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Abstract

For sustainable development to be achieved, financial systems must be in place that 
can channel financial resources more efficiently into sectors that positively impact the 
environment. This study aims to examine whether the development of both green su-
kuk and financial technology increases environmental finance efficiency in Malaysia, 
Indonesia, and the UAE. A balanced panel dataset of 45 country-years from 2010 to 
2024 is employed in this study. Fixed effects and dynamic system generalized method 
of moments estimators are used to estimate the model based on secondary data from 
various sources such as the World Bank, International Monetary Fund’s Financial 
Access Survey, United Nations Conference on Trade and Development, Environmental 
Performance Index, Climate Bonds Initiative, Refinitiv, and Bloomberg. The study 
finds that both green sukuk and financial technology have a positive and significant 
impact on environmental finance efficiency in Malaysia, Indonesia, and the UAE, and 
that financial technology enhances the efficiency effect of green sukuk in Malaysia and 
other Islamic economies in general. In Malaysia, the highest efficiency effect comes 
from the sukuk market depth, while in the UAE, it comes from financial technology 
development. In Indonesia, it comes from both financial deepening and financial tech-
nology development. The study suggests that financial technology and green sukuk 
are complementary in driving environmental finance efficiency in Islamic economies.
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INTRODUCTION

The increasing global call for a sustainable transition has increased the 
need for financial systems that can effectively allocate funds to envi-
ronmentally positive activities. But traditional finance faces the chal-
lenge of incorporating environmental externalities into its framework, 
as well as providing sufficient funds for the low-carbon transition, par-
ticularly in emerging economies whose financial infrastructure is still 
underdeveloped (Abdelmalek & Khemakhem, 2025). Green sukuk has 
been developed as a new financial instrument that aims to integrate 
the principles of sustainability and social aspects within the frame-
work of investment strategies (Abdelmalek & Khemakhem, 2025). 
The need for this agenda is becoming increasingly important within 
the context of an Islamic economy. The ethical principles of equity, 
risk-sharing, and welfare, which form the foundation of an Islamic 
economy, represent a model of ethical finance that is well-aligned with 
sustainability. In this scenario, green sukuk can facilitate investments 
in renewable energy sources and climate-resilient infrastructure be-
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cause of its asset-backed nature, participative approach, and outcome-linkages (Widiastuti et al., 2025). 
However, new technology in the financial sector, referred to as FinTech, is also changing the way mar-
kets generate, transmit, and verify information related to the environment. FinTech innovations, such 
as blockchain and AI-powered validation, increase transparency, traceability, and inclusivity, as well as 
mitigate issues of information asymmetry and transaction costs (Kou & Lu, 2025). Nevertheless, cur-
rent research efforts have not provided adequate insights into how FinTech innovations can improve 
the effectiveness of Islamic green financial tools to optimize the efficiency of financial value related to 
the environment. This is why there is a need to create empirical clarity on the combined effect of green 
sukuk innovations and FinTech on increasing financial efficiency related to the environment.

1. LITERATURE REVIEW  

AND HYPOTHESES

The recent literature on sustainable finance has 
increasingly emphasized environmental goals as 
an essential part of modern financial systems. In 
environmental economics, green finance has been 
described as a corrective measure to financial 
market failures caused by carbon emissions, pol-
lution, and depletion of environmental resources, 
particularly if such environmental externalities 
are not fully taken into account in financial mar-
kets (Iqbal et al., 2025; Van Niekerk, 2024). In tra-
ditional financial markets, environmental exter-
nalities are often ignored, which causes allocative 
inefficiencies as financial markets’ private incen-
tives do not align with social welfare (Fligstein 
& Huang, 2025). To address this problem, green 
financial instruments such as green bonds, sus-
tainability-linked loans, and environmental, so-
cial, and governance funds have been developed 
to achieve environmentally friendly financial allo-
cations (Abdelmalek & Khemakhem, 2025; Ogwu 
& Kosoe, 2025). Such green financial instruments 
have been viewed as a new class of Pigouvian pol-
icy-compatible financial instruments that inter-
nalize environmental values into financial mar-
kets (Abdelmalek & Khemakhem, 2025; Ogwu & 
Kosoe, 2025).

