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strategies are best suited to different investment types and explores how
cities can mobilize resources from across the spectrum: Municipal budgets,
national governments, development banks, private capital, carbon credits,
and more. Crucially, it urges us to look beyond climate-specific sources of
finance, recognizing that much of the investment will require tapping broader

financing sources.

Still, these investments are not out of reach, especially when one realizes
these investments are not additional to “business as usual” Rather, they are
core urban investments in sectors like mobility, waste management, and flood
protection. In other words, urban climate investments are not a separate
category of investments but instead represent core urban development done
the right way.

This report is both a call to action and a practical guide. Cities and national
governments can use it to inform bold, forward-looking urban strategies that
align climate goals with financial sustainability and development priorities.

The time to act is now. The future is urban, and the world is banking on cities.

Ming Zhang

Global Director

Urban, Resilience, and Land Global Department
The World Bank
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Estimating investment costs for resilient and low-carbon
urbanization up to 2050

Public capital costs of resilient and low-carbon urban investments in all
L&MICs, across several sectors, are estimated to be about US$256—-821 billion
annually. This estimate includes the cost of public investments for resilient
and low-carbon urban transportation; energy efficiency in buildings; resilience
and reduced emissions from urban water supply and wastewater treatment;
protection from flood and heat hazards elevated by climate change; and solid
waste management to control methane emissions and reduce flooding. The
estimated cumulative capital cost of these investments from 2020 to 2050 is
between US$7.9 trillion and US$25.5 trillion. This is equal to US$256 billion
and US$821 billion per year, respectively, or 0.8 to 2.6 percent of the combined
GDP of L&MICs. The cost of operating and maintaining these investments
adds between US$525 billion and US$548 billion each year to these costs, an
additional 1.7 to 1.8 percent of GDP.

Although absolute costs are concentrated in upper-middle-income countries
(about US$5.5-18.0 trillion up to 2050), costs as a share of GDP are highest
in low-income countries. The investments identified have capital costs of 2.5
to 8.4 percent of the combined GDP of low-income countries, compared with
0.9 to 2.6 percent in lower-middle-income countries and 0.8 to 2.5 percent in
upper-middle-income countries.

Current spending on these investments appears to be substantially below the
estimated costs. The Cities Climate Finance Leadership Alliance (CCFLA
2024) estimates that urban climate finance flows to L&MICs for expenditures
approximating those included in this report amounted to just US$92 billion in
2021-22, including both capital and operating expenditures. This corresponds
to only 11 to 36 percent of the total annual capital costs discussed and just 7
to 12 percent of the combined capital and operations and maintenance costs
per year. Most of this amount, US$73 billion, went to upper-middle income
countries. Only US$18 billion flowed to lower-middle income countries

and US$1 billion to low-income countries. These numbers are conservative,
however, especially due to knowledge gaps regarding local and national
government spending in L&MICs. Data from the Organisation for Economic
Cooperation and Development shows that total public investment, across

all sectors and geographies, was 5.7 percent of GDP on average in L&MICs
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in 2020, with subnational investment being 1.3 percent of GDP (OECD-UCLG
2022). The share of these investments allocated to urban climate measures is
unknown. However, taken together, the evidence suggests that, while needs
are significantly larger than current spending, they are probably not orders of
magnitude larger.

Many of the low-carbon and resilient investments analyzed are the most
effective and inclusive urban investments regardless of climate goals. For
example, developing efficient public and nonmotorized transport services
supports economic activity, makes mobility more affordable, and reduces
local traffic and air pollution, in addition to its benefits for climate change
mitigation. Improving the energy efficiency of buildings reduces household
energy costs and reduces the load on energy infrastructure. Improving solid
waste management, greening public spaces, and other investments discussed
here contribute to local quality of life irrespective of climate change. In
addition, these resilient and low-carbon investments typically create more
jobs per dollar than investment in other types of infrastructure, including
many that can be done by urban residents with limited training, such as tree
planting, waste collection, and recycling.

Funding, financing, and efficiency to meet investment costs

Just as “climate investments” are not a separate category of investments,
“climate finance” is not a separate category of finance. This report considers
any financial resources that can be tapped to support resilient and low-carbon
urban investments to be a form of “city climate finance,” regardless of whether
these resources are designed to address climate-related investment needs.

Although climate-specific sources of funding (for example, carbon credits) or
financing (for example, green bonds) can support the investments identified

in this report, non-climate-specific resources and the wider strengthening of
public financing are—and are likely to remain—most important. For this reason,
solutions for mobilizing resources for climate-resilient and low-carbon public
investments in cities are inseparable from solutions for strengthening broader
urban public finance, in areas such as municipal own-source revenue, public
borrowing, intergovernmental transfers, public-private partnerships (PPPs),
expenditure efficiency, asset management, and so on. The report outlines a
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framework for addressing the financing gap, based on reducing costs through
efficiency savings, monetizing the benefits created by each project as funding for
investments, and exploiting appropriate sources of financing.

Reducing investment costs through urban efficiency

The magnitude of urban climate finance needed to meet these costs can be
reduced through efficient and well-coordinated urbanization. Cities can
enhance investment efficiency in various ways. Spatial coordination and
efficient growth reduce the costs of maintenance, operation, and investment
in new infrastructure. Targeting and prioritizing investments ensure that
they are as impactful as possible despite fiscal constraints. Mainstreaming
mitigation and adaptation allows all investments and recurring expenditures
to contribute to resilience and emission reduction, reducing the need for
separate investments. Aligning third-party incentives with urban resilience
and mitigation goals also reduces the need for public investments.

Analysis in this report highlights the potential for efficient investment to
reduce the magnitude of investment costs. For example, low-cost transport
policies promoting compact urban growth can reduce GHG emissions and
investment costs at the same time, whereas in the case of flood protection,
complementing dikes and levees with nature-based solutions, zoning, and
building-level dry floodproofing can reduce costs.

Sources of funding

Identifying revenues, savings, and indirect benefits from resilient and low-
carbon urbanization is a useful starting point for identifying funding sources
for these investments. This report presents a framework that cities can use to
identify sector- and investment-specific resources for resilient and low-carbon
urban investments. It analyzes the benefits generated by different investments,
how these benefits can be monetized as revenues (for example, through user
fares and fees, carbon credits, land value capture, and other means) and
savings (for example, reduced energy costs, reduced expenditure on roads,
and so on), and how these funds can be used to attract and repay investment
financing, including climate-specific products such as green bonds. Most
investments require some public funding amid scarce resources, making the
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sound financial and economic appraisal of individual projects, analysis of
options, cost-effectiveness of designs, risk assessments, and other means of
reducing costs critical to ensure public efficiency and financial sustainability.

Potential funding resources for resilient and low-carbon investments vary by
investment type. The following are a few examples:

+ Investments in building energy efficiency and rooftop solar energy
(estimated costs: US$2.4—6.6 trillion cumulatively up to 2050, or 0.25—
0.69 percent of GDP) can pay for themselves over time through energy
savings, but they require arrangements to turn those future savings into
upfront finance, for example, energy service companies, energy efficiency
certification to overcome information asymmetries, appropriate energy
tariffs that do not distort incentives, and others, along with public subsidies
for energy efficiency improvements where needed.

