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ABSTRACT

Industrial engineering is highly concentrated on the creation of values and developing a
bridge between management and technology. Cleaner production is a major concern in such
systems that aims at effective utilization of resources and reduce emission and waste generation
through efficient practices. Such practices involving supply chain management reverse the
adverse effects of industry and to improve the portability of business. In this paper, we formulate
a block chain mechanism in addressing the issues associated with the sustainability of the
manufacturing and production industry from economic point of view. The study contributes
mainly with the management of supply chain in developing the economy of the nation. The block
chain based management ensures better supply and tracking of products to the end users via e-
commerce platform. The simulation is conducted to test the viability of the model against various
state-of-art bloc kchain models. The results of simulation show that the proposed method
achieves higher rate of accuracy in delivering the products to end-user thereby creating a
sustainable management of business.

Keywords: Sustainable Industrial Engineering; Supply Chain; Industrial Symbiosis; Cleaner
Production Strategies.

INTRODUCTION

In recent years, the rise in bitcoin popularity, usage, and price has increased public
awareness of block chain technology (Agrawal et al., 2021). The introduction of a new crypto
currency or an Initial Coin Offering (ico) is becoming more common, as is the introduction of
new crypto currencies, icos, and crypto currency exchanges (Reddy et al., 2021). Btc and other
crypto currencies can be created on the foundations of block chain technology, which has been
shown to be a secure, efficient, and dependable method of exchanging currency in the past. As a
result of its extensive use in crypto currency transactions, block chain has gained in popularity,
motivating researchers to investigate the technology possible applications (Esmaeilian et al.,
2020). Furthermore, block chain technology has the potential to disrupt a wide range of
businesses, in addition to the financial services industry (Rusinek et al., 2018).

For quite some time, there has been discussion about the potential benefits of block chain
technology for supply chain management and logistics. According to the findings of this
research, block chain technology might be used to manage supply chains in a variety of
industries, including manufacturing, agriculture, food, and medicine, as well as e-commerce,
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airlines, hotels, and retail. Because of the concept of smart contracts, block chain technology can
now be used in a variety of fields other than banking (Lim et al., 2021).

Since decades, technological advancements have kept pace with the rise of new
applications in a diverse spectrum of fields. Suppliers, manufacturers, retailers, and financial
service providers can all reap significant benefits from a supply chain network built on block
chain technology (Varriale et al., 2021). However, it is possible that supply chain theories and
supply chain management practices are to blame for the slow adoption of new technology in this
industry (Manupati et al., 2020).

Because of its revolutionary nature, block chain has had a huge impact on society, law,
and governance, among other things. Political repercussions can be found in some of its
implementations, such as block chain-based voting, for example. Thanks to block chain
technology, even the structure of organizations has been altered as a result of the emergence of
decentralized autonomous groups (dags) (Kayikci et al., 2020). Diverse countries have embraced
a variety of viewpoints on the application of block chain technology in crypto currencies, such as
bitcoin, initial coin offerings (icos), and other related projects. A positive aspect of the block
chain is that it is not merely one network, but rather a collection of varied networks, each with its
own consensus method and set of additional criteria (Sarkis, 2020).

Many levels of tokenization are feasible in block chain networks; consequently, certain
networks may be prohibited in conservative or risk-averse countries. An increase in liquidity, a
reduction in transaction costs, and an increase in transparency are just a few of the advantages of
tokenization for both investors and sellers (Ronaghi, 2021). Some block chain-based
applications, such as crypto currency exchanges, may not require the use of tokenization. The
fact is that it is the driving force behind the vast majority of financial sector upheavals, and it
serves as the foundation for initial coin offerings (icos) (Duan, 2020).

Block chain technology applications in supply chain management have been expanded
thanks to smart contracts, low-energy consensus mechanisms, and tokenization, among other
developments (scm). Using an examination of the existing literature on the issue, this paper
evaluates the benefits and applications of block chain technology in supply chain management
(scm) (Hannah et al., 2022).

Those three pillars of sustainability are depicted as follows: the economic, social, and
environmental dimensions. When it comes to following environmental and financial best
practices at the same time, it can be challenging for businesses (Elhidaoui et al., 2022). In order
to attain a high level of social performance, it is necessary to safeguard the rights and needs of all
stakeholders. Promoting sustainable development goals has the potential to yield long-term
benefits. It has been demonstrated that the ability of a corporation to strengthen its competitive
advantage while also generating positive environmental and social consequences has been
demonstrated (Oztiirk & Yildizbasi, 2020).

