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Urban Systems and Other Settlements

In Chapter 8, Figure 8.4 on co-benefits of urban mitigation actions
in Section 8.2, and Figure 8.18 on the feasibility assessment based
on the enablers and barriers of implementing mitigation options for
urban systems in Section 8.5 refer to supplementary materials 8.SM.1
and 8.5M.2, respectively. These two materials for the SDG linkages
and the feasibility assessment are contained in this contribution.

8.5M.1 Supplementary Material to Section 8.2
on SDG Linkages

Co-benefits and trade-offs in the scope of urban mitigation are
focused in Section 8.2.1. Based on the urban mitigation options that
are synthesised in Section 8.4, SDG linkages are further considered
per urban mitigation option, including the integration of urban
mitigation options through integrated approaches. The evaluations
are based on the linkages with the SDGs considering synergies
(+) and trade-offs (-). These linkages are context specific and the
possible synergies and/or trade-offs with the SDGs will change

Chapter 8 Supplementary Material

according to the specific urban area. Synergies and/or trade-offs may
be more significant in certain contexts than others. Table 8.SM.1
includes the evaluation of the SDG linkages of the mitigation options
for urban systems and indicates the levels of confidence as high (H),
medium (M) and low (L). Table 8.SM.2 includes the references/line
of sight for these SDG linkages with 64 references that involve the
urban context and extends the mappings that are provided in Thacker
et al. (2019) and Fuso Nerini et al. (2018) in addition to the synthesis
that is provided in the main chapter text. The evaluations further
support Chapter 17 on ‘Accelerating the transition in the context of
sustainable development’. Urban mitigation with a view of the SDGs
can support shifting pathways of urbanisation towards sustainability
(also see Cross-Chapter Box 5 on ‘Shifting development pathways to
increase sustainability and broaden mitigation options’ in Chapter 4).
Moreover, the multi-dimensional feasibility assessment of mitigation
options for urban systems indicates that feasibility is malleable and
can increase when more enablers come into play. Strengthened
institutional capacity that supports scale and coordination can
increase the synergies of the urban mitigation options with the SDGs.

Table 8.SM.1 | Evaluation of the SDG linkages of the mitigation options for urban systems.

Urban
mitigation

Urban land use and spatial planning

Electrification of the urban
energy system

District heating and cooling networks

options/SDGs

Zero hunger

if not sufficiently managed (H)

SDGs Evaluation of synergies and trade-offs Evaluation of synergies and trade-offs Evaluation of synergies and trade-offs
1 e (+) Provides employment density and supports o o
i roductivty (H) (+) Can address energy poverty that is linked to (+) Can address energy poverty that is linked to
. poverty; eradicating poverty is supported by access | poverty; eradicating poverty is supported by access
SDG1 (+_) Can reduce exposure _""”‘? vuIner?blllty to to modern energy services for all (M) to modern energy services for all (M)
End poverty climate change given policy integration (H)
(+) Better spatial planning will reduce pressures (+) Electrification can support welfare; electric
on land-use change, including croplands (H) stoves can support nutritional food intake (M) (-) Can have trade-offs if food systems are coupled
DG 2 (=) Growth in urban extent can still reduce cropland | (-) Can have trade-offs if food systems are coupled with bioenergy and heat (M)

with electricity and bioenergy (M)

9 s
ANOWELBENG

ufe

(+) Improves access to health infrastructure;
improves air quality when coupled to shifting

(+) Improves air quality when coupled to shifting
energy use as included in the option; avoids air
pollution from energy and transport infrastructure;

(+) Improves air quality when coupled to shifting
energy use as included in the option; supports

SDG 4
Quality education

(+) Better spatial planning increases educational
opportunities (M)

SDG 3 energy use, improves well-being with green <Ubborts eneray services for quality health services | 'Y services for quality health services in
Good health and blue infrastructure (H) SUPPOTts energy quaiity hospitals (M)
. in hospitals (H)
and wellbeing
b B

(+) Electrification and access to electricity supports
quality education and educational attainment (H)

5 B

SDG 5
Gender equality

(+) Can increase equal opportunities and
effective participation of women, including urban
governance (M)

(+) Supports equal opportunities, also through
electricity for internet access if previously
lacking (M)

b Sour
AOSRTATON

SDG 6
Clean water
and sanitation

(+) Can improve water quality, water-use
efficiency, water harvesting and wastewater
treatment; efficient urbanization can also reduce
GHG emissions from water infrastructure (H)

(+) Renewable-energy-powered water treatment
facilities can support clean water and sanitation (M)

SDG 7
Affordable and
clean energy

(+) Can reduce energy use and enable access
to modern energy infrastructure while urban
infrastructure for energy services varies (H)

(+) Supports renewable energy, energy efficiency
and access to affordable, reliable and modern
energy; renewable-energy generation technologies
can enhance infrastructure resilience (H)

(+) Supports renewable energy, energy efficiency
and access to affordable, reliable and modern
energy (M)
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Urban
mitigation

Urban land use and spatial planning

Urban Systems and Other Settlements

Electrification of the urban

energy system

District heating and cooling networks

options/SDGs
SDGs

Evaluation of synergies and trade-offs

Evaluation of synergies and trade-offs

Evaluation of synergies and trade-offs

§ e
ECONMCERONTH

SDG 8
Decent work and
economic growth

(+) Provides employment density and supports
productivity (H)

(+) Supports technological upgrading, innovation
and decent job creation (H)

(+) Supports technological upgrading, innovation
and decent job creation (M)

9 vt
& +) Supports sustainable and resilient infrastructure
(+) Sustainable urbanisation and settlement (+) Supp i (+) Is being used to support sustainable and
. ) and can support domestic technology development; o ; ) .

SDG 9 planning requires development across all . ) resilient infrastructure, including adaptation
. renewable-energy generation technologies can N

Industry, infrastructure sectors (H) ) - and mitigation (M)

. . enhance infrastructure resilience (H)

innovation and

infrastructure

10 e (+) Spatial inequalities within cities can be reduced;

-

v

urban infrastructure gap between cities can be
reduced (H)

(+) Supports equal opportunities, e.g., through

SDG 10 ) o ) internet access if previously lacking (H)
Reduced (-) Unintended gentrification and spatial
inequalities inequalities are still possible (M)
S g ity f ticipat int ted
) uppo‘r s capacity for participatory, |n. egrate (+) Supports adequate, safe and affordable (+) Supports capacity for participatory, integrated
and sustainable human settlement planning . . ) .
) housing as well as safe, affordable, accessible and and sustainable human settlement planning

SDG 11 (Target 11.3) and protecting the poor and

Sustainable cities
and communities

vulnerable (Target 11.5) (H)

sustainable transport (Targets 11.1 and 11.2) (H)

(Target 11.3) (H)

(+) Urbanisation with lower material demands
will support responsible consumption

12 e

C%m and production (H) (+) Allows leapfrogging to more resource-efficient
50612 s o et s | e e
Responsible in scenarios; increase i urban water demand (—.) Material dem.ar-1ds of e.Iectrification technologies | urban development (M)
consumption and | can increase pressures on water scarcity; will increase; policies are important (M)
production over-exploitation of groundwater needs

to be avoided (M)

13 i ] )

9 (+) Contributes to both climate mitigation and (+.) Energy .|r.1frastructure carT also stre.nthen (+.) Energy .lr.n‘rastructure carT also stre.nthen

L L. ) climate resilience and adaptive capacity if climate resilience and adaptive capacity if

DG 13 adaptation given integration in urban planning (H) addressed together (M) addressed together (M)
Climate action
1 s (+) Can reduce growth in urban expansion that can

o help protect coastal and marine ecosystems (M) (+) Energy systems can be designed to minimise
DG 14 (-) Urban development can still impact coastal and | impacts on water ecosystems (M)

Life below water

marine ecosystems (M)

SDG 15

(+) Can reduce growth in urban expansion that
can help protect biodiversity on land and terrestrial
and inland freshwaters (H)

(-) Urban development can still impact
biodiversity (M)

(+) Clean energy will reduce the impacts of
climate change on biodiversity and terrestrial
ecosystems (H)

(-) Hydropower development and biofuel
cultivation may impact ecosystems while there
are multiple alternatives, e.g., use of degraded
lands for solar energy farms (M)

(+) Clean energy will reduce the impacts of
climate change on biodiversity and terrestrial
ecosystems (H)

SDG 16
Peace, justice and
strong institutions

(+) Has synergies with responsive,
inclusive and participatory decision-making
at all levels, and transparent institutions (M)

(+) Improvement in governance through inclusive
decision-making improves ability for energy systems
to contribute to sustainable development (M)

(+) Improvement in governance through inclusive
decision-making improves ability for energy systems
to contribute to sustainable development (M)

17 e

SDG 17
Partnerships for
the goals

8SM-4




Urban Systems and Other Settlements

Urban
mitigation

Urban green and blue infrastructure

Waste prevention, minimisation
and management
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Integrating sectors, strategies and
innovations

options/SDGs

SDGs Evaluation of synergies and trade-offs Evaluation of synergies and trade-offs Evaluation of synergies and trade-offs
1 B
oy | I t density, red
MAAiT (+) Can increase employment and food security, (+) Can reduce informality in the waste sector (+) Increases employment density, re uces .
e.g., urban agriculture (H) and support poverty alleviation (H) poverty and exposure and vulnerability to climate
SDG 1 9 9 pport poverty change (H)
End poverty
2
Supports livelihoods, red
% (+) Can increase employment and food security, (+) Can support reducing food waste in (+) Supports livelihoods, re .uces pressures
e.g., urban agriculture (M) municipalities and urban centres (M) I AR A (2 T
SDG 2 9 9 P impacts (H)

Zero hunger

3 ihlie
e

(+) Better ecosystem services improve health

(+) Better waste management improves
air quality (H)

(+) Improves access to health infrastructure;
improves air quality when coupled to shifting