This global growth in environment-oriented fi-
nance further reinforces the importance of this 
domain, while the data also reveal scope for fur-
ther growth. For instance, green bonds have risen 
from less than USD 50 billion in 2014 to more than 
USD 500 billion in 2021, indicating a significant 
shift toward environmental finance across global 
markets (Fligstein & Huang, 2025). However, this 
shift toward green finance is not uniform, espe-
cially in emerging markets, where factors such as 

low institutional depth, low disclosure, and low 
market maturity have restricted their growth and, 
thus, their efficiency (Yamahaki et al., 2022). If 
one were to view this shift toward green finance 
through the lens of environmental economics, one 
would realize that such factors as low institution-
al depth and low disclosure have resulted in high 
levels of information asymmetry, which, accord-
ing to environmental economic theories, restricts 
the ability of markets to price environmental ex-
ternalities correctly, thus affecting their ability to 
finance green sectors (Khan et al., 2025; Morshed, 
2025с). This is a general overview of the scientif-
ic landscape, which indicates that green finance 
is not just about the availability of financial in-
struments, but also about the institutional setting 
where such financial instruments operate.

One such area that is gaining importance is Islamic 
finance, which is considered to have a strong link 
with environmental welfare, considering its foun-
dation in adl, khalifah, and darar, which empha-
size equity, stewardship, and prevention of harm, 
respectively, thus creating a natural link between 
finance and environmental welfare (Alhammadi, 
2024; Morshed, 2024). Among all Islamic finance 
instruments, green sukuk is considered to have a 
strong link with green finance, considering that 
such financial instruments have their foundation in 
green finance. In contrast, Islamic finance is built 
around asset-based finance, where risk is shared, 
thus creating a link between financial returns, en-
vironmental externalities, and their efficient allo-
cation toward environmentally productive sectors 
(Uluyol, 2023; Mohamed, 2025; Musari, 2021).

Past research has also shown that green sukuk has 
progressed from the conceptual stage to the appli-
cation stage. For instance, the first corporate green 
sukuk in Malaysia in 2017 and the first sovereign 
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green sukuk in Indonesia in 2018 are often cited as 
examples of the potential of Islamic financial in-
struments in supporting renewable energy, green 
transport, and climate change adaptation initia-
tives (Widiastuti et al., 2025; Ulfah et al., 2024). 
This suggests that the use of Islamic finance could 
contribute positively to allocative efficiency in the 
environment because it has the potential for sup-
porting initiatives with high social and environ-
mental returns (Tita & Obalade, 2025). However, 
the literature has also noted several issues with 
the current green sukuk market. For instance, 
the lack of standardization in the certification of 
green sukuk and the fragmentation of the entire 
process have been noted as challenges facing the 
market (Mohd Roslen et al., 2024; Taylor et al., 
2025). These issues could also be seen as transac-
tion cost issues affecting the efficiency of the envi-
ronment financial intermediation process (Zhang 
et al., 2024b).

Another set of studies also describes financial 
technology as an instrument that may help miti-
gate these frictions. This recent financial technolo-
gy literature emphasizes the role of digital finance 
in transforming sustainable finance through tech-
nologies such as blockchain technology, artificial 
intelligence, and mobile technology (Kou & Lu, 
2025; Othman, 2025; Kashif et al., 2025; Morshed 
& Khrais, 2025). This perspective argues that fi-
nancial technology may help mitigate information 
asymmetry through the increased transparency 
and verifiability of green project performance for 
investors. Financial technology may also increase 
participation in sustainable finance and thus en-
hance allocative efficiency through its ability to de-
crease participation costs. This is because financial 
technology may help increase participation in sus-
tainable finance not only for institutional inves-
tors but also for retail investors through its ability 
to simplify verification and monitoring processes 
for investors (Harasis, 2026; Rizwan et al., 2024). 
This perspective is consistent with the argument 
in welfare economics that increasing the number 
of participants in sustainable finance may help in-
crease the overall efficiency in the allocation of en-
vironmental capital through the broader market 
for sustainable financial instruments. Financial 
technology may also help increase allocative effi-
ciency in sustainable finance through its ability to 
decrease transaction costs for investors. This per-

spective is consistent with the argument in welfare 
economics that decreasing contracting costs may 
lead to increased social welfare (Sikiru et al., 2024; 
Kukman & Gričar, 2025).

The most relevant body of previous study in rela-
tion to this current study is that which intersects 
with green sukuk and financial technology. Past 
studies have shown that this intersection may lead 
to better efficiency in environmental finance by 
leveraging better transparency, monitoring, and 
targeting, and greater credibility in financial sys-
tems. It has also been shown that financial tech-
nology may be leveraged to better channel funds 
to eligible projects under a green sukuk issuance, 
monitor environmental outcomes in real-time, 
and reduce information asymmetry between fi-
nancial institutions and environmental stake-
holders. Other studies have shown that financial 
technology may be leveraged to better monitor fi-
nancial institutions’ environmental efficiency and 
that financial technology may be leveraged to bet-
ter channel financial sustainability in a green su-
kuk issuance (Kashif et al., 2024; Zaid et al., 2025; 
Ahmad et al., 2024).

