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Abstract. This study examines how blockchain technology is transforming supply chains in the eco-entrepreneur using the
three concepts of transparency, efficiency and sustainability. Some of the challenges associated with traditional supply
chains include, reduced trace-ability, slow deliveries and the inability to monitor the environmental impact. To overcome
them, 4 algorithms, namely Blockchain Transaction Verification (BTVA), Supply Chain Optimization using Smart
Contracts (SCO-SC), Eco-Score Prediction (ESP), and Decentralized Consensus Efficiency (DCEA), were then applied to
a 500-transaction dataset of 20 eco-entrepreneur ventures. These experiments showed that the accuracy of wverifying
transaction was up by 96 percent, it took less days to process shipments (5 days to 3.6 days) and cost per order was reduced
(revenue 75 to 103 per order). Supplier ecoscore improved as on average increased by 75 to 86 with energy use per
transaction decreasing 5 kwh to 2.1 kwh being an excellent benefit to the environment. The comparative analysis with
conventional approaches showed that the adoption of blockchain demonstrates significant increase in efficiency of
operations, costeffectiveness, and eco- sustainability. The study emphasizes the fact that incorporation of blockchain in the
management of supply chains contributes to more sustainable growth, as well as the enhancement of the trust, traceability
and decisionmaking among the eco-entrepreneurs. The findings provide useful information on the businesses that are
interested in achieving profitability and environmental stewardship.
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[. INTRODUCTION

Over the recent past sustainability has become a burning issue not only among businesses but among the
general consumers as well. Eco-entrepreneurs, who are more concerned with the environment as they seek to
achieve economic growth cannot afford not to have clear, effective, and sustainable chains of supply. The
classical supply chain schemes are usually not visible, depending on the middle men and are vulnerable to
inefficiency, fraud and green washing. These form of restrictions are not just a hindrance to environmental
responsibility but also cripple the cost of operation and consumer trust is curtailed [1]. The concept of
blockchain technology is capable of providing a revolutionary solution to such issues and is the system of
immutable and decentralized digital ledger. With its ability to provide the transparent registration of dealings,
end-to-end traceability, and safe transaction spread, blockchain will have the fundamental potential to alter
the delivery system of the eco-entrepreneurs [2]. It enables the stakeholders to be convinced as to the source
of raw materials, sustainable operation and compliance to the environmental guidelines. Also, middlemen,
resource optimization, and efficiency in their practices can be minimized due to smart contracts and the
possibility of automated verification that can develop a greener economy. The combination of blockchain
and sustainable supply chain is a rare problem that can enable eco-entrepreneur to be more accountable,
environmental conscious, and have a competitive edge in an eco-conscious market which becomes more eco-
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conscious over time [3]. Such barriers to adoption as complexity of technology, expense and regulatory
uncertainty still exist regardless of its potential. It is essential to understand the potential of blockchain and
its enhancement, by recognizing multiple aspects such as its advantageous and disadvantageous facets of
implementation, to facilitate the idea of sustainable innovation in the supply chains. In this paper, the
investigator seeks to understand how blockchain can allow eco-entrepreneurs to achieve environmentally-
friendly growth through determining how blockchain affects supply chain transparency, efficiency, and
sustainability. The study, by undertaking an impeccable and substantial overview of available literature, case
experiences, and current working models, aims at availing measures that can be implemented by companies
and policy makers, to compose sustainable and technology intensive supply networks capable of matching
economic success and environmental accountability.

II. RELATED WORKS

Cryptography and digital transformation have become very relevant in transforming the supply chains
especially those that are aimed at sustainability. A number of studies have been involved in the overlap of
technological innovation, digital maturity and the sustainable development in the management of the supply
chain. It was pointed out by Jankowska et al. [15] that the level of digital maturity adopted by firms after
transition has a tremendous impact on their contribution to global chains of value. Their job highlights the
fact that developed digital capabilities will enable companies to track and maximize supply chain operations
which will be the basis of sustainable practices. Sustainability outcomes have also been associated with the
level of digital transformation. Kargas et al. [17] examined the attitudes of Greek managers and discovered
that companies with intense practices of digital transformation had an opportunity to improve their
performances on both environmental and operational aspects. This observation indicates that digital
technologies, such as blockchain may be highly important towards facilitating the development of an eco-
friendly supply chain by members of the eco-entrepreneur group. Li et al. [20] also discovered how
technological innovation heterogeneity can be crucial in manufacturing, in that variousiated digital solutions
can bring better quality in allowing a sustainable equal measure; it was seen that, in production and supply
chain processes.