SDG 3 and well-being, can improve air quality (H) (-) Can depend on air pollution control techniques energy use, improves well-being with green
Good health if waste incineration is involved (M) and blue infrastructure (H)

and wellbeing

4

iy
EDCATON

SDG 4
Quality education

(+) Urban green and blue infrastructure
can increase opportunities and sites
for environmental education (M)

(+) Can increase education opportunities, access
to electricity and environmental education (H)

Gender equality

(+) Can increases equal opportunities and
effective participation of women, including
urban governance (M)

AOSORTATON

SDG 6
Clean water
and sanitation

(+) Also supports water-sensitive urban planning
and protection of water-related ecosystems (H)

(+) Improved water and wastewater infrastructure
will reduce water pollution (H)

(+) Can improve water quality, water-use efficiency,
water harvesting and wastewater treatment;
efficient urbanisation can also reduce GHG
emissions from water infrastructure (H)

SDG 7
Affordable and
clean energy

(+) Produces a cooling effect, lowering energy
use when in relative proximity (M)

(+) Supports renewable energy, energy
efficiency and access to affordable, reliable
and modern energy (H)

§ oo
ECONMICGRINTH

a

SDG 8
Decent work and
economic growth

(+) Can stimulate new green economies
and green jobs (M)

(+) Can stimulate employment for value added
products (M)

(=) Transforming informality of waste recycling
activities into programmes is important (M)

(+) Supports technological upgrading, innovation
and decent job creation (H)

9 ewmeTeie|

(+) Supports sustainable and resilient

(+) Supports sustainable and resilient

(+) Supports sustainable and resilient

SDG 9
Industry, infrastructure (H) infrastructure (H) infrastructure (H)
innovation and
infrastructure
10 S

) Cansupport ety ivn plcy desgn () S e
SDG 10 ST IS T S (e inequality within and amon citFi)ePS' inclusivi gof

city areas without inclusive policy design (M) . i . Y . . 9 - Y

Reduced inhabitants in the informal sector is important (H)
inequalities
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Urban
mitigation

Urban green and blue infrastructure

Urban Systems and Other Settlements

Waste prevention, minimisation
and management

Integrating sectors, strategies and
innovations

options/SDGs

Sustainable cities
and communities

(Target 11.7) (H)

(Target 11.a) (H)

SDGs Evaluation of synergies and trade-offs Evaluation of synergies and trade-offs Evaluation of synergies and trade-offs
[
nEﬁa (+) Supports air quality and universal access to safe, | (+) Directly related to waste management; supports | (+) Supports integrated policies and plans for
DG 11 inclusive and accessible green and public spaces links between urban, peri-urban and rural areas inclusion, resource efficiency, mitigation and

adaptation (Target 11.b) (H)

=

Responsible
consumption and
production

(+) Supports sustainable development and lifestyles
also ‘in harmony with nature’ as emphasised
(Target 12.8) (H)

(+) Reduces waste generation through prevention,
reduction, recycling and reuse (Target 12.5) (H)

() Waste segregation at source and waste
processing facilities differs across context (H)

(+) Allows leapfrogging to more resource-efficient
urban development (H)

13 s
ACTON

wv
o
D
—_
w

Climate action

(+) Contributes to both climate mitigation and
adaptation given integration in urban planning (H)

(+) Reduces emissions through better management
of urban waste in different contexts and is
important for resilience, including coastal areas (M)

(+) Contributes to both climate mitigation and
adaptation given integration in urban planning (H)

14
==

®

SDG 14
Life below water

(+) Blue infrastructure can contribute to protecting
coastal and marine ecosystems (H)

(+) Better waste management and
wastewater treatment will protect coastal
and marine ecosystems, reduce marine debris
and nutrient pollution (H)

(+) Can reduce growth in urban expansion that can
help protect coastal and marine ecosystems (M)

15 tine

SDG 15
Life on land

(+) Enhances biodiversity within urban areas
and ecosystem services (H)

(+) Better waste management and wastewater
treatment will protect terrestrial and inland
freshwaters (H)

(+) Can reduce growth in urban expansion that can
help protect biodiversity on land and terrestrial and
inland freshwaters (H)

SDG 16
Peace, justice and
strong institutions

(+) Has synergies with responsive,
inclusive and participatory decision-making
at all levels and transparent institutions (M)

(+) Has synergies with responsive,
inclusive and participatory decision-making
at all levels and transparent institutions (M)

(+) Has synergies with responsive,
inclusive and participatory decision-making
at all levels and transparent institutions (M)

SDG 17
Partnerships for
the goals

(+) Partnerships support sustainable infrastructure
for urban areas; supports policy coherence for
sustainable development (Target 17.14) (H)

85M-6




Urban Systems and Other Settlements Chapter 8 Supplementary Material

Table 8.SM.2. | References/line of sight for the SDG linkages of the mitigation options for urban systems.

Urban mitigation District heating and cooling

Urban land use and spatial planning

Electrification of the urban energy system

options/SDGs networks
SDGs Referencesl/line of sight Referencesl/line of sight Referencesl/line of sight
) Fuso Nerini et al. (2018); Bonatz et al. (2019); Fuso Nerini et al. (2018); Bonatz et al. (2019);
SDG1 Xu etal, (2018); Lall et al. 2021) Villalobos et al. 2021) Villalobos et al. 2021)
SDG2 Giineralp et al. (2020) Fuso Nerini et al. (2018); IRENA (2021) Fuso Nerini et al. (2018)
Fuso Nerini et al. (2018); Thacker et al. (2019);
$DG3 Madill et al. (2016); Ramirez-Rubio et al. (2019) uso Nerini et al (2018 Thacker et al. (2019) Fuso Nerini et al. (2018)
Karlsson et al. (2020)
. Sovacool and Ryan (2016); Fuso Nerini et al. (2018);
SDG4 Kleibert et al. (2020,
SlEEBEzEb ) Zhang et al. (2019b)
SDG5 Horelli (2017); Raparthi (2021) Fuso Nerini et al. (2018); Stewart et al. (2018)
SDG6 Zhang et al. (2019a) Stewart et al. (2018); Madurai Elavarasan et al. (2021)
Fuso Nerini et al. (2018);
SDG7 Stoke d Seto (2016, IEA (2021); IRENA (2021
okes and Seto ( ) Madurai Elavarasan et al. (2021) ( ) ( )
SDG8 Lall et al. (2021) IEA (2021); IRENA (2021) IEA (2021); IRENA (2021)
SDG9 Thacker et al. (2019) Adenle et al. (2015); Thacker et al. (2019) Landauer et al. (2019)
Giles-Corti et al. (2020); Kamiya et al. (2020); Lall
$DG10 lles-Cort et al. (2020); Kamiya et al. Q2020); Lall | ¢\ |+ ot ol 2018)
et al. (2021)
SDG11 Kii et al. (2017); Thacker et al. (2019) UNEP (2015); Lee and Erickson (2017)
Swilling et al. (2018); Kookana et al. (2020); -

DG12 | l. (2020); IRENA (2021 NEP (2015); Swill l. (201
SDG Schandl et al. (2020) Sovacool et al. (2020); (2021) u (2015); Swilling et al. (2018)
SDG13 Hurlimann et al. (2021) Fuso Nerini et al. 2018 Fuso Nerini et al. (2018)

SDG14 de Andrés et al. (2018) Thacker et al. (2019)

SDG15 Ibanez-Alamo et al. (2020) Fuso Nerini et al. (2018); Thacker et al. (2019)
SDG16 (Fuso Nerini et al. 2018)

SDG17

Urban mitigation
options/SDGs

Urban green and blue infrastructure

Waste prevention, minimisation and
management

Integrating sectors, strategies and
innovations

SDGs References/line of sight References/line of sight References/line of sight
SDG1 Raymond et al. (2017) Xu et al. (2018); Lall et al. (2021)
SDG2 de Macedo et al. (2021); Davis et al. (2022) Richter and Bokelmann (2018); Ananno et al. (2021)
Raymond et al. (2017); IPBES (2019); Beylot et al. (2018);
SDG3 Beylot et al. (2018
de Macedo et al. (2021) eylotetal. { ) Ramirez-Rubio et al. (2019)
SDG4 Wolsink (2016)
SDG5 Horelli (2017); Kiranmayi (2021)
Kuller et al. (2017); IPBES (2019);
SDG6 Serrao-Neumann et al. (2019); Raymond et al., Thacker et al. (2019) Zhang et al. (2019a)
2017; de Macedo et al. (2021)
SDG7 Wong et al. (2021); Quaranta et al. (2021)
de Bercegol and Gowda (2019); Raymond et al. (2017); IEA (2021);
SDG8 R d et al. (2017,
aymond etal. (2017) Coalition for Urban Transitions (2020) IRENA (2021); Lall et al. (2021)
Urge-Vorsatz et al. (2018); IPBES (2019);
SDG9 Thacker et al. (2019, Thacker et al. (2019
de Macedo et al. (2021) acker et al ( ) acker et al ( )
Abubakar and Aina (2019);
SDG10 And t al. (2019); Keeler et al. (2019 .
ndersson et al. ( ); Keeler et al. ( ) Kamiya et al. 2020)
) ) Zinkernagel et al. (2018); Abubakar and Aina,
SDG11 IPBES, (2019); de Macedo et al. (2021) AlQattan et al. (2018); Baffoe et al. (2021) (2019); Thacker et al. (2019)
SDG12 Kumar et al. (2017); Kaza et al. (2018)
Urge-Vorsatz et al. (2018); IPBES (2019); Lenhart et al. (2015); Islam (2018); i
SDG13 Hurl t al. (2021
de Macedo et al. (2021) Yoshioka et al. (2021) urlimann et al. )
SDG14 IPBES (2019); de Macedo et al. (2021)
SDG15 IPBES (2019); Ibafez-Alamo et al. (2020);
de Macedo et al. (2021)
SDG16 Fuso Nerini et al. (2018)
SDG17 Anwar et al. (2017); CDP (2021);

Negreiros et al. (2021)

8SM-7




Chapter 8 Supplementary Material

References

Abubakar, I.R., and Y.A. Aina, 2019: The prospects and challenges of
developing more inclusive, safe, resilient and sustainable cities in Nigeria.
Land use policy, 87, 104105, doi.org/10.1016/j.landusepol.2019.104105.