It is necessary to investigate supply chain operations in order to gain a better
understanding of this problem. It is important to remember that teamwork is critical to increasing
the flow of commodities, information, and financial transactions, and that should not be
disregarded in this context (Alawi et al., 2022). Participants in the supply chain frequently have
goals and objectives that conflict with one another. A further technological barrier exists in the
form of incompatible tracking systems that are being used by diverse stakeholders. To deal with
these difficulties, it is possible to include sustainability in a company overall strategy.

In this paper, we develop an innovative block chain-based solution is proposed to ensure
the long-term viability of the manufacturing and production industries. According to the authors,
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the management of the supply chain is the study most important contribution to the development
of the nation economy. A block chain-based management system has been introduced to provide
improved supply and tracking of items to clients who purchase goods through an e-commerce
platform. The simulation is used to evaluate the model viability against other current block chain
model state-of-art and to determine whether or not the model is viable. Using simulation, it is
demonstrated that the proposed technique delivers products to end users with more precision,
resulting in improved long-term financial management.

LITERATURE REVIEW

Dai & Vasarhelyi (2017) state that there is still a great deal to learn about block chain-
enabled accounting systems. In theory, a system that is real-time, verifiable, and transparent like
this should function properly. There is a look at how block chain technology can be used to
transform the auditing industry. Accounting is still based on notions that have been around for
centuries, despite the fact that technology has revolutionized the world dramatically in the last
decade and during the last century. Practices in the auditing field are the same as they are
everywhere else. Block chain technology, on the other hand, has the potential to completely
transform this. There has been a significant shift in the development of technology, and its
difficult application should not be disregarded. New algorithms and approaches being developed
on the technological side will have a significant impact on the development of block chain
technology accounting and assurance applications, among other things.

According to Tapscott and Tapscott (2017), block chain will have a significant impact on
the way businesses operate. As a result, they expect the block chain to have a substantial impact
on a wide range of business processes and activities. Personnel management and procurement
finance and accounting, sales and marketing, legal affairs, and capital rising are just a few
examples of the tasks and duties that organizations have.

Ghobakhloo (2018) block chain is critical to the transition to Industry 4.0. Financial
transactions made possible by block chain-enabled coins are frictionless. These transactions can
also be automated through the use of smart contracts. In nature, these transactions are considered
to be safe, secure, swift, and hassle-free in their execution. With the advent of Industry 4.0, the
application of block chain technology can be expanded to include any type of digital information
flow, allowing for trusted and autonomous interactions between its various components.

According to Werbach (2018), block chain technology requires legal regulation, as he
discusses in detail. In the process of resolving the age-old problem of trust, using block chain-
enabled applications outside of the legal framework might be counterproductive, if not
downright dangerous. In a variety of instances, the use of block chain technology to supplement,
complement, or completely replace legal enforcement is an unavoidable requirement. Beware of
technology-related legal requirements that are too rigid, as they might hinder innovation and lead
to missed opportunities. It is now more important than ever for block chain architects and
developers to engage with legal organizations in order to achieve their goals.

Casey & Wong (2017) investigate the possibility of improving global supply networks by
utilizing the emerging technology of block chain. The fundamental advantages of block chain
technology are being investigated by both established organizations and start-ups in a range of
application areas. But perhaps more importantly, it provides a solution to the problem of
transparency and responsibility among parties whose commercial interests are at odds with one
another.
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PROPOSED METHOD

By applying theory to case studies, we examined the usefulness and sufficiency of block
chain-based supply chains in terms of establishing a dependable, transparent, authentic, and safe
system. It is easier to identify and understand the complexities and idiosyncrasies of a block
chain-based supply chain when working with real-world scenarios than when working with
hypothetical ones. In order to validate the theoretical study, it is necessary to have a complete
grasp of the practical and real-world applications of block chain in a supply chain ecosystem.
The term theoretical studies refer to research that has not been undertaken on a large scale.

