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Abstract:

The climate change is one of the biggest problems that humanity is facing and

there is a dearth of solutions in tackling this grave impediment to the long-term
sustainability of our planet. Accountability, greenwashing, traceability, impact
assessment and trading of carbon credits are unresolved issues in the ESG
VHFWRU 7KH SDSHU DLPV DW LGHQWLI\LQJ WKH R
reviewing the novel business model of DCarbonX, a Decentralized Application

(DApp) that solves the enumerated problems using NFTs on the blockchain
platform through smart contracts. The paper combined the inductive method

and descriptive approach to describe the functional architecture of DCarbonX,

while elaborating on its salient features and highlighting opportunity in
VXVWDLQDEOH AQDQFH IRU ,VODPLF AQDQFH SOD
study on the applications of DApps in DeFi, Web 3.0 and ESG, among other

areas and gives a comparative analysis of blockchain platforms for DApp
development. The paper concluded that there is a harmony in the SDGs and

the primary goals of Maqasid al-Shariah. The blockchain platforms can be
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utilized to develop DApps for solving the issues related to ESG and climate
FKDQJH 7KH ,VODPLF AQDQFH FDQ VHL]H WKH XQW
based solutions for climate change by launching the DApps in the domains

of Capital Market (like green Sukuk), Embedded Finance, Takaful, NFTs,
RegTech, and SupTech.

Keywords:Blockchain, DApp, DCarbonX, Climate Change, Carbon Market,
NFT, Islamic Finance.
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1. INTRODUCTION

The advent of blockchains in 2088with a novel concept of economic

incentives for participation in network reliability initiated the domain of

crypto economics. Blockchain technology garnered considerable interest from
GRPDLQV VSDQQLDd ddudrivpRAVQD  pokential to disrupt

existing working models. The pandemic caused by the novel coronavirus

has established the need for a strong digital infrastructure for governments

to ensure that the effects on the economy are miffiilnaBlockchain can

assist in deploying this digital infrastructure while providing transparency

DQG GDWD LQWHJIJULW\ 7KH AQDQFLDO VHFWRU L\
to revolutionize the economy by innovative models of payrfierasd

banking®. Blockchain evolved from a permissionless network in Bitcoin to

D SHUPLVVLRQHG RQH LQ 4XRUXP UHVRQDWLQJ Zl
systems to be in synchronization with the needs for data privacy and regulated
access. The conception of smart contracts in Ethéfeberalded a new

era of applications, built on top of the underlying decentralized blockchain
infrastructure, known as Decentralized Applications (hereafter referred to as
DApps).

DApps utilize and provide the characteristics of blockchain technology to
products and services, majorly using smart conttact PDUW FRQWUDFW\
applicability in multiple areas, including but not limited to Islamic capital

market®), peer-to-peer lenditl§ V XSSO\ F K P Qsula@eBrQuRcH

(1) 6 IDNDPRWR "%LWFRLQ $ 3HHU WR 3HHU (OHFWURQLF &DVK 6\VWHP p KWWSV ELWFRLQ F

2) % & &KHQ < ""HFHQWUDOL]JHG )LQDQFH %ORFNFKDLQ 7HFKQRORJ\ DQG WKH 4XHVW IR
stract=3418557, 2019

(3) $ ODFKDGR 0 6RXVD DQG $ 5RFKD "%ORFNFKDLQ WHFKQRORJ\ LQ HGXFDWLRQ p LQ 7
( %XVLQHVV DQG ( *RYHUQPHQW VHU ,&((* 1HZ <RUN 1< 86$% $VVRFLDWLRQ IRU &RPSXW
(4 32& &KLQD "*RLQJ 'LJLWDO GXULQJ &29,' DQG EH\RQG p KWWSYV ZZ7Z SZFFQ FRP HQ W
jul2020.pdf, 2020

(5) $ 9LMD\DQ $ 0 $VKLTXH O . .DUXQDWWX $ -RKQ DQG 0 - 3LOODL “'LILWDO SD\PHQWV
in 2020 International Conference on Smart Electronics and Communication (ICOSEC), 2020, pp. 429-435

6) 9 1DLN 5 3HMDZDU 5 6LQJK $ $KHU DQG 6 .DQFKDQ "([SHGLWLRXV EDQNLQJ XVLQJ EOR

ence on Computational Intelligence for Smart Power System and Sustainable Energy (CISPSSE), 2020, pp. 1-6

(7)) 0 SEGHOKDPLG DQG * +DVVDQ "%ORFNFKDLQ DQG VPDUW FRQWUDFWYV p LQ B3URFHHGLQJV |
,QIRUPDWLRQ (QJLQHHULQJ VHU ,&6,( - 1HZ <RUN 1< 86% $VVRFLDWLRQ IRU &RPSXWLQJ 0
8 7 +HZD < +X 0 /L\DQDJH 6 .DQKDUH DQG 0 <OLDQWWLOD “6XUYH\ RQ EORFNFKDLQ ED
UHVHDUFK pu ,(((

9 1 .KDQ % .FKRXUL 1 <DWRR = .UDXVVO $ 3DWHO DQG 5 6WDWH "7RNHQL]DWLRQ RI VX
p. 100539, 06 2020

(1009 . 0DQGD DQG 6 <DPLMDOD "3HHU WR SHHU OHQGLQJ XVLQJ EORFNFKDLQ p ,QWHUQDWL
In Education, vol. 6, pp. 61-66, 03 2019

(11) $ 5LMDQWR "%ORFNFKDLQ WHFKQRORJ\ DGRSWLRQ LQ VXSSO\ FKDLQ AQDQFH p -RXUQDO R
vol. 16, pp. 3078-3098, 11 2021

(12) + .DQWXU "+RZ VPDUW FRQWUDFWYV FDQ FKDQJH WKH LQVXUDQFH LQGXVWU\ EHQHAWYV
dissertation, 08 2018
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the Environmental, Social and Governance (ESG) s&ttdhe market for

DApps is expected to reach 368.25B by 2027 spurred by the need for secure
SHHU WR SHHU WUDQVDFWLRQV ZKHUH FRURQDYL
factoi'®. DApps through smart contracts can also help to adhere to Shariah
standards by helping to comply with the Shariah law and providing evidence

for the same through transparent transactions on the blockghain

The primary advantages provided by DApps are transparency, immutability,

real time transactions, low cost, absolving of intermediaries and a programmed
execution of stipulated terms in contractual business relationships and they

also represent the crucial aspects to differentiate between the conventional
DQG ,VODPLF AQDQFH ORUHRYHU DQ REMHFWLYH
Sustainable Development Goals (SDGs) and 5 primary goals of objectives of
Shariah reveals that the sustainability is one of the common objectives of both
WKH VXVWDLQDELOLW\ DJHQGD RI 81 DQG ,VODPLF

(13) ; /LX + X % :X < )X DQG * 4 +XDQJ %ORFNFKDLQ (QDEOHG (6* 5HSRUWLQJ J)UDPHZRU
pp. 403-413

(14) *OREDO .H\ 30D\HUV "'$SSV ODUNHW 5HSRUW B KWWSV ZZZ HLQQHZV-FRP SU QHZV
al-key-players-typ es-applications-countries-size-forecast-to-2027, 2021

(15) N. Alam, L. Gupta, and A. Zameni, Smart Contract and Islamic Finance, 10 2019, pp. 119-135
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EDREDY

DOV

QV LV WR “,QIR

UHOHYDQFH-

7TDEOH 7KH PDSSLQJ RI 6XVWDLQDEOH '"HYHORSPHQW *RL
2EMHFWLYHV RI 6KDULD *R
Sustainable Development Goals
Al-Deen
Al-Nafs Al-Agl Al-Nasl| Al-Maal
Dimensions 17 Goals B (+)/H (-) B (+)/H (-) BMH)/MH(G)| BH)Y/H(E)| B(*)/HC(E)
1R 3RYHUW\ X < X X <
=HUR +XQJHU [6'* X < < <
E *RRG +HDOWK | 6'*X < < <
o
15 Decent Work &Economic
o < < < < <
w *URZWK 6'*
Industry, Innovation
< X < < <
,QIUDVWUXFWXUH 6'*
" x
4XDOLW\ (GXFDWLR(Q 6 X < - <
*HQGHU (TXDOLW\ X%'* < X X X
.
5HGXFHG ,QHTXDOL)EN\ b < X X <
s
<5 Sustainable Cities &
@ X X X < <
&RPPXQLWLHV |6'*
Peace, Justice & Strong < < < < <
,QVWLWXWLRQ|V 6'*
Partnership to achieve the|
X X X X <
JRDOV 6'*
Clean Water & Sanitation
< < X < <
6'*
Affordable & Clean X X X X
3 (QHUJ\ &'+ Y
c
“E’ Responsible Consumption
= < < < < <
S BURGXFWLRQ | 6'*
S
5 &OLPDWH $FWLRQ 6'* < X < <
o . "
/LIH %HORZ :D HU<6 % X < <
/LIH RQ /DQG 6'* < < X < <
Note
7KH FRXUWHV\ IRU FODVVLAFDWLRQ RI 6'*V DV SHU WKH GLPHQVLR
6'*V 6WDWH RI WKH $UW 1HHGV Dhps:/Abdiuigy/Bdii FBORI09345/df DYDLODEOH DW
; UHSUHVHQW Y,QGLUHFW UHOHYDQFH: < UHSUHVHQWYV YfGLUHFW
Hardship’