+ Flood protection measures not only demand an extraordinary magnitude
of investment (estimated costs: US$1.6-9.5 trillion up to 2050, or
0.2-1.0 percent of GDP for coastal and riverine flood protection, and
US$930 billion to US$6 trillion up to 2050, or 0.1-0.6 percent of GDP for
stormwater drainage) but also typically require public funding, because
their positive externalities (benefits accruing to the public at large) make
them difficult to monetize. However, as flood protection enables property
development, private property developers or owners may be incentivized
to pay for some flood resilience investments, either directly or through
indirect land value capture mechanisms such as taxes and fees.

+ Heat resilience interventions such as urban greening, emergency warning and
response, and others have relatively low costs (estimated costs: US$38—60
billion up to 2050, or 0.004—0.006 percent of GDP) but require ongoing budget
support rather than one-time project-based investment. Opportunities for
private sector investment are limited to private property owners’ contributions,
such as through greening, cool roofs, ventilation, and so on.

+ In the case of municipal solid waste management (estimated costs: US$681
billion cumulatively up to 2050), annual operating costs (0.27 percent of
GDP) exceed capital investment costs (0.07 percent of GDP). These costs
can be partially covered by waste collection fees and revenues from the sale
of materials and energy. However, even if private operators are involved
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and partially paid through such revenues, solid waste management requires
ongoing public funding. This is usually via municipalities but is often
supported by national government transfers, because of the limited fiscal
resources of municipal governments.

+ The large size and positive externalities of resilient and low-carbon
transportation investments in cities (estimated costs: US$2.2—2.4 trillion
cumulatively up to 2050, or 0.23—0.25 percent of GDP) mean that they
usually require public funding from general sources. Revenues from fares
and other sources rarely cover even operating costs, which means that
project financing cannot usually be repaid through project revenues alone
and requires public subsidy. Spatially efficient urbanization that is well
coordinated with transportation infrastructure can reduce infrastructure
needs, improve the financial viability of services, and create opportunities
for land value capture. Carbon crediting is suited to certain types of
transport investments (for example, electrification of public vehicles) but
can be challenging for others (for example, construction of metros).

+ The public sector remains the main source of financing for resilient and
low-carbon water supply and wastewater management in most L&MICs.
Climate-related costs (estimated costs: US$16-52 billion by 2050, or
0.002-0.005 percent of GDP) cannot be easily separated from baseline
investments in the sector and so are unlikely to use distinct sources of
climate finance. Reforming tariffs is important to support cost recovery to
the extent possible, although public subsidies often remain necessary to
ensure affordability.

Sources of financing

Cities require stronger readiness for commercial financing, where applicable.
Substantial private financing has been committed to climate action. However,
to access this, cities need to meet certain foundational criteria—such as
creditworthiness, absorptive capacity, and a sound regulatory environment
for borrowing and PPPs—as well as project bankability. Most lower-income
and smaller cities, but also many upper-middle-income and larger cities,

are at early stages of building these foundations, whereas many L&MIC
urban climate projects face inherent bankability challenges, such as low
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end-user repayment capacity and the prevalence of externalities. Although
financial fundamentals, and project revenues, efficiency, and savings can be
strengthened, many investments will continue to rely on public subsidy. All
parties should ensure these necessary subsidies are well targeted and do not
distort incentives for efficiency and cost recovery or crowd out commercial
financing.

Institutions including national governments and development banks,
multilateral development banks (MDBs), climate funds, and private investors
offer (or provide a market for) certain financial products tailored to climate
investments. For example, some (mostly national, but sometimes local)
governments in middle-income countries have successfully issued green bonds
for urban investments, although the long-term net costs of green bonds are
not necessarily favorable compared with standard bonds. MDBs and climate
funds are also increasing the amount of support available for resilient and low-
carbon urban investments, often through general obligation debt that does not
rely on individual investments generating sufficient revenue for repayment.

Recommendations for cities and national governments

Cities must create the right conditions for resilient and low-carbon
investment. As discussed earlier, this report describes how cities can identify
opportunities for funding, financing, and efficiency for climate-related
investments. Cities should take further actions to facilitate resilient and low-
carbon investment. This includes developing long-term climate-sensitive
investment plans to attract climate funders and financiers, building technical
expertise in climate-sensitive project preparation and implementation,
enhancing creditworthiness through sound and transparent public financial
management systems, developing efficient and transparent land markets to
facilitate the use of land value capture instruments, and others.

National governments must provide leadership to fund, finance, and unlock
wider resources for resilient and low-carbon urban investment. They must

ensure that fiscal transfer systems provide adequate, timely, and predictable
disbursements to cities. Performance-based grants with climate criteria can
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MDB multilateral development bank

MIC middle-income country

MENA Middle East and North Africa

NBS nature-based solutions

OECD Organisation for Economic Co-operation and
Development

OPEX operating expenditures

PPP public-private partnership

PV photovoltaic

RCP Representative Concentration Pathway

SAR South Asia Region

SLB sustainability-linked bond

SSA Sub-Saharan Africa

SSp Shared Socioeconomic Pathway

SWM solid waste management

TERI The Energy and Resources Institute

UMIC upper-middle-income country

UNDP United Nations Development Programme

UNEP United Nations Environment Programme

ZAR South African rand
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e Climate finance is not a separate category of finance. Although
climate-specific sources of funding (for example, carbon credits) or
financing (for example, climate funds) can contribute to financing some
of the investments identified in this report, most of the financing is
likely to come from non-climate-specific sources, including national and
local government budgets and lending from multilateral development
banks, development finance institutions, national development and
infrastructure banks, and wider commercial banks.

¢ City climate finance is not limited to municipal finance. A large share of
investments will need to be financed outside the balance sheet of local
governments.

Cities in low- and middle-income countries (L&MICs) need to invest in resilient
and low-carbon growth. Cities experience stronger climate impacts than rural
areas, and within cities, the most economically and socially marginalized
populations are the most affected (IPCC 2022). Cities in L&MICs are the

most exposed and least resilient to climate change—related hazards (Mukim
and Roberts 2022). These cities must act now to prevent a dramatic rise in
emissions as their populations and incomes grow to avoid lock-in to energy and
greenhouse gas—intensive urban assets, services, and spatial forms; to contribute
to national emission-reduction commitments; and to reduce local pollution and
inefficiencies from a high-carbon growth trajectory. Approximately 70 percent
of global consumption-based greenhouse gas emissions today are estimated to
be caused by urban areas (IPCC 2022)—a figure that may rise in the absence

of climate action as the global urban population rises from about half today

to two-thirds by 2050. However, cities can also be part of the solution for
curbing emissions. The Coalition for Urban Transitions (2019) estimated that
global urban emissions can be cut by 90 percent by 2050 if cities move from

a business-as-usual trajectory, while creating jobs and economic returns of
US$23.9 trillion. A 2016 report estimated that actions in cities can deliver

40 percent of the reductions that are necessary to limit global warming to 1.5°C
(C40 Cities Climate Leadership Group and Arup 2016). Although L&MICs
have historically contributed very small amounts to global warming, they

must nevertheless set themselves on low-carbon growth trajectories before
unsustainable and costly urban forms and technologies are locked in.