Additionally, country-specific evidence also 
points to the existence of variations in the manner 
in which the relationship is developed in differ-
ent institutional settings. For example, evidence 
from Malaysia and Indonesia points to the posi-
tive contribution of green sukuk in mobilizing 
public and financial resources for climate change 
adaptation and other sustainability-related proj-
ects (Muhamat et al., 2024; Faizi, 2024; Rahman 
et al., 2024). On the other hand, evidence from 
the United Arab Emirates points to the positive 
contribution of financial technology in support-
ing the advancement of environmental objectives 
through more flexible and innovation-driven fi-
nancial channels (Alkasasbeh et al., 2024; Hariz 
et al., 2025). These variations are also in line with 
the arguments of institutional environmental eco-
nomics, which point to the impact of country-spe-
cific financial, technological, and regulatory struc-
tures on the efficiency of environmental finance 
mechanisms (Alkadi, 2024).

Three theoretical arguments can be advanced 
as a rationale for the convergence of evidence 
on green sukuk and financial technology. For 
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example, the Resource-Based Theory can be 
advanced as a rationale for understanding the 
positive contribution of the integration of fi-
nancial and technological resources in devel-
oping distinctive capabilities for improved sus-
tainable performance (Achyar, 2025). Similarly, 
Institutional Theory can also be advanced as a 
rationale for understanding the positive contri-
bution of policy frameworks, financial system 
quality, and socio-cultural factors in support-
ing the advancement of environmental finance 
objectives (Alkadi, 2024). Finally, Stakeholder 
Theory can also be advanced as a rationale for 
understanding the pressure on financial sys-
tems for returns that are more in line with en-
vironmental and social welfare expectations 
(Mahomed & Mahbot, 2024).

Overall, the reviewed literature confirms that both 
green sukuk and financial technology have the po-
tential for positive effects on the environmental ef-
ficiency of finance, but the findings are scattered 
across different research areas. Although existing 
research is useful for understanding the effects 
of green finance, Islamic finance, and financial 
technology, it provides only limited evidence of 
the combined effects of green sukuk and financial 
technology on the environmental finance efficien-
cy of countries. This confirms the need for a com-
parative study of the individual and combined ef-
fects of both concepts in Malaysia, Indonesia, and 
the UAE.

Based on the reviewed literature, the research ob-
jective of this study is an exploration of the effects 
of green sukuk intensity and financial technology 

development on environmental finance efficien-
cy in Malaysia, Indonesia, and the United Arab 
Emirates from the perspective of environmental 
economics. Accordingly, the study tests the fol-
lowing hypotheses (Figure 1):

H1: Green sukuk is positively related to environ-
mental finance efficiency.

H2: FinTech is positively related to environmen-
tal finance efficiency.

H3: The strength of the relationship between 
green sukuk and environmental finance ef-
ficiency differs across Malaysia, Indonesia, 
and the UAE.

H4: The strength of the relationship between 
FinTech and environmental finance efficien-
cy differs across Malaysia, Indonesia, and 
the UAE.

H5: FinTech positively moderates the relation-
ship between green sukuk and environmen-
tal finance efficiency.

The conceptual model suggests that green sukuk 
and financial technology have a direct positive 
effect on environmental finance efficiency, and 
financial technology also enhances the effect of 
green sukuk by having a positive interaction ef-
fect. Moreover, it is suggested that these rela-
tionships will differ in Malaysia, Indonesia, and 
the UAE due to differences in institutional, fi-
nancial, and technological conditions in these 
countries.

Figure 1. Conceptual model 
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2. METHODS

The study focuses on three countries, namely 
Malaysia, Indonesia, and the UAE, covering a 
period from 2010 to 2024. The period coincides 
with and encompasses the changing nature of the 
green sukuk markets, the FinTech phenomenon, 
and sustainable finance, with particular signifi-
cance from 2015 onwards. These three countries 
were purposively chosen for their pioneering roles 
in the development of Islamic sustainable finance. 
These are the achievements of the Malaysian fi-
nancial system in the regulations and capital 
markets of green sukuk; the pioneering role of 
Indonesia in the sovereign green sukuk issue to 
fund climate change investments; and the role of 
the UAE as a FinTech hub that connects finance 
and sustainability in the Islamic world. The pan-
el study allows the research to take advantage of 
the cross-sectional and time-series variations to 
provide a more precise estimation of the differ-
ences between the countries with regard to the 
impact of digital finance on sustainable finance. 
The study uses secondary data for all the variables 
annually for the whole sample period for all three 
countries. The data are collected from the World 
Bank World Development Indicators and Findex, 
the International Monetary Fund Financial 
Access Survey, the United Nations Conference 
on Trade and Development (UNCTAD) database 
UNCTADstat, Yale University Environmental 
Performance Index, the Climate Bond Initiative, 
as well as the Refinitiv (LSEG) and Bloomberg 
data on financial issuances and markets. These 
are complemented with national sources such as 
the Central Banks of Malaysia, Indonesia, and 
the UAE to validate the data for each country on 
an annual basis. The standardization of the vari-
ables is done to allow cross-country comparisons. 
The balanced panel consists of 45 observations: 3 
countries and 15 time periods.