Block chain in this paper tends to solve the problems related to supply chain and it hence
improves the sustainability of environment. The block chain adoption is hence suitable for large
organizations and the companies tends to have resources, distributed operations, greater
transaction volume in various workplaces with several partners in supply chain for managing the
information than smaller organizations. The influence of smaller organization is not overlooked
and it plays a major role inside the supply chain for achieving transparency. The inclusion of
players in network ensures better collaboration among the companies for increasing the
profitability. The adoption of block chain creates collaborative market that helps in trading and
avoids fraudulent behaviour. The companies enabling block chain verifies the data with suppliers
and monitors the participants to adopt sustainability practices.

To gain a deeper understanding of the block chain supply chain ecosystem, it initially
understands the tracking system and how the block chain is incorporated into their respective
platforms. It will be explored how their block chain-based supply chain operates and whether or
not it is sufficient.

Simulation Model

It is feasible to quantify the benefits organizations by implementing a supply chain that is
enabled with block chains by utilizing a simulation model (Figure 1). Inventory management,
demand forecasting, and procurement, as well as the arrival and delivery of client orders, are all
included in the network of carriers, suppliers, retailers and wholesalers, as is the goods
movement and entity information. Here, the supply chain processes are first theorized and then
realized in a Java-based simulation model that was created from the ground up in order to
demonstrate their effectiveness. It is proposed that models for data forecasting and inventory
management be developed since the quality and authenticity of the data communicated between
supply chain players, as well as the consequences of this data on business performance, are both
considered essential by these mathematical models.

Order Order Order
Manufacturers ~ [* 777 Wholesalers AR—— Big-box Retailers oo Consumers
Shipment Shipment Shipment
FIGURE 1
CONCEPTUAL MODEL
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Blockchain Costs

The first time a block chain member tries to complete a transaction; they will be charged
a transaction fee. The majority of the system participants verify each transaction on the public
ledger using a consensus process, which is implemented in the Ethereum programming language.
To complete the transaction, it is necessary for miners, or computers connected to the network
that search for the correct hashes, to complete the task. In terms of computing difficulty, this is a
demanding challenge. As previously said, the greater the number of people who participate in the
block chain, the more stable and successful the network will be. As a result, miners must be
compensated for their efforts.

The crypto currency fee for the block chain and each block chain has its own method of
determining the fee structure. On the Bitcoin block chain, the amount of space taken up by a
transaction is used to calculate the cost of the transaction. The Ethereum block chain estimates
transaction cost based on the number of blocks that are processed during the transaction. The
difficulty of the method is directly proportional to the number of blocks that must be dealt with
during the procedure. Additional costs are associated with the number of blocks processed in
order to store data on the block chain. When a transaction is submitted, a matching number of
blocks are processed in the background. The transaction cost is defined as below:

C =GXP 1)
Where,
G -Amount of Blocks and
P -Block Price.

However, the number of blocks required to save a hash on the block chain is fixed,
although the participants on the block chain is variable. The cost of processing a block has an
impact on the amount of time it takes for a mined transaction. In the end, the miner reward value
on a block chain is determined by the value of the block as well as the sum of the transaction
charges associated with it.

Demand Forecasting

Following the conceptualization of the supply chain described above, a multi-paradigm
was developed for simulation of the supply chain. A unique Java class has been created and
allocated for each supply chain agent. Purchase orders can also be expressed as a Java class, as
shown below. In response to events generated by event generator objects, simulated demand
estimations and inventory levels can be changed in database tables using specific approaches that
are defined in the documentation. By employing this strategy, we were able to construct a
simulation model that was adaptable, parametric, and time-efficient.

The negative exponential function is used to determine the distribution of order arrival
times at each big box store j, j =1,20 is the number of stores. Single Exponential Smoothing
(SES) is used to control their inventory, and a Reorder Level-Target Level policy is used to
regulate their reorder levels (r,R). The order quantities placed by clients of a big-box store are
meant to follow a triangle-shaped probability distribution.

Every wholesaler i, i=1,2,3, has a policy associated with Dynamic Safety Stock (DSS)
forecasting approach. Listed below are the inventory control and demand forecasting rules that
were implemented in our simulation model for this study, which were necessary to demonstrate
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the types of information that are shared between wholesalers and retailers, as well as how this
information affects the enterprise performance.

