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Preface

The COVID-19 pandemic has caused numerous disruptions in supply chains and
has significantly changed customer’s behaviours. Moreover, these new challenges
had been merged with the existing pledge for sustainability and greenhouse gas
emissions reduction. As a result, companies and public entities need to adapt their
processes to meet new challenges in the macro environment. New smart technologies
are becoming increasingly important and support business operations amid staff
shortages and restrictions on the movement of people and goods. Smart technologies
are also increasingly being used in crisis management to reduce risk and make supply
chain processes more resilient to disruption caused by natural disasters or pandemics.

This book entitled Smart and Sustainable Supply Chain and Logistics—Chal-
lenges, Methods and Best Practices: Volume 2 presents the original methods, tools
and case studies on topics, as follows:

e Smart solutions for supply chain management,

e Modelling, simulation and optimization of supply chain, production and logistics
operations,

e Sustainable, social and legal challenges in supply chain management and logistics.

This book includes the selected papers which have been submitted to the 15th
International Congress on Logistics and SCM Systems (ICLS 2021) organized by
the Faculty of Engineering Management, Poznan University of Technology and the
International Federation of Logistics and SCM Systems (IFLS). We would like to
express our gratitude to the Board of the International Federation of Logistics and
SCM Systems (IFLS) for the invaluable contribution to the volume:

e Honorary Chairman—Prof. Karasawa, Yutaka, Kanagawa University, Japan.

e Advisors—Prof. Kachitvichyanukul, Voratas, Asian Institute of Technology,
Thailand; Prof. Katayama, Hiroshi, Waseda University, Japan.

e Chairman—Prof. Tsai, Kune-Muh, National Kaohsiung University of Science
and Technology, Taiwan.
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e Vice Chairmen: Prof. Lai, Kin Keung, City University of Hong Kong; Prof. Liu,
Xiaohong, Central University of Finance and Economics, China; Prof. Rim,
Suk-Chul, Ajou University, Korea; Sethanan, Kanchana, Khon Kaen University,
Thailand; Prof. Wakabayashi, Keizo, Nihon University, Japan and Wu, Yenchun
Jim, National Taiwan Normal University, Taiwan.

e The Board Members.

This scientific monograph has been doubled blind reviewed. We would like to
thank all Reviewers whose names are not listed in the volume due to the confiden-
tiality of the process. Their voluntary service and comments helped the authors to
improve the quality of the manuscripts. Although not all of the received manuscripts
appear in this book, the efforts spent and the work done for this book by the Authors
and Reviewers are very much appreciated.

Poznan, Poland Paulina Golinska-Dawson
Kaohsiung, Taiwan Kune-Muh Tsai
Poznan, Poland Karolina Werner-Lewandowska
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Impact of Internet of Things on Food )
Supply Chains Gzt

Elkafi Hassini®, Mohamed Ben-Daya, and Zied Bahroun

1 Introduction

The food supply chain (FSC) is a complex network of farmers and food producers,
including makers of farm equipment and chemicals, agribusinesses and processors,
distributors and support industries, such as transportation and financial services,
retailers and consumers. It is a critical component of the global economy. For
example, one billion people, or one in three of all world employees, are employed
in agriculture, and employees in FSC businesses account for more than half of the
total employment in sub-Saharan Africa and South Asia (FAO 2012).

The practice of supply chain management in FSCs has its distinctive challenges.
While in a typical supply chain, such as in retail, we largely focus on reducing costs,
in a FSC other important dimensions must be considered such as minimizing food
waste and loss as well as meeting certain health and safety regulations at all phases
of the supply chain. IoT application in FSCs reduces the time between data capture
and decision making. This enables supply chains to react to changes in real-time and
reduces food waste. In addition, it allows for quick action in case of recalls or safety
concerns. Most of the IoT applications in the FSC focus on technological solutions
or deal with conceptual models. The reader is referred to Ben-Daya et al. (2021) for
a recent review of IoT applications in the FSC. Using IoT data for better decision
making and for dealing with various operations management aspects are issues that
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are not addressed adequately in the literature (e.g., see Ben-Daya et al. 2019 and
Ivanov et al. 2021). Another important issue that needs further investigation is the
justification of IoT investment through adequate cost—benefit analysis. It is thus our
goal in this paper to develop models for assessing the efficiency and impact of IoT
technologies applications in FSCs.

We consider a fresh produce product with a quality that deteriorates over time.
The introduction of IoT sensors allows for the continuous monitoring of the product
quality parameters through the supply chain. Consumer demand is a function of
price and quality. We develop Stackelberg game models that allow us to quantify the
impact of the use of 10T at the retailer or distributor levels. Such models can be used
to justify the investment in IoT infrastructure in the FSC and if it is viable, it can help
decide in which echelon of the FSC the investment will have more impact on FSC
performance improvement. To the best of our knowledge, models that quantify the
impact of IoT on FSC management and that can be used to make the business case
of IoT investment are lacking in the literature.

The remainder of this paper is organized as follows. A literature review of relevant
research is discussed in the next section. In Sect. 3, we present the problem statement,
notation and assumptions. We then present two Stackelberg pricing models in Sect. 4
where one includes IoT and the other does not. The two models will be used in the
following two sections to study the impact of IoT. In Sect. 5, we provide a numerical
study to investigate the impact of IoT as well as the impact of IoT investment on profits
and supply chain coordination. In Sect. 6, we provide some concluding remarks and
directions for future research.

2 Literature Review

Ben-Daya et al. (2019) have reviewed the literature on IoT and supply chain manage-
ment and pointed out the need for the development of analytical models to assess
the impact of IoT on supply chain operations. They have also found that a promising
area for IoT applications is in FSCs. IoT can enhance product freshness and aid
in quality management. A more detailed review of the role of IoT in supply chain
quality management can be found in Ben-Daya et al. (2020). Here we would like to
focus on the following two related literature areas: (i) food waste inventory control
models and (ii) the role of pricing and quality in supply chain coordination. In each
area we focus on the literature that is most relevant to our research problem and
methodology.

(i) Food waste inventory control models: There is evidence that a retailer’s choices
for how to manage inventory and consumer choice behaviour are key drivers of food
waste at the retail level (Cicatiello et al. 2017). Thus, inventory models for produce
retail must account for their impact on food waste. Unfortunately, this has not been the
prevailing practice in the operations management literature, where food cost is often
lumped up with inventory costs (Ozbilge et al., 2021). Yavari and Geraeli (2019)
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proposed a multi-objective model for designing a sustainable food supply chain
where one of the objectives is to minimize the environmental footprint. Janssen et al.
(2018) consider waste minimizing in a grocery retail store by explicitly incorporating
non-sale periods, such as when the store closes. Mallidis et al. (2020a, b) and Ozbilge
et al. (2021) have considered the use of donations to minimize food waste.

(i) Role of pricing and quality in supply chain coordination: The literature on supply
chain coordination is vast. In this paper we investigate the impact of IoT investment,
using the leverage of pricing and quality, on reducing the double marginalization
effect between the retailer and the distributor. Ma et al. (2013) have considered a
two-stage supply chain where the retailer tries to sell, and the supplier invests in
quality. They find that the two-part tariff as well as the two-part tariff combined
with the supplier quality effort do not coordinate the supply chain. They offer a new
contract that can achieve coordination. In a similar way we show, and quantitatively
determine, the impact of coordination through two-part tariff and IoT quality invest-
ment. Taleizadeh et al. (2018) consider closed-loop supply chains of a manufacturer,
aretailer and a third party. They use Stackelberg game models to find optimal prices,
quality levels and sales and recycling collection efforts and consider channel structure
impacts on coordination.

There are several opportunities for studying the emerging field of IoT quality-
controlled supply chain operations. This study is one of such efforts and makes the
following contributions: (1) A quantitative assessment framework for IoT impact
of FSC operations; (2) We investigate how pricing can play a role in food waste
reduction with the aid of IoT technology; (3) Analysis of IoT investment thresholds
that allow for deciding on who should invest in IoT and how much they should invest;
and (4) An assessment of the role of IoT investment in enhancing coordination in
the supply chain.

3 Problem Statement and Assumptions

We use the following notation:

t Time

i Supply chain entity, i € {1(producer), 2(distributor), 3(retailer)}

qi Quality level at supply chain echelon i

t Product arrival time at supply chain echelon i

q(t) Quality at time ¢

Wi Instantaneous quality deterioration rate at supply chain echelon i

U3 Instantaneous quality deterioration rate at the Retailer without IoT

32 Instantaneous quality deterioration rate at the Retailer with IoT

qn Highest quality level beyond which a customer is indifferent to quality
t Time at which customer starts recognizing different quality levels

qc Critical quality level below which a customer considers the product

unsalable
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t Time beyond which a customer finds the product unsalable due to bad
quality

D(p,t) Demand rate at time ¢ for price p

Dy Market size

o Demand sensitivity to price

B Demand sensitivity to quality

T Replenishment period, T =1, — 13

c Distributor’s cost

wi(wp) Price charged by the distributor to the retailer without IoT (with IoT)
p1(p2) Unit selling price at the retailer without IoT (with IoT)
D,, D, Total demand with IoT

We assume that the producer starts with perfect item quality. The product quality
then deteriorates linearly at rate w; that change at times ;. To analyze the impact of
different quality levels, we assume that the product is at a premium quality when it
reaches the retailers’ premises at the time #3 and remains at that state until the time #,.
During the time interval [#, #;,], the product quality cannot be visibly differentiated,
and it is referred to as apparent stability. After #;,, the product quality becomes regular
and the customer can visibly tell the product quality level, such as due to discoloration.
The product quality remains acceptable until time ¢, at which point all remaining
inventory is not sellable and becomes food waste. Thus, we experience two types
of quality: a visible quality that remains constant at the level ¢; and then linearly
decreases with the rate w3 and an effective quality level that reflects the actual quality
level that would be measurable if we use IoT technology.

4 Models

We use a Stackelberg game to model the retailer pricing problem in the absence and
presence of IoT.

4.1 Without IoT

Similar to Bahroun et al. (2020), we use the following quality dependent demand
functions in the absence of IoT:

Dy — ap; + Bqn t < (g3 — qn)/ 131
D(pi, 1) = { (D
b Do —apy + B(g3 — nait) t > (g3 — qn)/ 131
1

1
D, = H{_Eﬂ[(% —qn)* + (43 — 4)’] + (Do — ap1 + Bg3) (g3 — CIC)} 2
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Using a Stackelberg game theory model, the distributor acts as a leader and the
retailer as a follower. The retailer optimizes the retail price p; to maximize his profit,
which is subsequently used by the supplier to optimize the wholesale price w; to
maximize her profit. We first determine the retailer and distributor profit as

— 1
TR = w{»ﬂ[(qs — @) + (g3 = 40)%] + (Do — apy + Bg3) (a3 - qc>}
M31 2
3)
and
w—-of 1 2 2
Tp| = o —5,3[(6]3 —qn)’ + (g3 — )] + (Do — api + Bgz) (g3 — )

“4)

Finally, the overall decentralized supply chain profit 7g; is found by combining
the individual profits of the retailer and the distributor given in (3) and (4), i.e.,
s = TR + 7Tpi, thus

_ (p1—o0)
31

1
71 {—5,3[(613 —qn)* + (43 — 4)°] + (Do — api + Bg3) (g3 — CIc)}

&)

Proposition 1 (Optimal Retailer and Distributor Prices without I0T) The distributor
optimal wholesale price and the retailer’s optimal price are given by

= Plas = a0’ + @ —a* ]+ 2o+ B @r — ) ¢
: 4a(q3 — qc) 2
. —3B[(@ —an)’ + (g3 — q)*] + 6(Do + Bg3) (g3 — qc) | ¢

ne 8ar(qs — 40) Ty O

Proof Applying the first and second-order optimality conditions to the retailer’s
profit function given by (3) we find that

by — Bl(a3 — an)* + (a3 — q0)*] + 2(Do + Bg3) (g3 — 4. Mg
da(qs —qc) 2

Substituting this value into the distributor’s profit given by (4), the distributor
finds the optimal value w; that maximizes its profit function, which is given by (6).
Now Substituting (6) into (8) yields the optimal retailer’s price given by (7). (]

The optimal profit expressions for the retailer and distributor are given by the
following proposition.
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Proposition 2 (Optimal retailer and distributor profits without 10T) The optimal
profit expressions for the retailer, distributor and supply chain are given by:

o _ [Blas — a0’ + @5 — 4" +2(D0 + Bgs — xc) gy — 0] o
r 6dari31(q3 — qe)

o _ [2Bl@s — 4 + @ — 4)°] +2(D0 + Bas — @)@ — 0]
320 131(g3 — qc)

(10)

o = Bl — ) s~ 90’ £ 200+ fgs —a0@s a0
o 640{“31(q3 — qL)

Proof The optimal profit expressions are obtained by substituting pj and w} in the
profit functions given by (3) and (4), respectively. The relationship between them is
due to the linear nature of the demand function. (]

4.2 With IoeT

When the supply chain players invest in IoT infrastructure to monitor product quality,
the quality level can be always detected even when visible changes do not occur. As a
result, the quality is assumed to be a linearly decreasing function of time throughout
the demand period at a constant unit retail price p, as mentioned previously.

With IoT data, the quality level is known at all points of time and the demand
function at the retailer is given by

D(p1,1) = Do — api + B(gs — nait)
and the total demand is

1 1
D, = — |:__,B(43 - QC)Z + (Do —apx + ﬂq3)(q3 - LIC):|'
“32 2

The derivation of the model in this case is like that of the previous section, except
that the demand function is given by (2) and the retailer incurs an additional fixed
cost per cycle, /,, that corresponds to the investment in IoT infrastructure.

The profit functions of the retailer, distributor, and supply chain are given by

— 1
TRy = M{——ﬂ(% — g + (Do — apa + Ba3) (g3 — qc)} — 1, (12
32 2
— 1
Tpy = M{——ﬂ(% —qo)* 4 (Do — apy + Bg3) (g3 —qc)} (13)
U3 2
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- 1
sy = M{——ﬁ(cn — go)* + (Do — apa + Bg3) (g3 — q»} —1 (14
W32 2

Following the same approach described in the previous section, we present the
following propositions for optimal prices and profits.

Proposition 3 (Optimal Retailer and Distributor Prices with 10T) The optimal prices
that maximize the retailer’s and distributor profits are

«_ 0Do+3Blas+q0) | ¢

15

P> Su 4 (15)
2Do+ B(gz +q.) ¢

* =, 16

"2 4o ) (16)

Proposition 4 (Optimal retailer and distributor profits with IoT) The optimal profit
expressions for the retailer, distributor and supply chain are given by:

e _ (@ —a)[=Blay — 40) +2(Do + Bgs —ae)l®
ke 640t ja3n

I

o _ @3 aJ1=B@s — qc) + 2(Do + Bgs — @)
b2 Rapus,

o _ 3@ —q)[=Bgs — qe) +2(Do + Bgs — ac))®

Ir.
52 64132 R

The proofs of the above propositions are like those of Proposition 1-2.

5 IoT impact on Reducing Food Waste

We numerically study the impact of IoT investment on food waste reduction. Inspired
from the parameters used in (Chen et al. 2019), in Table 1, we show the values for the
initial deterioration rate without IoT and with IoT, the initial quality at the retailer,
the potential market size, the price sensitivity, the quality sensitivity, and the unit
product cost.

