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Abstract: Scientific research has been acknowledged to play a pivotal role in achieving the United
Nations” 2030 Agenda. Vice-versa, since its adoption, the 2030 Agenda has been reinvigorating the
academic production on sustainable development. This study provides a systematic literature review
of the most used and newly developed approaches by academic research to support the achievement
of the SDGs in the EU. The results are presented by descriptive, bibliometric, and content analysis.
The descriptive analysis highlights a rising interest of scholars in operationalizing the 2030 Agenda,
with a growing interest at the urban level. A text-mining tool was employed to scan the most
investigated SDGs in the selected papers. Major interest by scholars is devoted to environmental
concerns (especially linked to SDG 13, 7, 6, 12, and 15), while social issues (e.g., SDG 4, 5, and 10) still
deserve more research. The bibliometric analysis unveiled poor intra-cluster connections, highlighting
the need for more transdisciplinary research. The most recurrent research fields on the SDGs in the
EU are governance, circular economy, ecosystem services, urban localization, and decision making.
We advise future studies to focus on gaps highlighted and adopt a system perspective, boosting
Policy Coherence across governance levels and scales of implementation by looking at trade-offs and
assessing context-specific priorities.

Keywords: Sustainable Development Goals; Agenda 2030; achieving SDGs; European Union; SDG
interlinkages; progress measurement; sustainability assessment; Systematic Literature Review

1. Introduction

Approved on 25 September 2015 after two years of a global consultation with civil
society organizations, scientists, academics, and citizens from all over the world, the 2030
Agenda for Sustainable Development [1] proposed 17 Sustainable Development Goals
(SDGs) (see Appendix A—Table A1), along with 169 targets and 231 indicators [2]. The 2030
Agenda grounds on the Leave-no-one-behind principle, a systemic integration of social,
environmental, and economic pillars of Sustainable Development (SD), and the promotion
of a five P-based world (People, Planet, Prosperity, Peace, and Partnership). Coming after
the Millenniusm Development Goals for 2015, the 2030 Agenda was conceived with a
comprehensive follow-up and review protocol, as the United Nations (UN) recognized that
“robust, voluntary, effective, participatory, transparent and integrated” [1] (p. 36) progress
tracking at global, regional, and national levels vitally contributes to the implementation
of the SDGs. As a consequence, robust monitoring and systematic reporting are crucial to
achieving them, taking actions guided by data and statistics, and finally revealing policy
gaps to be addressed [3]. Scientific research supporting policymaking plays a pivotal role
in this. Indeed, research has been providing both data and approaches to assess progress
at global, regional, national, and sub-national scales, as well as developing approaches
to analyze interlinkages among the SDGs. These are two prominent research areas in the
debate around the 2030 Agenda [4].
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Regarding the first issue, sustainability measurement has been a topic of debate
among researchers, policy makers, and stakeholders, further enriched by the adoption
of the 2030 Agenda [5]. Reporting on the SDGs may facilitate this process, providing a
comprehensive framework with goals and targets for addressing economic, social, and
environmental SD, as well as suitable indicators for measuring progress against them. A
great amount of cooperation across scales (from global to local) is needed for monitoring
progress [6], which is often still not fully possible [7], but essential to achieving the SDGs.
Furthermore, a country’s relative position in SDG rankings may depend prominently on
either the chosen method and indicators or aggregation method, even when the same
indicators are used [5,8]. Regarding the second issue, the interrelated nature of the 2030
Agenda implies the existence of many synergies and complementarities among goals
and targets, as well as trade-offs where improvements in one dimension could trigger
negative results in another [9]. However, existing ranking methods do not considers
interlinkages [5], although achieving the SDGs highly depends on whether synergies are
harnessed properly and whether trade-offs are minimized [10]. Indeed, many authors have
already pointed out that strong interdependencies between the delay in implementing one
goal and repercussions in the other goals may further undermine the achievement of the
SDGs [6,9,11,12].

Besides progress and interlinkage assessment, there is scientific evidence that the po-
litical impact SDGs have had on global, national, and local governance since their adoption
is still limited so far [13]. Being non-legally binding, the commitment to accountability in
SDG implementation has been a choice of individual governments [14]. At the same time,
there is room for the SDGs to mobilize academic communities and ask policymakers for
relational changes and liability [6]. On the one side, investigating complex systems such as
the SDGs requires research, taking into account interdependencies among them [11]. On
the other side, still more research is urgently needed on the reporting of goals as well as
operationalizing the 2030 Agenda as a whole, which in turn may contribute to boosting the
transformative force of SDGs in and of themselves [13]. Consequently, due to these interre-
lationships” complexity, it is valuable for researchers to assess new scientific knowledge
around the SDGs [15] by highlighting existing contributions, major streams of research,
emerging areas, and noteworthy gaps, to finally suggest possible ways forward [16] in op-
erationalizing the UN Agenda. Indeed, given the pivotal role of research in accomplishing
the SDGs [12,17,18], not having a broad vision of scientific production and its evolution
makes it difficult to inform future research. Therefore, comprehensive studies are needed to
facilitate the integration of scholars’ contributions in order to assist the achievement of the
SDGs and provide a critical perspective around them [12]. In turn, SDGs have been offering
a unique opportunity to reinvigorate the international sustainability research agenda since
their adoption [18], as the exponentially growing scientific production around the SDGs
demonstrates [19].

Grounded on these premises and considering the enabling role of scientific research
towards the 2030 Agenda operationalization, several research questions arise:

- What approaches is research using/developing to support the achievement of the SDGs?

- How is research contributing to measuring progress in the SDGs at all scales?

- Which are the most investigated Goals, Targets, and sustainability domains, and which
need further research?

We have conducted a systematic literature review (SLR) to respond to these questions,
with a particular emphasis on the context of the European Union (EU). Indeed, the EU has
been a front-runner in shaping the SDGs and mainstreaming them into both initiatives and
impact assessments to support policies, as formally pointed out by the Better Regulation
Toolbox [20], thus pushing Member States towards implementing the 2030 Agenda [21].
Several valuable studies have been investigating these issues. However, they mostly
focused on a single dimension of SD, such as the measure of environmental sustainability
in the implementation of the 2030 Agenda [8]. Alternatively, they were focusing on specific
research domains, such as SDGs and the role of the business sector [22], poverty [23],
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plastics [24], circular economy, degrowth, and green growth [25], sustainability science,
and aspects of knowledge management [6]. When not focusing on specific topics, research
is dealing with the Agenda 2030 as a whole via the bibliometric analysis of thousands of
documents [19,26,27], or analyzing literature reviews [15]. Reference [17] identified the
most investigated SDGs by asking scholars from different geographic regions via experts’
snowball sampling, while [15] individually mapped the SDGs. No comprehensive study
focusing specifically on the EU was found. As a result, this study contributes to the debate
on the operationalization of the 2030 Agenda on several grounds. Given the highlighted
gaps, the major novelties of this research are listed:

- It goes beyond bibliometric analysis (which is included too), providing a detailed
content analysis on the approaches that scientific knowledge is using or developing to
achieve the 2030 Agenda, clustering them according to hierarchical terminology in
highly influential sustainability science [28], not yet linked specifically to the SDGs
as far as we know. These approaches could also be intended as a proper “Means of
Implementation” (Mols) of the SDGs, which are now more contentious than the goals
themselves and thus deserve much more attention in research [29] (p. 2). Finally,
review exercises to link SDGs and practical applications were claimed [15];

- Itadopts an interdisciplinary lens [6] rather than focusing on specific topics or siloed
goals to finally report on the 2030 Agenda as a whole;

- It provides a contextualized analysis of the implementation of the SDGs in a specific
geographical region, the EU, as it was claimed to be needed [17,30];

- It offers an overview of the most investigated SDGs using a text-mining, natural-
language-processing, and techniques-based tool, the SDG Mapper Tool [31], not yet in
use in the academic literature as far as we know. This mapping detects targets as well,
which is also new to the literature. Moreover, although papers in Scopus are mapped
against the SDGs via Elsevier 2022 SDG Mapping (https:/ /service.elsevier.com/app/
answers/detail /a_id /31662 /supporthub/scopuscontent/, accessed on 16 May 2022),
this only considers the record title, keywords, key descriptors, journal subject areas,
and abstracts, while our scanning maps the whole papers, including the ones coming
from Web of Science (WoS);

- It provides a qualitative overview of how research is dealing with different scales of
investigation, from global to urban and intra-urban levels, highlighting emerging trends.

This paper is structured as follows (Figure 1). Section 2 presents the background
regarding political entities (national governments, regions, municipalities) and ranking
methods (at the EU level) for progress measurements and voluntary reporting. Section 3
covers the research methodology followed within this study. Section 4 reports on the results
using a descriptive analysis (literature historical series, scale of investigation, and mapping
against the SDGs); it includes a bibliometric analysis based on key-word co-occurrence; and
it contains a complementary content analysis, clustering research according to the approach
adopted or set and the most recurrent streams of research. Section 5 discusses the results,
highlighting the limits of the research, emerging topics, major findings, and literature gaps
in relation to the research questions. Section 6 concludes and presents suggestions for
future research.


https://service.elsevier.com/app/answers/detail/a_id/31662/supporthub/scopuscontent/
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Figure 1. Paper’s workflow (authors’ elaboration).

2. Setting the Scene: Measuring Progress against the SDGs

The EU strongly committed itself to the SDGs with the six headline priorities set by
President Von der Leyen’s Commission (2019-2024), in particular by the European Green
Deal [32]. The EU is thus putting effort into producing and managing high-quality data. In
particular, Eurostat, the European Environmental Agency—DG Environment, and the Joint
Research Centre (JRC) are the institutions contributing the most to SDG monitoring in the
EU context [3].

Clear metrics and data are essential for countries to track progress and achieve the
goals [3,33]. The ‘European Sustainable Development Report’ [34] has been monitoring the
performance of all EU members, the United Kingdom, partner countries, and the EU as a
whole since 2019. The OECD published the ‘Measuring Distance to SDG Targets’ report in
2016, 2017, 2019, and 2022 [35], grouping country trends toward the SDGs. The ‘Monitoring
Report on Progress Towards the SDGs in an EU Context’ is published yearly [36]. The
analysis builds on the EU SDG indicator set, 100 indicators developed in cooperation with a
large number of stakeholders for the specific EU context and structured along the 17 SDGs.
Finally, "‘Measuring the Situation of the European Union with regard to the SDGs’ [37] by
the Italian Alliance for Sustainable Development tracks the progress of the EU on each SDG
by a subset of Eurostat indicators, covering the period 2010-2017 (with 2010 as a baseline).