Retailers and wholesalers use a review policy (r,R) to decide when and how many
purchases are needed to maintain inventory control. If the level of target 6ik(t)and the position of
inventory mik(t), the amount of item k that should be ordered at time t is determined by a
network node i, qik(t) depends on the 0ik(t) and wik(t), respectively

Ui (t) =0, (t) — Tk (t) (2)

The target level 0ik(t) is the total number of safety stock for an item k at time t on the
node i. ssk(t) is considered as the lead time demand, dik(t) is therefore formulated using a
exponential smoothing as below:

Oy (t) = O (t) + S5, (t) ©)

t+1ty

O, (1) = r;l‘Pik (r)+ss, (t)
Where

@ik(t) is the demand forecast at time r for item k at i and
Itik - lead time of the item k at i.

The position of inventory, tik(t), is hence defined in terms of inventory (on-hand), aik(t),
product (on order), Bik(t), and the shipped quantity, yik(t):

T (t) = (t) + Pi (t)"'?/ik (t)
The purchase order time is thus estimated using the following condition.
Ty (1) < A (1) = 0, (£) = 8 (1) + 55y ()

Where

Aik(t) - re-order level and

ssk(t) - safety stock and

Sik(t) - lead time demand.

The Aik(t), the Bik(t) and the ssk(t) are assumed as constant over the period of review p.

Upon forecasting the demand over the review period p id given at time t as tik(t) and it is
defined as below:
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The overall cost of the total storage cost and purchase order emission is given as below:
TC POE,ik — Cik,o +Cik,t +Cik,r

TC ST,k — Cik,st + Cik,w + Cik,ob + Cik,i

Where:

Cik,o -cost of order placed

Cik,t -cost of transportation

Cik,r -cost of order reception

Cik,st -cost of storage

Cik,w -worsening cost

Cik,ob -obsolescence cost

Cik,i -interest cost

Therefore the review period optimized, pik(t) is estimated as the minimization of
argument based on demand forecast and hence the inventory cost icik(t) is estimated as below:

py (t) =argmin(ic, (t))
Upon indicating the tik(t) over pik(t), the 0ik(t) is reformulated as:
O, (t) =Tk (t)+ﬂ‘ik (t)

Where,
tik(t) - optimal size of lot that is estimated through demand forecast.

RESULTS AND DISCUSSION

Big-box stores and Wholesalers can keep supply chain data off-chain by utilizing the
Unical Coin block chain as a safe, reliable, and decentralized ledger on the Unical Coin block
chain.

As a result, the simulations were performed for 60 days and three times each in both
situations in order to reduce the impact of chance and stochasticity on the outcomes. This section
displays and statistically analyses the averages of the three replications of supply chain
performance measurements that were used in the previous section.

Cost and Performance

It was found that transaction waiting times on the Unical Coin block chain were
incredibly short during the course of the experimentation. In order to determine how long it will
take for transactions to be processed on the Unical Coin block chain, it is necessary to know how
long they will take to process on the Ethereum block chain. According to the estimates, the
average time is 16.3 seconds, with the longest time being 146 seconds and the smallest time
being 2 seconds at the extremes. Each store in the block chain-enabled supply chain generates 60
transactions every day. Table 1 summarizes the total lowest and maximum expenses associated
with block chain transactions in terms of dollars.
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Table 1
PARAMETERS
Parameters Minimum Maximum
Transaction time (node/day/second) 14 8.6512
Retailer block chain cost ($) 0.852 11.2365
Wholesaler block chain cost ($) 5.7 11.842
Total block chain cost ($) 30.2185 72.0514

Table 2 summarizes the costs connected with the usage of the block chain. All other costs
are unaffected by this change.

Table 2
INDICATORS ON ECONOMIC PERFORMANCE
Scenario R MR TIC Max BC
B-1S 88.956 1.024 38.2564 12.266
No-IS 75.2654 18.264 25.2646 1.5934

When compared with B-IS scenario, we find that wholesaler average revenues increase
by 17.44% on average. As indicated by the absence of revenue data in the B-IS situation,
wholesalers execute all orders. Because of the increased costs, there is little difference in the
profit margin between the block chain installations. The Mann-Whitney test, which is non-
parametric, was used to determine whether or not their profits had changed significantly.

