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ABSTRACT

Biodiversity underpins essential ecosystem services such as food security, water purification, and climate regulation, thus contributing fundamentally to human
wellbeing. Yet, it faces growing threats from overexploitation, habitat loss, pollution, and climate change, which jeopardize these services. Biodiversity credits (BCs)
have emerged as innovative financial instruments designed to incentivize and fund measurable conservation and restoration outcomes, offering a mechanism to align
economic activities with ecological sustainability. This paper presents the first systematic comparative analysis of 15 biodiversity credit schemes (BCSs) globally,
assessing their definitions, methodologies, and market dynamics. The analysis includes a review of scheme characteristics, project design requirements, and credit
issuance practices, complemented by an evaluation of current market trends and challenges. The market is recent but expanding rapidly, with 49 projects across the
schemes covering nearly 1 million hectares. Credit prices vary widely—from USD 7 to 68,000 per hectare/year—depending on factors such as habitat type, project
location, and scheme design. While outcome-based and ex-post issuance methods dominate, ensuring results-based credibility, benefit-sharing remains uneven and
governance structures vary significantly. Private-led initiatives dominate, but public schemes offer more stringent compliance mechanisms. Notably, few schemes
incorporate advanced features like credit stacking or bundling. By identifying key design features and institutional configurations across existing BCSs, this paper
contributes to the development of robust standards and governance models capable of supporting effective and accountable biodiversity markets. It provides an
empirical basis to inform the integration of biodiversity crediting mechanisms into national and international policy frameworks, including emerging nature finance
instruments and regulatory approaches. In doing so, it offers practical insights for decision-makers aiming to reconcile ecological integrity with socio-economic
objectives in the implementation of biodiversity commitments. Further research should investigate enabling conditions and barriers for mainstreaming these

mechanisms in global biodiversity governance.

1. Introduction

Biodiversity refers to the variety of living organisms originating from
all sources, including terrestrial, marine, and other aquatic ecosystems,
as well as the ecological complexes they form. It encompasses diversity
at multiple levels: within species, between species, and across ecosys-
tems (CBD, 1992). Biodiversity is a crucial component for natural capital
and ecosystems stability allowing their regeneration and resilience to
external disruptions (De Groot et al., 2003; EEA, 2015; Dasgupta, 2021;
Capitals Coalition, 2021).

Functioning ecosystems are of pivotal importance for human well-
being and socio-economic systems ensuring the flow of different goods
and services, called ecosystem services - ES (Costanza et al., 2014; MA,
2005; Dasgupta, 2021). For instance, ES include provision services
producing essential goods e.g. food, fuel, and clean water; cultural ser-
vices including recreation and spiritual significance; as well as regula-
tory such as climate regulation, and natural hazard protection; and
supporting services like pollination or nutrient cycling (Folke et al.,
2004; MA, 2005; Turner et al., 2007; IPBES, 2019). The status of
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biodiversity influences all categories of ES. For provisioning services,
diverse ecosystems provide a stable supply of essential resources, such as
food, water, and raw materials. For example, agricultural systems with
high plant diversity improve pollination and pest control, leading to
increased yields and resilience against diseases (Isbell et al., 2011).
Similarly, fisheries with diverse species are more productive and resil-
ient to environmental changes, ensuring sustainable fish stocks
(Cardinale et al., 2012). For regulating services, biodiversity plays a
critical role in maintaining ecological processes. Functional diversi-
ty—the range of different functional traits—ensures that multiple spe-
cies can perform similar roles, which enhances the stability and
efficiency of processes such as nutrient cycling and carbon sequestration
(Hooper et al., 2005). Diverse forest ecosystems can sequester more
carbon, mitigating climate change impacts (Griscom et al., 2017; Seddon
et al., 2020; IPCC, 2022). Water purification and flood regulation are
improved by increases in community diversity and the expansion of
habitat areas (Harrison et al., 2014; Yao et al., 2017). Cultural services,
which encompass aesthetic, recreational, and spiritual values, are also
influenced by biodiversity. Richly biodiverse landscapes offer unique
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recreational opportunities and support cultural identities (Diaz et al.,
2006; MA, 2005). The loss of biodiversity diminishes these cultural
benefits, reducing both intrinsic and economic values. Lastly, biodiver-
sity contributes to supporting services, such as soil formation and
nutrient cycling. Diverse species interactions promote decomposition
and nutrient recycling, maintaining ecosystem productivity and resil-
ience (Isbell et al., 2011; Hooper et al., 2005; Barbier, 2021).

In the last decade, resources overexploitation, climate change,
pollution, invasive species, and habitat loss (IPBES, 2023) caused
biodiversity degradation compromising ecosystems and posing signifi-
cant risks to global economies and societies (Hoekstra et al., 2005;
Duffy, 2009; Schindler et al., 2010; Treml et al., 2015; Kalkuhl and
Wenz, 2020). Recent data show that monitored wildlife populations
have decreased by an average of 69 % over the past 50 years (Leung
et al., 2023; World Wide Fund for Nature (WWF), 2024; World Economic
Forum, 2024). The costs of inaction on biodiversity loss are significant
and are projected to increase. The financial consequences of biodiversity
loss are increasingly recognized as systemic risks. Approximately US$44
trillion of economic value generation—over half of global GDP—is
moderately or highly dependent on nature and its services (WEF, 2020).
This dependency extends beyond industries to national economies. For
instance, China, the European Union, and the United States have the
highest absolute economic value in nature-dependent sectors, with $2.7
trillion, $2.4 trillion, and $2.1 trillion respectively. Emerging economies
are particularly vulnerable, as they often rely more heavily on
nature-dependent sectors (WEF, 2020). Consequently, biodiversity
decline poses a direct threat to macroeconomic stability and financial
resilience worldwide. Biodiversity protection remains severely under-
funded, with recent research showing upwards of a $700 billion gap
between current annual funding and what’s needed by 2030 to maintain
ecosystem integrity (CBD, 2021).

Halting and reversing biodiversity loss will require the adoption of
holistic strategies to restore biodiversity by switching to a nature-
positive economy. According to the Nature Positive Initiative (2023)
nature-positive means “Halt and reverse loss by 2030 on a 2020 baseline
and achieve full recovery by 2050”. This entails three fundamental
transformations. First, economic performance metrics must be refined to
incorporate natural capital, thereby capturing the full value of ecosys-
tems in assessments of economic progress. Second, fiscal and economic
policy frameworks should be restructured to internalize the intrinsic
value of nature within public and private decision-making processes.
Third, the financial system must be reoriented to systematically inte-
grate biodiversity-related impacts, dependencies, and risks into its
standards, disclosures, and investment practices. (Leclere et al., 2020;
Dasgupta, 2021). At this purpose, different policy instruments can be
adopted, (Michaelis, 1996; Gunningham and Young, 1997; Jordan et al.,
2003; Sterner, 2003), among which economic instruments play a crucial
role in protecting biodiversity by providing financial incentives and
mechanisms that encourage conservation and restoration efforts (TEEB,
2011; Dasgupta, 2021; International Advisory Panel on Biodiversity
Credits — TAPBC, 2024). The Kunming-Montreal Global Biodiversity
Framework (GBF), adopted at COP15 in 2022, represents a strategic
turning point in international biodiversity governance by placing
“nature-positive” outcomes at the center of its vision. Article 19
explicitly calls for the alignment of financial flows with biodiversity
objectives and the scaling of positive economic incentives for conser-
vation and restoration. In this context, biodiversity credit schemes
(BCSs) have been increasingly recognized as a potential instrument to
channel private capital towards verified ecological outcomes. Recent
discussions held during the GBF implementation consultations in Rome
(2024) further reinforced this perspective, with several Parties and
stakeholders identifying BCSs as complementary instruments to public
finance within the broader resource mobilization strategy. These ex-
changes emphasized the necessity of establishing robust methodological
standards and safeguards to ensure that BCSs contribute effectively to
the GBF’s targets, particularly by delivering additional, measurable, and
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enduring biodiversity gains.