In Fig. 1, we show how demand changes depending on where IoT has been
deployed. IoT impact on food waste is reflected through changes in demand after

Table 1 Initial parameter assignment
pap (fhr) | oo (/hr) | q3 dh e Do (units/hr) | o B ¢ ($/unit)
0.007 0.004 095 [0.60 |030 |15 1.8 1.8 |5
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an improvement in the deterioration rate w3, when it is implemented at the retailer
level only (Fig. 1a), an improvement in retailer initial quality g3 when implemented
at the distributor level only (Fig. 1b), or an improvement in both deterioration rate
and initial retailer quality if IoT is implemented at both the distributor and retailer.
We note that in all cases the demand increases and therefore the food loss
decreases. The behaviour of how demand changes are similar to those of the changes
in profits. The benefit of IoT deployment has diminishing marginal benefits. i.e.,
there is a point beyond which additional investments in IoT do not lead to as much
food waste reduction as the prior investment. Besides, based on the parameters used,
and if only one party will invest in IoT, it should be the retailer as deploying the
technology at the retailers can save more food waste as seen in Fig. 1a, b. We can
see from Fig. 1a that the demand follows an iso-elastic pattern with respect to the
deterioration rate when only the retailer invests in IoT. When only the distributor
invests in IoT, we see in Fig. 1b that the demand is an increasing function of the
initial quality. However, the demand does not vary significantly as it would if the
retailer is the only investor in IoT. The demand increases the most, and so will the

Demand Demand
1800 450
1600 400
1400 350 ___________-___________________
1200 300
£ 1000 £ 250
S 800 S 200
600 150
400 100
200 <0
0 0
g O O H T O OO A T W
O O O O W d o o o o O N < D OMNWWOHANMS O
S © & & oo oo o o o G0 00 00 00 00 @ 00 @ &) O) M O A O
O O O O O O o o o o o OO0 000000000 OoOOoOOo
M3z a3
(a) Retaileronly. (b) Distributoronly.
Demand
1600
1400
1200
o 1000
T 800
)
400
200

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55
(a3,M3;)
(c) Retailer and distributor.

Fig. 1 Impact of IoT deployment on food loss reduction
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reduction in food waste, when both the retailer and distributor invest in IoT as shown
in Fig. lc.

6 Conclusions

We have presented models to assess the impact of IoT on coordination and waste
reduction in food supply chains. We provided analytical and numerical results. Our
analysis reveals that IoT can coordinate the supply chain. We also show how IoT can
lead to a reduction in food waste.

We believe that the models we presented in this paper will serve as a good starting
point for investigating the impact of IoT on supply chains. As such it is natural that it
will have some limitations and there are several ideas for extending our work. First, an
extension of the discounting model may include competition where two retailers may
invest in [oT and compete on prices and quality. Second, while we have modelled the
impact of IoT investment implicitly through the deterioration rate, it will be useful
to consider a direct approach where one would develop an investment function and
find optimal investment levels. Third, in our model we used a deterministic demand
function and it would be worthwhile investigating the impacts of demand uncertainty
on the value of investing in [oT technology.

References

Bahroun Z, Ben-Daya M, Hassini E (2020) IoT Quality-controlled demand pricing model in food
supply chains. In: Golinska-Dawson P, Tsai KM, Kosacka-Olejnik M (eds) Smart and sustain-
able supply chain and logistics—trends, challenges, methods and best practices. EcoProduction
(Environmental issues in logistics and manufacturing). Springer, Cham. https://doi.org/10.1007/
978-3-030-61947-3_26

Ben-Daya M, Hassini E, Bahroun Z (2019) Internet of things and supply chain management: a
literature review. Int J Prod Res 57(15-16):4719-4742

Ben-Daya M, Hassini E, Bahroun Z, Banimfreg B (2021) The role of internet of things in food
supply chain quality management: a review. Qual Manag J 28(1):17-40

Cicatiello C, Franco S, Pancino B, Blasi E, Falasconi L (2017) The dark side of retail food waste:
evidences from in-store data. Resour Conserv Recycl 125:273-281

Chen X, Wu S, Wang X, Li D (2019) Optimal pricing strategy for the perishable food supply chain.
Int J Prod Res 57(9):2755-2768

FAO (2012) Labour in FAO statistical yearbook 2012. https://bit.ly/3aliSHZ

Ivanov D, Tang CS, Dolgui A, Battini D, Das A (2021) Researchers’ perspectives on industry
4.0: multi-disciplinary analysis and opportunities for operations management. Int J Prod Res
59(7):2055-2078

Janssen L, Sauer J, Claus T, Nehls U (2018) Development and simulation analysis of a new perishable
inventory model with a closing days constraint under non-stationary stochastic demand. Comput
Ind Eng 118:9-22

Ma P, Wang H, Shang J (2013) Contract design for two-stage supply chain coordination: integrating
manufacturer-quality and retailer-marketing efforts. Int J Prod Econ 146(2):745-755


https://doi.org/10.1007/978-3-030-61947-3_26
https://doi.org/10.1007/978-3-030-61947-3_26
https://bit.ly/3a1i5HZ

12 E. Hassini et al.

Mallidis I, Sariannidis N, Vlachos D, Yakavenka V, Aifadopoulou G, Zopounidis K (2020a) Optimal
inventory control policies for avoiding food waste. Oper Res 22: 685-701

Mallidis I, Vlachos D, Yakavenka V, Eleni Z (2020b) Development of a single period inventory
planning model for perishable product redistribution. Ann Oper Res 294:697-713

Ozbilge A, Hassini E, Parlar M (2021) Donate more to earn more. Submitted for publication,
DeGroote School of Business, McMaster University

Taleizadeh AA, Moshtagh MS, Moon I (2018) Pricing, product quality, and collection optimization
in a decentralized closed-loop supply chain with different channel structures: game theoretical
approach. J Clean Prod 189:406-431

Yavari M, Geraeli M (2019) Heuristic method for robust optimization model for green closed-loop
supply chain network design of perishable goods. J Clean Prod 226:282-305
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Freight Consolidation Center Strategy L
for Last Mile Deliveries in Jaipur City,

India

Pankaj Kant(® and Sanjay Gupta

1 Introduction

The negative impacts of urban goods distribution for social, economic and externali-
ties is an area of key concern in sustainable development of cities. The sustainability
of urban goods transport is the key policy objective of various countries (OECD
2003). In recent decades there is a thrust in improving passenger transport in Indian
cities but urban freight is still a neglected area in national and local policy discourse.
Even the master plan development (MPD) exercise and comprehensive mobility plan
(CMP) exercise by local development authorities of Indian cities do not address the
critical concerns of urban freight issues and freight stakeholders (MoUD 2014).

Urban freight strategies are often selected without comprehensive information of
their potential benefits in transport management plans (T.M.P) (DoT 2012). Sustain-
able transportation is essential for the overall sustainable development of cities due
to its contribution to externalities, economic and social issues (Gudmundsson et al.
2015). Urban freight strategies and key performance indicators are helpful to local
policy makers to reduce the negative impacts of urban goods distribution in context
of sustainable development objectives (Litman 2019; Patier and Routhier 2008).
Replication of freight stakeholders behaviours and attributes are essential and key to
sustainability in city logistics domain (Dablanc et al. 2013).

Awareness regarding freight issues and evaluation for freight strategies needs to
be addressed among all relevant urban freight stakeholders (Martin et al. 2012). Its
tedious and time-consuming task to predict the outcomes of urban freight policies
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including financial implications (Browne and Allen 2011). The effect of urban freight
transport can be quantified under various categories, and each category requires a
different kind of freight strategy (Lindholm 2010). A research study concluded Seven
groups of sustainable policy measures to mitigate the negative impact of urban freight
and barriers in implementing freight strategies for the sustainability of urban freight
transport (BESTUEFS II 2006).

International best practices in sustainable urban freight strategies are available for
local policy makers and other urban freight stakeholders (CIVITAS 2015). Divergent
objectives of shippers and transporters act as a barrier in the implementation of
urban freight strategies (Van Duin et al. 2018). A suitable framework is essential for
selecting the freight strategies based on the requirements, behaviour and attributes
of freight stakeholders for sustainability in urban freight sector (Sharma et al. 2017).

City logistics is a difficult domain for local policymakers due to of lack informa-
tion and knowledge about urban freight. Among all available city logistics solutions,
Urban Consolidation Centre as a logistics space strategy is an appreciated one (Faure
et al. 2016). Urban consolidation centres (U.C.C.s) have a major role in solutions to
reduce the impact of urban freight transport (Quak 2014). An urban consolidation
centre (U.C.C.) is a logistics space strategy used in the periphery of cities for trans-
shipment, load consolidation and selection of carriers for last-mile delivery (Browne
et al. 2005).

The urban freight planning related aspects in the developing country context are
not amply researched upon. There is almost negligible literature available on the
freight stakeholder behaviour analysis and its relation with urban goods distribution
strategies like logistics spaces and consolidation centre strategy in the Indian context.

Inputs from wholesalers, retailers, and transport operators in the modelling frame-
work are missing in policy discourse by local policymakers in Indian cities to arrive
at acceptable solutions as city logistics measures.

The next section of research presents a literature review related to consolida-
tion centre strategy in urban goods distribution. Section 3: research methodology.
Section 4: case city profile and commodity selection. Section 5: descriptive view of
data set. Section 6: model validation. Section 7: Evaluation of urban consolidation
centre strategy and Sect. 8 presents the conclusions and policy implications.

2 Literature Review

An urban consolidation centre (U.C.C.) can mitigate several urban freight issues like
emissions, congestion, parking, road safety of inner roads and business deliveries.
The success of the U.C.C. has several barriers like financial, social, cultural, and legal
barriers. The most important related to U.C.C. is unclear business terms and low
acceptability among private stakeholders. Acceptability for all freight stakeholders
is key to the success of U.C.C. (Elvsaas 2020). The location of U.C.C. has been
analyzed by the centre-of-gravity method to optimize freight deliveries in the seaside
tourist resorts of the West Pomeranian Region of Poland. The research has applied
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the interview method for the analysis of the tourist traffic impact on deliveries in the
selected area. The research study was concentrated on the aspects of transport issues
and organizational assumptions. Two different optimum locations were proposed for
summertime and after summertime (Kijewska et al. 2012).

A research study assesses the potential role of clean vehicles in association with
U.C.C. to reduce the freight traffic and environmental impact in urban areas of
London. A pilot was conducted for stationery and office supplies company to use elec-
tric tricycle for deliveries to customers from a micro-consolidation centre located in
the delivery area. The results show the reduction in CO, emissions per parcel delivery
by 14% and 55% respectively as a result of this delivery system. The pilot trial was
successful in the context of transport, environmental and financial terms (Leonardi
etal. 2012). Challenges and factors affecting the implementation of U.C.C. in Hague
have been analyzed for the local municipality. Two factors that affect the implemen-
tation of U.C.C. were the allocation of the costs and benefits and the willingness of
transport companies to cooperate. The municipality had a major role in bringing the
costs and benefits together. The scientific theory could provide more accurate advice
to local policymakers, but evaluations of U.C.C.s are often poorly documented (van
Duin and Quak 2010).

A UCC is viable under some given conditions like the number of delivery parcels,
the approach distance, and so the urban sprawl. The morphology of the city also
influences the performance of U.C.C.s. Productivity of U.C.C. shall address fixed
costs rather than variable costs. Location of U.C.C. and the number of U.C.C. required
is needs to be evaluated before implementation. Finally, it is certainly useful to study
the influence of demand and location on the viability of U.C.C (Faure et al. 2016).

Utilizing U.C.C. gives a chance to mitigate the negative effects of freight trans-
port in urban areas. Research analysis of urban consolidation centres development
in the Westpomeranian Region of Poland suggests that U.C.C. is a good solution
enabling more effective functioning of tourist, recreational, health resort services and
improvement in the quality of the services due to reduction in the noise and pollution
in the tourist zones. Implementation of a U.C.C. requires adjusting regulations of
entrepreneurs, wholesalers and distributors (Chwesiuk et al. 2010).

Results of Binnenstadservice.nl (B.S.S.) U.C.C. show positive results after its first
year of service in Nijmegen. Due to the B.S.S. consolidation centre, the number of
trucks and number of truck kilometres in the city centre decreased. The effects on
inconvenience for residents, traffic safety and shopping environment are promising.
The effects on local air quality are limited due to passenger and bus traffic in addition
to freight traffic in the city. The fiscal deficit will be there in the second year of oper-
ation without local municipality support. The positive results of B.S.S. in Nijmegen
give rise to B.S.S. franchise initiatives in other Dutch cities (van Rooijena and Quak
2010).

A framework for the classification of U.C.C. and initiatives was developed based
on a survey of already adopted alternatives. The main cause for the inefficiencies of
the U.C.C. is the lack of direct consultation between carriers and receivers in urban
areas. Urban consolidation was never treated as a stand-alone concept. Finally, there
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is a need for the classification of consolidation-oriented measures and initiatives like
physical and behavioural concepts (Verlindea et al. 2012).

The results of the U.C.C. of Belo Horizonte city show a significant improvement
to all actors involved in the process, such as society, carriers and retailers. There was a
reduction in the number of vehicles and a reduction of pollutant emission in the urban
environment. In addition, the adoption of green vehicles can further improve environ-
mental parameters (de Assis Correia et al. 2012). Research results from Sweden and
Scotland suggest that freight policies in conjunction with stakeholders collaboration
are key to support public-led urban consolidation centre (U.C.C.) developments.
The key finding reveals that urban freight policies such as time window restric-
tions can support successful U.C.C.s; they cannot be considered in isolation by the
local authority. A successful development of U.C.C. also requires a commitment to
financially support for the medium-term (Zehra Akgiin et al. 2019).

An agent-based simulation (ABMS) framework with receivers and carriers was
applied to the city of Copenhagen for sustainable business models and the supporting
role of administrative policies for the feasibility of U.C.C. Research results show
that environmental improvement may be achieved through the use of a U.C.C. by
reduction of trucks in urban areas by up to 60% and reducing emissions by about
70%. However, it is challenging to find schemes that are also financially sustainable.
There is a need for committing carriers to use the U.C.C. for its success. The success
of the U.C.C. is not possible without supporting measures and temporary subsidies
to the carriers (van Heeswijk et al. 2019).

An agent-based modelling framework was developed for multiple stakeholders
for the city logistics measure (U.C.C.). The model integrates multiple stakeholders,
which can be used to analyze the city logistics solutions measures satisfying domain
stakeholders. The modelling framework used a semantic model (ontology) and
its validation by the participatory simulation game. The model uses city logistics
ontology as a fundamental building block with events and additional behavioural
attributes to capture real-world behaviour (Anand et al. 2019).

The literature review suggests that there is insignificant research on the appli-
cation of agent-based modelling and simulation in the decision-making process of
different stakeholders in a developing environment like India. Moreover, no attempt
has been reported in demonstrating the use of ABMS for evaluating urban consoli-
dation centre strategy in India. The present study provides the much-needed insight
into the freight stakeholder behaviour towards scientifically arriving at sustainable
urban goods distribution strategies like consolidation centre strategy using an agent-
based modelling system (ABMS) modelling approach in a developing environment
of India with the case city of Jaipur.
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3 Methodology and Data Collection

3.1 Research Methodology

The basic fundamental block of ABMS is the state action charts of its agents (stake-
holders). The stakeholder’s interaction model uses agent-based modelling and simu-
lation (ABMS) framework to evaluate the consolidation centre strategy in the case
city with the help of KPIs. The proposed ABMS modelling framework for agents
interaction is shown in Fig. 1. The consolidation centre strategy is tested once the
ABMS model is calibrated and validated. The primary agents for this research study
are administrators, wholesalers, retailers, carriers and loader/unloaders.

The proposed framework has two types of movement involved, one is the flow of
information, and the other is the flow of actual goods movement. The information
flow and sequence are depicted by the solid line, and the sequence of goods movement
is shown by the dotted line in the proposed ABMS framework. The retailers place the
weekly orders to the wholesaler via the message/call function. Wholesaler process
the order received from retailer and call/message to transport carrier available at the
parking area in the near vicinity of wholesaler. A carrier moves to the godown of
the respective wholesaler after receiving the message from the wholesaler. Loaders
start loading the carrier once it reaches godown. After loading, the carrier moves
to the respective retailer in the city. Unloading of goods starts once the carrier is
reached to the retailer. The carrier again moves back to the initial parking lot after
the goods are delivered to the retailer and wait for his next consignment from the
wholesaler. Transport carriers use the shortest routes option for route selection in
delivering goods from wholesalers to retailers in existing time window scenarios
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Fig.1 Conceptual ABMS modelling framework for agents (Source Author)
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Table 1 State action transition and functions for agents

P. Kant and S. Gupta

Agents State Transition type or Function
triggered by
Retailers Frequency of ordering Rate Uniform
goods (weekly)
Receiving goods Message/call
Working hours Time out Boolean
(10 am.—9 p.m.)
Monday to Saturday
Wholesalers Shipping goods as per Message/call Function of retailer
(distributor) received orders orders
Working hours Timeout Boolean
(10 a.m.—6 p.m.)
Monday to Saturday
Trucks/carriers Got order from distributer | Msg. from the
wholesaler
Loading (Hours) Rate Triangular
Going to client (retailer) | Agent arrival MSG/call
Unloading Rate Triangular
Going back to distributor | Agent arrival M.S.G ./call

Route restriction
(6 p.m.—8 p.m.)

