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ARTICLE INFO ABSTRACT
Keywords: Cities represent unique spaces for climate mitigation where wide-ranging action to reduce emissions meets
Climate neutral city ambition and collaboration. This research work distils climate neutrality narratives for 362 cities that expressed
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interest in the European Mission on 100 Climate-Neutral and Smart Cities and focuses on the 112 cities selected
to spearhead the process of reaching climate neutrality by 2030 (representing a mitigation potential of 318.3
megatonnes of carbon dioxide equivalent emissions). The method involves steps that profile the characteristics of
these cities, enunciate cross-cutting patterns in cities’ visions by thematic groupings, and compare 14 contextual
factors with 77 possible main barriers. There are both similarities and differences among the results as a basis for
learning together and certain barriers can be relatively more dominant in some thematic groupings, such as
fragmentation of responsibilities. As a synthesis of the main findings, the original analyses are used to derive and
prioritise nine high-level recommendations based on the cities’ visions, contextual factors, and expected main
barriers. Opportunities for mobilising transformative change relate to transforming siloed into integrated ap-
proaches, inclusive climate governance and collaborations, innovative financing, welfare and just transition as
well as planning, implementation, and policy coherence. The advances provide pioneering steps for stimulating
co-learning processes among Mission Cities and beyond to support the transition to climate neutrality and open
up opportunities to progress together in climate action while producing impact with global reach.

analysis of 1066 European cities indicated that the majority of cities
were on track to achieve their 2020 emission reduction targets [9]. A
23% reduction was recorded between baseline and monitoring in-
ventories [10] — also including local authorities that exceeded their
target multiple times [11] — and many frontrunner cities have advanced
climate action and implementation [12].

In the process of upscaling climate ambition at the local level, the
number of cities that are engaged in carbon neutrality or net-zero targets
is increasing worldwide. However, their share among all cities that are
engaged in climate mitigation remains at about 19% as of 2023 [13]. Of
these cities, one-third has pledged to reach such targets before 2050
while the remaining cities aim to do so by mid-century and some even
later [13]. In contrast, pioneering climate action to reduce global GHG
emissions by 43% in 2030 from 2019 levels is essential to constrain
global warming to 1.5 °C [14] as a critical physical threshold [15] in the
earth system [16]. This urgency for averting the most serious conse-
quences of climate change on ecosystems and livelihoods [17] from

1. Introduction

Cities are hotspots of opportunities for climate change mitigation
given the dualism between the sheer magnitude of existing emissions
and the breadth of actions that can be implemented to shift direction [1].
With 67-72% of greenhouse gas (GHG) emissions arising from urban
areas in 2020 [2], ambitious climate mitigation action in cities is a vital
component in the solutions forward. Globally, 420 urban areas with the
largest emissions footprint exhibit a reduction potential of about 3.7
GtCO2eq between 2020 and 2030 under a very low emissions scenario
[3]. Capturing such a reduction potential requires cross-sectoral mobi-
lisation [4] and coordination of mitigation efforts in urban areas along
the way. Prioritising measures that can be more effective in reducing
emissions [5], boosting ambition across cities of various sizes [6],
increasing transformative capacities [7], and broadening urban climate
governance [8] are key enablers. Among some of the milestones, an
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Nomenclature

Abbreviations

EOI Expression of Interest

EU European Union

GHG Greenhouse gas

SM Supplementary material

TG Thematic grouping(s) of Mission Cities

TG1 Wide-ranging ambition and collaboration

TG2 Collaboration-led ambition to climate neutrality
TG3 Promising elements to accelerate the process
TG4 Emerging collaboration for city-wide ambition

Symbols and Units

A Degree of ambition (dimensionless)

C Degree of collaboration (dimensionless)
§) Given Mission City (dimensionless)
Subscripts

j Count of Mission Cities

m Median value

extreme agricultural and hydrological droughts to major heatwaves,
heat stress, and floods [18] necessitates unprecedented mitigation ef-
forts, particularly in cities.

Net-zero emissions targets [19] represent key opportunities for
ambitious climate mitigation [20] with cities and subnational players to
provide a crucial contribution, as they situate people and places at the
intersection of resource use and infrastructure requiring rapid decar-
bonisation [21]. Governance [22], including the involvement of citizens
and political leadership, is also instrumental in climate ambition and can
be used to predict the presence of net-zero equivalent targets in cities
[23]. In this process, there is consensus that improving social prosperity
[24] and liveability [25], increasing effort sharing [26], shifting towards
sustainability [27], strengthening public support [28], and coordinating
across scales [29] represent essential needs. Combining options for
ambitious mitigation action with more efficient and sustainable urban
infrastructure [30] while promoting urban innovation [31] and exper-
imentation [32] represent real opportunities to be acted upon swiftly.

Against this urgency, an overwhelming majority of the scientific
literature focuses on the mitigation opportunities in specific urban areas.
These include studies on the optimisation of the energy supply strategy
for a carbon-neutral city [33], scenarios for carbon neutrality in an
urban area [34], transitioning urban energy systems toward carbon
neutrality [35], and energy sharing approaches in carbon-neutral cities
[36]. The energy planning practices of cities [37], deep decarbonisation
plans [38], tools for modelling urban energy systems [39], their relevant
gaps [40], and the role of positive energy districts [41] were also
compared. Nearly zero-energy neighbourhoods [42], prioritising routes
for switching to electric buses [43], and the socio-environmental bene-
fits of fleet electrification [44] were widely investigated within specific
urban case studies. Recent examples include analyses to determine
clusters for thermal energy networks [45], district cooling systems based
on seawater and solar photovoltaics in coastal cities [46], solar access
[47], and waste management for local cases [48]. Studies that focus on
barriers that can impede the diffusion of mitigation measures are sub-
stantially underrepresented and mostly explorative in nature for specific
urban areas and technologies, such as urban electric mobility [49] and
local renewable energy generation [50]. Major challenges that relate to
data scarcity and availability [51] and possibilities for consistent data
analysis across cities perpetuate this predominant form of knowledge
production based on specific urban case studies [52] and sectoral
investigations.
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Beyond urban case studies, analyses that cover larger samples of
cities and analyses that focus on the common needs or opportunities of
multiple cities are exceptions rather than the norm. As an example, a
benchmarking study paired 120 cities based on common strengths and
weaknesses [53], yet the focus was not on cities with net-zero targets.
City attributes and networks can be associated with the level of miti-
gation ambition, such as those observed in the mitigation targets of 327
cities in Europe [6]. The motivation and network membership of 105
cities that adopted climate emergency declarations were further
compared [54]. For cities that have monitoring emissions inventories,
12,000 policies were analysed, finding municipal self-governing as the
type of policy intervention with the highest occurrence [55].

Among another sample of European cities, 5000 actions were ana-
lysed, leading to 28 policy levers and the need for strategies that tackle
the largest mitigation potential and the most effective mix of policies in a
given context [56]. In contrast, in an era where net-zero cities are the
new urban agenda [57], scientific studies that provide an integrated
focus on the visions, characteristics, and the main barriers of cities that
are pursuing climate-neutrality are an urgent necessity. Addressing this
remaining gap is relevant in light of the many and diverse barriers [58]
that may need to be overcome along the zero emissions journey [59].
These include institutional barriers to increase cross-sectoral collabo-
ration for implementing integrated approaches in urban systems [60].
Indeed, the level of integration and holism, of operational capacity, and
of financial readiness needed to eradicate even harder-to-abate emis-
sions and reach a zero emissions balance is unprecedented. More com-
plex and intertwined barriers are expected to be interposed in the
transition process between strategic vision and implementation. In-
vestigations that are dedicated to the unique set of challenges and op-
portunities in cities in the process of reaching net-zero emissions are
necessary.