2.1. Reporting at the National Level

The Member States report on SDGs on a voluntary basis via Voluntary National Re-
views (VNRs). According to [38], during the 2021 High-Level Political Forum, 42 countries
presented a VNR. Among these, eight were from Europe, 24 were at their second VNR
(Cyprus, Czech Republic, Denmark, Germany, Norway, Spain, and Sweden from Europe),
and 10 were at their third one. In total, 247 VNRs have been submitted to the HLPF
from 2016 to 2021 and approximately 90% of UN Member States at least submitted one
VNR [39]. Among the best practices identified by the ‘Repository of Good Practices in
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VNR Reporting’, in 2020 Finland reported on the 2030 Agenda as a whole, setting its
measurement around leave-no-one-behind, universality, multi-stakeholder joint work, and
no-silos principles [40], and making reference to the Planetary Boundaries by the Stock-
holm Resilience Centre [41,42]. The “UN Secretary-General Guidelines’ [43], complemented
by the ‘Handbook for the Preparation of Voluntary National Reviews’ [44], support the
preparation of a VNR.

2.2. Reporting at the Sub-National Level

A crucial step towards assessing the role of EU cities in pursuing the objectives of
the 2030 Agenda was established in 2020 with the first ‘European Handbook for SDG
Voluntary Local Reviews’ (VLRs) [45], updated in 2022 [46]. It provides policymakers,
urban practitioners, and experts with a set of 72 indicators (both official and experimental
ones) on relevant SDG targets that local governments may use in order to monitor progress
against the 2030 Agenda. The ‘Handbook’ is published in the ‘Urban Data Platform
Plus’, a joint initiative by the JRC and Directorate General for Regional and Urban Policy
(DG-REGIO) (https:/ /urban.jrc.ec.europa.eu/?Ing=en, accessed on 14 March 2022). The
platform provides access to information on the status and trends of cities and regions, EU
strategies supporting urban and territorial development, and the localization of the SDGs
by encompassing several tools. An initiative from the JRC is now ongoing to set the scene
for Voluntary Regional Reviews, with the first 10 pilot projects announced by the JRC [47].

3. Material and Methods

This paper adopts an SLR methodology to screen scientific documents on the achieve-
ment of the SDGs in the EU context. SLR is a research synthesis “conducted by review
groups with specialized skills, who [...] identify and retrieve international evidence that
is relevant to a particular question [...] and to appraise and synthesize the results of this
search to inform practice, policy, and in some cases, further research” [48] (p. 2). The
authors applied the Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines to assist the SLR process (http://prisma-statement.org/, accessed on
16 September 2022). The PRISMA 2020 checklist and flow diagram for the review process
are available (see Supplementary Materials). Specifically, the review process is further
detailed in Figure 2 and was organized into three main stages [49]: Planning the review,
Conducting a review, Reporting and dissemination.

3.1. Planning Stage

In the initial stages of the SLR, scoping studies have been conducted to assess the
relevance and size of published literature and eventual gaps, thus delimiting the subject
area and establishing a review protocol. The protocol arises from the research questions
presented in Section 1, focusing on scientific knowledge reporting on approaches for
explicitly achieving the SDGs and measuring progress against them in the EU.

A complex search string has been set by an iterative process to minimize bias, take
stock of the scientific literature on the topic, and work on a consistent but limited number of
papers given the extent of research published on the topic. The keyword Sustainable Devel-
opment Goal* has been combined with the keyword achiev*, in order to not get broad results
generally citing the SDGs. Thus, a list of keywords has been introduced as synonyms of Sus-
tainable Development Goal* (i.e., Agenda 2030, SDG*) and achiev* (i.e., attain*, implement*,
localiz*, mainstream®), resulting in a 30-keyword search string (see Appendix A—Table A3).

3.2. Conducting Stage

This stage involved systematic research on both Scopus and WoS, covering all articles
published from 2015 to 2022 (April). This period aligns with the adoption of the 2030
Agenda for Sustainable Development by Heads of State and Government. In Scopus, the
search string was applied to the article title, abstract, and keywords fields, while in WoS,
the search string was applied in the topic domain. In both databases, only Open Access
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and English-written papers have been selected. As for the document types, the research
was further framed by selecting article, conference paper, review, book chapter, book, or
data paper in Scopus, while in Web of Science, we narrowed the selection to articles, review
articles, proceedings papers, early access, book chapters, or data paper. In the Scopus
database, a total of n = 797 documents were retrieved, while n = 719 were retrieved in WoS.
A total of n = 899 documents constitute the initial paper database, as papers present twice
were removed.

Setting the panel members for preparing the review protocol
Exploring the scientific literature on approaches for measuring
progress and achieving the Sustainable Development Goals
(SDGs) in the EU and identifying the scope of the review

Setting the Search String (see Appendix A)

J

Step (A): Defining Databases and Selection Criteria
Databases
Scopus, Web of Science

Planning Stage

Coverage period
2015-2022 (April)

Applying selection criteria

Open Access papers

English papers

Article, Conference Papers, Review, Book Chapter, Book, Data
Paper type (Scopus)

Articles, Review Articles, Proceedings Papers, Early Access, Book
chapters, Data Paper type (Web of Science)

n=1521

Downloading and Merging databases n=899

Step (B): Defining Exclusion and Inclusion Criteria
Exclusion Criterion (1=yes, 0=no)
Papers not concerning the EU context

n=396

Inclusion Criteria (1=yes, 0=no)
Does the document propose and describe an approach to the SDGs? (0.5/1.0) @
Does the document report on progresses measurement to SDGs? (0.5/1.0)

Step (C): Reviewing and Analyzing

Reading the selected papers and further refinement according to (B)
Meta-analysis (Temporal distribution, SDG mapping, Scale of application,
Type of approach, recurrent research domains)

{

General Discussion on descriptive, bibliometric, and content analysis
and comparison with previous related research on this field

Conducting Stage

Identifying consilidated research areas and literature gaps

Synthesis and recommentations for future research studies

Reporting Stage

Figure 2. Systematic literature review protocol (authors’ elaboration).

A first exclusion criterion was applied by reading abstracts and titles, thus scor-
ing the papers in a binary system (1 = yes, 0 = no) and excluding papers reporting on
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specific case studies outside the EU context (0 scores). However, papers of a general
nature (e.g., providing a framework for analyzing the water-food-energy nexus) were con-
sidered as well. After this first refinement, the database was composed of n = 396 papers.
An inclusion criterion was introduced to further narrow the selection, responding to at
least one of the two questions (0.00 = no in both questions, 0.50 = yes in one of the two
questions, 1.00 = yes in both questions):

- Does the paper propose/use and describe an approach assisting the achievement of
one (or more) SDG(s)?

- Does the paper report on progress towards the achievement of one (or more) SDG(s)
at the EU, regional, national, or sub-national level?

After finalizing the process, n = 152 documents were included in the review. Finally,
14 of them were excluded as they did not describe the approach mentioned, or they were
found to be not concerning the EU context after reading. As a result, 138 documents
constitute the database of this review. Previous research on the topic is acknowledged too
(Sections 1, 5 and 6).

Descriptive analysis reports on literature historical series, the spatial scale of investi-
gation, and mapping against the SDGs. As for spatial scale analysis, all selected papers
were clustered, when applicable, in global, EU, national, sub-national, urban, intra-urban,
and rural scales. We used the SDG Mapper tool from the KnowSDG Platform by the
JRC (https:/ /knowsdgs.jrc.ec.europa.eu/, accessed on 6 June 2022) to match papers with
the 2030 Agenda goals and targets. This allows us to have a stronger overview of most
investigated SDGs than attributing papers to certain goals based on our personal feelings,
as well as go beyond goals and detect targets, too. This open-source web-based application
has been already used for mapping the European Green Deal policies against the SDGs and
adopts a text-mining, keyword-based approach [31]. It allows users to map any document
on both goal levels and target levels in real-time in order to identify semantic links between
documents and the 2030 Agenda. One can also download results about the individual or
aggregated document mapping in table format for further in-depth analysis, as well as a
final summary report. Bibliometric analysis of keywords’ co-occurrence was performed
by VosViewer.

Finally, content analysis was performed [50]. Given the extent of the scientific produc-
tion and the heterogeneity of emerging sustainability domains, systematizing knowledge
was needed. To do this, we employed the hierarchical terminology for approaches to
sustainability science reported in Figure 3, adapted from [28,51]. This was due to our desire
not to present the results according to individual goals, in order to avoid siloed analysis,
but rather emphasize the intertwined nature of the SDGs and report on the 2030 Agenda
as a whole. Moreover, according to the mapping results (Figure 4), papers may refer to
several SDGs at the time, which would not allow for easy clustering of them per goal. In
addition, the highly influential terminology adopted constitutes a way to report on different
approaches from highly heterogeneous research domains. As such, selected papers fit the
proposed structure. Considering that each type of approach is given a sub-paragraph in the
results section, papers may appear more than once (e.g., when reporting on a methodology;,
related methods, and resulting measurements). Relevant and recurrent fields of investiga-
tion were identified per each type of approach as well to highlight consolidated streams of
knowledge, emerging areas, and research gaps.

3.3. Reporting and Dissemination Stage

This stage is meant to discuss the findings, identify major gaps, and elaborate conclud-
ing remarks, thus paving the way for future research and implementation. The discussions
of the results highlight consolidated scientific knowledge areas, emerging topics, and gaps
in relation to the three research questions. Based on this, major recommendations are
reported in the Conclusions to advance research supporting the achievement of the SDGs.


https://knowsdgs.jrc.ec.europa.eu/

Sustainability 2023, 15, 7055

8 of 37

Sustainable Development Goals
17 Goals, 169 Targets, and 239 Indicators setting the pathway towards Sustainable Development
in social, economic, and environmental dimensions

information about

Figure 3. Hierarchical terminology adopted for clustering the approaches retrieved in the selected
papers for detailed content analysis (authors’ elaboration, terminology based on [28]).

| Scopus
Web of Science

650
600
550
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Figure 4. Temporal distribution of papers responding to the search string (authors’ elaboration via
https:/ /flourish.studio/, accessed on 16 January 2023.
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4. Results
4.1. Descriptive Analysis

Figure 4 highlights the annual distribution of all papers from Scopus and WoS, respond-
ing to the search string on approaches by scientific research supporting the achievement
of the SDGs. The topic is gaining momentum, and at the time this manuscript is finalized
(September 2022), 430 new papers have already responded to the search string in Scopus.
Figure 5 reports on how selected papers are matching the 2030 Agenda at the goal level,
while Figure 6 focuses on the target level, reporting only on target-related keywords with
more than 200 “occurrences” in all documents (see Appendix A—Table A2 for the full
name of the most detected targets). All SDGs were matched, as well as more than 90% of
targets (no matches for target 1.a, 1.b, 3.c, 10.5, 10.a, 11.c, 12.a, 13.b, 14.a, 14.b, 15.c, 16.2, 16.9,
17.3,17.4,17.5,17.12) (for the complete target list: https://sdgs.un.org/goals, accessed on
15 September 2022).