However, L&MICs have struggled to mobilize adequate resources for resilient
and low-carbon urban development. This is due to tight global and national
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TABLE 2.1 Summary of scenarios used in cost estimations (continued)

Low scenario High scenario Source of variation

Flood resilience: Pluvial

Low costs per square High costs per square kilometer, = Unit costs;
kilometer, lower urbanized | higher urbanized area by 2050:  urbanization
area by 2050: Uses the highest cost per square | projections
Uses the lowest cost per kilometer of land protected to

square kilometer of land calculate investment costs for

protected (excluding outliers) | the total urbanized area in all
to calculate investment costs | L&MICs in 2050 based on SSP3
for the total urbanized area in | projections.

all L&MICs in 2050 based on

SSP2 projections.

Heat resilience

Urban greening and Urban greening and heat wave | Climate projections
heat wave early warning and = early warning and response (RCP

response (baseline heat): 8.5):

Implementation of heat Implementation of heat action

action plans (including plans and urban greening in

heat and vulnerability ~8,000 urban areas in L&MICs

assessments, early warning that are projected to experience

systems, communications, at least one day of high heat

and heat wave preparedness | stress in 2050 under RCP 8.5.
and response measures) and

urban greening in ~5,300

urban areas in L&MICs that

currently experience at

least one day of high heat

stress in the baseline period

(2012-16).

Municipal solid waste management

No open dumping by 2030; 25 percent composting and 15-25  Not applicable
percent recycling per income group by 2050:

Elimination of open dumping in L&MICs by 2030, with landfilling
partially replaced over time with recycling, composting, and
incineration. By 2050, a quarter of waste is composted.

(Table continues on next page)
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TABLE 2.1 Summary of scenarios used in cost estimations (continued)

Low scenario
Transportation: Low carbon

Current ambition:
Corresponds to International
Transport Forum’s “current
ambition” scenario,

which represents current
trends and expected

policy developments, with
costs related to public
transportation vehicles and
their operation added for this
report. Includes 10 percent
of electric vehicle charging
costs (the rest being assumed
to be private commercial
investments).

High scenario Source of variation

Investment and
policy choices

High ambition:

Corresponds to International
Transport Forum’s “high
ambition” scenario, which
represents the trajectory under
the most ambitious yet feasible
transport policies, with costs
related to public transportation
vehicles and their operation
added for this report. Also
includes complementary
policies for effective demand
management (pricing instrument,
speed and parking restrictions,
and others) and compact

land use; and technological
improvements allowing

higher vehicle efficiencies and
penetration of cleaner energy
sources. Includes 10 percent of
electric vehicle charging costs.

Transportation: Flood resilience

Current ambition investments
flood-adapted if exposed to
40+ cm of flooding (RCP 4.5):
Incremental costs of making
new urban transport
infrastructure in L&MICs
(based on the low-carbon
transportation low scenario
described above) flood-
adapted if exposed to more
than 40 cm of flooding under
an RCP 4.5 climate scenario
with a return period of 100
years.

High ambition investments Investment choices;
flood-adapted if exposed to
15+ cm of flooding (RCP 8.5):
Incremental costs of making
transport infrastructure in L&MIC
cities (based on the low-carbon
transportation high scenario
described above) flood-adapted
if exposed to more than 15 cm
of flooding under RCP 8.5 with a

return period of 100 years.

climate projections

(Table continues on next page)
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BOX 2.1 Background papers describing the investment cost analysis
(continued)

Further sectoral background papers prepared for this report go into
greater detail and are available on request:

e Hutton, Guy. 2024. “Climate Finance Needs for Urban Water Supply
and Wastewater.”

* Mortensen, Eric, Timothy Tiggeloven, and Philip J. Ward. 2024.
“Analysis of Investment Costs for Coastal and Riverine Flood
Protection in Low- and Middle-Income Country Cities.”2

e Smith, lan. 2024. "The Potential for Urban Trees to Reduce Heat
Stress in a Changing Climate.”

e Trouvé, Mallory, and Luis Martinez. 2024. “The ITF Global Urban
Passenger Model—Scope & Approach.”

a. This background paper draws on the following scientific papers: Mortensen et al. (2023),
Mortensen et al. (2024), and PBL (2023).

Resources currently available for public investments may not be sufficient
to meet the above-mentioned estimated costs alongside wider development
needs, particularly in lower income countries. As discussed earlier, the
capital investments identified in this report will cost between 0.8 and

2.6 percent of the GDP of L&MICs, but this rises to 2.5-8.4 percent of GDP
when looking only at low-income countries. According to data from the
Organisation for Economic Co-operation and Development (OECD), total
public investment (not limited to urban or climate-related investments) in
2020 averaged 5.7 percent of GDP across a sample of L&MICs, of which
subnational capital investment averaged 1.3 percent of GDP. Average
municipal revenues were 1.7 percent of GDP in low-income countries,

3.6 percent in lower-middle-income countries, and 5.2 percent in upper-
middle-income countries, illustrating the substantial disparity in resources
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(OECD and UCLG 2022). (In OECD countries, the average municipal
revenue is equivalent to 7.8 percent of GDP [OECD 2020].) A substantial
portion of municipal revenues are allocated to current expenditures such as
salaries (OECD and UCLG 2016). OECD does not report the share of these
revenues and capital investments allocated to urban climate investments.

The Cities Climate Finance Leadership Alliance (CCFLA) estimates recent
(2021-22) annual financial flows for resilient and low-carbon urban
investments specifically (CCFLA 2024). These estimates are based partly

on project-level data and partly on sector-level estimates derived from the
stock of existing infrastructure. They are likely conservative, particularly
given limited data on spending by L&MIC local and national governments.
Comparisons between the costs identified in this report and the financial
flows identified by CCFLA should be treated with caution, because of
differences in scope and methodology between studies. With these caveats in
mind, current levels of investment appear to fall far short of needs. Analysis
of CCFLA data shows finance flows to L&MICs for investments in categories
that overlap at least partially with those examined in this report (low-carbon
and/or resilient buildings and infrastructure, transport, solid waste, water
and wastewater, and others and cross-sectoral, excluding investments

made by households and individuals) amounted to just US$92 billion in
2021-22, including operations and maintenance. This corresponds to only
11-36 percent of the total annual capital costs discussed earlier, and just
7-12 percent of the combined capital and operations and maintenance costs
per year.

