Position Paper Series - SUR Lab unibocconi.it
ISSN 2974-7937

Bocconi

Financing instruments for climate-neutral
and resilient urban regeneration

Edoardo Croci (scientific supervisor)
Marta Ambrosio

Antonio Ashtari Tafti

Benedetta Lucchitta

Tania Molteni

Universita
Bocconi

SUR Lab o ) )
Sustainable Urban Via Réntgen 1 | 20136 Milano - Italia

Regeneration Lab surlab@unibocconi.it | www.surlab.unibocconi.eu




Table of contents

N 1 Y o To [ ot u T o IR PP PPV 4
N \V/ =Y g oo [o] Lo} =AY AU 5
2.1 LITEIATUIE FEVIEW ittt ettt et e et e et e e 5
2.2, ANAIYHCAl fraMEBWOIK ..o 6
3. Overview of fiNanCINg INSEIUMENTS ..., 7
3.1.  Current landscape of financing for climate-neutral and resilient urban development....................... 7
3.2. Mapping and categorization of financing iNStrUMENtS........oooiiiiii e 9
3.3.  Non-repayable funding and repayable financing instruments ...........ccooiiiiiiii e 10

4. Financing instruments selection and @nalysis .......ooiuuii i 11
I [T W WY g =T o £ Y =1 T=T ol n T o FO PSSP 11
A =T oo [PPSR 13
4.3 LO@NS ettt et 15
4.4 REVOIVING TUNTS ... 17
4.5, ThIrd-party fINANCINE . ...coi i et e e e et e et e e et e e 18
ZB. INSUMANCE. ettt ettt ettt et ettt e et e e e 22
4.7. Credit enhancement MECHANISIMIS. .. .. i ettt ettt e eneee e 26

B 8. P S ettt ettt ettt 28
e B O =T T PP PPP 30
R 33
5. Enabling conditions and barriers to financing instruments’ use and replication...........c..cccoeeiiiiiiceenn, 35
o Y o1 o] [T g Vel oloT Yo T uTo] o L3N USUR 35
T AU Lo o -1 RS PRTR 35

B CONOMIC. ettt ettt 36
LTl Y0 1o | PSSR 37

S = 7= 1 1T o T OO TP TP OO PP P PP PP PP PP PPPPPPPPN 38
INSTIEUTIONA 1ttt b et h e ettt ettt 39

(OU U | PSSP TRR 39

B CONOMIC. ettt ettt ettt 39
BLLTol 2L aT [ | R PP P PSR TP PP 40

6. Conclusions and policy recoOmMMENAATIONS .......ooiiiiiee e 41
2] o] [ToT={e=Te] o 1R U S TSP USSP PSS PPURRTRT 45
Annex 1 — FInancing inStruments anNd MEASUIES..........eiie e 51



Annex 2 — Climate metrics’ role within the financing INSTrUMENTS........cooviiiiiiiii e 53

List of tables

Table 1: List of measures to integrate climate neutrality and resilience improvement in urban regeneration
projects (own elaboration based on NZC, 2025; Bednar-Friedl et al., 2022; EEA, 2024)........ccoovveeiiiiiieeiiineen, 6
Table 2: Climate finance sources (Source: WB&UNCDF, 2024) ....uvvviiieiieiieeieeee e 7
Table 3: Financing instruments selected for the analysSis .........ocoviiiiiiiiiii e 12
List of figures

Figure 1: Analytical framework for financing iNSEFUMENTS ......ooviiiiiiiiee e 6
Figure 2: % share of urban climate resources delivered per instrument (mitigation and adaptation)- year
202172022 (SOUICE: CCFLA, 2024) ...ooeiieeeeceeeeeeeee et 8
Figure 3: Model and financial flows of reen bonds ..o 14
Figure 4: Model and financial flows of resilience DoNdS ... 15
Figure 5: Model and financial flows of reen l0aNS.........coiuviiiiiiiiiiic e 16
Figure 6: Model and financial flows of revolving fuNds ..o 17
Figure 7: Model and financial flows of an EPC ... 19
Figure 8: Model and financial flows of PACE SChEMES ........oooiiii e 20
Figure 9: Model and financial flows of on-bill finanCiNg.........cooommii e 20
Figure 10: Model and financial flows of crowdfunding SChemMEs ...........cooiviiiiiiiiii e 21
Figure 11: Model and financial flows in catastrophe bonds..........coooiviiiiiiiii e 23
Figure 12: Model and financial flows of parametric iNSUraNCe ...........cooiiiiiiiiiiii e 24
Figure 13: Model and financial flows of Forecast-based finanCing..........cccoviiiiiiiiiii e 25
Figure 14: Model and financial flows of weather derivatives............cccooii e 26
Figure 15: Model and financial flJows of GUAraNTEES .......ooiviiiiiiiiii e 27
Figure 16: Model and financial fTowS O PES .......oiiiiiiiiiic e 29
Figure 17: Model and financial flows of carbon credits ..o 30
Figure 18: Model and financial flows of green certificates.............ooeiiiiiiiiii e 31
Figure 19: Model and financial flows of white certificates........cc.vvviiii i 32
Figure 20: Model and financial flows of biodiversity Credits ..........cooviiiiiiiiicc e 33
Figure 21: Model and financial fToWS iN PPPS ........ciiiiiiiiiiie e 34



1. Introduction
Urbanisation is a key contemporary trend which is deemed to continue in the following decades (UN, 2025).
Cities are not only relevant areas for population growth, they are also critical players in the climate change
transition. Currently home to 55% of the global population and producing over 80% of global GDP, they are
responsible for approximately 70% of global greenhouse gas emissions and two-thirds of energy consumption
(OECD, 2019). On the other hand, cities are also extremely vulnerable to climate change impacts like
heatwaves, flooding, water scarcity and reductions in water quality, the spread of infectious disease-carrying
vectors, storms, wildfires, landslides, and coastal flooding, due to their dense infrastructure and population
(EEA, 2024). The number of extreme events has risen in frequency and intensity in the last years globally, and
cities have been increasingly impacted, highlighting a more than ever urgent need for adaptation and
improving urban resilience while also keeping on with emission reductions (WMO, 2024; Surminski et al.,
2023).
Urban regeneration offers a strategic opportunity to address the dual challenge of climate change - mitigation
and adaptation- by reducing emissions and enhancing climate resilience across critical sectors such as the built
environment, mobility, green spaces, and energy and water management. As a transformative process
targeting underutilized or degraded areas, urban regeneration can be steered towards climate neutrality and
resilience objectives. Well-designed urban regeneration projects include low-carbon infrastructures and
building solutions, to avoid the transition risk linked to the evolution of energy regulations and decrease the
possibility of vacancy and obsolescence. Furthermore, they tend to have a stronger adaptation capacity, as
they are planned with a long-term horizon and foresee flexible designs and solutions to cope with climate
impacts (Systemiqg, 2024). Indeed, addressing climate change mitigation and adaptation has become a key
objective for any urban transformation project, due to regulatory drivers and an increasing market demand for
sustainable and resilient assets (UN-Habitat, 2024).
Low-carbon urban development can be advanced through regeneration projects that promote compact,
mixed-use neighbourhoods, retrofit existing buildings, integrate green spaces, install smart grids, and deploy
sustainable mobility systems. Achieving climate neutrality, however, requires a whole-life carbon approach that
considers both operational and embodied emissions from construction materials and processes, which are
significant contributors to the built environment’s lifecycle carbon footprint (OECD, 2024). On the resilience
side, urban regeneration can reduce vulnerability to climate hazards- such as extreme heat, flooding, and
drought- by redesigning public spaces and embedding innovative technological and nature-based solutions in
the urban fabric. These measures enhance the resilience of people, infrastructure, and ecosystems,
strengthening local adaptive capacity.
The integration of ambitious climate objectives and measures into urban regeneration projects can bring about
higher investment costs compared to business-as-usual solutions, but can also provide opportunities for
investors and generate a range of societal benefits (Taranu, 2024). For example, the realization of low carbon
buildings compared to conventional buildings entails incremental capital cost in the range of 1% to 5%, but
payback periods are in the range of 2.3 years to 4.9 years, showing the financial case for such investments (IFC,
2023). Furthermore, low-carbon investments are typically less exposed to transition risks as they anticipate
future regulations about energy performance and GHG emissions, reducing the probability of being subject to
write-offs and early retirement from the market (UNEP FI &I10, 2022). Considering adaptation, the
implementation of adaptation measures usually entails large upfront costs or additional expenses over the
lifecycle of an operation (WEF, 2025a). At the same time, rising climate change impacts and associated damages
can generate relevant costs to asset owners and managers, highlighting the potential savings and the economic
case for including adaptation solutions in regeneration projects (Surminski et al., 2023).



Urban regeneration projects are usually complex, multi-functional and span across several years, therefore
their implementation requires adequate financial resources and financial planning, relying on different sources
of capital (Amirtahmasebi et al., 2016). Several financing instruments are available for public authorities and
private developers engaged in urban regeneration to mobilize funding and finance needed for effective climate-
neutrality and resilience-oriented projects. By means of a structured approach, this research aims to identify,
categorize and analyse available financing instruments for climate-neutral and resilient urban regeneration
measures, to provide stakeholders a comprehensive overview of available options and their main
characteristics. Financing instruments are analysed based on key elements, including: i) main climate objectives
targeted (mitigation and/or adaptation); ii) financing mechanism, considering the instrument’s governance,
the financial flows between different actors, the instrument repayment and revenue generation of financed
measures, and the role of climate data on financial conditions. Key enablers and barriers to the adoption and
diffusion of these instruments are also identified. The final aim is to develop practical insights for stakeholders
involved in urban regeneration, highlighting opportunities to support and deliver resilient, climate-neutral
urban transformations through effective instruments aligned with ambitious climate targets.

The paper is structured as follows: Chapter 1 (Introduction) illustrates the background, the rationale and
objectives of the research; Chapter 2 (Methodology) defines the research scope and describes the analytical
framework to map, categorize and analyse financing instruments for climate-neutral and resilient urban
regeneration; Chapter 3 (Overview of financing instruments) provides a comprehensive mapping and
categorization of financing instruments; Chapter 4 (Financing instruments selection and analysis) describes
selected instruments and practical examples of projects where these instruments have been implemented;
Chapter 5 (Enabling conditions and barriers to financing instruments’ use and replication) discusses the main
enabling and hampering factors for the use, diffusion and replication of instruments; and Chapter 6
(Conclusions and policy recommendations) draws the final considerations about the implementation of
instruments in city contexts to support climate neutral and resilient urban regeneration, developing a set of
recommendations tailored to different types of stakeholders.

2. Methodology

2.1. literature review

A review of literature on funding and financing approaches for climate mitigation and adaptation at the urban
level was performed, focusing on relevant reports published by international organizations, EU institutions and
agencies, national bodies and national technical agencies addressing climate finance in cities. In the context of
this research, urban climate finance refers to the mobilization and use of financial resources to support actions
that reduce or avoid CO; emissions generated within urban areas or resulting from activities taking place within
cities, and/or reduce the vulnerability of urban systems to the impacts of climate change and climate-related
risks, by maintaining or increasing adaptive capacity and resilience. Specifically, financing instruments are
defined as instruments to mobilize, structure, and channel financial resources from several sources (public,
private, blended) toward investments in climate-related projects (based on WB&UNCDF, 2024; CCFLA, 2024;
UN-Habitat, 2024; Deuskar et al., 2025; OECD, 2025).

Based on the literature analysis, a long list of financing instruments for urban climate mitigation and adaptation
measures was compiled. The list was later screened to select only financing instruments that can be applied
to urban regeneration projects, and specifically to support measures in key sectors that contribute to climate
neutrality and improve climate resilience of areas and neighbourhoods undergoing a regeneration process,
including the built environment, transport, green infrastructures and NBS, energy systems, water and waste.
The analysis therefore focuses on financing instruments that provide or mobilize financial resources to support
the realization of physical, technical or management measures targeting the reduction of GHG emissions

5



and/or the reduction of risks driven by climate-related hazards, exposure, and vulnerabilities (e.g. development
of high energy-performance districts, energy efficiency retrofits of existing buildings, integration of nature-
based solutions, sustainable mobility measures, etc.). Furthermore, risk management schemes are also
considered, which typically compensate for losses due to extreme events and support recovery when a disaster
strikes (Brandon et al., 2025). An illustrative list of measures to integrate climate neutrality and resilience
improvement into urban regeneration projects is provided in Table 1:

Green infrastructure

Built environment Transport s Energy systems Water and wastewater Waste
Energy efficient building  Cleaner/efficient Urban reforestation Hydroelectric power Energy efficiency in water Waste prevention and
envelopes vehicles . ) services reduction
Tree planting Wind power
Renewable energy for Electric vehicles ) ) Water efficiency Material recovery
space heating and hot (including SusFamabIe Urban Photovaoltaics
water infrastructure) Drainage Systems Biomass power plant Water reuse Low carbon waste

Energy efficiency in
space heating and hot
water

Energy efficient lighting
systems

Energy efficient
electrical appliances

Flood- and heat-
proofing of buildings

Passive and active
cooling systems

Climate-proofing of
open spaces/areas

Post-disaster and
recovery

Car sharing/pooling

Improvement of public
transport supply

Climate proofing of
transport
infrastructures/vehicles

Improvement of
logistics and urban
freight transport

Bike/pedestrian lanes
realization/optimization
I/maintenance/repair

Road network
realization/optimization
Imaintenance/repair/cli
mate proofing

(SUDS)

Depaving

Green roofs/walls
Ecosystems restoration
Urban parks

Urban orchards

Combined Heat and
Power

Smart grids

Combined Heat and
Power

District heating/cooling
plant

District heating/cooling
network (new,
expansion,
refurbishment)

Improved electricity
interconnactions

Stormwater management
Water storage

Flood
management/protection
infrastructure

Drainage system
optimization

Sewer system
optimization

treatment

Efficient waste
logistics

Table 1: List of measures to integrate climate neutrality and resilience improvement in urban regeneration projects (own elaboration
based on NZC, 2025; Bednar-Fried| et al., 2022; EEA, 2024)

2.2. Analytical framework

A tailored analytical framework was defined consistently with the research objectives, to categorize the
financing instruments and define their underlying financing mechanism.