BC is an economic instrument that allows to finance activities, such
as forest conservation or restoration, that deliver net positive biodiver-
sity gains. BCs have been defined as units intended to finance measur-
able gains in biodiversity through conservation or restoration (Ducros
and Steele, 2022; WEF, 2023; GEF, 2024). This mechanism stems from
the evolution of carbon credits, which have been applied in both
voluntary and regulated markets, water credits, and as well as broader
markets for local ES (Biodiversity Consultancy, 2022). Proponents see
their great potential to mobilize private conservation finance incentiv-
izing different stakeholders to participate actively in preserving natural
habitats and species. (TBC, 2022; GEF, 2023; Ducros and Steele, 2022;
NatureFinance, 2023; WEF, 2022; Pollination, 2023). According to
Antonelli et al. (2024), BCs could become one of the most important
funding sources for the implementation of the GBF. The recourse to
these innovative market instruments is intended to decouple economic
growth from resources overconsumption and environmental degrada-
tion, thereby promoting long-term biodiversity conservation. Thus, in-
terest in BCs is growing rapidly, with numerous initiatives exploring the
potential for developing global credits markets. However, the swift
expansion of these markets has not been accompanied by sufficient
conceptual clarity regarding the definition, scope, and functioning of
BCs. These aspects need to be assessed and standardized since poorly
designed and implemented economic instruments can lead to counter-
productive outcomes and trade-offs (Larrosa et al., 2016). High integrity
BCs will have to tackle the same issues of additionality, leakage and
permanence as carbon credits, but with additional complexity due to the
multi-dimensional and place-specific nature of biodiversity (Burns,
2023). A gap in the existing literature on Biodiversity Credit Schemes
(BCSs) lies in the lack of systematic comparative analyses, particularly
concerning the distinctions between privately led and publicly governed
schemes. Differences in governance models, pricing methodologies, and
levels of transparency are rarely assessed in a structured and compara-
tive manner, limiting the potential to derive generalizable insights and
policy-relevant lessons. Recent reports, including I[PBES (2023),
emphasize the urgency of establishing consistent standards and evalu-
ation criteria to enhance the credibility and scalability of BCSs.

The objective of this paper is twofold. First it aims to analyze existing
biodiversity credits schemes (BCSs) assessing and comparing their
characteristics to understand which the main elements are selected to
design BCs, and secondly to evaluate the market development consid-
ering the different peculiarities of the analyzed schemes. The paper is
structured in 5 sections: i) section 1 frames the topic, ii) section 2 focuses
on the definition of BC and its functioning; iii) section 3 describes the
methodology and the sample; iv) section 4 summarizes the main results;
finally, v) section 5 highlights possible barriers and shortcomings for
BCSs upscaling and replication.

2. Biodiversity credits definition and characteristics

Despite the growing interest on BCs, a standard definition is still
missing. Different international and national organizations have elabo-
rated their own. BCs in literature can have different names and char-
acteristics. In addition to “biodiversity credit”, which is exactly the name
used in the GBF, other terms have been proposed, like “nature credit”,
“nature token”, “nature certificate” (GEF, 2024), “biodiversity certifi-
cate”, “voluntary biodiversity credit” (Biodiversity Credit Alliance
definition, GEF, 2024), “biocredit” (Ducros and Steele, 2022). In this
paper BCs are defined as: quantifiable, verifiable and tradeable units of
biodiversity restored or preserved over a specific period through a sci-
entific methodology, generated to fulfil nature-positive aspirations and
assertions without being used for compliance purposes or offsetting
biodiversity loss elsewhere (WEF, 2023; GEF, 2024; International
Advisory Panel on Biodiversity Credits — IAPBC, 2024).

It is important to differentiate biodiversity credits (BCs) from
biodiversity offsets, although some broad definitions of BCs, such as
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“nature-specific credits" (Taskforce on Nature Markets, 2022), also
encompass biodiversity offsets. While both may appear similar in
structure, the purpose of their use is distinct (WEF, 2022). Biodiversity
offsets are specifically designed to compensate for negative environ-
mental impacts by creating equivalent positive impacts elsewhere. They
are intended to be applied as part of the mitigation hierarchy—Avoid,
Minimize, Restore, Offset (Arlidge et al., 2018)—and should only be
used to address residual environmental damage that remains after all
efforts have been made to avoid, reduce, and restore the losses directly
caused by a project or activity. In contrast, BCs are primarily aimed at
enhancing or protecting biodiversity in general, without necessarily
being tied to compensating for specific damages. BCs, instead, are
intended to finance biodiversity net-gains. Therefore, they represent a
further step in the mitigation hierarchy, directly targeting the
nature-positive objective (Taskforce on Nature Markets & Pollination,
2023). This objective becomes even more relevant considering the dif-
ficulty of precisely measuring the environmental improvements under-
lying credit issuance, and the consequent soundness of the related
offsetting claims. This problem has already emerged in the carbon
market, where recent analyses have shown that in many projects, in
particular related to forestation and land use, significantly more credits
were issued than the actual emissions reductions, revealing the
groundlessness of many companies’ net-zero statements (Haya et al.,
2023; Stanley et al., 2023). Biodiversity poses an even greater challenge
than carbon dioxide when it comes to compensation efforts, because it
cannot be easily replaced or exchanged between different locations.
Unlike carbon, which has the same impact on the atmosphere regardless
of where emissions occur, biodiversity is tied to specific ecosystems,
making it much less interchangeable. Additionally, BCs are distinct from
carbon credits that incorporate biodiversity metrics, though both aim to
address environmental challenges. Instruments such as “bio-
diversity-enhanced credits" or “nature-related voluntary carbon credits"
are primarily carbon credits with added biodiversity components. These
credits integrate specific management actions focused on biodiversity
enhancement, conservation, or restoration while still targeting carbon
reduction goals. The distinction between BCs and these hybrid in-
struments lies in their foundational purpose and market positioning. BCs
are developed as a direct mechanism to value and finance biodiversity
improvements, often without a carbon emissions reduction component
(Mace et al., 2018). In contrast, instruments like “biodiversity-enhanced
credits" or “nature-related voluntary carbon credits" integrate biodi-
versity improvements into the carbon market, but their primary purpose
remains carbon sequestration. These credits are typically used within
the voluntary carbon market, where carbon reduction is the main goal,
and biodiversity benefits are considered co-benefits (Bull et al., 2018).
For instance, a biodiversity-enhanced credit might result from refores-
tation projects designed to sequester carbon while restoring local eco-
systems and biodiversity, but the primary metric remains CO2 reduction
(Caldecott, 2021). The terminology used to describe these instruments,
such as “Biodiversity-Positive Carbon Credits” (GEF, 2024), emphasizes
this dual benefit, highlighting that carbon credits can be structured to
deliver additional biodiversity gains. However, these gains are second-
ary to carbon sequestration, and their measurement is often more
qualitative than the biodiversity outcomes in standalone BCs (Spurgeon
et al., 2019).

A final clarification is necessary as biodiversity credits, even when
their primary focus is the enhancement and protection of biodiversity,
exhibit distinct characteristics based on how the benefits included in the
credit calculation are structured. In the literature, two main types of BCs
are identified: bundled and stacked credits. Bundled credits refer to the
combination of multiple benefits generated by a single project within a
specific area into one unified credit type, which is then sold as a single
product (GEF, 2024). In this approach, a single credit encompasses
various environmental outcomes, such as climate and biodiversity im-
provements, all originating from the same project (Gradeckas, 2024).
For example, a project focused on ecosystem restoration could release
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bundled credits that represent both carbon sequestration and biodiver-
sity conservation benefits in one credit package. On the other hand,
credit stacking involves separately quantifying different ecosystem ser-
vices provided by a project and creating distinct credit types or trade
units for each service. These credits can be sold individually to different
buyers, allowing the project to receive separate payments for each ser-
vice provided (von Hase and Cassin, 2018). In this case, a single project
might generate both carbon credits and biodiversity credits, which can
be sold independently, offering flexibility in addressing diverse market
demands (Gradeckas, 2024). This differentiation between bundled and
stacked credits highlights the complexity and versatility of biodiversity
credit markets, where projects can be designed to maximize the range of
ecosystem services they provide, either through integrated or separate
credit offerings.