The investments in L&MICs reported by CCFLA are largely in upper-middle-
income countries. Of the US$92 billion noted above, the vast majority,

US$73 billion (79 percent), flowed to upper-middle-income countries. About
US$18 billion (20 percent) went to lower-middle-income countries, whereas
only US$1 billion (1 percent) went to low-income countries. The data also
showed that US$80 billion (87 percent) was for activities classified under
climate change mitigation. This included US$42 billion for mitigation activities
related to transportation and US$36 billion for mitigation activities related


















































































































TABLE S1.4 Mitigation investment costs and potential financing options (continued)

Waste

Water

Potential financing options

GHG Municipal Mlum:[;al PPPs e Carbon Pr - Private
Measures savings| revenue/ | o0 (multiple as-a credits | oPS'Y | On-bill financing
bond service or linked % .
. contract . and . . financing | through local
(incl. modalities) LG ricin financing intermediaries
CPF)4 assets P g
Add/expand centralized 594 1.7 v v
composting facilities
Add/expand materials recovery 53 0.8 v v v
facilities®
Add/expand centralized 6 0.8 v v v
anaerobic digestion®
Reduce unaccounted-for water 113 0.2 v v v
losses®
Mandate efficient fittings in 36 0.1 v v v v
existing buildings
Reuse wastewater at municipal 329 0.0 v v v
scalec
Total 14,226 | 49.6

Source: Alexandria Green City Action Plan.
Note: BRT = bus rapid transit; CPF = climate performance-based (loans or bonds); EE = energy efficiency; EV = electric vehicle; GHG = greenhouse gas;
govt. trans. = government transfer; LRT = light rail transit; PPPs = public-private partnerships; PV = photovoltaic.

a. Measure includes efficiency fittings in new buildings.

b. Central transfers are the primary source of funding for local investments in Alexandria.

c. Direct cost item.
d. Climate performance-based loans or bonds.
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FIGURE 3.1 Projected urban expansion in Amman, Jordan, by 2050, in the BAU
scenario, Plan 2050 scenario, and Ambitious scenario (continued)

b. Plan 2050 scenario
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maintenance can raise efficiency. Building assets such as roads, bridges, and
buildings to hazard-informed, context-appropriate resilience standards can
reduce the need for additional hazard protections (such as flood barriers),
reduce the cost of damages and restoration over time, and save costs
compared to adding later retrofits. Likewise, integrating energy efficiency goals
upfront in buildings is much more efficient than installing later retrofits, and
combining efficiency and resilience goals realizes further savings (refer to the
background paper for this report [Murray et al. 2025]). Infrastructure that is
designed upfront to serve multiple objectives can also reduce costs compared
with multiple disconnected projects. This may be achieved, for example, by a
“complete streets” approach that combines public and nonmotorized transport
(mitigation) with natural drainage, trees for heat protection, and other resilient
design measures (adaptation). In Seoul, Republic of Korea, for example, the
landmark Cheonggyecheon Restoration Project revitalized a core corridor of
the central business district by removing an elevated highway and restoring
the stream buried below it, creating a multifunctional green-blue public

space that improved flood protection; reduced air pollution; and significantly
increased amenity, which, in turn increased property values and business
growth in the downtown area (Robinson and Hopton 2011). Adaptive reuse, or
repurposing existing buildings for new functions, provides a cost-effective and
lower-emission alternative to demolition and new construction. For example,
in the Ahmedabad Heat Action Plan (Ahmedabad, India), public buildings,
temples, and malls are temporarily transformed into cooling centers during
heat waves, providing relief to vulnerable populations (Ahmedabad Municipal
Corporation 2019). Planning and budgeting for regular asset management and
maintenance are crucial to avoid more costly subsequent repairs or rebuilds
and to uphold the efficiency and extend the lifespan of the infrastructure.

TARGETING AND PRIORITIZING INVESTMENTS

Targeting investments based on accurate data and modeling reduces costs.
For adaptation investments, knowing the spatial and temporal distribution of
flood risk, heat vulnerability, or other hazards, and of vulnerable populations
and economic assets, allows adaptation measures to target areas where they
are most impactful and cost-effective. For example, transport resilience

costs can be greatly lowered by building only flood-resilient transport in
flood-prone areas (Rozenberg and Fay 2019), and heat adaptation measures
can prioritize densely populated locations with higher predicted heat stress
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(Smith 2024). Data and modeling can also inform the selection of more cost-
effective measures. The flood protection analysis for this report finds that

the same level of flood protection can be achieved at much lower costs by
substituting some dikes and levees for nature-based solutions, zoning, and dry
floodproofing buildings in appropriate locations. Targeting and prioritization
also help reduce costs for mitigation measures. For example, analysis for this
report finds that low-cost or cost-free policy measures can reduce transport
investment costs and emissions by encouraging compact development.
Preparing a GHG inventory helps identify the most cost-effective mitigation
actions in any given city.

ALIGNING THIRD-PARTY INCENTIVES

Aligning the incentives of private firms and households to support mitigation
and adaptation reduces the need for public investment. Funding and financing
strategies themselves can incentivize private actors (and local governments)
toward, or away from, low-carbon behaviors, or they can be neutral (Benitez
and Bisbey 2025). For example, Colombia uses several policies related to taxes,
interest rates, and certification to incentivize green construction (refer to

box 3.1). Policies such as carbon, road, and fuel taxes and parking fees raise
funds while encouraging low-carbon behaviors. Conversely, waste collection
and public transport user fees raise essential funds but discourage low-carbon
resilient options. Building codes and zoning can incentivize construction
away from flood plains. Extended Producer Responsibility schemes internalize
waste externalities for producers, to encourage more efficient use of materials
and reduce municipal solid waste management expenses while raising funds.
Landfill fees or quotas can encourage recycling, or spur open dumping,
depending on the suitability of their design and implementation. Emissions
regulations, traffic management, road designs, and parking fees can encourage
the use of cleaner transport modes. Reforms to fuel and energy pricing can
reduce distortions that lock consumers and producers into inefficient, carbon-
intensive technologies. Concession contracts with the private sector, such

as for transportation or solid waste management services, should condition
payments on the efficient provision of services where feasible. Transfers

from central to local governments should also be carefully designed to avoid
discouraging private market participation, and to encourage efficient and
climate-smart use of funds.
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TABLE 4.1 Examples of revenues and savings from investments
(blue) and mechanisms with which they can be used to pay for

BANKING ON CITIES

investments (orange) (continued)

Monetizing
Sector Costs Benefits Revenues/savings | mechanisms
Solid waste Waste Service to Revenues from
management | collection and | residents; waste service fees,
disposal production landfill fees, and
of energy, sales of energy,
compost, and | compost, and
secondary raw | secondary raw
materials materials
Transportation = Public Service to Fare revenues
transportation | residents
infrastructure
and services
Water supply  Water delivery/ = Service to Revenues from
and sanitation = wastewater residents user fees
treatment
Savings
Buildings Energy Reduced Savings on energy | Property-
efficiency grid-supplied costs linked
retrofits; energy financing,
rooftop consumption energy service
solar panel for property companies,
installation owners energy service
agreements,
and others
Solid waste Reuse and Reduced need  Savings from Reallocation
management | refill schemes, | for waste reduced public of budgets
deposit refund | disposal expenditures
schemes, on landfill and
and sorting/ disposal
treatment of
recyclable
waste subject
to Extended
Producer
Responsibility
schemes
Transportation = Public Compact Savings from
transportation | growth reduced public
infrastructure supported expenditures on
and services by public road construction

transportation

and maintenance

Source: Original table for this book.
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BOX 4.1 Voluntary carbon markets (continued)

commit to reducing their carbon footprints through carbon offsets
without any regulatory mandate. Voluntary markets operate in a credibility
and reputation-driven environment, with participants motivated by the
desire to avoid negative perceptions from customers or investors and

to attract sustainability-minded stakeholders. There are no penalties for
nonparticipation in the voluntary markets.