Time out

Source Author

and restrictions implemented in case-city by local administrators. The parking lot
for the transport carrier and warehouses are situated in the wholesale market areas
across commodities. The behaviour and interaction rules of identified agents for this
research study are shown in Table 1.

Modelling assumptions adopted in the proposed ABMS research framework are

the following.

e (apacitated vehicle routing problem with a time window (CVRPTW) is assumed
for this research framework.
All freight vehicles are initially assumed to be located at wholesale markets.
The location of retailers for both wholesale markets is assumed to be located at the
centroid of residential zones (total 92 zones) as per the comprehensive mobility
plan of the case city. Model results for (92) retailers are expanded for the full
population of building hardware and electronics goods retailers in Jaipur city.
Tour routing and planning by transport carriers are not considered in the modelling.
The model only captures the urban goods distribution from wholesalers to retailers
as last-mile delivery.

e The ABMS model only simulates the transport model, not the total logistics cost

model.
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e The simulation time for the ABMS model is 90 days (12 weeks). Unit time setting
for simulation experiment is per day.

e The ABMS model was validated by G.E.H. statistics with model counts and counts
observed from cordon points traffic volume around the wholesale market.

AnyLogic 8.4 java-based student version software is used for ABMS modelling.

3.2 Data Collection

The primary establishment surveys were conducted in the case wholesale markets
and retailer’s premises. Face to face pen and pencil survey method was used for
the establishment surveys to collect the information from wholesalers, retailers and
origin-destinations surveys from transport operators. Manual traffic count of freight
vehicles was conducted at market cordon points of wholesale markets to capture
the total flow of incoming and outgoing goods vehicles. Transport carrier surveys
were conducted in the wholesale market during the loading of goods, and transport
operators survey at their offices in transport Nagar in Jaipur city. Table 2 shows the
sample size collected by various sampling methods for this research study.

4 Case City Profile and Consolidation Space Selection

Jaipur city which is the capital city of the Rajasthan state in India is famous for its
tourist attraction, stone work, textile, jewellery and its local architecture. Jaipur is
also known as pink city in India. Jaipur city is well connected with rest of Indian
Cities with road, rail and air transport. The total population of Jaipur city is 31
million (yr. 2011) and its total area is 29040 km?. The primary land use of the Jaipur
city is residential (45%). The commercial land use constitutes 6.7% and circulation
is 16%. (Anand et al. 2016). There are around 12 wholesale markets in the Jaipur city
involved in intra-city and inter-city goods distribution. Some of these of wholesale

Table 2 Data collection

Establishment survey | Establishment survey | Truck driver survey
(wholesalers) (retailers)
Sampling method Stratified Systematic Stratified
Confidence level (%) |95 98 98
Population size 510 5100 Unknown
Sample size required 109 189 392
Sample size collected | 110 200 550

Source Primary survey
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markets are situated in walled city of the city like textiles, furniture, iron market,
food grain, chemical markets and electronics markets. Dairy and meat products and
vegetable wholesale market on the periphery of Jaipur city. Building hardware &
timber market is situated centre of city near Gopalpura bypass and stone market at
Ajmer bypass. Fertilizer and chemical market is situated at Durgapura area in Jaipur
city (Anand et al. 2016).

Building Hardware market (BH) and Electronics market (EM) were selected for
the evaluation of freight consolidation centre strategy in Jaipur city. Goods distri-
bution in the building hardware market is weigh based, whereas it is number and
item-based in the Electronics market. Electronics market is situated in old city area
and there is no scope of expansion for wholesalers due to rising demand in case city.
Building hardware market is developed by local development authority to cater the
need of construction industries in fast developing of Jaipur city and satellite towns.

Five consolidation spaces are identified for the relocation of the building hardware
(Aatish) market (B.H.) and electronics (Jayanti) market (E.M.) as recommended
by the comprehensive mobility plan of Jaipur city (Jaipur Development Authority
2019). Figure 2 shows the location of the new consolidation centre for wholesale
market relocation. All these new locations are on the periphery of the city along with
incoming highways in Jaipur city. These new locations are tested for the relocation
of wholesale markets without changing the retailer’s location in ABMS modelling
framework for Jaipur city.

Five major highways connect Jaipur city for receiving goods by wholesalers from
respective manufacturers. Kukas (1) area is located on the periphery of Jaipur city
connected to Delhi city by national highway (NH) 48. Similarly, Kanuata (2) is
located on NH 21 connected to Agra city, Chaksu (3) on NH 52 connected to Kota city,
SEZ (4) on NH48 connected to Ahemdabad city and Harmada (5) on NH48/NH21
connected to Bikaner city at the periphery of Jaipur city.

Fig. 2 Location of
consolidation centres

Intercity fraight network s
Intracity freight network ——
‘Walled city =1
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5 Descriptive Statistics of Data Set

Descriptive statistics of wholesalers attributes is shown in Table 3. The mean value of
the shop area in the electronics market is higher than the building hardware market.
Employment per 100 m? in the electronics market is higher than the building hardware
market. Total tonnage handled, including incoming and outgoing tonnage per 100
m? in the building hardware market, is almost double of the electronics market. Total
tonnage trips frequency, including incoming and outgoing trips per 100 m? in the
building hardware market, is marginally lesser than the electronics market. Incoming
freight trips in the building hardware market are almost double the electronics market.
Outgoing trips in the electronics market are higher than building hardware market.

Descriptive statistics for retailers of building hardware and electronics goods
retailers are presented in Table 4. The median value of employment is two people in
most of the retail shops in the building hardware market, similar to electronics market
retailers. The number of trips attracted (incoming trips frequency) to building hard-
ware retailers has almost half compared to electronics goods retailers. The weekly
tonnage attracted to building hardware retailers is much higher than the electronics
goods retailers.

Descriptive statistics of transport operator attributes are shown in Table 5. There
is a significant difference in haulage time in the case of L.C.V. and 4w commercial
vehicles mode in both markets, suggesting a significant difference in distribution
leads. Loading time is slightly higher than unloading for all modes in both markets.
Idle time is almost similar in both markets for 3 W and 4 W, whereas, in the case of
L.C.V,,idletime is higher in the building hardware market compared to the electronics
market. There is no significant difference in loading unloading cost in both markets
for respective freight modes.

Table 3 Descriptive statistics of wholesalers

Indicators Unit Electronics market Building H. market
Mean |Median |SD Mean |Median |SD

Shop area m? 1402 | 1495 67.7 89.1 80 62.5

Employment 100/m? 5 4 2.1 3.1 3 1.5

Incoming Weekly 4.1 4 1.4 9 9 2.7

frequency

Incoming Weekly 14.1 15 3.04 |27.6 23 15.5

tonnage

Outgoing trips | Weekly 22.1 23 4.1 14.9 15 32

frequency

Outgoing Weekly 11.8 12 2.04 248 20 13.8

tonnage

Average nos. of | Per wholesaler | 5.5 8.8

retailers

Source Author
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Table 4 Descriptive statistics of retailers

Indicators Unit Electronics Building hardware
Mean |Median |SD Mean |Median |SD
Shop area m? 77.19 |70 59.7 94.5 83.6 66
Employment 100/m? 2.85 2 1.64 3.07 2 1.9
Incoming trips Trips/week | 4.16 4 1.51 2.48 2 1.3
Incoming tonnage | Tons/week 5.22 5 342 |8.99 7.5 2.8

Source Author

Table S Descriptive statistics of transport operators

Mode |Commodity | Haulage time Loading time | Unloading time | Idle time (Hr)
(Hr) (Hr) (Hr)
Mean |SD Mean |SD Mean | SD Mean |SD
3w EM 0.7 0.2 0.3 005 |0.27 0.06 0.95 0.15
BH 0.7 0.4 0.6 020 |0.51 0.07 0.9 0.17
4W EM 0.7 0.2 04 0.08 |0.34 0.09 1.15 0.16
BH 0.8 0.3 0.6 0.17 |0.49 0.15 1.13 0.20
LCV |EM 0.9 0.4 0.7 0.07 | 0.66 0.07 1.4 0.14
BH 1.4 0.6 0.7 0.12 |0.69 0.09 1.85 0.22

Source Authorb

5.1 Cordon Point Traffic Volume Counts (T.V.C.)

Traffic volume counts of motorized freight vehicles were observed at the cordon point
of the building hardware market for nine hours. A total of 1256 freight vehicles were
observed, out of which there were 313 3w commercial vehicles, 388 4w commercial
vehicles, and 555 LCV, respectively observed in the T.V.C. survey. In the case of
the electronics market, a total of 1030 freight vehicles are observed in the case of
the building hardware goods distribution. There were 345 (3w) commercial vehicles,
362 (4w) commercial vehicles, and 323 LCV observed in the T.V.C. survey.

6 ABMS Model Validation Results

Table 6 shows the ABMS modelling and validation results for electronics and building
hardware goods distribution in Jaipur city. A total of 1318 freight trips for all retailers
were predicted by the ABMS model in Jaipur city. Total 1256 freight trips counts
are observed from the cordon survey of building hardware wholesale market by
commercial vehicles (3w, 4w and L.C.V.). In electronics goods distribution, the
ABMS model predicts 940 freight trips for all retailers in Jaipur city. There is a
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Table 6 ABMS model results and validation

Building hardware Electronics
Trips/Deliveries Counts Counts
Nos. of deliveries/day extrapolated for all retailers (M) 1318 940
Trips counts/day from the primary survey (C) 1256 1030
Trips variation (%) 4.9 —8.7
GEH 2.4 4.5

Source Author

variation of 4.9% from modal count (M) and observed count (C) in building hardware
distribution. The model is over predicting the total freight deliveries by 4.9%. In the
case of electronics goods distribution, there is a variation of -8.7%, and the model is
under predicting the total freight deliveries by -8.7%. The G.E.H. statistic for model
validation has a value of 2.4 in the case of building hardware distribution and 4.5 in
electronics goods distribution. G.E.H. value less than 5 is acceptable for validation.

7 Evaluation of Consolidation Centre Locations

Table 7 shows the impact of new consolidation centres (strategy) with business
as usual (B.A.U.) scenario evaluated for building hardware (B.H.) and electronics
goods (E.M.) distribution in the case city. In the case of building hardware goods
distribution, the Kanauta location is best suitable in terms of total V.K.T., which has
observed a 34% increase in V.K.T. compared to the B.A.U. scenario and Chaksu is
the least preferable location where only an 8% increase in V.K.T. has been observed.
Kanuata is the best preferable location, followed by Kukus location for building
hardware distribution for wholesalers due to increased business deliveries. It is also
preferable for transport operators due increase in travel time and fleet efficiency
to maximize their profit. An increase in V.K.T. for the Kanuata location will have
a positive impact on emissions which is not desirable from an emission point of
view. Chaksu location is most preferred in case emission is concerned for local
policymakers due to minimum V.K.T. by transporters involved in building hardware
distribution.

In the case of electronics goods distribution, it can be observed Kukas followed
by Chaksu are the best preferable locations for t for transport operators to maximize
their efficiency. In the case of building hardware, distribution transport operators
can maximize the economic efficiency by an increase in V.K.T. and fleet usage, but
wholesalers have a reduction in the number of business deliveries compared to the
B.A.U. scenario and all five locations are not desirable locations for wholesalers
of electronics goods distribution. Exiting location of wholesalers in Jaipur city is
more desirable for wholesalers compared to new locations in Jaipur city. Chaksu (3)
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location is best suited for wholesalers for maximum business deliveries. NH52/48(5)
location is best suited if emissions are the priority of policy planners due to the least
V.K.T. by freight carriers. The study results confirm a trade-off between stakeholders
financial benefits and externalities associated with freight transport. It can also be
observed from the results that a location for consolidation centres strategy has a
different impact on key performance indicators across commodity distribution.

8 Conclusion

Urban freight strategies are vital decisions in the sustainability of urban goods distri-
bution. This paper investigated the impacts of consolidation centre strategy on freight
stakeholders involved in urban goods distribution across two commodities in Jaipur
city. The impacts of consolidation centre space strategy are evaluated in the ABMS
modelling framework with the help of key performance indicators of urban goods
distribution.

The research results indicate that consolidation centre space strategy impacts
vary across commodity distribution in urban areas and a single location for multiple
commodities is not desirable across commodity distribution for heterogeneous
freight stakeholders. Research results also show that there is a trade-off between
the economic efficiency of urban freight stakeholders and externalities associated
with freight transport in the selection of the location of consolidation centre spaces.
Proposed research study framework can be extended for other urban commodities
to develop the prepare freight mobility plan to assess the impacts on urban freight
stakeholders. Due diligence is required in the evaluation of the location for consol-
idation centre space strategy according to the commodity or group of commodities
in the master planning exercise in the context of Indian cities.

Wide spectrum of commodities for the evaluation of the consolidation centre
spaces in urban areas needs to be evaluated in case of Indian cities. The logistics
cost model needs to be integrated into the modelling framework for the evaluation of
monetary impacts on freight stakeholders. A joint model for shipment size and mode
choice could be explored in the ABMS modelling framework for the evaluation of
freight strategies.
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A Proposed Framework for Designing )
Blockchain Solutions for Logistics L
in post-Covid Scenario and Future

Pandemics

Javed Aslam, Ageela Saleem, Nokhaiz Tariq Khan, and Yun Bae Kim

1 Introduction

Logistics companies, that are participating in the distribution, storage, and movement
of goods, have been widely affected by the Covid-19 pandemic and it is also exposed
that traditional logistics is not adaptable, agile, and resilient enough to manage a
pandemic or another widespread disaster. During the Covid-19 pandemic, it is essen-
tial for all countries to save human lives. Unfortunately, many countries are unable to
provide a smooth supply of essential items such as food, medical diagnostics equip-
ment, and medicine (Han et al. 2021; Singh et al. 2021a, b; Thompson & Anderson
2021). The reason for this problem is the traditional logistics systems. Because the
traditional logistics system is highly reliable on the human interaction and the use of
the latest technology is limited (Cigolini et al. 2004; Dunn 1995; Fleischmann et al.
2000). Moreover, logistics companies are facing many challenges in logistics activ-
ities such as transparency, traceability, visibility, immutability, auditing, trust (Dutta
et al. 2020; Litke et al. 2019; Rejeb et al. 2020). These issues can be resolved by
using emerging technologies such as blockchain, the internet of things (IoT), artifi-
cial intelligence, cloud computing, and machine learning by transforming traditional
logistics into digital or smart logistics (Ahmad et al. 2021; Chen and Ho, 2021; Su,
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2012; Wang and Sarkis 2021). Digital logistics infrastructure is required to improve
the firm’s logistics performance (Kersten et al. 2017). Blockchain technology is one
of the most effective proposals for digital logistics networks because this technology
has distinctive features; transparency, traceability, cybersecurity, real-time informa-
tion sharing, and visibility which are highly crucial for the future of logistics (Aslam
etal. 2021). This study is providing the initial framework for convergence of logistics
with the help of blockchain technology. In doing so, this study highlights the major
issues in traditional logistics and identifies the need for digital logistics. This study
guides the logistics companies to understand the relationship between digital logistics
and Blockchain technology as a solution for handling these pre-and-post-pandemic
challenges and the future of logistics management.

For the remainder of the study, we distributed our study into three parts. Firstly, this
study criticizes traditional logistics and its weaknesses. Secondly, describes smart
logistics and highlights its advantages. Thirdly, this study develops the relation-
ship between smart logistics and Blockchain technology as a solution for improving
logistics performance. This paper is designed as per the following sections: Sect. 2 is
based on a brief literature review and Sect. 3 explained the proposed framework. The
discussion is expressed in Sect. 4. Section 5 is devoted to the conclusion, implication,
and future recommendation.