1646 occs.

Figure 5. Occurrences of 2030 Agenda Goals-related keywords in all selected papers (authors’
elaboration based on the SDG Mapper Tool).

After reading the selected papers (Table 1), a proper scale of investigation was iden-
tified (Figure 7), if applicable. The national scale is still the most investigated, but urban
studies are growing fast. Papers at the EU scale often adopted a global perspective (and
vice-versa). Poor attention to small rural centers was highlighted. A deeper analysis was
conducted to link the scale of investigation to the time of publication to eventually detect
any trend (Figure 8). Papers before 2018 were mostly setting the scene for further stud-
ies on actual SDG implementation across governance levels and research domains (“Not
applicable”), so they were not included in this analysis.
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Figure 6. Occurrences of 2030 Agenda targets-related keywords (>200) in all selected papers (authors’
elaboration based on the SDG Mapper Tool).

Global
EU

Not

applicable

Scale of
investigation
Rural
Intra-Urban

National

Regional

Urban

Figure 7. Scale of investigation in selected papers (authors’ elaboration).
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Table 1. List of selected papers.
Year of Publication Reference
2015 [52]
2016 [53-55]
2018 [6,29,56-72]
2019 [5,73-97]
2020 [98-131]
2021 [14,87,132-183]
2022 [184]
—
=
obal
National
— I
o — T
ntra b
'

Figure 8. Temporal trend of the scale of investigation in selected papers (authors’ elaboration via
https:/ /flourish.studio/, accessed on 16 January 2023).

4.2. Bibliometric Analysis

Bibliometric analysis is meant to explore the conceptual structure in the research
field [185]. In total, 342 keywords were extracted from the selected papers in Scopus
and WoS by a RIS file via the Mendeley Reference Manager. The minimum occurrence
number of a keyword was set as 2 (51 keywords in total), and 8 clusters were obtained
(Figure 9). The size of the nodes refers to the keyword occurrence, while line thick-
ness is linked to the strength of the pair of keywords. “Climate change” is the key-
word with the most occurrences (6 times), followed by “Indicators”, “Circular Economy”,
and “Implementation” (5), “Environment”, “Socio-ecological systems”, “Innovation” and
“Sustainable Development” (4), and “Construction Industry”, “Waste Management”, “Re-
mote Sensing”, and “Water Management” (3). The strongest keywords related to “Sustain-
able Development Goals” are “Environment” (16 points), “Climate change” (14), “Indica-
tors”, “Cross-sectoral engagement”, “Determinants of Health”, “Equity”, “Governance”,
and “Socio-ecological Systems” (12), “Sustainable Development” (11), and “Circular Econ-
omy” and “Construction Industry” (9). The overlay visualization (Figure 10) shows the
time trend of keywords.

4.3. Content Analysis

This section provides a detailed outlook of what Mols are developed or mostly used
by academic research to assist the achievement of the 2030 Agenda and report on specific
progress measurements. As stated, Mols are presented by adapting the terminology proposed
in Figure 2, reporting on the contribution of scientific research to the implementation of the
2030 Agenda as a whole. In addition, recurrent relevant fields of investigation have been
detected a posteriori throughout the scientific literature in order to make major streams of
research on SDG achievement emerge. They concern governance, circular economy, ecosystem
services, education and culture, urban localization, decision making, interlinkage assessment and
prioritization, progress assessment, and financial (plus other) domains. Thus, Figure 11 highlights
the matching between Mols and recurrent research domains per number of papers.
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Figure 11. Qualitative overview on the approaches and most recurrent research domains based on the
number of papers (authors’ elaboration via https:/ /flourish.studio/, accessed on 16 January 2023).

4.3.1. Frameworks

Governance is the way Agenda 2030 will be translated at national and subnational lev-
els, thus its importance for SDG achievement is incontestable [52]. Governance for Agenda
2030 encompasses four domains: participation, reflexivity and adaptation, democratic insti-
tutions, and policy coherence [73]. The ‘Framework for policy coherence for Sustainable
Development’ by OECD “shall help policy-makers to adapt institutional arrangements
and processes in order to increase coherence in policy design and implementation” [73]
(p- 3). The concept of “Metagovernance” was further introduced, i.e., the “Governance
of Governance” [132], the governance of basic governance styles (hierarchical, network,
market). Five approaches to Governance emerged in the framework proposed by [133] for
operationalizing SDGs: (i) the construction of normativity to translate global goals into
local contexts and back; (ii) the extension of the sustainability concept as a model for society;
(iii) policy integration and analysis of interactions; (iv) the involvement of social actors;
and (v) the need to orient individual and collective choices to restore production and con-
sumption patterns. The framework by [132] recognized four priority issues for improving
institutional capacity towards the SDGs (making public administration and governance
a strategic policy area, starting reforms to promote effective public administration and
governance, applying meta-governance of governance styles, and overcoming silo mental-
ity). A framework for “Implementation, Monitoring, and Finance” was proposed by [29]
as a starting point to hold governments, international organizations, and non-state actors
accountable. An “Integrative Framework” to design and implement SDGs for sustainability
transformation in four stages (inform; activate; innovate; and transform) was proposed
by [98]. Finally, a three-module Novel ICT Framework [74] was proposed: data, sustain-
ability, and governance, providing adaptive, network, collaborative, fair, accountable, and
trustworthy governance.
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The Circular Economy (CE) is an umbrella concept requiring a paradigm shift [134],
thus a pre- and necessary condition for SDGs. Reference [56] performed a literature
review on CE with a specific focus on sustainable supply chain management research.
The “House of Sustainability” framework highlights the interconnections between CE and
Industry 4.0 tools [135]. In [136] they proposed a conceptual framework for the transition
toward resource use efficiency (smart innovations; resource use efficiency in industrial
ecology, water reuse, cleaner production, and renewable energy; achieving SDGs by reusing,
reducing, refurbishing, recycling, repairing, and remaking).

As for Ecosystem Services (ES), a conceptual framework was provided [75] to analyze
spatial relationships between ES and SD. Interdisciplinary research in support of conser-
vation policies to finally safeguard mountain integrity was highlighted in a conceptual
framework based on the Humboldtian approach (i.e., on a transdisciplinary view of nature
and human society) [76]. The framework for “No Net Loss Policies” [77] was set to extend
the “global mitigation hierarchy” for the nature conservation concept [186], focusing on mit-
igating the biodiversity impact of an infrastructural expansion. An operational framework
for improving water governance is provided by [99], while [57] proposed a framework
for a theory of change to drive agricultural transformation under climate change. Refer-
ence [100] proposed a holistic and systemic framework at a human ecology perspective,
showing how studying the interrelations between biotic and abiotic factors; cultural, social,
and individual human factors; and artifacts delimited by situations, habitats, or larger
ecosystems may endorse radical societal change for the SD.

Given the tremendous role of Education and Culture in promoting the 2030 Agenda
and a more sustainable society [137,138] set a theoretical framework for implementing the
SDGs in university programs. Focusing on achieving target 4.7, Reference [78] designed a
youth-led framework for monitoring SDG achievement. Reference [139] twinned the U-I-G
Triple Helix framework for Innovative Development (University-Industry-Government)
with a U-P-G (University-Public-Government) Triple Helix.

As for the Urban localization domain, Reference [79] set a conceptual framework for
a ‘Health-in-All-Policies” approach informing and improving transport and urban plan-
ning, considering Urban Health as a catalyst toward all SDGs. A six-level framework was
proposed by [80] to localize SDGs (map the system, set a vision with goals and indicators,
identify strategic guidelines, take action, identify and elaborate tools for implementation,
and perform planned readjustment based on monitoring and reporting systems). A frame-
work for clustering urban surface use as a means to boost climate resiliency was set by [101].
Reference [102] developed a framework for classifying existing energy models for building
stock, enabling the comparison among them across different scales (cities, regions, and
countries). The concept of integrated spatial and energy planning was mentioned by [103]
to address the interrelation between spatial structures and shape the energy transition by
assessing the spatial dimension of energy demand and energy supply in a holistic way. The
Prediction-Adaptation-Resilience framework was introduced to support urban planners
and local administrators to foster urban resilience, climate adaptation and mitigation, and
SD from a socioeconomic and environmental perspective [140].

In the field of Decision Making, Reference [58] reports on a framework for Spatial
Multi-Criteria Decision Analysis, consisting of an Intelligence Phase (problem definition), a
Design Phase (a decision matrix), and a Choice Phase (sensitivity analysis).

In the field of Interlinkage Assessment and Prioritization, the approach by [59] tri-
angulates across methods of critical analysis, conceptual modeling, and keyword network
analysis to derive seven “overarching directions” that could provide a prioritization frame-
work to implement the SDGs.

In Other domains, the Ecocentric Management Mindset framework [141] was drawn
to drive multinational enterprises to implement corporate sustainability initiatives and
achieve the SDGs. Finally, the concept of bioeconomy was implemented at the political
level in the EU in 2012 [142]. “Since the bioeconomy is being used as a means to meet SDGs,
a bioeconomy transition should be planned and evaluated in an SDG context” [104] (p. 2).
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In this perspective, reference [104] provided a systems-archetype mapping framework
using systems engineering for sustainable bioeconomy transitions.

4.3.2. Methodologies

MCDM (Multiple-Criteria Decision-Making) techniques refer to the research field of
Decision Support systems [58] facilitating the Decision-Making process. Reference [143]
carried out a literature review on MCDM supporting the achievement of SDGs, clustering
them into utility-based, compromise, multi-objective decision making, outranking, and
other methodologies. Cross-impact analysis “combines a qualitative interactions assess-
ment facilitated through cross-sectoral dialogues and quantitative network analysis to
single out the most important information for strategic decision-making concerning tar-
get interactions and achieving the SDGs”, to finally foster the “policy coherence” across
different policy domains [81] (p. 5). The most established methodology for this is Impact
Assessment (IA). The most used IA methodologies in the European Commission legislation
are model-based technical studies [81]. Among these, Life Cycle Assessment (LCA) is
a widely accepted method capturing overall impacts on the environment for any given
activity, although integration of LCA for Decision Making (DM) is still to be explored [144].