Adenle, AA., H. Azadi, and J. Arbiol, 2015: Global assessment of
technological innovation for climate change adaptation and mitigation in
developing world. J. Environ. Manage., 161, 261-275, doi.org/10.1016/j.
jenvman.2015.05.040.

AlQattan, N. et al, 2018: Reviewing the potential of Waste-to-Energy
(WTE) technologies for Sustainable Development Goal (SDG) numbers
seven and eleven. Renew. Energy Focus, 27, 97-110, doi.org/10.1016/].
ref.2018.09.005.

Ananno, AA. et al, 2021: Sustainable food waste management model
for Bangladesh. Sustain. Prod. Consum., 27, 35-51, doi.org/10.1016/j.
spc.2020.10.022.

Andersson, E. et al, 2019: Enabling Green and Blue Infrastructure to
Improve Contributions to Human Well-Being and Equity in Urban Systems.
Bioscience, 69(7), 566-574, doi:10.1093/biosci/biz058.

Anwar, B., Z. Xiao, S. Akter, and R.-U. Rehman, 2017: Sustainable Urbanization
and Development Goals Strategy through Public—Private Partnerships in
a South-Asian Metropolis. Sustainability, 9(11), doi:10.3390/su9111940.

Baffoe, G. et al., 2021: Urban—rural linkages: effective solutions for achieving
sustainable development in Ghana from an SDG interlinkage perspective.
Sustain. Sci., 16(4), 1341-1362, doi:10.1007/s11625-021-00929-8.

Beylot, A. et al., 2018: Municipal Solid Waste Incineration in France: An
Overview of Air Pollution Control Techniques, Emissions, and Energy
Efficiency. J Ind. Ecol., 22(5), 1016-1026, doi.org/10.1111/jiec.12701.

Bonatz, N., R. Guo, W. Wu, and L. Liu, 2019: A comparative study of the
interlinkages between energy poverty and low carbon development in
China and Germany by developing an energy poverty index. Energy Build.,
183, 817-831, doi.org/10.1016/j.enbuild.2018.09.042.

CDP, 2021: Cities on the Route to 2030: Building a zero emissions, resilient
planet for all. CDP, London, UK, 35 pp. https://www.cdp.net/en/research/

Urban Systems and Other Settlements

a global synthesis. Environ. Res. Lett., 15(4), 044015, doi:10.1088/1748-
9326/ab6669.

Horelli, L., 2017: Engendering urban planning in different contexts — successes,
constraints and consequences. Eur. Plan. Stud., 25(10), 1779-1796, doi:10.
1080/09654313.2017.1339781.

Hurlimann, A., S. Moosavi, and G.R. Browne, 2021: Urban planning policy must
do more to integrate climate change adaptation and mitigation actions.
Land use policy, 101, 105188, doi:10.1016/j.landusepol.2020.105188.

Ibafez-Alamo, J.D. et al., 2020: Biodiversity within the city: Effects of land
sharing and land sparing urban development on avian diversity. Sci. Total
Environ., 707, 135477, doi.org/10.1016/j.scitotenv.2019.135477.

IEA, 2021: Empowering Cities for a Net Zero Future: Unlocking resilient,
smart, sustainable urban energy systems. International Energy Agency
(IEA), Paris, France, 108 pp.

IPBES, 2019: Global assessment report on biodiversity and ecosystem services
of the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services. [Brondizio, E.S., J. Settele, S. Diaz, and H.T. Ngo, (eds.)].
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES) secretariat, Bonn, Germany, https://www.ipbes.net/
global-assessment (Accessed March 29, 2021).

IRENA, 2021: World Energy Transitions Outlook: 1.5°C Pathway. International
Renewable Energy Agency (IRENA), Abu Dhabi, 312 pp. https://www.
irena.org/publications/2021/Jun/World-Energy-Transitions-Outlook
(Accessed October 31, 2021).

Islam, K.M.N., 2018: Municipal solid waste to energy generation: An approach
for enhancing climate co-benefits in the urban areas of Bangladesh. Renew.
Sustain. Energy Rev., 81, 2472-2486, doi:10.1016/j.rser.2017.06.053.

Kamiya, M., M. Prakash, and H. Berggren, 2020: Financing Sustainable
Urbanization: Counting the Costs and Closing the Gap. UN-Habitat,
Nairobi, 8 pp. https://unhabitat.org/sites/default/files/2020/02/financing
sustainable_urbanization_-_counting_the costs_and_closing_the gap__
february 2020.pdf (Accessed November 1, 2021).

global-reports/cities-on-the-route-to-2030 (Accessed October 29, 2021).

Coalition for Urban Transitions, 2020: Seizing the Urban Opportunity:
Supporting National Governments to Unlock the Economic Power of Low
Carbon, Resilient and Inclusive Cities. Coalition for Urban Transitions (CUT),
Washington, DC, USA, 48 pp. https://urbantransitions.global/wp-content/
uploads/2020/10/Seizing _the Urban Opportunity web FINAL.pdf.

Davis, J. et al., 2022: Precision approaches to food insecurity: A spatial analysis
of urban hunger and its contextual correlates in an African city. World Dev.,
149, 105694, doi.org/10.1016/j.worlddev.2021.105694.

deAndrés, M., J.M. Barragan, and J. Garcia Sanabria, 2018: Ecosystem services
and urban development in coastal Social-Ecological Systems: The Bay of
Cadiz case study. Ocean Coast. Manag., 154, 155-167, doi.org/10.1016/].
ocecoaman.2018.01.011.

de Bercegol, R. and S. Gowda, 2019: A new waste and energy nexus?
Rethinking the modernisation of waste services in Delhi. Urban Stud.,
56(11), 2297-2314, doi:10.1177/0042098018770592.

de Macedo, L.V., M.E.B. Picavet, J.A.P. de Oliveira, and W. Shih, 2021: Urban
green and blue infrastructure: A critical analysis of research on developing
countries. ). Clean. Prod., 313, 127898.

Fuso Nerini, F. et al., 2018: Mapping synergies and trade-offs between
energy and the Sustainable Development Goals. Nat. Energy, 3(1), 10-15,
doi:10.1038/s41560-017-0036-5.

Giles-Corti, B., M. Lowe, and J. Arundel, 2020: Achieving the SDGs: Evaluating
indicators to be used to benchmark and monitor progress towards creating
healthy and sustainable cities. Health Policy (New York), 124(6), 581-590,
doi.org/10.1016/j.healthpol.2019.03.001.

Glineralp, B., M. Reba, B.U. Hales, E.A. Wentz, and K.C. Seto, 2020: Trends in
urban land expansion, density, and land transitions from 1970 to 2010:

8SM-8

Karlsson, M., E. Alfredsson, and N. Westling, 2020: Climate policy co-benefits:
a review. Clim. Policy, 20(3), 292-316, doi:10.1080/14693062.2020.
1724070.

Kaza, S., Y. Lisa, P. Bhada-Tata, and F. Van Woerden, 2018: What a Waste 2.0:
A Global Snapshot of Solid Waste Management to 2050. The World Bank,
Washington, DC, USA, 38 pp.

Keeler, B.L. et al.,, 2019: Social-ecological and technological factors moderate
the value of urban nature. Nat. Sustain., 2(1), 29-38, doi:10.1038/s41893-
018-0202-1.

Kii, M., K. Doi, and K. Nakamura, 2017: Urban Planning Research in the
Climate Change Era: Transdisciplinary Approach Toward Sustainable Cities
BT - Carbon Footprint and the Industrial Life Cycle: From Urban Planning
to Recycling. In: Carbon Footprint and the Industrial Life Cycle [Alvarez
Ferndndez, R., S. Zubelzu, and R. Martinez, (eds.)]. Springer International
Publishing, Cham, Switzerland, pp. 37-51.

Kleibert, J.M., A. Bobée, T. Rottleb, and M. Schulze, 2020: Transnational
education zones: Towards an urban political economy of ‘education cities'.
Urban Stud., 58(14), 2845-2862, doi:10.1177/0042098020962418.

Kookana, R.S., P. Drechsel, P. Jamwal, and J. Vanderzalm, 2020: Urbanisation
and emerging economies: Issues and potential solutions for water
and food security. Sci Total Environ., 732, 139057, doi.org/10.1016/j.
scitotenv.2020.139057.

Kuller, M., PM. Bach, D. Ramirez-Lovering, and A. Deletic, 2017: Framing
water sensitive urban design as part of the urban form: A critical review
of tools for best planning practice. Environ. Model. Softw., 96, 265-282,
doi.org/10.1016/j.envsoft.2017.07.003.


https://www.cdp.net/en/research/global-reports/cities-on-the-route-to-2030
https://www.cdp.net/en/research/global-reports/cities-on-the-route-to-2030
https://urbantransitions.global/wp-content/uploads/2020/10/Seizing_the_Urban_Opportunity_web_FINAL.pdf
https://urbantransitions.global/wp-content/uploads/2020/10/Seizing_the_Urban_Opportunity_web_FINAL.pdf
https://www.ipbes.net/global-assessment
https://www.ipbes.net/global-assessment
https://www.irena.org/publications/2021/Jun/World-Energy-Transitions-Outlook
https://www.irena.org/publications/2021/Jun/World-Energy-Transitions-Outlook
https://unhabitat.org/sites/default/files/2020/02/financing_sustainable_urbanization_-_counting_the_costs_and_closing_the_gap_february_2020.pdf
https://unhabitat.org/sites/default/files/2020/02/financing_sustainable_urbanization_-_counting_the_costs_and_closing_the_gap_february_2020.pdf
https://unhabitat.org/sites/default/files/2020/02/financing_sustainable_urbanization_-_counting_the_costs_and_closing_the_gap_february_2020.pdf

Urban Systems and Other Settlements

Kumar, S. et al., 2017: Challenges and opportunities associated with waste
management in India. R. Soc. Open Sci, 4, 160764, doi.org/10.1098/
rsos.160764.