According to an assessment by the World Bank, in Thailand and

Viet Nam, carbon credits can significantly enhance the financial
attractiveness of key urban investments, such as retrofitting buildings

to improve energy efficiency, installing rooftop solar panels, upgrading
to LED streetlights, and transitioning to electric vehicles. For electric
vehicles, carbon credits are particularly advantageous for two- and three-
wheelers, for which the credits constitute a larger share of the capital cost,
and of these, those used for ride hailing and delivery purposes are more
attractive because of intense usage. For these types of investments, the
monitoring, reporting, and verification process is straightforward, with
tested and approved methodologies that have been in use for the past
two decades, developed by the United Nations Framework Convention
on Climate Change and used for the Clean Development Mechanism of
the Kyoto Protocol.

The carbon intensity of a city’s electricity (both existing and future) is

a critical factor in determining the mitigation potential of activities.

For example, in a city with high-carbon electricity, the electrification of
vehicles has lower mitigation potential, whereas energy efficiency retrofits
of buildings, which reduce electricity consumption, have higher mitigation
potential than they would in a city with a low-carbon grid.

Carbon credits, combined with energy savings, can greatly enhance
the financial viability of small-scale projects. Aggregating emission
reductions from individual interventions, such as a single rooftop
solar installation, often incurs high transaction costs for packaging
and selling credits on carbon markets. This challenge is especially
pronounced in low- and middle-income cities, where underdeveloped
market participation further raises costs and reduces financial returns
from isolated projects. However, when small-scale interventions are

(Box continues on next page)



86

| BANKING ON CITIES

BOX 4.1 Voluntary carbon markets (continued)

aggregated into a portfolio of thousands, the scale can justify the
transaction costs, making it possible to tap into carbon markets and
secure the additional financial returns needed to make these projects
viable. City governments can play a critical role by enabling the
aggregation of interventions across both public and private assets at
scale, which can significantly improve the financial attractiveness of
these efforts. In many cases, savings from reduced energy consumption
would remain the main driver of energy efficiency or renewable energy
investments, but carbon credit revenues can serve as a secondary
incentive, especially in places with higher carbon intensity, acting as

a "cherry on top” of the energy savings. By strategically leveraging
their influence, city governments can help streamline participation in
voluntary carbon markets, making it crucial to invest in building their
capacity to lead and coordinate such initiatives.

Carbon markets also often require robust monitoring, reporting, and
verification systems. Many cities in low- and middle-income countries

lack the necessary infrastructure. Addressing this requires well-designed
capacity-building programs, such as the World Bank’s Carbon Initiative for
Development, which supports small-scale urban projects in Africa and Asia.

Carbon markets, both international compliance and voluntary, are at an
inflection point. With several outstanding issues on Article 6 recently
resolved at the 29th Conference of the Parties to the United Nations
Framework Convention on Climate Change, commonly known as COP29,
expectations are high for its operationalization in the coming years
(particularly under Article 6.4, the successor to the Clean Development
Mechanism).? In voluntary markets, there has recently been a significant
drop in the market value of traded carbon credits, from US$1.9 billion
in 2022 to US$723 million in 2023, primarily attributed to environmental
integrity concerns. Prices also remained low overall in 2023, at about
US$6.53 per metric ton of CO, equivalent on average compared with
US$7.37 in 2022.°

Concerns regarding the credit quality of some project types and
integrity of claims made against the use of credits for meeting corporate
climate commitments have played a role in this reduction, alongside

(Box continues on next page)
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BOX 4.2 Ghana'’s participation in global carbon markets*® (continued)

Addressing the challenge of perceived risk in renewable energy projects,
the NCEP offers performance-based payments for emissions reductions
and supports securitized loans with concessional terms to improve access
to financing. This approach aims to create a more attractive investment
environment and promote the uptake of clean energy solutions.

Expanding on the NCEP’s framework, the government of Ghana has
approved the transfer of mitigation outcomes for a second project to
Switzerland at COP28. This project focuses on sustainable composting
to reduce methane emissions, with plans to establish four composting
facilities that will improve organic waste management, reduce
environmental health risks, and support commercial waste initiatives.

a. UNDP 2023.
b. I[EA 2023.

Carbon crediting is most applicable to investments that result in clearly
quantifiable and attributable emissions reductions, for which there are well-
established monitoring, reporting, and verification protocols. These include
building energy efficiency and rooftop solar energy investments, electrification
of public vehicles, and solid waste and wastewater investments that reduce
GHG emissions. Digital monitoring of emissions, for example, by using
sensors and online software platforms, can help measure and verify emissions
reductions from some investments, in turn facilitating the generation of
carbon credits at reduced transaction costs. Carbon credit opportunities are
less well established when emissions reductions are more difficult to quantify
and attribute, for example, in the case of new metro rail systems, which result
in broad modal shifts.

Increases in land value brought about by investments can help pay for

the investments. Most of these investments—public and nonmotorized
transportation investments, waste collection, flood protection, urban
greening, and others—bring about local benefits in terms of quality of life,
which increase local land values. Even investments that may reduce land
values in their immediate vicinity, such as waste and wastewater treatment
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TABLE 4.3 Examples of land value capture instruments (continued)

Instrument

PPPs/joint
development
agreements

Sale of
development
rights/density
bonuses

Betterment
charge

Developer
charge/
exaction

Local property
tax

Real estate
capital gain
tax

Real estate
transfer tax

Special
assessment
district

Tax increment
financing

Description

Joint development between
municipality and developer for
private and/or public use on
municipal land

Rights that allow a developer or
property owner to exceed the
base zoning density in exchange
for a payment or an in-kind
contribution of public use facility
(such as public spaces)

Context in which
instrument is used

Cost-sharing joint development
agreements for delivering public-
use facilities widely used in OECD
countries (as PPPs)

Some cities in Brazil, some big
cities in many OECD countries,
and Singapore

Mandatory participation

One-time charge for increase
in property value from new
infrastructure

One-time contribution of land for
public facilities/infrastructure in
exchange for development rights

Mandatory recurrent tax levied on
land, buildings

Levied on increase in property
value from its initial purchase

Levied upon completion of
transaction

Recurrent fee to recover
infrastructure costs from property
owners in designated area

Assigning revenues collected from
increased tax base to designated
area for development