2.1. Biodiversity credits’ schemes

BCs have been introduced in the market by different organizations
adopting different set of rules. These rules can vary across organizations,
and they can be defined as Biodiversity Credits Scheme (BCS). In this
paper they are defined as a set of rules regulating stakeholders’ roles,
project requirements, biodiversity measurement methodology, report-
ing and verification, credits’ issuance approach and price. A BCS oper-
ates by assessing and certifying projects, which are then assigned BCs
based on their positive impact. Projects for BCs generation focus on
ecosystem restoration or preservation activities, conducted over specific
areas and time frames, with impacts measured against predefined
baselines (Ducros and Steele, 2022). The adoption of BCs is complicated
by various biodiversity measurement methodologies, which range from
single metrics to comprehensive baskets of metrics (WEF, 2024).

Due to the multiple dimensions of biodiversity (related to genetic,
taxonomic, functional, evolutionary, ecosystem diversity), more than
570 different biodiversity metrics exist (Antonelli et al., 2024). Key
principles, such as additionality, permanence, and non-leakage, are
critical to maintaining the integrity of BCs (HCA, 2014; GEF, 2024). The
involvement of indigenous peoples and local communities (IPLCs) is
highlighted, ensuring fair compensation and benefit-sharing in these
projects (GEF, 2024; Taskforce on Nature Markets, 2022). BCs can be
generated based on predefined activities or outcomes, with verification
occurring either ex-ante or ex-post (Pollination, 2023). At this purpose,
for credits issuance, projects must be included in a register and undergo
MRV to ensure that they deliver the promised biodiversity benefits over
time. The registry is the database that tracks the ownership, transfer,
and retirement of BCs, as well as the details of the projects that gener-
ated them (International carbon registry, 2024); and it can be directly
managed by the scheme administrator or outsourced to a third party.
Once certified, BCs are sold on a marketplace to businesses, govern-
ments, or individuals aiming to offset their biodiversity impacts, meet
regulatory requirements, or achieve corporate social responsibility
goals.

The primary actors involved in a BCS include scheme developers,
who are organizations responsible for defining the rules for generating
BCs. Scheme administrators certify projects for BC generation, issue BCs,
and maintain a registry of certified projects. These tasks can be managed
by a single entity or multiple entities (UNEP, 2022). Auditors play a
critical role by validating and verifying the projects for BC generation.
The same entity can handle both validation and verification, or these
activities can be carried out by different entities. Project developers,
who can be landowners, consultants, specialized service providers, or
land stewards, are responsible for developing the project. This involves
scoping out the project, design and implement it, filing necessary doc-
uments for registration and certification, obtaining funding, defining
monitoring and reporting approach, and potentially selling the project
to landowners (Chen et al., 2021). Landowners are the individuals or
organizations that own the area where the BC generation project is
implemented. End buyers are the people or organizations that purchase
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BCs. Indigenous People and Local Communities (IPLCs) are those
affected by the projects or actions implemented for BC generation and
can also be involved in the project (WEF, 2023). Additionally, other
actors can be involved in BCSs. Local partners for project implementa-
tion are individuals or organizations that execute the project. Market
facilitators help attract more end buyers without being buyers them-
selves. They include brokers, exchanges, traders, and retailers. Ex-
changes are preferred for frequent trades or large volumes of
standardized contracts or products, while brokers handle
non-standardized products, occasional trades, and small volumes.
Traders buy and sell credits to exploit market-price distortions and
arbitrage opportunities. Retailers offer a convenient way for consumers
and businesses to access credits, sourcing them from brokers or directly
from project developers (Gradeckas, 2024; Chen et al., 2021). Consul-
tants provide expertise to support project developers. Project funders,
which include banks, private equity firms, private investors, non-profit
organizations, and other entities, lend or invest equity to fund BC gen-
eration projects (Chen et al., 2021). Fig. 1 summarizes the general
structure of BCSs.

3. Methodology

The methodology adopted for analysing existing BCSs involves the
application of a structured analytical framework designed to systemat-
ically identify and compare the key characteristics of BCSs and delineate
specific criteria that projects must fulfil to generate BCs. At the same
time, a specific analysis has been carried out to assess the current market
landscape. The analytical framework and the market analysis were
applied to a selected sample of BCSs, which were identified through a
comprehensive review of various sources.

3.1. BCSs comparative assessment — analytical framework

The analytical framework was developed based on the foundational
elements and prerequisites essential defined by BCSs for the generation
of credits. Consequently, the framework is organized into four distinct
categories: scheme, project, credit, and market. This distinction is made
to more effectively highlight and evaluate these aspects within the
assessment process. Each category encompasses multiple analytical
components, resulting in a comprehensive total of 28 elements. All
categories and elements are summarized in Table 1.

The “Scheme” category summarizes the general features of the
scheme. In addition to the descriptive elements such as “Scheme name,"
“Scheme developer," and “Scheme administrator," which are critical for
identifying the key stakeholders, the category incorporates additional
elements. These include “Launch status," which verifies whether the
foundational documentation for implementing the scheme has been
completed, along with the corresponding year of release. The
“Geographical coverage' element specifies the spatial scope of the
scheme, indicating whether it is intended for global or national imple-
mentation. Furthermore, the framework includes an assessment of
“Offsetting," “Credit stacking," and “Credit bundling" to determine
whether the scheme is explicitly designed to support these practices.

The “Project" category analyses the design, maintenance, and
integrity requirements that projects must meet to issue BC. This category
includes “Ecosystem type," which identifies the ecosystem realm
affected by BCs generation, following the IUCN classification (2020). It
also considers “Activity type," to identify if activities undertaken for BCs
generation include restoration and/or preservation. The “Project dura-
tion" addressing the number of years for which the continuation of
project activities is assured. Additionally, the category encompasses
“MRV", which clarifies approaches adopted for MRV of project imple-
mentation and maintenance. Furthermore, elements that assess integrity
are included. Specifically, the elements “Additionality requirement",
“Permanence requirement", and “Non-Leakage requirement" are focused
on evaluating environmental integrity. The social integrity is addressed

Journal of Cleaner Production 523 (2025) 146382

through the elements “Benefit sharing", and “Local stakeholder
engagement”.

The “Credit” category aims at analysing BCs methodology calcula-
tion, characteristics and management. Indeed, this category comprises
“Credit unit and calculation approach”, which allows to identify how
biodiversity improvements are quantified, and the area size where they
occur with the purchase of one BC. The “Credit” category includes
“Credit issuance approach”, “Credit issuance timing”, and “Registry”.
The first and the second allows to outline how BCs are released (activity-
based or outcome-based). The third is related instead to BCs transactions
and retirements and permits to look at registry management.

3.2. Biodiversity credits market

To assess the current state of the BCs market, several key elements
were considered. First, the number of projects implemented or currently
in progress under various BCSs included in the sample was analyzed.
This allows for an understanding of the total number of projects
adopting a BCS and identifies the countries where these projects are
being developed. Second, the number of issued and sold credits for each
project and scheme was identified, providing insights into BC supply and
demand. Additionally, where possible, the sale price of each credit was
calculated, enabling an analysis of the value attributed to BCs across
different schemes. Some BCSs can also include transaction fees which
reflect the percentage of the BC sale price allocated to the scheme
administrator in each transaction. This factor can influence the overall
credit’s cost. Furthermore, as BCs can be resold in secondary markets,
we analyzed whether each scheme allows for this feature, referring
credits as “tradable." Secondary markets for BCs provide liquidity and
flexibility by enabling the resale or trade of previously issued credits,
which can impact market dynamics and pricing.