In the European Union (EU), the target to become a net-zero GHG
emissions continent by 2050 [61] and the related climate law [62] is
supported, at the subnational level, by the Mission on 100
Climate-Neutral and Smart Cities [63]. This Mission allows cities to
guide the way by realising climate neutrality in their jurisdictions with
an earlier timeframe of 2030. The research objectives of this research
work focus on the need to elucidate the visions of these cities for 2030 on
their journey for reaching climate neutrality. The research questions are
three-fold to answer distinct aspects that have relevance for cities. First,
what are the overarching narratives in the visions of cities by thematic
grouping? Second, how do any favourable conditions and challenges
differ or share commonalities across these thematic groupings? Third,
what can be learned by cross-comparing cities in thematic groupings to
support their collective effort to reach climate neutrality? An original
research framework is established to tackle these research questions that
span data collection from cities to data analyses from multiple
perspectives.

In this respect, the 112 cities selected by the European Commission
to participate in the Mission (hereinafter, Mission Cities) are analysed
based on an unprecedented dataset of 374 questions on climate
neutrality answered by 362 eligible cities representing about 650
MtCOeq of potential emissions reduction [59]. Cross-cutting patterns
and overarching narratives in cities’ visions for climate neutrality by
2030 are enunciated across four thematic groupings of ambition and
collaboration. The groupings are compared based on contextual factors
as well as the main barriers that cities expect to encounter in the process
of reaching climate neutrality at both cross-sectoral and sectoral level
with a focus on the energy, transport, and waste/wastewater sectors.
The underlying dataset and related analyses are unparalleled in the
literature on climate neutrality considering the breadth of information
and the city sample.

In characterising the opportunity space, the original research results
lead to nine high-level recommendations that have high priority in
leading Mission Cities towards climate neutrality. The study continues
with the Methods in Section 2.0, the Results in Section 3.0,
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Recommendation and Discussion in Section 4.0, and the Conclusions in
Section 5.0. The advances from this research work are envisioned to
support pioneering steps to bolster collaboration among Mission Cities
and beyond. The results can be put into action to stimulate co-learning
[64] towards reaching climate neutrality with an accelerated pace and
empower cities to utilise their strengths in overcoming challenges in this
critical decade.

2. Methods

The method of conducting the analysis is centred on six main steps as
represented in Fig. 1. First, responses to 120 questions in the call for
Expression of Interest (EOI) questionnaire (hereafter EOI questionnaire)
are used to support systematic evaluations of cities’ responses with
relevant cross-comparisons for Mission Cities. The 120 questions include
both questions used to group cities according to specific metrics and
questions used to investigate city characteristics or performance in
climate action. The definition of thematic groupings (TGs) for Mission
Cities represents the following methodological step and serves subse-
quent analyses (Steps 4-6), while Step 3 provides additional charac-
terisation and descriptive statistics on groups as well as the entire
cohorts of Mission and eligible cities. The TG-specific investigation starts
with an analysis of the cities’ visions for reaching climate neutrality
(Step 4), namely the strategic thinking that underpins the ambition to
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participate in the Mission. Subsequently (Step 5), the main barriers that
cities envisage encountering in the realisation of zero emissions futures
are analysed with and without sectoral specification to support proac-
tive means for policy learning among cities. Finally (Step 6), specific
favourable conditions and/or opportunities are used to analyse
contextual factors. By focusing on a thematic view of the visions of cities
based on groupings and a cross-comparison of the contextual factors and
barriers, this original research work aims to fill the gaps in better un-
derstanding the strategic directions and opportunities for Mission Cities
not just in delivering climate neutrality by 2030, but also in stimulating
peer learning.

In addition to the analyses indicated in Fig. 1, the first Supplemen-
tary Material (SM1) that is available online with open access [65] pro-
vides complementary qualitative and quantitative analyses supporting
the main narrative and offering more topical insights. The second Sup-
plementary Material (SM2) that is available from the same registry in
the open access server [65] contains the EOI questionnaire as a reference
to the overarching investigatory framework. Based on the results of
these original analyses, Fig. 1 concludes the description of the meth-
odological approach with a process of synthesis where the top contex-
tual factors and main barriers per TGs are utilised in prioritising
high-level recommendations. This condensed information forms the
basis for the discussion of the results and offers a synoptic view of ways
forward for reaching climate neutrality in cities. This methodological

Step 1: EOI questionnaire >

Step 2: Definition of thematic groupings for Mission Cities >

e 112 Mission Cities\ /

‘ EOI ‘ )

Cross-comparison of Mission Cities
Uj utilising the EOI questionnaire

\ (Supplementary Material) J \ .

Analytical Domains

Ambition (A) TG2 TG1

o 51 distinct questions

Collate TG3 TG4
Collaboration (C) I_I_l
o Based on the
conditions in

18 distinct questions

Thematic Groupings (TG)\

Equations 1-4 j

—/ Steps 4-6 ’— Per TG(x) <—< Step 3: Additional characterisation and descriptive statistics

A

p

1 4. Cities’ vision for achieving climate neutrality by 2030

J

‘ 5. Analysis of main barriers, gaps and assistance needs

6. Analysis of favourable conditions and opportunities

l
\

(*) In addition to the Thematic Groupings, included comparisons for all eligible cities and Mission Cities as a whole

—\

| Visions

« Qualitative analyses:
Text analysis of responses to the free-text
questions to determine cross-cutting patterns

¢ Quantitative analyses: i \
Comparison of 77 options for the overall main ‘( \Data Y
barriers regardless of sector and by sector (*)  \__ /

« Quantitative analyses: ( \
15 questions for evaluating certain favourable |\ Y
conditions based on a 5-point Likert scale (*) . /

Discussion and prioritisation of high-level recommendations for each TG(x) considering
contextual factors and main barriers as a synthesis of the qualitative/quantitative results

[
Y
[ Synthesis ‘

Fig. 1. Flowchart that describes sequentially the methodological steps guiding this research work.
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approach allows combining the results of the original and topical ana-
lyses in a synthetic overview of enablers and barriers to climate
neutrality to enunciate critical and targeted recommendations. The use
of this specific approach comes with the unique advantage of allowing
cities to identify entry points for action and peer learning, thus steering
faster and more effective climate-neutral journeys.

2.1. Systematic evaluations of the cities’ responses

The analysis starts with the EOI questionnaire and the associated
data collection. The call for expression of interest in the Mission was
officially launched on November 25, 2021 [66] and involved a
comprehensive questionnaire of 374 questions. The EOI questions were
designed to provide: (i) a systematic and complete assessment of the
city’s starting point (preparedness), commitment, and capacity to reach
climate neutrality by 2030; (ii) an evaluation of the consistency, plau-
sibility, and credibility of the intended approach to climate neutrality;
and (iii) a preliminary identification of gaps, barriers, and the type/-
extent of support cities would require to successfully participate in the
Mission or to reach climate neutrality at a later stage. In total, 377 cities
filled in the EOI questionnaire. Out of these cities, 362 fulfilled the
eligibility criteria (eligible cities) but 16 did not consent to be identified.
For this reason, the geographical mapping in this study includes 346
cities while the entire set of eligible cities (n = 362) are included in the
data analyses.

All geographical subnational jurisdictions or territorial units that are
governed by a local government as the legal entity of public adminis-
tration could apply. Cities could also express their interest as a group of
geographically contiguous members coordinated by a single entity
having the authority to make decisions and commitments for the whole
grouping. Cities from EU Member States and from Associated countries
(or countries in the process of negotiating association) to Horizon
Europe could participate given at least 50,000 inhabitants. Cities from
countries with five or fewer cities of more than 100,000 inhabitants
(Croatia, Cyprus, Estonia, Ireland, Latvia, Lithuania, Luxembourg,
Malta, Slovenia, and Slovak Republic) could express their interest where
more populous than 10,000 inhabitants. Of the cohort of 362 cities, the
European Commission selected 112 cities to proceed through the next
steps of the Mission (Mission Cities) [67]. Given the joint expression of
interest of two cities, the data count for Mission Cities involves 113
cities.