The framework comprises the following elements:

Financing instruments categorization

Instrument category Climate objective

Financing mechanism analysis

Instrument repayment/

Governance Financial flows revenue generation of
projects
i bl A ™,
Enablin / ) \
. s I Barriers |
conditions J\ /
\ . \ /

Figure 1: Analytical framework for financing instruments

o Financing instruments categorization, which comprises the following elements:
o Instrument category: identifies the main instrument category, among the following ones
identified in the literature: Transfers and grants, Fiscal instruments, Debt, Equity, Revolving
funds, Third-party financing, Risk mitigation, Payment for Ecosystem Services, Credits.



o Climate objective: identifies if the financing instrument mainly supports investments or
projects targeted to reduce GHG emissions (mitigation), to reduce climate risks or climate
vulnerability of assets and communities (adaptation), or if it targets both climate objectives.

o Financing mechanism analysis, which comprises the following elements:

o Governance: encompasses the institutional arrangements, roles and responsibilities of
stakeholders in designing, managing and overseeing the financing instrument.

o Financial flows: describes the financial flows (investments, payments, revenues) between
different actors involved, and how climate data are used to define the instrument’s financial
conditions.

o Instrument repayment and revenue generation of financed projects: describes how income
is generated to repay financing, considering the specific types of measures that an
instrument is designed to support and their revenue generation potential.

o Enabling conditions: refer to the institutional, economic, legal and technical factors which must be in
place for a financing instrument to be effectively implemented in a given context. These include e.g.
regulatory frameworks, availability of co-financing, market maturity and access to technical/legal
expertise (adapted from CCFLA).

o Barriers: refers to the main structural, financial, institutional and informational obstacles hindering the
adoption of specific financing instruments for climate-related projects and investments (adapted from
CCFLA).

3. Overview of financing instruments
3.1. Current landscape of financing for climate-neutral and resilient urban development
The scale of investments needed to decarbonise and improve the resilience of urban infrastructure is
considered substantial, amounting between USD 4.5 and 5.4 trillion annually (CCFLA, 2024). Furthermore, the
International Finance Corporation (IFC, 2018) estimates that urban sustainable investments in six sectors
(waste, water, renewable energy, electric vehicles, public transport, green buildings) in emerging markets could
attract more than $29.4 trillion in cumulative climate-related investments by 2030. However, considering the
average of 2021 and 2022 data, approximately USD 831 billion in annual urban climate finance was actually
mobilised at global level, highlighting a relevant gap to be filled in to promote urban climate neutrality and
resilience in cities. Public actors alone cannot meet these needs, making the mobilisation of private capital
essential (WEF, 2025a).
Capital for urban climate finance can indeed come from various sources and providers which can be public or
private, national or international (WB&UNCDF, 2024). Public financing is allocated from resources by national
governments, multilateral, regional, and national development banks, global and national climate funds,
bilateral financing through partner countries, and municipal own source revenues (OSR). Private financing is
provided in exchange for financial returns, e.g. from debt markets, commercial banks and financial institutions,
philanthropic foundations, and private investors (see Table 2).

Public Private
Domestic ¢ National Development banks ¢ Local commercial banks
¢ National climate funds ¢ Debt market (bonds)
* Government transfers e Local institutional investors & insurance
* Municipal own revenue * Private investors / companies

e Local impact investors
e Local foundations

International ¢ Global climate funds ¢ Debt market (bonds)
* Multilateral development banks e Commercial banks
e Bilateral country financing ¢ Institutional investors

e Private investors / companies
e Impact investors
¢ NGOs & foundations

Table 2: Climate finance sources (Source: WB&UNCDF, 2024)




Considering the estimates of urban climate finance mobilised at global level in 2021-22 (USD 831 billion),
almost the totality (USD 814 billion, 98% of the total) targeted mitigation efforts, while only USD 10 billion was
allocated to adaptation, and USD 7 billion to projects with multiple objectives (CCFLA, 2024).

Within mitigation, transport emerged as the leading investment sector, absorbing USD 424 billion (over 50%
of total mitigation finance), driven largely by electric vehicle adoption and mass transit infrastructure. This was
followed by buildings and infrastructure, which attracted USD 237 billion in urban climate finance (29% of the
total). A significant share of these investments was directed toward retrofit interventions (USD 68 billion) and
new construction (USD 29 billion), classified as energy efficiency measures. Additional funding supported the
deployment of efficient appliances and lighting (USD 58 billion), the electrification of heat pumps (USD 40
billion), and the installation of solar thermal water heaters (USD 10 billion), alongside other building-related
upgrades. Energy systems—primarily solar photovoltaic installations—received USD 152 billion, representing
approximately 19% of total mitigation flows. Within adaptation, water and wastewater management
accounted for the majority of investments, receiving 68% of total urban adaptation finance (USD 7 billion).
Within this sector, wastewater treatment attracted USD 2.42 billion, while water supply and sanitation
initiatives received USD 1.13 billion.

In terms of capital providers, private actors played a dominant role, contributing nearly USD 404 billion, or 49%
of total urban climate finance. Within this category, households and individuals were the largest subgroup,
accounting for USD 187 billion. Corporations contributed an additional USD 67 billion, while commercial
financial institutions provided USD 99 billion. Public sources contributed to a lesser extent, accounting for 22%
of total finance (USD 183 billion), led by governments (USD 66 billion), national development finance
institutions (USD 29 billion), and multilateral institutions (USD 21 billion).

In terms of mechanisms, urban climate finance was delivered through a range of financing instruments. The
largest share was provided through balance sheet equity financing, which reached USD 303 billion. This was
followed by project-level market rate debt (USD 145 billion), grants (USD 49 billion), and balance sheet debt
(USD 47 billion). Project-level equity and low-cost project debt accounted for USD 9 billion and USD 30 billion,
respectively.

m Balance sheet equity financing
2%

\ ' = Project-level market rate debt
\ m Low cost project debt

m Project-level equity

m Grants

Figure 2: % share of urban climate resources delivered per instrument (mitigation and adaptation) - year 2021/2022 (Source: CCFLA,
2024)

m Balance sheet debt

Mitigation projects accounted for a higher share of equity instruments (38%) compared to debt (26%), whereas
adaptation finance was predominantly delivered through debt (69%) and grants (8%) (ibid).

As the involvement of private investors is influenced by the risk-return profile of investment opportunities, a
greater uptake of risk-sharing and innovative instruments is widely regarded as necessary to attract private
capital, diversify funding sources, and enable cities to move beyond the limits of conventional public budgets.
Fostering collaboration across public, private, and civil society actors, as well as approaches like blended



finance- combining public and private funding sources- will prove essential at this purpose (Interreg Central
Europe, 2024).

3.2. Mapping and categorization of financing instruments

Instruments to support urban regeneration projects can be broadly divided into financial and policy
instruments. Financial instruments involve the direct exchange of financial resources for an urban regeneration
project, including the generation of resources through non-capital markets instruments and through access to
capital markets (Amirtahmasebi et al., 2016). On the other side, policy instruments defined by government
bodies at different levels contribute to creating a favorable environment for investments, provide incentives
for the private sector to engage in urban regeneration (e.g. zoning tools, use of building rights) or disincentives
for carbon-emitting activities (CCFLA, 2023).

Several instruments can be used by governments, financial institutions and real estate players to orientate and
shift investments towards building projects with high performances in terms of climate-neutrality (LaSalle,
2022). These include both “traditional” instruments as well as more innovative ones, specifically developed to
support the implementation of lower-carbon buildings, appliances, and construction, and adaptation oriented-

projects (ibid). For example, CCFLA (2023) performed a global mapping of available instruments, detecting 31

policy instruments and 44 financial instruments that have been proposed, tested or implemented to drive

investments in low carbon-buildings, a strategic component of climate-neutral urban regeneration projects.

Focusing on financing instruments as key topic of this study, several taxonomies have been developed to

identify the main types of financing instruments and their key features. The most frequent categories used in

the literature distinguish between transfers/grants, fiscal instruments, equity, debt, risk mitigation, third party
financing and other innovative instruments (CCFLA, 2023; GGGI, 2024).

o Transfer and grants refer to the sharing of financial resources between levels of government for public
spending and service provision, and they are frequently used by higher tiers of government to incentivize
local governments to focus on climate action (WB&UNCDF, 2024). Public authorities may also channel
grants directly to private actors — for example, to support individuals undertaking retrofit and energy
efficiency measures. These instruments usual target projects and measures that lack commercial viability,
and they can take the form of technical assistance or results-based programs (CCFLA, 2023).

o fiscal instruments gather several instruments, through which national and subnational public bodies can
collect financial resources to be invested for diverse purposes including climate mitigation and adaptation.
Among them:

o Taxes and levies: they represent major sources of revenues for local governments. They provide
interest free capital for local governments’ climate projects. Moreover, the future beneficiaries share
the burden of the project. At the same time, disadvantages of using taxes can be the inherent risk
that the projected tax revenues are not met and that citizens show resistance to the higher taxes
(NZC, 2024).

o Charges and fees: Charges and fees are payments set and collected at the local level by municipal
authorities for the provision or use of a specific public service, facility, permit, or municipal asset (e.g.
waste collection, water and sewer services, parking, building permits). They represent a form of own-
source revenue and can be designed to reflect local service costs, usage patterns, and policy
objectives (WB&UNCDF, 2024; OECD, 2023).

o Land value capture: Financial instruments that enable governments to recover and reinvest land
value increases that result from public decisions (OECD, 2022).

e Debtinstruments are financial liabilities requiring the payment of principal and/or interest by the debtor
to the creditor. Considering debt instruments targeted to climate objectives, they tend to focus on energy
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efficiency and on-site renewable energy measures, while adaptation-specific debt instruments remain
scarce (CCFLA, 2023). They include several types of instruments such as:

o Bonds: a form of debt financing issued through an underwriter and sold in domestic or international
capital markets (WB&UNCDF, 2024).

o Loans: they are provided by public or private financial institutions to fund investment projects or
large-scale investment programs. (WB&UNCDF, 2024).

o Revolving funds: funds set up for a specific purpose. They are revolving in the sense that they self-
replenish, utilising interest and principal payments on old loans to issue financing for new projects (CCFLA,
2024).

e Fquity are financial instruments representing an ownership interest in an entity, such as shares of a
company, where holders participate in the residual value and profits of that entity. Unlike debt, equity
does not entail a contractual obligation to repay principal or interest, but entitles the holder to a share of
ownership and any resulting returns. Equity instruments cover private and public equity and tend to focus
on mitigation (CCFLA, 2023).

e Third-party financing in urban climate action refers to leveraging external sources of funding, beyond
traditional public budgets, to support projects aimed at reducing greenhouse gas emissions and adapting
to climate change impacts in cities (Cities Alliance, 2024).

o Risk mitigation instruments are used to lower the risk profiles of investments. They include:

o Insurance: they are designed to reduce or transfer specific risks associated with urban infrastructure
projects- such as political, commercial, or environmental risks - in order to improve their credit profile
and attract private investment (CCFLA).

o Credit enhancement mechanisms (e.g., guarantees): they can be used to support local government's
access to repayable finance, to compensate their lack of creditworthiness and reduce the perceived
risk of lending to municipalities (WB&UNCDF, 2024).

Other types of instruments include:

e PES Atransaction mechanism through which one or more ecosystem service (ES) buyers compensate one
or more ES providers for securing the provision of a clearly defined environmental service, subject to the
condition that the service is effectively delivered (conditionality) (OECD, 2023).

e (redits: tradeable instruments that attribute monetary value to verified environmental benefits by
quantifying and certifying reductions in greenhouse gas (GHG) emissions or units of biodiversity restored
or preserved (OECD, 2023; IAPBC, 2024).

A further instrument- frequently used in urban regeneration projects- are Public-Private Partnerships (PPPs),
contractual agreements between public authorities and private entities to deliver public assets or services.
These arrangements typically involve the private party assuming management responsibilities, with
compensation mechanisms linked to performance outcomes (Aili et al, 2025). Remuneration may be derived
from user fees, public funds, or a combination of the two, depending on the allocation of responsibilities and
the accounting treatment within the municipality’s balance sheet. PPPs are not only a financing instrument but
also a risk-sharing mechanism. They are structured to allocate specific risks- financial, operational, or technical
- to the parties best positioned to manage them, thus improving cost-efficiency and service delivery (Global
Infrastructure Hub, 2019).

3.3. Non-repayable funding and repayable financing instruments

A key criterion to differentiate financing instruments is between non-repayable and repayable. Instruments
that do not imply obligations for future repayment are considered to be non-repayable (e.g. intergovernmental
fiscal transfers, some types of grants). Instead, any instrument that creates future repayment obligations is -
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by definition- repayable (e.g. commercial debt) (WB&UNCDF, 2024). Repayable financing instruments require
a stable and recurrent flow of revenue streams to cover the costs of raising financial resources (ibid). By
generating revenues, the financed project can offset costs and cover the initial investment. Revenues are
produced when an entity, such as an individual end user, private company, or government, pays for the benefit
of a project (ibid) or when the project developer directly benefits from monetary savings enabled by the
implemented measures.

Climate mitigation and adaptation measures are chacterized by different revenue generation potential, and
this is reflected also in the financing instruments that can be used to support their implementation (WEF,
2025a; 1ISD, 2023). Investments in decarbonisation and climate mitigation generate predictable savings or
revenues that can service repayable finance, through the creation of revenue-generating assets or activities
(e.g., renewable energy power plants or energy efficiency projects) (WB&UNCDF, 2024), while they also deliver
co-benefits such as improved public health from better air quality, economic growth, and energy security
(CCFLA, 2023)

On the other side, adaptation projects usually entail large upfront costs or additional expenses over their
lifecycle, and may require longer time to generate measurable results. Additionally, they often have uncertain
financial returns, and their co-benefits- such as risk reduction, economic development, and ecosystem services
provision- are spread among several stakeholders (WEF, 2025a). This makes difficult for private investors to
assess the financial viability of adaptation projects (1ISD, 2023).

For these reasons, the design of financing mechanisms for many adaptation investments typically assumes
there is no direct repayment, so they usually require public support or risk-sharing arrangements (WB&UNCDF,
2024). However, some adaptation-oriented instruments are able to monetize risk reduction benefits of
resilience investments.

4. Financing instruments selection and analysis

4.1. Instruments selection

The list of financing instruments identified from the literature was screened to select only those involving
capital repayment obligations, suitable to support climate neutral and resilient measures within urban
regeneration projects. Furthermore, also revenue-generating instruments like credits or PES are considered,
as they represent an innovative approach to support the financing model of climate-neutral or resilience
measures by leveraging their positive impact on mitigation/adaptation or other environmental positive
externalities. Finally, PPPs are also included, for their potential application to climate neutrality and resilience
measures at the urban level. Non-repayable instruments —such as intergovernmental transfers, non-repayable
grants, and fiscal instruments, were excluded from the analysis. This research focus is motivated by some
considerations. The use of repayable instruments for climate projects is particularly interesting for its potential
to stimulate private sector’s participation, which contributes to build local financial markets for climate
investments. A growth in the use of repayable instruments can support the development of self-sustaining
ecosystems, reducing the use of public subsidies and the pressures on public budgets in the context of tight
spending constraints. Furthermore, several climate measures that can be implemented in urban regeneration
projects are suitable to generate revenues or activate new revenue streams (e.g. building energy retrofits,
renewable energy production, sustainable mobility services), that can support repayment of capital (WEF,
2025a; 1ISD, 2023). Finally, non-repayable instruments are widely analysed and considered in the literature,
therefore the focus on repayable instruments provides an opportunity to enrich urban climate finance studies
and deep dive into a set of complex governance and implementation challenges.