Lall, S., M. Lebrand, H. Park, D. Sturm, and A.J. Venables, 2021: Pancakes to
Pyramids: City Form to Promote Sustainable Growth. International Bank for
Reconstruction and Development (IBRD) and The World Bank, Washington,
DC, USA, 154 pp. https://www.worldbank.org/en/topic/urbandevelopment/
publication/pancakes-to-pyramids (Accessed October 21, 2021).

Landauer, M., S. Juhola, and J. Klein, 2019: The role of scale in integrating
climate change adaptation and mitigation in cities. . Environ. Plan.
Manag., 62(5), 741-765, doi:10.1080/09640568.2018.1430022.

Lee, C.M. and P. Erickson, 2017: How does local economic development in
cities affect global GHG emissions? Sustain. Cities Soc., 35, 626-636,
doi:10.1016/j.5cs.2017.08.027.

Lenhart, J., B. van Vliet, and A.P.J. Mol, 2015: New roles for local authorities
in a time of climate change: the Rotterdam Energy Approach and Planning
as a case of urban symbiosis. J. Clean. Prod., 107, 593-601, doi:10.1016/J.
JCLEPR0.2015.05.026.

Madill, R., H. Badland, and B. Giles-Corti, 2016: Health service access in urban
growth areas: examining the evidence and applying a case study approach.
Aust. Plan., 53(2), 83-90, doi:10.1080/07293682.2015.1118393.

Madurai Elavarasan, R. et al, 2021: Envisioning the UN Sustainable
Development Goals (SDGs) through the lens of energy sustainability
(SDG 7) in the post-COVID-19 world. Appl Energy, 292, 116665,
doi.org/10.1016/j.apenergy.2021.116665.

Negreiros, P. et al., 2021: The State of Cities Climate Finance Part 1:
The Landscape of Urban Climate Finance. Climate Policy Initiative (CPI),
San Francisco, USA, 82 pp.

Quaranta, E., C. Dorati, and A. Pistocchi, 2021: Water, energy and climate
benefits of urban greening throughout Europe under different climatic
scenarios. Sci. Rep., 11, 12163, doi:10.1038/s41598-021-88141-7.

Ramirez-Rubio, O. et al., 2019: Urban health: an example of a “health in all
policies” approach in the context of SDGs implementation. Global. Health,
15(1), 87, doi:10.1186/512992-019-0529-z.

Raparthi, K., 2021: Assessing the Relationship Between Urban Planning
Policies, Gender, and Climate Change Mitigation: Regression Model
Evaluation of Indian Cities. J. Urban Plan. Dev., 147, 5021007.

Raymond, C. M. et al., 2017: A framework for assessing and implementing the
co-benefits of nature-based solutions in urban areas. Environ. Sci. Policy,
77, 15-24, doi:10.1016/j.envsci.2017.07.008.

Richter, B. and W. Bokelmann, 2018: The significance of avoiding household
food waste — A means-end-chain approach. Waste Manag., 74, 34-42,
doi.org/10.1016/j.wasman.2017.12.012.

Schandl, H. et al, 2020: Shared socio-economic pathways and their
implications for global materials use. Resour. Conserv. Recycl, 160,
104866, doi.org/10.1016/j.resconrec.2020.104866.

Serrao-Neumann, S., M.A. Renouf, E. Morgan, S.J. Kenway, and D. Low
Choy, 2019: Urban water metabolism information for planning water
sensitive city-regions. Land use policy, 88, 104144, doi.org/10.1016/j.
landusepol.2019.104144.

Sovacool, BK., and S.E. Ryan, 2016: The geography of energy and education:
Leaders, laggards, and lessons for achieving primary and secondary
school electrification. Renew. Sustain. Energy Rev., 58, 107-123,
doi.org/10.1016/j.rser.2015.12.219.

Sovacool, BK. et al., 2020: Sustainable minerals and metals for a low-carbon
future. Science, 367(6473), 30-33, doi:10.1126/science.aaz6003.

Stewart, I.D., C.A. Kennedy, A. Facchini, and R. Mele, 2018: The Electric City
as a Solution to Sustainable Urban Development. J. Urban Technol., 25(1),
3-20, doi:10.1080/10630732.2017.1386940.

Stokes, E.C. and K.C. Seto, 2016: Climate change and urban land systems:
bridging the gaps between urbanism and land science. J. Land Use Sci.,
11(6), 698-708, doi:10.1080/1747423X.2016.1241316.

Chapter 8 Supplementary Material

Swilling, M. et al.,, 2018: The Weight of Cities: Resource Requirements of
Future Urbanization. United Nations Environment Programme (UNEP),
Nairobi, Kenya, 280 pp. https://www.resourcepanel.org/sites/default/files/
documents/document/media/the_weight_of cities_full_report_english.pdf
(Accessed March 31, 2021).

Thacker, S. et al., 2019: Infrastructure for sustainable development. Nat.
Sustain., 2(4), 324-331, doi:10.1038/541893-019-0256-8.

UNEP, 2015: District Energy in Cities: Unlocking the Potential of Energy
Efficiency and Renewable Energy. United Nations Environment
Programme (UNEP), Nairobi, Kenya, 138 pp. https://wedocs.unep.org/
handle/20.500.11822/9317 (Accessed November 21, 2020).

Urge-Vorsatz, D. et al., 2018: Locking in positive climate responses in cities.
Nat. Clim. Chang., 8(3), 174-177, doi:10.1038/s41558-018-0100-6.

Villalobos, C., C. Chavez, and A. Uribe, 2021: Energy poverty measures and
the identification of the energy poor: A comparison between the utilitarian
and capability-based approaches in Chile. Energy Policy, 152, 112146,
doi.org/10.1016/j.enpol.2021.112146.

Wolsink, M., 2016: Environmental education excursions and proximity to
urban green space — densification in a ‘compact city." Environ. Educ. Res.,
22(7), 1049-1071, doi:10.1080/13504622.2015.1077504.

Wong, N.H., C.L. Tan, D.D. Kolokotsa, and H. Takebayashi, 2021: Greenery
as a mitigation and adaptation strategy to urban heat. Nat. Rev. Earth
Environ., 2(3), 166-181, doi:10.1038/s43017-020-00129-5.

Xu, Q., Y. Dong, and R. Yang, 2018: Influence of the geographic proximity of
city features on the spatial variation of urban carbon sinks: A case study
on the Pearl River Delta. Environ. Pollut., 243, 354-363, doi:10.1016/j.
envpol.2018.08.083.

Yoshioka, N., M. Era, and D. Sasaki, 2021: Towards integration of climate
disaster risk and waste management: A case study of urban and
rural coastal communities in the Philippines. Sustainability, 13, 1624,
doi:10.3390/su13041624.

Zhang, Q. et al.,, 2019a: Urbanization impacts on greenhouse gas (GHG)
emissions of the water infrastructure in China: Trade-offs among
sustainable development goals (SDGs). J. Clean. Prod., 232, 474-486,
doi.org/10.1016/j.jclepro.2019.05.333.

Zhang, T., X. Shi, D. Zhang, and J. Xiao, 2019b: Socio-economic development
and electricity access in developing economies: A long-run model
averaging approach. Energy Policy, 132, 223-231, doi.org/10.1016/j.
enpol.2019.05.031.

Zinkernagel, R., J. Evans, and L. Neij, 2018: Applying the SDGs to Cities:
Business as Usual or a New Dawn? Sustainability, 10(9), doi:10.3390/
su10093201.

8SM-9



https://www.worldbank.org/en/topic/urbandevelopment/publication/pancakes-to-pyramids
https://www.worldbank.org/en/topic/urbandevelopment/publication/pancakes-to-pyramids
https://www.resourcepanel.org/sites/default/files/documents/document/media/the_weight_of_cities_full_report_english.pdf
https://www.resourcepanel.org/sites/default/files/documents/document/media/the_weight_of_cities_full_report_english.pdf
https://wedocs.unep.org/handle/20.500.11822/9317
https://wedocs.unep.org/handle/20.500.11822/9317
https://doi.org/10.3390/su13041624

Chapter 8 Supplementary Material

8.5M.2 Supplementary Material to Section 8.5
on the Feasibility Assessment

This Supplementary Material to Chapter 8 provides an overview
of the extent to which different factors affect the feasibility of
mitigation options in urban systems that may differ across context,
time and scale of implementation and the line of sight upon which
the feasibility assessment in Figure 8.19 in Section 8.5 is based. The
multi-dimensional feasibility assessment is based on 18 indicators
in the 6 dimensions of geophysical, environmental-ecological,
technological, economic, socio-cultural and institutional feasibility.
An indicator in this assessment framework can pose positive and/
or negative impacts as enablers or barriers of the mitigation option.
Indicators that provide positive impacts as enablers (E) are marked
in blue while those that can have negative impacts as barriers (B)
are marked in orange in Table 8.SM.3. Levels of confidence (LoC)
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are evaluated as low, medium or high based on the robustness and
agreement of the evidence and shaded in light to dark tones. Lines
of sight that are used per indicator of the feasibility assessment are
contained in Table 8.SM.4, including 414 references across urban
mitigation options. Lines of sight utilise the systematic assessment
of urban case studies considering 1373 scientific references during
the timeframe of the AR6 cycle based on Lamb et al. (2019)
and additional systematic searches according to the indicators
of the feasibility assessment. The lines of sight further build upon
the feasibility assessment for land use and urban planning that
was initiated by SR1.5 (IPCC 2018). The feasibility assessment for
integrating sectors, strategies and innovations is based on multiple
urban mitigation options implemented concurrently, such as
co-located densities and electrification of the urban energy system
whenever relevant (Figure 8.21). The feasibility assessment method
is explained in detail in Annex I1.11 and Annex 11.12.

Table 8.SM.3 | Feasibility assessment of mitigation options in urban systems.