Environmental finance efficiency (EFE), the val-
ue of which ranges from 0 to 10, is based on the 
percentage of Green/ESG investment as a propor-
tion of gross capital formation, weighted by the 
Environmental Performance Index (EPI). Green 
sukuk, as a percentage of the total sukuk issued 
per year, and FinTech, as the overall digital fi-
nance capability, are the values of the independent 
variables (Sethi et al., 2024).

Variables like GDP growth rate, FDI, inflation rate, 
energy intensity, and CO2 emissions are the inde-
pendent variables, and with the inclusion of these 
variables, the impact of different macro and envi-
ronmental factors is determined. The policy vari-
able used here is the inclusion of the dummy vari-
able, with the value of 1, as the year 2015 marked 
the change in the overall orientation of the sus-
tainability policy with the inclusion of the Paris 
Agreement (Taqa, 2025). 

Variables are transformed into their logs where ap-
plicable for correction of skewness, variance stabi-
lization, and robustness enhancement. Variables 
are also z-score normalized for interaction terms, 
for which Cook’s distance tests are employed for 
validation of robustness against undue influence 
of observations (Morshed, 2025b).

The relationship between green sukuk, FinTech, 
and environmental finance efficiency is estimated 
using the following panel regression framework:

( )
_ 1 _ 2 _

3 _ _ ' _ _

_ _ ,

EFE it  GS it  FT it

GS it FT it  X it i

t it

α β β
β γ µ
λ ε

= + +

+ ⋅ + +

+ +

 (1)

where EFE_it denotes environmental finance ef-
ficiency; GS_it captures green sukuk intensity; 
FT_it measures FinTech development; GS_it × 
FT_it is the interaction term; and X_it is the 
vector of control variables. Country fixed effects 
(μ_i) and year fixed effects (λ_t) are included to 
address unobserved heterogeneity and common 
shocks. Both Fixed Effects (FE) and Random 
Effects (RE) models are estimated, guided by 
the Hausman test for model selection. To ad-
dress potential endogeneity (e.g., simultaneity 
between GS, FT, and EFE) and dynamic persis-
tence in macroeconomic panels, System GMM 
is additionally estimated using lagged values of 
endogenous variables as internal instruments 
(Baştürk, 2024; Morshed, 2025a).

The procedure involves the use of a successive 
diagnosis algorithm. Panel stationarity tests 
employ the Levin, Lin, and Chu, as well as the 
Im, Pesaran, and Shin, tests. FE model vs. RE 
model choice is performed using the Hausman 
χ2 test. Subsequent dynamic estimation, em-
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ploying the System GMM, is conducted to 
correct for endogeneity and persistence, with 
the reporting of heteroskedasticity (Modified 
Wald), Wooldridge (autocorrelation), and mul-
ticollinearity (VIF) tests included to aid with 
inference. Validity of the GMM instrument, as 
well as the absence of serial correlation, is di-
agnosed through the Hansen J test and the 
Arellano-Bond AR(1)-AR(2) tests. Robustness 
analysis employs different proxies (a digital in-
dex for FinTech, as well as the Green Asset Ratio 
for EFE), as well as subsample estimation (prior 
to/post-2016, including the period of the Paris 
Agreement), to analyze the stability across time 
(Morshed, 2025b). All analyses are conducted in 
Stata 18.1, with cluster-robust standard errors to 
account for the issues of heteroskedasticity and 
serial correlation.

All data are derived from public and credible 
sources of the institutions, and this ensures 
transparency and validity of the data. Since the 
study entails the use of only secondary data, and 
the data are not handled in a way that involves 
human subjects and any form of confidential 
data, the study does not require any form of 
ethical approval.

The study is based on a limited amount of source 
data, which is directly relevant to the method-
ology. Therefore, the detailed variable-to-source 
mapping and country-specific source data are 
presented in Appendix A, Appendix B, and 
Appendix C instead of a repository. 

