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Integrating sustainability into climate finance by
quantifying the co-benefits and market impact of
carbon projects
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High-quality development rooted in low-carbon growth, new jobs, energy security, and

environmental quality will be a critical part of achieving multiple sustainable development

goals (SDGs). Doing this will require the dramatic scaling up of new climate finance while

maximizing co-benefits across multiple outcomes, including for local communities. We

developed a comprehensive methodology to identify different levels of local co-benefits,

followed by an econometric analysis to assess how the market values co-benefits through the

clean development mechanism. We find that projects with a likelihood of delivering the

highest co-benefits received a 30.4% higher price compared to projects with the lowest co-

benefits. Project quality indicators such as the Gold Standard, in conveying higher likelihood

of co-benefits, conferred a significant price premium between 6.6% and 29%. Our metho-

dology of aligning co-benefits with SDGs and the results of co-benefits valued by the markets

indicate approaches to bolstering social and political support for climate finance.
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We live in a world that is affected by climate change, that
has finite resources, and that calls for global efforts to
achieve a sustainable low-carbon future, where carbon

benefits should be aligned with broader development goals1.
Those diverse economic and development benefits created from
climate actions, such as improving air quality, empowering
women, improving farmers’ livelihoods, or creating local jobs,
often are termed “co-benefits.” In many development contexts,
and in many specific communities, these co-benefits are concrete
and near-term, and are often seen as more directly valuable than
carbon benefits. The co-benefits approach, therefore, could
motivate action on climate change2 and incentivize political
support3 by engaging a broader range of stakeholders4. In the
context of sustainable development goals (SDGs), climate action
is more than just one of the 17 SDGs, it has been shown to have
strong synergies and trade-offs with other SDGs4–11. Clearly, a
comprehensive understanding of the co-benefits aligned with
SDGs presents potential to achieve climate change mitigation and
non-climate objectives.

On the path to a low-carbon, sustainable growth transition,
climate finance is a crucial aspect of achieving both climate and
sustainable development goals—particularly through enabling
large-scale investments in reducing greenhouse gas emissions and
adapting to the adverse effects of climate change12,13. However,
how the climate finance market values co-benefits remains poorly
understood. This can bias policies14,15 or otherwise limit the
mobilization of climate finance, especially private finance16,
potentially reducing the real co-benefits delivered to local
communities.

Current research on integrating sustainability criteria or co-
benefits into sustainable investing has faced several challenges.
First, while it is fairly simple to calculate the cost of projects, the
co-benefits are much harder to measure or estimate because these
benefits are often intangible or non-monetary (such as health co-
benefits). Second, standards to measure these bottom-up or dis-
tributed co-benefits are undefined and inconsistent. Third, there
is a lack of globally comprehensive reporting and assessments for
the different co-benefits that map on to the different SDGs. Due
to inadequate co-benefit data disclosure standards and perfor-
mance metrics, these scattered and inconsistent approaches fur-
ther prevent researchers from assessing the presence, extent, and
determinants of co-benefits17.

While the challenge of leveraging much larger amounts of
climate finance is broadly recognized, only partial answers have
been provided by previous research. Some qualitative research
seeks to identify co-benefits of climate finance projects by a
multiple-dimension–multiple-indicator methodology, ranging
from simple project checklists18,19, to a more complicated
method of extracting co-benefit-related information and building
up a profile of co-benefits for each project for comparison20–25, to
the most complicated method of multi-attributive assessment
with a combination of indicators of qualitative, semi-quantitative,
and quantitative natures26–31. These methodologies help elucidate
the benefits but largely are blind to interactions between projects
and market actors, particularly how much market actors value co-
benefits. Another research strand evaluates co-benefits quantita-
tively but limits the scope to specific, easily measured and com-
parable categories, such as environmental indicators (e.g., CO2,
SO2, etc.) or socioeconomic indicators (e.g., income, employment,
etc.)32–35.

While research has expanded quickly—particularly on devel-
oping co-benefit indicators and specific, measurable outcomes—
there remains less understanding of the extent to which the
presence of co-benefits, especially at the local level, is valued by
investors. To address this gap, we first develop an analytical
framework to categorize SDGs and local co-benefits (Fig. 1). We

test this framework using econometric analysis of how co-benefits
are valued by market actors in an application of climate finance:
using historical experience with a similar, real-world experiment,
the clean development mechanism (CDM). As the major inter-
national carbon offset mechanism under the Kyoto Protocol36,
the CDM was designed to lead to significant emission reductions
that would both lower the cost of climate mitigation in developed
countries and contribute to sustainable development in the host
countries. It therefore provides a helpful historical experience that
can illuminate connections between investor preferences and
policy goals to support development outcomes and emissions
reductions, with its nearly 8000 projects across 105 host coun-
tries, each of which generated tradable quantities of emissions
reductions called certified emissions reductions (CERs). The link
between the CDM and local co-benefits has been studied at some
length via case studies and other qualitative approaches but
assessments based on empirical data have been sparse37. To carry
out this research, we also refine and improve data on the CDM
from an existing database, by adding Emission Reduction Pur-
chase Agreement (ERPA) dates and buyers’ sectoral information
and profit status for each project. Our dataset provides the most
comprehensive listing of buyers and sellers in the CDM market.