Mitigation . . N e . -
op?ions Urban land-use and spatial planning Electrification of the urban energy system District heating and cooling networks
Feasibility Feasibility Feasibility
Dimensions/ | barriers or Role of context, time and scale barriers or | Role of context, time and scale of | barriers or Role of context, time and scale
indicators enablers of implementation enablers implementation enablers of implementation
(LoC) (LoC) (LoC)
1. Geophysical
Depends on district heating and
Reduces pressures on land, cooling demands in comparison to
e.g, a total of 125,000 km? of land The realisation of the available the spatial characteristics of urban
could be saved between the years physical potential depends on the areas, e.g., heat demand density is
Physical 1970 and 2020 if population density (3] ability to electrify the urban energy a function of both population density
potential remained the same as 1970 levels LoC=3 system while supporting flexibility and heat demand per capita where
while cities have had different and sector coupling options for physical suitability can be equally
dynamics of stable, outward and/or deep decarbonisation present in urban areas with high
upward growth population density or high heat
demand per capita
Depends on the ability of the Depends on the demands on
mitigation option to limit demands geophysical resources in comparison Depends on optimization of the
Geophysical on materials for urban construction (E/B) to other energy technologies, piping layout with metal use and
resources needs, thereby avoiding and shifting LoC =2 recycling of relevant energy the implementation of eco-design
pressures on geophysical resources, technologies and energy storage principles for resource efficiency
including scarce resources needs at suitable levels
Land-use effici d
ancruse e' \ctency reduces pr.essures Depends on the energy supply to Improves based on urban design
on growth in urban extent while o . . ) .
) support electrification and the ability parameters, including density, block
urban land use changes according . . . .
R i i to use urban density to increase area, and elongation with close
to the drivers in SSP scenarios. (E/B) ) ) )
Land use ) ) N the penetration of renewable impact of urban density on energy
Scenarios that involve sustainability LoC=2 ; . . . .
) power and electric public transport, density. Walkable and higher density
involve lower urban land use, ) )
- ) . e.g., mixed-use neighbourhoods urban form can further enable
&g, 1.1 million km®in 2100 in SSP1 for grid balancin its implementation
versus 3.6 million km? in SSP5 g 9 P
2. Environmental-ecological
Levels of Confidence (LoC) Low Medium High

Enablers (E)

Barriers (B)
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Mitigation

options Urban land-use and spatial planning

Depends on the energy mix that is
involved in the urban infrastructure
(energy use in buildings, private
vehicles and public transport) while
energy use due to vehicle transport is
reduced with walkable urban form

Air pollution

Electrification of the urban energy system

Level of improvement depends on
the shift to non-polluting energy
sources, e.g., shifting to 100%
renewable energy can save about
408,270 lives per year due to better
air quality in 74 metropolitan

areas around the world, enabling
its implementation

Better urban land-use and spatial
planning will limit negative impacts

Toxic waste, N
. depending on urban land use,
ecotoxicity,
L urban surface (permeable versus
eutrophication

impermeable), ability to limit urban
stormwater runoff and discharge

Depends on the source of the
electrification of urban energy

systems while favourable. It is also
possible to displace water and soil
pollution from conventional fuels

Chapter 8 Supplementary Material

District heating and cooling networks

Level of improvement depends

on the energy resource that is
replaced and air quality regulations
when applicable

Improves based on the urban

water system (supply, purification,
distribution, drainage, the magnitude,
source and location of water supply),
and the level of integration between
urban land-use and water planning
that requires both policy integration
and innovation (see /ast option

on integrating sectors, strategies

and innovations)

Water quantity
and quality

Depends on the source of the
electrification of urban energy

systems while favourable. It is also
possible to displace water and soil
pollution from conventional fuels

The energy resource that is replaced
can provide additional environmental
benefits, e.g., replacing coal use
improves air and water pollution

Depends on the context, including
the ability to limit urban growth,
governance capacity, and integrating
ecosystem service information into
spatial planning. Land-use change for
urban areas can threaten biodiversity

Biodiversity

Deep decarbonisation pathways
involve electrification, including
urban vehicle kilometres and
reduction in land use, including for
urban areas. These pathways have
a positive impact on biodiversity
considering reduced land

and climate impacts

Resource-efficient and strategic
densification for 84 cities indicate
lifecycle assessment benefits for
water that can also increase when
integrated with other options,
e.g., urban metabolism

Levels of Confidence (LoC) Low Medium

Enablers (E)

Barriers (B)

High

Increases with the interaction of
urban energy planning with urban
land-use and spatial planning, e.g.,
limiting the growth in urban extent
together with this option can avoid
impacts on biodiversity
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Urban land-use and spatial planning
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Electrification of the urban energy system

District heating and cooling networks

Mitigation
options
Feasibility
Dimensions/ | barriers or
indicators enablers
(LoC)

Role of context, time and scale
of implementation

Feasibility
barriers or | Role of context, time and scale of
enablers implementation
(LoC)

Feasibility
barriers or Role of context, time and scale
enablers of implementation
(LoC)

3. Technological

Simplicity

Technological
scalability

Maturity and
technology
readiness

4. Economic

Costs in 2030
and long term

Employment
effects and
economic
growth

Urban land-use and spatial planning
supports other mitigation options as
a fundamental necessity for climate
mitigation while complex in many
ways. The geographical coverage

of harmonised algorithms to monitor
land-use change also remains one

of the current gaps in knowledge

Depends on the stage of urban

development with more opportunities

at earlier stages and/or differences
in opportunities, e.g., strategic
intensification. Scalability also
depends on combining urban land-
use and spatial planning practices
with climate mitigation as well as
sustainable development objectives

Is favourable, while further depending

on the level of integration, e.g.,
energy-driven urban design for
optimising the impact of urban form
on energy infrastructure

Provides cost benefits that
increase with characteristics of
urban development. Beyond costs,
limiting the growth in urban
extent has multiple benefits

for climate mitigation

The concentration of people and
activity in walkable, higher density
urban areas increases productivity
based on proximity and efficiency
while providing employment density.
The ability to decouple urban
economic growth from emissions
and other parameters, e.g., vehicle
kilometres travelled, can further
increase sustainable growth

Simplicity varies according to the
scale of electrification, energy system
interactions and system integration
to support flexibility in energy
systems with high renewable

energy penetration

Holds advantages for rapid pace

of decarbonisation despite carbon
lock-in across urban typologies.
Also depends on support from
flexibility options, e.g., demand
response, power-to-heat and electric
mobility to increase the penetration
of renewable energy in the urban
system. The choice of options, e.g.,
electrified urban rail, can integrate
with existing urban design based on
walkable neighbourhoods in rapidly
growing cities

Maturity is favourable, including
demand response based on power-
to-heat in support of electrification
and other options that have technical
feasibility for providing flexibility in
the energy system, particularly based
on municipal level demonstrations

Costs are favourable. Renewable
electricity is also relevant for
decarbonising the heating sector
through power-to-heat that can be a
cost-effective option, including large-
scale heat pumps in district heating
and cooling networks

Is positive and increases with the
ability to establish local jobs and use
revenues locally. Access to renewable
electricity reduces the operational
GHG emissions of the local economy,
thereby increasing competitiveness,
while providing a net status of long-
term, full-time jobs

Levels of Confidence (LoC)

Enablers (E)

Barriers (B)
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Low Medium

High

Depends on economies of scope

in urban areas with access to
already existing excess heat,

system integration, level of climate
ambition for climate neutrality, urban
infrastructure and support from
geographic information systems (GIS)
for planning district heating and
cooling networks that also provide
an entry point for decarbonising
thermal needs

Is technologically scalable in different
regions that increases with the
geographic heat/cold demand density
of the urban area. There are relatively
more opportunities with urban
energy planning processes. District
heating and/or cooling networks are
able to also support flexibility in the
energy system and act as low-cost
storage options

Depends on the generation with

a role for low-temperature, fourth-
generation district heating and
cooling networks in emerging and
future energy networks with high
renewable energy penetration

Can already provide total annual cost
savings over building-level solutions.
Future improvements depend on
system optimisation, the ability to
integrate low-temperature renewable
energy sources and excess electricity
from renewables in upgrading existing
or implementing new district heating
and cooling networks, and modular
approach across suitable urban areas

Is positive and increases with

the ability to stimulate a green
economy, e.g., access to renewable-
energy-based district heating

and cooling networks reduces

the operational GHG emissions

of the local economy, increases
competitiveness and supports jobs
in design and implementation,
equipment manufacturing,
operation and maintenance
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M;Egitr:gn Urban land-use and spatial planning Electrification of the urban energy system District heating and cooling networks
Feasibility Feasibility Feasibility
Dimensions/ | barriers or Role of context, time and scale barriers or | Role of context, time and scale of | barriers or Role of context, time and scale
indicators enablers of implementation enablers implementation enablers of implementation
(LoC) (LoC) (LoC)

5. Socio-cultural

Depends on role in climate neutrality

Depends on the provision of clean ) ) I
targets, co-benefits for air quality,

Increases with processes that )
P and affordable energy services

Public are involved in the planning and L addressing energy poverty, citizen
. X P : through electrification of the urban g energy p .rty
acceptance implementation of the urban . and consumer ownership models,
N L . energy system and socially-accepted )
mitigation option, i.e., co-design . . technology perception as well as
potential for load shifting .
public and consumer awareness
Increases with the energy Provides improvement in both indoor
. . . resource that is displaced through and outdoor air quality, provision
Increases with the quality of spatial I P 9 quality, p h
Effects on ) . ) electrification of the urban energy of thermal comfort, alleviation of
planning to increase co-benefits for L L. .
health and R . system. Residential electricity access the urban heat island effect, and
. health and well-being, e.g., balancing ) o . X
well-being also provides a positive influence improved safety with gas supply

urban green areas with densi . X
g Y outside accommodation as an enabler

of the mitigation option

on health and well-being, as well
as life expectancy

Increases with the ability of
addressing aspects of energy poverty
as well as increasing energy access
in informal settlements based on
urban planning. Urbanisation is also
a driver of access to electricity, which
if combined with renewable energy,
can further support sustainable
development. Business models and
nature of ownership can increase
intra-generational equity while
shifting to inter-generational equity