2 Literature Review

2.1 Logistics Activities During Pandemic Covid-19

To prevent the spread of covid-19 few policies such as work-from-home, lockdowns,
and social distancing are being used globally. Due to the implementation of safety
protocols like lockdowns, and border closures, the logistics activities are mostly
suspended. The operational efficiency was affected and it lead to the shortage of
supply, delivery delays, and higher freight rates (Farooq et al. 2021). Moreover, the
Covid-19 has hit the logistics businesses very hard as firms were not familiar with
backup operations plans, many firms also lack the technology and had no proper infor-
mation to follow the health guidelines e.g., disinfecting deliveries. Apart from this,
logistics firms have contributed very well during Covid-19 and will be an important
part of the economic recovery, however, need to upgrade the way logistics operations
work, to handle the post-pandemic scenario and any similar problem in the future.
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2.2 Traditional Versus Digital Logistics Networks

Logistics management is a key attribute of the supply chain management process,
and it deals with the flow of products, information, and capital at the same time.
The fundamental aim of logistics management is to deliver the right amount of mate-
rial/product at the right time and right place (Ghoumrassi and Tigu 2017). Traditional
logistics network is based on less integrated systems e.g., manually data input, lack
of upgraded IT system, paper-based documents, and using follow up calls to track
the delivery status, less agile and responsive, and poor flexibility, thus, these methods
are less effective and efficient (Mears-Young and Jackson 1997; Ouyang et al. 2019;
Zielske and Held 2021). Therefore, logistics organizations need to reform their func-
tions for becoming highly integrated with providing better services in today’s era,
where the emerging technologies provide the main platform for the digital infras-
tructure for logistics companies (Oluyisola et al. 2021). The adoption of these tech-
nologies into logistics enhances the integration transform the logistics to agile and
resilient this phenomenon lead to the emergence of a new concept called “digital
logistics” or “smart logistics”(Burroughs and Burroughs 2020; Hofmann and Oster-
walder 2017; Issaoui et al. 2021). Digital logistics provide smart tools and methods
such as cloud-based data computing systems, end-to-end visibility, and traceability
for planning and controlling logistics operations (Barykin et al. 2021; Issaoui et al.
2019; Moldabekova et al. 2021; Sergi et al. 2021). Digital logistics focus on more
integrated techniques, and it allows the firms to adopt vertical integration (integrated
with numinous IT systems inside the organization); horizontal integration (collab-
oration with inter-department), and end-to-end engineering integration (collabora-
tion among product, machines, and stakeholders) (Bag et al. 2020). In the broader
perspective, the investment of technology will allow the firm to reduced third-party
logistics (3PL) services and labor costs using autonomous vehicles, drones, and
robotic (Strandhagen et al. 2017).

2.3 Blockchain for Logistics

Logistics has been amidst a tech-driven revolution. In recently, logistics 4.0 widely
discussed supply chain and logistics management. Logistics 4.0 is the combination
of emerging technologies used to optimize logistics processes. These emerging tech-
nologies are based on the inclusion of artificial intelligence, machine learning, the
internet of things (IoT), cloud computing, big data analytics, blockchain, and addi-
tive manufacturing or 3D printing (Koh et al. 2019; Qu et al. 2019; Singh et al.
2021a, b). Being an emerging technology, the Blockchain provides a decentralized
platform for storing and transmitting information securely and more transparently.
Due to the involvement of multiple activities such as various delivery points, inven-
tory planning, delivery tracking, visibility of materials, and high level of data sharing
are the major challenges for logistics companies (Chen et al. 2021). To cope with
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these challenges, blockchain has effective features to support the logistics operations
such as cyber-security, real-time information system, reliability, transparency, visi-
bility, and traceability or trackability (Aslam et al. 2021; Behnke and Janssen 2020;
Cole et al. 2019; Helo and Hao 2019; Phadnis 2018). These Blockchain features
help to reduce the leads time, improve Inter-Intra firm privacy, secure the finan-
cial/transaction information, improve the forecasting, better control on inventory,
and effective utilization of firm resources (Hellani et al. 2021). Literature proposed
serval theories allow the implementation of Blockchain technology into the supply
chain and logistics management. These theories are the resource-based view (RBV),
principal-agent theory (PAT), network theory (NT), and transaction-cost theory, also
called transaction-cost analysis (TCA) (Treiblmaier 2018). Traditional logistics oper-
ations are fully connected via human physical interaction, and the covid-19 pandemic
is not allowed this business style due to prevent the spread of the pandemic by imple-
menting safety regulations like social distance and lockdowns. In the absence of
technology, the logistics firms have no electronic visibility, traceability, and tracka-
bility of inventory as well as in-transit materials and it’s created the biggest problem
for logistics firms as well as many businesses due to unavailability of product infor-
mation. Therefore, the logistics firm needs to upgrade its business structure and adopt
the technology which is beneficial for the firm to uplift the logistics activities. Among
other emerging technologies, blockchain is closely related to upgrading the logis-
tics and supply chain operation because this technology application is its interface
with the physical world. Additionally, it provides significant potential for improving
information and communication at all levels of the logistics network.

3 Proposed Framework

In this study, we highlighted the major problem in traditional logistics networks, and
these are negatively affecting the firm performance and market reputation. For the
solution to these problems, we proposed the adoption of emerging technologies into
logistics and update into a new domain as digital logistics. The literature suggests that
the blockchain is one of the most effective and efficient technology for digital logistics
because this technology has state-of-the-art features which are highly synchronized
with logistics needs. Figure 1 expressed the transformation from traditional to digital
logistics networks.

4 Discussion

Logistics is the main pillar of supply chain management, and the particular impor-
tance of logistics was realized during the recent covid-19 pandemic where delivery
and the supply of many essential products were either cut or delayed. Traditional
logistics have many problems which are expressed in Fig. 1. This paper proposed the
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Fig. 1 Framework for transformation towards digital logistics using Blockchain

framework for the transformation towards digital logistics as adoption of emerging
technologies. The reason behind this transformation is that digital logistics have
an important attribute that is highly needed for 21st-century logistics and will be
required for post-covid to recover the economy. This study provided a relation-
ship among emerging technologies with digital logistics from literature. The adop-
tion of all these emerging technologies is quite difficult because this concept for
prior practices may be costly. This study proposed Blockchain technology for this
adoption because this technology has serval key features such as traceability, track-
ability, real-time information sharing, secure financial platform, and transparency
which are highly recommended for logistics networks. From the pandemic perspec-
tive, blockchain technology is the best solution for performed logistics activity with
limited human-to-human interaction because blockchain provides a state-of-the-art
technology structure for track and trace the inventory in few electronic clicks. On
the other hand, blockchain has some advantages among other emerging technologies
such as it provides the best security platform to support the next industrial revolution
which is known as industry 5.0. Blockchain is also a useful security tool for the adop-
tion of the Internet of things (IoT). Furthermore, the implementation of blockchain
will provide generate a lot of data that can be used to re-design the warehouse and
optimization the delivery choosing the best route for transportation.

5 Conclusion

This paper provides very interesting findings, firstly, this study provides the actual
picture of where traditional logistics stand and highlighted its main problems.
Secondly, this study develops the relevancy among emerging technologies and digital



34 J. Aslam et al.

logistics and suggests that digital logistics is the solution to the pandemic and future
challenges of logistics. Thirdly, among the serval emerging technology, this study
recommends that the blockchain is the most relevant technology for digital logistics
because blockchain has unique features which are highly recommended for digital
logistics networks. Consequently, Blockchain technology is an important factor for
the 5th industrial revolution or Industry 5.0 due to it provides highly secure infor-
mation networks and supports the implementation of IoT. Moreover, this study also
expressed that how traditional logistics are not suitable for pandemics and this study
guides managers of logistics companies to understand the weakness of traditional
logistics and the use of Blockchain to modernize the firm logistics function. This
study guides the logistics companies to understand the relationship between digital
logistics and Blockchain technology as a solution for handling this type of pandemic.
It is very difficult to adopt all the latest emerging technologies of small and medium
enterprises (SME’s) as well as giants because it is very costly but due to the need
for future of logistics firms should be evaluated their technology need and alliance
with these technologies. The main limitation of this study is based on the litera-
ture only and could not be explained empirically. The real-time implementation of
Blockchain technology for logistics can open a new horizon of research for handling
the post-pandemic and future challenges of logistics networks.
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Application of Big Data Analytics )
in Modern Logistics Solutions L

Jozef Fras and Waldemar Osmolski

1 Introduction

Changing market needs and concentration of the entire supply chain on the customer
service level generate the need to constantly search for new solutions to improve
logistics processes. This trend leads to a transformation of the currently used solu-
tions, in the direction of intelligent supply chains. The use of modern technologies
is aimed at improving logistics processes at the operational level by reducing lead
times, minimizing bottlenecks and errors resulting from faulty information flow.
The encroaching robotization, mobility and automation into logistics processes in
our reality is a fact. Solutions using the latest achievements of electronics and robotics
largely contribute to lowering the costs of functioning of enterprises, speeding up
processes taking place in them or relieving people from tiresome and exhausting
work. This also applies to mobile solutions in which data is retrieved and transferred
in real time from mobile devices to enterprise IT systems, in particular based on
5G network capabilities. The pressure to automate is growing as companies look
to reduce labor costs. Many companies that are currently considering, for example,
relocating production to developed and economically stable countries may view
automation as a means to remain competitive with rising labor costs.

Restructuring efforts in integrated supply chains are increasingly aided by Artifi-
cial Intelligence (AI). As in other industries, Al will fundamentally expand human
performance in terms of reach, quality and speed by eliminating mundane and routine
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work. This approach allows logistics workers to focus on more meaningful issues
and impactful work. Another very important aspect is the inability to utilize the large
amount of data (Big Data) generated on a daily basis in integrated supply chains
in the traditional way. Many logistics companies around the world are currently
undergoing a digital transformation, moving away from legacy enterprise resource
planning systems to advanced analytics, increased automation, and hardware and
software robotics. This is helping the logistics industry to redefine today’s behaviors
and practices, taking actions from reactive to proactive, planning from predictive to
predictive, and processes from manual to autonomous.

2 Big Data and Its Analysis

In order to answer the question: whatreally is Big Data and its analysis, we must know
that Big Data generally refers to data that exceeds the typical storage, processing and
computational capabilities of conventional databases and data analysis techniques.
Most commonly, Big Data (Katal et al. 2013) is characterized as gigantic or highly
complex data sets, encompassing resources larger than an exabyte in size (Chaouni
Benabdellah 2016). On the other hand, Big Data describes how to collect, manage and
analyze large amounts of data, associated with the so-called 3V’s concept: Volume,
Velocity, Variety (Mikavica 2015; Robak et al. 2013). This model has been supple-
mented over time with another component, Value, i.e., verification, evaluation. In
the Polish language version, the Big Data model is defined as: Utilization, Inference,
Enrichment, Verification. Currently, it is also noted that Big Data is nothing more than
specific sets of information with a large volume, high variability and high diversity,
requiring new forms of processing to support new decision-making and discovery
of new phenomena, related to the optimization of various processes. However, to
fully understand the impact and application of Big Data in supply chain analysis, we
must first understand its nature and how it is collected. What is also important is the
fact that the importance of Big Data does not boil down solely to how much data a
company has, but most importantly how it is able to collect it, process it and on this
basis draw the appropriate conclusions. They are the basis for making the right and
fast decisions that enable dynamic development of any company. To be able to do
that we need to pay special attention to 4 basic aspects related to data management:

e Data must be accessible: Organizations must make it easy and convenient for
data owners at all levels to use data.

e Data must be high quality: Organizations are spending more time than ever
before searching for duplicates, errors, omissions, conflicts and inconsistencies.

e Data must be secure: Organizations will need to strive for compliance and put
strict data processes in place before using big data.

e Data must be analyzed using the right tools and platforms: Organizations must
find the right technology that works within their existing ecosystems and meets
their specific needs.
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One of the most significant problems of Big Data is that it is often erroneous,
outdated or incomplete. Therefore, an extremely large amount of time should be
spent on their initial selection, eliminating errors and inaccuracies, resulting from
the way they are obtained. These actions, in consequence, lead to the reduction of
time allocated for the creation of innovative solutions (Chaouni Benabdellah 2016).
Poor data quality can also lead to higher supply chain operating costs, which in turn
is associated with lower efficiency and wasted resources (Mikavica 2015). Also, lack
of sufficient knowledge by data analysts forces data to be entered manually, which in
turn generates a higher probability of errors leading to disruptions in supply chains
(Wang 2016). Another of the elements that can introduce dysfunctions in the proper
functioning of supply chains is usually the lack of a functional and transparent user
interface for analyzing Big Data (Taniguchia 2015), or the amount of available data.
This can vary from region to region, for example, in small economies and rural areas,
only a small amount of data may be available as opposed to metropolitan cities and
urban areas (Chaouni Benabdellah 2016), which can have a significant impact on
logistics and supply chain activities in these regions. To overcome the above diffi-
culties, Big Data analytics should be carefully embedded in the operational realities
of the supply chain (Sahin and Robinson 2002) using adequate human resources on
both the analysis and operations side (Najafabadi et al. 2015). What is also important
is that Big Data requires tools and methods that can be used to analyze and extract
patterns from large-scale data (Katal et al. 2013). In other words, Big Data analytics is
nothing but a complex process of examining big data to discover information—such
as hidden patterns, correlations, market trends, and customer preferences that can
help organizations make informed business decisions. It is also a form of advanced
analytics that involves complex applications with elements such as predictive models
and statistical algorithms. What is extremely important is that the logistics sector is
ideally positioned to benefit from the technological and methodological advances
of Big Data. Today, logistics operators manage huge flows of goods while creating
gigantic data sets. As aresult, there is an opportunity to eliminate the current divisions
and high competition in the service market, enabling the creation of interoperable
ecosystems, striving for the development of the Internet of Things (Osmdlski et al.
2019). Many service providers are realizing that Big Data is a trend that is changing
the face of the logistics industry. In a recent survey on supply chain trends, sixty
percent of respondents said they plan to invest in Big Data analytics within the next
five years.

3 Application Areas of Big Data Analysis in Supply Chains

In order to effectively leverage Big Data analytics applications, it becomes necessary
to acquire clean and data from a variety of sources, which may include:

e social media data
¢ financial forecasts for enterprises
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e traffic and weather data from sensors, monitors and forecasting systems installed
in vehicles
vehicle diagnostics, driving patterns and location information
enterprise data from operating systems.

As we have seen, there are many sources from which analytical systems can be
fed with the necessary information. All these data sources and skilful use of analyses
created on their basis lead to full optimization of production and warehouse processes,
optimization of inventory levels, delivery processes, verification of customer satis-
faction level or increase in financial effectiveness of enterprises. All this happens
thanks to cooperation and proper flow of information in integrated supply chains. An
important issue at this point becomes the question of sources of obtaining relevant
data, which are various types of sensors and devices installed in individual nodes of
the supply chain. Figure 1 shows the 5 major nodes of the supply chain that are the
main sources of Big Data generation.

Based on the data acquisition systems configured in this way, we are able to
identify 5 main areas of use for Big Data analytics, which are.

3.1 Optimization of Transport Processes

Based on the use of Big Data analytics technology, through RFID tags, GPS devices,
barcodes and more, logistics companies can track their vehicles in real time. These
systems can capture real-time traffic data, road network data and fleet data, which
entails the ability to optimize routes, planning and scheduling of deliveries. Based
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on such in-depth analytics, it becomes possible to predict possible accidents or bad
weather conditions and track shipments and fleets from anywhere. Real-time delivery
status updates are also offered to customers. Customers receive automatic notifica-
tions in case of delivery delays. While there are other use cases for Big Data in
transportation, it’s not about the scope of the analysis, but the depth of the analysis.
The two basic requirements for good data analytics are data quantity and data quality.
An organization must be able to capture hundreds of thousands of events and ensure
their quality every time in order to make accurate predictions. It is also essential to
have the ability to stream analytics and analytics in real-time, especially in time-
sensitive data use cases. What is important is that it is critical for organizations to
perform analytics in a timely manner to highlight the true value of data in transit.