By focusing on local co-benefits, this research highlights the
importance of valuing co-benefits where projects are located, and
how these projects deliver impacts on local communities.
Accordingly, for this paper we ask two questions: (1) do potential
co-benefits from CDM projects encourage buyers to pay more as
reflected in the credit price? and (2) do CDM projects with
external certification deliver a price premium based on their
guaranteed co-benefits? To answer the question of whether co-
benefits encourage a premium, we conduct an econometric ana-
lysis of CER prices for 2259 projects for the co-benefits based on a
new SDG and co-benefits analytical framework. We find that a
project with a likelihood of delivering the highest co-benefits
received a 30.4% higher credit price compared to projects with the
lowest co-benefits. To answer the second question of whether
externally certified projects deliver a price premium, we add an
investigation of the so-called the Gold Standard (GS) certification
for CDM credits, which focuses on sustainable development
benefits. We then perform another econometric analysis of a
group of 2195 regular CDM projects and 64 “Gold Standard”-
certified CDM projects through a combined technique of exact
matching, propensity score matching, and regression adjustment.
Our results show that project quality indicators such as the Gold
Standard, by conveying higher likelihood of local co-benefits,
conferred a significant price premium in the range of 6.6–29%.
This paper adds to our understanding of the link between
investors and co-benefits from climate or carbon benefits via the
CDM, which is essential for unlocking potential climate finance
from the private sector. The compelling evidence from our ana-
lysis illustrates the crucial importance of rooting co-benefits with
the carbon benefits. It further adds to the discussion of the
importance of co-benefits in mobilizing broader stakeholder
engagement—two important components of which are the local
communities and climate finance investors assessed in this paper.

Results
Assessing co-benefit valuation through an SDG co-benefit
framework. The first approach we take is to assess market price
premiums of co-benefits, as reflected in the CER prices for pro-
jects with different kinds of co-benefits. To do this, we develop a
two-layer framework for categorizing the overall local co-benefits
of carbon projects (Fig. 1 and Supplementary Fig. 1). The first
layer captures the five categories of local co-benefits, while the
second layer captures broader SDG dimensions. For this research,
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we focus on project components that only have a local focus on
local co-benefits. We adopted a methodology of analyzing SDG
benefits from McCollum (2018)38 and the IPCC special report on
Global Warming of 1.5 °C39. We then assess the co-benefits of
projects in a more quantified way. We used a systematic literature
review to assess and score SDG targets and then linked those to
the potential CDM co-benefits37. Detailed steps and methods of
this framework are summarized in the “Methods” section and
also the Supplementary Note 1.

Using this framework, we grouped 2195 projects into eight
levels of co-benefits (Fig. 2) and sorted the level of co-benefits
delivered into ranked categories. The framework was derived
from an extensive structured literature review as described in

Hultman, Lou, and Hutton (2020)37. A detailed table of this SDG
framework with all the supporting literature can be found in
Supplementary Table 1.

We then conducted the regression analysis by performing four
specifications (Table 1). Across the four models, coefficients of
co-benefits show an increasing trend. In both model 3 and model
4, the coefficients of co-benefits are all statistically significant at a
95% confidence level, except for the co-benefit 5 category, which
includes energy efficiency (EE), households, and small hydro
projects. There is a clear increasing pattern in all models except
for co-benefit 6 in model 1 and co-benefit 7 in model 4. The
overall trend is consistent across the four models. Our preferred
model, model 3 indicates that after controlling for projects’

Fig. 1 SDG-interaction score system. We first establish five broad goals of co-benefits as indicated in the upper layer. Each of these five broad goals is
associated with one or more SDG goals (second layer). We then produce an SDG-interaction score for each SDG, based on the specific project. Interaction
components can be either positive and negative, which leads to aggregate positive and negative scores. We support the scores with evidence from the
literature and confidence level assigned by the authors.Credit: Images from: UNFCCC COP23 and United Nations.

Fig. 2 Categorization of co-benefits of CDM projects based on simplified version of the SDG-interaction score platform. This figure illustrates different
levels of potential local impacts from CDM projects as drawn from the literature. Green shaded colors indicate limited, medium, and high positive impacts.
The yellow color points to the projects which might have both positive and negative impacts on the local communities. The red color indicates potential
negative impacts. The higher score the co-benefit gets in the final score columns, the larger value of the co-benefit.Credit: Images from: United Nations.
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features and sellers’ background, projects with a likelihood of
delivering more co-benefits receive higher CER prices. For
example, projects in co-benefits level 2 are likely to have an
average $1.53/tCO2e (11%) price premium compared to projects
in co-benefits level 1. Additionally, we plot the point estimates
and 95th percentile confidence intervals of co-benefits of model 3
and model 4 to show the trends visually in Fig. 3. The overall
results support our initial hypothesis that customers value climate
finance projects with high co-benefits more and this is reflected in
the market price.

Impact of certified premium CDM projects on perception of
co-benefits and price. In addition to allowing an evaluation of
standard CERs, the historical experience of the CDM provides
another approach to evaluate the link between anticipated ben-
efits of projects and the overall market price. This approach is
based on the presence of a small subset of CDM projects that
sought and acquired a third-party quality label called the “Gold
Standard”. Unlike the regular CDM, which makes no claim to the
specific projects or co-benefits that the CDM generates, these
independent labels or other indicators can potentially send a
signal to CER purchasers that a labeled project has higher co-
benefits, and this might then stimulate higher market prices for

the CER prices26. This certification standard provides an add-on
methodology to evaluate the quality of the project across
several dimensions, including specific safeguards and require-
ments for project type. The standard establishes a methodology
that certifies projects that not only achieve the goal of emission
reductions but also can deliver on at least two SDGs that are
important to ensuring that the benefits are delivered to local
communities40,41.