2.2. Definition of thematic groupings for Mission Cities

The analysis proceeds with the systematic evaluation of the cities’
responses to the EOI questionnaire. Reaching climate neutrality by 2030
will involve a challenging process with ambition and collaboration
being key ingredients. Accordingly and in order to analyse groups of
Mission Cities by TGs to increase co-learning opportunities, questions in
the EOI questionnaire are selected and clustered to construct two
analytical domains. The first analytical domain focuses on ambition,
which involves 51 distinct questions. These questions relate to the
ambition of existing climate mitigation targets, participation and victory
in competitions for climate action, cities’ vision on achieving climate
neutrality by 2030, the intended 2030 target (absolute-zero or net-zero
GHG emissions), and its timing and expected residual emissions. The
questions also gathered insight from cities on interventions for closing
the gap, relevant policy instruments, and up to three interventions to be
scaled-up in the future in different sectors. The main sectors in these
questions relate to stationary energy, renewable energy generation,
transport, public lighting, and waste. Two more additional questions are
included that deal with regular disclosure on climate action and progress
towards achieving climate targets.

The second analytical domain focuses on collaboration (and working
together) where 18 distinct questions are utilised. These questions relate
to the main stakeholders who are currently involved in formulating and
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implementing climate change mitigation policies and the types of sup-
port from regional and/or national levels of government to formulate
and implement policies for climate mitigation. The questions also
involve descriptions of (i) most relevant regional and national activities
and programmes that are helping cities accelerate the transition to
achieve climate neutrality by 2030, (ii) forms of collaboration with the
private sector to advance the agenda for climate policy, (iii) activities for
citizen engagement, (iv) programmes and/or projects to engage citizens
in climate change mitigation policies, as well as (v) actions targeting
behavioural change and more sustainable lifestyles. Moreover, part-
nerships with research centres and academia are questioned along with
the collaboration and exchanges with other cities in aspects related to
the climate neutrality transition as well as the willingness to support or
train other cities in designing and implementing climate neutrality
policies. Working together with stakeholders to implement smart city
projects as well as engaging with actors in financing and investment and
with stakeholders who support data collection on issues that concern or
are linked to climate change are other aspects that are taken into
account.

The 51 distinct questions for ambition and the 18 distinct questions
for collaboration are highlighted in SM2 [65]. This provides trans-
parency for the questions that are used in the definition of TGs. Each of
the 69 questions is given a maximum value and each answer option is
represented by a fraction of the maximum value based on its relevance
to climate neutrality. The median aggregated scores based on the cities’
responses in each analytical domain are used to categorise the 112
Mission Cities in four groupings that represent different combinations of
values above and below the median score. In particular, for a given
Mission City Uj, the metric of A(Uj) represents the degree of ambition
and C(Uj) represents the degree of collaboration obtained by summing
up the scores of all questions relevant to the respective domain. Equa-
tions (1)—(4) define the conditions of each TG that compare A(U;) and C
(Uj) to the corresponding median values A, and Cp, of the entire cohort
of Mission Cities.

TGl ={U; : A(U)) = Ay & C(U}) = Gy } eh)
TG2={U; : A(U) <An & C(U)) 2 G, } @)
TG3 = {U; : A(Uj) <A & C(U)) < Cu } @)
TG4 ={U; : A(U)) > Ay & C(U}) < Gy } @

withj =1, 2, ..., 113 (Mission Cities).

2.3. Additional characterisation and descriptive statistics

The third methodological step involves additional characterisation
and descriptive statistics for the TGs and for eligible and Mission cities in
general. Box plots are used to analyse data on the total GHG emissions
resulting from the most recent emissions inventory (metric tonnes CO»
equivalent), the number of inhabitants, and the land area within the
administrative boundary (in square km). The land area can be the same
or different than the geographic boundary that corresponds to the
climate neutrality target, if justified sufficiently. Data on emissions and
the number of inhabitants are used to analyse emissions per capita
(metric tonnes CO5 equivalent per capita). Data on emissions, popula-
tion, and land area involved at most 12 outliers (3.3% of 362 eligible
cities) when defined as two times the standard deviation from the mean.
Considering the different variables, there are 10 outliers greater than
11.2 MtCOzeq for emissions, seven outliers greater than 2.4 million for
population, and 12 outliers greater than 7995 km? for land area. There
were only four outliers for emissions per capita (1.1% of 362 eligible
cities based on values greater than 21.6 tCOzeq per capita). Outliers are
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omitted from the box plots. The total number of cities with reported
emissions is 304 (with 58 missing values). Descriptive statistics based on
central tendency and variability are included in SM1 [65]. A
Kruskal-Wallis H Test or one-way ANOVA on ranks is performed to
determine statistical significance.

A total of 20 questions are used to analyse the sector(s), the degree of
implementation (fully implemented, under implementation, not star-
ted), and scale (smaller than district/neighbourhood scale, district/
neighbourhood scale, city scale, and greater than city scale) of current,
particularly impactful climate mitigation measures (up to five per city).
Sectors include stationary energy and/or energy generation, transport,
agriculture, forestry and other land use, industrial processes and product
use, waste/wastewater, or combinations. The analysis provides addi-
tional insight into integrated and holistic approaches (scale and scope)
and capacity (implementation). These responses are aggregated for
eligible cities, Mission Cities, and TGs based on the percentages of cities,
the total number of measures, or the mean number of measures per city
for comparison as reported in SM1 [65]. Another analysis is based on the
percentage of cities where various actors are identified as main stake-
holders. The ranks of the main stakeholders per grouping are also ana-
lysed in a correlation matrix based on Spearman rank correlation
coefficients.

2.4. Qualitative and quantitative analyses by thematic grouping

The next three methodological steps involve qualitative and quan-
titative analyses of the cities’ visions, the main barriers, gaps, and
assistance needs, as well as favourable conditions and opportunities for
each TG, compared with the same analysis performed for all eligible and
Mission Cities. One of the questions in the section of the EOI question-
naire on vision and ambition allows entering a free-text answer to
describe how achieving climate neutrality by 2030 is envisioned, i.e.,
how the city plans to accelerate the transition and close the gap to (net-)
zero GHG emissions by 2030. The responses to this common free-text
question are read for all cities in a given TG to enunciate correspond-
ing narratives. Cross-cutting patterns are identified and compared with
the text analysis as reported in SM1 [65]. Within this comprehensive
process, a keywords search is conducted following a text processing
procedure applied to the original free-text answers to ease spotting
recurrent words and expressions, including lemmatisation, harmo-
nisation of words by British/American spelling, and nounification (i.e.,
transforming adverbs, verbs, and adjectives into nouns based on the
mutual degree of similarity).

Subsequently, the analysis of the main barriers, gaps, and assistance
needs is performed for cities in each TG and for the two broader cohorts
of eligible and Mission Cities. Specifically, the EOI questionnaire in-
volves nine questions that are dedicated to understanding the main
barriers, gaps, and assistance needs cities envisage to encounter when
pursuing climate neutrality by 2030. The responses are collected across
77 options for the overall main barriers regardless of sector and for the
main barriers that are more specific to the energy, transport, and waste/
wastewater sectors. The responses of the cities are compared for eligible
cities, Mission Cities, and TGs based on the percentage of cities where
the barrier is expected to be encountered. In view of increasing co-
learning among cities, the responses to the main barriers are further
ranked and analysed in correlation matrices using the Spearman rank
correlation coefficients. City responses to current climate governance,
including horizontal oversight of climate mitigation policies, are ana-
lysed to determine ways cities are planning to address fragmentation of
responsibilities or generate operational capacity. Sankey diagrams are
prepared to identify patterns on how cities intend to evolve their current
climate governance by linking two aspects: (1) the number of years
selected governance structures or allocation of responsibilities have
been in place and (2) whether the city is considering changing/adapting
current governance structures.