This is where the application of artificial intelligence (AI), or machine learning
(MI) to transportation processes comes to the rescue. Such a solution has been used
by DHL in its Smart Truck solution or Cargonnex for transportation planning, among
others. Al is also used in solutions for managing autonomous vehicles in both local
distribution and linehaul. Such a solution, called platooning, was tested, among
others, on the A9 freeway in Germany in cooperation between Schenker and MAN
during the transport of goods in a convoy of trucks.

Another example is the use of Al in air freight transport. Timely shipments here
are crucial to the economy, as they account for just 1% of global trade in terms of
tonnage, but as much as 35% in terms of value. DHL has developed a predictive
algorithm-based tool to predict delays during air freight. By analyzing 58 different
internal data parameters, the software is able to predict weeks in advance what
the expected average daily transit time is for planned connections. In addition, the
solution is able to identify the most important factors affecting shipment delays.

3.2 Optimization of Warehouse Processes

Warehouse management in the traditional way, using legacy systems or ERP systems
is already highly inefficient. Today, millions of customers are interested in receiving
real-time updates on product orders, getting up-to-date knowledge of product avail-
ability before making a purchase decision, and have instant access to product manu-
facturing details. Moreover, customers can make purchases from anywhere in the
world. With Big Data, you can understand how customer behavior is changing and
what expectations they often have of manufacturers and supply chain managers. You
can also gain detailed insights into the process of loading, moving, unloading and
delivering goods. As a result, you can better plan routes and delivery schedules to
increase safety and reduce operating costs for your business.

A very important path forward for logistics, especially warehouse logistics, is
robotization, using not only Al solutions, but also Internet of Things and Indus-
trial Internet of Things or Cloud Computing. According to the U.S. Association for
Advancing Automation, robot orders in 2018 increased nearly 16% over 2017 to
28,400 units. The largest increase in automation was in the food sector last year.
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Robot shipments to companies in the electronic components manufacturing industry
increased by half, and by 13% in the metal manufacturing and processing industry.
Intelligent robotic sorting is an efficient and fast solution for sorting letters, pack-
ages and even palletized shipments. UK-based Ocado has reduced the time it takes
to prepare an order consisting of 50 lines from two hours to five minutes by using
robots in the picking process. Ocado currently already has 2500 such robots. The
Finnish ZenRobotics ZRR2 system, which uses a combination of embedded vision
and machine learning algorithms, is used for sorting and collecting recyclables from
moving conveyor belts. Autonomous AGVs have been used in warehouse processes
and drones or vision technologies have been used in goods inventory. These are only
a few examples confirming the use and development of the latest technologies in the
area of logistics.

3.3 Inventory Management System Optimization

Stock management system is considered as one of the most essential elements of
warehouse processes. Managing inventory in a seamless manner is not possible
by using conventional forms such as analyzing historical inventory data or sales
values. To operate effectively, retailers and supply chain managers need to obtain
information about customer behavior, product turnover, store performance, supplier
relationships, replenishment planning, etc. Inventory management must go beyond
traditional methods such as analyzing historical sales and inventory data. Algorithms
can explore patterns and relationships between various data elements and business
decisions. This gives retailers unparalleled insight into consumer behavior, supplier
relationships, product performance, offline and online store performance, replen-
ishment planning and more. Among other things, connecting multiple outlets can
provide essential information for forecasting optimal inventory levels. Real-time
data gives companies the ability to predict future sales of products that have no
previous sales history. Big Data provides valuable information that can help compa-
nies leverage related product details used to predict the sales potential of a new item,
seasonal product or help uncover new merchandising opportunities. Also, machine
learning and real-time data can help companies determine the average price for their
products by quickly assessing multiple factors, including available supplies, costs,
competitor prices and overall product value. Big Data also provides the ability to
predict demand for specific products. Knowing which products are bestsellers and
which are underperforming gives companies the ability to address any potential prob-
lems in real time. In particular, the real-time data obtained helps companies reduce
the number of backlogged items. Big Data uses predictive analytics to anticipate
consumer demand. These insights help improve planning and give manufacturers
more peace of mind and confidence when communicating with customers. This is
especially important in the financial aspect, where Big Data analytics can help create
strategic alliances with product suppliers by providing important real-time informa-
tion about orders, shipments and backlogs, so companies can gain valuable insights
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into productivity and financial health. Understanding how to use Big Data in supplier
relationships can lead to better customer service and increased customer satisfaction.

As an example, e-commerce giant Walmart is among the large companies that
use analytics to keep their warehouses running smoothly. The company is present
in 27 countries and has an estimated 11,766 stores currently in operation, which
requires a lot of maintenance of warehouses in these countries to ensure a smooth
flow of goods to end users. The company relies on Big Data analytics to monitor
merchandise flows and labor productivity in real-time at both stores and distribution
centers. With a huge pool of data from all sources, it has the ability to accurately
plan the delivery of specific assortments to the appropriate points. This is achieved
by monitoring customer preferences, shopping patterns, which speeds up decision
making on how to stock store shelves and display merchandise. Big Data also helps in
obtaining detailed information on new products, discontinued products and specific
brands that are in higher demand.

3.4 Predictive Maintenance of Machinery and Equipment

Predictive maintenance of machinery and equipment is based on IoT/IIoT sensors
placed in the respective equipment systems of the monitored equipment. The Internet
of Things collects data in real time and sends it back to a central system for moni-
toring the status of individual systems. The relevant software takes the monitoring
data showing the regular operation of the system and automatically analyzes it to
establish a baseline for proper functioning. The predictive maintenance system then
uses machine learning to quickly process and analyze new data packets coming in
from IoT sensors all the time, monitoring the condition of the devices based on
anomalies and generating an alert when needed. Combining this data with static
information such as maintenance schedules makes it easy to gain contextual insights
into the status of monitored systems. Using predictive analytics based on the infor-
mation captured, companies are able to identify patterns based on which they can
predict deteriorating performance, inconsistencies and future failures. This allows
them to keep their equipment in good functional condition, thereby increasing their
productivity by avoiding costly downtime. What is also important to realize is that
not all failure modes can be predicted by predictive maintenance techniques. Some
failure modes may give no warning of impending failure, others may give some
warning but not enough to avoid the consequences of failure, and for others the cost
of detecting impending failure may outweigh the benefits. However, for all predictive
maintenance programs, it is true that in order to create an effective failure prediction
system, it is necessary to know the causes (modes) of failure to be avoided, as a kind
of benchmark necessary to verify ongoing analyses. At this point, it is important to
emphasize that for the prediction of failures against which systems must be protected,
requiring the use of more advanced techniques (such as those that use complex data
analysis and complex modeling techniques), it must be economically justified. In
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other words, advanced predictive technologies must be focused on the significant
economic benefits of their use, not simply driven by technical need.

Predictive maintenance techniques have been used, among other things, to predict
the failure of Typhoon fighter components. The failure rate of aircraft components
varies with changing conditions due to the operating location and, therefore, the
location of the air base. In total, about 2000 components on each aircraft are monitored
for wear, with each verification generating a 40-megabyte output that becomes the
input for the predictive model. This runs various iterations of the model to predict
the impact of trends and environmental changes on the proper functioning of the
tested components. Using this type of approach has enabled decisions to be made
on whether to replace components before they fail, from an airbase or headquarters
location based in the UK. As a result, aircraft uptime has improved significantly—
for example, the downtime of an aircraft on the ground waiting for spare parts has
improved from double digits to 4%. The expected benefits are a savings of $3.1
billion in maintenance over 25 years for 10 aircraft.

3.5 Improve Customer Service

In order for a company to be successful in an ever-changing marketplace, it becomes
essential to know the exact needs of individual customers and, most importantly, to
meet those needs in a way that allows the company to be recommended to future
potential customers. Unfortunately, companies are not always able to grow their
business and keep up with each individual customer, which very often leads to their
partial loss. To be able to prevent this process in an effective way, Big Data analytics is
starting to be used on a large scale, thus enabling insights into the needs of individual
customers, learning about their preferences and habits. Big Data analytics provides
logistics companies with the right set of data about their customers. The data collected
from multiple customer-product interactions helps build statistical models that can
accurately predict customer actions. With them, they can apply historical and predic-
tive analytics models and understand how to create a sense of customer loyalty and
improve their relationship with the company. In-depth analytics also help predict
the emergence of potential problems and enable the organization to address them
earlier. Such initiatives help improve performance in terms of building and deep-
ening a sense of satisfaction among customers. What is also extremely important is
that based on Big Data analytics, revenue growth can be accelerated through precise
customer segmentation and targeted marketing efforts, increasing the company’s
sales potential.

Brand awareness is another way in which Big Data can have a significant impact
on building a company’s relationship with its customers. The Aberdeen Group’s
Data-Driven Retail study found that “data-driven retailers enjoy a 2.7 times greater
annual increase in brand awareness (20.1% vs. 7.4%) compared to everyone else.”
The breadth of customer data insights allows marketers to present customized content
when and where it is most effective for brand recognition and recall. Among other
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things, this also leads to more effective retention and acquisition of new customers.
A McKinsey study found that “users who make heavy use of Big Data analytics
tools to learn about customer behavior are 23 times more effective in their efforts
than competitors who do not.” Big Data can help companies leverage real-time data
collected in cloud solutions. Big Data’s ability to acquire, process and analyze real-
time data quickly and accurately enough to take immediate and effective action
cannot be matched by any other technology. This is critical when analyzing data
from GPS, 10T sensors, website clicks or other data received in real-time. It provides
business intelligence that results in time and cost savings by optimizing marketing
efforts.

As an example of how Big Data can retain customers and their interests, let’s look
at Walmart. Walmart is building 40 (PB) Petabyte or 40 million Gigabyte of data in
the cloud to track the endless number of products they ship worldwide. Whereas this
retail giant in the old days had to wait days or months to know the status of their
sales in a selected sector or area and then make adjustments accordingly, now they
can do it instantly. This gives the achievement of a huge competitive advantage to
the company.

4 Conclusions

Using Big Data in logistics can improve the efficiency of procurement, distribu-
tion and manufacturing networks. According to a recent study, 91.6% of Fortune
1000 companies are increasing investments related to Big Data and Al This study
clearly indicates that many companies have started using Big Data analytics, real-
izing the benefits it can provide and the impact it can have on their organizations.
By providing real-time insights to solve ongoing problems, Big Data analytics can
help improve warehousing, handling, transportation and other logistics processes
within a company. Thus, logistics operators can gather vital information that is highly
beneficial to a company’s accountability, visibility and customer service. Logistics
companies are aware of these opportunities and are trying to make decisions based
more on accurate Big Data analysis, which the authors have clearly highlighted in
the following article. In conclusion, we can state unequivocally that without accurate
Big Data analysis, modern companies are unable to create a competitive advantage
in the market, becoming, in part, outsiders slowly disappearing from the economic
space. However, using the benefits of data solutions can, among other things:

1. Create more effective marketing and sales
Big Data is increasingly being used for advanced consumer segmentation,
automating product personalization, tailoring communications during the sales
cycle or leveraging new sales opportunities.

2. Increase the ability to forecast demand more accurately
Sales teams in today’s enterprises now have access to vast and complex amounts
of data from a variety of sources, including suppliers and customers. Advanced
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analytics tools can be used to integrate data from multiple systems, and when
combined with external factors such as weather forecasts, competitive behavior
and pricing, will greatly enhance the ability to forecast demand.

Help with route planning and traffic management

Big Data analytics is the ideal way to plan routes—avoiding congestion as much
as possible—and having absolute control over routes or times.

Reduce and optimize costs

Capturing transportation fleet data not only allows you to have more control over
the information, but also to tailor it better. From there, it becomes easier to make
decisions.

Reduce environmental impact

Today, more and more companies are trying to control and develop strategies to
reduce their “environmental footprint”. These actions will be much more effective
if they are developed in real time based on data obtained during the company’s
daily operations.

Solve more complex distribution network problems

An increasingly complex distribution network consisting of suppliers, manufac-
turers, distributors, or logistics operators faces increasing challenges in managing
the flow of goods, information, or changing demand patterns. Companies can deal
with this complexity more easily than in the past by leveraging Big Data analytics,
which provides the ability to solve highly complex problems by modeling results
in more detailed scenarios than ever before.

Develop better supply chain collaboration

Increased supply chain data should be seen as an opportunity to improve the
management of more complex supplier networks and to develop better collabo-
ration. Getting the most benefit from Big Data requires investment in technology,
of course, but also a change in organizational culture. Employees in different
departments of companies need to be involved in the process of determining
which data is useful to them and which should be ignored. Recognizing and
rewarding employees who can effectively use the analytical capabilities of the
data collected is just as important as investing in the latest analytical techniques.
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Case Study Validation of a Predictive m)
Maintenance Implementation L
Framework

Marcel André Hoffmann

1 Introduction

Industrial companies are faced with many tasks in efficiency, sustainability, and
customer requirements (Mack et al. 2015). To solve these multiple tasks, reliable
processes in production and logistics are inevitable. In a strategy paper of the Euro-
pean Commission, smart and adaptive manufacturing systems play a crucial role
in facing the challenges in supply chains (European Commission 2021). This also
includes the adaption of smart solutions in the management of reliability and mainte-
nance of production systems, accompanied by large amounts of data to be processed
(Feng and Shanthikumar 2018).

The European Standard DIN EN 13306 divides maintenance strategies into four
categories. In the reactive maintenance strategy, measures are only implemented
after failure. This leads to more extended downtimes and no planning or forecasting
opportunities. In a time-based preventive strategy, the useful lifetimes of parts are
defined and documented in a maintenance schedule, and parts are replaced according
to this plan. This strategy is characterized by higher maintenance activity and spare
parts consumption since the maximum lifetime is usually not reached (Erbe et al.
2005). The condition-based preventive maintenance follows the concept of either
constant or discrete observation of the object’s condition state. The monitoring can
be achieved by sensors or manual inspections (Prajapati et al. 2012).

Consequently, parts can be replaced before a breakdown occurs, and the wear
reserve can be used to a high extension. The predictive maintenance (PdM)
strategy extends the CBM, whereas a prognosis of the residual useful life (RUL)
allows good planning opportunities for scheduling maintenance activities and
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deploying resources. Furthermore, this strategy aims to inhibit failures and, therefore,
production downtimes (CEN 2017; Lei et al. 2018; Ansari et al. 2019).

Although PdM shows high potential in maintenance optimization, the number of
implementations in the industrial environment is still comparatively low (Haarman
et al. 2018). Therefore, Hoffmann and Lasch (2020) developed a roadmap for a
structural implementation process of this maintenance strategy based on literature
findings, which has not been applied yet. This paper aims to validate this framework
based on a practical case study. The following research questions are considered:

RQI1: Are all relevant aspects included in the implementation framework of a
predictive maintenance strategy?

RQ2: In which way and order are the proposed steps put into practice by a
maintenance expert team?

The remainder of the article is structured as follows: Sect. 2 provides a short
introduction to the roadmap of Hoffmann and Lasch (2020) and gives an overview
of the proposed methodology of the validation study. Section 3 shows the practical
realization of the analysis phase, Sect. 4 includes the decision-making process, and
in Sect. 5, the implementation process is shown. A conclusion is drawn in Sect. 6.

2 Predictive Maintenance Implementation Framework
and Validation Methodology

2.1 PdM Implementation Framework

The paper of Hoffmann and Lasch (2020) proposes a generic framework to implement
apredictive maintenance strategy in industrial processes. Therefore, technical criteria
of this maintenance strategy are considered as well as management-related tasks such
as cost—benefit-considerations or decision-making support. The overall aim is to give
a structured roadmap to the maintenance management on implementing PdM in an
industrial environment that does not require extensive know-how and splits up this
assignment into several packages of strategic and tactical tasks.

The general structure is divided into three phases: analysis, decision making, and
implementation. This is accompanied by a feedback loop, as shown in Fig. 1. A
detailed description of the process is given in chapters three to five.