Increases based on the business
model with local ownership of
district heating and cooling networks
having the most positive impact

on local benefits. Also contributes to
addressing energy poverty based on
the provision of affordable energy
for satisfying thermal comfort in
urban areas

Depends on the policy tools that
shape the impacts or benefits of urban
densification on affordable housing
while evidence for transit-

induced gentrification is partial

and inconclusive

Distributional
effects

6. Institutional

Depends on the coordination ability
of local authorities and the local

Depends on context, increasing level renewable energy target

with the abiliy to integrate Depends on the ability to plan and

Political - . e setting and implementation with implement structural policies for
opportunities for climate mitigation L . . i
acceptance ) ) close to 1000 cities having adopted climate neutrality as well as the
with co-benefits for health , h i ) S o
. climate neutrality targets, including population size of municipalities
and wellbeing .
some that further extend into urban
climate positive targets
. . Depends on policy coherence
e Depends on the ability to implement P . .p y )
Institutional . . to avoid policy fragmentation - .
. integrated urban planning as well e . Depends on coordination with urban
capacity and . - and electrification at scale. High .
as relations between urban mobility, . planning, the scope of urban energy
governance, renewable energy targets, high

planning, forming of partnerships and
local ownership

buildings, energy systems, water
systems, ecosystem services, other
urban sectors and climate adaptation

cross-sectoral
coordination

climate ambition as well as high fuel
and CO, prices support the diffusion
of related options

Depends on the ability to implement
policy instruments to exploit and
integrate local resources for supplying
thermal energy cost-effectively to

Enabled by the policy and financing

Depends on the capacity for instruments that are used to support

Legal and . . . . _ . .

administrative implementing land-use zoning and increase electrification of the urban areas while implementing

feasibility and regulations consistently with urban energy system, including climate targets. Bottom-up and

urban land-use and spatial planning green bonds and green procurement interactive regulatory frameworks
strategies based on multi-level policies are
suggested for facilitating coordination
among energy sectors as an enabler
Levels of Confidence (LoC) Low Medium High

Enablers (E)

Barriers (B)
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Mitigation . Waste prevention, minimisation Integrating sectors, strategies
: Urban green and blue infrastructure . :
options and management and innovations
Feasibility Feasibility Feasibility
Dimensions/ | barriers or Role of context, time and scale barriers or Role of context, time and scale barriers or Role of context, time and scale
indicators enablers of implementation enablers of implementation enablers of implementation
(LoC) (LoC) (LoC)

1. Geophysical

Is favourable, increasing with the
physical space that is available

Physical
Y ) for urban green/blue space and
potential . )
infrastructure to an extent that will
support climate mitigation strategies
Urban green and blue infrastructure
. are based on ecomimicry and
Geophysical L .
sustainability innovations and do not
resources )
represent pressures on geophysical
resource demands
Depends on the scope of green and
blue infrastructure while restoration-
Land use

based nature-based solutions can also
restore degraded urban land area

2. Environmental-ecological

The indicator is an enabler while the
highest benefits depend on the design
of urban ecological infrastructure and
related parameters that influence
better air quality, including leaf area
index, foliage density and the impact
on reducing urban energy usage

Air pollution

Urban green and blue

infrastructure can be used for also
remediating brownfield sites, e.g.,
phytoremediation and bioremediation,
and limiting urban runoff

Toxic waste,
ecotoxicity,
eutrophication

Is an enabler based on the ability

Is favourable, also depending
on alleviating resource usage
and upstream emissions from
urban settlements based on
the mitigation option

The ability to reduce pressures on
physical land resources for urban
areas is a feasibility enabler

Depends on lowering the material
demands for urban development
with opportunities for considering
materials with lower GHG impacts
and selection of urban development
plans with lower material demands

Resource benefits increase with

the scale of waste prevention,
minimisation and material recovery,
e.g., reducing demands for new
virgin raw resources

Increases with the role of urban
land-use and spatial planning in
the low-carbon development (see
first mitigation option on urban
land-use and spatial planning) and
the relevance of brownfield urban
development for the project

Is favourable, also depending on
reducing ecological footprint due
to integrated waste management
and possibly biochar to improve
soil quality. Walkable urban form
can also reduce distances for
waste collection

Integrating across urban land-use
and spatial planning, electrification of
urban energy systems, district heating
and cooling networks, urban green
and blue infrastructure and waste
management has positive impacts on
improving air quality

Better waste management enables
better air quality, further depending
on the adopted waste hierarchy
principles and the energy use of
facilities for material and/or energy
recovery in the urban vicinity, if any

Is favourable, also considering the
avoided environmental burden

of local strategies for waste and
wastewater management and
avoided resource use

Level of improvement depends
on the demands of low-carbon
development on materials and
urban metabolism performance

Increases with the ability of
integrated waste management to
avoid environmental contamination,

Level of improvement depends

on the interaction and inclusion of
low-carbon development options
that reduce impacts on water use
and increase quality, including water-
use efficiency, demand management
and recycling

groundwater and marine pollution,

Level of improvement depends

on urban metabolism and biophilic
urbanism towards urban areas that
regenerate natural capital

Water quantity to reduce water runoff, increase . . .
R R including micropollutants,
and quality permeable surfaces and increase the
uality of waterways and wetlands ) L
quaity Y and stringency of municipal
wastewater treatment systems
) Lo Level of improvement depends
Benefits for biodiversity increase . P P §
X : on avoiding waste to landfill
o depending on the location, ecosystem )
Biodiversity . . and landfill leachate as well
and context of intervention as well as - .
- . as activities for land reclamation
connectivity of natural habitats o )
for biodiversity preservation
Levels of Confidence (LoC) Low Medium High
Enablers (E)

Barriers (B)
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Mitigation . Waste prevention, minimisation Integrating sectors, strategies
: Urban green and blue infrastructure . .
options and management and innovations
Feasibility Feasibility Feasibility
Dimensions/ | barriers or Role of context, time and scale barriers or Role of context, time and scale barriers or Role of context, time and scale
indicators enablers of implementation enablers of implementation enablers of implementation
(LoC) (LoC) (LoC)

3. Technological

Depends on the ability to initiate
and learn from experimentation and
the ability to support GHG emission
reductions based on both structural,
behavioural and lifestyle changes

Depends on the context of
implementing the waste hierarchy
from prevention onward and the
effectiveness of practices for waste
separation at source

Is favourable and increases with the
ability to harness local resources and
available technologies in multi-actor
and cross-scalar processes

Simplicity

Depends on the mitigation
options integrated, the stage of
urban development and typology

Depends on the ability to up-scale
interventions, including for urban
regeneration and restoration, and the

Depends on the waste management

Technological system as well as the stage of urban

scalability utilisation of available urban areas for development, including material use of the urban area with certain
multifunctional, place- and location- and waste from urban construction contexts providing additional
based ecological solutions opportunities over others
Maturity is favourable while Maturity is favourable that further Multiple technologies are available
Maturity and further depending on the ability depends on the choices for waste for integration while further
technolo to up-scale interventions and the management. There are also depending on context and the level of
rea dinesgy role of nature-based solutions opportunities for reducing the integration, e.g., energy-driven urban
in urban sustainability, resilience embodied energy that is used during design for optimising the impact of
and transformations material recovery urban form on energy infrastructure
4. Economic
Provides cost benefits that increase
) . Is favourable with changes accordin with a portfolio approach for
The benefit-to-cost ratio is already X g 9 P . PP
) to the choice of technology, strategy cost-effective, cost-neutral and
Costs in 2030 favourable based on monetary costs (3) R i X i
) . . and awareness of system users that re-investment options with evidence
and long term excluding co-benefits while the exact L@k . ) .
can represent time-dependent costs across different urban typologies as
values depend on context and scale . . .
and revenue changes well as cost reduction options with
urban form

Depends on labour efficiency, ability

Depends on the upscaling of to stimulate employment for value Increases based on the speed
Employment interventions to support local added products through circular ® that the mitigation option triggers
effects and employment opportunities and economy and innovation activities loC <3 economic decoupling with
economic sustainable growth, including with an estimated 45 million jobs a positive impact on employment
growth employment for urban forestry in the waste management sector and local competitiveness

by 2030

5. Socio-cultural

Contexts that involve a
participatory approach towards
urban transformation with a
shared understanding of future

Is favourable and increases with

Public acceptance is commonly high -
P y g reduced system costs for citizens,

and represents a positive lock-in with

Public . greater awareness of primary »
awareness and recreational use also ) ) opportunities and challenges are
acceptance . . waste separation and possible ) .
given that potential concerns for L . A enablers. Public acceptance increases
- positive behavioural spillover across s
green gentrification are addressed ) . with citizen engagement and
environmental policies .
citizen empowerment as well as an
awareness of the co-benefits
Contributes to health and well-being
. through liveable cities, reducin
Urban green/blue infrastructure can g . ) g
R L human toxicity, particulate matter,
provide reductions in the urban heat ) ) . The scope of low-carbon urban
Effects on . . . photochemical oxidant and similar )
island effect, provide cleaner air as . S . . development measures provides
health and ! with possibilities of increasing the - . )
. well as cardiovascular and mental . . significant potential for co-benefits
well-being ) nutrition status of urban diets also . i
health benefits that are related to s ) for public health and well-being
N . considering food systems with less
availability and accessibility .
waste, less water, GHG emissions
and land impacts
Levels of Confidence (LoC) Low Medium High

Enablers (E)

Barriers (B)
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Integrating sectors, strategies
and innovations

Waste prevention, minimisation
and management

Mitigation

: Urban green and blue infrastructure
options

(LoC)

Distributional
effects

6. Institutional

Political
acceptance

Institutional
capacity and
governance,
cross-sectoral
coordination

Legal and
administrative
feasibility

Depends on the availability
(percentage of total area), accessibility
(proportion of the urban population
living within an accessible distance) of
urban green areas and public versus
private ownership. Distributional
effects for urban green and blue
infrastructure are important and may
or may not represent inequalities that
depends on inclusive policy design
and empowerment

Political acceptance is commonly high
with potential additional support from
collaborative planning, co-creating
solutions and mandate for urban
greening in development