Although the B-IS scenario has larger average revenue per wholesaler than the No-IS
scenario, there isn't enough evidence to rule out the null hypothesis, as seen in Table 3. As a
result, it is necessary to conduct a more thorough investigation of inventory expenses (IP). This
means that wholesalers never run out of inventory and can fulfill all orders placed by retailers
thanks to the latter sharing of reliable information on lead time demand via the block chain,
which makes it possible for wholesalers to never run out of inventory. When comparing the
graphs illustrating the location and cost of inventory, there is a significant difference between the
two situations.

Table 3
WHOLESALER PROFIT
Score Median N Difference P-value
B-1S 52.1514 4 -23.1854 0.5968
No-IS 52.154

Economic performance measurements for big-box retailers follow a similar pattern to
those used for tracking the performance of other businesses. A review of the specifications for
each big-box retailer and a breakdown is provided in Table 4.

Table 4
KEY OUTCOMES OF WHOLESALER INVENTORY
Scenario FR (%) IP TIC($) AIC($)
B-1S 1.0254 13.0514 35.12564 114.154
No-1S 0.81254 10.12564 31.0541 101.154
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As a result of the information sharing allowed by block chain technology, big-box
merchants see an increase in sales and a decrease in lost revenues in the B-IS scenario. This is
because the parties have mutual trust in the information shared. Big-box stores will earn far more
money under the B-1S scenario.

Inventory management data is studied to gain an understanding of where the company
increased revenue is coming from. Both retailers and wholesalers have experienced significant
increases in their average fill rate, which is defined as the ratio of fulfilled orders to the total
number of orders. Due to a lack of trust between companies in the No-IS scenario, forecasts can
only be made using historical data from wholesalers who have purchased goods from retailers in
the past. Due to the fact that they are based on information provided by big-box retailers,
wholesaler estimates under the B-1S scenario are more accurate.

This was made feasible due to the fact that the block chain serves as a certification agent
and verifies the accuracy and reliability of the information supplied. Retailers are better equipped
to meet market demand as a result of the improved service level provided by wholesalers, which
iIs made possible by information exchange using block chain and this increased trust via data
shared. Improved forecasting and planning result in an increase in revenues, while higher
inventory for wholesaler results in an increase in expenses.

Interestingly, wholesalers acquire more from manufacturers and maintain more inventory
in the B-IS scenario than they do in the No-IS scenario, but they also sell more in the former.
Because expanding sales outpace rising inventory costs, wholesaler profit margins have been
relatively stable in recent years. Block chain verifies the integrity, origin, and data invariability
by retailers has a substantial influence on wholesaler operational performance, it has no major
impact on the economic benefits that wholesalers could realize as a result of this technology.

In spite of the fact that big-box retailers are doing a better job of meeting market demand
than they did in the past, their inventory levels are largely unchanged in both scenarios. Despite
the fact that the use of block chain has resulted in significant improvements in profit margins, the
average increase in inventory costs is just 17.18%, keeping merchant profit margins unaffected.
This has resulted in the polar opposite effect for big-box retailers, who report that while their
operational effectiveness in terms of inventory position does not change dramatically, the greater
fill rate results in significantly higher margins.

As a result, organizations with supply chain lack trust in one another or where
confidential information cannot be shared with all parties involved, block chain technology is a
helpful technology that creates the circumstances for improved overall supply chain
performance. In order to convince merchants to use block chain technology, they must first
demonstrate that they will benefit financially from doing so. It would also benefit suppliers by
lessening the impact of the bullwhip, allowing them to plan more effectively and achieve higher
levels of operational efficiency. A study conducted by IBM found that distributed ledger
technology can be a cost-effective tool for resolving supply chain collaboration and trust issues
while also decreasing the negative consequences of supply chain information asymmetry.

CONCLUSION

In this paper, we formulate a block chain mechanism in addressing the issues associated
with the sustainability of the manufacturing and production industry from economic point of
view. The study contributes mainly with the management of supply chain in developing the
economy of the nation. The block chain based management ensures better supply and tracking of
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products to the end-users via e-commerce platform. The simulation is conducted to test the
viability of the model against various state-of-art block chain models. The results of the
simulation show that the proposed method achieves higher rate of accuracy in delivering the
products to end users thereby creating sustainable management of the business.
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