We can thus compare GS projects to regular CDM projects to
estimate the actual price premium a buyer is willing to pay for a
Gold-Standard-labeled CDM project. To do this, we conducted a
propensity matching and exact matching analysis with five
alternate models (Table 2). These five models represent different
matching techniques, which are explained in detail in the
“Methods” section. Across the five models, coefficients of the
treatment effect are all statistically significant at a 90% confidence
level. The difference between the CER prices of Gold Standard
and regular CDM shows consistent trends in all the five models.
Model 1 indicates that statistically controlling for differences in
projects’ features and sellers’ background, Gold Standard projects
received a price premium of $1.90/tCO2e (10.3% of CER price
increase due to the Gold Standard Certification in Supplementary
Table 2). Results of models 2 and 3 indicate that when matched
on their propensity to receive Gold Standard, projects with Gold
Standard displayed a higher price premium. Compared to
matched projects without certification, the price premium is
from $4.21/tCO2e (29%) to $2.58/tCO2e (14%). However, due to
the poorly matched results from model 2, estimates from model 2
might overestimate the impact of Gold Standard. Model 4
displays an estimate of the effect of Gold Standard for CDM
projects that, within each credit buyer’s country, were predicted
to have statistically similar propensities of obtaining Gold
Standard certification. The price premium from model 4 is
$2.33/tCO2e (11.2% of CER price), close to the results from
model 3. Model 5 presents an estimate of the price premium
where each credit buyer’s country and project location (country
level) should be exactly matched, were predicted to have
statistically similar propensities of obtaining certification. The
price premium from model 5 is $1.13/tCO2e (6.6%), which is also
expected. In model 5, due to our limited number of projects in the
treatment group, eventually, we only have two locations of
projects left in the model: China and Vietnam.

Heterogenous effects analysis. One potentially influential factor
in co-benefit valuation is whether the company or the geo-
graphical location of buyers matters to their relative priority for
the quality of sustainable development versus simply low-cost
credits42. We used information on 218 companies across 21
countries to study the credit buyers’ behavior by country and
company. Supplementary Fig. 8 presents the scale of purchasing
CDM projects and the average CER prices aggregated by country,
showing country-level variation from the average global
carbon price.

Table 3 shows the results of all company-level regression
models. One set of results with statistical significance relates to
the location of the projects. For example, credit buyers paid
higher prices for CERs generated in Africa compared to those
based in the other regions. Results indicate that a 10% increase in
the proportion of projects that are located in Asia is associated
with a $0.42/tCO2e (a 1.9%) decrease in the CER prices compared
if the projects are located in Africa. In terms of credit buyers’
industry or for-profit and not-for-profit status, we do not find a
price difference among them. This indicates that in the
compliance carbon markets, prices of CERs do not differ based
on buyers’ profit status or sectors.

Table 1 Regression estimates of CER prices based on
different co-benefits on CDM projects.

Models Model 1
(Linear)

Model 2
(Linear)

Model 3
(Linear)

Model 4
(Log-linear)

Co-benefit 1
(The base case)

0 0 0 0

(.) (.) (.) (.)
Co-benefit 2 0.696** 1.816*** 1.553*** 0.111***

(0.303) (0.439) (0.530) (0.0393)
Co-benefit 3 0.829*** 2.127*** 1.803*** 0.122***

(0.301) (0.472) (0.598) (0.0443)
Co-benefit 4 2.098*** 3.348*** 3.022*** 0.222***

(0.149) (0.402) (0.545) (0.0404)
Co-benefit 5 0.139 0.0161 0.374 0.0346

(0.163) (0.168) (0.437) (0.0324)
Co-benefit 6 1.683*** 4.138*** 4.164*** 0.315***

(0.360) (0.665) (0.665) (0.0493)
Co-benefit 7 3.440*** 4.404*** 4.417*** 0.259***

(0.688) (0.740) (0.740) (0.0549)
Co-benefit 8 0.396*** 3.493*** 3.878*** 0.304***

(0.570) (0.948) (1.043) (0.0773)
Year fixed
effect (FE)

Yes Yes Yes Yes

Project type FE No Yes Yes Yes
Project
location FE

Yes Yes Yes Yes

Credit buyer FE Yes Yes Yes Yes
Project
size dummy

No No Yes Yes

Gold Standard 1.906*** 2.128*** 2.127*** 0.111***
(0.406) (0.408) (0.408) (0.0303)

No. of
observation

2173 2173 2173 2173

Adjusted R2 0.3073 0.3139 0.3138 0.328

The dependent variable in all the first three models is CER prices and is natural log of CER prices
in Model 4. Coefficient estimates are reported in this table. Standard errors are in parentheses.
Co-benefit 1 is the base case. We control for project location fixed effects, credit buyer fixed
effects, project type fixed effects, and year fixed effects in the models. Model 1 conducts OLS
regression without controlling for the project type and project size fixed effect. Model 2 controls
for project type, and model 3 controls for both project type and project size. Model 4 uses log-
linear specification by taking the natural logarithm of the CER prices. We estimate the four
multiple specifications to ensure robust results.
*p < 0.10; **p < 0.05; ***p < 0.01.
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We further evaluate the buyers’ preference for the Gold
Standard certification in the compliance carbon markets through
the hedonic price method. We classify the credit buyers either
through their types of sector (Fig. 4a), or their types of profit
status (Fig. 4b), and show the resulting point estimates, with more
detailed results presented in Supplementary Tables 3 and 4.
Figure 4a shows that the results of the analysis comparing the
Gold Standard CDM projects and regular CDM projects are
statistically significant in the following industries: industrial and
material, carbon-related (including carbon assets management,
carbon consulting management, etc.), and government and
foundation. If these buyers operate in the industrial and material
sector, the results indicate that the price premium of Gold
Standard CDM projects paid by credit buyers is $6.50/tCO2e or
32% more, compared to those regular CDM projects. For credit
buyers focused on carbon-related asset management, the price

premium was $2.90/tCO2e or 14% more if the projects obtained
Gold Standard certification. Buyers from government entities and
foundations are willing to pay $1.60/tCO2e or 15% more if the
projects are certified by the Gold Standard. The rest of the
coefficient estimates of interest are not statistically significant. We
find no price difference between Gold Standard certified projects
and regular CDM projects in other industries.