The decision to focus this research on repayable instruments does not imply that non-repayable ones should
be overlooked or disregarded in the implementation of climate-neutral and resilient urban regeneration
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projects. Transfers and grants have traditionally been the instrument most heavily used to implement climate-
related activities (WB&UNCDF, 2024). Land Value Capture instruments offer relevant opportunities to generate
financial resources for climate investments in the context of urban regeneration projects, due to their
applicability at the district scale.

A key point is the selection of the most suitable financing instrument (or mix of instruments) for each project
and its context (IISD, 2023). Such selection should take into account the investment scale, investment needs,
targeted measures, their revenue generation potential, risk profile, stakeholders which could be potentially
involved, and the enabling context, including the different types of available instruments.

With these premises, the sample retained for the analysis focuses on 18 instruments, displayed in Table 3 by
category and climate objective:

Macro- NP .
e Category Mitigation Both Adaptation
Debt Bonds e Green/climate bonds e Resilience bonds
Loans e Green loans
Revolving Revolving funds e Revolving funds
funds
Third-party Third-party financing e Energy Performance e Crowdfunding or
financing Contracts (EPCs) citizen investment
¢ Property Assessed Clean schemes
Energy (PACE)
¢ On-bill financing
Risk Insurance e Catastrophe bonds
mitigation e Parametric insurance
¢ Forecast-based
financing
¢ Weather derivatives
Credit enhancement e Guarantees
mechanisms
Other Payment for ecosystem ¢ Payment for ecosystem
services (PES) services (PES)
Credits e Carbon credits e Biodiversity credits
e Green and white
certificates
Public Private ¢ PPPs
Partnership (PPPs)

Table 3: Financing instruments selected for the analysis

Of these, 5 instruments target mainly mitigation objectives, 5 instruments mainly adaptation, whereas 8 can
target both climate objectives depending on the specific design and implementation of the instrument.
Credit enhancement mechanisms such as guarantees have been included in the analysis as they can
complement the use of debt instruments. By limiting investors’ exposure to credit risk, such mechanisms
facilitate the provision of commercial financing at acceptable costs (WB&UNCDF, 2024).

Financing instruments to support climate-related investments can cover different investor needs and project
types (GGGI, 2024). Overall, there is no single financial instrument that can cover all the needs of climate-
neutral and resilient investments in urban regeneration, also considering that urban regeneration projects are
complex in nature and comprise the implementation of measures in many sectors (e.g. different building types,
energy systems, transportation, green areas, open spaces, other infrastructures, etc.).

Selected instruments are described in brief in the next section, divided by instrument category. The description
delves into the instrument’s financing mechanism, considering the instrument’s governance, the financial flows
between different actors, the instrument repayment and the revenue generation of financed measures, and
the role of climate data on financial conditions.
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For each instrument category, a real case study from urban regeneration projects and measures related to
climate neutrality/resilience is provided, to describe how innovative instruments have been put in practice, the
implemented measures, stakeholders involved, achieved climate impacts and co-benefits, and main enabling
factors/barriers.

4.2, Bonds

Bonds are a form of debt financing issued through an underwriter and sold in domestic or international capital
markets. As fixed-income instruments, bonds allow issuers to raise capital for financing or refinancing specific
projects or assets. In return, bondholders receive regular fixed interest (coupon) payments over the bond’s
term and are repaid the bond’s principal (face value) at maturity. Thematic bonds relevant for the scope of this
analysis include green/climate bonds and resilience bonds.

Green bonds typically finance projects targeting environment-related investments and benefits, such as low
carbon solutions and energy efficiency. A subset of green bonds that meet specific climate eligibility criteria
can be labelled as “climate bonds” under the Climate Bonds Initiative (OECD, 2019). Climate bonds can support
both mitigation projects, such as low-carbon buildings, energy efficiency, waste and pollution control, low-
carbon transport, informational technologies, as well as adaptation ones- such as nature-based assets and
climate-responsive water investments (ibid).

Green/climate bonds are issued and managed under capital market rules, with governance frameworks relying
on prospectus-based disclosure requirements, oversight by underwriters, and supervision by financial
regulators. 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 (Deuskar et al.,
2025).

The bond issuer (e.g. municipality, public agency, utility company, private company, Special Purpose Vehicle)
places a bond via an underwriter (e.g. investment bank, commercial bank, development bank). Bond holders
provide capital to the issuer. The bond proceeds must be used exclusively for projects that generate
environmental/climate benefits, including CO, reduction or/and improved resilience, and their use should be
reported and communicated to investors. The achievement of environmental/climate performance targets is
subject to a third-party MRV auditor’s verification. The issuer allocates proceeds to interventions, reports on
the use of proceeds and repays bond holders according to the bond terms. The payment of regular coupon
and repayment of principals at maturity are covered by the issuer’s general revenues or the project’s cash
flows.

Overall, the contribution of financed projects to green/climate objectives is an eligibility criterion for financing,
but the bond structure and financial conditions are not tied to the magnitude of these achieved benefits.
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Figure 3: Model and financial flows of green bonds

General Obljgation Bond — Miami Forever Bond (Florida, USA)
Launched in 2017, the Miami Forever Bond is a US$400 million General Obligation Bond (GO Bond) programme financing
infrastructure investments to enhance climate resilience, housing access, and quality of life across the City of Miami. The bond
supports projects in five categories: Sea-Level Rise and Flood Prevention, Roadways, Parks and Cultural Facilities, Public Safety, and
Affordable Housing. Issued without raising tax rates, the programme is implemented in tranches and guided by a citizen oversight
board to ensure transparency and impact monitoring.
Implemented measures:
i) Launched over 100 priority projects in the first tranche (US$58.7M)
ii) Delivered infrastructure upgrades in roadways, drainage, parks, and public safety
iii) Initiated affordable housing development and planning efforts under a specific tranche allocated to housing affordability and
resilience.
Relevant stakeholders:
City of Miami
e Issuer of the General Obligation Bond
e  Oversees planning, procurement, and project delivery across tranches
Citizens’ Bond Oversight Board
e  Appointed by City Commission to review performance and ensure transparency
Local contractors
e  Support project implementation across infrastructure and housing domains
Impacts and co-benefits:
i) Reduced risk to natural and climate hazards, promoting better access to living areas
ii) Promoted social cohesion and enhanced the attractiveness of the urban environment
i) Improved the response capacity to hazards through drainage and green infrastructure
iv) Raised green awareness, promoting behavioural change and more attractive lifestyles.
Barriers and enabling factors:
Coordinating multiple project types across city departments and bond categories required consistent planning, risk management,
and procurement oversight. Enabling factors included phased implementation, a structured project selection model, and the
establishment of dedicated monitoring and community engagement mechanisms.
Source: City of Miami, 2018.

Resilience bonds are issued to raise capital for climate-resilient investment. Their structure links financial
conditions - such as reduced premiums or improved payout terms - to the demonstrable reduction of expected
losses achieved through preventive measures (e.g. flood defences, stormwater management, or green
infrastructure) (Hermann et al., 2016). Governance focuses on the definition of the targeted risk, the
modelling-based quantification of risk reduction, and the legal structuring of the premium rebate mechanism.
The bond issuer (e.g. municipality, public agency, utility company, private company, resilience Special Purpose
Vehicle) places a bond, usually with institutional investors through investment banks acting as underwriters.
Bond holders provide capital to the issuer. Resilience bonds offer payouts after predefined events, but with the
added feature that part of the premium is reinvested in resilience-building measures, potentially lowering long-
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term costs. If the issuer meets or exceeds the agreed resilience targets, they may benefit from more favorable
financial terms (e.g. a lower coupon rate). Conversely, if the targets are missed, the issuer may face a financial
penalty such as a higher coupon. Indeed, resilience bonds monetize avoided losses from resilience investments
by quantifying the difference in expected losses between a business-as-usual scenario and one with a risk-
reducing intervention. This difference is translated into the insurance premium rebate, which flows back to the
issuer, therefore supporting the project.

Resilience bonds increasingly rely on the use of project-level KPIs to assess climate risks and measure the
impact of financed interventions. Examples include hectares of land protected (e.g., wetlands restoration),
percentage reductions in infrastructure downtime, or the number of people with improved access to resilient
systems. These indicators are often verified by third parties to ensure robustness and credibility. While there is
no universal framework yet, guidance is emerging from organizations such as ICMA to adapt existing
green/social bond standards to the specific context of resilience finance (NAP Global Network, 2024).
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Figure 4: Model and financial flows of resilience bonds

4.3. Loans

Loans are resources provided by public or private financial institutions to fund investment projects or large-
scale programmes. Green loans proceeds can be exclusively used to fund projects with significant
environmental benefits. To access green loan financing, borrowers must demonstrate that the loan structure
complies with the Green Loan Principles, including internationally recognised standards for asset verification,
governance, use of proceeds, project evaluation and selection, monitoring, reporting, and adherence to
relevant certifications. Green loans are structured and administered by financial institutions, with governance
frameworks based on agreed sustainability criteria, and reporting practices aligned with recognised
frameworks.

A financial institution (public or private) provides a green loan to the borrower (public or private), which
allocates proceeds to eligible interventions (single or multi-project programme). Environmental benefits must
be clearly defined, measurable, and reported by the borrower. Use of proceeds is subject to a third-party MRV
auditor’s verification. The borrower repays the loan to the financial institution. Recurring cash flows- from
utility savings, tenant charges, or operating cost reductions- can be used to repay capital over time. The
financing terms are generally fixed and not tied to environmental performance metrics. However, as described
above, access to a green loan typically depends on the borrower demonstrating that the use of proceeds aligns
with accepted green categories (e.g. low-carbon transport, clean energy, and potentially also improved urban
resilience), often following taxonomies or third-party certifications.
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Figure 5: Model and financial flows of green loans

Publicly guaranteed loan — Riverfront Urban Renewal District (Eugene, Oregon, USA)
The Riverfront Urban Renewal District is a large-scale regeneration initiative transforming a post-industrial site along the
Willamette River into a mixed-use, low-carbon urban neighbourhood. Led by the City of Eugene through its Urban Renewal Agency
Board, the project combines a publicly guaranteed loan, value-capture mechanisms, and public-private co-investment to deliver
public infrastructure, affordable housing, ecological restoration, and commercial development. The publicly guaranteed loan,
known as the Riverfront Renewal Loan, is managed by the city authority and used by a private developer to finance project
components such as sidewalk construction and improvements to the riverfront natural area. The redevelopment advances long-
term climate and liveability objectives, while enhancing economic resilience and tax revenues for local jurisdictions.
Implemented measures:
i) Delivered public infrastructure, including Riverfront Park, Viaduct Park, and the Quiet Zone railway upgrade
ii) Facilitated private development of 617 housing units, a hotel, and retail space
iii) Launched the redevelopment of the historic Steam Plant — a 1930s industrial building formerly used for power generation
and district heating — into a cultural and entrepreneurial hub
iv) Integrated climate mitigation and adaptation measures, including soil remediation, green construction practices aligned with
LEED certification standards (e.g. high energy efficiency, sustainable building materials, and stormwater management systems), as
well as provisions for active mobility and reduced car dependency within the district
v) Enabled construction of 75 affordable housing units through targeted subsidy.
Relevant stakeholders:
City of Eugene — Urban Renewal Agency Board

e  Led project coordination and public investment

e Applied TIF and managed capital improvement programmes

Atkins Dame Inc.
e  Main private developer for residential and commercial components

e Invested ~$113 million, including land acquisition and infrastructure co-financing

Dream Plant LLC
e Led the redevelopment of the historic Steam Plant

e  Received loan support for asbestos abatement and site revitalisation

Lane Liveability Consortium
e  Provided capacity-building and strategic alignment across local agencies

Homes for Good
e  Partnered on affordable housing delivery and long-term affordability commitments
Impacts and co-benefits:
i) Increased employment rate and jobs (+1200 in the construction sector),and boosted local business
ii) Enhanced attractiveness of the city, and promoted healthier lifestyles
iii) Reduced risk to natural and climate hazards
iv) Enhanced social cohesion and increased property values
Barriers and enabling factors:
Coordinating multiple funding streams and private development phases required sustained administrative capacity and long-term
planning. Enabling factors included continuity in local leadership, cross-departmental coordination, and the ability to align public
investments with phased private development.
Source: Rowell Brokaw Architects, 2010; City of Eugene n.d.; Eugene Water & Electric Board, 2023; Daily Emerald, 2024; The River
District Eugene, n.d.; McDonald, 2021.
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4.4. Revolving funds

A revolving fund'is a self-replenishing pool of capital used to finance projects through loans or, in some cases,
grants. As projects generate savings or revenues, repayments flow back into the fund, which are then used to
support new initiatives. Revolving funds are suitable to ensure sustained financing availability and reduce
dependency on external or uncertain funding sources by recycling repaid capital into new projects.
Governance arrangements vary by context and may involve management by internal municipal departments—
such as energy or finance departments—or administration by private financial institutions, including
commercial banks.

Revolving funds usually begin with seed capital from public or private sources and create a sustainable cycle of
financing that can support long-term urban regeneration projects (UNDP, 2024). An entity (public or private)
establishes and capitalizes a dedicated fund under the oversight of a steering or coordinating body, with
financial and technical management functions. The revolving fund provides upfront financing for interventions,
which are implemented either by an internal technical agency or by an external technical agency. Investments
flow from the fund to the interventions, generating revenues or cost savings linked to project performance.
These revenues return to the revolving fund, replenishing its capital and enabling the continuous financing of
new interventions over successive cycles.

Revolving funds that support climate-related investments can lead to lower GHG emissions, but emissions
reduction is rarely a formal target of the instrument itself. The fund’s main purpose is usually to finance energy
upgrades or sustainable infrastructure. Therefore, the link between financing terms and climate metrics is
usually indirect. Financing decisions are primarily based on projects’ technical feasibility, payback periods, or
cost savings. Emissions data may be used to screen, prioritise, or report on the performance of funded projects,
especially if climate impact is part of the fund’s mandate. Nonetheless, an entity designing, implementing and
managing a revolving fund may decide to integrate specific rules related to climate performance, in order to
support the most impactful project in terms of mitigation and/or adaptation.