3. RESULTS AND DISCUSSION

This paper discusses the relationship between the is-
suance of green sukuk (GS) and the development of 
FinTech (FT) in relation to environmental finance 
efficiency (EFE) in Malaysia, Indonesia, and the 
UAE from 2010 to 2024. This study incorporates the 
principles of environmental economics, which state 
that markets can solve environmental externalities if 
financial efficiency is achieved. In this case, the is-
suance of green sukuk serves as an appropriate fi-
nancing mechanism in line with Shariah principles, 
which promotes efficiency in the allocation of funds 
in projects that are environmentally favorable. 

As depicted in Table 1, the overall mean score of en-
vironmental finance efficiency (EFE) is 5.84, with 
a range of approximately 0-10, reflecting a mod-
erate level of efficiency across the three countries 
with significant variation (SD = 2.11). The level of 
green sukuk issuance, as a proportion of overall 
sukuk issuance, averages 2.67%, with a standard 
deviation of 1.42, while the FinTech index aver-
ages 54.32, with a standard deviation of 15.27, re-
flecting significant variation across countries and 
time in terms of market development and FinTech 
potential. GDP growth and FDI are positive, sup-
porting green capital mobilization, but inflation 
can negatively impact efficiency through macro-
economic instability (Elsayed et al., 2024).

Malaysia emerges as the leader in green sukuk of-
ferings as well as EFE, as shown in Table 2, with 
a well-developed Islamic finance framework. Its 

Table 1. Descriptive statistics and measurement units for all variables 

Variable Mean Std. Dev. Min Max

Environmental finance efficiency (EFE, index approx. 0-10) 5.84 2.11 1.20 10.45
Green sukuk (GS, % of total sukuk) 2.67 1.42 0.50 6.85
FinTech Index (FT, 0–100) 54.32 15.27 22.10 78.65
GDP Growth (%) 3.75 2.14 –1.20 8.30
FDI (% of GDP) 3.22 1.17 1.10 6.70
Inflation (%) 3.85 1.92 0.60 8.10

Note: Malaysia, Indonesia, UAE; 2010–2024; N = 45 country-years.

Table 2. Country-level descriptive results (2010–2024; averages across years)

Country
Avg. EFE  

(index approx. 0-10)

Avg. GS 

(% of sukuk)

Avg. FT 

(0–100)
Notable Trend

Malaysia 7.2 3.8 56.4 Consistent sukuk growth, strong regulatory integration
UAE 5.1 1.9 68.7 FinTech-driven growth, digital leadership
Indonesia 5.2 2.3 47.9 Rapid post-2018 sovereign sukuk expansion
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framework represents allocative efficiency, where 
the capital market allocates funds into activi-
ties with positive externalities. UAE represents a 
growth trend driven by FinTech, as it has the high-
est score (68.7) in FinTech index, where the digital 
platform supports financial inclusion, traceability, 
and green funds allocation. Indonesia displays av-
erage values with a strong positive trend since 2018, 
signifying that the issuance of sovereign sukuk 
and digital inclusion policies have greatly acceler-
ated its environmental finance sector (Kharrat et 
al., 2024).

Table 3. Fixed effects estimates of environmental 
finance efficiency (EFE) (2010–2024)

Variable Coefficient t-stat Sig.

Green sukuk (GS) 0.274 3.11 0.002
FinTech (FT) 0.196 2.45 0.015
GS × FT 0.081 2.02 0.046
GDP growth 0.089 2.17 0.032
FDI inflows 0.072 1.98 0.048
Inflation –0.063 –2.04 0.042
Energy intensity –0.051 –1.67 0.097
CO₂ emissions –0.078 –2.22 0.028
Within R² 0.61

Note: Country and year fixed effects included; cluster-robust 
standard errors at the country level. N = 45.

As evident in Table 3, green sukuk and FinTech, 
together and significantly, increase environ-
mental finance efficiency (EFE) in a complemen-
tary manner. Green sukuk (0.274, p < 0.01) and 
FinTech (0.196, p < 0.05) with a positive coeffi-
cient establish the role of green sukuk in allocat-
ing resources to the environment and the role 
of FinTech in increasing transparency and miti-
gating asymmetry of information, respectively. 
A significant GS × FT (0.081, p < 0.05) suggests 
that technology can complement the overall ef-
ficiency of sukuk in terms of increasing accessi-
bility, verification, and involvement of investors 
in the financial market. All the control variables 
behave as expected, where the growth of GDP 
and FDI inflows increase the overall efficiency 
of finance in the environment, whereas infla-
tion, energy intensity, and CO₂ emissions nega-
tively affect it. An R² of 0.61 indicates that the 
overall efficiency of environmental finance is 
determined by the complementary effects of fi-
nancial depth, technological advancement, and 
overall macroeconomic conditions (Zhang et al., 
2024a).