Source: Authors’ own

273



( (18) S,HJ MU Q@U2022 § X W'nlmdluyaln )

The primary goals of the objectives of Shariah can be extended and revised
from time to time to include some sub-goals or coroll&fieer serving

the best interest of nation and applying the Shariah in the contemporary
context. Table 1 depicts a harmony between the 17 SDGs and the 5 goals of
objectives of Shariah. It is clear from the Table 1 that SDGs and the primary
goals of objectives of Shariah are directly or indirectly linked and serve the
‘E’ and ‘S’ elements of ESG, so the DApps and technology aiming to serve
the sustainability shall also directly or indirectly serve the objectives of
Shariah. The SDGs have three dimenstémd ‘Environmental’, ‘Social’ and
‘Economic’ to denote the indicator framework for the sustainable development
agenda approved by the United Nations in September 2015, while the 5
goals of objectives of Shariah have the two dimensions of ‘Increasing the
%HQHAW:- DQG Y5HGXFLQJ WKH +DUGVKLS:- WR SURY
frameworks for jurisprudential diligence (ljtihad) performed by the Shariah
VFKRODUV LQ ,VODPLF AQDQFH

The ESG market is facing multiple challenges like lack of transparency,

issues dealing with integration in the existing infrastructure, and delivering

on ESG commitmentd. All the foregoing challenges are also subject of

Shariah compliance governance. However, a pertinent area of relevance to
sustainability after COP26 is that of carbon emission reductions and countries

are being asked to come forward with ambitious 2030 reductions targets to
UHDFK "JOREDO QHW JHUR E«ZALVGKE BTADDAKDN QG NH I
requirement to achieve this goal is to have an authentic and accurate record

of carbon emissions by each country and hence each relevant organization.
Thereafter, there should be an infrastructure to provide this record to the
country for accounting purposes such that the data is non-repudiated and cannot

be corrupted. Moreover, an exchange of carbon credits should be facilitated

WR HQVXUH FRRSHUDWLRQ EHWZHHQ RUJDQL]DWLE
negative entities to carbon neutral and carbon positive entities. The paper
conducts a case study on DCarbonX, which is a pioneering blockchain-based
software, that solves some of the major problems associated with tracking

(16) 2EDLGXOODK ORKDPPHG “6HWWLQJ ODTDVLG 'ULYHQ 'HYHORSPHQW $JHQGD IRU ,VODF
LH VHWWLQJ D PDTDVLG GULYHQ GHYHORSPHQW DJHQGD IRU LVODPLF AQDQFH LLL

(17) -LQVRQJ :X 6RQJ *XR +XDZHL +XDQJ :LOOLDP /LX DQG <RQJ ;LDQJ ©,QIRUPDWLRQ DQG &R
the Art Needs and Perspectives» available at: https://arxiv.org/pdf/1802.09345.pdf

(18) 3Z& “6L[ NH\ FKDOOHQJHV IRU AQDQFLDO LQVWLWXWLRQV WR GHDO ZLWK (6* ULVNV u KWW
LQGXVWULHV AQ DQFLDO VHFWRU VL[ NH\ FKDOOHQJHV IRU AQDQFLDO LQVWLWXWLRQV WR GF
(19) 8QLWHG 1DWLRQV &OLPDWH &KDQJH “&23 *RDOV 81 &OLPDWH &RQIHUHQFH 8. u KWW
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DQG WUDFLQJ RI FDUERQ FUHGLWY '&DUERQ; LV (
ZKLFK LV D VRIWZDUH VROXWLRQV SURYLGHU VSHF
intelligence, to provide an accurate recording of carbon credits and a trading
market for exchange of carbon credits.

The rest of the paper is structured as follows: The related work is given in
Section II. Relevant background, where a description of blockchain technology,

smart contracts, DApps and a comparison of major blockchain platforms on

which DApps can be developed is given. in Section Ill. The case study of
DCarbonX, the functional architecture, salient features, and the utility of the
GHYHORSHG GHFHQWUDOL]J]HG DSSOLFDWLRQ VRIWZ
LQ ,VODPLF AQDQFH DUH GLVFXVVHG LQ 6HFWLRQ
challenges related to Shariah, faced during the development, deployment, and

D JHQHUDO XVDJH RI '$SSV DUH JLYHQ LQ 6HFWLRQ
LQ 6HFWLRQ 9,

Research Method and Limitations: The paper is based on qualitative

method of deduction to review and describe the innovative business model

of DCarbonX, a DApp that solves the crucial problems of accountability,
greenwashing, traceability, impact assessment and trading of carbon credits

in the ESG sector by using NFTs on the blockchain platform through smart
contracts. Although the paper presents the salient features of the DApp along

with the comparison of backend blockchain platforms, the paper does not aim

DW DQDO\][LQJ WKH WHFKQLFDOLWLHV RI DOO WKRY\
for adopting a certain platform then shifting to the other. By providing such

a comparison the paper also aims at showcasing the available options for the
,VODPLF AQDQFH SOD\HUV WR RSW WKH PRVW DSSL
market requirements.

2. LITERATURE REVIEW

Cai et al.?V elaborated on the importance of DApps and conduct a survey on
state of the art in DApps, whereas Zheng €t?dliscussed the components

of a DApp, while highlighting that there is no single point of failure. In this
paper, we elaborate on the issues that are present in the ESG domain, while
providing a solution to solve some major impediments to achieving carbon

(200 1DVK AQWHFK; “&RPSDQ\ :HEVLWH p KWWSV QDVKAQWHFK[ FRP LQGH[ KWPO

(21) : &DL = :DQJ - (UQVW = +RQJ DQG & )HQJ "'HFHQWUDOL]HG DSSOLFDWLRQV 7KH EORF
vol. 6, pp. 53019-53033, 10 2018

(22) G. Zheng, L. Gao, L. Huang, and J. Guan, Decentralized Application (DApp), 01 2021, pp. 253-280

271



( (18) S,HJ MU Q@U2022 § X W'nlmdluyaln )

neutrality by 2050.Wu et af® did an empirical study of blockchain-based
DApps, providing a summary of methodology of usage of smart contracts by
DApps to access the underlying blockchain and conduct a descriptive analysis
of popularity of DApps. The present work differs in focusing on a single
decentralized application software, DcarbonX, that provides a carbon market
for trading of carbon credits.

Mishra et al® discussed the usage of blockchain and DApps to resolve the
security issues around sharing of students’ credentials, whereas our work deals
with resolving issues around transparency, tracking and accurate accounting
of carbon emission reductions. Rupa et@l.utilized a DApp for storage

of medical records in Ethereum to protect it from unauthorized access by
attackers and designed the associated DApp for Industry 5.0. The present work
utilizes a DApp to help prevent greenwashing and manipulation of the record
of issued carbon credits. The present work is an application for Web 3.0.

Marchesi et al®® GHAQHG D VWUXFWXUHG DSSURDFK WR
an agile and scrum methodology in Ethereum, which is extensible to other
EORFNFKDLQV 2XU ZRUN GHAQHV WKH DUFKLWHFW
for DCarbonX, which is a DApp providing a blockchain-based carbon market.

9 1L H@Kdes¢nbed the blockchain, mechanism and structure of DApps,

and also discussed in detail the Shariah related issues in cryptocurrencies,
smart contracts and DAOs. Our work differs and adds the Shariah analysis of
DCarbonX, a blockchain based DApp, and reveal the harmony between the
objectives of sustainability embodied in SDGs and primary goals of Magasid

DO 6KDULDK WKH REMHFWLYHV RI 6KDULDK VLPL
XVHIXOQHVV RI '$SSV IRU WKH ,VODPLF AQDQFH DC

Hamza etal® JDYH DQ RYHUYLHZ RI WKH VFLHQWLAF
climate change, indicating the need for solutions to combat it. The present
work is a pioneer in providing a solution through a DApp, DCarbonX, for

(23) . :X < 0D * +XDQJ DQG ; /LX “$ AUVW ORRN DW EORFNFKDLQ EDVHG GHFHQWUDOL]HG |
vol. 51, 10 2019

(24) 5 OLVKUD $ .DOOD 1 6LQJK DQG O /L\DQDJH ~,PSOHPHQWDWLRQ DQG DQDO\VLV RI EOR
FUHGHQWLDOV u

(25) 5 &K ' OLGKXQ FKDNNDUDYDUWK\ 0 . +DVDQ + $OKXP\DQL DQG 5 $ 6DHHG ",QGXVWU
'$SS VPDUW FRQWUDFW p

(26) / ODUFKHVL 0 ODUFKHVL DQG 5 7RQHOOL "$EFGH3:DJLOH EORFN FKDLQ '$SS HQJLQHHUL
1, no. 1, p. 100002, 2020

(27) 9 1LHQKDXV "%ORFNFKDLQ 7HFKQRORJ\LHV DQG WKH 3URVSHFWV RI 6PDUW &RQWUDFWYV
and Practice, PP. 183 -209

(28) < *DPER +DP]D 6 $PHWD $ 7XNXU DQG $ 8VPDQ "2YHUYLHZ RQ HYLGHQFH DQG UHDOLW
mental Science Toxicology and Food Technology, vol. 14, pp. 17-26
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assisting in providing an accurate quantitative measurement of the efforts

to combat climate change. Cl@n HODERUDWHG RQ WKH VLJQLA
blockchain to improve accountability in carbon markets and to develop
renewable energy microgrids, whereas our work provides a practical evidence

of the accountability blockchain for carbon markets through our decentralized
application software, DCarbonX.