In the Education and Culture domain, [187] provides a concise five-step methodology
for incorporating SDGs into universities, while [145] proposed a four-step methodology to
integrate the 2030 Agenda in universities.

In the Urban Localization domain, Health Impact Assessment could advance SDGs
related to Urban Health according to [80].

In Other domains, Citizen Science (CS) is a methodology involving volunteers in the
scientific process for data collection, and it has been used extensively for environmental
monitoring purposes [146]. CS must comply with the ten principles established by the
European Citizen Science Association [188], and in the context of the SDGs, it has been
recognized as a potential support to the measurement of 76 indicators [105].

4.3.3. Methods

In the context of Decision Making and MCDM for SDGs, the utility-based AHP (Ana-
lytic Hierarchy Process) turned out to be the most used method, followed by TOPSIS (Tech-
nique for Order Preference by Similarity to Ideal Solution), DEMATEL (Decision making
trial and evaluation laboratory), PROMETHEE (Preference Ranking Organization Method
for Enrichment Evaluations), VIKOR (Vlsekriterijumska Optimizacija I KOmpromisno
Resenje), ANP (Analytic Network Process), ELECTRE (Elimination and choice translating
reality), COPRAS (Complex Proportional Assessment), etc. [143]. Hybrid approaches (such
as AHP-TOPSIS and DEMATEL-ANP) are also popular, as well as a combination of MCDM
and non-MCDM methods (SWOT analysis, Delphi method, GIS—Geographical Informa-
tion Systems, multi-stakeholder approaches, participatory techniques, and Al—Artificial
Intelligence algorithms). ICT (Information and Communication Technologies), communi-
cation technologies, and social media could provide alternative platforms for enhancing
engagement [82]. Interviews, collective dialogue sessions, focus groups, workshops, and
discussions with groups of experts are among the main collaborative approaches [83].
Reference [60] used the focus group technique for analyzing drivers and barriers toward
investment in the energy efficiency measure. Online questionnaires were often used to
reach domain experts [61,106,138]. MCDMs were investigated to identify the most rele-
vant quality of life indicators that can be captured by remote sensing, then an AHP was
performed [58]. The Combined Compromise Solution (CoCoSo) method was used [107] in
combination with Shannon Entropy to assess progress toward SDGs in the EU. Results were
confirmed by applying WASPAS and SAW as well. The DEA (Data Envelopment Analysis)
approach allowed [147] to assess the role of human capital and technology in achieving
SDGs through a carbon-free energy system. A parallel DEA model was used to assess the
efficiency of each part of the water-energy-food system and its overall efficiency [148]. The
Delphi method allows arriving at a group opinion or decision by surveying a panel of
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experts, when empirical data is lacking, to support consensus and aggregate large amounts
of information [81]. It was used in [149] to weigh the Eurostat indicators for SDG 7 in
the EU.

In the Ecosystem Services domain, a Delphi-survey among experts was used by [75]
to derive a cumulative sustainability index for ES assessment in the main Alpine valleys.
Reference [62] set a method by which each target of SDG 2, 6, and 7 was analyzed for its
input requirements, infrastructure needs, and risks/benefits for the provision of ES.

In the Education and Culture domain, DEA was used by [108] to assess the efficiency
of European universities in achieving SDGs.

Several evaluation approaches exist for Health Impact Assessment in the perspective
of SDG Urban Localization: the Health Economic Assessment Tool (HEAT) for walking
and cycling, the Integrated Transport and Health Impact Modelling (ITHIM), the Trans-
portation, Air pollution and Physical Activities (TAPAS), the Urban and Transport Planning
Health Impact Assessment (UTOPHIA), or the Blue Active Tool [79]. SWOT analysis
was used by [150] to evaluate a refurbishment project in Bologna, Italy. Co-design was
found to be a promising tool to address discrepancies between SDG theoretical /conceptual
frameworks and their implementation to support urban transformations for SDG Urban
Localization [151]. A workshop with seven strategic planners was also held in Ostergtland
Region, Sweden to identify how the officials’ management tasks could be related to the
SDGs and detect potential challenges to their implementation [63].

As for Interlinkage Assessment and Prioritization, cross-impact analysis among
targets to detect trade-offs and positive interlinkages is required to help decision makers
take the best decision, rather than finding “optimal solutions” [81]. Relationships among
SDG targets “can be analyzed using a variety of tools such as LCA, material flow analysis,
input-output analysis, multi-sectoral system analysis, integrated assessment models and
general linear model statistical analyses” [64] (p. 6). EFA (Explanatory Factor Analysis)
was used to assess the connections between each SDG and the three pillars of the SD [109].

As for Progress Assessment, PCA (Principal Component Analysis) was used to com-
pute the score for the achievement of SDGs with multiple indicators [109]. In [149] they
used cluster analysis to assess progress against SDG 7 in the EU-27, a method of multivari-
ate comparative analysis allowing for comparison between objects in selected attributes and
setting groups with an object having similar characteristics. Usual approaches for cluster
analysis are K-means, nearest neighbor, median, center of gravity, and Ward methods. A
combinatorial approach between DEA and AutoML (Automated Machine Learning) was
used for the attainment prediction of SDGs at a country level [110]. In [152] the authors
used DEA to assess the efficiency in meeting SDGs in 2019 for all countries. Nine thematic
workshops were held, involving 89 Ministry officials, to discuss the prioritization of SDG
targets and detect factors of success and limitation of mainstreaming the 2030 Agenda in a
Spanish context [111].

In Other domains, spatial and statistical data could be analyzed with multiple regres-
sion, to investigate which explanatory variable best describes the dependent variable, thus
determining a trend. X-STATIS, belonging to the STATIS family of methods, is useful for
getting relevant information from a three-way table by constructing a commitment matrix
that summarizes the information [153]. SWOT was employed by [154] for assessing how
Al can contribute to SDGs.

4.3.4. Measurements

In the Governance domain, according to [73], participation is the governance variable
with the most significant positive relations to achieving SDGs, while policy coherence was
found to be fundamental in achieving SDGs 15 and 17.

In the Ecosystem Services domain, Reference [61] found that 16 ES could vitally
contribute to 41 targets from 12 SDGs. Reference [155] found that ES benefit all SDGs
directly or indirectly, highlighting their role in preventing possible future pandemics.
Reference [106] found that SDGs 1, 2, 3, 5, and 8 were the most ES-related goals, with
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SDGs 17, 9, 8, and 5 showing few linkages. ES’ role in the Alps region was assessed
by [75], revealing that natural, mountainous regions are hotspots of ES supply, whereas
high demand is mostly associated with urban areas and intensively used agricultural areas.
Besides targeted climate mitigation policies, a direct implementation of the SDGs into
policy frameworks was found to allow a more rapid cut in CO, emissions [156]. According
to [157], productivity growth and CO, emissions have a U-shaped relationship, with growth
reaching a minimum point and then starting to increase again while CO, emissions are
rising. The impact of agroforestry was found to be stronger mostly against SDGs 2, 11, 13,
and 15 [112].

In the Education and Culture domain, SDG integration in educational programs
and research was found to be central to shaping future minds and fostering a culture for
SD [65]. According to [113], the education-CO; emission patterns and economic growth-
CO; emission patterns have an inverted U-shaped relationship for OECD countries: with
the rise of education, awareness, technological innovation, and economic growth, CO,
emissions decrease. Only a few European universities are already efficient in meeting SDGs,
with major gaps in SDG 17 [108], although research might benefit all SDGs [65].

As for SDG Urban Localization, it was demonstrated how the energy demand in
Germany could be reduced by about 1/3 of to the annual average consumption by designing
a reference building powered by photovoltaic panels [114]. Reference [158] demonstrated
that the energy mix and the use of alternative energy sources, biomass in particular, is
highly compatible with SD policies in the EU-28 and Poland.

As for Interlinkage Assessment and Prioritization, reference [66] mapped synergies
and trade-offs between energy-related issues and SDGs, highlighting complex links be-
tween energy systems and well-being, infrastructure, and the environment. In [106], SDGs
1,2, and 6 were considered priorities in all macro-globally, while SDGs 8, 9, and 17 were
considered less urgent both globally and in Europe. In [159] they identified 33 priority
targets by their political feasibility and stakeholder perceptions to cluster them into de-
terminant, critical, regulator, relay, autonomous, and resultant targets. Implementing
emission-reduction objectives could further imply some trade-offs in poverty reduction,
with countries proposing more ambitious targets being more penalized than others [84],
thus slowing down the achievement of SDG 1.

As for Progress Assessment, EU-27 countries have been assessed against SDGs based
on 17 selected indicators in [107] from 2015-2018. Reference [160] compared the achieve-
ment status of SDGs in Western and Eastern European countries. A positive trend of 58
Spanish cities towards SDG 11 was assessed by [153]. Reference [149] investigated SDG 7
achievement in the EU-27. Reference [109] demonstrated that the social and environmental
pillars of SD affect the most the achievement of the SDGs in developed countries.

As for Financial Issues, reference [85] assessed the costs and characteristics of the
global pathway toward both the Paris Agreement and SDG 6. Still, for SDG 6, in [67] they
revised targets 6.a and 6.b and their indicators, thus suggesting consistent investment for
achieving the goal, as well as the disaggregation between financial and capacity-building
assistance by states. Almost 25% of all budgetary programs have been found to have an
impact on SDGs in the Spanish case, in particular for SDGs 1, 4, 7, 8, and 16 [115].

In Other domains, reference [161] linked 55 bioeconomy impact categories to at least
one SDG indicator. In particular, SDG 12 was found to strongly benefit from bioeconomy
development. The Sharing Economy was found to insignificantly contribute to SDGs [162].
Reference [14] found that the horizontal accountability for SDG implementation in national
government mechanisms is still limited by assessing 2016-2019 VNRs. Reference [68]
compared EU countries and the US’s, China’s, and Russia’s performances against the SDGs
based on the SDG Index 2017 and sustainability strategies.

4.3.5. Models

As for models to assess Circular Economy, reference [135] mentioned Circulytics® by
the Ellen MacArthur Foundation, Cradle to Cradle Certified® by Cradle-to-Cradle Products
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Innovation Institute, Evaluation of Regional Circular Economy based on Matter Element
Analysis, and IFIXIT.