Figure 4b presents the results of analyzing the different
preferences over Gold Standard-certified CDM projects and
regular CDM projects based on broader buyers’ status as for-
profit and not-for-profit. The results from the for-profit entities
have no statistical significance, while the results from not-for-
profit (government and multilateral development banks (MDBs))
entities continue to have statistical significance. The price
premium for Gold Standard CDM projects is $2.30/tCO2e or
19% more from government entities and is $0.60/tCO2e or 7%

Fig. 3 Point estimates of CER prices based on different co-benefits. a Point estimates from linear model. b Point estimates from log-linear model. Base
case in both models is co-benefit 1. The black circles represent the point estimates of each co-benefit compared to base case, which are obtained from
running the regression. The orange vertical bars represent the 95% confidence intervals of the estimations.

Table 2 Treatment effect of Gold Standard on CDM projects.

Models Model 1 Model 2 Model 3 Model 4 Model 5

Full regression Propensity score
matching with all 9
covariates

Propensity score
matching at 5 continuous
covariates

Exact matching on the
credit buyers

Exact matching on the
credit buyers and project
location

TREAT (Gold
Standard)

1.909** 4.210*** 2.581*** 2.338* 1.130*

(0.858) (1.124) (0.939) (1.180) (0.616)
Year fixed
effects (FE)

Yes Yes Yes Yes Yes

Type FE Yes Yes Yes Yes Yes
Credit buyer FE Yes Yes Yes Yes Yes
Project location FE Yes No No No Yyes
Special cases
Wind 1.130***

(0.425)
3.426 (2.135) 0.893 (1.069) 2.136**−0.833 2.514** (1.148)

Methane avoidance −2.715***
(0.900)

−4.546 (6.943) −1.839* (1.012) 0.915−1.464 0.119 (1.678)

Vietnam 4.417* (2.360) 13.11*** (2.436)
F Joint test 6.0*** 15.1*** 2.9** 5.09*** 2.05*
No. of observation 2251 378 378 294 126
TREAT 64 63 63 49 21
UNTREAT 2187 315 315 245 105
R2 0.3406 0.9521 0.3404 0.2062 0.8327

The dependent variable in all five models is CER price. Coefficient estimates are reported in this table, with standard errors in parentheses. Standard errors are clustered at credit buyers’ company level.
We control for project location fixed effects, credit buyer fixed effects, project type fixed effects, and year fixed effects in the model. Due to the variation of project location and variation of treatment is
highly collinear, we do not include project location fixed effects in models 2–4. Standard error at the company level.
*p < 0.10; **p < 0.05; ***p < 0.01.
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Table 3 Buyer company-level regression results.

Models Model 1 (Linear) Model 2 (Log-linear) Model 3 (Linear) Model 4 (Log-linear)

Number of projects purchase −0.003 (0.010) −0.0003 (0.0007) −0.003 (0.010) −0.00003 (0.0007)
Buyer’s profit status
Foundation 0 (.) 0 (.)
Government −0.288 (1.907) −0.079 (0.180)
MDB 1.247 (2.136) −0.075 (0.155)
Private global 1.614 (1.687) 0.055 (0.122)
Private local 1.502 (1.687) 0.047 (0.122)
Buyer’s sector
Business consulting and others 1.729 (1.730) 0.720 (0.124)
Consumer discretionary 0.844 (1.931) 0.006 (0.139)
Consumer staples 0.248 (2.350) −0.048 (0.169)
Energy 1.547 (1.834) 0.078 (0.132)
Financials 1.401 (1.728) 0.040 (0.124)
Financials (special) 1.042 (1.742) 0.006 (0.125)
Foundation 0 (.) 0 (.)
Government 0.0887** (1.870) −0.084 (0.134)
Industrials 2.077 (1.864) 0.099 (0.134)
Materials 2.326 (1.985) 0.871 (0.143)
Utilities 1.783 (1.783) 0.070 (0.128)
Buyer’s purchased project size (%) −0.346 (0.527) −0.038 (0.038) −0.473 (0.538) −0.048 (0.039)
Buyer’s purchased Gold Standard (%) 4.173*** (0.923) 0.262*** (0.067) 4.107*** (0.944) 0.267*** (0.068)
Buyer’s project portfolio
Asia & Pacific (%) −3.988** (1.868) −0.311** (0.135) −0.350** (1.881) −0.333** (0.135)
Latin America (%) −4.825** (2.199) −0.438*** (0.159) −5.135** (2.215) −0.482*** (0.160)
Middle- East (%) −6.081 (3.741) −0.486** (0.271) −7.568* (3.867) −0.620** (0.278)
Europe & Central Asia (%) −2.369 (4.737) −0.206 (0.343) −2.791 (4.815) −0.232 (0.346)
Africa (%) 0 (.) 0 (.) 0 (.) 0 (.)
Buyer’s location fixed effecta Yes Yes Yes Yes
Observations 218 218 218 218
Adjusted R2 0.207 0.204 0.195 0.203

The dependent variable is CER price in models 1 and 3 and natural log of CER price in model 2 and 4. Coefficient estimates are reported in this table. Standard errors are in parentheses.
*p < 0.10; **p < 0.05; ***p < 0.01.
aWe found that a credit buyer’s location affects the CER prices. CER buyers based in Oceania, specifically, purchasers located in Australia or New Zealand procured at higher CER prices than those based
in Europe and Asia. With Australia as the base case, 14 out of 20 coefficient estimates are negative and statistically significant. This could be because of Australia’s early movement towards a cap-and-
trade program with a high fixed domestic price of carbon credits. Credit buyers located in the UK purchased CERs at a price discount of $8.90 on average (55%). There is no statistically significant
difference between prices from buyers located in North America, Australia, or Europe.