2.2 Validation Methodology

Since the paper of Hoffmann and Lasch (2020) provides a literature-based theoretical
framework for PAM implementation, a practical realization is missing as yet. This
paper aims to research the feasibility of the given model to be applied in a practical
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Fig.1 PdM implementation roadmap according to Hoffmann and Lasch (2020)

industrial use case. Therefore, a co-validation based on Yin and McKay (2018) was
conducted. The validation team consists of maintenance experts in an automotive
industry company as model users and maintenance researchers. This approach was
chosen to enable an interdisciplinary validation process and gain new findings for
the model based on the practical implementation.

A case study evaluation approach based on the paper of Offermann et al.
(2009) was chosen to validate the roadmap. Therefore, the analysis and decision-
making phase was conducted in cooperation with the maintenance department of
the mentioned automotive industry company. The validation of the implementation
phase is based on a maintenance expert interview.

The considered assembly line consists of eleven maintenance objects shown in
Table 3, whereas most perform joining processes. The remaining machines execute
handling and testing processes. In the following, the proposed steps according to the
roadmap of Hoffmann and Lasch (2020) are performed.

3 Analysis Phase

3.1 Maintenance Management

The initial step starts with the analysis of the existing maintenance management.
Therefore, the current mix of applied maintenance strategies and their strategic roles,
the structure of the maintenance costs, and failure causes are examined. Applied key
performance indicators and the existing infrastructure of the information system are
further evaluation criteria.

Own employees carry out most maintenance measures, and only a few of them
are conducted by machine suppliers due to service contracts. The company follows
a preventive time-based maintenance strategy. Therefore, a period of 90 min every
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week and one maintenance shift every month are scheduled. Maintenance activities
are carried out based on a maintenance plan with fixed intervals and work instructions
documented based on an ISO 9001 quality management certification.

The accounting department of the company records direct maintenance costs. One
problem in this context is that those costs are assigned to working stations instead of
classification to the single maintenance objects. The indirect maintenance costs are
not captured. This is caused by the management’s high priority of delivery reliability.
Therefore, the maintenance intensity is high and parts are changed before reaching
the wear limit. However, conclusions about the indirect maintenance costs can be
partly drawn based on the machine downtimes documented by the maintenance
management.

The failure causes are recorded in a detailed manner by the maintenance depart-
ment. The mean time to repair (MTTR) and up- and downtime monitoring are
currently the only implemented KPI considering the maintenance performance.
The overall equipment effectiveness (OEE) is introduced as a relevant performance
indicator.

The IT infrastructure is based on the SAP PM module. The in-house IT department
develops specific solutions for plant condition monitoring. It should be noted that
this condition monitoring captures the overall state (operating or down) of a machine
but not maintenance-specific features such as vibration.

3.2 Process Analysis

The second step is process analysis, which aims to identify crucial steps within an
industrial process that show high potential benefits for implementing PdM. In this
context, the process configurations are of particular interest. Parallel and redundant
production processes with several machines for the same purpose have a lower risk of
a complete process shutdown than serial configurations, where unplanned downtimes
can have devastating impacts on the process’s reliability and safety. Further potentials
of PdM are given at high storage costs for spare parts or production facilities, of which
a failure has value-reducing impacts. High failure frequency, downtimes, and failure
impacts on output and product quality are analyzed criteria within this step too.

Quantification of the analysis criteria as a sub-process is necessary to conduct
the process analysis. Therefore, the expert team defines a weighting of the following
features that are necessary for maintenance purposes.

The direct maintenance costs (MC) contain expenses for maintenance measures
such as parts, personnel costs, and equipment, based on the accounting department’s
documentation. The failure frequency (FF) measures the number of failures of a
machine per year, whereas the downtime (DO) includes the annual cumulated hours
of downtime caused by machine failures. The criterion machine value (MV) measures
the negative impacts of a failure on the overall object value.

Indirect maintenance costs are included in the analysis by considering the influ-
ence on the production output (I0) and product quality (IQ). There are no documented
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Table 1 Weighted criteria Nr Criteria Weicht in %
process analysis - g

1 Maintenance cost (MC) 20

2 Failure frequency (FF) 30

3 Downtime (DO) 30

4 Machine value (MV)

5 Influence on output (10) 5

6 Influence on quality (IQ) 10

values available for those criteria. Therefore, the expert team estimates the values
based on their experience. The weights of the criteria are shown in Table 1.

In this case study, the team considers downtime and failure frequency as the
most relevant criteria, whereas machine value, quality, and output are not of high
priority. Based on the absolute values of each maintenance object’s criteria, a scale
is defined by the team, which allows for an assignment to a value from 1 to 10. An
exemplary scale for the failure frequency is shown in Table 2. Similar scales exist
for the remaining criteria, whereas a higher scale value represents a higher potential
factor. As shown in Table 3, the scale values are weighted and summed up afterwards
to calculate a value for the PdM potential within the process analysis.

Exemplary calculation of the potential factor of object 1:

=2%02+10%x03+7%x03+8%x0.054+8%x0.05+8x0.1=7.1

Table 2 Exemplary scale for FF

Value from to Scale value
0.0 7 1
7.1 14 2
14.1 21 3
21.1 28 4
28.1 35 5
35,1 42 6
42.1 49 7
49.1 56 8
56.1 63 9
63.1 70 10
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Table 3 Values for PdM potential

Criteria Object type MC FF DO MV 10 1Q >
Weight (%) 20 30 30 5 5 10

Object 1 Welding 2 10 7 8 8 8 7.1
Object 2 Welding 1 5 3 8 8 7 4.1
Object 3 Welding 3 7 10 10 8 7 7.3
Object 4 Welding 2 7 10 10 5 6 6.9
Object 5 Welding 2 7 10 10 5 6 6.9
Object 6 Forming 1 1 1 4 10 4 1.9
Object 7 Welding 2 7 3 10 10 4 4.8
Object 8 Rework 1 1 1 2 9 5 1.9
Object 9 Handling robot 10 4 9 6 10 2 6.9
Object 10 Leak test 1 3 5 4 10 9 4.2
Object 11 Optical testing 1 1 1 8 1 10 2.3

3.3 Technical Analysis

The technical analysis concludes the analysis phase, aiming to determine the effort
and cost of PAM implementation. If condition monitoring systems are already imple-
mented at the maintenance object, an extension to a predictive system can be installed
with comparatively low effort. Also, some existing sensors in the system might be
used for PAM purposes. If those two prerequisites are not fulfilled, retrofitted sensors
can compensate for that shortcoming. In this context, it must be analyzed whether
such an installation of sensors and communication can be done with a moderate
effort.

At first, the relevant criteria to estimate the effort of implementing PAM are
defined. Usable sensor data (US), which enable RUL prediction, allow minimal
implementation effort. If those are not available, sensor costs (SC) and the usable
installation space (IS) must be considered. The data transfer (DT) expresses the
efforts to extend the IT infrastructure for linking new sensors. Retrofitting (RF)
contains necessary hardware changes to fit new sensors to an existing machine.
Detecting measuring faults (MF) can be necessary when false signals are delivered
due to interferences in the system or damaged sensors.

The priority and weights of the individual criteria are defined by the maintenance
experts and shown in Table 4. In this case, the installation space and possible measure-
ment faults are considered the most critical aspects. The scales are configured similar
to those in Sect. 3.2, whereas a higher scale value represents a higher effort.

The evaluation considering the implementation effort for PAM of the eleven main-
tenance objects is done for every criterion and summed up similarly to the process
analysis. The results can be seen in Table 5.
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Table 4 Weighted criteria technical analysis

Nr. Criteria Weight in %
1 Usable sensors (US) 20
2 Sensor costs (SC) 5
3 Installation space (IS) 30
4 Data transfer (DT) 5
5 Retrofitting (RF) 10
6 Measuring faults (MF) 30

Table 5 Values for PAM implementation effort

Criteria Us SC IS DT RF MF >
Weight (%) 20 5 30 5 10 30

Object 1 10 5 9 1 5 8 7.9
Object 2 10 5 9 1 9 1 6.2
Object 3 7 7 2 1 2 2 32
Object 4 10 3 5 1 6 6 6.1
Object 5 10 3 5 1 6 6 6.1
Object 6 10 5 3 1 3 10 6.5
Object 7 10 8 5 1 5 3 5.4
Object 8 10 5 5 1 3 10 7.1
Object 9 10 8 3 1 5 6 5.7
Object 10 10 5 3 1 3 10 6.5
Object 11 10 10 8 1 8 10 8.8

4 Decision-Making Phase

4.1 Decision-Making Matrix

The second phase addresses decision-making. Therefore a 3 x 3 decision support
matrix is proposed by Hoffmann and Lasch (2020), in which the results of the process
analysis (PdM potential) and technical analysis (implementation effort) are filled in.
Depending on the category the maintenance object is assigned to, recommendations
about implementing PdM are given based on a cost—benefit consideration. The calcu-
lated values for every maintenance object considering PdM potential (Sect. 3.2) and
implementation effort (Sect. 3.3) are filled into the decision-making matrix in Fig. 2.

Maintenance object 3 shows a high potential for PAM with a comparatively low
effort. Therefore, the implementation is highly recommended for this machine. The
main reason is a high number of failures and long downtimes. Furthermore, a missing
redundancy makes this machine crucial for the whole production process. On the
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other hand, necessary sensors for condition monitoring are already implemented,
enabling a cost-efficient use of the already continuously measured values. The main-
tenance objects 4, 5, and 9 are assigned to class B, which implies an advisable
implementation of PAM. The potential benefits are very high, but the effort is signifi-
cantly higher than for the object in the first category. Machines 4 and 5 have a parallel
configuration and can be described as redundant. However, they have a high failure
frequency, and cost-intensive spare parts are necessary. Object 9 is a handling robot
and, therefore, a critical part of the process since a breakdown can also lead to a
complete shutdown.

A clear recommendation cannot be given about PAM implementation for those
objects assigned to class C. However, a selective consideration is necessary to avoid
overfitting. In this case study, maintenance objects 1, 2, 7, and 10 are classified
in this category. Machine 1 shows high failure frequency and downtimes. Further-
more, a failure has comparatively high impacts on the output and product quality.
Consequently, a PAM consideration seems useful for better process quality, but the
implementation is not recommended in the first step under cost-considerations. The
remaining objects of class C are characterized by medium potential and effort values,
which leads to a lower priority for the PAM implementation.

Objects 6, 8, and 11 have an inconvenient effort-potential ratio and are therefore
not suitable for monitoring by a predictive maintenance strategy since this would
lead to adverse effects considering the overall maintenance costs. Following this
decision-making process, the company’s maintenance management decided to start
a pilot project to implement PdM for objects 3 and 9.
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4.2 Service Provider and PdM Techniques

A strategic decision about outsourcing specific PdM tasks is included in the decision-
making phase. To gain further know-how in this field, the expert team makes a
strategic decision against outsourcing maintenance tasks in this context. The manage-
ment assesses that the existing maintenance team can execute all relevant mainte-
nance measures since there is no significant change in operational maintenance tasks
to be expected.

Following the proposed roadmap of Hoffmann and Lasch (2020), the decision
about the RUL prediction method is to be made at this point of the process. Deviating
from this recommendation, the maintenance team decides to postpone the decision
about the PdM techniques to be used since the choice depends on the used software.
The planning steps for this implementation pilot project are now explained based on
the maintenance team expert interview.

5 Implementation Phase

5.1 Hardware Implementation

Within the third phase, the actual implementation is conducted. Therefore, the
required software and hardware must be selected simultaneously for a secure and
reliable data transfer and cannot be considered separately from each other.

The most critical task in hardware implementation is choosing the relevant features
to be measured to ensure high data quality for condition monitoring. For those main-
tenance objects where sensors for condition monitoring are installed already (e.g.,
object 3), an evaluation is necessary whether the monitored features can be used
for PAM purposes. To ensure this, a consultation with the machine manufacturer is
required. This is also relevant for machines without any installed sensors for condition
monitoring purposes yet to gain information about relevant thresholds that indicate
the end of life for wearing parts and necessary maintenance measures. The company’s
sensor supplier and expert is consulted to assess which sensors to select for values
to be measured and how to position them.

5.2 Software Implementation

Depending on the existing information system infrastructure and the extent of the
expected amount of data, PAM tasks can either be implemented in an existing ERP
system or cloud computing solutions combined with IoT-based sensors might be
more suitable due to more scalable and flexible options.
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In this particular case, two options are considered. The first variant is a predic-
tive maintenance toolbox offered by the existing ERP system provider as an add-on.
Therefore, pre-defined algorithms predict the RUL and schedule necessary mainte-
nance measures. This variant reduces the effort of developing algorithms such as
artificial intelligence solutions and can be implemented rapidly without extensive
knowledge in data engineering.

The second variant contains an extensive in-house development of software for
PdM purposes. This requires more effort in the field of data evaluation. Based on the
framework of Lei et al. (2018), the process of health prognosis evaluation is split into
four steps: data acquisition, health indicator construction, health state division, and
RUL prediction. An own software solution requires superior know-how in feature
engineering and the configuration of artificial intelligence algorithms frequently used
for RUL prediction.

5.3 Implementation in Maintenance Management

A predictive strategy might require adaptions considering the operational targets
and organizational structures. Therefore, the implementation phase is concluded by
introducing this strategy into maintenance management. To realize the full potential
of PdM, a holistic approach that considers production planning and purchasing claims
is proposed.

Since the pilot project does not affect the whole production line, only minor
changes are expected considering the maintenance management. The weekly
timespan for maintenance activities is still used for inspections at the other objects.
It is not clear yet, whether the maintenance measures for objects 3 and 9 are still
executed in the monthly maintenance shift, or they can be done during the operation
time due to the excellent planning opportunities based on the estimated RUL.

Regarding software-variant 1, synergies are expected by including other ERP
modules such as production scheduling or material management, which can purchase
needed spare parts according to the demand.

A feedback loop is planned to be installed to improve the implemented
PdM strategy, aiming for constant optimization and adaptation of the mainte-
nance processes. The feedback information will be embedded into the continual
improvement process of the quality management system.

6 Conclusion

Many experts see a contribution of predictive maintenance to more efficient and
reliable production processes in the industrial environment. However, the number of
successful implementations is still low. Based on a practical case study and expert
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consultation, this article gives industrial companies a structured suggestion to start
making their own experiences and gain know-how in the field of PAM.

The validation study shows that the underlying framework applies to a structured
PdM implementation process with few adjustments to the initial version.

In the considered case, the analysis revealed two maintenance objects with high
potential and moderate implementation effort, which are feasible for the maintenance
management department to start a PAM pilot project.

Regarding RQI, the expert team recommends implementing a sub-process for
quantifying the analysis criteria in phase one. Besides this, the co-validation team sees
all relevant criteria included in the framework to give a structured recommendation
for action.

Regarding the execution and order of the proposed steps, the decision-making of
the PdM techniques is recommended to be shift into the implementation phase since
this is dependent on the used software solution, which answers RQ2.

The validation study is done with the limitation that the practical process is
performed for the first two phases in the company, whereas the evaluation of the
third phase is based on maintenance expert consultation. Further research in prac-
tical PAM implementation is still necessary to unfold the advantages for producing
companies. Furthermore, plug-and-play solutions are required that offer practitioners
the opportunity to get started without high effort.
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The Simulation for the Ideal Optimum )
Site Model in the Actual Distance Method |

Angela Yu Yen Chen and Yutaka Karasawa

1 Introduction

Our research is based on the real distance data for selecting optimum sites, there are
five types are taken consideration, @ Ideal type optimum site (without consideration
of available or unavailable locations), @ Present location plus o type optimum site
(present center plus one to four optimum delivery sites), ® Available location type
optimum site, @ Present location plus a available location type optimum site (present
center plus one to four available optimum locations), and ® Present location type
only, moreover, subject to those types, we set up locations from one, two, three, four,
to five places, for each type of the optimum sites selection model, there are 20 places
of the optimum places are selected, the reason for a maximum of five locations is that
the area only covers approximately 50 km in a small area of Japan, for integrating
discussion to find the best solution for rational problem and real problem 1 (Fig. 1).
As this is a new research project, we tried to divide the region into 35 areas by zip
code, but it did not really work, then we divided into 38 places for the delivery zone
of the research, by measuring the actual distances between the distribution center
and customer’s place, so-called the map 38 places of the actual distance method.
The basic approach of the whole research is based on analyzing the master data
from the distribution center, the area of the objects and analysis of delivery distribu-
tion properties in the map, the measurement of the center of gravity of the delivery
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zone and inspection of the error (the error inspection is carried out only for the approx-
imation distance method), as shown in Fig. 2. The basic data for the simulation is the
preparation for the distant table and £k (carrying one liter for one kilometer) table,
the implement for the simulations of the optimum sites are based on the ideal type by
actual distance method in the map (using the Google Maps Distance Matrix API), the
dividing the cost for delivery centers are based on estimation the delivery cost and
inventory cost and final evaluation for the optimum site of X ¢k, then our research
continues inspecting for the optimum site, selecting the best order 2, as shown in
Fig. 3.