Table 4. Dynamic system GMM estimates 
of environmental finance efficiency (EFE) 
(2010–2024)

Variable Coefficient z-stat Sig.

Lagged EFE 0.213 2.52 0.012
Green sukuk (GS) 0.268 3.06 0.003
FinTech (FT) 0.191 2.39 0.017
GS × FT 0.076 2.04 0.041
Diagnostics: Hansen J (p = 0.27); AR(2) (p = 0.34)

Note: Hansen J and AR(2) p-values reported; robust two-step 
standard errors. N = 45. 

As shown in Table 4, the dynamic model con-
firms the base model results with the addition of 
significant path dependence on the efficiency of 
environmental finance. The lagged EFE variable 
of 0.213 with a significance level of p < 0.05 in-
dicates that efficiency levels at a given stage are 
dependent on previous levels of efficiency. This 
indicates that the greening of capital markets 
tends to establish dynamic persistence through 
the adoption of sustainable finance mechanisms 
(Oreqat, 2021).

The fact that green sukuk (0.268, p < 0.01) and 
FinTech (0.191, p < 0.05) are still significant means 
that these effects are not merely short-term in na-
ture but are already ingrained in the structural dy-
namics of the finance system. The diagnostic tests 
also confirm the instrument set and the model 
specification. This is consistent with the principles 
of environmental economics, where innovation-
driven early investments in the green finance sec-
tor and FinTech improve allocative efficiency (Ali 
et al., 2024).

Table 5. Country-specific coefficients for green 
sukuk and FinTech on EFE (2010–2024)

Country
GS 

Coefficient
FT 

Coefficient Dominant Driver

Malaysia 0.321*** 0.142* Sukuk-driven efficiency

UAE 0.168* 0.287*** FinTech-driven 
efficiency

Indonesia 0.205** 0.176** Balanced dual 
mechanism

Note: ***p < 0.01; **p < 0.05; *p < 0.10.

Based on Table 5, the environmental finance 
efficiency (EFE) is improved by unique coun-
try-specific variables. In the Malaysian con-
text, green sukuk is the most important factor 
(0.321, p < .01), which reflects the country’s well-
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developed infrastructure in the field of Islamic 
finance, and FinTech is a supporting factor by 
increasing the level of transparency (0.142). In 
the UAE, FinTech is a leading factor (0.287, p 
< .01), which reflects the country’s well-devel-
oped infrastructure that supports efficient pro-
cessing with very small transaction charges. In 
Indonesia, a balanced position is maintained 
between the country’s green sukuk and in-
creased readiness of infrastructure to support 
increased financial flows for environmental ob-
jectives through GS = 0.205 and FT = 0.176, re-
spectively. The disparity among these countries 
reflects that the level of developed institutions 
and infrastructure readiness plays a determin-
ing factor in the capability of financial markets 
to integrate the value of the environment, as 
stated by Rossoni et al. (2024).

From Table 6, both coefficients increase sub-
stantially from 2017–2018 onwards; this is con-
sistent with the development of the Malaysian 
corporate sukuk market as well as the devel-
opment of the Indonesian green sukuk mar-
ket. In the same period, the FinTech coeffi-
cient also increases (0.09–0.24); this is a result 
of the fast pace of digitization initiatives such 
as the FinTech sandbox environment within 
the UAE as well as digitized payments within 
Indonesia. These findings are in line with the 
principles of environmental economics, where 
the strategic role of the state can mitigate the 
problem of coordination failure and transaction 
costs in the environmental market, thereby en-
abling the success of market-based approaches 
(Tanchangya et al., 2025).

Cumulatively, the findings in Tables 1–6 support 
the five research hypotheses (H1–H5). Green su-
kuk improves allocative efficiency by allocating 
funds into projects supportive of the environ-
ment, whereas FinTech improves informational 
efficiency by ensuring higher transparency at 
cheaper costs. Their interaction effect produces 
an additional efficiency boost in environmental 

finance efficiency (EFE). This persistence in the 
model suggests that the development of finance 
and technology supports each other, cumula-
tively providing sustained efficiency. Moreover, 
cross-national results revealed that the sukuk-
based model in Malaysia, the technology-ori-
ented model in the UAE, and the policy-based 
hybrid model in Indonesia are all different yet 
integrating aspects of the fully evolved green fi-
nance sectors. As such, the results individually 
confirm the efficacy of the combination of the 
development of the Islamic finance sector and 
the development of technology.