Fig. 4 Point estimates of interaction between treatment (Gold Standard) and different types of buyers. a Coefficients of interaction between buyer’s
sector and treatment. b Coefficients of interaction between buyer’s profit status and treatment. It shows that the treatment effects differ across buyer’s
sectors. The red bars represent the point estimates of each interaction, which are obtained from running hedonic models. The black vertical bars represent
the 95% confidence intervals of the estimations.
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more from MDB, respectively. The rest of the coefficient
estimates of interest are not statistically significant. The results
deliver an important message that non-for-profit organizations
value co-benefits more, and they are pushing the assessment of
the co-benefits in the local communities by purchasing the Gold
Standard-certified CERs with a price premium.

Discussion
Overall, our results demonstrate that a project with a likelihood of
delivering the highest co-benefits received a 30.4% higher credit
price compared to projects with the lowest co-benefits. We also
find that project quality indicators such as the Gold Standard, in
conveying higher likelihood of local co-benefits, conferred a sig-
nificant price premium in the range of 6.6–29%. Our results show
that organizations supported by the public funding are willing to
pay more for projects with higher co-benefits for the CERs with a
Gold Standard certification in the compliance carbon markets.
However, we do not see that the private sector is willing to pay
more in general. When we break the entire private sector down
further in detail, we observe certain sectors, such as industrial and
material, and carbon-related services (including carbon assets
management, carbon consulting management) are willing to pay
more for projects with higher co-benefits for the CERs with a
Gold Standard certification. Their willingness to pay is even
higher than for public entities. One possible explanation of
carbon-related asset management paying more for Gold Standard
projects is that they are the experts in the carbon market and have
deeper awareness of the add-on value that the Gold Standard
provides to the projects. We highlight the potential implications
of communicating the value of co-benefits to a broader set of
stakeholders, including investors, local communities, project
developers, and policymakers, to fully capitalize on potentially
positive impacts. Additionally, our results show that investors are
willing to pay more for projects in certain locations (e.g., African
countries) or that have certain project-related attributes (e.g.,
small wind, small solar, and small biomass projects).

As countries scale up climate finance, it is clear from the his-
torical experience with CDM that an expanded global financial
flow to support projects that reduce greenhouse gas emissions can
create tension in providing financial return while still delivering
co-benefits and carbon benefits. And while co-benefits are diffi-
cult to monetize, they represent the real impact on local com-
munities and are a critical component of broader national
development strategies. From a policy perspective, it is also
essential to set a framework that can place a high strategic value
on delivering local co-benefits to receiving communities through
climate investment. In this framework, public funding can play an
enabling role at the early stage, mobilize for-profit entities to
engage in climate finance, optimize the value of climate invest-
ment, and support delivery of real and lasting sustainability. Our
results highlight the importance of effective communication of
co-benefits, aligning with SDGs, among the entire society.

While CDM experience was heterogeneous in its ability to
deliver community co-benefits, those benefits were more likely to
manifest in projects following general best practices for finance,
including significant community consultation and engagement in
the planning and implementation process. Discussions on any
new system focused on sustainable development or climate
finance goals should include mechanisms that support local co-
benefits. Additionally, the new system should provide safeguards
of preventing undesired effects derived from climate actions. To
do this, the international climate community can establish safe-
guards in three channels. First, learn lessons from extensive
experience in the Reducing Emissions from Deforestation and
forest Degradation (REDD+), which provides an improved

understanding of safeguards associated with its
implementation43. Policy should seek to promote safeguards,
such as effective participation of local communities44; add-on
incentive mechanisms45; the necessary level of social and political
support by linking the co-benefits further to SDGs3, to avoid
negative impacts from climate action. Second, given that socio-
economic conditions are recognized to co-improve SDG indica-
tors with climate policies9, policymakers should make a joint
effort to implement both and in doing so, should focus their
implementing policies centrally on the reporting and transpar-
ency needed to evaluate progress on this goal. Finally, national or
subnational prioritization for projects should generate co-benefits
that are closely related to households, that have a direct positive
impact on them, and that enables wider societal and systems
transformation.

Our research utilized variations in the co-benefit valuation
through the SDG co-benefit framework to establish a correlation
between co-benefit valuation and carbon prices for the regular
CDM projects, and a causal connection between project quality
indicators, which guaranteed higher co-benefits delivered, and
carbon prices for the CDM Gold Standard projects. This
approach fills the sparse comprehensive quantitative analysis gap
based on empirical data in the co-benefit literature38. More
importantly, our model provides a way to better link co-benefits
and local communities robustly and in a way that is suitable for
understanding policy priorities in a broader setting. Second, our
results could be further elucidated and complemented by quali-
tative analyses that focus on local knowledge and communication
in places where projects are located. One of our findings is that
certain regions gain more attention from investors due to co-
benefits. Therefore, a future qualitative analysis would add depth
and further context to how this attention is experienced and what
could be gained by adjusting or enhancing this aspect. Finally, it
contributes to the research on preventing undesired effects
derived from climate action. The SDG co-benefit framework
developed here can relatively easily be applied in other contexts of
sustainable infrastructure investment. It allows for evaluating co-
benefits either at the project level or aggregated levels such as
region or country. The framework could be enhanced in other
ways through project evaluation reports or interviews. This and
similar assessment frameworks can assist the sustainable finance
area by providing some guidelines for including these con-
siderations in the new sustainable development era.

