidu, D., 2018. GIS applications to smart cities. Int. J. Adv. Multidiscip. Sci.
Res. 1 (1), 5-7.

Servillo, L., Atkinson, R., Hamdouch, A., 2017. Small and medium-sized towns in Europe:
conceptual, methodological and policy issues. Tijdschr. Econ. Soc. Geogr. 108 (4),
365-379. https://doi.org/10.1111/TESG.12252.

Soares de Moura, M., da Silva, V.C., Pacheco, F.A.L., Fernandes, L.F.S., Pissarra, T.C.T.,
da Costa, A.M., 2024. Beyond land use planning and ecosystem services assessment
with the conservation use potential framework: a study in the Upper Rio das Velhas
basin, Brazil. Sci. Total Environ. 923 (March). https://doi.org/10.1016/j.
scitotenv.2024.171437.

Statistical Commission, 2020. A recommendation on the method to delineate cities,
urban and rural areas for international statistical comparisons. In: Statistical
Commission, Vol. 3, pp. 1-33. Issue March.

Toopshekan, A., Rahdan, P., Vaziri Rad, M.A., Yousefi, H., Astaraei, F.R., 2022.
Evaluation of a stand-alone CHP-Hybrid system using a multi-criteria decision
making due to the sustainable development goals. Sustain. Cities Soc. 87 (June),
104170. https://doi.org/10.1016/j.s¢s.2022.104170.

van Vuuren, D.P., Kok, M., Lucas, P.L., Prins, A.G., Alkemade, R., van den Berg, M.,
Bouwman, L., van der Esch, S., Jeuken, M., Kram, T., Stehfest, E., 2015. Pathways to
achieve a set of ambitious global sustainability objectives by 2050: explorations
using the IMAGE integrated assessment model. Technol. Forecast. Soc. Chang. 98,
303-323. https://doi.org/10.1016/j.techfore.2015.03.005.

Wang, X., Tan, X., Gao, M., Zhang, Y., 2023. A review of a series of effective methods in
urban metabolism: material flow, ecological network and factor analysis. Sustain.
Prod. Consumpt. 39 (May), 162-174. https://doi.org/10.1016/j.spc.2023.05.017.

Wittmayer, J.M., de Geus, T., Pel, B., Avelino, F., Hielscher, S., Hoppe, T.,
Miihlemeier, S., Stasik, A., Oxenaar, S., Rogge, K.S., Visser, V., Marin-Gonzdlez, E.,
Ooms, M., Buitelaar, S., Foulds, C., Petrick, K., Klarwein, S., Krupnik, S., de Vries, G.,
Hartwig, A., 2020. Beyond instrumentalism: broadening the understanding of social
innovation in socio-technical energy systems. Energy Res. Soc. Sci. 70, 101689.
https://doi.org/10.1016/J.ERSS.2020.101689.

Wohlin, C., 2014. Guidelines for snowballing in systematic literature studies and a
replication in software engineering. In: Association for Computing Machinery (Ed.),
Proceedings of the 18th International Conference on Evaluation and Assessment in
Software Engineering (EASE *14), vol. 38, pp. 1-10. https://doi.org/10.1145/
2601248.2601268.

Wolfram, M., 2016. The role of cities in sustainability transitions: new perspectives for
science and policy. In: Quantitative Regional Economic and Environmental Analysis
for Sustainability in Korea, 25th ed., pp. 3-22. https://doi.org/10.1007/978-981-10-
0300-4_1.

Zacharopoulou, D., Skopeliti, A., Nakos, B., 2021. Assessment and visualization of osm
consistency for European cities. In: ISPRS International Journal of Geo-Information,
Vol. 10. https://doi.org/10.3390/ijgi10060361. Issue 6.

Zhang, Y., Wang, M., Zhang, D., Lu, Z., Bakhshipour, A.E., Liu, M., Jiang, Z., Li, J., Tan, S.
K., 2023. Multi-stage planning of LID-GREI urban drainage systems in response to
land-use changes. Sci. Total Environ. 859 (November 2022), 160214. https://doi.
org/10.1016/j.scitotenv.2022.160214.