These findings support the view of environmen-
tal economics, which states that the efficiency 
of environmental finance increases as the share 
of environmental failures decreases, rather 
than increasing in line with the scale of green 
finance. Green sukuk is found to be positively 
correlated to environmental finance efficien-
cy (EFE) (β = 0.274, p < 0.01). The higher the 
share of green sukuk, the higher the overall al-
locative discipline through the use of proceeds, 
governance, and disclosure standards, which 
would ultimately translate into higher returns 
on investment in the environment (Alkasasbeh 
et al., 2024; Rahman et al., 2024). The develop-
ment of FinTech is found to be positively corre-
lated to environmental finance efficiency (EFE) 
(β = 0.196, p < 0.05), which may be due to the 
reduction in costs of searching, screening, and 
monitoring through digitalization (Zaid et al., 
2025; Al-Muntasir, 2022). The positive interac-
tion effect of green sukuk and FinTech (GS × 
FT = 0.081, p < 0.05) implies the complemen-
tary effect of the development of FinTech on the 
overall marginal efficiency gain of green sukuk 
through digital reporting, analytics, and verifi-
cation (Kashif et al., 2024).

From the country-specific results, it is evident 
that the constraints faced by the country are 
related to institutional preparedness and tech-
nological preparedness. For the Malaysian 

Table 6. Sub-period estimates for green sukuk and FinTech on EFE (Pre-2017/18 vs Post-2017/18)

Period GS Coefficient FT Coefficient Outcome

Pre-2017/18 0.12 0.09 Limited effect before reforms

Post-2017/18 0.31 0.24 Significant impact after policy integration



170

Environmental Economics, Volume 17, Issue 2, 2026

http://dx.doi.org/10.21511/ee.17(2).2026.12

case, the results reveal a profile of “Sukuk-
Led,” where GS equals 0.321*** and FT equals 
0.142*. This is consistent with a well-developed 
sukuk governance structure and a rich Islamic 
capital market infrastructure where financial 
discipline is a prerequisite. The UAE shows a 

“FinTech-Led” profile, where GS = 0.168* and 
FT = 0.287***, consistent with a well-developed 
FinTech finance scene, which is a prerequisite 
for transparency, price discovery, and access in 
green markets. Indonesia shows a balanced du-
al-channel profile, where GS = 0.205** and FT 
= 0.176**, consistent with the development of 

green sukuk markets after 2018 and the devel-
opment of digital inclusion (Ahmad et al., 2024).

The dynamic results show persistence in EFE, 
where the lagged EFE is equal to 0.213, and the 
p-value is less than 0.05. In addition, the effect 
is larger after 2017/18 for both channels, where 
GS increases to 0.31 from 0.12 and FT increases 
to 0.24 from 0.09, suggesting improvements in 
instrument quality, disclosure, and coordina-
tion to internalize environmental externalities, 
allowing both channels to produce more endur-
ing efficiency gains.

CONCLUSION

The objective of this paper is to investigate the impact of the development of green sukuk and finan-
cial technology, and the combined impact of the two factors, on environmental finance efficiency 
in Malaysia, Indonesia, and the United Arab Emirates. The results of the analysis reveal that the 
development of green sukuk improves efficiency in the allocation of capital resources to renewable 
energy and low-carbon technologies and infrastructure, while the development of financial tech-
nology improves information efficiency in the financial markets of the environment. The results 
also reveal the presence of a complementarity effect between the development of green sukuk and 
financial technology, indicating that the combined impact of the two factors is greater than the 
sum of the individual effects of each factor on environmental finance efficiency. In addition, the re-
sults reveal the country-specific factors that improve environmental finance efficiency in Malaysia, 
Indonesia, and the United Arab Emirates. The improvement in environmental finance efficiency in 
Malaysia is driven by the development of the sukuk market, while in the United Arab Emirates, it 
is driven by the development of financial technology. In Indonesia, the results reveal the balanced 
contribution of the development of the sukuk market and financial technology to the improvement 
in environmental finance efficiency. The results of the analysis lead to the conclusion that the in-
tegration of Islamic green financial instruments with financial technology is a viable and effective 
tool for improving environmental finance efficiency in Islamic emerging economies.
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APPENDIX A

Table A1. Main data sources and variable-source mapping

Variable (paper) Source name Source link

Environmental Finance 
Efficiency (EFE) 
(constructed)

World Bank WDI (capital formation inputs) https://databank.worldbank.org/source/
world-development-indicators