In the BC market, trading can occur through exchanges or over-the-
counter (OTC) transactions. Exchange-based trading is conducted on
centralized, regulated platforms, providing transparency, liquidity, and
standardized pricing, which makes BCs accessible to a broader range of
investors. On the other hand, OTC trading occurs directly between
parties, offering more flexibility and customization but with less trans-
parency. OTC trades are typically used for large or complex deals, and
while they provide more bespoke transaction terms, they lack the visi-
bility of exchange-based trades. Both mechanisms play crucial roles in
the BC market by offering different levels of transparency and flexibility.
For this analysis, data was primarily sourced from exchanges, which
provided standardized and transparent insights into the market. How-
ever, it was not possible to analyze OTC data due to its private and less
accessible nature, limiting the visibility of those transactions.

In summary, the market analysis includes the number of imple-
mented projects, issued and sold BCs, BC prices, fees for scheme ad-
ministrators, and the tradability of credits (Table 2), with the distinction
that exchange data was analyzed due to the unavailability of OTC
information.

3.3. Biodiversity credits sample of analysis

To assess the current state of BCSs definition and implementation,
global data from a rapidly growing number of biodiversity related ini-
tiatives using different sources have been gathered. Most existing
schemes have been identified using an online repository' that includes
different typologies of BCS.) at different stages of development
(approved or under development). Additionally, other schemes
retrieved from grey literature have been included to complete the
sample (WEF, 2022; Climate Focus, 2023a, Climate Focus, 2023b;
Pollination, 2023; Taskforce on Nature Markets & Pollination, 2023;

1 https://airtable.com/appQsAybbCZy9PWo8/shrrjW0SpALOvVdzx/tbIMxM
zKrnq2pgIHR /viwE5BnaimUBQGioF.
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Fig. 1. Biodiversity credit schemes functioning.

Table 1
BCSs analytical framework.

Table 2
Market analysis elements.

SCHEME Scheme name

Scheme developer
Scheme administrator
Launch status (year)
Geographical coverage
Offsetting

Credit stacking

Credit bundling
Ecosystem type
Activity type

Project duration
Additionality
requirement
Permanence
requirement
Non-leakage
requirement

Benefit sharing

Local stakeholder
engagement
Monitoring Reporting
Verification

Credit name

Credit unit and
calculation approach
Credit issuance approach
Credit issuance timing
Registry

PROJECT

CREDIT

/

Private/Public
Private/Public/Mixed
Approved (year)/Under approval
Global/National

Allowed/Not allowed/N.A.
Allowed/Not allowed/N.A.
Allowed/Not allowed/N.A.
Terrestrial/Marine/Freshwater
Restoration/Preservation
Years/N.A.

Yes/No

Yes/No
Yes/No

Benefit sharing/N.A.
Local stakeholder engagement/N.A.

/

/

Index/Indicator/Mosaic/N.A.; Species/
Habitat/Species and Habitat/N.A.
Outcome-based/Practice-based/Mixed
Ex-post/Ex-ante/Mixed

Name/N.A.; Directly managed/
Outsourced

Tedersoo et al.,, 2023; Zynobia Newman et al., 2023). In total, 68
schemes have been identified? and included in the sample. Within the
sample, only BCSs focused on biodiversity net positive gain have been

2 Last sample update June 2024.

MARKET # of projects

# of issued credits

# of sold credits

Price per credit

Fee for scheme administrator

Tradable

NN N N

Yes (quantity)/No
Yes/No

analyzed. Indeed, selections criteria applied are based on the BC defi-
nition: units of biodiversity restored or preserved, quantifiable, verifi-
able and tradeable units, and nature-positive aspirations. More
specifically, schemes that have been excluded from the sample are those
that: i) have secondary focus on biodiversity (2): schemes that have as
main objective another environmental benefit and that affect biodiver-
sity only indirectly, thereby restricting the analysis to schemes with
well-identified units of biodiversity; ii) are offset scheme (2): schemes
that are designed only for compensating negative impacts on biodiver-
sity. Instead, schemes that are designed to contribute to the
nature-positive objective, but with credits that can be used also for
compensating own negative impacts have been included; iii) bundled
credits (10): schemes with credits that include and account biodiversity
and other environmental benefits, such as CO; reduction thus narrowing
to those with a clear focus on biodiversity improvements. Instead, that
are primarily focused on biodiversity but also include guidelines and
methodologies for considering other environmental benefits, have been
included. After a preliminary assessment of available information also
schemes under development (23) have been excluded. Schemes that did
not disclose their documentation (16) were contacted for follow-up.3

3 Scheme developers have been contacted twice through various channels,
including e-mail, online contact forms, and LinkedIn, in order to gather detailed
information on the design and implementation of BCSs.
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However, due to the lack of response or insufficient information pro-
vided, they were subsequently excluded from the sample. Table 3
summarizes the criteria, and the number of schemes excluded per each
criterion.

The final sample on which the analysis has been conducted com-
prises fifteen schemes (Table 4). For each scheme, the scheme developer,
the proper name of the scheme used to promote it and its status has been
indicated.

4. BCSs comparative assessment results

The section outlines the main results that emerged regarding the
BCSs structure and peculiarities. Results are grouped following the
analytical framework structure: i) schemes; ii) projects; iii) credits.

4.1. Scheme

Identified schemes are both private-led (designed by private orga-
nization) and public-led (designed by governments). They were
approved between 2022 and 2024 (Fig. 2a). The majority (12) have been
developed by private organizations, while in three cases, national gov-
ernments (UK, Australia, India) have developed the schemes. Generally,
private-led schemes are administered by the same developer, whereas
public-led schemes are always administered, solely or complementarily,
by public organizations. Scheme developers’ headquarters are concen-
trated in Australia (3), Colombia (3), United States (3), and UK (2). The
remaining headquarters are in Brazil, Germany, India, and Mexico. Most
schemes (10) have a global scope (Fig. 2b).

Among the schemes with national coverage are all three developed
by public organizations, applying to the developers’ jurisdictions:
Australia, India, and UK. Additionally, both schemes with national
coverage developed by private organizations are applicable to Australia,
highlighting Australia’s pioneering role, with three schemes developed
and applicable there.

Finally, some schemes included in the sample are designed not only
to generate positive biodiversity impacts. Indeed, some of them also
foresee the possibility to generate offset, or to combine the generated
biodiversity benefits with other environmental ones (i.e. bundling or
stacking). Although offsetting schemes were excluded from the analysis,
three analyzed schemes allow offsetting. This means that, despite being
designed for nature-positive objectives, sold credits can also be used to
offset impacts. For instance, in the Government of India scheme, credits
can be used for compliance with compensatory afforestation; the Gov-
ernment of UK scheme includes credits for achieving the 10 % net gain
and offsetting; and the LIFE Institute allows credits for compensating
performance in their certification process. However, for most schemes
(11), this possibility is explicitly forbidden, and for one scheme (ases), it
is not specified (Fig. 3). Credit stacking is allowed by the majority (10) of
the schemes. Only in two cases (BioCarbon, Terrasos) is it forbidden, and
in three cases (LIFE Institute, Regen Network Development, Wilder-
lands), stacking is not specified (Fig. 3). Although schemes with bundled
credits were excluded, the possibility of bundling issued “pure" BCs was
explored. In almost all schemes (13), bundling is not addressed.
Bundling is explicitly allowed by one scheme (Savimbo) and forbidden
by another (Cercarbono) (Fig. 3).

Table 3
Exclusion criteria and related BCSs.

Criterion BCSs excluded
Secondary focus on biodiversity 2
Offset schemes 2
Bundled credits 10
Schemes under development 23
Missing documentation 16
Final sample 15

Journal of Cleaner Production 523 (2025) 146382

Table 4

Sample of existing BCSs with launch status. * Scheme documents have been
finalized and consolidated by the scheme developer. ** Scheme documents are
at the final stage of development; only minimal modifications could be applied.