Finally, the investigation is concluded by the analysis of favourable
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conditions and opportunities for each TG, for eligible cities, and for
Mission Cities as a whole. The EOI questionnaire contains the self-
assessment of cities based on a common set of favourable conditions
or opportunities. In total, 15 questions required cities to perform a self-
assessment on whether they could rely on certain favourable conditions
based on a five-point Likert scale from one (cannot relate) to five (very
much relates). The options relate to various contextual factors, such as a
growing, young and above-average educated and skilled population,
favourable economic conditions (e.g., high salaries/tax revenues), and a
supportive local research environment. The contextual factors further
include possibilities for fast authorisation or fast funding/financing
processes, the presence of a consolidated communication platform with
proven success in disseminating climate awareness, the availability of
own funding schemes to moderately resort to external funding for
climate policies, and the existence of favourable geo-climatic conditions
(e.g., proximity to water bodies, moderate occurrence of climate ex-
tremes). Where in lack of any of these favourable conditions, options are
given for other opportunities, such as (i) the absence of any major ob-
stacles to climate neutrality and (ii) the chance to exploit the policy
window for placing and prioritising the topic of urban climate neutrality
on the agenda or (iii) to put forth an example pathway to climate
neutrality for many other similar cities to follow. The options also
include (iv) the availability of recent R&I solutions that could enable at
least one favourable condition, (v) the ability to engage with alternative
creative approaches (e.g., collaborations or networking access to crucial
knowledge, participation in exploratory studies), and (vi) the capacity to
secure enough internal and external funding/financing for climate
neutrality projects. Responses are shortened in phrases when visualised,
but can be read in full in SM2 [65] (i.e., the EOI questionnaire). A
Wilcoxon signed-rank test statistic text is performed to determine
whether paired groupings of eligible cities, Mission Cities, and TGs differ
with statistical significance considering the entire set of options.

3. Results

Cities seeking to reach climate neutrality represent a range of
different characteristics and utilise various approaches in transforming
their future trajectories. Systematic evaluations of cities’ responses to
the EOI questionnaire and the definition of TGs provide an analytical
lens for better understanding these characteristics.

3.1. Characteristics of the cities pursuing climate neutrality

Fig. 2 profiles the 112 Mission Cities and the other eligible cities and
displays their characterisation by ambition, collaboration, and other
descriptive statistics. In the geographical mapping of Fig. 2a, the coor-
dinate points are coloured by TG when the eligible city is a Mission City.
EU Member States are shaded in light grey in the background map. The
scatterplot in Fig. 2b provides the relative positioning of the cities in
ambition (x-axis) and collaboration (y-axis). Here, the data points
represent A(U;) and C(Uj) for each Mission City U; using Equations (1)
(4). The median values for ambition (A;,) and collaboration (C,,) are
used to define the quadrants of the coordinate plane. Cities that excel in
both ambition and collaboration form TG1 (the top right quadrant in
Fig. 2b) and amount to 40 cities. Diametrically opposite are cities in TG3
for which such operational dimensions of the analytical domains are
comparatively underdeveloped (n = 39). Finally, cities in TG2 have
above-median values in collaboration (n = 17), and those in TG4 in
ambition (n = 17).

A Kruskal-Wallis H Test is performed to determine statistical signif-
icance among the analysed groups where the TGs have statistical sig-
nificance at p < .01 for emissions, population, and land area. The box-
plots in Fig. 2c represent the median values and the interquartile
range of data on emissions, population, emissions per capita, and land
area. Mission Cities in TG3 span the widest range in emissions and
population, cities in TG1/TG2 can have higher/lower emissions per
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Fig. 2. Mapping of the eligible and Mission Cities (a), characteristics by ambition and collaboration (b) and descriptive statistics (c). Some eligible cities did
not give consent to be identified and are excluded from the mapping while included in all analyses.

capita, and cities in TG4 can extend over wider geographical areas. In
addition, cities in TGl and TG4 have greater experience with the
implementation of key climate mitigation measures at the city scale that
intersect multiple emitting sectors, e.g., energy, transport, and waste as
reported in SM1 [65]. Collaboration across different stakeholders is
strongest in TG1 and TG2 where almost all cities identify citizens and the
private sector as being among the main stakeholders.

In total, Mission Cities come with an emissions reduction potential of
318.3 MtCO9eq (nearly 50% of that associated with all 362 eligible
cities). Those in the TGs add to 114.9 MtCOzeq (TG1, 36.1%), 45.3
MtCOseq (TG2, 14.2%), 90.1 MtCO-eq (TG3, 28.3%), and 68.0 MtCO-eq
(TG4, 21.4%). A better understanding of the characteristics of the cities
in each TG can support ways of realising the mitigation potentials. For
example, there is an overarching approach of wide-ranging ambition
and collaboration in TG1 and collaboration-led ambition for climate
neutrality in TG2. The other TGs involve promising elements to accel-
erate the process (TG3) and emerging collaboration for city-wide
ambition (TG4). Fostering co-learning across the TGs can accelerate
the pace of reaching climate neutrality within this decade.

3.2. Visions for climate neutrality by thematic grouping

Transforming cities into climate-neutral cities is a visionary process
that requires a complete shift in the mobilisation of resources through
creative, mission-oriented approaches. Cross-cutting patterns in the vi-
sions for climate neutrality of each group indicate the main approaches
that are being planned to accelerate the transition by 2030 and enun-
ciate the corresponding narratives. In particular, there are wide-ranging
partnerships and portfolios of strategic and integrated interventions in
TG1. Collaboration is a way of overcoming urban challenges in TG2,
while some cities aim to be regional trendsetters with greater needs for
policy-learning and twinning in TG3. In TG4, there are emerging
governance structures, partnerships, and collaboration with multiple
strategies and master plans in place. The text analysis in SM1 [65]
summarises the cross-cutting patterns within and across the narratives.

Mission Cities in TGl are found to align ambitions for climate

neutrality with a wide range of actions from efficient urban infrastruc-
ture and expansion of renewable energy capacity to the diversification of
financial tools to catalyse local investment. TG1 cities present multiple
strengths in putting forth ambitious and comprehensive transformations
through partnerships and citizen engagement. Flagship projects of
strategic and integrated interventions are planned in a portfolio
approach, including those to phase-out fossil fuels, accelerate the energy
transition, ensure fossil-fuel free municipalities, enhance carbon sinks
within the municipality to manage residual emissions, and increase
collective solutions at the district level. Enabling enduring behavioural
change is seen in connection with changes in urban infrastructure.
Large-scale rollout of mitigation measures, proximity-oriented urban
planning, renewable energy systems, smart coupling of transport, heat,
cold and power, sustainable land use, urban renaturing, and circularity
are among the strategic actions that are planned for climate neutrality.

To realise this ambition, cities in TG1 strengthen climate governance
through co-design and co-implementation, cross-departmental collabo-
ration, working across and maximising synergies among different di-
visions, breaking down silos, overcoming divisional planning, and
mobilising a dynamic and diverse network of actors. There is emphasis
on ambitious mission-oriented partnerships to allow “next-level inte-
gration” between sectors. In TG1, ambition is also emphasised in the
context of accelerating and deepening policies for energy and ecological
transitions, coordinating strategies across sectors, land uses, and time
scales, bringing an innovative and human-centric approach to climate
neutrality, and steering peer-to-peer learning across Europe, sector
coupling, and re-use of waste heat. Experimentation with new models of
urban development goes in tandem with partnerships among scientific
institutions and public-private stakeholders. Active participation and
strengthening a quadruple helix are underlined as ways of catalysing
action. Radical visions of change involve transformative dynamics in
bringing together interventions mandated by the city and bottom-up
initiatives, which hold promise in terms of climate mitigation potential.