3. BACKGROUND

$ %ORFNFKDLQ

Blockchain is a decentralized and distributed database that operates in a peer-
to-peer network. The organization of data in a blockchain is in the form of
blocks and can be visualized as a singly linked list as given in

%ORFNFKDLQ LV DQ HYHU LQFUHDVLQJ VHULHV R
referred to as the genesis block and provides a template for all other blocks.
All blocks, other than the genesis, contain a reference to the previous block.

J)LIXUH 6LQJO\N OLQNHG OLVW YV %ORFNFKI

Source: Authors’ own

There are conceptual differences between a singly linked list and blockchain.
Individual blocks in the blockchain have multiple data points in the form of
transactions hashed together in a Merkle tree and hash of the previous block
in the block header, for example, linked together by cryptography and this is
not present in a singly linked list. Additionally, the data in a linked list can be
changed and deleted. In a blockchain, the data is immutable and cannot be
corrupted. There is no provision for deleting blocks in a blockchain as any

(29) ' &KHQ "8WLOLW\ RI WKH EORFNFKDLQ IRU FOLPDWH PLWLIJDWLRQ p 7KH -RXUQDO RI WKH
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change in data needs to be accomplished in all the copies of the database that
reside with possibly thousands of validators in case of a public block&hain

7KH EORFNFKDLQ QHWZRUN PDMRUO\ FRPSULVHYV RI
Protocol’, and ‘Governance Mechanism’. Users use the DApps and payment
VHUYLFHY SURYLGHG E\ WKH EORFNFKDLQ 9DOLGD)
the blockchain database and participate in validating transactions by virtue

of which the data gets recorded on the distributed ledger of the blockchain.

The governance mechanism followed by the blockchain network determines

how coordinated the various entities in the network are to accomplish the
strategic goals of the blockchain platféi¥n Consensus Protocol is the

universal agreement within the blockchain network as to the legitimacy of

the data to be added and which validator will add data. The right to update

the database is distributed among owners of computing power, stakeholders,

or a user’s social netwd?R The primary consensus protocol, Proof of Work,
employed by Bitcoin and Ethereum, utilizes a lot of energy and the energy
consumption of each Bitcoin transaction is estimated to be equivalent to 1173
NLORZDWW KRXUV RI HOHFWULFLW\ ZKLFK FDQ 'S
for six week#®- This makes proof of work consensus protocol an unsuitable
candidate for usage in view of the climate goals outlined in COP26.

% 6PDUW &RQWUDFWYV

Smart contracts are computer programs that reside on the blockchain platform,

and their correct execution is enforced by the consensus protocol. They help

to formalize and secure relationships on the blockchain nefva8mart
FRQWUDFWV AQG XVDJH LQ PXOWLSOH DUHDV OL!
insurance, and notary, among otlrs

(30)) 6 IDNDPRWR “%LWFRLQ $ 3HHU WR 3HHU (OHFWURQLF &DVK 6\WWHP p KWWSV ELWFRLQ
(31) 1 .KDQ 7 $KPDG $ 3DWHO DQG 5 6WDWH “~%ORFNFKDLQ JRYHUQDQFH $Q RYHUYLHZ DG
OLEULXP u

(32) 9LWDOLN %XWHULQ “~(WKHUHXP )RXQGDWLRQ %ORJ p KWWSV EORJ HWKHUHXP RUJ

(33) 6 7X00\ "(YHU\ VLQJOH ELWFRLQ WUDQVDFWLRQ®*HYHQ EX\LQJ D ODWWH3FRQVXPHV RYHU
(34) 1 6]DER "6PDUW FRQWUDFWV )RUPDOL]LQJ DQG VHFXULQJ UHODWLRQVKLSYV RQ SXEOLF QH
(35) 0 %DUWROHWWL DQG / 3RPSLDQX ‘$Q HPSLULFDO DQDO\VLV RI VPDUW FRQWUDFWV SO
abs/1703.06322, 2017
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J)LIXUH $Q ([FHUSW IURP DQ 1)7 6PDUW &RQW

Source: Authors’ own

A sample smart contract to create an NFT (Non-Fungible Token),

which are token representations of non-fungible assets, is given in

Figure 2. The smart contract stores the hash of the greeting image that is stored

RQ QWHU3ODQHWDU\ )LOH 6\VWHP ,3)6 ZKLFK LV

systen®- The smart contract creates a permanent record of an Eid Al Adha
JUHHWLQJ E\ 1DVK AQWHFK:; ZKLFK GHSLFWV [

sermon of Prophet Mohammad (Sallalahu Alayhi Wasallam - May peace and

blessings of Allah be upon him). The transaction hash for the NFT from Nash

AQWHFK; LV

[ G EH E EF D DD E | ID HGE D D H

J)LIXUH (LG $O0 $GKD *UHHWLQJ IURP 1DVK AQWHTF
5LQNHE\ WHVWQHW RI (WKHUHXP

Source: Authors’ own

(36) ,3)6 ",3)6 3RZHUV WKH 'LVWULEXWHG :HE p KWWSV LSIV LR ZK\
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7KH LPDJH WKDW LV VWRUHG RQ ,3)6 LV JLYHQ LQ )
of Pinata cloud servic&8 to ensure the image can be always accessed from
IPFS.

& '"HFHQWUDOL]HG DSSOLFDWLRQV

Decentralized applications or DApps, as mentioned previously, are
developed on the blockchain infrastructure supported by smart contracts. The
nomenclature is derived from the way existing applications are designated
using the environment of their execution as a deciding factor. Hence,
applications developed to function on the web are known as web apps
whereas those that function on smartphones are referred to as smartphone
apps. Similarly, applications that function on decentralized platforms like the
blockchain are referred to as decentralized apps or DApps. The difference is
that DApps have a backend hosted on a decentralized platform, whereas web
apps and smartphone apps are powered by a centralized backend. Ethereum
ZDV WKH AUVW EORFNFKDLQ SODWIRUP WKDW SU|I
contract§® in 2015. Majority of DApps are on Ethere@with the number

being close to 4000

J)LIXUH (WKHUHXP '$SS '"HYHORSPHQW

Source: Authors’ own

(37) 3LQDWD “3LQDWD 3 <RXU +RPH IRU 1)7 OHGLD p KWWSV ZZZ SLQDWD FORXG
(38) (WKHUHXP ~,QWURGXFWLRQ WR 6PDUW &RQWUDFWV g KWWSV HWKHUHXP RUJ HQ GHYHOR
(39) '$SS5DGDU "7KH ZRUOG-V '$SS BWRUH g KWWSV '$SSUDGDU FRP UDQNLQJV
(40) BWDWH RI WKH '$SSV "6WDWH RI WKH '$SSV  '$SSV 6WDWLVWLFV u KWWSV ZZZ VWDWHRI
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Figure 4 depicts one of the methodologies of DApp development in Ethereum.
The smart contract/s on which the DApp would be developed are deployed
RQ (WKHUHXP XVLQ® thXghAthe KirRIQaoRMDadd life
7UXIAH FRQVROH KHOSVY WR GHSOR\ WKH VPDUW FI
an Ethereum cliefi®- Once the smart contract has been deployed, the user
interface (Ul) is developed to help the users interact with the smart contract
on the blockchain. In Figure 4, the smart contract has been deployed on the
Ropsten testnet of Ethereum, which simulates the main Ethereum network but
offers fake cryptocurrencies for testing purposes. The frontend helps the user
to interact with the smart contract through the Ethereum client using Ethereum
JavaScript ARt All the changes in data through the DApp are recorded using
the smart contract on the blockchain platform. The methodology followed in
different blockchain platforms by way of software libraries and tools used
might be different from the one depicted in Figure 4, but conceptually the
process will be similar in all blockchain platforms.