SCHEME SCHEME NAME STATUS
DEVELOPER
ases ases On-Chain Protocol - Methodology for ~ Approved*
the issuance of Verified Biodiversity (2023)
Credits
BioCarbon Cert Biodiversity Crediting Program Approved
(2022)
Cercarbono Cercarbono Biodiversity Certification Approved
Programme (CBCP) (2024)
Government of Nature Repair Market Approved
Australia (2023)
Government of UK Biodiversity Net Gain Approved
(2024)
Government of India Green Credit programme Approved
(2023)
GreenCollar NaturePlus™ Scheme Approved
(2023)
LIFE Institute LIFE Biodiversity Credits Approved
(2023)
Plan Vivo Foundation  Plan Vivo Biodiversity Standard (PV Approved
Nature) (2023)
Regen Network Regen Registry Program - ERA Brazil Approved
Development, PBC Biodiversity Stewardship Credit (2024)
Methodology
Savimbo Biodiversity Program Approved
(2023)
Terrascape Protocol for Nature Credits Under
approval**
Terrasos Protocol for the Issuance of Voluntary Approved
Biodiversity Credits (2022)
Verra Verra Sustainable Development Verified Under
Impact Standard (SD VISta) - Nature approval
Framework
Wilderlands Biological Diversity Unit Approved
(2022)
4.2. Project

Projects for BCs generation can be implemented in different
ecosystem types (terrestrial, marine, freshwater) adopting different ac-
tivity types (restoration and/or preservation). Looking at the ecosystem
type, the greatest share (7) in the sample is the one of the schemes that
allow projects in any ecosystem type. It is followed by the one of
schemes (6) focusing only on terrestrial ecosystems (BioCarbon, Gov-
ernment of India, Regen Network Development, Savimbo, Terrascape,
Terrasos). One scheme (ases) allows projects both in the terrestrial and
in the freshwater realm, and another one (Verra) in the terrestrial and
the marine one (Fig. 4a).

Therefore, all the schemes apply to at least terrestrial ecosystems and
nine of them also to another ecosystem type. It is interesting to highlight
that only scheme designed by ases, Cercarbono, and Government of UK
explicitly consider urban ecosystems. Regarding the activity type fore-
seen by the scheme, the vast majority (12) include both restoration-
related and preservation-related activities.* In two cases (Regen
Network Development, Savimbo) the scheme focuses only on preser-
vation, while the remaining one (Government of India) focuses on
restoration (Fig. 4b). Indeed, for the Government of India, despite
different activity types are foreseen, including mangrove conservation
and restoration, currently only the methodology for tree plantation has
been developed. Concerning project duration, in three cases (Govern-
ment of Australia, Government of India, GreenCollar) a minimum

4 Among them, in some cases (e.g. GreenCollar) the two types of activities
cannot be undertaken together (because different calculation formulas are
foreseen for restoration and preservation projects). In addition, Cercarbono also
includes among eligible activities, climate adaptation ones.
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Fig. 2b. Schemes’ geographical coverage.

requirement is not specified. When it is specified, instead, most cases (9)
have a minimum duration of at least 10 years. Specifically, for four
schemes the minimum requirement is precisely 10 years; for the other
five schemes it is greater than ten years. It is twenty years for Terrasos,
Verra, and Wilderlands; thirty years for Government of UK and LIFE
Institute. The remaining three schemes have instead a minimum dura-
tion requirement of less than 10 years® (Fig. 5).

It is one year for Savimbo (for IPLC proponents), five years for Regen
Network Development, 9 years for Terrascape. To ensure transparency

5 For BioCarbon, Cercarbono, Plan Vivo Foundation, Regen Network Devel-
opment, Terrascape the minimum project duration has been indirectly recov-
ered from the crediting period, i.e. the period during which credits can be
issued.

and avoid negative effects, most schemes include requirements for
additionality, permanence, and non-leakage, though the level of detail
and compulsoriness varies widely. Ten schemes address additionality
(Fig. 6), either in general terms (Government of Australia) or through
specific steps or provisions for demonstration by project developers
(ases, BioCarbon, Cercarbono, GreenCollar, Plan Vivo Foundation,
Savimbo, Terrasos, Terrascape, Verra). Demonstration can pertain to
ecological aspects (e.g., whether net gains are generated by the project),
financial aspects (e.g., resources provided by selling credits are essential
to carry out the interventions), and the regulatory context (e.g., in-
terventions are not already required by law in force). Permanence is
addressed in thirteen schemes. Among these, eight schemes (ases, Cer-
carbono, GreenCollar, LIFE Institute, Plan Vivo Foundation, Terrascape,
Verra, Wilderlands) adopt a reversal buffer to guarantee permanence.
The buffer’s value can be fixed or variable, with a maximum of 30 % of
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total issued credits. In addition, permanence can be guaranteed with the
requirement of: binding legal agreements (e.g., Government of UK,
Wilderlands); demonstration of legal and financial conditions (Bio-
Carbon); economic resources saved for the long-term conservation
objective (Terrascape). Lastly, non-leakage is adopted in ten schemes.
Four schemes (GreenCollar, LIFE Institute, Plan Vivo Foundation, Verra)
include it in the formula for computing the total number of BCs. Others
foresee assessments (Cercarbono), monitoring (Savimbo), and mitiga-
tion measures (Government of UK, Plan Vivo Foundation, Verra).
Looking at MRV, what emerges is that most schemes Monitoring and
Reporting are carried out by the project developer itself, while Verifi-
cation by a third party. In addition, Monitoring activities usually are
carried out during the whole project duration, according to a monitoring
plan; Reporting, with certain specific frequencies that varies based on
schemes requirements; and Verification, before the issuance of BCs and
can be based on the monitoring report. The literature underscores the
importance of local stakeholder involvement in enhancing the efficacy
of BCSs. Accordingly, the analyzed BCSs include requirements for
benefit sharing and local stakeholder engagement. Specifically, benefit
sharing is addressed in seven schemes, with three stipulating minimum

shares. For the LIFE Institute, if the community is involved, it must
receive at least 30 % of revenues derived from credits; for the Plan Vivo
Foundation, a minimum of 60 % must go to project participants; and for
Terrascape, a minimum of 75 % must go to conservation, which includes
the remuneration of IPLCs. The remaining schemes outline guidelines
such as equitable sharing of advantages with local participants (Bio-
Carbon), defining benefit-sharing agreements and mechanisms (Cer-
carbono, Verra), and transparent disclosure of remuneration for IPLCs
(Savimbo). Local stakeholder engagement is required by twelve
schemes, with varying levels of detail. For instance, Cercarbono and
Plan Vivo Foundation have comprehensive requirements, ranging from
stakeholder identification to consultation. Regen Network Development
includes social engagement as a factor in the credit issuance calcula-
tions. Additionally, Plan Vivo Foundation and Wilderlands incentivize
the involvement of IPLCs in project development. Moreover, Green-
Collar, Plan Vivo Foundation, Savimbo, Terrascape, and Verra explicitly
require Free Prior Informed Consent (FPIC) from IPLCs. Finally, the
knowledge of IPLCs is explicitly considered in the schemes of the Gov-
ernment of Australia, Savimbo, Verra, and Wilderlands.
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4.3. Credit

The characteristics of credits show the highest level of heterogeneity
among the elements analyzed, starting from the nomenclature adopted
by each scheme. The most frequently used terms are “Biodiversity" (11)
and “Credit" (11). Other terms include “Nature" (3) and “Green" (1) for
biodiversity, and “Certificate" (2), “Unit" (1), and both “Credit" and
“Unit" (1). The Government of UK uses the terms “Statutory biodiversity
credits" and “Off-site biodiversity unit'. Regarding credit units and
calculation approaches, most schemes (11) define each credit as corre-
sponding to a specific project area or this information can be retrieved
(Government of UK). In eight cases, this area is measured in hectares,
while in three cases, it is measured in square meters. Instead, some
schemes adopted different approaches. In particular, in the case of
Government of UK, each hectare of the project area can generate be-
tween two and six units, the Government of Australia assigns each credit
to a different project, and the Government of India equates each credit to
a tree planted. For the remaining two schemes (LIFE Institute, Regen
Network Development), the unit is not clearly specified. The method-
ologies for BCs calculation are in general different across the schemes.
The only exceptions regard Cercarbono, which adopts the methodology
of Savimbo; and Regen Network Development, which can apply the
methodologies of GreenCollar and Terrasos in addition to the one
developed by ERA Brazil. Biodiversity can be measured using a single
metric or multiple metrics. In most cases (9), the calculation is based on
an index. Two cases (LIFE Institute, Regen Network Development)
employ a mosaic approach, while one case (Government of Australia)
has not yet defined this aspect (Fig. 7). The approach to credit calcula-
tion also varies significantly, reflecting the complexity of biodiversity
compared to carbon credits. Biodiversity enhancement can be measured
through species attributes such as variety, number of individuals, and
degree of threat, or through habitat features. More than half of schemes
(9) include both species-related and habitat-related metrics in their
formulas for computing the total number of credits. Three schemes
(Cercarbono, Government of India, Savimbo) focus on species, while
two (Government of UK, Terrasos) emphasize habitats. The Government
of Australia scheme does not specify this aspect.