As for the Ecosystem Services, 23 modeling tools were found to support the analysis
of ES’ role against the SDGs, with just a few of them being able to assess trade-offs between
multiple ES, but none able to assess them all [61]. Reference [85] used the MESSAGEix-
GLOBIOM Integrated Assessment Model to assess integrated water-energy-land systems
transformation and estimate the costs and characteristics of the global pathway toward
SDG 6. The DPSIR (Driver-Pressure-State-Impact-Response) model, developed by OECD,
was employed to measure the achievement of SDG 6 [163].

The System Dynamics-based family of models was mentioned by [69] for comparing
and choosing among competing sustainability initiatives, as well as GMADM, a Graphical
Multi-Agent Decision-Making model.

In the field of SDG Urban Localization, a rapid-modeling approach for assessing
urban bioclimatic conditions was developed by [164] to carry out fine-scale simulations.
Reference [86] employed ENVI-met, a Computational Fluid Dynamic model for assessing
environmental quality in a public space. A dasymetric mapping technique was used to
disaggregate census data into smaller spatial units with a greater consistency of variable
actual distribution, rather than using artificially imposed limits (such as administrative
boundaries) [165]. Reference [140] reported on CA-MC, SLEUTH, and ANN as the most
suitable models for urban growth simulation and prediction. Autodesk REVIT, a BIM
(Building Information Modeling) software, was used by [114] to model a scenario for new
building construction as a way to face SDGs 7, 9, and 11.

In the Progress Assessment domain, in [74] they cited several forecasting models.
Among these, there are IMAGE, MESSAGE-GLOBIOM, GCAM4, REMIND-MAgPIE, and
WITCH-GLOBIOM. In [87,88] the authors cited Auto-Regressive Moving Average (ARMA),
Auto-Regressive Integrated Moving Average (ARIMA), and Facebook Prophet models
as suitable to solving time-series forecasting problems in an SDG attainment prediction
assessment perspective.

In Financial Issues, in [84] they used a recursive-dynamic Computable General Equi-
librium (CGE) model, mimicking the functioning of the world economy and encompassing
SDG indicators, to assess both climate mitigation costs and benefits to poverty and inequal-
ity reduction.

In Other domains, in [147] they employed the QARDL (Quantile Autoregressive
Distributive Lag) econometric model to test the stability of the relationship between human
capital, technological innovation, energy, and environmental pollution, and SDGs. A
Structural Equation Model (SEM) was used to highlight which of the underlying SD pillars
is the most effective for achieving SDGs in all countries [109].

4.3.6. Tools

Most suitable Digital Technologies (DTs) for achieving the SDGs were clustered
by [144] in agriculture and food production (remote sensing and GIS, APP-based agri-
cultural services, precision agriculture, robotics, Al, genomics, bioinformatics, and Big
Data); clean water for all (Al, data and water quality sensing); energy challenges (renewable
energy sources management, smart grid integration, and energy efficiency); industry and
social well-being (Industry 4.0 for sustainable manufacturing and e-Health technologies);
and climate research (global biodiversity assessment, ecological monitoring, and Digital
Earth observation data). Specifically, ICT may boost the nexus between water and food sys-
tems in urban agriculture practices [166], while Al may directly support the achievement of
45 SDG targets [167]. Many DTs may cooperate with Al in the SDG attainment [89], such as
Internet of Things (IoT), 3D technologies, blockchain, 5G communication infrastructure, Big
Data, Digital Twin, Smart Territories for urban and rural data management, and emerging
technologies (e.g., quantum computing, driver-less cars, etc.) [154]. Specifically, Big Data is
a potential catalyst for all SDGs [116,168]. In the eHealth domain, in [53] they focused on
the role of Assistive Products as a means to reduce inequalities and leave no one behind.
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Disruptive technology and Industry 4.0 might massively benefit the achievement of SDG 9
according to [117].

Adopting blockchain technology may secure loT applications for SDG achievement [169],
which may in turn boost the Circular Economy “through informed decision making across
sectors such as electrical and electronic wastes” [168] (p. 5). CPSs (Cyber-Physical Systems)
are key aspects of Industry 4.0 and CE. In [135] they identified six components to fully develop
CPSs: sensors; actuators; power supply; analog and digital hardware components; networks;
and microprocessors for software execution. Eighteen CPSs have been further identified as
means of implementing SDGs in the different stages of CE.

In the Ecosystem Services domain, clean and green technologies are broadly defined
as technologies to protect the environment and conserve resources [170], seeking to preserve,
track, and reduce the harmful effect of technology on the environment [147]. Nature-Based
Solutions (NBS) were mentioned as possible strategies to avoid future pandemics by
coupling ES and socio-economic development, thus minimizing trade-offs, promoting
synergies, and addressing multidimensional development issues to foster the SDGs [155].
The role of Carbon Capture Technologies has been discussed in [184] (pre-combustion,
post-combustion, oxyfuel combustion technologies).

In the Urban Localization domain, they identified construction technological solutions
providing increased energy efficiency in residential buildings in [70]. Interactive graphical
tools may support collaborative investigation and design for achieving SDGs too, as in the
case of MetaM AP, an instrument to design initiatives for localizing the 2030 Agenda [69].
In [171] they used Vehicle Routing Problem (VRP) and Capacitated Vehicle Routing Problem
(CVRP) algorithms, in combination with Google Maps for visualization, to optimize urban
waste management in a Norwegian municipality to assist waste-related SDGs. Spatial data
are crucial tools for localizing all SDGs [118] and measuring progress against them. They
should be FAIR (Findable, Accessible, Interoperable, and Reusable) for sharing knowledge
among communities [90]. Quantum GIS (Q-GIS) is the most used open-source software
for spatial analysis. It was used by [165] to monitor SDG 11 in Bari municipality, Italy at
an intra-urban scale. They found joining the 1-arcsec Shuttle Radar Topography Mission
(SRTM30) and the Advanced Land Observing Satellite (ALOS) World 3D-30 m to be a
reliable DEM (Digital Elevation Model) data source for estimating the vertical component
of built-up areas at a global scale. At an intra-urban scale, the authors used the LIDAR
technique (Light Detection and Ranging or Laser Imaging Detection and Ranging) to extract
building footprints and volumes, as well as Urban Atlas by Copernicus Land Monitoring
Service to provide land cover and use the information for urban areas’ building uses. An
ideal urban policy database was suggested by [91] to enable real comparative analysis
among city SD policies. Copernicus’ European Settlement Maps, providing 2.5 m resolution
data on built-up areas, and tree cover density were combined by [86] to observe the public
space network and support scenario design.

ARC-Gis by ESRI was used by [75] to analyze Ecosystem Services in the Alps region.

In the Progress Assessment domain, by using time series as nodes of a bottom-up
hierarchical classification technique, [88] forecasted whether a geographic area will meet
SDGs at a certain time. The R-Studio software with the deaR package was used to assess
the Malmquist index by [119] and assess Spanish local governments in the fulfillment of
the SDG 6.

As for Financial Issues, budget allocation is essential to achieve SDGs [29,52,54,134],
and an increasing number of countries are considering integrating SDGs into their budget
processes [115]. New financing models, such as donor funds and accounting approaches for
projects are needed to shape the course of development on sustainable paths [54]. Among
the economic tools supporting the 2030 Agenda, the nation’s subsidies (i.e., “a category
of economic instruments for environmental policies, alongside other types of economic
instruments such as taxes, tradable permits, regulated tariffs, deposit-refund schemes, road
pricing”) [134] may specifically support CE. In [92] they addressed the need for policies to
finance green products as a means to achieve the SDGs, while other scholars [55] reviewed
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policies and practices for building renovation and adaptive reuse, which in turn is related to
the achievement of energy-related SDGs in cities. Subsidies, tax deductions/credits, grants,
and low-interest/no-interest loans are the most used financial tools by EU governments for
energy efficiency measures. Sustainability report publishing was identified as an enabling
factor to starting an organizational change for sustainability in companies [172], avoiding
“cherry-picking” among SDGs in financial and non-financial reporting [120].

In Other domains, the Global Food Price dataset, assessing the level of sustainability
of food choices available in the market to achieve zero hunger, was diagnosed for outlier
detection [173]. In climate research, “contemporary earth observation sensors such as
multispectral, hyperspectral, microwave, and LiDAR provide high spatial and spectral
resolution data utilizing diverse wavelength regions of the electromagnetic spectrum” [144]
(pp- 15-16). A massive volume of data is thus produced, and processing such data using
LiMES (Live Monitoring of Earth Surface) and XROI (an open-source toolkit facilitating
time-series extraction) may help non-experts in remote sensing to derive useful information
out of raw data too. Besides official RS imageries, volunteer crowdsourced mapping,
especially on the OpenStreetMap project, has become a source for detailed and timely
spatial data, referred to as Volunteered Geographic Information [174]. The Global Inventory
Monitoring and Modeling System is a robust dataset on the NDVI (Normalized Difference
Vegetation Index) worldwide coming from remote sensing, as highlighted in [121]. In this
research, they used satellite data captured and digitized by Landsat, Sentinel-2, and MODIS
for cropping intensity mapping in eight different case studies. They also used Global
Food Security-support Analysis Data, a dataset providing global cropland /non-cropland
identification;, PALSAR-2/PALSAR Forest/Non-Forest Map provided by JAXA (Japan
Aerospace Exploration Agency); Global Surface Water Mapping Layers provided by the
JRC and Google, and Global Human Settlement Layers by the JRC, which produce and
analyze maps on the global built-up surface, population density, and human settlement
thematic maps in order to understand the human presence on the planet.

4.3.7. Indicators

Indicators can be quantitative, semi-quantitative, or qualitative, and they could be
derived from a model, tool, or direct measurements [28]. Besides the official indicators
provided by the UN for each target, and translated by Eurostat for the specific EU context,
research is putting effort into implementing new indicators supporting the mainstreaming
of the SDGs.

For instance, in the Governance domain, a novel strategic culture indicator was
proposed [173] as a more accurate governance indicator, measuring the variety of urban
strategic planning processes taking place in a territory over time. The 13 Sustainable
Governance Indicators (SGI) by [73] were used to measure different aspects of governance
from the SDG perspective.