In TG2, narratives more often emphasise complex urban challenges
while collaboration is seen as a way of overcoming these issues to in-
crease ambition toward climate neutrality. Collaboration is often placed
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at the center of action to change existing pathways and shift away from
environmental problems, including air pollution. A “one city approach”
is indicated to be the focal point of action for coordinating across
institutional and sectoral boundaries. Partnerships of civic society,
businesses, researchers, and various levels of government are seen as a
strategic approach for maximising decarbonisation opportunities where
sectors intersect. Tools for collaboration include green capital partner-
ships, upscaling of innovative projects and approaches, and incentives
for sustainable behaviour on a city scale. Moreover, there is a frequent
emphasis on social, economic and environmental master plans, climate
action plans, investment plans, and land use plans. Key measures include
more compact and sustainable urban growth, decarbonisation across
sectors, fossil-free energy supply, and urgent renovation actions.
Renewable energy communities are seen as a way of combating energy
poverty and coupling climate mitigation with sustainable development.
Co-benefits involve cleaner air, green jobs, more efficient housing, and
increasing resilience for the most vulnerable. Just transitions are more
frequently upheld to ensure a socially fair and inclusive city that is
centred on citizen needs.

TG3 includes cities where there is great potential for bringing
various elements together to support climate neutrality by 2030 despite
different starting points in ambition and collaboration. Some of the most
populated cities originally targeted climate neutrality in later years
while the Mission is the lever to step up the ambition with clear and
focused targets. Multiple cities emphasise their positions as trend-setters
for their regions by providing bold examples of ways forward to climate
neutrality. Enhancing urban metabolism and the functions of the city as
a green, innovative and digital hub represents the main opportunity that
will drive climate neutrality in this grouping, along with learning from
the experiences of the COVID-19 pandemic in increasing public spaces
for health and well-being.

Moreover, many TG3 cities emphasise a greater need for policy-
learning and twinning with other cities that may have similar needs
and challenges. Cities more frequently raise needs for capacity building
while underlining vast opportunities to accelerate progress. Some vi-
sions emphasise compact and connected growth with integrated man-
agement, urban planning linked with environmental planning, replacing
fossil fuels, ensuring 100% renewable energy, eliminating dependence
on imported energy, and increasing synergies between existing mea-
sures and initiatives. In TG3, energy more frequently forms the focal
point of cities’ visions for climate neutrality in such aspects as energy
management, renewable energy generation technologies, energy com-
munities, polycentric urban form, behavioural change in energy use
patterns, and addressing energy and transport poverty.

Mission Cities in TG4 have high-impact visions for transforming the
city by focusing on tackling the major sources of GHG emissions. These
visions include an emphasis on low-temperature district heating and
cooling networks with renewable energy, transforming the building
stock for energy savings, and promoting active or low-carbon mobility
within a broader framework of sustainable urban planning. Multiple
cities underline the importance of energy communities and co-creation
with citizens in the process of supporting a city-wide approach to
climate neutrality with emerging collaboration. Examples include
randomly selected citizen boards, climate change directorates, work-
shops for engaging all relevant stakeholders in planning and imple-
mentation, and Mission teams to support climate neutrality and new
social contracts. Other cities have new administrative departments to
implement large-scale projects for climate neutrality. Some cities also
express the need for stronger connections with the research and inno-
vation (R&I) community, the private sector, effectively engaging citi-
zens, integrating climate mitigation at the earliest stages of urban
planning, and supporting the process of decommissioning infrastructure
in the energy sector.

Another cross-cutting pattern for TG4 relates to the presence of
multiple strategies and master plans in different domains covering en-
ergy, urban planning, transport, buildings, resource use and waste, and/
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or digitalization. This scope is an advantage to increasing avoid-shift-
improve approaches [68], circular economy principles, and/or zero
waste targets. Smart charging of electric vehicles and smart operation of
heat pumps are emphasised as flexibility options on the demand side.
Digitalization-based measures involve data platforms for data-driven
management, big data computing, and digital solutions. Some visions
place more emphasis on cross-sectoral partnerships within and across
cities with the ambition to place climate neutrality at the center of
strategic urban planning in the Mission City.

3.3. Contextual factors and main barriers

The 112 Mission Cities represent a wide range of characteristics that
give rise to both shared and differing contextual factors underlying their
visions. Fig. 3 compares the way different groupings of cities relate with
a set of 14 contextual factors. The axis of the dot plot in Fig. 3 is based on
a five-point Likert scale from one (cannot relate) to five (very much
relates). Ordering is based on the average value for the Mission Cities.
The colour coding represents the different TGs of cities from TG1 to TG4
as labelled in the legend. In total, eight of the contextual factors repre-
sent favourable conditions while six relate to opportunities (i.e., those
that start with “none, but”). The shaded areas around the data points for
each contextual factor are relative density curves.

According to their self-assessment, cities in TG1 most closely relate
to multiple favourable conditions, including a supportive local research
environment, a growing, young, educated and skilled population,
consolidated communication platforms to disseminate climate aware-
ness, and fast authorisation, funding, and financing processes. In
contrast, cities in TG3 lag behind identifying any favourable conditions
while seeing the opportunity of a policy window to pursue and prioritise
climate neutrality. Other TGs have a different set of conditions that are
seen most favourably, such as economic conditions and own funding
schemes in TG2 that holds promise for realising alternative creative
approaches, including collaborations and access to critical knowledge.
In TG4, cities more closely relate to the absence of favourable conditions
while also anticipating the opportunity of opening an example pathway
for other cities on the same journey. The larger group of eligible cities
represents a mix of different responses while showing less confidence in
the use of alternative creative approaches (e.g., collaborations or
networking access to crucial knowledge, and participation in explor-
atory studies). The results are also analysed with the Wilcoxon signed-
rank test statistic. Significance with p < .01 and p < .05 is given in
SM1 [65].

The transition toward reaching climate neutrality involves multiple
barriers that need to be overcome during the process, including through
innovation and collaboration within the urban system. Based on an
analysis of 77 main barriers for cities with and without sector specifi-
cation, there are both similarities and differences in those barriers cities
expect to encounter. In this scope, Fig. 4 first compares the 24 possible
main barriers that cities envisage to be of relevance in the process of
pursuing climate neutrality by 2030 without sector specification across
all eligible cities, Mission Cities, and the TGs. The ordering is based on
the percentage of cities that expect to encounter a given barrier among
Mission Cities (n = 113). Each coloured dot represents the percentage
value for all eligible cities (grey dots), Mission Cities (yellow dots), and
the TGs of Mission cities (TG1 red, TG2 blue, TG3 green, and TG4 purple
dots). The shaded areas around the data points represent relative con-
centrations as density curves.

Lack of funding and financing schemes as well as fragmentation of
responsibilities are relevant for 66.0% and 46.4% of all eligible cities
and 74.1% and 59.8% of Mission Cities, respectively. In TG2, both of
these barriers are relevant for 76.5% of cities as the top main barrier. At
the city scale, a siloed approach can further inhibit more integrated
urban planning and the delivery of related co-benefits, including better
social opportunities [69], health [70], and climate adaptation, such as
improved resilience to floods [71] and water scarcity [72]. Other critical
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Fig. 3. Comparison of a set of 14 contextual factors across eligible cities, Mission Cities, and the thematic groupings.
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Fig. 4. Envisaged main barriers that are expected to be encountered by eligible cities, Mission Cities, and the thematic groupings.

barriers are more differentiated across the various cities. Difficulties in
building collaborations between public and private sectors as a barrier is
ranked third in TG4, which is relevant for 47.1% of cities while having
lower relevance in the other TGs (15.0%-33.3%). Another barrier that is
relatively more relevant for TG4 than others involves slow and dis-
aggregated authorisation processes (35.3%), representing a need for
acceleration and coordination. Lack of citizen participation and proac-
tiveness — essential components for societal engagement [73] — stand out
as a barrier in TG3 flagged by 43.6% of the cities. Insufficient admin-
istrative and/or operational capacity is expected to be a main barrier in
44.5% of all eligible cities and a similar share (40.0%) of cities in TG1.
Co-learning between cities with similar barriers will be instrumental in
identifying and increasing ways of targeting common needs.