Our paper provides strong evidence that the carbon market
values co-benefits through investors’ willingness to pay more for
projects with higher co-benefits. Nevertheless, several limitations
are worth noting. First, the SDG interaction scores are based on
the authors’ judgment supported by a large literature review.
While we have sought to include transparency on these elements
(for example, through the confidence scores), this could be
approached differently with a structured expert elicitation or
other techniques. Second, our assessment of co-benefit valuation
through the SDG co-benefit framework is based on the project
technology types. Further extension of this current study on
assessing the link between co-benefits and financing can be
developing more fine-grained resolution based on individual
project level to capture the variations of co-benefits of each
project. Third, our sample focused on a specific mechanism,
CDM, a compliance carbon market, and there is a need to test
this approach across other mechanisms and settings (e.g., the
voluntary carbon market, sustainable development mechanism).
Finally, we did not assess CDM afforestation/reforestation
(CDM-AR) projects due to their significantly different char-
acteristics. However, we believe the results from this study might
provide some perspective on enhancing the social and financial
viability of CDM-AR-type projects, including implementation of
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Article 6 of the Paris Agreement. The evidence of investors’
willingness to pay more for projects with higher co-benefits could
also support appropriate AR projects given that such projects can
potentially offer multiple economic, social, and environmental
benefits. A sectoral approach, such as through a new sustainable
development mechanism, would potentially enable the host
countries to scale up AR projects to achieve both emission
reductions and sustainable development benefits.

Methods
Build up interactive SDG co-benefit framework. From our previous systematic
literature review37, we find that a great deal of variation in co-benefits existed not
only among project types but also within project type. In this section, we take one
step further to assess the co-benefits of these projects in a more quantified way by
drawing up studies of scoring exercise at the level of the SDG targets to better
understanding the interaction between the CDM project technologies and the SDG
dimensions. The two primary studies on this topic are38 and the Intergovernmental
Panel on Climate Change (IPCC) special report Global Warming of 1.5 °C39. Both
studies have conducted thorough research on the potential SDG targets from the
deployment of mitigation options. Our paper adopts the structure of integrating
the SDG targets into the mitigation options from both studies, while adding
another layer of five co-benefit criteria on top of this structure. Thus, the final
structure of the assessment is presented in Supplementary Fig. 1.

Under each SDG target, we assign an SDG-interaction score from this specific
SDG target and the project. The SDG-interaction score is a seven-point scale score.
Interaction between outcomes of the CDM projects and the SDG targets can be
positive and/or negative. For the positive interaction, we have “high impact”,
“medium impact”, and “limited impact” scales, and for negative interaction, we
have “minor damage”, “medium damage” and “massive damage”. Additionally, we
present the validity of the results in the literature by examining the quantity,
quality, and consistency of the literature into four scales, limited, medium, robust,
and extensive. Eventually, we assign the current level of confidence (“low”,
“medium”, “high”) to each SDG interaction based on the previous two aspects. This
bottom-up direction of assessing the SDG interaction scores eventually can be
aggregated at the level of co-benefit criteria. Our implication assumption is that the
SDG goals are weighted equally, despite those countries may have different focus
areas on sustainable development based on their national development priorities.

Data. Our data of the interactive SDG co-benefit framework is based on 84 aca-
demic peer-reviewed and grey studies conducted on the topic of carbon finance and
community co-benefits from a systematic literature review search. The primary
data source for economic models is the UNEP DTU CDM/JI Pipeline Analysis and
Database (CDM/JI Pipeline). Additional information, such as ERPA dates, is
extracted by Python from CDM documents in PDF format on the UNFCCC CDM
projects site. To check the accuracy of the ERPA dates extracted by the computer,
we adopted two methods to validate the data (see Supplementary Note 2: Accuracy
of the ERPA Dates). We include 2259 CDM projects in our paper. The dataset
covers 20 project types and two project sizes46. We present the statistical sum-
maries of the data in Supplementary Table 5. We also plot the distribution of CER
prices in Supplementary Fig. 9. Within these 2259 CDM projects, 1655 are regular
CDM projects, and 64 are Gold Standard CDM projects. Detailed results segregated
by project types and sizes are listed in Supplementary Table 6.

The underlying assumption of our analysis is that carbon prices (including any
additional premiums from non-carbon sustainable development benefits) will
compensate for the opportunity costs in the project, including transaction and
implementation costs. For most of the CDM projects, additional revenue from
carbon prices will help the CDM projects pass the additionality requirement.
Because CDM projects need to demonstrate that projects are not viable unless
carbon benefits are considered (i.e. with a non-zero carbon price). This assumption
is valid for most CDM projects due to the additionality requirement they must
pass, particularly when using financial additionality to meet the additionality
requirement. During this additionality requirement, it is not supposed to include
monetized co-benefits, which is precisely why projects with co-benefits are valued
more highly by investors. However, CDM-AR projects suffer from particularly high
opportunity costs, transaction costs, and implementation costs3,47–50. For example,
the World Bank BioCarbon Fund, the major credit buyer holding17 out of the 66
CDM-AR projects51, reported that the transaction costs of CDM-AR projects
exceeded $1 per tCO2e, higher than any other CDM project type52. As a result, the
World Bank adopted a default price in financial analysis of CDM-AR projects51.
Also, in the case of CDM-AR projects these costs are likely to be higher since they
involve land and property rights and more complex implementation
arrangements53. In addition, the high opportunity costs of land and labor are well
discussed in the CDM-AR literature54–57. These challenges can complicate
evaluation of the co-benefits of the CDM-AR projects and lead to the failure of
these projects3,54. Therefore, in our analysis, we did not include CDM-AR projects
due to these characteristics as well as the small number of registered projects (a
total of 66 registered projects). As a result, we believe that the assumption of our
analysis is reasonable.