In the Ecosystem Services domain, the 24 indicators presented in [189] were used
by [75] and then linked to SDGs to provide an overview of the status of ES in the entire
European Alps at the municipal level and inform social and political actors. Water Foot-
print (WF) assessment could support different stakeholders in achieving SDG 6, moving
beyond volumetric measurement toward a more comprehensive view of water exploita-
tion [176]. In [122] they proposed 14 indicators, collected by a literature survey, to assess
integrated water management systems under target 6.5. A national blueprint framework
with 24 indicators for measuring SDG 6 was set by [123], highlighting the importance of a
circular perspective for water management and quantitative policy targets. Reference [121]
reconstructed the NDVI time series, detecting the presence of vegetation on the planet and
its over-time evolution by using remote sensing techniques. A set of 87 indicators was
established by [184] for assessing the role of carbon capture technologies against all SDGs.

In the Education and Culture domain, as reported in [145], the University of the
Basque Country (UPV/EHU) provides a list of 58 indicators to carry out the SDG moni-
toring process in universities. A composite indicator, namely the Green Metric Indicator
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Contributions Index, was developed by [177] to sum up the percentage contribution to
each Ul Green Metric Indicator [190] in sustainable campuses. In [93] they selected and
weighted 14 indicators to set a composite culture value index.

As for SDG Urban Localization, reference [124] reported on KPIs from CESBA-MED
for Sustainable Cities and CESBA-Alps for Sustainable Territories. Reference [58] pre-
selected 13 indicators from the ISO 37120:2014(E), and “Indicators for city services and
Quality Of Life” were set according to their potential to be quantified via remote sensing.
The Malmquist Index was used by [119] to measure the evolution of efficiency according
to technological changes produced in Spanish cities against SDG 6. The UTCI (Universal
Thermal Climate Index) was used by [164] to assess bioclimatic conditions in urban environ-
ments, as it was found to be a better representative of local thermal conditions than other
indexes, such as Standard Effective Temperature, Humidex, and Physiological Equivalent
Temperature. A renovation rate indicator for accurate monitoring in retrofitting the build-
ing stock against SDGs 7, 11, and 13 was proposed by [125]. REDS (Spanish Sustainable
Development Network), the Spanish branch of SDSN overseeing the monitoring of SDGs
at the city level, provided a report on the SDG achievement status in 100 medium-sized
municipalities based on 85 indicators [175].

In Other domains, scholars critically reviewed SDG 2 wording in targets and indicators,
thus proposing a new set of 22 revised indicators for targets 2.1, 2.2, 2.3, 2.4, and 2.5 [94].
The enabling role of ISO (International Organization for Standardization) standards for
achieving SDG 2 was highlighted in [126]. A three-dimensional indicator was developed
by [162] to measure the influence of the Sharing Economy on SD in its three pillars.

5. Discussion

This section summarizes the main findings and gaps based on the descriptive, biblio-
metric, and content analysis, and in light of previous studies” highlights. The limits of the
adopted approach are acknowledged as well.

5.1. Major Findings

The results of this study highlight an exponential increase in the number of articles
published in the last two years, in line with what other scholars found on SDGs, although
using different search queries and analysis methods [12,15,19].

The results of the scale of investigation analysis reveal that studies at the national
scale are the majority and homogeneously distributed over time. From this perspective,
one should keep in mind that SDG implementation remains a political issue [13] and
mostly in charge of national governments on a voluntary basis, both for what concerns
adopting policies to mainstream the Agenda and reporting on progress against it. SDG
achievement might depend highly on national priorities [159], and there is certain evidence
of mutual learning among governments about policies and sustainable development due to
the SDGs [13]. This is also witnessed by the high interest of scholars in setting governance
frameworks for mainstreaming the SDGs (Figure 11), in line with what Biermann and
colleagues found, although they also highlighted how there is limited empirical evidence
on how this may contribute to the actual implementation of the 2030 Agenda yet. We derive
that further research is urgently needed in this field. The results also suggest that research
at urban and intra-urban scales is gaining momentum. More than 70% of papers related
to cities have been published in 2020-2021 (over 90% have been published after 2019). As
for the intra-urban scale, no research was published before 2020 and 60% of papers were
published in 2021. From this perspective, scholars should bear in mind that cities are major
hotspots for SD, and there is evidence that sub-national authorities, cities in particular, are
more pioneering than central governments in committing to the SDGs [13,191,192].

This might further support what emerged in the content analysis: methods, tools,
and indicators for actual SDG implementation are mostly meant to operationalize the
2030 Agenda in cities. Vice-versa, cities may constitute the most suitable scale at which to
develop and test such tools and methods. Since almost 65% of the 2030 Agenda targets
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could not be reached without the actual contributions of cities [193], and the urban scale is
where the effects of certain policies are more directly experienced by citizens [127,194,195],
research is focusing more and more on cities. Specifically, many retrieved indicators are
proposed by scholars for the urban scale. Indeed, global indicators may sacrifice local valid-
ity and the ability to motivate action by reflecting local values [95]. As for tools, spatial data
are nowadays largely available and constitute the main tool for localizing SDGs. Remote
sensing and spatial analysis techniques are developing fast, but data availability and resolu-
tion at urban and intra-urban scales are far from being as robust as for national or regional
scales [196]. However, major challenges lay in acquiring data at an urban and intra-urban
scale and spatializing them, particularly data related to the social domain. To remedy this,
GIS represents a robust approach to spatialize SDG-related issues, highlighting spatial
distributions and patterns, while LIDAR and “lighter” acquiring techniques might help in
acquiring intra-urban scale data. Among them, thermal sensing, mobile mapping, Citizen
Science, and “humans as sensors” approaches [96] could represent a way of sensitizing
people toward a more pro-environmental attitude, as well as overcoming data scarcity in
certain contexts. Spatial data and GIS may still definitely assist spatial decision support
systems too, which are gaining more and more attention from scholars worldwide. Specifi-
cally, AHP, AHN, and PROMETHEE decision-making methods were found to be among
the most suitable ones for facing the complexity of urban and territorial transformations
under the 2030 Agenda. Research focusing on SDG Urban Localization is most frequently
adopting participatory methods for community engagement, stakeholder involvement,
and innovative public procurement [97], highlighting the importance of community-led
initiatives [178]. We assume that, besides research at the national scale, studies at the urban
level are to be further encouraged as well, since they are a testbed to experimenting a wide
range of approaches for SD [191]. Apart from urban-scale studies, many papers are dealing
with frameworks on the one side, and tools/indicators on the other side, which are the
two opposites in the hierarchical classification we adopted. As for tools, research strongly
highlights the role of innovation and technology as major enablers of SD in several domains,
especially in CE issues and environmental protection. As for indicators, we found emerging
efforts in framing and measuring some lacunae present in the official formulations and
sets of indicators and goals, e.g., Governance, Ecosystem Services, and Education and
Culture. As for the methodologies and related methods, MCDM and decision-support
systems constitute the most consolidated field of investigation in the SDG achievement
perspective, often applied for involving stakeholders in the participated decision-making
process. DEA was frequently used as well, especially for MCDM, interlinkage assessment,
and prioritization.

The results of the SDG mapping are now discussed in comparison with what other
scholars found about trends in research, although the methods used for this are different
and we consider only the EU context. Research on “Affordable and Clean Energy” (SDG
7) seems to be prominent. Decarbonization is imperative, and energy plays a pivotal role
in this, as highlighted by the recent war in Ukraine, the energy-related crises, and the
Communication on the REPowerEU by the European Commission [197]. As such, energy-
related research is recurrent in the SDG perspective, especially on renewables and energy
efficiency, mostly at the building and national scale. Great attention by scholars in the EU is
devoted to SDG 13 on “Climate Action” too. This strong preference for SDGs 7 and 13 is in
line with the considerations of [17] on climate change as a global challenge encompassing
energy, sustainable cities, and resilient-ecosystems-related issues. As such, they stay at the
core of the European Green Deal policy-related initiatives. Research is strongly supporting
the energy transition, which is deeply related to SDG 11 on “Sustainable Communities and
Societies” and SDG 9 (“Industry, Innovation and Infrastructure”). Mapping results finally
show a major interest of scholars in SDG 12 (“Sustainable Consumption and Production”),
SDG 6 (“Clean Water and Sanitation”), SDG 8 (“Decent work and economic growth”),
and SDG 15 (“Life on Land”) as well. These preferences are partially in line with the
findings of [15,17,26,27]. In particular, reference [26] found great interest for SDGs 13, 11,
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6, and 15 by scholars in Europe, Asia, and North America based on keyword analysis.
The preference for SDG 13 conforms with the study of [15], clustering papers individually,
and [17], asking 87 experts from Europe (266 globally) how their research is supporting
the SDGs by snowball sampling. In particular, reference [17] highlighted how SDG 12,
11, and 13 received major support from scientific research. Strong preference for SDG 7
occurrences align with [15,27], but is in contrast with [17,26]. The high correspondence
among selected papers and SDG 8- and SDG 9-related keywords is in contrast with their
findings as well, but in line with the report by [31], relating policy initiatives by the Green
Deal and the SDGs via the SDG Mapper Tool. SDG 15 is considered a priority in research
according to [15,26]. Expectedly, the mapping of the targets reflects most recurrent issues
at the goal level (SDGs 7, 11, 12, 8, and 6), although keywords related to SDG 13 are not
linked to specific targets, but rather to generic climate-related issues at the goal level.

Finally, some insights could be derived from the keyword co-occurrence analysis,
highlighting consolidated relations within the green cluster (mostly on the environment).
Strong inter-cluster connections are visible among the turquoise, yellow, and red clus-
ters (e.g., “GIS”"—“Spatial Data”—"Remote Sensing”—"Indicators”—“Implementation”—"Paris
Agreement”), as well as red, purple, and blue ones (e.g., “Circular Economy”-“Industry
4.0”"="Innovation”-“COVID-19"—“Climate Change”). “COVID-19” has direct links with
“Sustainable development” (green cluster) and “Sustainable Development Goals” only, but
research on the impacts of the pandemic on the 2030 Agenda’s objectives is reasonably
still at an infant stage. Apart from a direct link with “Sustainable Development Goals”,
“Region” has no further connections, while the “Urban” keyword has only one connection
with “Spatial Planning”. This may constitute promising fields of further studies, proving
the need for cross-scale studies. More research on the links between GIS, Spatial data and
digitalization (turquoise), environmental management (green), and governance (blue) could
be further encouraged, as well as economic growth (grey) and sustainable development
(green) for decoupling the economy from its environmental spillovers. However, this does
not mean that other studies have not already been investigating these relationships in the
EU context, but that they are not explicitly linked to the SDGs. As for the overlay visualiza-
tion, national-scale papers are the earliest research, as well as “Paris Agreement”, “Climate
change”, and “Circular Economy” confirming to be among the most solid fields. “Urban”,
“GIS”, “Spatial Data, and “Spatial Planning” keywords mostly appear after 2020, as well as
“Implementation”, “Indicators”, and “Remote Sensing”. Latest emerging research relates
to the impact of “COVID-19” on the 2030 Agenda, as well as the role of “Construction
Industry” and “Innovation” (“Artificial Intelligence”, “Industry 4.0”, “Digitalization”) on
the SDG achievement.