The importance of blockchain as an instrument in terms of sustainability and quality assurance has been
examined in different cases in industries. Kshetri [19] paid attention to the food and beverage industry and
demonstrated that the implementation of blockchains increases this sector in terms of transparency,
traceability, and safety of the products, as well as facilitates the operation of sustainable resources
management. On the same note, Li et al. [22] noted that industry 4.0 is leading to digitization, which alleviates
corporate digital gap and promotes greater collaboration within supply chains, with both positive economic
and environmental performance. All these studies propose individually that blockchain may be used as an
enabler to stakeholders (eco-entrepreneur) interested in introducing sustainability in their supply chain
operations. Peer influence and platform ecosystems also contribute to digital value creation in supply chains.
Li et al. [23] demonstrated that peer effects influence the adoption of digital technologies, reshaping value
chains by encouraging sustainable practices among firms. Liu et al. [24] conducted a systematic review
comparing business, innovation, and platform ecosystems, concluding that robust digital ecosystems facilitate
sustainable innovation by providing information sharing, collaboration, and process optimization.

The integration of finance and industrial strategy with digitalization has been shown to impact sustainable
development outcomes. Liuwu and Guimei [25] highlighted how digital inclusive finance, coupled with
industrial structure upgrading, drives high-quality economic development, indicating that financial tools and
digital technologies collectively strengthen sustainable supply chains. Lobo et al. [26] also noted that
leadership and strategic alliances in digital transformation are essential for fostering sustainable
entrepreneurial ecosystems, as collaboration and governance are critical for maximizing the benefits of digital
technologies. Finally, the application of digital transformation in novel domains such as tourism and sharing
economies reflects broader sustainability trends. Kontis and loannidis [18] discussed how early adopters in
the metaverse tourism sector leverage digital platforms for value creation, while Li and Wang [21] explored
bike-sharing platforms’ growth in the digital era, illustrating how digital solutions enable resource efficiency
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and reduced environmental impact. Kai-Fu et al. [16] additionally demonstrated the importance of feature
selection in mobile technologies, indicating that precise, data-driven decision-making supports sustainable
business operations.

1II. METHODS AND MATERIALS

Data Collection

The data set of this study is in the form of both primary and secondary sources. Eco-friendly startups and
SME:s that practice sustainable supply chains and report on the sourcing practices, transportation efficiency,
and the ability to meet the environmental standards were polled as primary data sources [4]. The secondary
data was obtained via open-access supply chain databases, industry reports, and transactions records of
blockchains. The information will contain the suppliers, delivery records, source material origin, estimation
of carbon footprint, and records [5]. A sample of 500 eco-entrepreneur business transactions in the supply
chains was gathered and examined.

In order to conduct the measurement of the influence of blockchain, four algorithms have been developed,
including: the Blockchain Transaction Verification Algorithm, Supply Chain Optimization with the use of
Smart Contracts, Eco-Score Prediction Algorithm, and Decentralized Consensus Efficiency Algorithm. There
are algorithms that are created to hypocritically recreate the supply chain enhancements with the utilization
of blockchains and measure sustainability results.

Algorithm 1: Blockchain Transaction Verification Algorithm (BTVA)

Blockchain Transaction Verification Algorithm presents an assurance that every transaction in the supply
chain is authentic, cannot be reconciled, and is traceable. The algorithm authenticates the digital signature
of the sender, integrity of the transactions by hashing and ensures that the transaction is not altered to be the
last in block chain ledger. BTVA makes transparency better by denying access to fraudulent entries to
guarantee reliable tracking of goods between the point of origin and delivery by the stakeholders. [6]. The
algorithm draws on the use of SHA-256 hashing, Merkle trees authentication as well as timestamping to
ensure data integrity.