2 Research Contents

2.1 Theory of Segmentation by City and Village

2.1.1 The Calculation of Gravity Points

The first step of the process of implementing simulation for an optimum site is to
decide how to divide the area as shown in the Fig. 4. After trying to place 500
customers’ addresses of one group by mapping, and making sure that there will be
one portion of land without any disruption, such as rivers and mountains, and the
range will not be too distant. However, some of the customers’ master data did not
meet the JIS (Japanese Industrial Standards) code on the map, moreover, some of the
addresses could not be found in the areas, so we modified the mistyped and mapped
again the area as 38 locations for selecting the optimum sites.
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(1) Basic data :
/

- (1) Number of customers: 13,012 households
@ Number of deliveries: 19,018 bottles

(@ Period, etc.: Data by delivery volume by daily delivery for 30 days
@ Delivery volume by product:
10L = 30 bottles, 20L = 8,193 bottles, 50L = 19,652 bottles

® Total delivery amount: 1,146,760¢/30 days

(® Target area: Kita-Mikawa area (see map)
However, the difference in the number of delivery customers from the 38 area

\ categories =>13,012-12,612 = 400. The reason for difference: There seems to be a
. difference depending on how you organize (address-based).
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(2) Simulation and location types and types: ;

Location type One Location | 2L 3L 4L 5L
(Dideal type optimum location OL1 OL2 OL3 OL4 OLS
@Present location plus  type % PLa2 PLa3 PLad PLaS
@available type optimum location AOL1 AOL2 AOL3 AOL4 AOLS
@Present location plus « available type X APLo2 APL03 APLod APLaS

Fig. 2 Master data and the types

of simulation

@AL : Available Location

Y .ﬂ)mmm&ﬂnﬁm{mm}
{ | Transactioes: Data by delivery vohume

[ 1BsicDua |

(D Wmber of customers: 13,012 housebolds

D) Wumber of deliverias: 19,018 bottles
(® Delivery volume by product:

_ bydaydelreny/30dns ‘ 10L=30 bottes, 20L = 8,193 botdles, S0L = 19,652 bottles
 Total delivery amouet: 1,146,7600/30 das

D Examization of 1S § digitcode in 2. Object area and Analysis |

munscipalities - of the shipping destination (D Creation of zones: 35 200es regions)
Obvmimfonofmasterdets | address inthe map 9 Creation of custners and z00es disinbution diagrams _
| Caeelation of eepte praity cooedinstes | 3. Estimate the distance of | | (U Estimation of eater of graviy distance a 38 kcaions
@ Conversion to address information the center of gravity aad @ Making the disribution diagrams of customers and 2002
. e (B Exmor inspection of the model

Inspection of the emor -

| @ Estimaica of ditancebetween ooz || 4. Preparation forthe | (0 Ml the it tabies
@ Estimationof (K by z0ee distance table © Making the £K Matrix Tsbles
(D) Making the table of the road distance by | 5. The simulation of the ideal rype |/ e
using Google Maps Distance Marix APL | | of optimum site in the map actual d=racodiny siny coscosscods |
VR AR |

% OFialenloin of 1K picm e

6. Evaluation and conclusion of
optimum site simulati

(e bt

A decision of optimal k

o bR,

i

(EConchusion of Ideal l}pem::mm site

i

Fig. 3 The concept of research process
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Fig. 4 The preparation of the customers’ distribution map (Remark there is not any enclave within
the land)

General speaking, taking the whole Japan areas, then you should divide the area
by prefectures, since our research is only focused on the small area in Japan, so we
group the areas by postcode for calculating the optimum sites.

We decided to use the Yahoo Open Local Platform (YOLP) system/software,
implementing geocoding, with the information from 13,012 destinations by longitude
and latitude, by taking the actual distance, though there were several incorrect data
which were modified by hand. Since there are 2500 times per day limitation of
using the Google Maps API. Therefore, the grouping was completed by mapping the
customers’ information, and each group included the information of longitude and
latitude of the customers’ addresses and delivery amount (¢) are introduced for the
center of gravity coordinates (longitude and latitude).

The centers of gravity coordinates of each area are as follows:

Yoo Tixi y doimi Tiyi

X = ————— !
n K n
Z[:l ’1—; Zi:l T‘l

Remarks:

x;: longitude of customers’ address
y;: latitude of customers’ address
T;: delivery amount (£)

n: customers’ numbers in each area
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2.1.2 The Considerations and the Quantity of Dividing into 38 Areas

Trying to set up a standard about 500 customers’ addresses as one group by mapping,
and making sure that there will be one group, even the road divided into two parts, and
the size of the area not being too distant. However, some of the customers’ master data
did not meet the JIS (Japanese Industrial Standards) code on the map, moreover, from
the code, some of the addresses could not be found in the areas, finally, we adjusted
as 38 areas on the map, the detailed information of the 38 locations is shown in Table
1. Customers by cities, from P1 to P23 are Toyogawa-shi (city), from P24 to P30
are Toyahashi-shi, from P31 to P34 belongs to Sinsiro-shi, and Kita-sitara-gun is on
P35, from P36 to P38 are Okazaki-shi, as shown in Figs. 5, 6 and 7. We also looked
at the number of customers, and there are 13,012 households, with the total amount
of delivery being 1,146,760 L, which included 30 bottles of 10 L size, 8193 bottles of
20 L size, and 19,652 bottles of 50 L size. After deciding the 38 locations the actual
distance method is used for calculating the distance between the two places of these
38 areas, therefore, we used the master data to calculate the figure of the customers,
the demanding amount, and the distance of each location. Finally, we produced a
demand-distance table for simulation.

The solution of our research is to calculate the total cost (delivery fee plus center
operation fee) from the master data to produce the €k (unit price for carrying one
liter for one kilometer) and it is an appropriate tentative perspective from the model
by each zone. Then, the delivery expenses were introduced, finally, to put those
expenses into the delivery centers that were selected, then the simulation for the
optimum sites were analyzed. There are one to five places for consideration, the base
on the method of the present and unit price by zone, namely, to simulate by four
types of the optimum site model and the present center.

2.2 Preparation of the Distant Table and €k Table

The method of preparing the distance matrix tables between the cities and villages,
we used the actual distance and the approximate distance from the map, here we
adopted the actual distance method for simulation, moreover, for preparing the £k
matrix Table 4, which is based on the distance table of 38 areas, as shown in Table 2,
then the basic document for simulation is completed, as shown in Table 3. General
speaking, when it comes to selecting an optimum site model like a gravity model,
people usually used the tk (tone/kilometer) matrix method to actually calculate the
results of dividing, this research has more or less, 20 thousand customers scattered
over the eastern part of the Aichi Prefecture and one western part of the Shizuoka
prefecture in Japan. Therefore, we use the ¢k instead of the tk as the unit 3.
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Table 1 T38 areas on the map

A. Y. Y. Chen and Y. Karasawa

No. Name of cities No. of user

1 Toyokawa-shi 8065

2 Toyohashi-shi 2765

3 Sinshiro-shi 1380

4 Kitashitara-gun 374

5 Okazaki-shi 391

6 Toyota-shi 30

7 Hamamatsu-shi (Shizuoka) 7

Total 13,012

Location | Cities No. of Customers (%) | Delivery Delivery
customers amount (£) amount (%)

P1 Toyokawa-shi @ | 142 1.1 11,050 1.0

P2 Toyokawa-shi @ | 667 5.1 54,370 4.7

P3 Toyokawa-shi @ | 471 3.6 36,190 3.2

P4 Toyokawa-shi @ | 346 2.7 30,390 2.7

P5 Toyokawa-shi ® | 217 1.7 20,490 1.8

P6 Toyokawa-shi ® | 129 1.0 9150 0.8

P7 Toyokawa-shi @ | 519 4.0 44,140 3.8

P8 Toyokawa-shi 764 5.9 55,850 4.9

P9 Toyokawa-shi @ | 316 2.4 25,050 22

P10 Toyokawa-shi 313 2.4 29,170 2.5

P11 Toyokawa-shi ® | 290 22 27,280 24

P12 Toyokawa-shi @ | 165 1.3 24,050 2.1

P13 Toyokawa-shi ® | 183 14 14,850 1.3

P14 Toyokawa-shi @ | 198 1.5 27,580 24

P15 Toyokawa-shi ® | 415 3.2 38,070 3.3

P16 Toyokawa-shi ® | 420 3.2 36,780 3.2

P17 Toyokawa-shi @ | 212 1.6 18,540 1.6

P18 Toyokawa-shi ® | 624 4.8 52,570 4.6

P19 Toyokawa-shi ® | 259 2.0 19,450 1.7

P20 Toyokawa-shi @ | 278 2.1 29,730 2.6

Location | Cities No. of Customers (%) | Delivery Delivery

customers amount (£) amount (%)

P21 Toyokawa-shi @ 209 1.6 20,250 1.8

P22 Toyokawa-shi @ 661 5.1 51,010 4.4

P23 Toyokawa-shi @ 267 2.1 23,850 2.1

P24 Toyohashi-shi ® 299 2.3 23,900 2.1

(continued)



The Simulation for the Ideal Optimum Site Model in the Actual Distance ... 69

Table 1 (continued)

Location | Cities No. of Customers (%) | Delivery Delivery
customers amount (£) amount (%)

P25 Toyohashi-shi @ 359 2.8 33,940 3.0
P26 Toyohashi-shi @ 276 2.1 32,600 2.8
P27 Toyohashi-shi @ 608 4.7 49,380 43
P28 Toyohashi-shi ® 398 3.1 39,060 34
P29 Toyohashi-shi ® 303 23 17,800 1.6
P30 Toyohashi-shi @ 522 4.0 63,980 5.6
P31 Sinshiro-shi ® 461 35 54,900 4.8
P32 Sinshiro-shi @ 360 2.8 36,950 3.2
P33 Sinshiro-shi @ 441 34 32,690 29
P34 Sinshiro-shi @ 142 1.1 5660 0.5
P35 Kitashitara-gun 357 2.7 15,070 1.3
P36 Okazaki-shi ® 233 1.8 23,330 2.1
P37 Okazaki-shi @ 126 1.0 9490 0.8%
P38 Okazaki-shi ® 62 0.5 7650 0.7
Total 13,012 100.0 1,146,760 100.0

Fig. 5 P36 Okazaki-shi, 233
customers

Fig. 6 P37 Okazaki-shi, 126
customers
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Fig. 7 P38 Okazaki-shi, 62

The method of actual distance is taken from the Yahoo! Open Local Platform
(YOLP) system/software, implementing geocoding,! with the information from
13,012 destinations by latitude and longitude, and there were several incorrect data
which were modified by hand. Also, it was not possible to use the Google Maps API,
since there is a limitation of 2500 times per day. Our research, therefore, decided to
use YOLP at this time. As previously mentioned, the grouping was completed by
mapping the customers’ information, and each group included the information of the
customers, and the latitude and longitude from the delivery amount (£), and thereby
calculated the gravity coordinates (latitude and longitude).

The method of approximate distance is to assume that the radius of the Earth, r =
6378.137 km (equatorial radius) is a ball shape, and the distance d is measured from
spot A (latitude x 1, longitude y1) to spot B (latitude x 2, longitude y2), then the
program is as follows;

d = r arccos{sin y; sin y, 4+ cos y; cos y, cos(xy — x1)}

Unfortunately, the Earth is an [ oval shape] , and consequently it caused a toler-
ance. Therefore, the method of drawing up the matrix distance between the two points
of the cities should be considerate of both actual distance and approximate distance
on the map (Fig. 8).

2.3 The Optimum Location Simulation

For finding a realistic solution for the horizontal optimum location simulation, we
devised a new type of model so that we can support realistic management deci-
sions and decision-making, not just using the number of conventional locations. In
addition, the multi-step algorithm is based on a wide variety of algorithms such as

! Geocoding is the process of transforming a description of a location, such as a pair of coordinates,
an address, or a name of a place, to a location on the earth’s surface.
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optimal solutions and approximate solutions, but the Gravity Model is generally the
main one-step horizontal optimal location simulation tool. However, in this research,
there are 20 thousand delivery customers must be grouped and the distance of the
center of gravity must be estimated, and a simple location model that applies mapping
graph theory is applied to represent its validity. We adopted a method of verifica-
tion using a gravitational model (Gravity Model), using the Gravity Model to show
which area is the best for establishing a delivery center, with the lowest cost for the
firm, and knowing how important the optimum site selection affects the company’s
management and strategy. However, this paper is only focused on the actual distance
method, in the near future, we will produce the paper for the method of approximate
distance.

3 The Results of the Simulation for the Ideal Optimum Site
Type in the Actual Distance of 38 Places Mapping

Our research is introducing from longitude and latitude for selecting the ideal type
of optimum sites, generally speaking, the simulation of one phase of multi points
model uses the following gravity models:

n

€)=Y {T(P)ymin K (P;. C})} (1)

i=I

CjeC={C,Cy,....,Ch} € P={P, Pr,..., Py} 2)
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However, T(Pi) is the demanding amount in the area Pi, and K(Pi, Cj) is the
distance between the area Pi and the delivery center Cj. At this moment, the objective
function f (C) is the minimum, namely, it becomes the min f (C), which the group C
puts the most optimum delivery centers together. For instance, when we search for
the most optimum delivery centers of two places from the whole area, first of all,
choosing the two candidate places C' = {C’1, C'2} of the delivery centers from the P,
and also making the P as a yardstick for the shortest distance, to allocate it for either
delivery center candidate area, we divided P into network N1, N2 (but N'1 U N2
= P) of the delivery destination area affiliated with each candidate delivery center
area, at this moment, C’Ibelong to (€)N'1, C'2 belong to (€)N'2 and C'1 and C'2
are respectively the optimum sites in the network of N'1, N'2, When it is equivalent
to the center of gravity, C'1 and C'2 are respectively the optimum delivery centers in
the N'1 and N'2.

Regarding the above all with all of the combination of the C’' (nC2 ways), and
attempting repeatedly, to find out the optimum delivery centers C = {C1, C2}by
the combination of the minimized ¥ TK. Even the number of the optimum delivery
centers m is increasing, it can be accepted by similar logic.

The summary from the 38 map areas with the actual distance method, for the
simulation of ideal type optimum sites are for the one place is 9,576,888¢k, for the
two places are 7,342,602k, for the three places are 6,251,990k, for the four places
are 5,291,167¢k and for the five places are 4,614,433¢k, those results ignored the
characters of the inventory fee and delivery fee, as shown in Table 4.

3.1 Simulation of 38 Locations for the Ideal Type
of Optimum Sites

We analyzed the 38 map areas with the actual distance method of the Ideal type, from
one to five places to be the delivery centers, the calculation time of the Ideal type
optimum sites from one to five places are 0.73 ms, 2.50 ms, 21.95 ms, 220.49 ms,
and 1,732.2 ms, as shown in Fig. 9, 10, 11, 12 and 13. The longest running time for
the Ideal type of optimum sites was taken 1732.2 ms.