Regarding credit issuance, for more than half of schemes (8) it is
outcome-based and ex-post. In two cases (Government of Australia,
Government of UK) it is outcome-based and mixed; in one (Wilderlands)
outcome-based and ex-ante; in two (Government of India, LIFE Institute)
practice-based and ex-post; in one (Regen Network Development)
respectively mixed and ex-post and in another one (Terrasos) mixed and
mixed (Fig. 8a). Therefore, outcome-based (11) and ex-post (11)
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issuances are the most common ones. Indeed, only in two cases issuance
is purely based on practice and only in one case it is solely ex-ante. For
the remaining cases, respectively two and three, it is mixed. Regarding
the registry, most schemes (10) directly manage the registry in which
the project and the credits issued are listed. Only in five cases® the
registry is outsourced to a third party (Fig. 8b).

Finally, it is interesting to highlight that some schemes foresee the
possibility of differentiating credits, attributing either different prices to
them or a label highlighting specific features to orientate investors in
their purchases. Differentiation is based on the typology of project that is
implemented and in particular on the typology of habitat that is
restored. Among the schemes that differentiate BCs also with prices,
there are the Cercarbono’s and Government of UK’s ones. Cercarbono
proposes (not compulsory) differentiation based on existing interna-
tional frameworks or conventions on biodiversity’ for prioritizing more
urgent action for biodiversity. The Government of UK has developed
different types of credits, differentiating hedgerows and watercourses
from habitat areas and considering rarity of habitat and species richness.
For Plan Vivo Foundation’s scheme, instead, BCs are only differentiated
with labels, which are metadata associated to the project, highlighting
the global significance of the biodiversity supported (i.e. threat status or
protected area status).

5. Biodiversity credits’ market analysis results

Currently, ten schemes have been adopted by project developers for
BCs generation. Only one of these schemes has been developed by a
public organization, specifically the Government of UK. This scheme is
analyzed separately due to its unique compliance nature, and because,
for the moment, only UK stakeholders can purchase BCs generated under
this scheme. Among remaining nine schemes, a total of 50 projects have
been initiated. Nineteen of these projects (17 by GreenCollar and 2 by
Terrascape) are still under development. Analyzing the geographical
distribution of these projects, the majority are located in Australia (24
projects) and Brazil (15 projects). The rest are distributed across
Colombia (2), Ecuador (1), France (2), Laos (1), Malaysia (1), Mexico

6 Cercarbono and Savimbo to EcoRegistry; Terrasos to Regen Registry System
and Biotrust; Wilderlands to Vegetation Link.

7 TUCN Red List of Ecosystems categories; Biodiversity Hotspot; Irreplaceable
biodiversity and irrecoverable carbon; CBD National targets; IUCN Global
Ecosystem Typology; UNEP Forest Biodiversity Intactness Index; Ramsar
Wetland Classification; World Heritage List UNESCO.
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(1), Portugal (2), and Spain (1) (Fig. 9a). In terms of spatial extension,
Brazil encompasses the largest total area with 809,360 ha, followed by
Colombia with 74,540 ha, Australia with 51,929 ha, and Ecuador with
10,000 ha. Smaller areas are in Mexico (200 ha), Portugal (103.48 ha),
Spain (38 ha), and France (0.32 ha). For Laos and Malaysia, the infor-
mation is not available (Fig. 9b). Consequently, BC issuance projects
cover nearly 1 million hectares in total.

Additional information regarding the BCs market has been obtained
from the websites of schemes’ developers, registries, and market facili-
tators, as well as through interviews with these entities. Table 5 presents
these findings, detailing for each scheme developer the number of is-
sued, retired, and sold BCs, along with credit prices. The table also in-
cludes the number of projects, their total area, and the type of activity
involved. For issued BCs, actual numbers are provided where available;
otherwise, projected figures are given. To facilitate price comparison
both across and within schemes, values have been converted to dollars
and calculated on a per-ha, per-year basis. Data reveal considerable
heterogeneity among the schemes, with frequent gaps in information,
particularly regarding sold BCs and their prices.

Among the schemes, the majority (seven) have already issued BCs. In
total, 11,661,887.05 BCs have been issued or are projected to be issued,
with the actual issued BCs totalling 5,789,664. Information on the
number of sold BCs is rarely available, with only three schemes publicly
disclosing this data. In total, 124,183 BCs have been sold of which 1285
retired. BC prices vary widely across schemes and even within the same
scheme. Despite efforts to standardize these prices by converting them to
dollars per hectare per year, significant differences remain, with prices
ranging from $7 to $68,000. This heterogeneity can be attributed to
three main factors: (i) the type of credit (depending on the habitat
considered); (ii) the type of project (based on the activities carried out);
and (iii) the type of seller. Notably, the lowest prices are associated with
schemes focusing solely on preservation activities. Regarding the sec-
ondary market, four schemes (ases, BioCarbon, LIFE Institute, Regen
Network Development) allow it, while three schemes (GreenCollar,
Terrasos, Wilderlands) do not, and information is not available for the
remaining two. A trading fee in favor of the scheme administrator is
explicitly stated by one scheme (LIFE Institute), while for the others, this
information is not available.

Overall, schemes differ in their geographic focus, project proponents,
pricing mechanisms, and registry functionalities, with varying degrees
of transparency and market facilitation. Looking more in detail at each
scheme, ases includes two projects in France, two in Portugal, and one in
Spain, all managed by Life Terra Foundation. A unique aspect of this
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scheme is that prices are listed in bitcoins (MATIC) and transactions are
conducted on the Polygon Mainnet blockchain platform, although USD
values are also provided. Royalties are designated for the credit owner.
BioCarbon scheme has recently listed its first project, developed by
CarbonPlus, in Mexico. Regen Network Development has projects in
Ecuador and Brazil, focusing on jaguar monitoring. These projects offer
pre-sale BCs, with one project having 200,000 BCs available out of a
projected 1,400,000. Savimbo’s project is in Colombia, possibly con-
sisting of several smaller projects. The scheme offers two types of BCs:
“Biodiversity credit” (pre-certified) and “Biodiversity + Impact credit”
(MRYV), priced at $7.50 and $5 per hectare per month, respectively.
These BCs can be sold through platforms such as DOVU, Boosterra,
Xpansive, Emsurge, and Senken. Terrasos’s project is located in
Colombia. BCs are priced based on land extension ($25 for 10 m2, $70
for 30 m?, and $110 for 50 m?) and are sold through the Boosterra
platform. They are listed in Biotrust and Regen Registry System, with
transactions facilitated by Climate Trade and Regen marketplace,
involving either a fee or cryptocurrency requirements. Wilderlands has
projects in Australia, with BCs sold in packages based on land coverage
and activity duration. All projects are listed in the Vegetation Link
registry and sold through the Boosterra Marketplace. GreenCollar’s
projects are all based in Australia, despite plans for global expansion,
with further developments needed to apply outside Australian borders.
No public registry for GreenCollar was found. LIFE Institute’s projects
are located in Brazil. While the registry is not public, a document pro-
vides details on projects, including area, status, estimated credits, and
contact information. Buyers do not need an account on the platform, and
transactions must be reported to LIFE Institute. No information on issued
or sold credits or their prices was found. Terrascape has two projects
under development, one in Malaysia and another in Laos, although the
scheme’s documents are not yet finalized.