" %ORFNFKDLQ 30DWIRUPV IRU '$SS '"HYHORSPHQW

Blockchain platforms that enable the functionality of smart contracts can
provide the infrastructure to develop DApps. Table 2 gives a comparison of the
main public blockchain platforms that provide the functionality of developing
DApps that store the execution rules in smart contracts on the blockchain
platform. The blockchain provides the database for storage and retrieval of data
generated through DApps. The metrics depicted were retrieved from various
sources and correspond to 13th January 2022. Table 2 gives the throughput or
the number of transactions per second that the concerned blockchain platform
is able to achieve and Solana has the maximum throughput with Ethereum
being the lowest in terms of performance. The smart contracts can be written
in multiple programming languages and blockchain platforms, which provide
popular programming languages to write smart contracts like Solana are
more attractive for developers. Similarly, the transaction fee is an extremely
important parameter when developing DApps that will involve a large number
of transactions / users. Stellar has the lowest transaction fee but only the base
fee has been indicated in Table 2, while the actual transaction fee would
depend on the number of operations a transaction entails. Solana scores in

(41) TUXIAH "8VLQJ 7UXIAH 'HYHORS DQG WKH &RQVROH p KWWSV WUXIAHVXLWH FRP GRFV
console.html

(42) &DQRQLFDO "8EXQWX 7XWRULDOV p KWWSV XEXQWX FRP WXWRULDOV FRPPDQG OLQH IRL
(43) (WKHUHXP "1RGHV DQG &OLHQWYV p KWWSV HWKHUHXP RUJ HQ GHYHORSHUV GRFV QRGHYV
(44) (WKHUHXP 5HYLVLRQ D GG F "(WKHUHXP -DYD6FULSW $3, p KWWSV ZHE MV UHDGWKHGR|
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having minimal transaction fee after Stellar.

7TDEOH &RPSDULVRQ RI ORFNFKDLQ 3ODWIRUPV IF
Blockchain Throughput Sg]rggrgr?]r;riﬁgts Consensus Market | Transaction Public
platform (tps) language algorithm Cap fee (USD)
Algorand 1000 TEAR PoS 8.8B 0.0014 <
Cardano 250 Haskell Ouroboros (PoS)  41.71B 0.4 <
Ethereum 13-14 Solidity Pow 389.8B 6.493 <
Solana 50,000 C, Rust, C++ Tower (PpH | 46.58B 0.00025 <
Stellar 1000 -NA: SCP 6.71B 0.00000274 <
Michelson,
Tezos 40 SmartPy, LIGO PoS 3.7B 0.00232 <

Source: Authors’ own

a) Transactions Per Second; b) Transaction Execution Application Language; c)
Proof of Stake; d) Proof of Work; e) Proof of History; f) Doesn’t have a smart
contract programing language; g) Stellar Consensus Protocol; h) Base fee.

In consideration of the climate goals outlined in COP26, the consensus
protocol used by the blockchain platform should not be energy intensive,
so the usage should not contribute to an increase in the number of carbon
emissions. Additionally, the hardware requirements for the organization to
participate as a validator of transactions must also be researched upon, while
taking care of the overall budget of the organization. This scenario would
arise if the organization intended to participate in the transaction validation
process in the blockchain platform. The market capitalization (or market cap
DV LQGLFDWHG LQ 7DEOH JLYHVY DQ LQGLFDWLRC
blockchain platform. It is also a prediction of the quality of the technological
offering as well as the resiliency of the blockchain platform. A large market
cap by default indicates a larger window for the platform to resolve issues in
code, for example, and come forward with a sound offering.

E. Use of DApps in Finance

7KH LQWHJUDWLRQ RI EORFNFKDLQ $5 $XJPHQ\
Reality), MR (Mixed Reality) and NF¥8 will change the way businesses are

FRQGXFWHG DQG FDXVH GLVUXSWLRQ LQ WKH AQD
LV VWLOO LQ LWV LQIDQF\ 7KH SULPDU\ EHQHAWYV

(45) 1 .KDQ “1)7 5SHVHDUFK 5HSRUW u KWWSV GULYH JRRJOH FRP AOH G ;96ZQTO[l 71D 8% $L
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data immutability, censorship-resistance, service availability, decentralized
servers, source code auditability and divisibility of digital currencies being
XWLOL]HG ZLWK '$SSV 8VH RI '$SSV WKDW FDSLWI
FDQ EH PDQLIROG HVSHFLDOO\ LQ WKH AQDQFH VH
highlighted in this paper, which can be categorized in the following domains:

'"HFHQWUDOL]HG )IHFB@PHUDIL]HG AQDQFH RU "H)I
AQDQFLDO SURGXFWYV DQG VHUYLFHV GHYHORSHG
ledger infrastructure as in a blockcH&nBlockchain absolves the need for
LQWHUPHGLDULHY DQG AQDQFLDO VHUYLFHV DUH S
domain in DeFi. Transactions happen in real time and since intermediaries are
not required there is cost reduction. This trustless economy is based on the
concepts of game thed™ where validators are given economic incentives
to maintain the integrity of the blockchain network. Decentralized borrowing
and lending can be accomplished through DApps. NFTs, cryptocurrencies or
fungible assets can be used as a collateral. The rise of DeFi has given rise
to novel business modé&é® like decentralized marketplaces, automated
settlement trading, tokenization of Islamic Sukuk, derivatives trading, liquidity
pools and yield farming, among others.

(PEHGGHG ) MBHGGEHG AQDQFH LPSOLHV WKH RII
VHUYLFHV WKURXJK QRQ AQDQFLDO FRPSDQLHV E
WKHLU RZQ UHVRXUFHVY WR WKHLU FOLHQWYV (PE!
time saving within the same physical location to the consumers, who do not
KDYH WR JR WR D AQDQFLDO VHUYLFH SURYLGHU |
SURGXFW WKH\ LOQWHQG WR WKURXJK WKH UHWDL
offers a seamless experience to the consumers by integrating the payment
mechanism as a part of the service offering itself. Examples of embedded
AQDQFH DUH $SSOH 3D\ *RRJOH 3D\ DQG 3D\3DO
reduction, faster transaction settlement, transparency, and an immutable
transaction record. All these features of the technology make it a utilitarian
WHFKQRORJ\ WR LPSOHPHQW HPEHGGHG AQDQFH
'H)L '$SS LV DQ HPEHGGHG AQDQFLDO RIIHULQJ L
FU\SWRFXUUHQFLHV LQ H[FKDQJH IRU ADW WR XMW
RITHULQJ (PEHGGHG AQDQFH FRXSOHG ZLWK EORF
EHQHAWYV LQ PXOWLSOH DUHDV OLNH PHWDYHUVH

(46) S. Bose, G. Dong, and A. Simpson, Decentralized Finance, 10 2019, pp. 283-310

(47) K. lyer and C. Dannen, Crypto-economics and Game Theory, 05 2018, pp. 129-141

(48) < &KHQ DQG & %HOODYLWLV “"%ORFNFKDLQ GLVUXSWLRQ DQG GHFHQWUDOL]HG AQDQFH
QHVV 9HQWXULQJ ,QVLIJKWV YRO
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even gamin@®-

7R N HQ R E0/offered users the ability to read data, whereas Web
2.0 enabled users to not just read but also write data, contributing to the
available content for consumption. Web 3.0 extends Web 2.0 and facilitates
the users to read, write and execute implying participation by the general
population in contributing to the backend of software applicatiinai58.
This contribution enables decision-making to be transferred to the average
user and encompasses incentives through monetary rewards for the service
provided by the user. This forms the foundation of tokendtieghich is
powered by blockchain. NFTs would pave the way for assigning rights and
privileges in the digital world, equivalent to ownership rights in the physical
world. Metaverse could be powered by a new cryptocurrency.

,QVXUDQFH THDihsDraXc® industry has been slower to adapt

a tech model, in contrast to their companies in retail banking and capital
markets, but in hindsight it can result in a massive advantage on account
of the wider acceptance of the digital landscape and maturity in underlying
WHFKQRORJLHYVY ,QVXUDQFH LV QRZ ULSH IRU GL\
growth of insurtech dedt3 Blockchain is a pivotal technology that can
help to automate tasks in the insurance ind3t#n example would be
automating claim settlement through smart contracts that get triggered on
the occurrence on an event for which an insurance cover exists. DApps that
synchronize the activities associated with claim settlement and harmonise the
actions of various intermediaries through a common, decentralized ledger for
data sharing can revolutionize the insurance industry. Other applications also
exist, whereby DApps can provide authentic and non-repudiated data for Al

DUWLAFLDO LQWHOOLJHQFH DOJRULWKPV WR RII}
example to the users. Blockchain can help to preventffaamt through the
employment of machine learning predict the occurrence of events for each
insured individual, based on metrics derived from their life.