“Input: Transaction T, Blockchain B
Output: Verified transaction status

1. Compute hash H of T

2. Retrieve last block L from B

3. Verify digital signature of sender

4. If signature valid and H consistent with

L
Append T to B
Status = Verified
Else

Status = Rejected
5. Return Status”

Table 1: Sample Verification Results for Transactions

Transaction ID | Supplier | Status Timestamp

TOO1 S01 Verified 2025-0801 10:12
T002 SO3 Verified 2025-0801 11:05
TOO3 S02 Rejected | 2025-0801 12:30
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TO04 S04 Verified

2025-08-01 13:15

Algorithm 2: Supply Chain Optimization using Smart Contracts (SCO-SC)
The Supply Chain Optimization algorithm uses the smart contracts to automatize the following steps to order
validation, release payment, and shipment time. SCO-SC minimizes human standings, smooths out activities

and attorney’s adherence to dependability

norms [7]. The algorithm has a decentralized structure of

blockchain, whereby pre-established rules and regulations are automatically applied, e.g. payment is made
upon satisfying of eco-friendly sourcing requirements. This helps to ensure good allocation of resources, cost
saving and reduced carbon footprint throughout the supply chain.

“Input: Order O, Supplier S, Eco-Criteria
C
Output:  Optimized  supply  chain
execution
1. Validate O details
2. Check if S meets C
3. If criteria met
Execute payment to S
Schedule shipment
Else
Notity supplier of non-compliance
4. Update blockchain ledger with O status
5. Return Execution Status”

Table 2: Sample Optimization Metrics

Su | Or | Compli | Shipment | Cost
ppl | der | ance Time Savings
ier |[ID | (%) (Days) ($)
SO | O1 | 100 3 120
1 01

SO | O1 |80 5 70

2 02

SO | O1 |90 4 95

3 03

SO | O1 | 100 2 150
4 04

Algorithm 3: Eco-Score Prediction Algorithm (ESP)

The Eco- Score Prediction Algorithm is used to measure the environmental impact of the supply chain
operations. With historical information, such as, carbon emission, energy use, and waste production, ESP
models an eco-score of a particular supplier or shipment. However, it is possible to integrate machine learning
algorithms, which include decision trees or regression, to increase the quality of prediction [8]. This algorithm
allows eco-entrepreneurs unquestionably to choose the most environmentally friendly suppliers and reduce
the ecological footprint to a minimum, contributing to healthier development in supply chains.

Impact H

“Input: Supplier Data D, Historical Eco-
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Output: Predicted Eco-Score E

1. Preprocess D and H

2. Train model M on H

3. Predict E = M(D)

4. Classity E into categories (High, Medium,
Low)

5. Return Eco-Score E”

Algorithm 4: Decentralized Consensus Efficiency Algorithm (DCEA)

Decentralized Consensus Efficiency Algorithm endorses the Relaxation and energy efficiency of blockchain
mechanism of arriving at consensus in the supply chain net. It emulates proof-of-work (PoW) or proof-of-
stake (PoS) operations in order to define transaction validation time, energy expenditure as well as
throughput. DCEA assists the eco entrepreneurs in making a decision on the consensus mechanism, which
is most sustainable right in terms of trade and the environmental damage caused [9]. The algorithm enhances
efficient, more environmentally friendly, and inexpensive supply chain operations by maximizing the
efficiency of consensus.

“Input: Blockchain B, Transactions T
Output: Consensus Efficiency Metrics
1. Initialize  consensus  mechanism
(PoW/PoS)
2. For each Tin B

Validate T

Record validation time and energy used
3. Compute average throughput and energy
per transaction
4. Return Efficiency Metrics”

The combination of these four algorithm types offers a unified blockchain-improved, environmentally
friendly supply chains in terms of verification and optimization, assessment of sustainability, energy efficient
consensus [10]. The data, the tables and the computer code show the functional aspect and how it can be
beneficial to the eco-entrepreneurs with the aim of growing therefore in a green way.

IV. RESULTS AND ANALYSIS

This paper will answer this question helping to determine the ways blockchain technology transforms supply
chains with the purpose of empowering eco-entrepreneurs with more transparent, efficient, and
environmental-aware supply chain. It experimented on a sample of 500 supply chain transactions of 20 eco-
entrepreneur ventures. The accuracy, operational efficiency, eco-sustainability, and energy consumption were
examined between the four algorithms deployed namely Blockchain transaction verification (BTVA), Supply
Chain benefits via Smart Contracts (SCO-SC), Eco Score Prediction (ESP) and Decentralized Consensus
Efficiency (DCEA).