Public entity Publicy/private entity
Steering/coordinating body | Steering/coordinating body I
Financial Technical Financial Technical
management management management management
— Revolving fund —* Revolving fund
Internal technical agency External technical agency
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Figure 6: Model and financial flows of revolving funds
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Revolving Fund — London Green Fund
Launched under London’s ERDF Operational Programme, the London Green Fund is a revolving fund supporting energy efficiency
and low-carbon housing projects. It channels over €480 million through three dedicated investment vehicles, combining EU
structural funds, public capital from city authorities, loans from the European Investment Bank, and private finance from commercial
banks and infrastructure investors. Capital returns are reinvested, enabling long-term project support.
Implemented measures:
i) Operates across energy, housing, and waste sectors
ii) Finances retrofits of public buildings and decentralised energy networks
iii) Supports energy-efficient renovation of social housing blocks
iv) Backs sustainable waste infrastructure, including anaerobic digestion and recycling facilities
Relevant stakeholders:
European Regional Development Fund (ERDF)
e  Provided the core public capital base.
e  Enabled the use of financial instruments under the JESSICA initiative.
Investment Board
e  Comprised the Greater London Authority, the London Waste and Recycling Board, and the European Investment Bank.
e led governance, managed reinvestment strategy, and ensured fund compliance.
Sector-specific fund managers (Amber Infrastructure, Foresight Group, The Housing Finance Corporation)
e  Delivered financing and project oversight.
Housing associations (Gallions, Origin, A2Dominion)
e Implemented retrofitting measures at the project level.
Impacts and co-benefits:
i) Delivered annual CO, reductions of approximately 40,000 tons, primarily through retrofitting and renewable energy
ii) Generated energy cost savings and improved air quality
iii) Improved the attractiveness of the urban environment.
Barriers and enabling factors: Implementation was hindered by ERDF regulatory requirements, which required substantial legal
adaptation to support repayable instruments. Further delays were caused by the need to build a viable project pipeline from scratch,
with many initiatives requiring extensive permitting and technical development before reaching investment readiness. Key enabling
conditions included the establishment of an independent Investment Board with decision-making authority and fund managers
selected through competitive procedures and equipped with clear mandates.
Source: EIB, 2015.

4.5. Third-party financing

Energy Performance Contracts (EPCs): contractual model in which an Energy Service Company (ESCO)
implements efficiency or renewable upgrades and is repaid through the resulting cost savings or additional
energy produced. EPCs allow clients to undertake ambitious retrofits without upfront capital and are especially
suited for large buildings or infrastructure projects (NZC, 2023A). Governance is established through
contractual agreements between the ESCO and the client, requiring a clear definition of performance
baselines, savings verification protocols, and dispute resolution mechanisms.

In an EPC, an ESCO finances and delivers energy efficiency interventions under a contract with the property
owner, assuming upfront costs and risk. Risk allocation varies by contract type (e.g. guaranteed savings or
shared savings). The ESCO is repaid under the contract conditions linked to the intervention’s verified
performance and energy savings.

While EPCs do not explicitly target GHG reductions, the core mechanism — guaranteeing energy savings over
time — leads to a quantifiable reduction in CO; emissions. CO; reduction estimates can be included for impact
reporting or compliance with climate-related goals. Therefore, the link between financial terms and GHG
reductions is indirect, as it is related to reduced energy, but formalised, as the payments to the ESCO are
contingent upon achieving the agreed energy savings. In some public-sector EPCs, CO; indicators may influence
project selection or be included in reporting obligations, but financing is primarily based on energy and cost
savings, not carbon metrics.
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Figure 7: Model and financial flows of an EPC

Property Assessed Clean Energy (PACE): financing model that enables property owners to cover the upfront
costs of energy, water, or resilience upgrades through assessments added to their property tax bills.
Repayments are tied to the property rather than the owner, meaning obligations transfer if the property is sold.
PACE programs are typically capitalised by private lenders or municipalities and rely on local authorities to
collect and remit repayments. This structure lowers entry barriers for property owners and facilitates large-
scale retrofits and renewable energy adoption (WB&UNCDF, 2024). Furthermore, it reduces financing risk by
securing repayment to the property (rather than the individual), lowering default risk and enabling longer loan
terms.

PACE schemes are authorised by local or state governments and administered by program operators
responsible for managing financing, underwriting, and repayment collection through the property tax system.
The municipality also act as guarantor and enables access to financing for property owners through a financial
institution that administers the program. The financial institution provides capital to fund interventions, which
are usually carried out by certified contractors, ensuring compliance with technical standards and improving
project performance reliability. Investments flow toward the interventions on the property, while the property
owner repays the financing through a dedicated property tax charge. Payments are collected via the tax
mechanism and transferred to the financial institution, generating revenues that service the initial investment.
PACE schemes do not directly target greenhouse gas emissions. Their primary purpose is to finance energy-
related upgrades for private property owners — including energy efficiency retrofits and renewable energy
installations. CO, emissions are indirectly affected through reduced energy consumption, particularly for
electricity and heating. Therefore, the link between financing terms and GHG emission reductions is indirect.
PACE funding is allocated based on the type of eligible intervention (e.g. insulation, heat pumps, solar PV), not
on the quantity of emissions reduced. However, most funded measures lead to CO, reductions. Some schemes
may require a minimum energy performance improvement, but emissions indicators are not typically a formal
condition for financing.
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Figure 8: Model and financial flows of PACE schemes

On-bill financing: financing model where loan repayments for energy efficiency or renewable upgrades are
integrated directly into utility bills. By using existing billing relationships, this approach lowers collection risks
and financing costs, making it easier for households and businesses to access capital for sustainable energy
improvements (City Energy, 2018). Its governance typically relies on administration by utilities or program
operators, coordination with energy service providers, and regulatory approval for billing system integration.
In an on-bill financing scheme, a utility company finances energy efficiency interventions and invests directly
in their implementation. The interventions generate energy savings for participating customers. The cost of the
investment is recovered through a tax increment or dedicated charge applied to customers’ utility bills.
Customers make payments through their regular bills, revenues flow back to the utility company, and the
recovered amounts cover the upfront investment in the energy efficiency interventions.

GHG emission reduction is not a primary focus of on-bill financing schemes, as they are usually designed to
help consumers finance energy efficiency improvements or small-scale renewable energy systems by repaying
the cost through their utility bills. CO, emissions are typically reduced as a consequence of lower energy use,
but the instrument does not require emissions to be tracked. There is no direct linkage between emissions and
the financing terms. Repayments are based on the expected energy cost savings and appear on the customer’s
utility bill. Emissions data may be calculated to showcase programme impact, but it plays no formal role in
disbursement or repayment.
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Figure 9: Model and financial flows of on-bill financing
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Crowdfunding or citizen investment schemes: A financing model that mobilises small-scale investments from a
large number of individuals, typically through online platforms. Investors can expect either interest-based
returns or non-financial rewards, depending on the scheme. Crowdfunding is most often suited to smaller-
scale projects but can increase community engagement and diversify funding sources for urban regeneration
initiatives (Novikova et al., 2017). Implementation is typically managed through online platforms or local
intermediaries, with governance arrangements requiring transparent communication, legal compliance, and
appropriate safeguards for contributors.

In a crowdfunding scheme, a public/private actor proposes an intervention and collects fundraising through an
online platform that connects multiple retail investors to a specific set of interventions. Retail investors provide
capital collectively through the platform, and investments flow directly to the interventions. The interventions
generate revenues, which are distributed back to the participating investors according to the agreed terms.
The platform coordinates the financial flows between investors and project implementation.

Crowdfunding platforms may finance projects with potential GHG reduction impacts — such as solar panel
installations, building retrofits, or energy cooperatives — or adaptation initiatives, especially community-led
ones, but emissions/improved resilience are not structurally integrated in the instrument, which can finance
several types of projects. Whether emissions or resilience are considered depends entirely on the nature of
the individual project. In general, there is no formal link between GHG emission or resilience indicators and
the amount of funding received. Financing is based on voluntary investors’ interest and preferences.
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Figure 10: Model and financial flows of crowdfunding schemes
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Crowdfunding — Krizevci Green Energy Cooperative
Launched in 2018, the initiative contributes to climate change mitigation and long-term energy transition goals by deploying a
crowdfunding model that enables citizens to finance small-scale renewable energy infrastructure. By allowing residents to invest
directly in local clean energy projects, it reflects a broader shift toward community-based financing approaches that promote civic
engagement.
Implemented measures:
i) Rooftop installation of solar panels on the local Development Center and Technology Park
ii) System designed for self-consumption to reduce direct building-level emissions
iii) Promotion of decentralized, locally generated renewable energy.
Relevant stakeholders:
Green Energy Cooperative
e Designed the crowdfunding-based financing model
e  Coordinated citizen investments through individual loan contracts
e  Managed procurement and installation of the solar panels
City of Krizevci
e  Provided political support and rooftop access for the installation
e  Committed to a fixed monthly energy-saving fee as part of the repayment structure.
Regional actors (REA North, Greenpeace Croatia, ACT Group)
e  Supported outreach and replication through technical assistance.
e  Facilitated knowledge sharing via EU-level platforms and networks.
Impacts and co-benefits:
i) Estimated annual reduction of 39 tons of CO, emissions
ii) Lower energy bills for the municipality
iii) Greater civic engagement and public participation in clean energy projects
iv) Financial returns for residents acting as micro-investors
Barriers and enabling factors: barriers included limited municipal capacity to manage citizen-financed models and national
regulatory requirements on micro-lending. Key enablers included strong political support, integration into the City’s Sustainable
Energy Action Plan, and the financial attractiveness of the citizen investment scheme. Digital tools facilitated investor engagement
and transparency. Successful replication depends on legal clarity, local institutional capacity, and alignment with broader energy
planning frameworks.
Source: NetZeroCities, n.d.

4.6. Insurance

Catastrophe bonds are released as insurance to catastrophic events. They are designed to transfer the financial
risk of catastrophic events (such as floods, hurricanes, or earthquakes) from the issuing entity to investors. In
exchange for bearing this risk, investors receive a yield. However, if a predefined disaster occurs, all or part of
the principal is diverted to cover the associated losses rather than being repaid (Allendorf et al., 2025).

While catastrophe bonds are not always identifiable as green or climate bonds, they can align with climate
adaptation objectives when they address climate-risk and disaster resilience, and focus on reducing risks of
exposure (Chatry et al., 2025).

Catastrophe bonds are typically structured through a dedicated legal entity that issues the bond and manages
the proceeds (usually a Special Purpose Vehicle), with governance frameworks requiring a clear definition of
trigger events and payout rules. The bond sponsor can be an insurer or reinsurer, but also public authorities or
corporations. capital is raised from investors who purchase the bonds (bondholders). The structure is coupon-
paying with a default depending on the occurrence of a trigger event (Hofer et al., 2023). In case the trigger
event occurs, the principal is used to to cover the insurer’s catastrophe-related claims obligations. If no trigger
event occurs in the bond’s term, the principal is returned to the investors at maturity and coupons are also
paid as counterweight to the assumed risk. In this way, catastrophe bonds contribute to systemic resilience by
providing insurers with contingent capital in the event of extreme losses. This reduces the likelihood of insurer
insolvency and supports timely claims payments, which ultimately benefits insured parties (the sponsor)
affected by the catastrophe.
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Some catastrophe bonds integrate climate risk indicators directly into their trigger mechanisms. For example,
payout conditions may be based on the intensity or frequency of climate-related hazards such as hurricanes or
flooding. In other cases, triggers may be tied to broader economic loss thresholds rather than climate metrics,
highlighting variation in the extent to which climate risk is explicitly embedded in the assessment process
(Cbonds).
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Figure 11: Model and financial flows in catastrophe bonds

Parametric Catastrophe Bond — MetroCat Re Ltd. (New York MTA)
In 2012, Hurricane Sandy caused extensive damage to New York City’s transport infrastructure, leaving the Metropolitan
Transportation Authority (MTA) with billions in losses and limited options for insurance coverage. Hence, in 2013, the MTA
launched MetroCat Re, a dedicated catastrophe bond programme designed to provide multi-year financial protection against
climate-related hazards, with a primary focus on storm surge events. The programme allows the MTA to transfer risk to capital
markets through parametric insurance mechanisms, reducing its dependence on traditional insurers. Now in its fourth
issuance, MetroCat Re has enabled the MTA to secure over US$200 million in total coverage.
The most recent transaction, MetroCat Re 2023-1, provided US$100 million in coverage specifically against named storm-induced
storm surge. Issued via a Bermuda-based special purpose insurer established by the MTA’s captive insurance company, the bond
features binary payout triggers linked to water-level measurements at selected tidal gauges known to correlate with flooding in the
subway system. Unlike the two previous issuances, which also included coverage for earthquake risk, the 2023 structure reverted
to focusing solely on storm surge events. By relying on parametric triggers rather than indemnity-based assessments,
the programme ensures faster payouts following qualifying events and reinforces the MTA’s financial resilience in the face of
escalating climate risks.
Implemented measures:
The parametric structure was designed to ensure rapid access to liquidity in the event of a qualifying storm surge. In such a scenario,
proceeds would be channelled through the MTA’s captive insurer to support emergency response and the restoration of critical
infrastructure, such as the clearance of flooded subway tunnels and the repair of damaged transport assets.
Relevant stakeholders:
New York MTA

e  Beneficiary of the storm surge insurance coverage

e  Designed the coverage structure via its captive insurer
First Mutual Transportation Assurance Co.

e  (Captive insurance vehicle of MTA

e  Entered reinsurance agreement with MetroCat Re Ltd.
MetroCat Re Ltd.

e  Bermuda-based special purpose insurer

®  |ssued the cat bond and transferred risk to investors
GC Securities

e  Sole structuring agent and bookrunner
EQECAT Inc.

e  Risk modeling and calculation agent
Impacts and co-benefits:
i) Enhanced financial resilience to climate shocks
ii) Reduced reliance on traditional insurance markets
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iii) Promoted innovation in public sector climate risk transfer

iv) Maintained operational continuity of critical transport infrastructure.

Barriers and enabling factors:

While technical complexity and basis risk posed challenges, the MTA benefited from experience with previous issuances, a mature
captive structure, and investor familiarity with parametric products. Simplifying the scope to storm surge only improved investor
uptake and pricing efficiency.

Source: Swiss Re, 2020; Evans, 2023; Braun and Kousky, 2021.