Israel, a few cities in Latin
America, and Spain

Widely used for funding off-site
infrastructure and municipal
services

Africa (25 countries), Asia

(24 countries), Canada,

Europe (33 countries), Latin
America (16 countries), and the
United States

Canada, Pakistan, and the United
States

Australia, France, Japan, Russian
Federation, Turkiye, the United
Kingdom, and the United States

The United States, for medium/
large-scale infrastructure
development (roads, water)

The United States, for medium/
large-scale infrastructure, urban
regeneration, environmental
rehabilitation

Source: Original table for this book adapted from Kaganova, Peteri, and Kaw 2024.
Note: OECD = Organisation for Economic Co-operation and Development; PPPs = public-private

partnerships.
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The implementation capacity needed for land value capture varies by
instrument. A relatively simple form of land value capture is the sale or lease
of public land for which value has increased as a result of public investments
in the surrounding area. The collection of property tax can be a form of land
value capture, because the value of land, and the corresponding tax that can
be collected on it, can be increased by public investments. However, although
most cities are empowered to collect property tax, challenges related to
property records, valuation, and governance have prevented cities in L&MICs
from taking full advantage of it (Kelly, White, and Anand 2020). Other forms
of land value capture that involve the collection of taxes and fees face similar
challenges and may also require special legislation to enable their use. For
example, Colombia’s experience with its betterment levy demonstrates that,
despite the complex methodology for assessing and distributing the levy,

it can raise substantial revenues when there is a clear link between public
benefits and property owners’ willingness to pay (Borrero 2011). Many land
value capture instruments require trust among property owners, and between
property owners and public authorities, which are lacking in many L&MICs.
For example, land readjustment schemes often require landowners to agree
to reduce the size of their land parcels for authorities to build infrastructure
and sell some land to recover infrastructure costs. This requires landowners to
coordinate among themselves and to trust that the public infrastructure will
be built in a timely manner, which can be challenging, especially in contexts
without an established history of such schemes.

WIDER ECONOMIC BENEFITS OF RESILIENT AND
LOW-CARBON DEVELOPMENT

Urban investments can generate positive economic feedback loops that grow
and stabilize the fiscal capacity for further investment. Some of these are listed
in the third column in figure 4.1 (“Wider economic benefits of investments”).
Investing in urban resilience allows the urban economy to continue to grow
while weathering climate shocks and other disasters and thus has important
social and economic benefits. Developing efficient public and nonmotorized
transport services supports economic activity and reduces local air pollution
and traffic, in addition to its benefits for climate change mitigation. These
investments, along with improvements in solid waste management (SWM),
greening of public spaces, and others, make a city more attractive, particularly
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to high-skilled workers who can boost a city’s economy. Some of these benefits
can be partially monetized through land value capture, but not entirely.

Resilient and low-carbon investments also create green jobs. Many of the
investments discussed in this report create more jobs than the number created
by the same amount of investment in other types of infrastructure in the

same sectors. For example, an investment of US$1 million in energy efficiency
(green construction and retrofits) is estimated to create between eight and

21 jobs, compared to three jobs created by the same investment in fossil fuel
industries. A US$1 million investment in public transport and electric vehicles
creates 15—28 jobs, compared to eight jobs if spent on road construction.
US$1 million invested in nature-based solutions (tree planting, restoration,
and management) creates 40 jobs, whereas the same amount spent on gray
water infrastructure creates 20 jobs. Many of these green jobs can be done by
urban residents with limited training, for example, tree planting and recycling
(Gulati et al. 2020).

These wider city-scale economic benefits justify the use of public funds for
investments, which cannot be easily monetized at the level of individual
investments, but they can create revenue streams or savings to help offset
public funds invested, for example, central government tax revenues,
intergovernmental transfers, proceeds from leasing or selling public land,

and others. Savings from phasing out carbon-intensive subsidies, such as fuel
subsidies, can also be redirected toward resilient and low-carbon investments,
yielding a double climate benefit without additional costs (World Bank

2022a, 2023a).

APPLYING THE FUNDING FRAMEWORK TO SECTORAL
INVESTMENTS

Matching specific investments to specific funding sources can help unlock
resources for resilient and low-carbon urbanization. Resilient and low-carbon
urban development involves a wide range of investments across sectors

with varying characteristics. The investments vary in terms of their size,

their potential for generating revenues and savings, whether they produce
externalities, whether climate-related costs are separable from baseline costs,
whether they involve larger upfront costs or recurring costs, whether they
require action by one or many actors, and others. As a result, different sectors,
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and even different investments within each sector, are suited to different
financial solutions, as discussed in detail in the following sections.

Funding building energy

Well-selected energy efficiency and rooftop solar investments in buildings
generate sufficient savings to pay for themselves over time. The energy cost
savings over time usually exceed the cost of energy improvements, which
means that building owners and others can use various means for these
savings to pay back the initial costs. For example, private energy efficiency
service providers (such as energy service companies) can secure commercial
debt financing to implement an energy efficiency project on behalf of a
building owner and then repay the loan from the savings generated by the
improvements (Derbyshire and Limaye 2014). In the case of public buildings,
budgeting agencies can allocate financing for energy upgrades through the
budgetary process and then scale back future energy allocations to capture
energy cost savings. Publicly owned energy efficiency revolving funds can
provide financing to building owners for energy efficiency investments, who
repay the loans through energy savings. Under “utility on-bill financing”
schemes, utility companies finance energy upgrades and then recover their
investments through utility bills. “Property-linked financing” is a similar
mechanism by which costs are recovered through property tax bills rather
than utility bills. Energy service agreements (ESAs) are yet another variation.
Under ESAs, building owners continue paying their energy bills at baseline
(pre-retrofit) amounts. The energy provider is paid for only the actual energy
consumed by the buildings, whereas the remaining amount, that is, the savings
brought about by the energy efficiency retrofit, is repaid to the financier (Singh
2018). For example, the Renewable Resources and Energy Efficiency, or R2E2
Fund, established by the national government in Armenia finances municipal
building energy retrofits through an ESA (World Bank 2014).

Despite the cost-effectiveness of building energy improvements, other
challenges exist. Although the savings on energy costs generated by these
investments over time are often greater than the upfront cost of the
investments, this does not always mean that the investments are made. Many
building owners lack the upfront capital, knowledge, or capacity to make the
necessary investments, particularly in existing buildings. The fact that building
energy efficiency is not easily observable makes it difficult to sell (or build into
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rental prices), which in turn disincentivizes investment by developers. In the
case of public buildings, incentives may be misaligned, because the entities
making decisions about building designs or improvements may not be the
ones paying energy bills.

Governments can encourage energy efficiency in new and existing buildings
through their roles as regulators and large property owners. Governments

can implement and enforce building codes, pertaining either to the design of
specific components of a building or to its overall energy performance standards
(World Bank 2024). Among other benefits, improved energy efficiency

reduces peak electricity demand, allowing significant savings in power sector
investments (World Bank 2022b). Over time, compliance with such codes forces
the construction industry to develop and adopt energy efficiency measures at a
large scale, mainstreaming efficient practices and reducing costs. Governments
enacting new construction codes need to ensure that they simultaneously
develop the technical capacity and dedicate the budgetary resources necessary
to monitor compliance with these codes, which is often a greater challenge

than creating them (Hallegatte, Rentschler, and Rozenberg 2019). Public sector
institutions are also large and prominent building owners, which means that
energy improvements in public buildings can have a large impact on GHG
emissions while also raising public awareness and stimulating changes to
construction practices and products on energy upgrades.