Credit buyers. The CDM mechanism creates CERs as an important share of the
global carbon markets. Like the regular markets, the demand side of the CERs is
from carbon credit buyers. CDM credit buyers can be categorized into three
groups, the first group called compliance buyers who are seeking to buy offsets for
compliance in the EU ETS and other regional schemes; the second group called
sovereign buyers, mainly Annex I parties, who are obtaining CERs directly to meet
their quantified emission limitation and reductions obligations (QELRO) com-
mitments under the Kyoto Protocol; the last group contains MDBs and carbon
funds58. We further divide credit buyers into different categories by using two
classification systems. First, credit buyers (company level) are classified into 14
industries by their primary business activities using the Bloomberg Industry
Classification Systems (BICS). Second, credit buyers are also categorized into five
statuses based on their profit status, e.g., local private companies, global private
companies, government entities, MDBs, and foundations.

Definition of co-benefits (non-carbon benefits). Although the idea of co-benefits
has attracted increasing attention from governments, NGOs, financial institutions,
and academic research in recent years, there is no consensus on a concrete defi-
nition or agreed list of what counts as a co-benefit59. The IPCC considers co-
benefits as “the positive effects that a policy or measure aimed at one objective
might have on other objectives, irrespective of the net effect on overall social
welfare”60. In this paper, we focus on a smaller subset of co-benefits, particularly on
co-benefits to local communities as a result of CDM mitigation actions (carbon
projects) that are targeted at addressing global climate change. Thus, we adopted
and adjusted the co-benefits description from the World Bank the Community
Development Carbon Fund (CDCF) 2013 report on key community outcomes,
where five broad areas are listed. These five areas capture the complex dimensions
of co-benefits. The co-benefits of this paper cover the following five areas:
Enhanced local infrastructure (e.g., roads, health clinics, schools, water, parks,
community centers, etc.); access to cleaner and affordable energy for heating and/
or cooking; improved income and employment; improved access to electricity and/
or energy efficient lighting; and improved natural resource and environmental
services (e.g., reduced pollution, natural resource conservation, forest protection,
biodiversity).

Definitions of other terms. Climate finance is defined as the public and private
financial flows used to support mitigation and adaptation action to address climate
change61,62 There are currently two types of carbon markets for carbon offsets:
compliance and voluntary markets. The market settings are different for the two
markets. In the compliance (mandatory) market, buyers are primarily motivated to
purchase offsets that can provide a more economic sense to reduce emissions to
fulfill their lawful requirements, such as in a cap-and-trade regime63. The voluntary
carbon market grew later compared to the compliance carbon market. It picked up
in the late 2000s and kept a relatively stable trend until 2017. While in the
voluntary markets, buyers (for example, companies) are primarily motivated by
their social responsibility and concerns about climate change to reduce their
emissions64,65. Multi-national, private, for-profit companies make the bulk of
voluntary offset purchases by volume. Official Development Assistance (ODA) is
defined as the aid from government entities to developing countries with a target to
promote economic development and welfare66. Carbon benefits of CDM projects
are defined as the anthropogenic emissions of greenhouse gases by sources being
reduced below those that would have occurred in the absence of the registered
CDM project activity46.

Empirical strategies
Main model. Our main model is expressed in the following regression equation:

Yit ¼ β0 þ β1�8 Co� benefit1�8

� �þ β9Xit þ γi þ δi þ φi þ ωt þ θi þ εit ð1Þ
where i indicates projects, and t indicates years when the credit purchase agreement
was signed. In all models, the dependent variable Yit is the CER price for each
project. The variables of interest are Co-benefit1–8, with their coefficients β1–8
indicate the effect of different levels of co-benefits on the CDM projects. We also
control for a group of other variables listed in Supplementary Table 7, e.g., project
location fixed effects (γi), credit buyer fixed effects (δi), project type fixed effects
(φi), year fixed effects (ωt), and project size dummy (θi). Finally, the error term
captures unobserved factors affecting our dependent variable that changes over
the year.

Hedonic model. The hedonic model is expressed in the following regression
equation at credit buyers’ company level, where CER prices can be explained as a
function of credit buyers and project characteristics67,68.

PCERi ¼ f ðnumprojectsi; locationi; industryi; statusi; GSi þ projectsizei
þ portfolioðasicapacific; latinamerican;middleeast; africa; centraluropeanÞiÞ þ εi

ð2Þ

where i indicates companies. In all models, the dependent variable PCERi is the
average CER price paid by company i. We also control for a group of variables such
as, numprojectsi is the number of offset projects under management; locationi is a
categorical variable indicating the country where the credit buyer i is located, GSi is
the proportion of projects that have Gold Standard certification. We also control
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for investment portfolio in terms of project regions. Thus, asicapacifici is the
proportion of projects that company i invests in Asia and Pacific region, africai is
the proportion of projects that company i invests in Africa, the same to the lati-
namericai, centraleuropeani, middleeasti. Finally, εi is an error term assumed to be
normally distributed.

Matching. In our study, treatment is if a project receives a Gold Standard certifi-
cation. The control group includes all the regular CDM projects. The rationale
behind matching is to identify (based on the available covariates) a control group of
projects with similar characteristics to a treated group of projects for comparison.
Thus, the selection of covariates should be those variables that are thought to be
related to the outcome (CER prices), but not the treatment69. Our strategy is to
perform a propensity score matching at the level of five continuous variables.
Beyond that, we also conduct the exact matching using two scenarios. Scenario 1
performs exact matching at the buyers’ country level, and Scenario 2 conducts
exact matching at both buyers’ country and project location level. After finding
good matches for the treatment group, the model will be adjusted by running a
regression to control for the fixed effect from contract year, project type, project
location, and buyers’ location.