Parametric insurance: A class of insurance instruments that disburse predetermined payouts upon the
occurrence of a specific, objectively verifiable parameter (for example, rainfall above a defined threshold,
temperature anomalies beyond an agreed range, or air quality indices exceeding a benchmark). Unlike
traditional indemnity-based products, compensation is not contingent on the ex-post assessment of actual
damages but on the fulfilment of ex-ante contractual conditions, thereby reducing basis risk, lowering
transaction costs, and enabling faster disbursement of funds (WEF, 2025b). Implementation relies on
contractual agreements between the insured and the insurer, with governance frameworks defining the hazard
index, trigger thresholds, payout amounts, and verification mechanisms, often involving third-party data
providers.

The insurance provider enters into a parametric insurance contract with a risk holder (e.g., a municipality,
public authority, or project developer). The risk holder pays periodic premiums to the insurer in exchange for
predefined coverage. Payouts are triggered automatically when a predefined parameter- such as rainfall depth,
wind speed, or flood levels- exceeds an agreed threshold, as measured by independent data sources. Such
parameters are often selected based on historical climate data and hazard modeling to reflect the specific
vulnerability of the insured asset or area.

Payouts are triggered automatically when a specified climate threshold is exceeded. For example, if water
depth recorded by on-site sensors during a flood exceeds a predetermined level, the agreed sum is disbursed
regardless of the actual damage.

If no triggering event occurs, the insurer retains the premiums. The payout can be used by the risk holder to
cover emergency costs, stabilize finances, or finance recovery and resilience measures.

Data provider

interventions

1

I
I
: .
|
Risk holder |, Recovery/resilience |
| 1

.
]

.
1

i
1

]

—p investments
: Private actor

. —
Parametric Insurance U revenues

_________ Insurance Contract provider [ : Services

[

1 It

1

I payments
| Public actor

I

1

1

I

1

- = = = e conditional

goodsiservices

Figure 12: Model and financial flows of parametric insurance

Forecast-based financing: An anticipatory financing mechanism that releases funds automatically based on
predefined triggers such as weather forecasts, risk models, or early warning systems. The objective is to make
resources available before disasters occur, enabling preventive actions such as reinforcing infrastructure,
protecting vulnerable assets, or mobilizing emergency response capacity. By linking financing to forecast
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information, it shifts resources from reactive disaster relief to proactive preparedness (Allendorf et al., 2025),
allowing for planned interventions and avoiding costlier reactive responses. Implementation is typically
managed through agreements among humanitarian agencies, meteorological services, and funding
organizations, with governance frameworks defining forecast thresholds, pre-approved early action protocols,
and transparent mechanisms for the release and accounting of funds, often supported by independent
monitoring and evaluation.

The financing entity (e.g., a donor, government agency, development bank, or humanitarian fund) commits
predefined funding to a forecast-based financing mechanism linked to specific early warning triggers. Capital
is allocated in advance and held within a dedicated fund or budget line. When a predefined forecast threshold
(such as projected rainfall, river levels, heatwaves, or storm intensity) is reached, verified through agreed
meteorological or risk models, funds are automatically released to the implementing entity. The released funds
are used to implement pre-agreed early actions aimed at reducing anticipated impacts, such as strengthening
embankments or distributing supplies. If the forecast trigger is not reached during the defined period, the
allocated funds remain available for future activation or are rolled over according to the governing
arrangements.
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Figure 13: Model and financial flows of Forecast-based financing

Weather derivatives: Financial contracts whose payoff is linked to a weather index such as temperature, rainfall,
or wind speed. Unlike traditional insurance, they do not require proof of damage but only that the index
reaches a predefined threshold. This makes them suitable for hedging against climate variability, such as excess
rainfall delaying construction or extreme heat increasing energy demand. They provide a flexible tool to
stabilize revenues and manage weather-related risks (Hermann et al., 2016). These contracts are negotiated
bilaterally or traded on specialised markets, with governance arrangements requiring a clear definition of
weather indices, trigger thresholds, and payout formulas.

The derivative provider (e.g., a financial institution, insurer, or specialized risk intermediary) enters into a
weather derivative contract with the risk holder (such as a municipality, utility, or project developer). The risk
holder agrees to pay a premium or fixed fee to the provider in exchange for financial protection against
predefined weather-related risks. The contract specifies an objective weather index measured over a defined
period and location using independent meteorological data. If the weather index deviates from the agreed
threshold or range during the contract term, the provider makes a payout to the counterparty based on a
predefined calculation formula. Payments are tied to the deviation. For example, if average monthly rainfall
falls below a specified contractual level, triggering a drought clause, the derivative contract releases the agreed
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compensation. The payout is entirely index-based and does not depend on actual damages. If the trigger
conditions are not met, the provider retains the premium.
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Figure 14: Model and financial flows of weather derivatives

Parametric Flood Insurance — Asheville (North Carolina, USA)
To improve resilience against urban flooding, the City of Asheville adopted Descartes Underwriting’s Flood-at-Location parametric
insurance solution. Triggered by real-time on-site sensors, the instrument provides rapid payouts based on flood depth, enabling
municipalities to recover from both direct and indirect impacts. The solution offers an alternative to traditional insurance, addressing
service disruptions, emergency response costs, and financial delays linked to natural disasters.
Implemented measures:
i) Deployed no-contact flood sensors across critical locations
ii) Structured parametric triggers based on flood depth (e.g., 3.9 feet)
iii) Defined payout schedule based on severity and site-specific thresholds
iv) Enabled immediate use of funds for both physical damage and indirect costs
Relevant stakeholders
City of Asheville
e  Policyholder and initiator of the parametric coverage
e |dentified shortcomings in traditional insurance coverage following Hurricane Helene
Descartes Underwriting
e  Designed and provided the Flood-at-Location insurance solution
e |Installed and calibrated real-time sensor network
Brokers and advisors
e  Facilitated policy customization to fit municipal risk and budget profile
Impacts and co-benefits:
i) Accelerated financial recovery from flood events
ii) Covered indirect losses (e.g., service disruption, emergency costs)
iii) Increased budget predictability and financial resilience
iv) Enhanced data availability and local risk awareness.
Barriers and enabling factors:
Implementation required a reliable network of sensors and robust local data infrastructure to ensure accurate calibration of triggers.
As with all parametric instruments, clear communication and technical understanding were key to addressing potential concerns
about payout conditions. Enabling factors included high sensor precision, transparency of contract terms, and the speed of
disbursement mechanisms.
Source: Descartes Underwriting, n.d.

4.7. Credit enhancement mechanisms

Guarantees: Instruments that reduce the perceived risk of lending and improve access to repayable finance.
They provide direct risk mitigation by partially covering losses in case of borrower default, thereby encouraging
private investment in higher-risk or underserved sectors. Guarantees can be provided by public or private
entities and are designed to support borrowers with limited creditworthiness, thereby enabling investment in
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climate-aligned projects (WB&UNCDF, 2024). These instruments are typically managed by public financial
institutions, guarantee funds, or development banks, with governance frameworks defining coverage rules,
credit risk assessment procedures, and the administration of claims in the event of default.

In a credit guarantee scheme, a guarantor provides a guarantee to a financial institution covering part of the
credit risk associated with a loan. Based on this risk mitigation, the financial institution extends a loan to the
borrower, who uses the funds to finance specific interventions. The borrower repays the loan to the financial
institution through scheduled payments. In case of default, the guarantor compensates the financial institution
according to the terms of the guarantee.

Within this instrument, there is no direct correlation between climate indicators and financial terms of the
guarantee. The mechanism is driven by financial risk metrics, not climate risk metrics. The decision to provide
credit enhancement may consider climate impact as part of a broader due diligence process, but this is neither
required nor standardized across cases. Brandon et al. (2025) report that guarantees have been applied to
projects addressing climate risks such as storms (17%), floods (17%), heatwaves (17%), and broader resilience
objectives (50%).
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Figure 15: Model and financial flows of guarantees
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Credit Guarantees — Belfius Smart Cities (PF4EE Instrument)
Implemented as part of the EU LIFE-funded Private Finance for Energy Efficiency initiative, this financing mechanism supports
private-sector investments in energy efficiency across Belgium. It targets businesses and energy service companies (ESCOs)
undertaking retrofits and energy upgrades, addressing market barriers through concessional loans combined with an EIB-backed
credit guarantee covering up to 80% of potential losses. Delivered through Belfius Bank, the initiative aims to de-risk lending and
accelerate the uptake of energy efficiency measures.
Implemented measures:
i) Focused primarily on building retrofits and energy efficiency upgrades
ii) Supported thermal insulation, replacement of inefficient heating and cooling systems, and installation of modern lighting
technologies
iii) Integrated solar panels into building systems
iv) Improved building automation and energy monitoring systems
Relevant stakeholders:
European Investment Bank

e  Provided the credit guarantee and concessional capital through the PF4EE facility.
Belfius Bank

e  Acted as the national financial intermediary.

e  Managed client engagement, loan disbursement, and project screening.
Private-sector actors (SMEs, building owners, ESCOs)

e Developed and implemented eligible investments.
Impacts and co-benefits:
i) Contributed to lower carbon emissions by improving energy performance in buildings
ii) Reduced energy costs
iii) Increased attractiveness of the urban environment
iv) Increased investor confidence in energy efficiency projects
v) Supported the development of a commercial ecosystem for energy performance contracting.
Barriers and enabling factors: key barriers include administrative fragmentation and the limited technical capacity of smaller firms
to structure bankable projects. Embedding this model in local planning requires alignment with municipal energy goals and
dedicated advisory services to support project preparation and uptake. The initiative’s effectiveness stems from its integrated design,
combining long-term concessional finance with credit risk mitigation. Belfius’ established local presence and EIB’s implementation
capacity created strong synergies.
Source: Todeschi et al., 2025.

4.8. PES

Payment for ecosystem services (PES): Mechanism in which buyers compensate providers for delivering clearly
defined ecosystem services, with payments conditional on verified outcomes. It can reduce financial risk for
project developers or landowners by providing a predictable revenue stream tied to environmental
performance, provided that the project is able to generate ecosystem services and that they are assessed and
verified. PES can involve private buyers, public authorities charging user fees, or government-financed schemes
acting on behalf of beneficiaries (OECD, 2023). Implementation may be coordinated by public agencies,
environmental NGOs, or specialised intermediaries—such as watershed agencies, land trusts, or conservation
funds—with governance frameworks based on contractual arrangements between payers and providers that
define service metrics, verification procedures, and dispute resolution mechanisms.

Looking at the financial flows, an ecosystem services buyer enters into an agreement with an ecosystem
services provider and transfers payments to the provider. The provider invests in and implements defined
interventions aimed at generating ecosystem services. A third-party monitoring, reporting, and verification
entity may assess the implementation and outcomes of these interventions. Payments are contract-based and
are typically tied to the delivery of ecosystem services, such as water regulation, biodiversity, or climate
regulation, which may include carbon sequestration as a valued service. GHG emissions are not directly
targeted in most PES schemes, but certain services — such as carbon sequestration and storage in forests,
peatlands, or marine ecosystems — are associated with reduced atmospheric carbon levels. The focus is
typically on CO,, though in some cases the carbon stock includes other forms of stored carbon (e.g. in soils or
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dead biomass). Emissions reductions are considered as co-benefits of maintaining or enhancing ecosystem
integrity, rather than the primary objective.

When structured to support interventions such as forest conservation, wetland restoration, and water
harvesting, PES can directly address climate risks including droughts, floods, and land and ecosystem
degradation. These schemes channel resources into activities that increase natural resilience and buffering
capacity, and their design enables alignment with adaptation priorities in sectors such as agriculture, water
management, and biodiversity protection (NAP Global Network, 2024).
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Figure 16: Model and financial flows of PES

Payment for Ecosystem Services, Groenfonds Midden-Delfland — Netherlands
Groenfonds Midden-Delfland is a long-term Payment for Ecosystem Services (PES) mechanism financing landscape preservation
through structured contributions linked to real estate development. Launched in 2005 by three municipalities, the initiative
channels one-off public contributions and recurring developer payments into a professionally managed investment fund. The fund
adopts a defensive investment strategy aimed at preserving capital while generating stable annual returns. These returns are used
to provide regular payments to farmers and landowners in exchange for the delivery of ecological services, supporting the long-term
conservation and management of the Midden-Delfland landscape. The mechanism aligns urban expansion with rural stewardship
by linking development-related financial flows to the ongoing provision of ecosystem services.
Implemented measures:
i) meadow bird management
ii) pollard tree upkeep
iii) maintenance of herb-rich grasslands
Iv) integration of educational and recreational activities.
Relevant stakeholders:
Municipalities and private developers (capital providers)

e  Municipalities contributed initial capital through one-time endowments.

e  Developers provide recurring contributions linked to real estate expansion.
Asset manager

e Invests pooled capital to preserve value and generate stable returns.

e  Manages financial flows and allocates returns to fund ecosystem services.
Landowners and farmers

. Receive annual payments for delivering and maintaining green services.

e  Manage ecological features such as grasslands, hedgerows, and pollard trees under contract.
Impacts and co-benefits: i) Maintenance of 927 hectares of herb-rich grasslands, mowed during ecological periods; ii) Conservation
of over 3,700 pollard willows, along with hedgerows and tree rows that enhance habitat diversity; iii) Preservation of 153 historic
farm buildings, reinforcing the region’s ecological and cultural heritage; iii) Support for biodiversity, water retention, and long-term
landscape resilience through multifunctional land management.
Barriers and enabling factors: barriers include the legal and institutional complexity of structuring and operating such a fund, as well
as the need to establish robust procedures for monitoring and verifying ecosystem service delivery. Key enabling factors included a
clearly defined operational model linking development-related contributions to environmental financing, and the use of a defensive
investment strategy that integrates financial and ecological objectives. The model’s long-term viability depends on stable fund
management and predictable returns.
Source: Machiels et al., 2024.
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4.9. Credits

Carbon credijts: market-based instruments that assign monetary value to verified reductions in greenhouse gas
emissions. Each credit represents a standardized unit of avoided, reduced, or removed emissions and can be
traded in domestic or international markets. By pricing carbon, these instruments create financial incentives
for mitigation efforts and direct resources toward climate-aligned projects (OECD, 2025). Carbon credits can
potentially be issued from the implementation of urban regeneration projects under the Paris Agreement
Crediting mechanism, provided that UNFCCC approved methodologies are used to assess emission reductions
obtained from the project and other aspects (i.e. baseline definition, additionality assessment, etc); or they
can generate credits to be used under voluntary carbon markets. Governance is defined by national or
international market standards and typically involves independent third-party verification bodies to ensure
environmental integrity and compliance.