Funding flood resilience

Flood protection measures protect the loss or degradation of existing urban
assets, unlock significant land value, avoid loss of economic activity, and
protect human life and health. These measures can allow cities to continue
to perform their economic functions amid risks and protect assets from
damage or destruction. Flood protection can increase the usability and
attractiveness of urban land, improving land values and making funding
through land value capture possible as a result. For example, flood barriers
allow property development on land that may otherwise be too high risk,
with cities partnering with private developers to develop the land and
protective infrastructure. Flood protection investments can also pay for
themselves through more indirect forms of land value capture, such as taxes
and betterment charges. In some cases, particularly near city centers, the
land value appreciation brought about by flood protection investments could
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be equivalent to the cost of the upfront investments (Avner et al. 2021). By
safeguarding valuable assets, flood barriers can also reduce the need for
repairs and rebuilding, generating savings that can be used to repay financing
or increasing access to insurance products.

Some flood protection measures consist of building new infrastructure in

a more resilient manner, which may not incur significant costs, especially
when resilient construction techniques are mainstreamed. These include the
incremental costs of improving the flood resilience of investments in urban
transport and water infrastructure. Because these adjustments cost a relatively
small fraction of the overall investment cost and must be integrated into wider
engineering designs and plans, they are likely to be financed along with the
infrastructure itself, by the same investor, whether public or private. Although
resilient design and construction may require some early public investment

in the development of standards and training in resilient techniques, they

may not incur significant costs after they become mainstream. As with flood
barriers, resilient design and construction can reduce lifecycle costs of repair
and rebuilding, generating savings that can be used to repay financing or
increase access to insurance products.

Funding heat resilience

Heat resilience interventions can save lives at relatively low cost. Although
these are equivalent to only a small fraction of investments needed in other
sectors, they can nonetheless be lifesaving during heat waves, which suggests
that these measures should be prioritized globally as “low-hanging fruit”
(Roberts et al. 2023). This is particularly the case considering that these types
of interventions, namely, early warning systems and heat action plans, have
relatively low take up at a global scale and that heat-related deaths continue
to rise worldwide (Zhao et al. 2024). Despite their relative affordability,

heat resilience interventions require careful coordination and sustained
funding. They involve collaboration across multiple stakeholders, such as
transportation departments (for planting and maintaining street trees), public
health departments and medical facilities, as well as schools and eldercare
facilities that cater to vulnerable groups. Recurring expenditures, rather than
large upfront costs, mean that they require ongoing budgetary support as
opposed to one-time project finance. Although heat resilience measures are
usually not monetized, their benefits to the local economy in terms of avoided
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losses from illness and death are likely to exceed their costs (Toloo et al.

2013; Williams et al. 2022). Private property developers or owners can be
incentivized or required to plant or pay for nearby street trees. This would be
a form of land value capture, because trees would not only lower temperatures
but also improve property values. However, public funding would likely still be
needed, especially in lower-income areas.

Funding municipal solid waste management

The level of ambition for SWM services is guided by operating costs more than
capital investment costs. SWM is not just a basic municipal function but can
also be a key contributor to resilient and low-carbon urbanization, because it
can help reduce flood risk by reducing blockages in drainage systems, as well
as reducing methane emissions. SWM is also essential for a circular economy,
by channeling materials and resources toward further utilization and back into
the economy. Although there are some more capital-intensive investments

in the waste sector, such as sanitary landfills, advanced waste treatment, and
waste-to-energy plants, ongoing collection and disposal services make up a
larger share of costs than capital projects.

SWM is funded mainly through general municipal budgets in L&MICs, and

to a smaller extent by user fees and revenues from the sale of recyclable waste
commodities and energy produced. SWM represents a significant municipal
budgetary expense, estimated to be in the range of 20 percent of municipal
expenditures in low-income countries, 10 percent in middle-income countries,
and 4 percent in high-income countries on average (Kaza et al. 2021). Waste
collection fees typically only cover a small share of the costs of SWM service
delivery in L&MIC contexts, owing to a combination of low user payment
capacity, weak administration, and strong externalities present in waste
management. Waste recycling and recovery could generate additional revenues
for local authorities through the sale of produced secondary raw materials,
compost, and energy generated from waste, but such revenues are unlikely to
pay for most SWM operating costs. However, these, together with the avoided
disposal costs and external economic benefits, could be significant at the level
of individual waste management facilities and operations, such as separate
waste collection, composting, material recovery facilities, and waste-to-energy
plants. The SWM analysis conducted for this report estimates that these revenue
sources currently cover less than 10 percent of annual SWM costs (operating
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BOX 4.4 Additional readings on financing solutions for urban
investments (continued)

O ESMAP. 2014. Improving Energy Efficiency in Buildings: Mayoral
Guidance Note #3. Washington, DC.

- Singh, J. 2018. Energy Efficiency in the Public Sector. Washington, DC.
® Solid waste management

O Kaza, Silpa, Lisa Congyuan Yao, Perinaz Bhada-Tata, Frank
Van Woerden, Theirry Martin, Rene Michel, et al. 2018. What
a Waste 2.0: A Global Snapshot of Solid Waste Management
to 2050. Washington, DC.

e Water and wastewater

O Joseph, George, Yi Rong Hoo, Qiao Wang, Aroha Bahuguna, and
Luis Andres. 2024. Funding a Water-Secure Future: An Assessment
of Global Public Spending. Washington, DC.

O Khemka, Rochi, Patricia Lopez, and Olivia Jensen. 2023. Scaling Up
Finance for Water. A WBG Strategic Framework and Roadmap for
Action. Washington, DC.

To close financing gaps, cities and national governments will need to
strengthen their readiness for commercial financing and to optimize their use
of different financing sources according to the nature of cities and projects.
Although private lenders and investors have pledged trillions of dollars

for climate mitigation and adaptation, L&MICs have struggled to attract

such resources to the types of urban investments considered in this report.
Attracting private finance requires the right combination of financing demand
(creditworthiness, absorptive capacity to prepare and execute projects,

and bankable projects), supply (the depth and character of the financial
sector), and the mediating environment (de jure and de facto qualities of the
institutional environment that mediate supply and demand, such as the policy
and regulatory framework for borrowing or PPPs). Cities cannot attract the
financing required without addressing demand-side factors and the regulatory
environment. Private finance also requires bankable projects, and public
finance is often needed because of project-level factors such as low end-user
repayment capacity and the presence of externalities, as discussed in the
section on funding.