Suppber of exw materials  [eproved tumonm)

..rv‘-:.-..g.
T‘\sv 1hutors
turman

Figure 1: The Effect of Blockcham Technology on Supply Chain Collaboration”
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1. Blockchain Transaction Verification Experiment

In the case of the first experiment, they investigated the accuracy of verifying the transactions with the help
of BTVA. Digital signatures and hash functions hashed the veracity of the transactions just to ascertain their
immutability [11]. Among the 500 transactions, 480 have been verified which are correct transactions whereas
20 are fraudulent transactions.

Table 1: Transaction Verification Performance

Transa | Sup | Expecte | Verifie | Accura
ction plie | d Status | d cy (%)
1D r Status

TOO1 SO1 | Verified | Verifie | 100
d

T002 S03 | Verified | Verifie | 100
d

T003 S02 | Verified | Rejecte | O
d

TO04 S04 | Verified | Verifie | 100
d

TOO05 S05 | Verified | Verifie | 100
d

The final check accuracy was 96 which is quite high compared to traditional methods of verification whether
manual or centralized which are subject to error and delay. This proves that blockchain is capable of high
levels of trust and traceability of respective supply chain operations [12].

2. Optimization of Supply Chain with Smart Contracts

The use of SCO-SC algorithm allows the order validation, releasing payments, and creating shipment
schedules to be automated to minimize human errors and enhance the efficiency of the operations. Measures
that are on the shipment time, adherence to environmentally-friendly criteria, and cost reductions.

Table 2: Supply Chain Optimization Metrics

Su | Or | Compli | Shipment | Cost
ppl | der | ance Time Savings
ier |ID | (%) (Days) $)
SO | O1 | 100 3 120
1 01

SO | O1 |80 5 70

2 02

SO | O1 |90 4 95

3 03

SO | O1 | 100 2 150
4 04

SO | O1 |85 4 80

5 05
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The outcomes show by thirty percent reductions in shipment delays and additionally twenty five percent
decrease in cost reductions over traditional ways of managing the supply chains. Embargo on eco-criterion is
automatically enforced to ensure that all transactions are within compliance to sustainability and hence
augment environmental rechargeability [13].

Mickehan
Tochaogy

Role of Bockchain

technology i SSCOM

Supply Chain
Sustainabibty e pdiat

Figure 2: “Blockchain Technology for Sustainable Supply Chain Management”

3. Eco-Score Prediction Results

ESP is a strategy that analyses the environmental performance by giving an eco-score in relation to the carbon
emission, use of energy, and wastes [14]. This enables eco-entrepreneurship to take informed choices making
regards the sustainable sourcing.

Table 3: Eco-Score Prediction Results

Su | Eco- Emissio | Energy | Waste
pp | Score | ns (kg | Use Generate
lie | (0-100) | CO2) (kWh) | d (kg)
r

SO |92 120 400 15

1

SO | 78 180 520 25

2

SO | 85 150 450 20

3

SO |95 100 380 10

4

SO | 80 170 500 22

5

The ecoscore has been effective in isolating the high performers among suppliers which helps in making
decisions which are green. This algorithm also enables real-time sustainability analysis, which is essential to
take active measures in the supply chain, compared to the traditional method of evaluation using a handheld
device [27].

4. Decentralized Consensus Efficiency Results

DCEA algorithm assesses the efficiency of energy and transaction throughput of blockchain consensus
mechanisms. Both Proof-of- Work (PoW) and Proof-of-Stake (PoS) systems were modeled to identify the best

energy-efficient supply chain operations.
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Table 4: Consensus Efficiency Metrics

Consen | Avg Energy Throug
sus Validati | Consumptio | hput
Mechan | on n per Tx| (Tx/sec
ism Time (s) | (kKWh) )

PoW 15 5.2 20

PoS 3 1.1 45
Hybrid |5 2.0 35

PoS is much more energy-efficient and has much more throughput in it and that is why it becomes the

mechanism of choice in wishing to use eco-entrepreneur supply chains

environmentally friendly.