15


https://doi.org/10.3390/su13168992
https://doi.org/10.1016/j.scitotenv.2021.150320
https://doi.org/10.1016/j.scitotenv.2021.150320
https://www.boe.es/buscar/act.php?id=BOE-A-2013-6938
https://www.boe.es/buscar/act.php?id=BOE-A-2013-6938
https://doi.org/10.1016/J.ERSS.2016.08.015
https://doi.org/10.3390/IJGI9050324
https://doi.org/10.1016/j.landusepol.2015.04.029
https://doi.org/10.1016/j.scs.2018.10.035
https://doi.org/10.1016/j.jclepro.2016.06.075
https://www.ine.es/dyngs/IOE/es/operacion.htm?numinv=20001
https://www.ine.es/dyngs/IOE/es/operacion.htm?numinv=20001
https://doi.org/10.1016/j.scs.2020.102695
https://sdgtransformationcenter.org/reports/sdg-index-for-eu-cities
https://sdgtransformationcenter.org/reports/sdg-index-for-eu-cities
https://doi.org/10.1177/0263774X15614700
https://doi.org/10.1177/0263774X15614700
https://doi.org/10.1016/j.scs.2018.07.010
https://doi.org/10.1016/S0140-6736(18)32281-5
https://doi.org/10.1016/S0140-6736(18)32281-5
https://doi.org/10.1016/j.oneear.2020.02.004
https://doi.org/10.3390/SU132313181/S1
https://doi.org/10.1016/j.scs.2022.103883
https://doi.org/10.1016/j.scs.2022.103883
https://doi.org/10.1016/J.SCS.2018.01.013
https://doi.org/10.1016/J.JCLEPRO.2018.10.034
https://doi.org/10.1016/J.JCLEPRO.2018.10.034
https://doi.org/10.1016/j.scs.2019.101896
https://doi.org/10.1016/j.scs.2022.103828
https://doi.org/10.1016/j.scs.2022.103828
https://doi.org/10.1016/j.scs.2020.102258
https://doi.org/10.5220/0006306102420249
https://doi.org/10.1016/J.ENVSCI.2017.03.010
https://doi.org/10.1016/J.ENVSCI.2017.03.010
https://doi.org/10.14409/redoeda.v9i1.11194
https://doi.org/10.14409/redoeda.v9i1.11194
https://doi.org/10.1016/j.jclepro.2018.03.220
https://doi.org/10.3390/su14053056
https://doi.org/10.3390/su14053056
https://climate-adapt.eea.europa.eu/en/metadata/guidances/how-to-develop-a-sustainable-energy-and-climate-action-plan-secap
https://climate-adapt.eea.europa.eu/en/metadata/guidances/how-to-develop-a-sustainable-energy-and-climate-action-plan-secap
https://doi.org/10.1016/j.jclepro.2021.128878
https://doi.org/10.1016/j.jclepro.2021.130029
https://doi.org/10.1080/09613218.2016.1138803
https://doi.org/10.1080/09613218.2016.1138803
https://doi.org/10.1016/j.scs.2023.104514
https://doi.org/10.1016/j.scs.2023.104514
http://refhub.elsevier.com/S0048-9697(25)00745-4/rf0260
http://refhub.elsevier.com/S0048-9697(25)00745-4/rf0260
https://doi.org/10.1111/TESG.12252
https://doi.org/10.1016/j.scitotenv.2024.171437
https://doi.org/10.1016/j.scitotenv.2024.171437
http://refhub.elsevier.com/S0048-9697(25)00745-4/rf0275
http://refhub.elsevier.com/S0048-9697(25)00745-4/rf0275
http://refhub.elsevier.com/S0048-9697(25)00745-4/rf0275
https://doi.org/10.1016/j.scs.2022.104170
https://doi.org/10.1016/j.techfore.2015.03.005
https://doi.org/10.1016/j.spc.2023.05.017
https://doi.org/10.1016/J.ERSS.2020.101689
https://doi.org/10.1145/2601248.2601268
https://doi.org/10.1145/2601248.2601268
https://doi.org/10.1007/978-981-10-0300-4_1
https://doi.org/10.1007/978-981-10-0300-4_1
https://doi.org/10.3390/ijgi10060361
https://doi.org/10.1016/j.scitotenv.2022.160214
https://doi.org/10.1016/j.scitotenv.2022.160214

	The role of sustainable energy and climate action plans (SECAPs) in urban energy transition
	1 Introduction
	2 Material and methods
	2.1 Selection criteria for case studies
	2.2 Justification of the case selection

	3 Results and discussions
	3.1 Size, temporal and regional trends in SECAP adoption
	3.2 Disconnect in SECAP content and implementation
	3.3 Integration of SECAPs with planning tools
	3.4 SLM connection analysis

	4 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Convergence of planning tools with SECAPs in the analyzed cities
	Appendix B Covenant of Mayors years of accession
	Data availability
	References