Depends on transdisciplinary
coordination for urban ecological
infrastructure that encompasses
terrestrial and/or aquatic ecosystems,
as well as institutional and community
capacity for holistic design that is
better connected with the ecological
constraints of Earth systems

Favourable while further depending
on the governance content as

well as new targets for restoring
degraded ecosystems

(LoC)

Depends on the sharing of costs and
benefits and the ability to transform
informality of waste recycling

activities into programmes

Efficient waste management
infrastructure is the most widely
adopted strategy, including among
210 circular economy strategies

in urban areas

Depends on the organisational
structure for promoting integrated
waste management and capabilities
related to programme administration

Depends on local legislation and
policies, choices within municipal
waste management strategies

to reduce investment costs, and
compliance with targets for
circular economy

Levels of Confidence (LoC)

Low Medium

Enablers (E)

Barriers (B)

85M-16

High

(LoC)

Feasibility Feasibility Feasibility
Dimensions/ | barriers or Role of context, time and scale barriers or Role of context, time and scale barriers or Role of context, time and scale
indicators enablers of implementation enablers of implementation enablers of implementation

Level of improvement depends on
integrating issues of equity, inclusivity
and affordability, safeguarding urban
livelihoods, access to basic services,
lowering energy bills, addressing
energy poverty, and improving

public health

Depends on the GHG reduction
or climate neutrality target that
is set, as well as support from
participatory processes

Depends on the ability to form
partnerships to overcome barriers,
including technology development,
rule-setting and demonstration,
capacity to manage transitions,
establishing integrated departments
and funding schemes for low-carbon
urban development, implementing
system innovations and aligning
system actors, engaging in

policy learning among cities and
implementing supportive policy mixes

Depends on the capacity to
implement relevant policy instruments
in an integrated way and leverage
multi-level policies as relevant
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Table 8.5M.4 | Line of sight for the feasibility assessment of mitigation options in urban systems

Mitigation

Urban land-use and spatial planning

Electrification of the

Chapter 8 Supplementary Material

District heating and cooling networks

options

Dimensions/
indicators

Referencesl/line of sight

urban energy system

Referencesl/line of sight

Referencesl/line of sight

1. Geophysical

Physical potential

Mahtta et al. (2019); Giineralp et al.(2020)

Hsieh et al. (2017); Wang et al. (2018);
Aghahosseini et al. (2019); Bogdanov et al.
(2019); Child et al. (2019); Hansen et al. (2019);
Aghahosseini et al. (2020); Ram et al. (2020)

Swilling et al. (2018); Moller et al. (2019);
Persson et al. (2019); UNEP IRP (2020)

Geophysical resources

Milller et al. (2013); Bai et al. (2018); Swilling et al.

(2018); Magnusson et al. (2019); UNEP IRP (2020)

Gibon et al. (2017); IEA (2020);
Sovacool et al. (2020)

Wang et al. (2016); UNEP IRP (2020)

Land use

EC JRC (2018); Gao and O’Neill (2020);
Guneralp et al. (2020); Daunt et al. (2021)

Hsieh et al. (2017); Tong et al. (2017);
Fichera et al. (2018)

Fonseca and Schlueter (2015); Shi et al. (2020)

2. Environmental-ecol

ogical

Burgalassi and Luzzati (2015);

Jacobson et al. (2018); Ajanovic and Haas

Tuomisto et al. (2015); Dénarié et al. (2018);

eutrophication

Charters et al. (2021)

Air pollution Zhang et al. (2018a); Zhang et al. (2018b); (2019); Bagheri et al. (2019); Gai et al. (2020); i
Zhai et al. (2020); REN21 (2021
Pierer and Creutzig (2019) Jacobson et al. (2020) I ) ( )
Toxic waste,
' Phillips et al. (2018); Regier et al. (2020); . . .
ecotoxicity, llps et al. ); Regier etal. ( ) Gibon et al. (2017); Lohrmann et al. (2021) Bartolozzi et al. (2017); Zhai et al. (2020)

Serrao-Neumann et al. (2017); Rodriguez-Sinobas

(2020); IPBES (2019); McDonald et al. (2020)

Wati ti
anze'u‘:ia" 1ty et al. (2018); Xu et al. (2018); Ahmad et al. (2020); | Gibon et al. (2017); Lohrmann et al. (2021) swilling et al. (2018)
quallty Lei et al. (2021)
Huang et al. (2018a); McDonald et al. (2018); Huang et al. (2018a); McDonald et al. (2018);
Biodiversity Cortinovis and Geneletti (2020); Gineralp et al. Bataille et al. (2020); Schipper et al. (2020) Cortinovis and Geneletti (2020); Glneralp et al.

(2020); IPBES (2019); McDonald et al. (2020)

3. Technological

Simplicity

Reba and Seto (2020)

Kennedy et al. (2017); Kennedy et al. (2018);
Drysdale et al. (2019); Thellufsen et al. (2020)

UNEP (2015); Persson et al. (2019); REN21 (2020)

Lund et al. (2015); Calvillo et al. (2016);
Salpakari et al. (2016); Seto et al. (2016);
Kennedy et al. (2017); Newman (2017);

Borelli et al. (2015); Webb (2015); Xiong et al.
(2015); Felipe Andreu et al. (2016); Zhang et al.

technology readiness

Asarpota and Nadin (2020); Lall et al. (2021)

Gjorgievski et al. (2020); IEA (2020);
Meha et al. (2020); Sethi et al. (2020)

Sangiuliano (2017); Zenginis et al. (2017); (2016); Hui et aI.‘(vZO?'7); Loibl et al. (2_(_)1 7_); Lund
Bartlomieiczyk (2018); De Luca et al. (2018); et al. (2017); Pavicevic et al. (2017); Biinning
, Lall et al. (2013); GroBe et al. (2016); 12y : 0TSk etal. (2018); Chaer et al. (2018); Dominkovié
Technological . = Kennedy et al. (2018); McPherson et al. (2018); -
scalabil Cheshmehzangi and Butters (2017); Facchini et al. Sharma (2018): Stewart et al. 2018); Yuan et a et al. (2018); Hast et al. (2018); Kofinger et al.
Yy (2017); Lwasa (2017); Stokes and Seto (2019) ! ’ ! ’ (2018); Popovski et al. (2018); Yeo et al. (2018);
(2018); Drysdale et al. (2019); Narayanan et al. - . L, .,
K i Bozhikaliev et al. (2019); Dominkovi¢ and Krajacic
(2019); Bellocchi et al. (2020); Calise et al. (2020); ., R
o (2019); Dorotic et al. (2019a); Moller et al. (2019);
Gjorgievski et al. (2020); Meha et al. (2020); )
. Persson et al. (2019); Pieper et al. (2019);
Thellufsen et al. (2020); You and Kim (2020); Sorknzzs et al, 2020); Yuan et . (2021h)
Yuan et al. (2021); Pfeifer et al. (2021) ) ! )
. Kennedy et al. (2017); Kennedy et al. (2018); (Baldvinsson and Nakata (2017); Lund et al.
Maturity and

(2018a); Lund et al. (2018b); IEA (2020);
UNEP IRP (2020); Novosel et al. (2021)

4. Economic

Costs in 2030
and long term

Lall et al. (2021)

Newman (2017); Bloess et al. (2018); Jacobson
et al. (2018); Bogdanov et al. (2021)

Xiong et al. (2015); Bordin et al. (2016); Petersen
(2016); Pavicevic et al. (2017); Dorotic et al.
(2019b); Maller et al. (2019); Persson et al. (2019);
Aunedi et al. (2020); Djerup et al. (2020);

Doracic et al. (2020); Pursiheimo and Rama (2021)

Employment effects
and economic growth

Lee and Erickson (2017); Salat et al. (2017);
Gao and Newman (2018); Han et al. (2018);
Li and Liu (2018); Lall et al. (2021)

Mikkola and Lund (2016); Lee and Erickson (2017);
Kennedy et al. (2017); Jacobson et al. (2018);
Coalition for Urban Transitions (2020); Jacobson

et al. (2020); Ram et al. (2020b); REN21 (2020);
Ram et al. (2022)

UNEP (2015); Lee and Erickson (2017)

5. Socio-cultural
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Mitigation

Urban land-use and spatial planning

Urban Systems and Other Settlements

Electrification of the

District heating and cooling networks

options

Dimensions/
indicators

References/line of sight

urban energy system

References/line of sight

References/line of sight

Public acceptance

Grandin et al. (2018); Webb et al. (2018)

Newman (2017); Coalition for Urban Transitions
(2019); Corsini et al. (2019); Pfeiffer et al. (2021)

Karlsson et al. (2016); Hvelplund and
Djerup (2017); Robinson et al. (2018);
Palermo et al. (2020a); Palermo et al. (2020b)

Effects on health
and well-being

Li et al. (2016a); Yang et al. (2018b);
Pierer and Creutzig (2019)

Gai et al. (2020); Jacobson et al. (2020); Newman
(2017); REN21 (2020); Steinberger et al. (2020)

UNEP (2015); Meggers et al. (2016);
Zhai et al. (2020)

Distributional effects

Chava and Newman (2016); Jagarnath and
Thambiran (2018); Padeiro et al. (2019);
Debrunner and Hartmann (2020)

Kennedy et al. (2017); Aklin et al. (2018); Brandoni
et al. (2018); Hunter et al. (2018a); Teferi and
Newman (2018); Lekaviius et al. (2020)

UNEP (2015); Hvelplund and Djerup (2017);
Robinson et al. (2018)

6. Institutional

Political acceptance

Grandin et al. (2018); Asarpota and Nadin (2020)

Havas et al. (2015); Li et al. (2016b); Grandin et al.
(2018); Coalition for Urban Transitions (2019);
Data-Driven EnviroLab and NewClimate Institute
(2020); Palermo et al. (2020a); Palermo et al.
2020b; REN21 (2020); Takao (2020)

Grandin et al. (2018); Palermo et al. (2020a);
Palermo et al. (2020b)