5HJ7HFK DQG BXB78BKPDU\ EHQHAWV RI '$SSV
traceability, data immutability, censorship-resistance, service availability,

(49) %ORFNFKDLQV "%ORFNFKDLQ DQG WKH 5LVH RI (PEHGGHG )LQDQFH p KWWSV EORFN
(50) 5 5XGPDQ DQG 5 %UXZHU “'HAQLQJ ZHE 2SSRUWXQLWLHY DQG FKDOOHQJHV u 7KH (OH
(51) 6 .DPSDNLV “7KUHH FDVH VWXGLHV LQ WRNHQRPLFV p 7KH -RXUQDO Rl WKH %ULWLVK %O
(52) / /ILQ DQG & &KHQ ‘7KH SURPLVH DQG SHULOV RI LQVXUWHFK p 6LQJDSRUH -RXUQDO RI [}
(53) 0 5DLNZDU 6 OD]XPGDU 6 5XM 6 *XSWD $ &KDWWRSDGK\D\ DQG . < /DP “$ EORFNFKI
2018, pp. 1-4

(54) 5 5RUL] DQG - / 3HUHLUD “$YRLGLQJ LQVXUDQFH IUDXG $ EORFNFKDLQ EDVHG VROXWLF

vol. 164, pp. 211-218, 01 2019
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decentralized servers, provides a good basis for ReffTectd SupTecH:

The Shariah supervisory practitioner in BahfAinLQGLFDWHG WKDW "DV
DQG 6XS7HFK LQ ,VODPLF AQDQFH DUH DLPHG DW
consistency and standardization of regulatory processes in a way that promotes
proper interpretation of regulatory standards at a lower cost and ensures
risk-based supervision for Islamic banks’ regulatd¥sThe DApps can be

used by the RegTech for compliance management, identity management and
control, risk management, regulatory reporting, transaction monitoring, fraud
detection and regulatory reportitigIn brief, smart contracts, DLT, Al, and

Big Data analysis have huge potential to better implement transparency and
restore trust by avoiding the great levels of uncertainty as called for by the
principles of Shariah. RegTech DApps can also be a better solution for either
KDUPRQL]LQJ RU VHWWLQJ RIl WKH FRQALFW RI RSL
at various Shari'ah supervisory boards.

(6* , QYHVWRUV REVHUYH D FRUUHODWLRQ EHWZH
a company and their navigation of environmental challenges/ opportunities
as per a study conducted by Research in Firf@n€éimate change, carbon
emissions and pollution rank as the major environmental concerns amongst
investors. Independence of board, executive remuneration and diversity in the
board composition were foremost in the governance criterion when investors
HYDOXDWHG D AUP 5LJKWV RI ZRUNHUV HTXDOLYV
factors for investors when looking at the social considerétioihen we
focus on the environmental facet of ESG then an authentic impact assessment
and measurement becomes extremely important. Blockchain through DApps
developed to accommodate the ESG criteria come across as invaluable tools
to provide a non-repudiated account of the environmental progress achieved
to thwart climate change or reduce pollution. The European Commission
IRU H[DPSOH LQWHQGV WR XVH EORBldtkKINLQ WR A.
through the use of smart contract, oracles and DApps can interact with real-

(55) 5HJ7HFK UHIHUV WR WKH XVH RI WHFKQRORJ\ E\ AQDQFLDO LQVWLWXWLRQV WR HQKDQFH |
(56) SupTech is the use of technology by regulatory and supervisory authorities to enforce prudential regulations

(57) ,)6% “,VODPLF )LQDQFH 6HUYLFHV ,QGXVWU\ 6WDELOLW\ 5HSRUW Ss

(58) <DWHHP ) JLQWHFK 5HIJWHFK DQG 6XSWHFK DQG WKHLU ,PSOLFDWLRQV IRU 5HIJXODWLF
7THFKKQRORJ\ '"ULYHQ *URZWK $ %DQNLQJ 3HUVSHFWLYHp ss

(59) %HFNHU O OHU] . %XFKNUHPHU 5 5HJ7HFK*WKH DSSOLFDWLRQ RI PRGHUQ LQIRUPD
interest in research and practice.

(60) 5SHVHDUFK LQ )LQDQFH ~ 8. 5HVSRQVLEOH ,QYHVWLQJ 6WXG\p KWWSV 2Z2Z AQDQFLDOV
(61) %RQKLOO *URXS ~,QYHVWRUV OLVW WKHLU WRS WKUHH (6* FRQFHUQV p KWWSV HVJFODU
(62) (XURSHDQ &RPPLVVLRQ "%ORFNFKDLQ IRU FOLPDWH DFWLRQ 3 6KDSLQJ (XURSH:V GLJLWD
cies/blockchain -climate-action, 2021
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world data to cope with the impact of climate ch&3g& accomplishing
transparency in governance, blockchain through smart contracts and DApps

can facilitate honest voting on decisions, where all concerned stakeholders can
participate with their votes permanently recorded on the block&h&Apps

WKDW VXSSRUW AQDQFLDO LQFOXVLRQ DQG SURYL
social initiative leverage on blockchain for a quantitative measurement of the
EHQHAWYV WKDW DUH FHLQJ DFKLHYHG VRFLDOO\

4. DCARBONX: DECENTRALIZED CARBON MARKET
APPLICATION SOFTWARE

'FDUERQ; 1DVK AQWHFK;-V SURSULHWDU\ VRIWZDU
carbon credit tracking and a secondary marketplace. DCarbonX facilitates
secure, real-time logging and tracking of carbon credits, while functioning

as a marketplace on its integrated platform. The DCarbonX platform can

be accessed by SMEs as a common marketplace or can be built on top of
existing internal systems in large enterprises and government institutions. The
company intended to launch the product in the market in Q3 of 2022 as well as

to homologate the solution with climate bodies in the main target regions e.g.
(XURSHDQ &OLPDWH &KDQJH SURJUDP &%0(1%$ DQG
&DUERQ ODUNHWYVY 769&0 7TKH WDUJHW PDUNHW L
Markets) and NDC (Nationally Determined Contributions) projects, funded

E\ FRQYHQWLRQDO AQDQFLDO LQVWLWXWLRQV DQ
FRPSDQ\ LQWHQGY WR ZRUN FORVHO\ ZLWK EDQU
,VODPLF AQDQFLDO LQVWLWXWLRQV IRU SURMHFW
building of internal teams on ESG impact topics. There is a major challenge to

get the stakeholders aligned on this novel approach, including climate bodies,

clients executing the project and project auditors. The main revenue will be
generated from the transaction fees from NFT issuance from the platform and
project consultancy.

$ ORWLYDWLRQ
COP26® ZDV D ODQGPDUN HYHQW LQ WKH AJKW DJDL(

(63) $ =KRX “%ORFNFKDLQ FDQ KHOS XV WDFNOH FOLPDWH FKDQJH u :RUOG (FRQRPLF )RUXP

(64) ) 3DQLVL 5 %XFNOH\ DQG ' $UQHU "%ORFNFKDLQ DQG SXEOLF FRPSDQLHV $ UHYROXYV
DQG FRUSRUDWH JRYHUQDQFH"y 6WDQIRUG -RXUQDO Rl %ORFNFKDLQ /DZ 3ROLF\ >2Q0
blockchain-and-public-com panies

(65 $ &HUQHY ( 'LQL] ) 'DQHOX]]L DQG ' 5RGULJXHV “6RFLDO FU\SWRFXUUHQFLHV %ORFNF
2018 International Conference on Information Systems, 2018

(66) &23 "$JUHHPHQW UHDFKHG RQ LQWHUQDWLRQDO FDUERQ FUHGLW WUDGLQJ UXOHV DW F
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countries at UN signed the international treaty on climate change mitigation,
commonly known as Paris accord. The primary aim is to keep the rise in mean
global temperature to below2 and preferably to 1.€. The Paris accord also

foresaw countries to build national plans known as Nationally Determined
Contributions (NDCs) on emission reduction targets every 5 years. The COP26

held in Glasgow in October-November 2021 saw 194 countries presenting
WKHLU AUVW 1'&V ZKLOH RI WKHP VXEPLWWHG |
for COP26. These new, updated plans would lead to total GHG (greenhouse
gas) emissions being about 9% lower in 2030 than they were in 2010. The UN
estimates that the current commitments align with a temperature increase of
2.7<C by the end of the century. This will mean additional commitments on
emission reduction on part of member countries to reach Paris accord target of
average temperature increase & 2r preferred target of 16. COP26 was

DOVR WKH PRVW VLIJQLAFDQW &23 IRU FRPSDQLHV
the growing expectations of both to play key roles in enabling decarbonization

in accordance with the Paris goals.

One of the major points of discussion at COP26 related to Article 6, which sets

forth a framework for the creation of a voluntary international carbon credit

trading market. The article 6.2 foresaw that countries will voluntarily engage

LQ "FRRSHUDWLYH DSSURDFKHVUY LQYROYLQJ LQW
RXWFRPHYV ~,702Vpy HPLVVLRQV FUHGLWYV WUDQVI
their NDCs. The Article 6.2 also provides that, in so doing, countries must

apply robust accounting to ensure avoidance of double counting of emission
credits.