A project developer implements a CO, reduction intervention that is certified by a scheme administrator and
verified by a third-party monitoring, reporting, and verification entity. Following certification, carbon credits
are issued and transferred to credit buyers. Credit buyers provide payments in exchange for the credits,
generating revenues for the project developer. Depending on the type of measures implemented and the
amount of credits generated, the revenues can contribute to different extents to the initial investment in low-
carbon and resilience measures within the urban regeneration project and overall to its financing approach
Carbon credit mechanisms are explicitly designed to quantify and trade reductions in greenhouse gas
emissions. While CO; is the main focus, most systems also account for other gases such as methane (CH,) and
nitrous oxide (N,0), expressed in CO; equivalent (CO,eq). For instance, the California Cap-and-Trade Program
and Québec’s Cap-and-Trade System include also methane (CH), nitrous oxide (N,O), and several fluorinated
gases such as SFe, HFCs, PFCs, and NFs.

Emissions reductions from carbon credits are quantified through standardised methodologies approved by
third-party registries (e.g., Verra, Gold Standard). These typically involve ex-ante baselines and ex-post
monitoring and verification processes. Projects must demonstrate additionality and provide verified emission
reductions or certified emission reductions expressed in tonnes of CO2eq.

There is a direct and proportional relationship between the quantity of verified emissions reductions and the
financial value generated. Each tonne of CO,eq avoided or removed translates into one carbon credit, which
can be sold on voluntary or compliance markets. Revenue is thus explicitly tied to emissions performance.
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Figure 17: Model and financial flows of carbon credits
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Green and white certificates tradable certificates used to verify either renewable energy generation (green
certificates) or energy savings (white certificates). Green certificates certify electricity produced from
renewable sources, while white certificates certify verified reductions in energy consumption. Both can be
exchanged among obligated entities to help meet efficiency or renewable targets without requiring direct
investment in infrastructure (Todeschi et al.,, 2025). By monetising verified energy savings and emission
reduction, they create a funding stream from climate projects. Revenues from certificates trading can
contribute to support the generating project or be reinvested in other sustainable urban regeneration
measures, such as building retrofits or urban greening. The approach incentivises both emission reductions
and climate-aligned investment. Governance is typically established under national compliance frameworks,
with oversight by energy regulatory authorities and certification and verification procedures carried out by
accredited third parties.

Within green certificate schemes, the certificate issuer (typically a regulatory authority or designated registry)
grants certificates to electricity producers or project developers for each verified unit of renewable energy
generated. These certificates are issued in addition to the revenue obtained from selling electricity on the
market. Energy suppliers or other obligated parties are required to purchase a certain number of green
certificates to comply with renewable energy targets. They acquire certificates either directly from producers
or through certificate trading platforms.

In green certificates, there is a direct and proportional relationship between the quantity of renewable energy
produced— and, by extension, the emissions saved — and the issuance of certificates, therefore the financial
incentive is directly tied to the mitigation performance.
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Figure 18: Model and financial flows of green certificates

Within white certificate systems, the certificate issuer (usually a regulatory authority or designated agency)
awards certificates to energy service companies, utilities, or project developers for each verified unit of energy
savings achieved through approved energy efficiency measures. Obligated parties, typically energy suppliers or
distributors, are required to achieve specified energy savings targets. They can meet these obligations either
by implementing efficiency measures themselves or by purchasing white certificates from other certified
entities through bilateral agreements or trading platforms.

In white certificates, there is a direct and proportional relationship between the quantity of energy savings-
and, by extension, saved emissions saved — and the issuance of certificates, therefore the financial incentive
is directly tied to the mitigation performance.
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Figure 19: Model and financial flows of white certificates

Biodiversity credits: Tradable units representing verifiable biodiversity restoration or preservation outcomes
achieved over a defined period. Credits can be structured as bundled, where multiple ecosystem benefits are
combined into a single product, or stacked, where different services are quantified separately and sold to
distinct buyers. These instruments assign financial value to nature-positive outcomes and can channel
investment into ecological regeneration (WEF, 2024). Governance may be established under national
biodiversity offset regulations or voluntary market schemes and typically includes third-party certification or
monitoring to ensure the credibility and integrity of claimed outcomes.

Looking at how the instrument operates, a project developer implements a biodiversity restoration
intervention that is certified by a scheme administrator and assessed by a third-party monitoring, reporting,
and verification entity. Following certification, biodiversity credits are issued and transferred to credit buyers.
Credit buyers provide payments in exchange for the credits, generating revenues for the project developer.
Biodiversity credits may indirectly address certain climate risks—such as floods, heatwaves, land and
ecosystem degradation, and broader resilience—when restoration activities enhance natural buffering
capacity, regulate local temperatures, or support ecosystem stability, but climate risk assessment is usually not
formally integrated into these systems. Credit pricing is based on biodiversity offset units, not tied to climate
risk metrics.

Considering mitigation, certain projects (e.g., forest preservation) may generate co-benefits in terms of carbon
sequestration, but GHG emissions are usually not measured in the context of biodiversity credit schemes. The
financial value of biodiversity credits is tied to the quantified increase in biodiversity, not to any emissions-
related outcome. If a project generates carbon co-benefits, these may enhance its attractiveness or create
eligibility for parallel funding, but they are not part of the core crediting mechanism.
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Figure 20: Model and financial flows of biodiversity credits
4.10. PPPs

Public—Private Partnerships (PPPs) are contractual agreements between public authorities and private entities
to deliver public assets or services. These arrangements typically involve the private party assuming
management responsibilities, with compensation mechanisms linked to performance outcomes.
Remuneration may be derived from user fees, public funds, or a combination of the two, depending on the
allocation of responsibilities and the accounting treatment within the municipality’s balance sheet.

PPPs serve not only as a financing tool but also as a risk-sharing mechanism. They are structured to allocate
specific risks—financial, operational, or technical—to the parties best positioned to manage them, thus
improving cost-efficiency and service delivery. A range of contractual models can be employed:

e Build-Own—Operate—Transfer: the public authority grants a private entity the right to finance, design,
construct, and operate a facility for a specified concession period, typically involving a new
infrastructure asset. The private operator — often structured as a special purpose vehicle — owns the
asset during the project period, operating it commercially, and ultimately transfers the asset to the
public authority at the end of the term. Revenue streams are typically secured via long-term offtake
agreements with a single purchaser, such as a utility or government body, rather than through direct
user fees (WB, 2026a);

e Design-Build-Finance-Maintain: a private consortium is responsible for designing, constructing,
financing, and maintaining a public infrastructure asset over a long-term contract, typically lasting 20
to 30 years. Throughout the contract period, ownership of the asset remains with the public sector.
These projects are typically financed through debt backed by dedicated revenue streams, most
commonly user fees such as tolls. These anticipated revenues are used to raise capital via bonds or
other debt instruments. Public sector contributions—either in cash or in-kind assets like land access—
often supplement the financing, while private partners are generally required to invest equity as part
of the funding structure. In some cases, the private partner is compensated through availability
payments—regular instalments made over the contract term rather than a lump sum at completion.
Since the private entity remains responsible for maintaining the facility for 20 to 30 years, this structure
creates strong incentives to prioritize high-quality, durable construction that minimizes future
maintenance needs (Center for Innovative Finance Support, n.d.);
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e Build-Transfer-Operate: the private sector partner is responsible for designing, financing, and
constructing the infrastructure asset, but unlike in a BOT model, legal ownership is transferred to the
public authority immediately upon completion of construction. The private entity then operates the
facility for a defined concession period under a separate operating agreement. While the transfer of
ownership occurs early, operational control and commercial risk during the service phase remain with
the private partner. This model distinguishes itself by separating asset ownership from operational
responsibility, which has implications for how asset handover, depreciation, and public sector oversight
are managed throughout the contract term (WB, 2026b).
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Figure 21: Model and financial flows in PPPs

In the context of climate action, PPPs allow local governments to leverage private capital and technical
expertise, provided they possess sufficient fiscal autonomy and institutional capacity. While the success factors
of climate-related PPPs mirror those of traditional ones — including clear risk allocation, enforceable contracts,
and viable project structures — their application in the climate space is most evident in certain project types.
In the field of mitigation, PPPs have frequently supported municipal energy efficiency projects, particularly in
areas such as public lighting retrofits, building renovation, and low-carbon district energy systems. These
initiatives typically combine long-term performance contracts with private investment in infrastructure
upgrades, enabling municipalities to reduce operational costs while lowering emissions (Novikova et al., 2017).
More complex PPPs have also been used in urban regeneration projects that integrate climate goals into land-
use planning, building codes, and energy standards (Climate Adapt (a), n.d.).

In the domain of adaptation, some projects have leveraged private sector participation in the delivery of urban
flood protection measures, such as green-blue infrastructure, elevation of land in vulnerable zones, and
integrated stormwater systems. These interventions often form part of larger urban development schemes
where public and private interests align, particularly when the adaptation component is embedded in the value
of real estate development or long-term infrastructure resilience (Climate Adapt (b), n.d.).

Considering the role of climate data within the design and implementation of this instrument, GHG emissions
are not embedded in the PPP structure itself, but can be considered at the project appraisal or procurement
stage. When environmental criteria are integrated into PPP tenders or performance contracts, emissions may
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be estimated using life-cycle assessments, energy performance models, or environmental impact studies.
However, such assessments are not a core requirement of the PPP instrument, and their use varies widely
depending on the contracting authority, sector, and region. There is usually no direct financial linkage between
emissions data and the structure of a PPP. In some cases, minimum environmental performance standards may
be set as part of the tender (e.g. energy class of buildings, vehicle emissions standards), and failure to meet
them may affect contract eligibility or trigger penalties.

Looking at adaptation, PPPs are not structurally designed to address specific climate risks, but they can be
applied to urban adaptation projects. Climate risk considerations vary depending on the project. While some
infrastructure PPPs may include climate vulnerability assessments (especially in flood-prone or heat-exposed
areas), there is no standardized requirement or methodology to implement them. Financial flows are not
typically tied to climate indicators.

5. Enabling conditions and barriers to financing instruments’ use and replication

5.1. Enabling conditions

Enabling conditions can be defined as those essential factors which must be in place for a financing instrument
to be implemented in a given context, and therefore allow the replication of successful cases and experiences
in further contexts or projects (adapted from CCFLA). For the purposes of this analysis, enabling factors have
been divided between three types- institutional, economic and technical- which refer respectively to: i)
institutional, regulatory and legal factors, which determine whether instruments are legally permissible,
administratively feasible, and institutionally credible; ii) economic and financial factors, which determine if
instruments can be initiated and scaled up; and iii) technical factors, pertaining the different phases of urban
regeneration project development and of financing instrument implementation to support the project. While
some enabling factors might belong to more than one type, such classification can be useful to identify which
domains should be checked and considered to assess instruments’ replicability potential.

Institutional

Institutional enabling factors shape the legal, procedural, and organizational conditions under which financing
instruments for climate-related investments can be established and operated.

For several instruments, a key precondition is the presence of enabling legislation. This is true for example for
PACE schemes, that require legislation for local governments to attach repayments to property tax systems
(EPA). For instruments whose financial viability depends on long-term commitments, such as EPCs, legal
capacity to enter multi-year contracts is essential (US Department of Energy). For catastrophe bonds, legal and
regulatory frameworks must allow the structuring of parametric or indemnity-based payout mechanisms
(CCFLA).

In the case of nature-based solutions, a clear legal framework enabling PES contracts is necessary to ensure
enforceability, legal remedies, and long-term credibility (Greiber, 2011). For instruments based on credits’
trading, a legal or voluntary framework that allows credit issuance and selling is indispensable (GHG, SEl), as
green or white certificates need a regulatory obligation that creates demand, by requiring regulated entities to
acquire a certain amount of certificates. Across all instruments, a stable and transparent legal framework
reduces regulatory uncertainty, lowers perceived risk, and supports investor confidence.

Beyond formal legality, institutional capacity is also reflected in the design of application and approval
procedures. Fast and clear application and approval processes reduce administrative barriers, accelerate
deployment, and increase uptake, particularly for instruments targeting a large number of relatively small-scale
projects or end users (e.g. on-bill financing) (Johnson et al., 2016).
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Institutional effectiveness is also influenced by coordination between funders and implementers, as in the case
of Forecast-Based Financing (IFRC). Clear institutional arrangements that align the roles, responsibilities, and
incentives of public authorities, financial intermediaries, project developers, and service providers reduce
fragmentation and transaction costs. Such coordination is particularly important in blended finance structures
and performance-based instruments, where multiple actors must collaborate over extended time horizons.
Finally, political support constitutes a crucial institutional enabling factor. Sustained political commitment
signals long-term policy stability, legitimizes the use of innovative financial instruments, and reassures private
investors and implementing agencies. Political support is especially important for PPPs where first-of-a-kind
projects or instruments that involve user charges, fiscal exposure, or novel risk-sharing arrangements are
implemented (PPIAF, 2009).

Economic

Economic-type enabling factors are central to determining whether climate-related financial instruments can
be initiated, sustained, and scaled over time.

For instruments that rely on reinvestment approaches, such as revolving funds, internal contracting schemes,
or pilot impact-based instruments, a key precondition is the availability of initial capital for the first investment
cycle Initial capitalization enables the first set of investments to be executed, generating financial returns or
savings that can subsequently be recycled, thereby establishing financial credibility and operational
momentum (Cicmanova et al. 2017). For revolving funds, another key element is the prioritization of short
payback and technically robust investments, particularly in the early stages of implementation. Investments
with predictable cash flows and limited technical complexity reduce financial risk, accelerate capital turnover,
and help demonstrate the viability of the instrument to public authorities, financiers, and other stakeholders.
Fund size and access to co-financing options further shape the effectiveness of these instruments. Fund size
should be adequate in relation to expected payback periods, and co-financing options should be explored to
accelerate reinvestment (ibid).

Economic viability of instruments is also influenced by project scale. Large building portfolios with significant
untapped energy efficiency potential facilitate aggregation, reduce transaction costs, and enhance the financial
viability of standardized contractual and financing arrangements, as in the case of EPCs (US Department of
Energy). Furthermore, the technical standardisation and replicability of building upgrades facilitate portfolio-
based approaches, enabling scaling through public or blended finance programs. For instance, in Stuttgart, the
expansion of the revolving fund was closely linked to the approval of a major school renovation programme in
2009. As standard renovation works were rolled out across multiple schools, the fund was increased in parallel
to finance the energy retrofits (Cicmanova et al., 2017).