Since the UK Biodiversity Net Gain (BNG) scheme is mandatory and
BC generated can be sold only within national boundaries, market have
been described separately from other BCSs. BNG scheme allows for BCs
to be obtained onsite, offsite, or through statutory biodiversity credits.®
A national registry, operated by Natural England, records offsite gain
sites. Statutory credits are sold only by Natural England on behalf of
DEFRA, while offsite biodiversity units can be sold by different stake-
holders (e.g.: landowners, habitat bank operators, brokers, trading

8 Statutory credits are a last resort for this reason prices include a markup to
prevent undercutting the offsite market.
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platforms, local authorities). Market facilitators (e.g.: Gaia, Environ-
ment Bank, Ground Control, and Wild Capital) connect developers to
buy/sell offsite credits on their platforms, with prices negotiated among
contracting parties. Price standardization for the UK scheme is chal-
lenging due to the lack of a direct link between units and area size.
Calculations were made assuming that 1-ha project can release between
2 and 6 units, and one offsite unit is equivalent to two statutory credits.
Statutory credit prices range between £42,000 ($54,180) and £625,000
($806,250), but information on sold credits is not available. For offsite
biodiversity units, sold credit data comes from allocated units in the
registry for one project, while prices are not publicly available except for
one the market facilitator, Gaia. Gaia’s revenue includes £604,747,140
($780,123,811) for area habitat, £46,040,520 ($59,392,271) for
hedgerow, and £11,790,250 ($15,209,423) for watercourse habitats.
Gaia’s projects include a minimum of 1338 km of hedgerows and 666
km of watercourses. Overall, information on sold credits and prices is
rarely available for the UK scheme. All available information is sum-
marized in Table 6.
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6. Discussion and conclusions

The paper analysis 15 BCSs focused on achieving net positive
biodiversity gains, examining their characteristics in terms of structure,
involved stakeholders and approach adopted for credit calculation and
issuance. Results indicate significant structural variation among BCSs,
with most being private-led and fewer developed by national govern-
ments. The dominance of privately led biodiversity credit schemes raises
important concerns related to regulatory oversight, environmental
integrity, and cost-efficiency. In the absence of standardized rules and
third-party verification, there is a risk of greenwashing and inconsistent
definitions of additionality and permanence (CBD, 2022; Green Finance
Observatory, 2021). High transaction costs further limit accessibility,
particularly for smaller actors (Pascual et al., 2022). These challenges
point to the need for stronger governance frameworks to ensure credi-
bility and effectiveness. Nevertheless, with appropriate safeguards,
privately led schemes have the potential to play a complementary role in
mobilizing capital for biodiversity conservation at scale. Schemes
encompass diverse ecosystems, including terrestrial, marine, and
freshwater environments, and involve activities like restoration and/or
preservation. Ensuring additionality, permanence, and non-leakage is
crucial, with different schemes adopting varied approaches. Among
schemes, ten have initiated 49 projects (19 of which are under devel-
opment), that are mainly located in Australia and Brazil. In these
countries, BCSs have developed more rapidly, due to specific
geographical and institutional conditions. Both countries have extensive
areas of high biodiversity and have experienced significant land-use
change, which increases the importance of instruments designed to
compensate for biodiversity loss. Regulatory frameworks—such as
biodiversity offset schemes in Australia and the Forest Code in Brazil-
—provide a legal foundation for the development of credit-based
mechanisms. Biodiversity offset schemes are formal policies that
require developers to compensate for residual impacts on biodiversity by
ensuring equivalent gains elsewhere, following principles of 'no net loss’
or 'net gain’ of biodiversity (BBOP, 2012; IUCN, 2020). In Brazil, the
Forest Code mandates the maintenance and restoration of native vege-
tation on rural properties, serving as the legal basis for mechanisms such
as Environmental Reserve Quotas (CRA), which enable biodiversity
credit trading (Soares-Filho et al., 2014; Rajao et al., 2020). Their fed-
eral systems allow subnational governments to design and implement
context-specific schemes. Moreover, both countries possess technical

Total number
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Fig. 9a. Total number of projects.
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Table 5
Schemes’ market. *Values based on own calculations. **Values sent via mail.
Scheme developer # of projects Area (ha) Activity type # credits issued (estimated) # credits sold (retired) Price ($/ha/y)
ases 5 142 Both 3086 N.A. (0) 94-233
BioCarbon 1 200 Both N.A. N.A. N.A.
GreenCollar 20 51,233 Restoration 60,435 N.A. N.A.
LIFE Institute 14 758,760 Both (4,396,923) N.A. N.A.
Regen Network Development 2 60,600 Preservation (1,475,300) N.A. 7-18*
Savimbo 1 74,200 Preservation 94,000 2030* 60-90
Terrascape 2 N.A. N.A. N.A. N.A. N.A.
Terrasos 1 340 Both 62,063 1543* (1285) 733-1052
Wilderlands 4 696 Both 5,570,080** 120,610** 20,400-68,000**
Table 6

Government of UK scheme. *Values based on own calculations. **Values retrieved from interview.

Total area (ha)

# of issued credits # of sold credits Mean price ($/ha/y)

Credit type Source # of projects

Statutory credit Government website N.A. N.A.

Offsite unit National registry 9 266
Gaia 233** 3762%*
Environment Bank 46 529
Ground Control 2 160
Wild Capital 2 32

N.A. N.A. 21,543-64,629*
532-1597* 13 N.A.

22,621%* N.A. 6460*
1057-3171* N.A. N.A.

514 N.A. N.A.

260 N.A. N.A.

capacity in environmental assessment and land monitoring, which fa-
cilitates the operationalization of BCSs. Seven schemes have issued or
plan to issue a total of 11,661,887.05 credits, with 5,789,664 already
issued, 124,183 sold, and 1285 retired. Credit calculation and issuance
methods differ significantly, with a preference for outcome-based and
ex-post issuance. Market shows considerable variability in issued/sold
credits and their prices. Finally, findings underscore the critical role of
transparency, stakeholder engagement (specifically IPLCs), and metrics
in enhancing the effectiveness and credibility of BCSs. To fully exploit
the demand potential while maintaining high integrity, developments
are necessary across three key facets: metrics, governance, and market.

The methodologies and metrics adopted for measure biodiversity are
crucial for balancing standardization with context-specificity to facili-
tate market development (NatureFinance & Carbone 4, 2023; Climate
Focus, 2023a, Climate Focus, 2023b). Currently, methodologies for
biodiversity accounting in BCSs are highly varied, leading to significant
difficulties in comparing credits across different schemes. Some
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initiatives focus solely on species or habitat metrics, while others
attempt to combine both. The absence of comprehensive metrics that
account for the complexity of biodiversity can undermine the effec-
tiveness of the credits. Ensuring the accuracy and reliability of biodi-
versity measurements is challenging. The diversity in the methodologies
complicate the assessment and comparability between credits, with
some incorporating different ES (e.g.: habitat connectivity) and others
considering solely metrics referred to species conservation and/or
restoration. Standardization in biodiversity metrics is essential for
comparability, credibility, additionality, and permanence in BC schemes
(WEF, 2020). The endeavour to establish a unified metric for biodiver-
sity appears inherently problematic. The ecological value of individual
components of nature is highly context-dependent, and the vast di-
versity of life results in numerous exceptions to any standardized rule.
Consequently, any “basket of metrics" approach is prone to
cherry-picking, compromising its robustness and validity (Mace et al.,
2018; Purvis, 2020; Sutherland et al., 2013). The methodological



E. Croci et al.

heterogeneity observed across BCSs reflects the current developmental
stage of these instruments, where no dominant standards have yet been
consolidated. This fragmentation is not unexpected in emerging envi-
ronmental markets and mirrors the early evolution of carbon credit
systems. In the voluntary carbon market, initial diversity in metrics and
protocols gradually gave way to greater standardization, as actors
converged around a limited number of robust and credible schemes (e.
g.: Verra and Gold Standard). In contrast, BCSs remain characterized by
diverse evaluation criteria, indicators, and verification procedures,
which hinders consistency across schemes. As Mace et al. (2018) have
noted, the reliance on multi-dimensional indicators, while ecologically
appropriate, introduces substantial complexity and limits cross-scheme
comparability. Advancing toward standardized biodiversity metrics
will therefore require coordinated efforts across scientific, regulatory,
and standard setting actors to identify common rules and indicators that
are both ecologically meaningful and operationally feasible within
crediting systems.