7KH JRDOV RI DUWLFOH DUH RSHUDWLRQDOL]H
"PHFKDQLVPu VXSHUYLVHG E\ D ERG\ GHVLJQDWH (
Agreement to:

1. Promote the mitigation of GHG emissions

2. Incentivize and facilitate the mitigation of GHG emissions by public
and private entities

Although Article 6 lays the foundation for the creation of a global carbon credit

market, it left key-implementation details to be determineddat€here were

differences on structural topics including mechanism to avoid double counting

DQG WUDGLQJ RI ROGHU FDUERQ FUHGLWV $IWHU ,
fortunately an agreement at COP26 on the ‘rulebook’ for this carbon credit

(67) &23 "$JUHHPHQW UHDFKHG RQ LQWHUQDWLRQDO FDUERQ FUHGLW WUDGLQJ UXOHV DW F
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market for the states and private entities to generate and trade carbon offset
credits. While the agreement is a leap forward for transparency on country

level NDCs achievements and carbon credit transfer, the big concern remains

on lack of mechanisms governing private projects outside a country’s NDC

or not adjusted for in the country’s carbon budget. These emission reductions
FHUWLAFDWHY FDQ VWLOO EH VROG WR FRUSRUDW
FRXOG XVH WKHP WR FODLP WKDW WKH\ DUH UHDF
robust tracking and logging mechanism. Currently only few voluntary carbon
markets are established for entities to buy and sell carbon offset credits at their
GLVFUHWLRQ H J WR IXOAOO D YROXQWDU\ FRPP
of standardization in these voluntary markets has raised numerous concerns,
including with respect to the quality and validity of offsets and the associated
credits.

7KHUH KDV EHHQ D AXUU\ RI DQQRXQFHPHQWYV RQ Y
emission reduction in the run-up to COP26 by private entities, both in high
FDUERQ HPLWWLQJ VHFWR U% The/climat©targ&s/wil QD Q FL D
become a key performance metric and competitive advantage for players in

their respective business. Thus, a robust, secure, transparent carbon tracking
DQG WUDGLQJ V\VWHP LV D ELJ EXVLQHVV RSSRU
FOLPDWH FKDQJH PLOHVWRQH RI '« DUERQ; DL
market need with its blockchain-based emission tracking and trading platform

as a market pioneer.

(68) . $SSXQQ “&DUERQ PDUNHWV 2 FRS FORVHV ELJJHVW ORRSKROHV EXW ODFNV FODULW\ R
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% )XQFWLRQDO $UFKLWHFWXUH

JLIXUH JXQFWLRQDO $UFKLWHFWXUH RI '&DU

Source: Authors’ own

DCarbonXis ablockchain-based carbon market. Itis a decentralized application
software that utilizes blockchain to store an immutable record of issued and

traded carbon credits. It provides a primary and secondary market for trading

of carbon credits, stored as NFTs on the blockchain platform. These carbon
credits are created as NFTs following a similar methodology as was employed

IRU )LIXUH 1RZ )LJIXUH UHSUHVHQWY D VLPSOL
DCarbonX. The user through the organization that uses DCarbonX accesses
WKH 1)7V RI FDUERQ FUHGLW FHUWLAFDWHYV WKUR
WR FUHDWH 1)7V RI XSORDGHG FDUERQ FUHGLW FH
of NFTs. The organization and the users can see analytics related to the issued
FDUERQ FUHGLW FHUWLAFDWHY ZKHUH HDFK FDUE
the owners, indicating the original owner and then all the subsequent buyers in

the trading market. Additionally, the dashboard developed through a web app
working in integration with the DApp will depict the total number of issued
FDUERQ FUHGLW FHUWLAFDWHY WRWDO QXPEHU R|
NFTs and the number of duplicate requests whereby someone tries to upload

D FDUERQ FUHGLW FHUWLAFDWH WKDW DOUHDG\ H|
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& OLQLPXP 9LDEOH 3URGXFW

JLIXUH GHSLFWV VFUHHQVKRWY IURP WKH PLQLI
DCarbonX, which has been developed on Sdlaiéockchain platform. The

screenshot on the left shows a carbon offset NFT on Solana blockchain. The
FHUWLAFDWH LV @R WHIlEtHR Qash s ZtbrBdoRi Solana. The

hash and the related transaction can be seen by clicking the keyword 'Solana’
ZKLOH WR WUDYHUVH WKH XSORDGHG FHUWLAFDW !
093 XVHV 3KD QWhieh £dn ©gdridtelled on Chrome browser. The

Phantom extension helps users to create a blockchain-based wallet, buy and

store the cryptocurrency of Solana and helps in transaction payments. The
VFUHHQVKRW DOVR VKRZV WKH SURAOH DFFRXQW
SHUPLWWHG IXQFWLRQV IRU WKDW SURAOH ZKLFK
buy cryptocurrency and disconnect from the Phantom wallet. DCarbonX

can be developed on any blockchain platform providing smart contracts but

our analysis revealed that Solana would be an optimum choice considering

our need that the blockchain platform should not be energy intensive like
Ethereum, have a high throughput and should have minimal transaction fee.

Our comparison of blockchain platforms in Table on which DApps can be
developed supports our conclusion in favor of Solana. The screenshot on the

right shows the listing of NFT in the primary market in the Solana blockchain,

which can be reached by clicking the keyword 'Solana’ in the screenshot on

the left. This provides an immutable record of the carbon offset as an NFT on

the blockchain.

JLIXUH 6FUHHQVKRWY IURP WKH 093 RI '&DUE

Source: Authors’ own

(69) 6RODQD "3RZHUIXO IRU GHYHORSHUV )DVW IRU HYHU\RQH p KWWSV VRODQD FRP
(70) $UZHDYH ‘6WRUH GDWD SHUPDQHQWO\ pu KWWSV ZZZ DUZHDYH RUJ
(71) 3KDQWRP “$ IULHQGO\ ZDOOHW EXLOW IRU 'H)L 1)7V u KWWSV SKDQWRP DSS

256



Opportunity for Islamic Finance in Blockchain Solutions for

Climate Change: A Case Study of DCarbonX Model

(dgiiallclan || MHO@U2022 yX Vi | 18 s8I

The DCarbonX DApp provides a drag-and-drop GUI (graphical user interface)
so the users visualize the carbon market as being similar to the existing web
apps in simplicity of design, while the backend complexity is hidden from
them. The testing results however were not in favour of Solana despite the
initial favorable theoretical assessment. Hence, DCarbonX is now being
GHYHORSHG RQ $OJRUDQG EORFNFKDLQ p

' 6DOLHQW )HDWXUHV

The salient features of DCarbonX together with the advantages it provides can
be summarized as follows:

1. DCarbonX is under the control of the issuing organization and only
registered entities can participate in the carbon market.

2. The issuing organization has the sole power to create NFTs whereas all
other users can buy and sell them. This can be extended to accommodate
other issuers, if needed.

3. Acarbon credit NFT issued by the organization is listed in the primary
market.

4. Any purchase and resale of the issued carbon credit NFT lists it in the
secondary market.

5 ,QWHUIDFH WR YLHZ DOO LVVXHG FDUERQ FUH(
app dashboard.

6. Analytics indicating total number of issued carbon credits through
NFTs.

7. 7KH 1)7 RI D FDUERQ FUHGLW FHUWLAFDWH KDV
on the dashboard.

8. 7TKH LVVXLQJ RUJDQL]DWLRQ JDLQV D FHUWDLC
time the issued carbon credit NFT is sold in the carbon market.

9. At any instant of time all the transactions are available on the public
blockchain for validation.

10.The identity of the registered users is known only to the issuing
organization to ensure privacy, whereas transaction records are public
for transparency.

11.An immutable record of issued carbon credit NFTs will prevent
duplication of records, thus preventing greenwashing.

12.All claims made by an organization related to its positive contribution
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to achieving carbon neutrality will be backed by authentic and non-
repudiated records on the blockchain.

13.DCarbonX has a GUI, which hides the complexity of blockchain from
the users.

14.The overall infrastructure will provide the requisite accountability,
transparency and trading of carbon credits to strengthen the efforts of
achieving the climate goals outlined in COP26, adhering to a structured
DQG TXDQWLADEOH DSSURDFK

15.Potential deployment of Al on the blockchain data to offer
recommendations to traders on which carbon credit NFT to buy, indicate
the best price for sale and predict demand.

( 8WLOLW\ LQ 6XVWDLQDEOH )LQDQFH

One of the biggest challenges in achieving the{l.Paris accord goal
UHPDLQV WKH IXQGLQJ IRU FOLPDWH SURMHFWYV FI
commitment of $100B per year by donors to support low and middle-income
countries in tackling climate change was among the key goals of COP26.
However, there was no explicit agreement to the best of our knowledge at
COP26 on the mechanism to fully deliver this commitment up to 2025. There

KDV EHHQ D SXVK WR PRELOL]H SULYDWH VHFWRU
PRUH WKDQ AUPV WRWDOLQJ 7 LQ DVVHW ED
JLQDQFLDO $OOLDQFH IRU 1HW =HUR *)$1= D IRUX
accelerate the transition to a net-zero global economy.

7KH *)$0= ZLOO UHSRUW SURJUHVV RQ AQDQFHG S
net zero pathways for major sectors, thus aligning efforts from corporates

DQG AQDQFLDO LQVWLWXWLRQV /DUJH SULYDWH
ZLWK *ROGPDQ 6DFKV FRPPLWWLQJ % WR VXVWI
decade. This followed an earlier announcement from JPMorgan Chase to
IDFLOLWDWH % LQ VXVWDLQDEOH AQDQFH LQ
JDS ZKLFK KDV WR EH EULGJHG E\ LQQRYDWLYH VX
*UHHQ ERQG KDV HPHUJHG LQ UHFHQW \HDUV DV D
with the issuance touching $500B in 2021. However, continued growth of

green bonds remains incumbent to solving two major challenges associated

with the ESG sector, namely greenwashing and higher issuance costs linked

to impact assessment and reporting.