5.2. Literature Gaps

Starting with the SDG mapping results, certain main gaps emerge. Some SDGs have
been receiving little attention so far. However, this does not mean there is no research
supporting them, but rather that existing research in these areas does not necessarily refer
to the goals by addressing the SDGs in its title, abstract, or keywords [15]. For instance,
in clear contrast with what [19,26,27] found, health and well-being-related issues (SDG 3)
have been investigated little so far, in line with [17] (focusing on the European context)
and [15]. Indeed, SDG 3 is the goal for which major discrepancies in previous studies
could be reported. However, due to time constraints, our findings do not fully take into
consideration research investigating the effects of COVID-19, which is rising [128] and has
affected mostly SDGs 1, 2, 3, 4, 5, 8, 10, and 16 [179]. Research should pursue addressing
explicitly SDG 3, its interlinkages with other goals, and the effects of the pandemic in
slowing down the pathway towards the achievement of the SDGs [36] to finally foster
new solutions. Furthermore, the link between environmental threats and human health
might deserve more interests [198]. Research at sub-national levels could be specifically
recommended too, given the pivotal role of local governments in attaining SDG 3and major
providers of services closest to people [199]. Mental well-being as a means to enable the
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2030 Agenda was not retrieved. Further investigations into this might be recommended
as well. Finally, little research is paying attention to SDGs 1, 4, 5, 10, 14, 16, and 17. The
scarce consideration of SDGs 5, 14, 16 and 17 matches with the findings of [15,17] for the
European context, proving that these areas deserve more attention in research. The analysis
at the target level further confirms this, as the targets with no occurrences mostly come
from SDGs 1, 10, 14, 16, and 17. As claimed by several authors, data on social and strictly
context-dependent phenomena are notably poor. Targeted data acquisition campaigns
and coherent policies for solidarity and social economy should be supported [129]. On
the contrary, findings on SDG 4 are in contrast with almost all previous studies. However,
we argue that in our case, many selected papers are dealing with quality education and
the role of universities against the SDGs. We interpret this scarce correspondence by
saying that SDG 4-related keywords in the tool might only strictly count education-related
papers. However, this might further push the need for stronger evidence on how all SDGs
benefit from SDG 4. As evidence, culture plays a crucial role in attaining all SDGs [93],
especially for all targets of SDGs 1, 5, 6, and 9 [180]. The lack of a specific SDG for culture
and its fragmented presence in only four targets (4.7, 8.9, 11.4, 12.b) might explain why
many scholars are dealing with developing indicators in this field and should further
encourage new knowledge on this relationship. Finally, the environmental SDGs do not
even achieve a balance among themselves. From our results, we assumed that academic
research has prioritized action for energy (SDG 7), climate (SDG 13), and water (SDG 6),
in line with [19]. However, a few papers focused on the importance of ensuring a proper
energy mix [130,158], which emerged after the war crisis in particular. Moreover, although
highly mapped, significant WASH-related (Water, Sanitation, and Hygiene) knowledge
gaps exist according to [181]. For instance, poor progress and comparable spatial data
worldwide on SDG 6 were highlighted by [71]. This may justify the great interest of
scholars in SDG 6, in line with major findings by previous research. To fill this gap, tools
such as Citizen Science and Earth Observation were suggested for producing reliable
knowledge [200] and in situ data at the national or sub-national level [54]. We argue that
new research should be developed on life under the sea (SDG 14) too. Although highly
mapped, we mention that SDG 12 should still receive major attention, as it is related to
decoupling and resource conservation. Indeed, even in countries performing best, the
decoupling paradigm is far from being even only addressed by EU Member States, and
no sign of structural decoupling between economic growth and environmental spillovers
is embodied in EU consumption patterns [36]. CE is one of the key enablers of the 2030
Agenda but still tremendously difficult to operationalize. Many frameworks were settled
in this domain, but only in one research [135] existing modeling tools against CE were
mentioned, and most surprisingly, no paper proposed indicators or proper methodologies
to measure progress in CE specifically from the SDG perspective. One of the main barriers
to this could partially lie on (or is reflected in) the wording of SDG 12, one of the most
positively interrelated Goals but the with some “uncountable” words (e.g., ‘encourage’),
with only target 12.3 setting thresholds [72]. From this perspective, just one selected paper
focused on the role of the construction industry for CE and SDGs, although it is responsible
for over 35% of the EU’s total waste generation [201]. However, the construction industry
was found to be of primary importance for achieving all SDGs (in order, primarily SDGs
11, 13, 6, 12, and 9) [182]. In this field, research for knowledge creation, joint learning,
technology transfer, and innovations is crucial for supporting collaboration among medium
and small enterprises for SD and industrial clusters [131].

As for the scale of implementation analysis, besides challenges laying in big cities,
small villages are facing depopulation all across the EU, but only two papers investigated
the rural scale. As the ALMIA project in Almatret, Spain demonstrated, by involving
inhabitants, enhancing the leadership of local administration, and creating a network
supporting the transformation, small towns are testbeds for climate neutrality solutions,
thus creating value and attractiveness and supporting the achievement of several SDGs
as well [183].
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As for the approach detected, LCA, although being an internationally standardized
methodology and supposed to assess the potential environmental impact of products
currently available [202], was not found to be specifically used against SDGs matching our
search string. This constitutes a major gap, which some recent studies are contributing to
overcome, including [203-205]. Furthermore, priority setting and interlinkage assessment,
put together as a research domain, represent the least investigated domain among the
ones highlighted. This constitutes a final major gap. Our Conclusions (Section 6) further
speculate on this.

5.3. Study Limitations

This study faces several limitations. First, although we put efforts to be inclusive
when designing the search string, this SLR does not pretend to be fully exhaustive. Other
approaches may have been set or employed for SD purposes, not necessarily or explicitly
linked to the SDG framework. Indeed, we only focused on articles explicitly addressing
the achieving of the SDGs in an EU context and, with other queries, further relevant
research items could have emerged [26]. This constitutes the main limitation of this paper.
However, this study also wants to reiterate the centrality of the 2030 Agenda for SD, as
the SDGs constitute the most comprehensive framework available to conduct research
for social, economic, and environmental sustainability [12]. Second, Scopus and WoS
statistics are frequently updated, resulting in fluctuations in the number of articles they
include [206]. Consequently, the reliability of the information obtained from the databases
on any single day is doubtful. Third, we used VOSviewer 1.6.17 for brief bibliometric
analysis based on keyword co-occurrence, which has its own set of constraints, and certain
publications may be underrepresented in bibliometric records [207]. Fourth, the use of
the SDG Mapper tool for detecting correspondence between papers and 2030 Agenda-
related keywords might be considered a more robust approach than snowball sampling
or individual judgments approaches, as it minimizes biases linked to personal perception
and can give a nuanced picture of more than a few goals, based on papers’ full length.
Moreover, it detects matching with targets too, for more in-depth analysis. Although it
represents a robust way to highlight correspondence between a document and the 2030
Agenda, this relation can be misleading, as it might not capture the context in which certain
topics are addressed, and it would require more qualitative and expert judgment analysis to
complement the automated steps of the semantic mapping process [31]. Moreover, certain
goals and targets may address vague concepts difficult to capture through a semantic
keyword-matching process (e.g., 17.14 on “enhancing policy coherence for sustainable
development”). Finally, the comparison between our results and previous research on the
most and least detected SDGs might be misleading to a certain extent, as the number of
papers we selected is more limited in certain cases and we focused only on the EU context.

6. Conclusions and Recommendations for Future Research

Research is meant to provide great assistance to reaching the objectives set out by
the 2030 Agenda in 2015, both for measuring progress and developing new approaches to
operationalize it. Although we already are halfway to 2030, major challenges to achieve
the SDGs exist according to several ranking methods, as well as research gaps that still
emerged from this and previous studies. Progress by researching emerging issues and
global environmental threats, and highlighting major gaps could further urge policymakers
to finally face them. This paper specifically aimed to systematize knowledge on the role
of scientific research in accomplishing the 2030 Agenda as a whole in the EU. This type of
study, contextualized, seeking to make assessment mechanisms emerge, systematizing the
literature regarding transdisciplinary topics, and looking for the contribution of research
for the actual operationalization of the SDGs, was claimed to be highly needed. From this
perspective, we argue that if SDGs have to be met and research should play a pivotal role in
this, all new studies should be associated with the SDGs [15]. By doing so, research efforts
would complementarily focus on achieving the 2030 Agenda, facilitate knowledge sharing,
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and support progress towards the goals, as several authors already pointed out. This is
particularly true for certain SDGs, such as SDG 3. Indeed, we cannot assume that health
research is poor, but rather what is lacking is how this might benefit the achievement of the
2030 Agenda’s health and well-being goal, and how it relates to other objectives.

Research on the SDG’s operationalization in the EU is growing fast, and vice-versa,
the 2030 Agenda has been reinvigorating studies on sustainable development. Grounded
on this paper’s findings, we sum up additional takeaway points for supporting future
research in this field:

- In-depth knowledge systematization is further needed to make trends and gaps
emerge, going beyond bibliometric studies and focusing on specific contexts;

- Poor intra-cluster links emerged from the bibliometric analysis and most papers
are dealing with specific aspects of SDG. This calls for more interdisciplinary and
transdisciplinary research;

- Major streams of research are energy (SDG 7), climate action (SDG 13), water (SDG 6),
consumption and production pattern (SDG 12), cities (SDG 11) (with a recently grow-
ing trend to be further encouraged), and life on land (SDG 15). As such, the SDGs that
are directly connected to people’s daily lives catch more researchers’ attention [27], as
well as those more linked to environmental issues [19];

- Animbalance among the SDGs was observed, and the main gaps imply more research
is needed on reduced inequalities (SDG 10), gender equality (SDG 5), and peace,
justice, and strong institutions (SDG 16); as for the social domain, oceans, seas, and
marine environment (SDG 14); as for the environmental domain, partnership for the
goals (SDG 17) and cross-scale governance as a major enabler of the Agenda;

- Asfor SDG 4, more effort in acknowledging and quantifying the contribution of edu-
cation and culture to the achievement of the 2030 Agenda is still needed. Universities
play a primary role in supporting the goals, but academic research and structures
should accelerate action to deliver on their contribution to SDGs [187];

- Approaches for achieving the SDGs are heterogeneous and mainly regard different
sustainability domains and scales of investigation. As for the sub-national scale, trends
in the use of spatial data emerged against all the SDGs, to be further encouraged in
combination with new lighter data-acquiring techniques, to make patterns evident
and fulfill data scarcity in certain contexts. Frameworks in support of governance
and circular economy are available, but models, tools, and indicators to assess them
against the SDGs are scarce;

- Certain imbalances are still visible among most mapped SDGs. Thus, given their role
in supporting the European Green Deal and sustainable transition policies, further
research on SDG 13, SDG 12, and SDG 7, as well as on the profound interconnections
between these and the other goals is urgently needed;

- To expand on this, LCA might potentially support EU policies and the achievement
of the SDGs through quantitative metrics, but efforts in this area have just been born.
Further research should fulfill this gap, from the EU to the urban scale;

- Comprehensive studies operationalizing the SDGs by setting priorities and assessing
interlinkages among goals, targets, and scales of implementation are still poor.