Governance is another crucial aspect for the efficacy of BCSs. The
heterogeneity observed in current schemes leads to inconsistencies in
how BCs are issued and managed. Some schemes suffer from regulatory
gaps, lacking robust frameworks to ensure compliance and enforce
standards, which can compromise credits integrity. The roles of stake-
holders in the execution of BCSs are varied and include project de-
velopers, investors, regulatory bodies, and local communities. Project
developers are responsible for the implementation and monitoring of
biodiversity projects, investors provide necessary capital, regulatory
bodies ensure compliance with environmental standards, and local
communities, particularly IPLCs, are integral to the sustainability and
social integrity of the projects. IPLCs engagement is often insufficient,
posing significant challenges in ensuring equitable benefit-sharing. It is
imperative to implement mechanisms for equitable benefit-sharing be-
tween IPLCs and project developers, with active IPLC involvement in
market design and development (Zynobia Newman et al., 2023). Ex-
amples of effective engagement include projects by Savimbo and Ter-
rasos. National governments and international organizations can play a
pivotal role in enhancing the integrity of BCSs by enforcing environ-
mental regulations to limit leakage risk and instituting property laws
that clarify IPLCs’ land rights and ownership of credits on public or
community land (WEF, 2023). Additionally, by developing and enforc-
ing standardized guidelines and frameworks, regulators can help ensure
that all stakeholders adhere to best practices, thereby enhancing the
overall credibility and effectiveness of BCSs. In this case the scheme
developed by UK represents a guidance. The governance of BCSs must
include well-defined roles for all stakeholders, robust and transparent
frameworks, and active involvement of IPLCs. Addressing these aspects
will lead to greater consistency, accountability, and integrity, ultimately
resulting in more effective and sustainable biodiversity conservation
outcomes.

The BCs market faces several critical issues that hinder its develop-
ment and scalability. One of the main challenges is the significant
variability in the pricing of BCs, influenced by factors such as habitat
type, project activities, and the seller. Price volatility constitutes a
critical structural barrier to the development of credible and investable
BCSs. As observed in other emergent environmental markets, including
early carbon trading systems, the combination of limited liquidity,
heterogeneous credit quality, and the absence of robust price bench-
marks often results in thin markets characterized by significant valua-
tion uncertainty (Piris-Cabezas and Lubowski, 2018; Liang et al., 2016).
In the context of BCSs, where the ecological and financial value of
credits remains subject to evolving methodologies and standards, this
uncertainty can hinder both supply-side participation and demand-side
confidence. Addressing this challenge may require the introduction of
price stabilization mechanisms - such as government-backed minimum
purchase guarantees, public reserve facilities, or market-making func-
tions - that can provide price stabilization, enhance investor assurance,
and support orderly market development (World Bank, 2022). Such
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instruments are particularly relevant during the initial phases of market
formation, when volatility is highest and price signals are most fragile.
Additionally, improving efficiency and lowering project development
costs are necessary steps to meet the potential demand (WEF, 2023;
International Advisory Panel on Biodiversity Credits — IAPBC, 2024).
Overcoming the barrier of postponed payments in outcome-based
credits is crucial, as delays between project initiation and credit issu-
ance can impede supply growth, particularly in the absence of devel-
opment finance (Pollination, 2023). This variability complicates
investors’ ability to consistently assess the value of credits. Furthermore,
the infrastructure for trading BCs is still underdeveloped, with some
schemes lacking efficient platforms for buying and selling credits, and
secondary markets not always available. Another critical issue is the
difficulty in retrieving information on available projects and credits,
which complicates decision-making for investors and other stake-
holders. The presence of intermediaries or market facilitators can help
bridge gaps in the biodiversity credits market, but their roles and impact
must be clearly defined and managed to avoid potential conflicts of in-
terest or additional costs. Facilitators play a crucial role in enhancing
market transparency by providing valuable information and expertise to
both buyers and sellers and helping to standardize processes (Mandel
et al., 2010; Narloch et al., 2011). They can also improve market
liquidity and accessibility by developing efficient trading platforms and
secondary markets, thereby increasing investor confidence (Ecosystem
Marketplace, 2020). However, if their roles and fees are not trans-
parently managed, they could introduce additional costs and reduce
overall market efficiency. Proper regulation is essential to ensure that
facilitators contribute positively to the market without driving up
transaction costs (Bull et al., 2013). High transaction costs, including
administrative fees, compliance costs, and the expenses associated with
monitoring and verification, can be significant barriers to market effi-
ciency and participation (Wunder, 2007). Finally, to improve the supply
of BCs, it is essential to ensure integrity (WEF, 2023). Integrity is crucial
for ensuring that positive impacts on biodiversity and communities are
effective, requiring the development of high-integrity credits at a suffi-
cient scale (NatureFinance & Carbone 4, 2023). Several key elements
ensure the integrity of biodiversity credits. Firstly, additionality is
necessary; projects must demonstrate that their activities result in net
positive gains in biodiversity that would not have occurred without the
project. Permanence involves ensuring long-lasting benefits through
measures like legal agreements or conservation easements to maintain
biodiversity gains over time. Non-leakage ensures that biodiversity
benefits in one area do not lead to negative impacts in another. Robust
monitoring and verification are essential, requiring regular scientific
monitoring and independent third-party verification to track progress
and validate results. Transparency is also crucial, with project docu-
ments, methodologies, and outcomes made publicly available to allow
for validation by stakeholders.

All in all, achieving a balance between high integrity, rigorous MRV,
fair pricing, and public willingness to pay is necessary for sustainable
market growth (Pollination, 2023). Robust governance and regulatory
support are vital for expanding market size and preserving integrity.
Establishing transparent institutional arrangements and robust gover-
nance frameworks is essential (NatureFinance, 2023; Pollination, 2023).
This is further underscored by the fact that BCSs have so far emerged
only in a limited number of contexts, typically those characterised by
advanced institutional capacity and relatively mature environmental
markets. Their absence in other countries reflects the demanding
governance and market conditions these mechanisms require to function
effectively. Future research can play a transformative role in clarifying
the financial and management implications of biodiversity loss. In
finance, there is a pressing need for methodologies to quantify and
integrate biodiversity-related risks into asset pricing, sovereign credit
ratings, and investment decisions (Dasgupta, 2021; Aglietta and
Espagne, 2016). Regulatory developments - such as emerging sustain-
ability reporting obligations and nature-related disclosure frameworks
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(e.g., CSRD and TNFD) - also offer empirical opportunities to investigate
how policy shapes market practices and investor responses. In man-
agement, further studies should examine how firms internalize biodi-
versity considerations within strategic planning, risk management, and
supply chain governance. Comparative research on organizational re-
sponses to biodiversity-related risks can offer valuable insights into the
institutional determinants of adaptive capacity and long-term value
creation, thereby informing strategies that support both ecological
resilience and corporate sustainability. Standardized guidelines and
frameworks can help address these issues by providing clear and
consistent protocols for the issuance, management, and verification of
biodiversity credits.
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