Python and Stata are used jointly for data analysis. Supplementary Fig. 10 shows
that there is overlap in the range of propensity scores across the treatment and
comparison group, which we called the “common support”69,70. Assessing the
common support condition ensures that any combination of characteristics
observed in the treatment group can also be observed among the control group.
Additionally, diagnostic tests for balancing of covariates are shown in
Supplementary Fig. 11. We can see that matching did a quite good job at balancing
the covariates across the treatment and control group, with all (except one) p-
values from both the KS-test and the grouped permutation of the Chi-Square
distance after matching to be >0.05.

Our model is expressed in the following regression equation:

Yit ¼ β0 þ β1 Treatit
� �þ β2Xit þ γi þ δi þ φi þ ωt þ εit ð3Þ

where i indicates projects, and t indicates years. In all models, the dependent
variable Yit is the CER price for each project. The variable of interest is Treatit, with
its coefficient β1 indicates the effect of Gold Standard on CDM projects. We also
control for a group of continuous covariates listed in Supplementary Table 7,
project location fixed effects (γi), credit buyer fixed effects (δi), project type fixed
effects (φi), and year fixed effects (ωt). Finally, the error term captures unobserved
factors affecting our dependent variable that changes over the year.

Matching techniques. Model 1 in Table 2 conducted OLS regression using the nine
covariates that used to estimate the propensity to receive the treatment. That is,
model 1 displays the difference in being Gold Standard CDM projects and regular
CDM projects by controlling for the nine covariates. Model 2 through model
5 show results of estimates by using different matching techniques. Models 2 and 3
only used propensity score matching, while models 4 and 5 used the combined
exact matching and propensity score matching technique. The difference between
models 2 and 3 is the number of covariates used to obtain the results. In model 2,
we perform the propensity score technique for all nine covariates, including both
continuous and categorical covariates. In model 3, we only conduct the propensity
score with the five continuous covariates. The models of interest are models 4 and
model 5. In model 4, we perform the exact matching at the credit buyers’ country
level, in order to obtain the impact of Gold Standard on projects within the same
country of buyers. In model 5, we restricted our model further to conduct exact
matching on both credit buyers’ country level and also the projects’ location level.
Model 5 is the most restricted model among these five models. We lost some
observations due to model restriction in model 5, and we only obtained 21 projects
in the treatment group.

Balancing test. We adopted the standardized differences (SD) technique, which is
the standardized difference of means, to assess the differences between multiple
variables of the treatment and control groups71 in Supplementary Table 8. If there
is no big difference between these two groups, we can conclude that there is
adequate balance between these two groups of observations. Before match-
ing Supplementary Table 8(a), the treated and untreated groups are unbalanced.
When we do propensity score matching at both categorical and continuous cov-
ariates level Supplementary Table 8(b), we still did not get balanced groups.
However, in the last test Supplementary Table 8(c), when we only conduct pro-
pensity score matching at the continuous covariates level, we get balanced groups.

Robustness checks for regular CDM projects. Many factors can influence the CER
prices as indicated in Supplementary Table 7. One of the many factors is the 2008
financial crisis, which is the main cause of the price drop of CERs in that year. The
price decreased by about 50%72. Thus, we dropped the 461 projects with a signed
ERPA date of 2008, because we think that the year 2008 would have an impact on
the CER prices. We re-ran the analysis with the remaining 1744 projects. We get
very similar results (results are presented in Supplementary Table 9) across all four
models compared to the results in Fig. 3 and all coefficient estimates of variables of
interest deliver a similar increasing trend.

Robustness checks for regular Gold-Standard CDM projects. We conducted two
robustness checks for our matching analysis. First, we replaced the credit buyer’s
country information with the indicators representing the health of a country’s
economy, such as GDP per capita, employment rate, government expenditure, and
inflation rate. We get very similar results (results are presented in Supplementary
Table 10) across all five models compared to the results in Table 1. All coefficient
estimates of Gold Standard treatment are statistically significant. This indicates that
our models are quite robust. Second, we conducted a “placebo” test by randomly
selecting 50% of the data from our control group and artificially assigning them
into the treatment group. By doing that, we created a “fake” treatment group, that
is, a group that we know was not affected by the Gold Standard. we estimated the
models by using the “fake” treatment, and the results are presented in Supple-
mentary Table 11. All the coefficients of treatment effect are not statistically sig-
nificant. Since we do not find that there is a difference in the absence of the real
treatment, Gold Standard certificates, we successfully reject this falsification. This
result increases the credibility of our research design.

Data availability
The primary data source is the UNEP DTU CDM/JI Pipeline Analysis and Database
(CDM/JI Pipeline) at https://www.cdmpipeline.org/. Additional information, such as
ERPA dates, is extracted by Python from CDM documents in PDF format on the
UNFCCC CDM projects site (https://cdm.unfccc.int/Projects/projsearch.html). ERPA
dates are available on the GitHub from https://github.com/Jiehonglou/Integrating-
Sustainable-Development-Goals-into-Climate-Finance-Projects.

Code availability
All data and models are processed in Stata 14.0 and Python. The figures are produced in
Python and R. All custom code is available on GitHub from https://github.com/
Jiehonglou/Integrating-Sustainable-Development-Goals-into-Climate-Finance-Projects.
SDG icon statement: we thank the United Nations SDG Permissions grant the
permission of using the United Nations Sustainable Development Goals icons (https://
www.un.org/sustainabledevelopment/). The content of this publication has not been
approved by the United Nations and does not reflect the views of the United Nations or
its officials or Member States.
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