Institutional capacity
and governance,
cross-sectoral
coordination

GroBe et al. (2016); Broto (2017);
Endo et al. (2017); Geneletti et al. (2017);
Hersperger et al. (2018)

Fenton and Kanda (2017); Alkhalidi et al. (2018);
Bloess et al. (2018); Glazebrook and Newman
(2018); Krog (2019); Lammers and Hoppe (2019);
Takao (2020)

Delmastro et al. (2016); Hvelplund and Djerup
(2017); Tong et al. (2017); Guo and Hendel (2018);
Kim et al. (2018); Chambers et al. (2019)

Legal and
administrative
feasibility

Deng et al. (2018); Yilmaz Bakir et al. (2018);
Shen et al. (2019); Barzegar et al. (2021)

Byrne et al. (2017); Kennedy et al. (2017); Suo et al.
(2017); Glazebrook and Newman (2018); Xie et al.
(2018); Hadfield and Cook (2019); Data-Driven
EnviroLab and NewClimate Institute (2020);
Lewandowska et al. (2020)

Hvelplund and Djerup (2017); Méller et al. (2019);
Doraci¢ et al. (2020); Moser et al. (2020)

Mitigation
options

Urban green and blue infrastructure

Waste prevention, minimisation
and management

Integrating sectors, strategies
and innovations

Dimensions/
indicators

References/line of sight

Referencesl/line of sight

References/line of sight

1. Geophysical

Physical potential

Elmquist et al. (2015); Keeler et al. (2019);
Quaranta et al. (2021)

Swilling et al. (2018); Kaza et al. (2018);
Chen et al. (2020); Harris et al. (2020)

Mahtta et al. (2019); Giineralp et al. (2020)

Geophysical resources

Collier et al. (2016); Quaranta et al. (2021)

Lopez-Uceda et al. (2018); Russo (2018);
Vaitkus et al. (2018)

Carpio et al. (2016); Liu et al. (2016); Ramage et al.
(2017); Shi et al. (2017a); Stocchero et al. (2017);
Bai et al. (2018); Swilling et al. (2018); UNEP IRP
(2020); Zhan et al. (2018)

Land use

Elmquist et al. (2015); Nastran and Regina (2016);
Fan et al. (2017); Raymond et al. (2017);
Slach et al. (2019); Quaranta et al. (2021)

Oliveira et al. (2017); Chiaramonti and Panoutsou
(2018); Medick et al. (2018); Peri et al. (2018);
Zhang et al. (2018a)

Gao and O'Neill (2020); Giineralp et al. (2020);
Xu et al. (2018)

2. Environmental-ecol

ogical

Elmquist et al. (2015); Jandaghian and Akbari
(2018); Kim and Coseo (2018); Santamouris et al.

Ramaswami et al. (2017); Lima et al. (2018);

Diallo et al. (2016); Nieuwenhuijsen and
Khreis (2016); Shakya (2016); Liu et al. (2017);

Air polluti
Ir pofiution (2018a); Scholz et al. (2018); Keeler et al. (2019); Zhang et al. (2020); Kanhai et al. (2021) Ramaswami et al. (2017); Sun et al. (2018b),
Song et al. (2019) Tayarani et al. (2018); Park and Sener (2019)
Toxic waste,
! Elmquist et al. (2015); Risch et al. (2018); Roig et al. (2012); Ibaiiez-Forés et al. (2018); Li
ecotoxicity, mavist et al ( ); Risch etal. ( ) oig et al. ); Ibafiez-Forés et al ( ); Lima Gonzalez-Garcia et al. (2021)

eutrophication

Keeler et al. (2019); Song et al. (2019)

et al. (2018); Zhou et al. (2018); Zhang et al. (2020)

Ibafiez-Forés et al. (2018); Kaza et al. (2018); Lima

Koop and van Leeuwen (2015); Topi et al. (2016);

Water quantity Elmquist et al. (2015); Raymond et al. (2017); ; Drangert and Sharatchandra (2017); Lam et al.
t al. (2018); P t al. (2020); Vi -Al
and quality Albert et al. (2019); Keeler et al. (2019) :t :| Ezozo;t P:?;;Iz; ?2521) ) Vergara-Araya |, 117): vanham et al. (2017); Kim and Chen
’ ! ) (2018); Lam et al. (2018); James et al. (2018)
Elmquist et al. (2015); Schwarz et al. (2017);
McDonal 1. (2018); McPh 1. (2018);
Biodiversity cDonald et al. (2018); McPhearson etal. 2018); -\ o1 (2015); Hale et al. (2019); IPBES (2019) | Thomson and Newman (2018); IPBES (2019)

Nero et al. (2018); Hale et al. (2019);
Keeler et al. (2019)
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Urban green and blue infrastructure

Waste prevention, minimisation
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Integrating sectors, strategies
and innovations

options

Dimensions/
indicators

Referencesl/line of sight

and management

References/line of sight

Referencesl/line of sight

3. Technological

Simplicity

Elmguist et al. (2015); Sasaki et al. (2018);
Keeler et al. (2019)

Hunter et al. (2018b); Kaza et al. (2018);
Sun et al. (2018a)

McLean et al. (2016); Matschoss and Heiskanen
(2017); Williams (2017); Zhang and Li (2017);
Aziz et al. (2018); Chen et al. (2018a)

Technological

Chen (2015); Kabisch et al. (2015); Lee et al.
(2015); Ruckelshaus et al. (2016); Cleveland

et al. (2017); Ferrari et al. (2017); Lwasa (2017);
Raymond et al. (2017); Gargiulo et al. (2018);

Eriksson et al. (2015); Boyer and Ramaswami
(2017); Lwasa (2017); Tomi¢ and Schneider (2017);
Jiang et al. (2017); Huang et al. (2018b); Islam

Yamagata and Seya (2013); Dienst et al. (2015);
Maier (2016); Beygo and Yiizer (2017);

Lwasa (2017); Pacheco-Torres et al. (2017);
Roldan-Fontana et al. (2017); Affolderbach

labili 2018); Paul et al. (2018); Pé t al. (2018); d Schulz (2017); R ietal (2017);
scalability Kanniah and Siong (2018); Albert et al. (2019); ( ,,)' aute a. ( ) erez, etal. ( ) and Schulz ( ) amavaaml etal. ( )
X Tomi¢ and Schneider (2018); Pérez et al. (2020); Zhao et al. (2017); Alhamwi et al. (2018); Kang and
De Masi et al. (2019); De la Sota et al. (2019); .
Dorst et al, 2019); Grafakos et al. (2020) Sakcharoen et al. (2021) Cho (2018); Lin et al. (2018); Collago et al. (2019);
’ ! ) Kilkis (2019); Kilkis and Kilkis (2019)
Hu et al. (2015); Shi et al. (2017b); Xue et al.
Maturity and Elmguist et al. (2015); Collier et al. (2016); Kabir et al. (2015); Soares and Martins (2017); (2017); Dobler et al. (2018); Egusquiza et al.

technology readiness

Elmgquist et al. (2019); Dorst et al. (2019)

Tomi¢ and Schneider (2018); D’Adamo et al. (2021)

(2018); Pedro et al. (2018); Soilan et al. (2018);
Kilkis (2021); Mirzabeigi and Razkenari (2021)

4. Economic

Costs in 2030
and long term

Elmgqvist et al. (2015)

Khan et al. (2016); Chifari et al. (2017);
Medick et al. (2018); Ranieri et al. (2018);
Tomic¢ and Schneider (2020)

Colenbrander et al. (2015); Gouldson et al. (2015);
Colenbrander et al. (2016); Nieuwenhuijsen

and Khreis (2016); Saujot and Lefévre (2016);
Sudmant et al. (2016); Yazdanie et al. (2017);
Brozynski and Leibowicz (2018); Lall et al. (2021)

Employment effects
and economic growth

Thomson and Newman (2016); Raymond et al.
(2017); Kareem et al. (2020)

Alzate-Arias et al. (2018); Coalition for Urban
Transitions (2020); Soukiazis and Proenca (2020)

Kalmykova et al. (2015); Chen et al. (2018b);
Garcia-Gusano et al. (2018); Hu et al. (2018);
Shen et al. (2018); Lall et al. (2021)

5. Socio-cultural

Public acceptance

Raymond et al. (2017); Urge-Vorsatz et al. (2018);
Song et al. (2019)

Milutinovic et al. (2016); Tomi¢ and Schneider
(2017); Diaz-Villavicencio et al. (2017); Ek and
Miliute-Plepiene (2018); Romano et al. (2019);
Tomi¢ and Schneider (2020)

Blanchet (2015); Bjarkelund et al. (2016);

Flacke and De Boer (2017); Gao et al. (2017);
Herrmann et al. (2017); Neuvonen and Ache
(2017); Sharp and Salter (2017); Gorissen et al.
(2018); Fastenrath and Braun (2018); Moglia et al.
(2018); Wiktorowicz et al. (2018)

Effects on health and
well-being

Huang et al. (2017); van den Bosch and Sang
(2017); Privitera and La Rosa (2018); Santamouris
et al. (2018b); Andersson et al. (2019); Keeler et al.
(2019); Song et al. (2019); Grafakos et al. (2020);
Jamei et al. (2020); Quaranta et al. (2021)

Boyer and Ramaswami (2017); Newman (2017);
Coalition for Urban Transitions (2020);
Slorach et al. (2020)

Dodman (2009); Diallo et al. (2016); Garcia-
Fuentes and de Torre (2017); Liu et al.
(2017);Newman (2017); Laeremans et al. (2018);
Li et al. (2018)

Distributional effects

Lwasa et al. (2015); Huang et al. (2017);
Andersson et al. (2019); Khumalo and Sibanda
(2019); Keeler et al. (2019)

Conke (2018); de Bercegol and Gowda (2018);
Grové et al. (2018)

Friend et al. (2016); Claude et al. (2017);
Colenbrander et al. (2017); Ma et al. (2018);
Mrowczyriska et al. (2018); Puk3ec et al. (2018);
Wiktorowicz et al. (2018); Ramaswami (2020)

6. Institutional
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