The availability of quick financing post-disaster or to prevent damages is another key enabler, especially for
instruments designed to respond to time-sensitive risks or opportunities. Flexible financing allows resources
to be deployed quickly and adapted to evolving conditions, which is critical in contexts such as forecast-based
financing, emergency resilience measures, or early-stage project development (IFRC).

From a lender and investor perspective, the bankability of underlying projects remains a central topic. Projects
that are close to bankability- requiring only partial de-risking rather than full risk absorption- are far more likely
to attract private capital. Since guarantees are held in full on the guarantor’s balance sheet and offer limited
fees or collateral, they are best used selectively for projects with clear repayment prospects and well-defined
risks (NAP, 2024).

Finally, strong repayment prospects underpin the sustainability of revolving mechanisms. Predictable revenue
streams, reliable cost savings, or stable fiscal backing increase confidence among lenders and investors, reduce
financing costs, and support long-term continuity. The presence of a pipeline of projects capable of delivering
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measurable and reliable savings is particularly important for instruments such as EPCs, performance contracts,
and revolving funds.

Technical

The effectiveness and scalability of climate-related financing instruments for urban regeneration depend on a
set of interrelated enabling factors that span across project design, data and methodological robustness,
technical capacity, and governance arrangements. Among these, the availability of screening criteria for project
selection plays a foundational role. Clear frameworks for identifying eligible green projects and ex ante
screening criteria for assessing contributions to climate resilience are essential to ensure that financial
resources are directed toward interventions that deliver verifiable environmental outcomes. Such criteria
underpin investor confidence, regulatory compliance, and alignment with sustainability objectives, particularly
in instruments like bonds, loans, and performance-based finance. For example, issuing a credible resilience
bond requires ex ante screening criteria to assess whether the intervention makes a substantial contribution
to climate resilience, based on output-level indicators that can be directly attributed to the investment (Climate
Bonds Initiative, 2024).

A critical cross-cutting enabler across nearly all instruments is data availability. Sophisticated risk modelling and
access to reliable underlying data are prerequisites for instruments targeting physical climate risks, such as
catastrophe bonds, parametric insurance, and weather derivatives (CCFLA). High-frequency climate and
weather data, context-specific climate forecasts, and reliable meteorological data sources are required to
define triggers, price risks, and operationalize forecast-based or parametric mechanisms (Generali, 2023; IFRC,
n.d.). In nature-based and biodiversity-related instruments, the availability of reliable ecological data and
biodiversity metrics is equally essential to quantify impacts, support credit issuance, and ensure environmental
integrity (WEF, 2024).

Data availability alone, however, is insufficient without standardized methodologies. Frameworks to assess and
verify resilience impacts, approved methodologies for emissions reduction estimation, and standardized
savings calculation approaches provide methodological consistency and comparability across projects and
jurisdictions. These methodologies reduce uncertainty, lower transaction costs, and enable the aggregation of
projects into portfolios suitable for capital market instruments or large-scale public—private financing schemes.
For carbon credits specifically, the availability of approved methodologies for estimating emission reductions,
their validation and certification by a third party and project developers’ capacity to measure emissions over
time and submit reports to a recognized registry is essential for the functioning of the mechanism (GHG, SEl).
For credits instruments, like carbon credits and green/white certificates,also the availability and effective
functioning of trading platforms is a precondition.

Underlying these structural elements is the availability of technical capacity to define targets, set baselines,
and assess savings potentials. The capacity to assess baseline energy consumption and identify savings
opportunities is a prerequisite for performance-based instruments, while technical expertise for baseline
setting and verification ensures the credibility of reported outcomes. These capacities are often embedded
within public authorities, utilities, or specialized intermediaries and are critical to maintaining trust among
financiers and stakeholders. This is the case of revolving funds for energy saving and for EPCs, that require the
ability to assess current energy consumption and identify measures with clear saving potential (Cicmanova et
al., 2017; US Department of Energy).

The deployment of financial instruments is further facilitated by the availability of standardized processes,
particularly for contracting and procurement. Standardized contractual arrangements and procurement
procedures support efficiency, legal certainty, and replicability, especially in contexts where public authorities
engage repeatedly with private actors or financial intermediaries. Such processes are particularly relevant for
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PPPs and EPCs. Instead, the capacity to define and enforce contracts with pre-agreed thresholds and indemnity
values is critical for parametric-based insurance (Generali, 2023).

Equally important is the definition of climate objectives. Clearly articulated climate and resilience objectives,
impact metrics, and measurable performance targets provide strategic direction and operational clarity.
Defined Key Performance Indicators (KPIs) and targets are central to green/climate bonds and loans, where
reporting how proceeds are used and oriented towards climate projects is a key aspect. . Green bonds require
a robust framework for identifying and financing eligible green projects with measurable environmental
benefits. The issuer must define clear sustainability objectives, assess environmental impacts, and disclose how
projects are selected and managed, including procedures for handling environmental and social risks (Green
Bonds Principles & ICMA, 2025). For biodiversity credits, targets and performance tracking systems should be
in place to manage progress over time (WEF, 2024).

Certain instruments further require specialized technical capacity to price weather-related risks, particularly in
the case of weather derivatives, parametric insurance, and catastrophe bonds. This capacity depends on
advanced modelling expertise and the ability to translate probabilistic climate data into financial pricing
structures that are acceptable to market participants.

Once instruments are operational, the availability of technical capacity to calculate, monitor, report, and
disclose impacts becomes decisive. Capacity for impact verification and reporting supports accountability and
ensures that claimed environmental benefits are substantiated over time. These capacities are reinforced by
robust disclosure and reporting mechanisms, including regular reporting on environmental impacts and
ongoing disclosure obligations that apply throughout the lifecycle of bonds, loans, or crediting schemes (LMA,
ICMA, 2024). In crowdfunding, for example, transparency and credibility are critical: contributors must have
access to clear project information and regular updates, and trust that funds will be used as promised (CCFLA).
Effective implementation further depends on the existence of systems for monitoring, compliance, and fund
management. Governance systems for monitoring and compliance ensure that financial and environmental
commitments are respected over time, while defined governance and fund management rules support
transparency, accountability, and proper use of resources. A clear governance and oversight framework is
especially critical where funds are pooled, earmarked, or recycled, as in revolving funds, credit schemes, or
bond-financed programs.

Instruments involving capital markets or earmarked finance additionally require transparent tracking of bond
or loan proceeds, typically through dedicated sub-accounts or internal tracking systems. This ensures that
funds are allocated as intended and supports compliance with investor expectations and regulatory standards.
For green bonds, proceeds must be tracked through dedicated sub-accounts or sub-portfolios, and regular
reports must be published until full allocation. These reports should detail how funds have been used, which
projects were financed, and what environmental impacts are expected (Green Bond Principles & ICMA, 2025).
Closely related is the alignment with climate taxonomies and disclosure standards, such as those established
at regional or international level, which enhances comparability, credibility, and market acceptance.

Finally, robust systems of independent monitoring, oversight, and accredited third-party validation and
verification play a central role in safeguarding environmental integrity and financial credibility. Independent
oversight mechanisms reduce conflicts of interest, strengthen governance, and are particularly critical in
instruments reliant on performance-based payments, credit issuance, or outcome-linked returns.

5.2. Barriers

Barriers refer to structural, financial, institutional, technical, and cultural obstacles that may hinder the
implementation of financing instruments for climate-related projects and investments. As with enabling
factors, barriers have been grouped into three types - institutional, economic, and technical - while
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acknowledging that some barriers might belong to more than one type. In addition, a fourth category of
“cultural” barriers has emerged from the literature, referring to social, behavioral, and perception-related
factors that may limit the uptake of specific financing instruments by different actors.

Institutional

Mirroring enabling factors, institutional barriers relate to regulatory frameworks, legal provisions, and
administrative processes that may constrain the activation and effective operation of financing instruments.
The absence of specific regulation can represent a major barrier, particularly for instruments that rely on
existing systems. For example, the implementation of PACE schemes depends on the integration of repayment
mechanisms into property tax systems; where such regulation is lacking, activation becomes difficult or
impossible (Sustainability Directory). Similarly, crowdfunding schemes may face obstacles where regulatory
frameworks do not clearly recognize or allow financial returns to small-scale investors (CCFLA).

Even where enabling legislation exists, regulatory uncertainty- arising from unclear provisions or rapidly
evolving legal frameworks - can undermine adoption. This challenge is especially pronounced for innovative
resilience-related instruments, which often operate in regulatory environments that are still under
development (Generali, 2023). Regulatory uncertainty also remains a significant barrier for carbon credits, as
national and international frameworks continue to evolve, creating ambiguity around compliance
requirements and future market integration (GHG, SElI).

Regulatory and administrative complexity can further constrain implementation. In the case of PPPs, complex
regulatory requirements may increase project timelines and transaction costs, reducing overall attractiveness
(PPIAF, 2009). Similarly, for guarantees and credit enhancement mechanisms, complex administrative
procedures related to claims management can represent a substantial barrier (NAP, 2024).

Institutional barriers also arise from the interaction between public and private actors. In PPPs, insufficient
mutual understanding of public-sector and private-sector rules, incentives, and constraints can hinder project
development and delivery. In addition, negative public or stakeholder perceptions —in particular the resistance
to perceived privatization- may create further obstacles (PPIAF, 2009).

More broadly, weaknesses in governance frameworks constitute a critical issue. When governance
arrangements are insufficiently defined, concerns may emerge regarding market integrity and the risk of
greenwashing. This issue is particularly relevant for emerging instruments such as biodiversity credits, where
robust governance is essential to ensure credibility and environmental integrity (BASE, 2025).

Cultural

Cultural barriers identified in the literature largely relate to limited awareness, understanding, knowledge or
trust among potential users regarding financing instruments, their operational mechanisms, and associated
opportunities. This is the case for parametric insurance and weather derivatives, which remain relatively less
known compared to more traditional resilience financing approaches (Generali, 2023; ENEL). Similar challenges
affect PACE schemes, which require a sufficient level of homeowner awareness and trust in the repayment
mechanism (Sustainability Directory). In addition, PACE schemes may face resistance from mortgage lenders,
particularly concerning the priority of repayments in relation to existing mortgage claims, further constraining
uptake (Sustainability Directory).

Economic
Economic barriers relate to financial viability, capital availability, cost structures, and market conditions that
influence the feasibility and scalability of financing instruments.
Securing sufficient upfront capitalization is a central challenge for revolving funds, as the absence of initial
capital can prevent the first investment cycle from being launched (Cicmanova et al., 2017).
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For innovative instruments such as on-bill financing, reluctance among utilities to commit capital represents a
significant barrier. This reluctance is driven by concerns over credit risk, potential repayment defaults, and the
perceived administrative burden of managing loan programs. In many cases, utilities see on-bill financing as
blurring the boundary between their core service provision role and that of a financial institution, which
discourages adoption (FSC, 2015).

Some instruments, such as forecast-based financing, are structurally dependent on donor funding, which may
constrain long-term sustainability and limit opportunities for scaling (IFRC).

High transaction costs constitute another major economic barrier across several instruments, such as credit-
based instruments. Carbon credit schemes face high transaction costs linked to project certification, third-party
verification, and legal due diligence, which can discourage participation by smaller actors (GHG, SEI). Similarly,
biodiversity credits face high monitoring and verification costs due to the site-specific and technically
demanding nature of biodiversity assessments. Combined with small project sizes, long implementation
timelines, and relatively low financial returns, these factors limit the attractiveness of biodiversity credits for
mainstream investors (BASE, 2025).

A further barrier affecting guarantee mechanisms is the limited availability of public resources to provide
guarantee backing, which constrains the scale at which such instruments can be deployed (NAP, 2024).
Market access and liquidity constraints also play an important role. For green bonds, limited market access and
low liquidity - particularly for smaller or emerging-market issuers - reduce participation and overall
attractiveness (Jena & Vuppuluri, 2025). In contrast, biodiversity credit markets are constrained by
fragmentation and limited tradability across regions, as credits are highly location-specific, which further
reduces liquidity and discourages private investment (BASE, 2025).

Finally, in the case of EPCs, a barrier that spans economic and technical dimensions is the difficulty of bundling
small-scale projects into portfolios that are financially attractive for service providers (Smart Impulse).

Technical

Technical barriers relate to data availability, methodological robustness, standardization, and technical
complexity.

Limited access to high-quality, localized data represents a major challenge for many instruments. For example,
insufficient availability of reliable local data undermines the implementation of parametric insurance (Generali,
2023). Weather derivatives face similar challenges, particularly in accurately modelling localized weather
impacts (ENEL).

A lack of standardization is another key technical barrier affecting several financing instruments, particularly
bonds, loans, and credit-based mechanisms where the allocation of financial resources depends directly on
assessed sustainability outcomes. For green bonds, the absence of universally accepted definitions and
certification frameworks increases the risk of greenwashing, undermining investor confidence and market
integrity (Jena & Vuppuluri, 2025). Similar challenges arise for green oans, where the lack of standardized
sustainability metrics complicates performance assessment (ICMA, 2024).

For EPCs, the absence of standardized contract templates increases legal and administrative burdens for
participating actors, reducing uptake (Smart Impulse). Weather derivatives face comparable challenges due to
the lack of standardized contract structures (ENEL).

In carbon credit markets, the absence of clear, transparent, and credible frameworks for measuring and
verifying emissions reductions has raised concerns about the actual climate impact of certain schemes. This
lack of consistency and trust makes it difficult for buyers to assess credit quality and limits the scalability of
carbon markets as effective mitigation tools (GHG, SEl). Biodiversity credits face similar challenges, as the
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absence of standardized metrics and methodologies hampers comparability and quality assurance across
projects (BASE, 2025).

Beyond standardization issues, many instruments are characterized by inherent technical complexity in
applying methodologies for assessing, verifying, and reporting sustainability outcomes. For green bonds,
verification and reporting requirements can be complex and costly, posing particular challenges for smaller
issuers (Jena & Vuppuluri, 2025). Outcome definition, measurement, and attribution remain critical challenges
for PES mechanisms (Greiber, 2011). Resilience bonds require quantifiable and modelled risk reductions, as
well as alignment between infrastructure delivery timelines and bond issuance (Climate Bonds Initiative, 2024).
Catastrophe bonds are complex to price and depend on specialized expertise in climate modelling and disaster
risk assessment (Bocconi University, 2025). Forecast-based financing involves technical challenges related to
the definition of forecast thresholds and early action protocols (IFRC). In EPCs, technical complexity is closely
linked to the legal and operational challenges of structuring performance-based contracts (Smart Impulse).