The Islamic principles of moderation in consumption, and avoidance of the
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wasteful use of natural resources makes faith an integral force multiplier in

WKH AJKW DJDLQVW FOLPDWH FKDQJH 7KLV LV HV
countries of OIC are home to almost 24% of world’s population with many

of the member countries likely to be heavily impacted by the effect of climate
FKDQJH 7KH ,VODPLF AQDQFH SURGXFWV ZLWK W]
and risk sharing principles lends itself naturally to principles of sustainable
AQDQFH

There has been a greater focus on Green Sukuk as a major asset class to meet
FOLPDWH AQDQFLQJ QHHGV *UHHQ VXNXN LV DQ
investment in ecological assets with a mission to tap funds from different
VRXUFHV WR AQDQFH SURMHFWV Rl UHQHZDEOH
management, land use and marine resources among others in a quest to
accelerate the transition to a low carbon economy and realise the 2°C global
warming target set in the Paris Agreement. Green sukuk is a shariah compliant
DOWHUQDWLYH WR FRQYHQWLRQDO A[HG LQFRPH F1
nature of climate projects to investors in terms of risk and return coupled with

WKH VFDUFLW\ DQG LQVXIAFUFI@r%n\StHkDKkLtEH—b‘é RI SXE
D GHOLEHUDWH VWUXFWXULQJ RI AQDQFLDO LQVW
6LPLODU WR JUHHQ ERQGYV JUHHQ VXNXN KDYH WK
SHUIRUPDQFH RI D AUP E\ GHFUHDVLQJ GHEW UHOD
AUP-V HQYLURQPH®@WB O reSiitUa RitlePrén@eFdfl investors

will be intrigued to such investments, amid the less volatility of green sukuk

DQG LWV LQWHJUDWLRQ RI WKH AGXFLDU\ HOHPHQ
an awareness of mitigation and adaptation to the climatePolitical science
research and methods.

(72) (QJHONHQ 0 HW DO "&RPSDULQJ GULYHUV EDUULHUV DQG RSSRUWXQLWLHV RI EXVLQHV
6XVWDLQDEOH (QHUJ\p SS 2
(73) Flammer, C. ‘Corporate Green Bonds’, SSRN Electronic Journal. Elsevier, 2018. doi: 10.2139/ssrn.3125518
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JLIXUH '§DUERQ; DQG ,V'% *UHHQ 6XNXN ,VVXDC

Source: Authors’ own

The market for green sukuk has grown rapidly and it was driven partly by
increased liquidity” in investor base in MENA and Asia. We noticed that
WKHUH KDV EHHQ D GLYHUVLAFDWLRQ LQ LQYHVWR
in EU and other developed regions. However, like its counterpart, the green
ERQG LQ FRQYHQWLRQDO AQDQFH WKH JUHHQ VX
PRQLWRULQJ DQG LPSDFW ORJJLQJ PDNLQJ LW Gl
appetite. Thus, heralding a supply gap. DCarbonX aims to solve the problem
through early involvement in project selection as indicated in Figure 7 and
supporting the project teams throughout the project lifecycle.

5. CHALLENGES IN DEVELOPMENT, DEPLOYMENT AND USAGE

%ORFNFKDLQ WHFKQRORJ\ GHVSLWH EHLQJ UHYR
has still not seen mass adoption. The advent of NFTs witnessed an increase

in the user base and brought the technology to the realm of the common

man for an asset-backed productive usage, instead of being an investment
vehicle for cryptocurrencies. However, there still exist challenges that need

a coordinated effort from all stakeholders to deploy the technology to solve
existing challenges, for which an alternative solution does not exist like for

climate change. Some of the challenges related to DApps, demarcated into

(74) ,)6% *,VODPLF )LQDQFH 6HUYLFHV ,QGXVWU\ 6WDELOLW\ 5HSRUW
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different categories, have been enumerated below:

A. Development

» Limited blockchain experts. Blockchain technology is still in the stage
of development with most projects still in the pilot phase. On account
of this people pursuing advanced studies/ skills in the technology are
comparatively few in number. This has led to scarcity of requisite talent,
leading to a limited number of blockchain experts.

* Absence of smart contract auditors Smart contracts developed on
different platforms form the foundation for DApps. Any transaction
emanating through DApps is permanent with the resulting data leaving
an immutable footprint in the blockchain platform. Hence the code for
the smart contract should be critically analyzed for any potential issues
DQG HYHQ VHFXULW\ ADZV ZKLFK FDQ OHDG WR
wallet or other similar cybercrimes. This analysis can be accomplished
by smart contract auditors who are well aware of the programming
language and the various issues associated with the use of blockchain.
This knowledge in multiple areas has created a need for experts, who are
relatively fewer in number.

» Scarce developer community Blockchain platforms employ different
programming languages to build smart contracts, including many new
languages native to a particular blockchain platform like Solidity in case
RI (WKHUHXP 7KLV KDV OHG WR WKH QHHG IRU
languages. Lack of mass adoption has prevented many developers, from
venturing into the area. Thus, the developer community in blockchain
is small. Additionally, the complexity associated with the development
of a DApp, which requires development skills in not just the requisite
blockchain platform but also an understanding of the technology to ensure
robust smart contracts that back DApps, has attracted relatively fewer
developers.

» Highinitial capital requirement . In consideration of scarcity of blockchain
experts, smart contract code auditors and blockchain developers, the
development community is in a lot of demand and expense incurred to
deploy a blockchain-based solution is very high. Moreover, there needs
to exist cooperation between developers concerned with different facets
pertaining to DApp development like the frontend, smart contract coding,

Opportunity for Islamic Finance in Blockchain Solutions for
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testing, and integration with a centralized database/ oracles if needed. This
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lends complexity to the process requiring comparatively more human
resources to bring to realization the target DApp as compared to a web
or a mobile app. Thus, any venture that undertakes the task of developing
a DApp requires a very high initial capital to integrate and employ the
services of requisite experts and developers.

» Lack of supporting tools. The smart contract technology is still new and
has not attained maturity. Consequently, tools to support the development
of smart contracts and DApps that simplify the process and help to
DFFRPSOLVK WKH WDVNV HIAFLHQWO\ DUH VWLO
depending upon the blockchain platform.

 Inherent bottlenecks in the blockchain platform Blockchain platforms
might deal with different obstacles based on the consensus mechanism
employed by them, among other factors. Scalability and throughput are
dominating issues in Ethereum on account of proof of work consensus.
Additionally, it involves considerable expenditure of energy, like in
Bitcoin and many other privacy-preserving blockchain platforms like
Monero, Zcash and Dash, which makes it unsuitable to be used for ESG
purposes. Throughput is a major issue in other blockchain platforms as
well, where it is seen that the transactions per second, as given in Table ,
LQ PRVW EORFNFKDLQ SODWIRUPV LV QRW VXIAF
of users in parallel. Credit card companies like Mastercard can settle 5000
transactions per secdrid

» Shariah Compliance The novelty and infancy of the blockchain cause
myriad of opinion on the legitimacy of the blockchain based applications.
The key element of discussion from the Shariah perspective at the stage of
development relates to the legitimacy of the smart confifactscluded
E\ WKH PDFKLQHVY WKURXJK WKH $UWLAFLDO ,QWt
of human being as the parties of contract. From the Shariah compliance
purview, involving the Al would also require the developers to describe
the mechanism for resolving the disputes that arise due to machine errors
in which the human is not involved. Therefore, the active coordination
between the Shariah experts and application developers at each stage of
DApps’ development is very much desirable.

(75) 5 90DVWHOLFD &U\SWR:DWFK WLWOH K\ ELWFRLQ ZRQ-W GLVSODFH 9LVD RU ODVWHUFI
bitcoin-wontdisplace-visa-or-mastercard-soon-2017-12-15,, 2017

(76) 9 1LHQKDXV "%ORFNFKDLQ 7HFKQRORJ\LHV DQG WKH 3URVSHFWV RI 6PDUW &RQWUDFWYV
and Practice, PP. 201=205
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B. Deployment

* Integration of KYC .<& RU .QRZ <RXU &XVWRPHU LV C
UHTXLUHPHQW LQ AQDQFLDO VHUYLFHV WR KHO!
DQG DXWKHQWLFDWH WKH EXVLQHVYVY UHODWLRC
by third-parties, or they can be developed in-house, which results in an
increase in the total costs. The DApp needs to work seamlessly with the
.<& VHUYLFHY DOUHDG\ SURYLGHG E\ DQ RUJDQL
process is not existent in an organization, then they should be integrated
during DApp development to ensure that the mandatory requirements are
catered to for DApp usage.

* Integration with existing legacy systemsln majority of solutions where
the DApp caters to deployment by organizations and is not meant for direct
retail use, there needs to be an integration with the existing infrastructure
of the organization. This integration can be with the organization’s existing
client registration processes, access and retrieval of data from centralized
databases and updating of existing database in the organization to populate
it with blockchain data for example. This integration requires expertise in
existing web technologies together with blockchain.