These results are further analysed in a correlation matrix based on
Spearman rank correlation coefficients to determine the groupings with
the least and most associated rankings for the main barriers as reported
in SM1 [65]. The correlation matrices provide another means of finding
similarities and differences among the main barriers that are expected in
the groupings. Here, the least associated rankings take place among TG2
and TG4 and the most associated rankings are among the Mission Cities
and both TG1 and TG3.

Fig. 5 provides the analyses of the main barriers with sector speci-
fication across the different TGs. In the energy sector (Fig. 5a), cities
identify the main barrier to be high initial capital costs with a share of
52.9%-88.2% relevance. For TG4, unfavourable power pricing rules are
the next most relevant barrier with 52.9% of cities indicating its
importance. Perceived technology performance uncertainty and risk is
deemed relevant for 47.1% of cities in TG2, possibly requiring greater
collaborations with academia, R&I institutions, and the private sector.
Alternatively, business models and market design oriented to energy
communities, decision schemes [73] and preferences for peer-to-peer
trading [74], and issues of fairness [75,76] among prosumers [77] can
be used to facilitate system-level advances. Considering needs for
multi-level climate governance [78] and upscaling actions [79], the lack
of enabling energy policy at the country level has relatively high rele-
vance in TG1 at 40.0%. In comparison, responses of all eligible cities
concerning the main barriers in energy are most similar to those of
Mission Cities in the lack of a legal framework for independent power
producers (19.9% and 19.6%).

In the transport sector (Fig. 5b), the main barriers, gaps, and assis-
tance needs that cities most frequently expect to encounter are high
initial capital costs. The barriers that follow have a more diverse range
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Fig. 5. Main barriers, gaps, and assistance needs that are expected to be encountered by cities in the energy (a), transport (b), and waste and wastewater (c) sectors
across eligible cities, Mission cities, and the thematic groupings.
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across the various cities. Insufficient flexibility in changing urban forms
and functions, particularly to reduce trip lengths, is a top selection
among Mission Cities in TG4 (52.9%). Cities in the same grouping
further expect infrastructural and planning barriers to active travel, such
as a lack of sidewalks and cycling lanes (again 52.9%). Both of these
selections suggest that the existing urban layouts in these cities are seen
to pose a potential barrier to avoid, shift, and improve strategies for
transport [80]. Another main barrier that is expected by cities in TG2 far
above other Mission Cities is the lack of enabling transport policy at the
country level (47.1%), which will require greater effort for multi-level
governance [78]. In the same group of cities, spatial dispersion or un-
even accessibility is also selected as a predominant barrier (41.2%),
which can be a cause of carbon lock-in [80] and result in additional
emissions [81] due to dispersed urban growth schemes. Cities in TG1
relate to the main barrier of time and economic constraints in the use of
public transport by their citizens (40.0%) that will require dedicated
interventions. Cross-modal ticketing and payment systems can also
encourage modal shifts. While selected less frequently by cities, various
values [82] and psychosocial barriers [83] to public and active travel are
indicated, which may require extra awareness raising and appreciation
of co-benefits to be overcome within the societal landscape.

In the waste and wastewater sector (Fig. 5¢), Mission Cities expect to
encounter certain barriers due to slow behavioural transformation,
including cultural barriers, at 64.3%. This barrier is further reinforced
by the second most frequently identified barrier of lack of infrastructure
for circular economy measures at 54.5% (and even higher in TG1,
67.5%). For example, choice architectures usually require interactions
between efficient infrastructures that can shape societal norms [84] and
provide nudges for behavioural change [85,86]. Better infrastructure for
circular economy practices [87] can also open new options in municipal
waste management systems [88], building retrofitting [89], electronic
waste [90], textiles [91], photovoltaic panels [92], electric vehicle
batteries [93] and secondary uses [94], and biomass overharvests [95].
Ineffective waste prevention - relating to the initial stage of the waste
hierarchy - is more intensively identified in one of the groupings (TG4)
at 82.4% of cities while overall, all eligible cities are far less concerned
with this possible barrier, at 37.6%. Insufficient waste separation and
quality of separated waste spans a narrower range (45.0%-52.9%) with
other sectoral barriers identified by at most 35% of the cities.

Two additional analyses support the results for determining oppor-
tunities among Mission Cities. Correlation matrices using the Spearman
rank correlation coefficients are used to analyse the main barriers to
support co-learning processes between TGs having the most associated
rankings. The values of the Spearman rank correlation coefficients (p)
for the main barriers regardless of sector range between 0.56 and 0.93 as
observed from Fig. 6. The main barriers regardless of sector have the
most associated rankings among the Mission Cities and both TG1 and
TG3 (p = 0.93). In contrast, the ranks for the main barriers regardless of
sector are least associated among TG2 and TG4 (p = 0.56). The values of
the Spearman rank correlation coefficients for the main barriers in
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TG3
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TG1

Mission Cities

Eligible Cities
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energy, transport, as well as waste and wastewater have a bigger range
between 0.19 and 0.92, which can be observed from the sector specific
analyses in SM1 [65]. Hence, there are both similarities and differences
across the TGs that need to be leveraged in the effort of stimulating
co-learning among cities and reaching climate neutrality.

Moreover, cities are recognising that implementing deep changes in
urban governance [96] driven by the imperative of addressing climate
change is an opportunity to address some of these main barriers. The
Sankey diagram in Fig. 7 is based on the cities’ aggregated responses to
the duration of current climate governance or allocation of re-
sponsibilities, including horizontal oversight of climate mitigation pol-
icies. The findings provide evidence on a range of durations in climate
governance structures. Among the Mission Cities, only 51 cities and
mostly those in TG1 followed by TG3 had climate governance structures
for more than 5 years while still largely planning to change or adapt
these structures. This attests to the proactive approach of Mission Cities
to transform processes to reach climate neutrality. Across all TGs, 77%
of Mission Cities are planning to change or adapt current climate
governance structures. In the remaining 23%, such options can be
considered as a capacity-building manoeuvre. In TG3, two cities did not
respond to the duration of the current climate governance while
expecting to change and adapt current climate governance structures,
which is not included in the Sankey diagram. Based on corresponding
responses in the scope of urban climate governance structures, there are
multiple cities where separate departments for transport, environment,
buildings, construction, and/or urban planning exist. Such situations are
highly conducive to a fragmentation of responsibilities that would need
dedicated attention under the Mission.

4. Recommendations and discussion

The results of the analyses that are performed in this research work
are useful for synthesizing findings to determine instances where rec-
ommendations can provide direct matches to the relevant enablers and/
or needs raised by cities in various TGs. As such, this section discusses
nine high-level recommendations derived for the different TGs,
including a focus on (i) the transformation of siloed into integrated
approaches, (ii) inclusive climate governance and collaborations, (iii)
innovative financing, welfare and just transition, and (iv) planning,
implementation and policy coherence. Moreover, cases where the
identified enabler of a given recommendation and/or barrier has a
higher percentage relevance in the TG rather than across all Mission
Cities are given high priority. In this evaluation, high priority is distin-
guished by the types of H1 (based on enablers), H2 (based on the bar-
riers to be addressed), H3 (based on both enablers and barriers to be
addressed), and H4 (based on the cities’ vision only). Such a prioriti-
sation can indicate the main entry points in the pathway towards climate
neutrality by 2030. The discussions are then placed in the context of
recent advances for Mission Cities and the contributions that analytical
perspectives based on TGs bring to the field.