These three latest assumptions, in particular, allow us to introduce a couple of extra
reflections that might deserve further attention, since priority setting and interlinkage
assessment constitutes the core of the 2030 Agenda and could not be neglected.

First, research for operationalizing the 2030 Agenda should assist setting priorities
(at goal and target levels) in support of policymaking for specific contexts. As pointed
out by previous research, there is no implementation without prioritization and, if all 169
targets are a top priority, there is no priority at all [109]. A proper basket of priorities
has been already established by the EU with the Green Deal to a certain extent (SDGs
2,3,6,7,8,9,10, 11, 12, 13, 14, and 15) [208]. However, this constitutes a starting refer-
ence. Priorities should ideally be identified by each member state at both goal and target
levels, and as shown in different contexts, the research could assist this [159]. Further-
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more, we suggest research to foster a cross-scale approach up to the urban level, within a
clear governance structure and stakeholders involved in progress measurement, priority
setting, and interlinkage assessment processes time after time. As a consequence, once
national priority baskets have been defined, research should provide actual support to
local authorities to adopt evidence-based regional and urban policies in response to them,
eventually by co-identifying local sub-priorities to make sure to ‘leave no one behind’.
However, despite local specificities, certain issues such as environmental preservation and
economic decoupling constitute global major concerns and thus represent a horizontal
(across member states and branches of government), vertical (between levels of govern-
ment) and temporal crosscutting priority [209]. Scholars should primarily address them in
light of context specificities.

Second, research should assess contextualized interlinkages, i.e., impacts on the 2030
Agenda as a whole, even when focusing on specific fields. There is evidence for the
EU that synergies and trade-offs are not correlated to each other; facing synergies might
imply a slight accelerating effect, while not facing trade-offs among policies is slowing
down the pathway towards the SDGs, also in EU countries performing best [4]. However,
sustainability policies tend to focus on positive interactions and do not consider trade-
offs [81]. To overcome this barrier, experts’ judgment and collaborations with researchers,
academics, policymakers, and other stakeholders should be pursued [6], and could be
supported by the use of the seven-point scale introduced by [210]. In addition, more
recent and interactive tools might be of help, such as the JRC “SDG Interlinkages” (https://
knowsdgs.jrc.ec.europa.eu/, accessed on 6 June 2022). Based on scientific and grey literature
review, it might initiate the conversation on interlinkages and Policy Coherence. Indeed,
it helps to visualize synergies and trade-offs at both goal and target levels, and support
policymakers in both overcoming “silo approaches” and identifying interconnections
among policy fields.

These changes of paradigm, embracing a system thinking perspective, are both highly
ambitious and more resource and time requiring, but urgently needed as they stay at the
core of SDG achievement, as well as a precondition for boosting policy coherence all across
the EU and at all governance levels.
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Appendix A

Table A1l. List of the 2030 Agenda Sustainable Development Goals.

Number SDG
1 No poverty—End poverty in all its forms everywhere
2 Zero hunger—End hunger, achieve food security and improved nutrition and promote sustainable agriculture
3 Good health and well-being—Ensure healthy lives and promote well-being for all at all ages
4 Quality education—Ensure inclusive and equitable quality education and promote lifelong learning
opportunities for all
5 Gender equality—Achieve gender equality and empower all women and girls
Clean water and sanitation—Ensure availability and sustainable management of water and sanitation for all
7 Affordable and clean energy—Ensure access to affordable, reliable, sustainable and modern energy for all
8 Decent work and economic growth—Promote sustained, inclusive and sustainable economic growth, full and
productive employment and decent work for all
9 Industry, innovation and infrastructure—Build resilient infrastructure, promote inclusive and sustainable
industrialization and foster innovation
10 Reduced inequalities—Reduce inequality within and among countries
1 Sustainable cities and communities—Make cities and human settlements inclusive, safe, resilient
and sustainable
12 Responsible production and consumption—Ensure sustainable consumption and production patterns
13 Climate action—Take urgent action to combat climate change and its impacts
14 Life below water—Conserve and sustainably use the oceans, seas and marine resources for
sustainable development
15 Life on land—Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage
forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss
16 Peace, justice and strong institutions—Promote peaceful and inclusive societies for sustainable development,
provide access to justice for all and build effective, accountable and inclusive institutions at all levels
17 Partnerships—Strengthen the means of implementation and revitalize the global partnership for
sustainable development
Table A2. List of targets with more than 200 occurrences (from most detected) (based on the SDG
Mapper Tool—see Figure 6).
Number Target
7.2 By 2030, increase substantially the share of renewable energy in the global energy mix
113 By 2030, enhance inclusive and sustainable urbanization and capacity for participatory, integrated and
’ sustainable human settlement planning and management in all countries
12.5 By 2030, substantially reduce waste generation through prevention, reduction, recycling and reuse
8.1 Sustain per capita economic growth in accordance with national circumstances and, in particular, at least 7 per
' cent gross domestic product growth per annum in the least developed countries
21 By 2030, end hunger and ensure access by all people, in particular the poor and people in vulnerable
' situations, including infants, to safe, nutritious and sulfficient food all year round
7.3 By 2030, double the global rate of improvement in energy efficiency
By 2030, improve water quality by reducing pollution, eliminating dumping and minimizing release of
6.3 hazardous chemicals and materials, halving the proportion of untreated wastewater and substantially

increasing recycling and safe reuse globally
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Number Target
15.9 By 2020, integrate ecosystem and biodiversity values into national and local planning, development processes,
' poverty reduction strategies and accounts
Enhance scientific research, upgrade the technological capabilities of industrial sectors in all countries, in
particular developing countries, including, by 2030, encouraging innovation and substantially increasing the
9.5 s . .
number of research and development workers per 1 million people and public and private research and
development spending
7.1 By 2030, ensure universal access to affordable, reliable and modern energy services
By 2020, promote the implementation of sustainable management of all types of forests, halt deforestation,
15.2 s . .
restore degraded forests and substantially increase afforestation and reforestation globally
85 By 2030, achieve full and productive employment and decent work for all women and men, including for
' young people and persons with disabilities, and equal pay for work of equal value
132 Integrate climate change measures into national policies, strategies and planning
13.1 Strengthen resilience and adaptive capacity to climate-related hazards and natural disasters in all countries
6.5 By 2030, implement integrated water resources management at all levels, including through transboundary
' cooperation as appropriate
16.6 Develop effective, accountable and transparent institutions at all levels
By 2020, achieve the environmentally sound management of chemicals and all wastes throughout their life
124 cycle, in accordance with agreed international frameworks, and significantly reduce their release to air, water
and soil in order to minimize their adverse impacts on human health and the environment
34 Strengthen the capacity of all countries, in particular developing countries, for early warning, risk reduction
' and management of national and global health risks
Table A3. Search string history in the time interval 2015-2022 (April), for Open Access and English-
written papers.
Search Keyword Combination (. g;‘;,palll)se £s)
TITLE-ABS-KEY (“SGD*” OR “Sustainable Development Goal*” OR “2030 Agenda” OR
#1 “ ” 10,349
Agenda 2030”)
#2 (#1) AND (“method*” OR “approach*”) 5179
#3 (#2) AND (“achieve*” OR “attain*” OR “implement*”) 3250
TITLE-ABS-KEY (“SGD* achiev*” OR “Sustainable Development Goal* achiev*” OR “2030 Agenda
achiev*” OR “SDG* attain*” OR “Sustainable Development Goal* attain*” OR “2030 Agenda attain*”
#4 OR “SDG* implement*” OR “Sustainable Development Goal* implement*” OR “2030 Agenda 107
implement*” OR “2030 Agenda reach*” OR “SDG* reach” OR “sustainable development
goal* reach”)
#5 (#4) AND (“approach*”) 56
TITLE-ABS-KEY (“SDG* achiev*” OR “Sustainable Development Goal* achiev*” OR “achiev* SDG*”
#6 OR “achiev* Sustainable Development Goal*” OR (“Agenda 2030 achiev*” OR “achiev* Agenda 652
2030” OR “2030 Agenda achiev*” OR “achiev* 2030 Agenda”)
TITLE-ABS-KEY (“SDG* achiev*” OR “Sustainable Development Goal* achiev*” OR “achiev* SDG*”
OR “achiev* Sustainable Development Goal*” OR “achiev* 2030 Agenda” OR “2030 Agenda achiev*”
OR “SDG* attain*” OR “attain* SDG*” OR “Sustainable Development Goal* attain*” OR “attain*
Sustainable Development Goal*” OR “2030 Agenda attain*” OR “attain Agenda 2030” OR “SDG*
implement*” OR “implement* SDG*” OR “implement* Sustainable Development Goal*” OR
#7 “Sustainable Development Goal* implement*” OR “2030 Agenda implement*” OR “implement* 2030 797

Agenda” OR SDG* mainstream*” OR “Sustainable Development Goal* mainstream*” OR
“mainstream* SDG*” OR “mainstream* Sustainable Development Goal*” OR “mainstream* 2030
Agenda” OR “2030 Agenda mainstream*” OR “SDG* localiz*” OR “Sustainable Development Goal*
localiz*” OR “localiz* SDG*” OR “localiz* Sustainable Development Goal*” OR “localiz* 2030
Agenda” OR “2030 Agenda localiz*”)
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