* Inadequate regulatory support Regulatory support is crucial for the
sustainable progress of innovations. Regulations have an impact on
innovatior’” and their existence is necessary to protect the users from
malpractices and uncertainties associated with a novel technological
implementation. Blockchain technology, cryptocurrencies and hence
DApps do not have the requisite regulatory support in most countries that
is essential for their secure deployment and U$age

» Non-uniformity in wallet providers . Regional differences exist as to the
permissibility of utilizing a blockchain-based wallet for a DApp, with some
countries permitting a certain wallet provider, whereas other countries
prohibiting it. This poses an additional constraint during development as
the DApp needs to be adapted according to the geographical region of its
offering. Different wallet providers have a different fee structure and even
a different methodology for onboarding of clients.

» Limited Supply. The enhanced level of transparency, immutability, and

77) . %O0LQG 6 3HWHUVHQ DQG & 5LLOOR "7KH LPSDFW RI VWDQGDUGY DQG UHJXODWLRQ F
46, 2016

(78) 8 (QZHUHP DQG * &KXNZXGHEH 5HJXODWLRQ DQG 6WDQGDUGL]DWLRQ RI %ORFNFKDLQ 7
pp. 240-253
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traceability are the inbuilt features of blockchain based DApps. The inbuilt
features are desirable and attractive for the users. However, the prevalence
of DApps is limited and still it is out of the reach of most of the men on the
street. So, the limitedness in the prevalence of the DApps is not only due
to the shortcomings at the demand side, but also from the limited supply
of the DApps which is leading to the situation of ‘not for all’.

C. Usage

» Security issues and errorsincode 9XOQHUDELOLWLHY LQ VPDU
like coding errors can be exploited to make the usage of the concerned
DApp insecure. Once the smart contract is deployed on the blockchain, the
code cannot be updated so any bugs that exist would lead to undesirable
effects. The vulnerability in code led to the loss of $50M in the DAO
attack on Ethereuf-

* Requirement of cryptocurrencies All blockchain platforms function by
charging a certain fee for the utility they provide. This fee must be paid
in the native cryptocurrency of the blockchain platform. So, any user that
utilizes a DApp built on a public blockchain needs to have the native
cryptocurrency in their wallet that would make transaction payment
possible for the blockchain platform. There can be many DApp architectures
where organizations can go for a private or a permissioned blockchain
DQG UHVRUW WR XVLQJ IDNH WRNHQV LQ H[FKDQC
with the need of cryptocurrencies. However, in general whenever a public
blockchain platform is used, which is an optimum choice whenever
immutability and transparency is at the core of an offering like the ESG
sector, the user would need cryptocurrencies. Another alternative can be
developed, whereby the organization pays in the cryptocurrency on behalf
of the clients. However, the current level of advancement that exists in the
technology as of now, envisages that a user requires cryptocurrencies to
XVH D '$SS RQ D SXEOLF EORFNFKDLQ 7KLV LV D
universally accepted and so their procurement and management tools are
available, but cryptocurrencies are a recent embarking and do not have the
requisite support as of now.

» Lack of trust in the technology. Blockchain is still considered to be
a novel technology. The initial domination of cryptocurrencies as an
LQYHVWPHQW YHKLFOH ZKLFK ZLWQHVVHG PDV)

(799, OHKDU & 6KLHU $ *LDPEDWWLVWD ( *RQJ * )OHWFKHU 5 6DQD\KLH + .LP DQG 0 /
ADZHG JUDQG H[SHULPHQW LQ EORFNFKDLQ 7KH GDR DWWDFN pu -RXUQDO RI &DVHV RQ ,QIRU
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led to multiple scams through ICOs has created suspicion in the average

user and organizatiof® The usage of cryptocurrencies in cybercrime

and the dark web had added to the lack of trust in the ethical nature of the
technolog¥"- Moreover, the scalability and throughput issues that plague

the technolog§? have garnered a public opinion that associates lack of
HIAFDF\ ZLWK WKH WHFKQRORJ\ UHQGHULQJ LW
research and development phase.

e Lack of technical literacy. Users are not educated on the various
complexities associated with the use of blockchain and DApps. There is
lack of awareness of the technology itself, with the existing consumers
limited to entities with the necessary technical knowledge required to use
LW +RZHYHU PDVV DGRSWLRQ ZRXOG RFFXU UHI
technology offers, once the level of technical literacy that is required and
the ease of usage is similar to how users interact with existing apps on the
web or mobile.

» Management of keys The public and private keys associated with the
blockchain wallet need to be kept secure and different management
strategies exist like a web wallet, hot wallet or a cold wallet, among others.
This imposes an additional burden on the users in terms of technical
awareness.

» Limited extent of usage for resolving Shariah issuesThe usage of
Al for resolving the Sharia issues is not fully reliable. Although Al base
fatwa has become a reality, it comes with the disclaimer that there is the
possibility of an errd®: If we ignore the possibility of error, for the sake
of argument, the Fatwa has to consider the situation in a holistic fashion
by considering the context, person, and place, whereas no machine can
do that perfectly. Another limitedness of Al based machines is that they
cannot consider for a given situation the applicability of the exceptions
to the general rule. So, the human element cannot be fully overthrown
especially for the Shariah related issues. Nevertheless, the set of
technology deployed in DApps eases the job of Shariah experts to a great
HIWHQW E\ LQIXVLQJ KLJK OHYHO RI WUDQVSDUH

80) ' =HW]VFKH 5 %XFNOH\ ' $UQHU DQG / )RKU “7KH LFR JROG UXVK ,W-.-V D VFDP LW:V D
SSRN Electronic Journal, 2017

(81) 0 7DOHE\ $KYDQRRH\ 0 =KX : OD]XUF]J\N 0 .LOJHU DQG . . &KRR 'R GDUN ZHE DQG FU\¢
12th EAI International Conference on Digital Forensics Cyber Crime, 2021

(82) M. Pawar, P. Patil, and P. Hiremath, A Study on Blockchain Scalability, 2021, pp. 307-316

83) ,)6% ~ WK ,)6% 6XPPLW ,VODPLF )LQDQFH IRU 6XVWDLQDEOH '"HYHORSPHQW LQ WKH (!
the inaugural IFSB innovation forum, 2019, https://www.ifsb.org/s14_index.php
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retrieving, and archiving the events.

6. CONCLUSION

Decentralized applications that are developed by utilizing the blockchain
WHFKQRORJ\ FDSLWDOL]H RQ DQG SURYLGH VHYHL
immutability, real time transactions, low cost, absolving of intermediaries

and a programmed execution of stipulated terms in contractual business
relationships. DApps pave the way for novel business models to be developed

that can impact the economy positively, considering the focus on a resilient

digital infrastructure. In this paper we embark on a case study of a decentralized
application software, DCarbonX, which provides the necessary support to
PLWLIJDWH WKH KDUPIXO HIIHFWV RI FOLPDWH FKI
approach to achieving carbon neutrality by 2050, as per the outlined goals in
COP26. We give the related work on DApps and highlight that a parallel to

the present work has not been delved upon so far to the best of our knowledge.

'H LGHQWLAHG WKDW WKHUH LV JUHDW OHYHO RI K
goals of objectives of Shariah, so the harmony demands an active participation

E\ WKH SOD\HUV RI ,VODPLF AQDQFH LQ SURPRWI
complement the efforts of DCarbonX for confronting the climate change.

The DApps have some unresolved issues, as mentioned in the challenges
section of the paper, that may seldom lead to Shariah concerns, however the
EHQHAWYV RI '$SSV RXWZHLJK WKRVH FKDOOHQJH\
help resolve the challenges by their active consideration and participation.

7KH '$SSV ZLWK WKHLU XQGHUO\LQJ EHQHAWY DUH
ERWK WKH AHOG RI ,VODPLF AQDQFH DQG LWV SOD
the untapped opportunity embodied in the launch of blockchain based eco-
friendly solutions in the domains of Capital Market, Embedded Finance,

Takaful, NFTs, RegTech, and SupTech. The paper gives a comparison of
blockchain platforms that can be utilized to develop DApps and highlights

WKH DSSOLFDWLRQV RI '$SSV LQ SHUWLQHQW DU
insurance, Web 3.0 and ESG.

One of the prominent contributions of the paper is the case study of DCarbonX,
which depicts the practical implementation of a decentralized application in
the very relevant area of climate change. Climate change remains the biggest
challenge confronting human race. Climate projects pose the possibility of
greenwashing and duplication of impact. Even for NDC projects there is
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an elaborate bureaucratic process on logging and auditing the impact. The
FXUUHQW SUDFWLFHV WKXV DGG WR WKH FRVW RI
not contributing to the cause of transparency and fast deployment of projects.

The paper highlights how through DCarbonX, climate projects can be made
traceable, their impact can be recorded and how a transparent carbon market

can be developed using blockchain.
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—0 %DUWROHWWL DQG / 3RPSLDQX "$Q HPSLULFD
SODWIRUPVY DSSOLFDWLRQV DQG GHVLJQ SDWWH
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