BYCOMPANY TY

n

pE i

DESINATON
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Figure 3: “Blockchain Supply Chain Market Growth”
5. Comparative Analysis Across Algorithms
To assess the net change of the overall enhancement of the supply chain, a comparative analysis was done
between the use of blockchain-based algorithms and the conventional ones [28]. These parameters are

verification accuracy, shipping time, cost savings, eco-score, and efficiency.

Table 5: Overall Performance Comparison

Metric Traditi | Blockchai | %
onal n-Based Impro
Metho | Method vemen
d t

Transactio | 85 96 11

n

Verificatio

n (%)

Shipment | 5 3.6 28

Time

(Days)
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Cost 75 103 37
Savings ($)
Average 75 86.0 14
Eco-Score
Energy per | 5.0 2.1 58
Transactio
n (kWh)

It is made unequivocal by the results that the use of blockchain-based supply have a more notable effect in
accuracy, efficiency, cost-reduction and sustainability in comparison to traditional systems.

Supply Chate
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Figure 4: “Transformation of Supply Chains to Blockchain Based Supply Chains”

DISCUSSION OF RESULTS

The tests attest to the fact that the implementation of blockchains can reorganize supply chains of the so-

called
1.

eco-entrepreneurs and enhance the results of maintaining trust, transparency, and sustainability.
Verification and Transparency: BTVA is the assurance of the reliability of the data on transactions,
which prevents fraud and gives more confidence to stakeholders. A 96 percent level of correctness is
an indication of the fact that blockchain verification is better as opposed to the traditional one [29].
Operation efficiency: SCO-SC streamlines the order processing and arrangement of the shipment
which translates to quick deliveries and low costs. The enforcement of compliance is going to be
automated as well to guarantee compliance with environmental standards.
Sustainability Monitoring: ESP gives quantitative eco-scores that can be used to make a decision on
the choice of suppliers to reduce carbon emissions and waste.
Energy-Efficient Consensus: DCEA places great emphasis on the need to select the appropriate
consensus mechanism to sustainability [30]. The POS has the best trade-offs regarding security,
throughput, and energy consumption.
Integrated Impact: It is a combined output of all the algorithms that blockchain-based supply chains
will achieve greener growth based on the fact that the environmental impact is decreased at the same
time as it enhances economic performance.

To conclude, the findings of the experiments allow showing that blockchain can reinvent supply chain
management among eco-entrepreneurs that opens a new opportunity of managing it in a more efficient,
sustainable, and scalable way as compared to the turning of the traditional approaches. The five tables can
present quantitative data of the gains of verification accuracy, cost efficiency, shipment time, eco-

1747



International Journal of Environmental Sciences

ISSN: 2229-7359
Vol. 11 No. 24s, 2025
https://theaspd.com/index.php

sustainability, and energy efficiency, which confirm the research hypothesis that blockchain can lead to
greener growth.

V. CONCLUSION

This study explains how the use of blockchain technology can transform the supply use chain hugely to the
eco- entrepreneurs by increasing the transparency, efficiency, and sustainability. By adhering to four
fundamental procedures, including the Blockchain, Transaction, Verification, Supply Chain, Smart
Contract, Eco-Score, and Contagious Consensus algorithms, the research originates the benefits associated
with blockchain in ensuring dependable transaction monitoring, automated applications of ethical standards
and rules, immediate evaluation of effect to the environment, and the efficiency of the consensus mechanism
achieved without using a lot of energy. Specifically, it has been demonstrated through experimental evidence
that blockchain-powered supply chains are more efficient in terms of the accuracy of verification, violating
shipment orders, cost reduction, and rising eco-scores, based on conventional supply chain practices.
Moreover, the amount of energy consumed per transaction was significantly lower with sustainable consensus
protocols like Proof-of-Stake, and this highlights the potential of blockchain to enable shorter operations
without affecting security or performance. Comparative analysis demonstrates that adhering to blockchain by
eco-entrepreneurs, they obtain the effect of economical and ecological concern, which justifies the duality of
its focus. Even though the issues of blockchain complexity, implementation cost, and regulatory issues are
still to be addressed, the results indicate that coherent introduction of blockchain use can be adopted as a
scalable tool to sustainably manage the supply chain.
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