TG1

TG2 TG3 TG4

Fig. 6. Correlation matrix for the main barriers that are expected to be encountered by eligible cities, Mission Cities, and the thematic groupings.

10



S. Kilkis et al.

TGs Duration of climate governance structures
| TG1 (40)
I TG3 (37)
I TG4 (17) -
I TG2 (17)

Renewable and Sustainable Energy Reviews 195 (2024) 114315

Planning to change/adapt current climate governance structures (Yes/No)
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Less than 5 years (47)

No (26)
Less than 1 year (13)

Fig. 7. Responses on current climate governance and plans for changes across thematic groupings.

4.1. Advancing towards climate neutrality together

A thorough analysis of the cities’ visions, contextual factors, and
expected main barriers as provided in the results allow the synthesis in
Table 1 that derives nine high-level recommendations for the 112
Mission Cities. These high-level recommendations cover various aspects
of integration [97], governance [98], collaboration [99], climate
finance [100], social welfare [101], just transition [102], planning tools
[103], implementation, and policy coherence. Each of these recom-
mendations is associated with priorities for the TGs considering the
enablers that can be present among contextual factors and the main
barriers that can be addressed or even prevented. The opportunity space
for realising these high-level recommendations can be amplified when
cities have both enablers and needs based on a main barrier to be
addressed (marked as H3 in Table 1 and emphasised by double dots).

Table 1

These high-level recommendations can also increase scientific and pol-
icy support that can guide approaches to promote “transformational”
change. This includes strategic interventions that focus on governance
and also deep radical interventions to address inequality, materialism,
and lock-in of extractive systems [104]. While the recommendations are
derived for Mission Cities, any “follower” or “twin” city willing to
embark on the climate neutrality mission can prioritise the recommen-
dations that come closest to their profiles.

The high-level recommendations are discussed in four tracks. The
first track is transforming siloed into integrated approaches. Reaching
climate neutrality requires an all-encompassing approach across the
entire urban system based on opportunities that are present in a given
context. This entails coupling sectors with urban planning [105], sup-
porting behavioural change [106], and enhancing carbon sinks.
Currently, cities have varying levels of experience in tackling siloed

High-level recommendations for the Mission Cities and their priorities for the thematic groupings considering enablers and barriers.

Policy Area High-Level Recommendations TGl TG2 TG3 TG4 Recommendations can be enabled by (E) and used to address barrier(s) (B)
Integration Transforming siloed into H1 H3 H1 H1 E: Policy window for climate neutrality; growing, young, educated and skilled population;
integrated approaches . . . . supportive local research environment; recent R&I enablers,
. B: Fragmentation of responsibilities
Governance Strengthening inclusive climate H1 H3 H3 H1 E: Consolidated communication platform; example pathway for others, B: Fragmentation of
governance . . . . responsibilities; lack of citizen participation and proactiveness
. L]
Collaboration Broadening collaborations for H1 H3 H3 H3 E: Consolidated communication platform; example pathway for others; Alternative creative
advancing together . . . . approaches, B: Difficulties in building collaborations between public and private sectors
. L] L]
Climate Finance ~ Boosting and managing H3 H3 H4 H1 E: Own funding schemes; fast funding and/or financing process, B: Lack of funding and/or
innovative financing . . . . financing schemes; prohibitive investment costs
L] L]
Social Welfare Increasing co-benefits for social H1 H3 H3 H1 E: Growing, young, educated and skilled population; example pathway for others, B: Growth
welfare . . . . schemes limitations and challenges
L] L]
Just Transition Addressing energy poverty and H1 H3 H3 H1 E: Growing, young, educated and skilled population, B: Growth schemes limitations and
social issues . . . . challenges
L] L]
Planning Tools Increasing science-based H1 H3 H3 H3 E: Supportive local research environment; recent R&I enablers
approaches in planning . . . . B: Lack of technical or commercial skills and information; Lack of consolidated monitoring,
. . . reporting and verification procedures
Implementation ~ From co-design to a co- H1 H3 H4 H1 E: Fast authorisation process; Alternative creative approaches, B: Fragmentation of
implementation process . . . . responsibilities
L]
Coherence Aligning incentives and H2 H1 H3 H3 E: Policy window for climate neutrality, B: Lack of enabling policy at Member State level;
regulations across scales . . . . lack of effective, sustainable policy at local level
L] L]
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approaches [107], implementing measures to capture synergies for
climate mitigation [108], and engaging society at large. For example,
Mission Cities in TG1 have relatively more experience in implementing
cross-sectoral measures and city-scale measures. Cities in TG1 also ex-
press proximity-oriented urban planning and next-level integration be-
tween sectors in their visions. At the same time, all Mission Cities can be
empowered to transform siloed approaches into integrated strategies,
including cities in TG2 that express a larger concern for fragmentation of
responsibilities. Despite the challenges of the process, multiple contex-
tual factors, such as a growing, young, educated, and skilled population,
a supportive local research environment, recent R&I enablers, and the
aspiration to act upon the policy window for climate neutrality can be
used to support increasing enablers to build capacity and shift
directions.

Second, there is a need for inclusive climate governance and col-
laborations. Reforming climate governance to counter the fragmenta-
tion of responsibilities is an important entry point for ensuring an
effective transformation into a climate-neutral city. Most cities recognise
that the process of reaching climate neutrality extends beyond the
mandates of any single institution and are taking action rapidly. For
example, most of the Mission Cities that identified fragmentation of
responsibilities as a main barrier have current climate governance
structures that are being considered to be changed and/or adapted. Even
newer structures include city councils that proclaimed climate emer-
gency and new departments in sustainable development and climate
protection. Other cities have established climate steering committees,
climate action teams, climate policy divisions, and climate advisory
councils. Many cities are starting to promote cross-departmental
collaboration while increasing the coordination and horizontal over-
sight of climate mitigation policies. New transition teams that are
involving local departments, businesses, academia, and communities
can also learn from more experienced teams for integrated urban plan-
ning and cross-sectoral coordination. Other cities are in the process of
structuring new public-private partnerships with the mandate of real-
ising specific milestones and pursuing partnerships with universities and
research institutes for supporting climate neutrality. In existing collab-
orations, the private sector and citizens are more active in TG1 and TG2
(also reported in SM1 [65]), which needs to be broadened to all cases. In
other cities, hybrid commissions with citizens and co-shared governance
models are emerging. Going forward, all Mission Cities will need to
deploy creative approaches in broadening collaborations and realising
inclusive approaches. Beyond Mission Cities, all cities with climate
neutrality ambition can start evolving their current climate governance
structures whenever needed.