A specific technical barrier affecting several instruments is basis risk, defined as the mismatch between actual
losses and predefined trigger conditions. This issue is particularly relevant for catastrophe bonds, parametric
insurance, and forecast-based financing, where basis risk can leave issuers insufficiently compensated following
an adverse event, thereby undermining confidence in the instrument (Bocconi University, 2025; Generali,
2023). In forecast-based financing, basis risk is closely linked to inherent forecast uncertainty (IFRC).

6. Conclusions and policy recommendations

This study aimed to provide a comprehensive analysis of financing instruments that can be leveraged to
integrate climate mitigation and climate adaptation measures into urban regeneration projects, consistently
with the impelling need to consider such dimensions within urban transformations. The analysis focused on
repayable instruments, with capital repayment obligations and/or revenue-generating instruments like credits
or PES. Non-repayable instruments — such as intergovernmental transfers, non-repayable grants, and
government-revenue instruments, were excluded. Overall, the sample retained for the analysis included 18
instruments, covering debt, risk mitigation, third party financing, revolving funds, PES credits, and PPPs.

The study provided a structured analysis highlighting: the instruments’ governance; the underlying financing
mechanism and financial flows of each instrument; revenue and repayment models, considering how
repayment is covered or a return on investment is created for the project developer; the role of climate data
in defining financial conditions; key enabling factors and barriers to an effective utilisation and diffusion of such
instruments.

Main results on governance arrangements show that, while climate-neutral and resilience-oriented urban
finance instruments differ substantially in form and scale, their governance mechanisms converge around a set
of recurring elements: public oversight, contractualization, intermediation, verification, multi-actor
coordination and risk management. These shared governance features are critical for ensuring legitimacy,
effectiveness and scalability across diverse urban regeneration contexts. Furthermore, financial institutions
emerge as relevant players with several diverse roles and responsibilities according to the specific instrument.
Their roles vary according to the type and structure of the instrument. They may act as direct providers of
capital through instruments such as green loans, channeling private finance into energy efficiency upgrades,
renewable energy installations, and climate adaptation measures. In capital market instruments- such as green
bonds, climate bonds, or resilience bonds - financial institutions often serve as arrangers and underwriters,
structuring the issuance, assessing risk, pricing the instrument, and placing it with investors. In risk-sharing
mechanisms, including guarantees, insurance products, and blended finance structures, they may act as
providers or managers, helping to de-risk projects and enhance their bankability, particularly where urban
regeneration projects face high upfront costs or uncertain returns. Moreover, financial institutions can assume
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a more integrated and operational role as programme administrators. For example in PACE schemes, they may
administer the programme, provide upfront capital to finance interventions, and recover repayments through
property tax-based mechanisms. Through these diverse roles, financial institutions contribute not only financial
resources but also risk assessment expertise, market credibility, and the capacity to mobilize additional private
investment, thereby enabling scalable climate-neutral and resilient urban transformation.

Different repayment and revenue generation approaches are possible according to the financing instrument
and the types of measures they can finance. Measures in the building (e.g. building envelope upgrades, energy-
efficient heating systems) and energy sectors (e.g. photovoltaics, district heating networks, smart grids) often
have the capacity to generate substantial and relatively predictable energy savings. This makes them
compatible with financing instruments that need recurring cash flows to repay capital over time (i.e. revolving
funds, green loans) and those that rely on future savings for repayment (e.g. EPCs, on-bill financing, PACE).
Green infrastructure and nature-based solutions (NBS)- including urban parks, green roofs, tree planting,
sustainable urban drainage systems, and ecosystem restoration- primarily deliver ecosystem services such as
microclimate regulation, biodiversity increase, flood mitigation, and enhanced liveability. These benefits, while
highly valuable from a societal perspective, rarely generate direct revenues and are often diffuse and long-term
in nature. Where governments establish regulatory or compliance-based frameworks, instruments such as
carbon credits and biodiversity credits can be used to monetise environmental benefits and channel private
capital into green interventions. Where the generation of ecosystem-services from these measures can be
assessed and verified, PES can monetize them and create a revenue stream from the project.

Resilience measures related to recovery/prevention in several sectors (e.g. building, green infrastructure, water
sectors) can also be supported by risk reduction instruments - such as resilience bonds and catastrophe bonds,
parametric insurance, weather derivatives and forecast-based financing —which monetize risk reduction effects
into their financial conditions. For example, in the case of resilience bonds, NBS may reduce climate risks (e.g.
through wetlands, green roofs, floodable parks) and therefore lower insurance premiums. Parametric
insurance provides rapid liquidity after extreme events, which can be used to restore built, water and green
infrastructure. Forecast based financing act preventively and can support the implementation of NBS, flood
protection or other measures before the event occur.

Some financing instruments are, by design, suitable for supporting integrated packages of climate measures
rather than single, isolated measures. These instruments can accommodate multiple types of eligible
investments within the same financial structure, allowing measures of different sectors to be financed
simultaneously. Revolving funds are a clear example, as they can channel capital toward diverse climate-related
measures - such as building retrofits, renewable energy systems, or low-carbon infrastructure - while recycling
repayments to support additional investments over time. Their programmatic structure enables the financing
of different measures under a common governance and eligibility framework. PACE provides another example,
as it allows property owners to bundle upgrades - such as energy efficiency improvements, renewable energy
systems, and seismic resilience measures- into a single loan repaid through property-linked assessments. Green
bonds similarly support integrated approaches, as municipal issuances are often structured to finance multi-
sectoral investment programs, covering a range of measures including transport infrastructure, building
upgrades, renewable energy deployment, and nature-based solutions within a single bond framework.

Annex 1 shows the potential applicability of analysed financing instruments to mitigation and adaptation
measures.

Considering the types of GHG emissions data taken into account in the development and application of
instruments, most mainly focus on operational emissions (Scope 1 and Scope 2), while carbon credits are the
only instrument where whole-life carbon has been assessed in some cases (see Annex 2 for a detailed
overview). GHG emissions data are used in different ways, ranging from the support to projects screening —in
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order to prioritize financing to those with highest mitigation potential — to core criteria in the allocation of
financial resources. While the direct monetisation of emission reductions remains confined to specific
instrument types (i.e. carbon credits), a wider range of mechanisms integrate GHG metrics in their assessment
logic. Overall, the results show the importance of aligning financial design, governance priorities and policy
objectives to ensure that emission reductions are not merely a co-benefit but a central and measurable
outcome of climate-neutral urban regeneration finance.
Looking at climate adaptation, analysed instruments demonstrate a range of approaches to climate risk
assessment, spanning probabilistic models, forecast systems, historical baselines, and performance monitoring
protocols. While the degree of formalisation and the nature of the indicators differ, they all rely on the
guantification of climate-related variables as a core mechanism for structuring responses to environmental
risks. Some instruments rely on a direct, contractual link between risk and funding, while others incorporate
climate considerations more loosely through project screening and prioritisation. Both approaches reflect
ongoing efforts to align financial mechanisms with the realities of a changing climate, either through structured
disbursement logic or through prioritisation processes that allocate funding based on climate vulnerability or
expected resilience benefits.
A set of enabling factors have been identified as crucial for the deployment of analysed instruments in different
contexts. These include i) institutional factors, like the availability of enabling, stable and transparent
regulations; coordination between actors, in particular funders and implementers; effective procedures; and
political support; ii) economic factors, which in particular for revolving funds include initial capital availability
and having a set of robust investments with defined payback periods; project scale and the possibility to bundle
similar projects to reach scale; strong repayment prospects that ensure the sustainability of revolving
instruments; and iii) technical factors, like the availability of screening criteria and data to select projects;
presence of standardized methodologies to assess projects; technical capacity to implement instruments,
select projects, monitor and assess related climate impacts; the involvement of third-party verification. Also
several barriers have been identified which can hamper the operation of these instruments, and can be
addressed through several strategies. These include i) institutional barriers, like regulatory uncertainty,
regulatory and administrative complexity, lack of cooperation and effective governance mechanisms, limited
or inadequate stakeholder involvement; ii) cultural factors, linked to limited awareness, understanding,
knowledge or trust in these instruments; iii) economic factors, like high transaction costs, difficulties in securing
upfront capitalization, limited availability to commit capital; and finally iv) technical factors, like limited access
to high-quality data, lack of standardization, and technical complexities. These results suggest a range of key
policy implications that can be considered in the climate-neutrality and resilience agenda in the context of
urban regeneration:
e Promote awareness of available financing instruments, how they function and how they could be
combined into effective financing packages according to project’s characteristics
e Develop standardized contracts to facilitate the uptake of related instruments
e Develop common standards to account and track climate impacts of financed measures, in order to
report achievements consistently
e Integrate current accounting and monitoring standards with whole-carbon emissions, in order to
provide more comprehensive estimates of carbon impacts associated with new developments and
steer finance towards projects that maximise carbon reduction across the whole project lifecycle
e Adopt a portfolio-based approach, combining measures with different revenue generation
potentials within the same portfolio, so that financially attractive measures (e.g. low carbon
measures, energy efficiency) help to cross-subsidise interventions with lower returns but high public
value (e.g. adaptation and resilience-oriented)
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e |everage the co-benefits of low carbon and adaptation measures, in particular those that align with
the priority urban policy goals (e.g., poverty reduction, equity and inclusion, ecological integrity,
energy security, mobility, air quality and health, city liveability, etc.) to attract further public and
private investments.

Future developments of this analysis could benefit from the use of quantitative measures to assess the
performances of instruments across several dimensions (e.g. cost effectiveness; climate impacts; social equity).
The analysis could also be further enriched by considering a wider sample of real case-studies where these
financing instruments have been implemented and analyse results achieved over time.
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Annex 1 — Financing instruments and measures

Bonds

Loans
Third-
party
financing
Revolving
funds
Insurance
PES
Credits
PPPs

Bonds
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Resilience

Green loans
EPCs
PACE

On-bill
financing
Revolving

funds

Catastrophe
Bonds

Parametric
Insurance
Forecast-
based
Weather
Derivatives
Guarantees
PES
Green & white
certificates
Biodiversity
credits
PPPs

Carbon credits

Crowdfunding

Buildings

EE building envelope

RE space heating/hot water

EE space heating/hot water

EE lighting systems

EE electrical appliances

MNew buildings construction

Heat-proofing of buildings

Passive & active cooling systems

Climate-proofing of open spaces/areas

Post-disaster and recovery

Transport

Cleaner/efficient vehicles

EWs (incl. infrastructure)

Car sharing/pooling

Improve public transport supply

Climate proofing of infr/vehicles

Logistics/urb freight improvement

Bike/pedestrian lanes realization/cptim

Road network realis/foptim/climate
proofing

Green infrastructure & NBS

Reforestation

Tres planting

sUDS

Depaving

Green roofs/walls

Ecosystems restoration

Urban parks

Urban crchards
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Energy systems

Hydroslectric power

Wind power

Photovaltaics

Biomass power plant

Combinad Heat and Power

Smart grids

DH/cooling plant

DH/cocling netwaork

Improved electricity
interconnections

Water & Wastewater

EE in water services

Water efficiency

Water reuse

Stormwater management

Water storage

Flood mgt./protection infr.

Drainage system optimization

Sewer system optimization

Waste

Waste prevention/reduction

Material recovery

Low carbon waste treatment

Efficient waste logistics
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Annex 2 — Climate metrics’ role within the financing instruments

Climate mitigation metrics

Climate adaptation metrics

hazard models,
including event
frequency, intensity
thresholds, and
estimated loss
distributions linked

Instrument category | Financing instrument GHG emissions GHG indicators Link GHG emissions- Climate risks Climate risk Link climate risk
considered? foreseen? financial conditions? considered? indlicators data — financial
foreseen? conditions?
Bonds Green/Climate bonds Yes, project-related, Yes, project-related Yes, usually not Yes No No link
mainly operational formalized
emissions
Resilience bonds Yes, project-related, Yes, project-related No link Yes Yes: project-level Yes, usually not
mainly operational KPls, such as formalized
emissions hectares of
protected land,
percentage
reductions in
infrastructure
downtime.
Loans Green loans Yes, project-related, Yes, project-related No link Yes No No link
mainly operational
emissions
Third-party Energy Performance Yes, project-related, Yes, project-related Yes (linked to energy No No No link
financing Contracts (EPCs) mainly operational reduction)
emissions
PACE Yes, project-related, Yes, project-related Yes, usually not No No No link
mainly operational formalized
emissions
On-bill financing Yes, project-related, Yes, project-related Yes, usually not No No No link
mainly operational formalized
emissions
Crowdfunding / citizen | Yes, project-related, Yes, project-related Possibly Yes Possibly Possibly
investment mainly operational
emissions
Revolving funds Revolving fund Yes, project-related, Yes, project-related Possibly Possibly Possibly Possibly
mainly operational
emissions
Insurance Catastrophe bonds Not considered NA No link Yes Yes: probabilistic Yes, formalized
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to specific climate-
related perils.

Parametric insurance

Not considered

NA

No link

Yes

Yes: physical
parameters, e.g.
rainfall intensity,
temperature
thresholds, wind
speed, or seismic
activity.

Yes, formalized

Forecast-based
Financing

Not considered

NA

No link

Yes

Yes: probabilistic
forecasts and early-
warning systems,
including predicted
rainfall,
temperature
extremes, or
hazard likelihood
thresholds.

Yes, formalized

Weather derivatives

Not considered

NA

No link

Yes

Yes: weather
indices, e.g. heating
or cooling degree
days, cumulative
rainfall levels, or
temperature
averages.

Yes, formalized

Credit enhancement
mechanisms

Guarantees

May be considered
indirectly where
guarantees support
low-carbon or green
projects

Possibly

Possibly

May be considered
indirectly where

guarantees support
adaptation projects

Possibly

Possibly

Payment for
Ecosystem Services
(PES)

PES

GHG emissions may be
considered where
ecosystem services
relate to carbon
sequestration or
avoided emissions,
although PES schemes
are more commonly
designed around
ecosystem

Project-related

No link

Yes

Yes: hydrological
performance,
water retention
capacity, vegetation
cover, or soil
stability linked to
flood or drought
risk reduction.

No link
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conservation and
restoration objectives.

Partnerships (PPP)

operational emissions

Credits Carbon credits Yes, project-related, Yes, project-related Yes, formalized No No No link
covering up to Scope 3
emissions
Green & white Yes, project-related, Yes, project-related Yes (linked to energy No No No link
certificates mainly operational reduction)
emissions
Biodiversity credits Usually not considered | Project-related No link No No No link
Public Private PPP Project-related, mainly | Project-related Possibly Possibly Possibly Possibly

Possibly = not necessarily foreseen by the instrument, but it could be possibly integrated into it according to the instrument design.
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