FUNDING AND FINANCING TO MEET INVESTMENT COSTS | 103

GENERAL OBLIGATION BORROWING FOR RESILIENT AND
LOW-CARBON INVESTMENTS

(Green) bonds for urban investments

Cities in L&MIC face several challenges that make borrowing for urban
investments difficult. On the demand side, governments (especially at the
municipal level) in L&MICs are often insufficiently creditworthy, because

of limited revenue streams, weak financial management, higher currency
risk, and overall sovereign debt risk. Of the 100 largest cities in developing
countries, only 38 are currently rated as investment grade by an international
or local rating agency, of which only 13 are in low-income or lower middle-
income countries. Only 34 cities in 11 L&MICs have issued a bond at the
municipal level (World Bank, forthcoming). Borrowing must also account for
debt ceilings and absorptive capacity. Macroeconomic instability, political
risks, and regulatory uncertainty in L&MICs further deter investment and
raise borrowing costs, whether at local or national levels. On the supply side,
local capital markets are underdeveloped in many L&MICs, with limited
liquidity and participation. The costs associated with issuing bonds—such

as obtaining credit ratings, meeting regulatory requirements, and ensuring
transparency—can be prohibitively high, particularly for capacity- and
resource-constrained L&MIC municipalities, and demands for green bond
issuance are even more stringent. Many municipalities in L&MICs lack the
technical expertise and institutional capacity to design, structure, and monitor
green projects aligned with international standards, such as those set by the
Climate Bonds Initiative.

Despite these challenges, some creditworthy municipalities in middle-income
countries have successfully experimented with debt, including green bonds.
The issuance of green bonds (that is, those that are used to invest in green
projects) reached US$700 billion in 2023. Although L&MIC cities captured
less than 5 percent of this volume (OECD 2023), there are several examples
of the use of green bonds for urban investments in various middle-income
countries. Johannesburg’s green bond issuance (US$140 million) in 2014 was
one of the first successful green bond issuances in Africa and demonstrated
a replicable model for financing urban sustainability in Africa. Funds were
allocated to solar water heaters, biogas to energy conversion, and energy
efficiency improvements in municipal buildings. Following this, the city of
Cape Town raised US$76 million through a green bond issuance in 2017
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BOX 4.5 Financing low-carbon infrastructure in Chinese cities
with green bonds (continued)

China’s green bond market has grown rapidly since the first issuance in
2015 and has become an important source of financing for low-carbon
urban infrastructure. By the end of 2023, China had issued US$616 billion
of labeled green bonds in domestic and overseas markets, of which
nearly US$372 billion met the Climate Bonds Initiative’s green definition.?
Approximately 3040 percent of China’s green bonds directly support low-
carbon urban projects, including renewable energy, public transportation,
energy-efficient buildings, and sustainable water management.®? Green
bonds have gained popularity in Chinese cities because of the access

to a broader investor base, both domestic and international, and lower
borrower costs, especially for officially labeled green bonds.< In addition,
the Chinese government has prioritized the development of a green
financial system, providing incentives and favorable policies for green
bond issuers, including subsidies, tax breaks, or technical support, which
are not available for regular bonds.

Certain enabling conditions have supported the successful issuance of
green bonds for urban infrastructure in China. These conditions include
the following:

e Policies and regulations that provide financial incentives

e Clear green bond standards® that set out criteria for green bond-
eligible projects

® Harmonization of domestic and international standards that helps
Chinese green bonds gain credibility in the global markets

e Provincial and central government backing that reduces the risk for
issuers and increases investor confidence

e Development bank involvement to provide credit enhancements and
technical support

® Growing investor demand for green finance products to support
environmentally beneficial projects.

Megacities such as Beijing, Chongging, Guangzhou, Shanghai,
and Shenzhen led the charge, issuing green bonds to finance

(Box continues on next page)
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BOX 4.5 Financing low-carbon infrastructure in Chinese cities
with green bonds (continued)

TABLE B4.5.1 Examples of green bonds issued to support
low-carbon urban infrastructure (continued)

Year of  Amount Yield Types of projects

City Issuer issuance  (US$) range  supported
Shanghai Shanghai 2016, 2.8 2-5% Renewable
Pudong 2018, billion energy (solar,
Development 2022 wind), energy-
Bank efficient buildings,
sustainable water
management
Shenzhen | Shenzhen 2018, 700 3-5% Waste-to-energy
Energy 2020 million plants, electric
Group vehicle charging
infrastructure

Sources: Original table for this book based on financial data and project details from
various green bond prospectuses and financial reports of the respective issuers.

Green bonds can be structured as general obligation bonds, revenue
bonds, or a combination of both, depending on the issuer’s financial
structure, project type, and investor preferences. In the case of

Chinese cities, if the issuers are municipal governments or state-owned
enterprises, general obligation bonds are commonly used because they
can be advantageous for projects that may take time to generate steady
revenue (for example, Beijing’s municipal green bonds for subway
expansion). By contrast, corporate issuers or public-private partnership
projects might use project-specific income for repayment purposes

to align with revenue-generating green initiatives (for example,
Shenzhen Energy Group's green bonds for waste-to-energy facilities).
This structure assures investors that repayments are closely tied to

the green project’s operational success. Green bonds could also be
structured under a hybrid approach, in which issuers combine general
revenues with project-specific income to secure bond repayment (for
example, Shanghai Pudong Development Bank’'s green bonds for
sustainable water management).

(Box continues on next page)
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BOX 4.5 Financing low-carbon infrastructure in Chinese cities
with green bonds (continued)

Green bonds could be a useful financing tool for small- and medium-size
cities, but their application may face constraints. Smaller cities typically
have lower credit ratings, making it difficult to attract investors without
guarantees or offering higher yields to compensate for the higher risk.
Their infrastructure projects may be too small for green bond financing.
These cities may also lack the technical capacity to design and manage
projects that meet green bond standards. Green bond issuance involves
legal fees, certification costs, and administrative expenses—fixed costs
that can be prohibitive for smaller municipalities and smaller investments,
making bond issuance less attractive. In addition, investors are often
more attracted to larger, more liquid markets such as those in megacities,
where there is less perceived risk and more opportunities for large-scale
investments. Potential solutions to address these constraints include
pooled issuances, credit enhancement, subsidies for certification costs,
and technical assistance and capacity building.

MDBs can help small- and medium-size cities, access green bonds.

They can provide technical assistance for green bond issuance, support
project preparation, and offer credit enhancements to improve the cities’
creditworthiness. MDBs often collaborate with local governments to
identify viable projects, align them with international green standards,
and attract institutional investors by providing partial guarantees or
cofinancing arrangements. By building local capacity and facilitating
access to capital markets, MDBs significantly enhance the ability of
smaller cities to finance low-carbon infrastructure projects through green

bonds.

a. Climate Bonds Initiative 2024.
b. Zhang, Ziying, and Wang 2024.
c. Li, Zhang, and Wang 2022.

d. People’s Bank of China, n.d.

Sustainability-linked bonds

Sustainability-linked bonds (SLBs) are bonds for which the financial or
structural characteristics—for example, interest rates, premiums, or penalties—
vary depending on whether the issuer achieves certain predefined sustainability
targets, such as GHG mitigation targets (ICMA 2023). SLBs are a relatively