Yale Environmental Performance Index (EPI) 
(adjustment factor) https://epi.yale.edu/downloads

UNCTAD (green/ESG investment and capital flow 
measures, as cited in the paper) https://unctadstat.unctad.org/

Green Sukuk (GS)

Climate Bonds Initiative (green and sustainable sukuk 
and bond market data) https://www.climatebonds.net/

Bloomberg and Refinitiv (issuance-level series; 
subscription databases)

https://www.bloomberg.com/professional/ ; https://
www.lseg.com/en/data-analytics

FinTech Index (FT) 
(constructed)

World Bank Global Findex (digital financial usage 
indicators)

https://www.worldbank.org/en/publication/
globalfindex/download-data

Green Sukuk (GS) IMF Financial Access Survey (FAS) (annual financial 
access/usage indicators) https://data.imf.org/en/datasets/IMF.STA:FAS

GDP growth World Bank WDI https://databank.worldbank.org/source/
world-development-indicators

FDI inflow World Bank WDI https://databank.worldbank.org/source/
world-development-indicators

Inflation World Bank WDI https://databank.worldbank.org/source/
world-development-indicators

Energy intensity World Bank WDI https://databank.worldbank.org/source/
world-development-indicators

CO₂ emissions World Bank Open Data / WDI (or equivalent 
emissions dataset) https://data.worldbank.org/

APPENDIX B

Table B1. Country-level World Bank indicator links

Variable Malaysia (MYS) Indonesia (IDN) UAE (ARE)

GDP growth (annual %)
https://api.worldbank.org/v2/

country/MYS/indicator/NY.GDP.
MKTP.KD.ZG?format=json

https://api.worldbank.org/v2/
country/IDN/indicator/NY.GDP.

MKTP.KD.ZG?format=json

https://api.worldbank.org/v2/
country/ARE/indicator/NY.GDP.

MKTP.KD.ZG?format=json

FDI, net inflows (% of GDP)
https://api.worldbank.org/v2/

country/MYS/indicator/BX.KLT.
DINV.WD.GD.ZS?format=json

https://api.worldbank.org/v2/
country/IDN/indicator/BX.KLT.
DINV.WD.GD.ZS?format=json

https://api.worldbank.org/v2/
country/ARE/indicator/BX.KLT.
DINV.WD.GD.ZS?format=json

Inflation, CPI (annual %)
https://api.worldbank.org/v2/
country/MYS/indicator/FP.CPI.

TOTL.ZG?format=json

https://api.worldbank.org/v2/
country/IDN/indicator/FP.CPI.

TOTL.ZG?format=json

https://api.worldbank.org/v2/
country/ARE/indicator/FP.CPI.

TOTL.ZG?format=json

Energy intensity (primary 
energy)

https://api.worldbank.org/v2/
country/MYS/indicator/EG.EGY.

PRIM.PP.KD?format=json

https://api.worldbank.org/v2/
country/IDN/indicator/EG.EGY.

PRIM.PP.KD?format=json

https://api.worldbank.org/v2/
country/ARE/indicator/EG.EGY.

PRIM.PP.KD?format=json

Gross capital formation (current 
US$)

https://api.worldbank.org/v2/
country/MYS/indicator/NE.GDI.

FTOT.CD?format=json

https://api.worldbank.org/v2/
country/IDN/indicator/NE.GDI.

FTOT.CD?format=json

https://api.worldbank.org/v2/
country/ARE/indicator/NE.GDI.

FTOT.CD?format=json

CO₂ emissions (metric tons per 
capita)

https://api.worldbank.org/v2/
country/MYS/indicator/EN.ATM.

CO2E.PC?format=json

https://api.worldbank.org/v2/
country/IDN/indicator/EN.ATM.

CO2E.PC?format=json

https://api.worldbank.org/v2/
country/ARE/indicator/EN.ATM.

CO2E.PC?format=json
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APPENDIX C

Table C1. Country-level green sukuk and national source links

Country Green Sukuk / Sukuk market sources (good for country extraction)

Malaysia Securities Commission Malaysia (market/bond-sukuk statistics portal + reports): https://www.sc.com.my/ 
Capital Markets Malaysia (SRI Sukuk resources): https://www.capitalmarketsmalaysia.com/

Indonesia Ministry of Finance / DJPPR (Green Bond & Green Sukuk framework + related publications): https://www.djppr.
kemenkeu.go.id/

UAE
Securities & Commodities Authority (green bonds/sukuk market announcements/regulation): https://www.sca.gov.ae/ 
Central Bank of the UAE publications (Islamic finance context): https://www.centralbank.ae/
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