Third, innovative financing, welfare, and just transition are neces-
sary. Boosting innovative financing tools and managing their simulta-
neous deployment requires increased local capacity. More advanced
cities are already taking steps to realise innovative financing tools,
including special funding and stimulus programmes to catalyse green
transformation, participatory budgeting, multi-level funds, and crowd-
funding campaigns. For instance, several cities have introduced loan
schemes with banking institutions or crowdfunding schemes for local
energy communities with the city taking part as a partner, also renting
public building roof area for solar photovoltaic installations [109].
Revolving funds with equity participation for renewable energy and
energy efficiency projects are among other financial instruments while
most cities still need to find ways of tapping into capital markets [109].
Joint programming of innovation, thematic calls, multi-sector partner-
ships, and carbon cooperatives are other examples that should be
explored across cities. In addition, increasing co-benefits for public
health, generating new green jobs, promoting linkages with sustainable
development, taking action against energy and transport poverty, and
improving affordable housing [110] are essential. In TG2 and TG3,
where growth schemes’ limitations and challenges are relatively more
frequently expected as a main barrier, attention to increasing co-benefits
and addressing social issues with climate mitigation will be valuable in
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enlarging and acting upon the opportunity space. Overall, all Mission
Cities must undertake a comprehensive approach to realising and
communicating the co-benefits of climate mitigation for both people and
the planet, which can also motivate more stakeholder engagement.
Cities need bold action to reach climate neutrality through a sustainable
transition that treasures climate justice in the process of designing and
implementing climate efforts [111]. Greater levels of climate justice
awareness in Mission Cities can also interact with the presence of gov-
ernment financial support, breadth of cities’ legal powers, and their
ability to identify barriers to climate action [111]. Through increased
climate justice awareness and action, a just transition will lead to
attaining more attractive, liveable, inclusive and resilient cities for all
inhabitants.

The fourth track relates to planning, implementation, and policy
coherence. Increasing science-based approaches in planning processes
can be facilitated by supportive local research environments and
emerging R&I enablers. Increased collaboration with these institutions
should be used to transform situations where technical or commercial
skills and information are insufficient. For example, data strategies
[112] and science-based modelling tools [113] are being deployed
across Mission Cities with varying capacities. There is also a need to
increase monitoring processes for a green and digital transition [114],
including the outcomes of implemented digitalization measures [115].
In addition, ensuring continuity in a process of co-design, co-production
[116], empowerment [117], and co-implementation requires capacity
as well as creativity in transition management and co-creation. Focusing
on processes for sustainability transformations is essential [118] and
Mission Cities should uphold a focus on polycentric processes directed
towards climate neutrality. Moreover, aligning incentives and regula-
tions across scales is essential for policy coherence. This may include
introducing mandatory solar photovoltaic regulations, zoning for
renewable energy-based district heating and cooling networks, and
ensuring energy-efficient buildings that are also earthquake-resistant.
When enabling policies at the national level or effective and sustain-
able local policy are lacking, such alignment is challenging. This may
also be compounded by authorisation processes that are lengthy or
disaggregated. In such cases, new climate governance structures that
build on the urgency of climate neutrality can provide a means to boost
decision-making power and gain speed for a more targeted,
mission-oriented approach.

4.2. Recent advances for Mission Cities and ways forward

Beyond the thematic framework that is taken in this research work to
cross-compare and connect groupings of cities with their visions,
contextual factors, and barriers, scientific literature on cities that are
willing to reach climate neutrality is newly emerging. However, the
scientific production on the Mission Cities is growing rapidly given the
political attention around this one-of-its-kind initiative. For example,
another investigation based on the same EOI dataset reveals that many
eligible cities already achieved significant emissions reductions in the
past through building interventions, upscaled renewable energy pro-
duction, expanded public transport, and other energy efficiency mea-
sures [59]. Nonetheless, the unprecedented pace of emissions reductions
dictated by the Mission’s target and timeline would require a quadru-
pling of mitigation efforts in half the time across most eligible cities
[59]. For this reason, cross-sectoral planning and implementation with
an integrated approach [97] will continue to gain priority, especially in
cities that seek absolute zero emissions without any residual emissions.

A rich literature is emerging around the barriers and potential so-
lutions eligible cities have to juggle in chasing climate neutrality by
2030, which nicely complements this study and supports its main find-
ings. In Ulpiani et al. [109], financial barriers are scrutinised consid-
ering the estimated capital requirements that are needed to materialise
climate neutrality. A complex framework of uncertainties is disclosed
around securing private investment, increased interest rates, ineffective
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legislative control of the indebtedness level, national underfunding,
high fiscal risk, legislative and regulatory variability, political insta-
bility, and insufficient internal capacity. Financial barriers are closely
linked to financial risks, analysed critically in Ref. [119] together with
other eight risk domains to reproduce the complete riskscape around
deep decarbonisation in the framework of the Cities Mission [119]. In
the social domain, barriers and risks are frequently borne from the dif-
ficulties and expertise needed to deliver a transformation that embeds
principles of social justice and equity [111]. Other barriers are more
sector-specific, for instance those that are associated with the imple-
mentation, expansion, and/or diversification of renewable energy
sources [120], energy conservation and efficiency in the built environ-
ment [121], the deep transformations required in the transport and
mobility sector [122], or waste management and the circularity of
processes and products [123]. How these barriers interlace and interact
with the city-specific context determines the conceptual framework that
should guide the design of lower-risk climate-neutral pathways and the
prioritisation of certain capacity-building activities over others.

5. Conclusion

Reaching climate neutrality by 2030 will have a crucial role in
leading the way to implementing ambitious and collaborative action to
address the urgency of climate mitigation across scales. This is the first
study that characterises the 112 cities selected for the EU Mission on 100
Climate-Neutral and Smart Cities in groupings to facilitate the process of
co-learning among cities and accelerate the climate-neutral journey.
More tailored approaches based on the TGs as in this research work is
essential for supporting guidance for cities. Cities are found to be
engaging in a transformative process while utilising a mix of over-
arching approaches that can be driven by strengths in ambition,
collaboration, or both. More specifically, the new findings advance an
understanding of Mission Cities based on five main processes: (i)
profiling cities based on key characteristics, (ii) comparing the cities’
visions for climate neutrality by 2030 in TGs, (iii) identifying the most
prominent contextual factors among TGs relevant to climate neutrality,
(iv) comparing the main barriers to be overcome in the process, and (v)
deriving and prioritising nine high-level recommendations for the
Mission Cities based on enablers and barriers. The implementation of
these recommendations has the potential to accelerate climate mitiga-
tion action and its co-achievement with the Sustainable Development
Goals.

Building on these advances, cities are strongly urged to utilise their
strengths to increase synergies between ambition and collaboration
during the implementation process. Contextual factors, such as sup-
portive local research environments and emerging R&I enablers, need to
be put into action to support stepped-up ambitions. Moreover, barriers
revolving around funding and financing as well as fragmentation of
responsibilities are relatively more prominent, requiring more and
deeper co-learning processes. Strengthening climate governance struc-
tures can open new opportunities for integration, climate finance, and
policy coherence. The nine high-level recommendations that are derived
and prioritised in this study should be used to reinforce a synergistic
approach in transformative pathways for climate neutrality and to
promote shared approaches to barriers lifting and removal. In doing so,
cities in a particular TG can be expected to advance their degree of
ambition and collaboration while implementing the objectives of the
Mission. Future studies can focus on monitoring the progress in the
Mission Cities to inform on advances and evaluate the role of enablers
within the observed changes. The unprecedented data that is analysed in
this study based on the EOI questionnaire also provides unique value by
taking stock of cities’ responses and evaluations within a harmonised
framework. Similar processes can be considered to complement moni-
toring phases and site visits by expert personnel may be designed to
improve stocktaking processes in the future.

The ongoing implementation of the Cities Mission is mobilising a rich
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network of actors and stimulating wide-ranging progress in cities [124],
which can benefit from the recommendations enshrined in this research
work. As cities juggle unprecedented challenges in the transformative
process to become climate-neutral by 2030, new insights, strategies, and
best practices will be generated. A vibrant environment that fosters
exchanges of good practices and experiences among cities with rapid
communication and diffusion continues to be essential in building local
capacities. The urgency of addressing climate change requires stringent
implementation of measures in a credible manner. These advances could
inform future analytical support to keep following these pioneering
cities in their unprecedented but crucially needed journey towards
zero-emissions futures. Further, pioneering efforts for reaching climate
neutrality by 2030 based on the Mission Cities in Europe can generate
spill over effects for accelerating the pace of other initiatives, including
the Race to Zero initiative and Mission Innovation, which have global
reach.
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