3.2 Available Locations

There are four types of simulations are included in the simulation model, and one
to five places of optimum locations are, the Plus o type means the present center
plus one to four optimum locations, The Available type means the location is able
to be a delivery center by Japanese Law, the Ideal type means any area where
there is an Ideal place to set up a delivery center. There are five locations that are
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Table 4 The summary of ideal type of the optimum sites in actual distance of 38 map areas

Locations Delivery center > UK Calculate time (ms)
Centers Address
1 Location P11 20, 4 Chome, Minamioodoori, 9,576,888 0.73
Toyogawa-shi, Aichi-ken
2 Locations P11 20, 4 Chome, Minamioodoori, 5,901,167 2.5
Toyogawa-shi, Aichi-ken
P32 100, Tomizawa, Sinshiro-shi, 1,441,435
Aichi-ken
Subtotal 7,342,602
3 Locations P2 46, Sinchou, Goyu-cho, 1,127,907 21.95
Toyogawa-shi, Aichi-ken
P11 20, 4 Chome, Minamioodoori, 3,682,648
Toyogawa-shi, Aichi-ken
P32 100, Tomizawa, Sinshiro-shi, 1,441,435
Aichi-ken
Subtotal 6,251,990
4 Locations P3 30, Toyonari, Koumachi, 1,803,880 220.49
Toyogawa-shi, Aichi-ken
P18 19, Hashimoto, Sanzougo-Cho, 1,433,466
Toyogawa-shi, Aichi-ken
P26 14—4, 3-Chome, Ushikawadoori, 842,229
Toyohashi-shi, Aichi-ken
P32 100, Tomizawa, Sinshiro-shi, 1,211,592
Aichi-ken
Subtotal 5,291,167
5 Locations P2 46, Sinchou, Goyu-cho, 1,074,196 1732.2
Toyogawa-shi, Aichi-ken
P9 43, Nishiura, Kosakaimachi, 609,491
Toyogawa-shi, Aichi-ken
P18 19, Hashimoto, Sanzougo-Cho, 1,090,883
Toyogawa-shi, Aichi-ken
P26 14—4, 3-Chome, Ushikawadoori, 628,272
Toyohashi-shi, Aichi-ken
P32 100, Tomizawa, Sinshiro-shi, 1,211,592
Aichi-ken
Sub total 4,614,433
Total 23,500,193 1,978
Remarks

1. The P11 center is near the present delivery center P9. Therefore, the present delivery center is the
optimum site, too. The present Delivery Center’s address is included on P9 area
2. MS Stands for Micro Second
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Fig. 9 One location for the ideal type of optimum sites

e 1Cs = 703 ways

* Bost Site Set (num = 2

| I I R T T S 5T S 5 S 1T |EIEY
[Em |50 | 2 ) 1 |EX] | i | IE | |ED

(5 FAN B IS M - I T N_— T —
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Fig. 11 Three locations for the ideal type of optimum sites

unavailable in our research, such as P14 (Location: Toyokawa-shi, Householder:
198 customers, Delivery Amount: 27,580¢), as shown in Fig. 14, and P15 (Location:
Toyokawa-shi, Householder: 415 customers, Delivery Amount: 38,070¢) as shown
in Fig. 15, P17 (Location: Toyokawa-shi, Householder: 212 customers, Delivery
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Fig. 13 Five locations for the ideal type of optimum sites

Amount: 18,540¢), P18 (Location: Toyokawa-shi, Householder: 624 customers,
Delivery Amount: 52,570¢), and P30 (Location: Toyohashi-shi, Householder: 522
customers, Delivery Amount: 63,980¢), these places are near the Toyogawa Station,
where the r = 200 km is not allowed to establish a dangerous goods delivery center,

like gas. Even though, this paper is only focused on the Ideal type optimum sites in
the actual distance method.

3.3 Summary of Optimum Site

In the 38 mapping actual distance method, there are five patterns of optimum sites
in the Ideal type. It is true that the density of the customers is higher in the cities
than those that are scattered in the suburbs. It is easy to estimate the optimum sites,
between an overcrowded area and an underpopulated area of customer distribution,
when actually, with the result of our simulations, there are only two places, one is
in the overcrowded area, and the other is in the underpopulated area (Fig. 3). From
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Fig. 15 Location P15

the result of the calculation, we picked the optimum sites for the minimum total
liter-kilometer (X £k) places (Table 5).

3.4 Expenses for Delivery Center

There is a storage fee and a delivery fee for each delivery center, the former is the
expense for inventory, calculated by the liter base, the latter is for expenses of the
delivery goods, calculated by the liter and kilometer base. To allocate the Actual
Distance Method to the 38 areas map actual distance. Usually, when we calculate the
optimum inventory on the SKU (Stock Keeping Unit) base, the items of allocating
shelves, such as a product or service, and all attributes associated with the working
staff, equipment, and the frequency of storage and shipping times, and so on. Our
research is based on the master data, to allocate ¢ to produce the inventory fee.
The present X ¢k calculated the delivery fee. Usually, the delivery fee is calculated
for each optimum center by the delivery routes, which should be estimated by a
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simulation of the optimum route, here, we estimated from X £k to produce the direct
delivery cost.

We analyzed the 38 map areas with the actual distance method with the Ideal
type, from one to five places to be the delivery centers. The yardstick of selecting the
optimum sites is the cost minimum strategies, which is to allocate the delivery fee
and inventory fee of the delivery center. Namely, the optimum sites mean to allocate
the total expenses into the inventory fee and delivery fee from one to five places
to choose the minimum cost center, which is referred to as the so-called optimum
delivery center. The process is to allocate the inventory fee and delivery fee to each
center, then to make a ranking for each center from the total cost to choose the most
minimum one.

On the other hand, if the district area of one place is common, then the Ideal type
five optimum delivery centers sites are P2, P9, P18, P26 and P32. The result of the
one location optimum site of a delivery center, the Ideal type has P11, the P11 site
is near the present delivery center P9. Therefore, the present center is the optimum
site, too. Due to the fact that the unavailable areas are small, the present delivery
center is P9 which is near Toyogawa city. Finally, all the P2 and P26 of five locations
optimum sites are overlapped. This is the balance for two places, such as P11 and
P9 that are in an overcrowded area, and P32 and P33 that are in an underpopulated
area. The Ideal type five locations of optimum sites is X¢k4,614,433 (Table 6), this
numerical data is only calculated on the £k base, and it should be aware that this does
not mean the cost minimum. However, when we discuss the optimum sites, it means
the minimum cost for the firm.

4 Examination

Regarding all of delivery centers where were simulated in X ¢K, and deciding for the
layout of warehouse and scale, for calculating a storage cost, including the operational
cost, moreover, about all delivery centers, we estimate the average delivery charges,
setting a delivery route and simulating, and working out the all delivery-related
delivery expenses, it is necessary for calculating the storage costs of each centers.
In our study, we also select the optimum sites based on the amount of money-based,
after calculating the cost (Table 7). As a results, the three places of delivery centers
became the first place conclusively, and, as for the economical expectation effect, it
is clear for reducing the current cost about 30%.

5 Conclusion

Our research is significant supporting systems for the real decision making of the
enterprises, the proposal of a moderate price in a small area for a distribution center
in Japan, the distribution center has adopted a mono price policy for the delivery
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Table 6 Present ¢k calculate delivery fee for ideal type of delivery center in 38 actual distance

Centers Xtk Compare to Delivery fee
present X¢k%
One location (P11 | First 9,576,888 | 80.1 15,000,206
Subtotal 9,576,888 80.1 15,000,206
Two locations P11 First 5,901,167 493 9,242 953
P32 Second 1,441,435 12.1 2,257,709
Subtotal 7,342,602 614 11,500,661
Three locations P2 First 1,127,907 9.4 1,766,632
P11 Second 3,682,648 30.8 5,768,103
P32 Third 1,441,435 12.1 2,257,709
Subtotal 6,251,990 52.3 9,792,444
Four locations P3 First 1,803,880 15.1 2,825,403
P18 Second 1,433,466 12.0 2,245,227
P26 Third 842,229 7.0 1,319,177
P32 Fourth 1,211,592 10.1 1,897,707
Subtotal 5,291,167 442 8,287,514
Five locations P2 First 1,074,196 9.0 1,682,505
P9 Second 609,491 5.1 954,641
P18 Third 1,090,883 9.1 1,708,642
P26 Fourth 628,272 53 984,058
P32 Fifth 1,211,592 10.1 1,897,707
Subtotal 4,614,434 38.6 7,227,553
Total 33,077,081 276.5 51,808,379

Remark 1 Delivery fee =(2X¢k = 11,961,020) x 18,734,454
Remark 2 Present delivery center’s address is included on P9 area

Table 7 Simulation results for the ideal type of optimum sites on 38 map locations

(D The tk Simulation Results of Map 38 Real Distance Ideal Type of Optimum Sites

Method Ttems Map 38 Real Distance Method
1 Ideal Type of Opti Location | Optis number of | 5

Location details P2, P9, P18, P28, P32

ZiK 4,614,433

Rank 1

(2) The Final Simulation Results of Map 38 Real Distance Ideal Type of Optimum Sites

Current 21,191,018Yen
A6,263,09 Yen
A29.6%

Method Ttems Map 38 Real Distance Method
1 Ideal Type of Opti Location | Opti number of | 3
Location details P2, P11, P32
Amount 14,927,509
Rank 1
8-



112 A. Y. Y. Chen and Y. Karasawa

pricing of its products, although with contradiction over the years and in other aspects,
with a delivery price to end users that has been substantially increasing, especially
because of the cost which has grown due to the increased fuel charges. As a result, a
reevaluation of the delivery price setting has been urgently required at this time by top
management and a research project. Therefore, establishing the acceptable delivery
price setting method has now started. A new price setting project is required to take
into considerations several factors, including the new price setting theory, innovative
price setting concept, contribution to the whole company’s business activities, and so
on. In order to justify and evaluate the newly proposed price, market price method,
tariff price, cost plus o method, and so on, respectively.

This research is focused on how the optimum site will affect the delivery unit
price in tentative research. Our simulation for an optimum site selection proposal
was analyzed on the computer to get final solution, multi-location type of optimal
distribution site selection as well as optimum site selection to get gravity points by
zone based, instead of using the simulation model easily, we incorporate the wisdom
that accorded in a model and a system practically, that was able to make introducing
the points clearly.

It is unexpected joy, if our research can contribute to a young researcher for a
bridge function between the theory and the practice. We also apologize for cutting
the details from relations of the space.
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1 Introduction

Drought is one of the global problems that tend to increase in priority every year.
The United Nations has revealed that many regions of the world have encountered
severe aridity due to climate change. In 2020, water scarcity affected more than
one billion people worldwide (United Nations 2020). There are three categories of
drought, namely, meteorological, hydrological, and agricultural drought (Li et al.
2021). Agricultural drought has mainly affected crop production, which contributes
to food security, social economy, and stability (Zhang et al. 2021a, b).
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Thailand is a country located in the tropical area of Southeast Asia. The proportion
of land used for agriculture is 46.56%. Moreover, farmers make up 38 % of Thailand’s
population. Therefore, aridity has inevitably affected the agricultural productivity of
Thailand. The overall crop area in Thailand is equal to 23.8 billion square meters, and
43% of the country’s crop areas are in the north-eastern region (Ministry of Agricul-
ture and Cooperatives of Thailand 2020). Ubon Ratchathani, one of the large areas
in the region, has more than 8.56 billion square meters of cropland. The population
size of Ubon Ratchathani is 1,686,571 people, and 48.37% are in the agricultural
sector (National Statistics Organization of Thailand 2021). The Water Crisis Preven-
tion Centre of Thailand (2021) reported that 534,201 m? in Ubon Ratchathani face
a medium to high risk of aridity.

Thailand’s government has supported many projects to help farmers keep water
on their lands. However, the appropriate location and size of the reservoirs need to
be considered. Determining the optimal size and location of agricultural reservoirs
will mitigate the aridity problem and reduce the government’s budget for drought
compensation. Thus, the objective of this research is to find the optimal solution for
both the location and size of agricultural water reservoirs in Ubon Ratchathani.

Location problems, known as facility location problems, are classic problems
in the field of operations research. Inappropriate location decisions increase capital
costs and affect customer satisfaction. Alfred Weber (1909) was the first researcher
to publish research on solving the warehouse location problem. After his publication,
many location-related problems were published in several research areas for facilities
such as factories, distribution centers, fire stations, etc. (Moellmann and Thomas
2019; Yao et al. 2019; Zhang et al. 2021a, b).

Later, the facility location problem was extended to combinatorial problems,
including location-routing, location-inventory, location-allocation, etc. The objec-
tive of the facility location-allocation problem (FLP) is to find the optimal subset
from a given set of candidate facilities and allocate demand nodes to the proper
facilities (Chandra et al. 2021). In addition, location-sizing is also a combinatorial
problem widely used in many applications, such as distributed generators in micro-
grids (Kizito et al. 2021), emergency medical service stations (Liu et al. 2019), and
warehouses (Kalfakakou and Tsouros 2001).

However, water irrigation problems have normally been the solution to agricul-
tural drought problems. Many researchers have tried to solve the aridity problem
using irrigation techniques (Li et al. 2020; Haavisto et al. 2019; Naghdi et al. 2021;
Xiea et al. 2018). In addition, Luis and Cabral (2021) applied the Geographical Infor-
mation System (GIS) with Analytic Hierarchical Process (AHP) to select appropriate
locations for small dams/reservoirs in Mozambique and found that only 7% of areas
were suitable for the construction of small dams.

In this research, the location-allocation-sizing problem was introduced. A real case
study in Ubon Ratchathani province was used to compare the effectiveness of the
proposed algorithms. There are 219 subdistricts in Ubon Ratchathani province, each
of which was not only a candidate node for the construction of an agricultural water
reservoir but also a demand node for receiving water from a constructed reservoir

(Fig. 1).
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(a) Basin map (b) Cropland map

Fig.1 Map of subdistricts and land used in Ubon Ratchathani province

Data collected from each node consisted of x and y coordinates, the height above
sea level, and the average crop water requirements. Estimated construction costs
for water reservoirs, irrigation systems, and water receiving systems were calcu-
lated following the criteria for calculating median prices of irrigation construction
(Comptroller General’s Department 2017). There are three sizes of water reservoirs
in this research: small, medium, and large. The capacity and limitation of irrigation
distance for each reservoir size are shown in Table 1

The algorithms used in previous research for solving location and sizing problems
were genetic algorithm (GA), particle swarm optimization (PSO), flower pollina-
tion algorithm, simulated annealing (SA), and improved harmony search algorithm
(Abdelaziz et al. 2016; Ali et al. 2016; Garcia-Muiioz et al. 2021; Ghaffarinasab et al.
2018; Suman et al. 2021). The differential evolution algorithm (DE) was applied to
solve the LASP in this research. DE is a type of population-based metaheuristic

Table 1 Size, capacity, and

o . Size of reservoir | Capacity (Million | Distance limitation
limitation of reservoir

square metre) (Kilometre)
Small 10 10
Medium 50 60

Large 100 100
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algorithm and is currently one of the most interesting and impressive evolutionary
algorithms. Normally, it has five general steps: (1) generate an initial solution; (2)
perform a mutation process; (3) perform a recombination process; (4) perform a
selection process; and then (5) repeat steps (2)—(4) until termination conditions, such
as computational time or maximum number of iterations, are met.

DE has been successfully applied in several fields, such as production scheduling
(Pitakaso 2015; Pitakaso and Sethanan 2015), manufacturing problems (L6pez et al.
2003), vehicle scheduling problems (Liao et al. 2012), and vehicle routing problems
(Hou et al. 2010). We developed an efficient DE for solving the LASP to minimize
the cost of solving the aridity problem in the north-eastern region of Thailand, partic-
ularly in Ubon Ratchathani province. This paper is organized as follows. In Sect. 2,
the mathematical model representing the location-allocation-sizing problem (LASP)
is presented. In Sect. 3, the proposed methodologies are presented, and the computa-
tional framework and results are presented in Sect. 4. The conclusion is summarized
in Sect. 5.

2 Mathematical Formulation

In this section, the mathematical model of LASP for agricultural water resources is
introduced.

Sets

I Set of agricultural water resource nodes i
J Set of demand nodes j
K Set of water resource sizes k

Parameters

fx Cost of constructing agricultural water resources with size k (THB).

U, Capacity of agricultural water resources with size k(m?)

v Costof constructirrigation system per distance from agricultural water resources
i to demand node j (THB)

w; Crop water requirement at node j (m?)

b;; Hindrance value of water shed

d;; Distance from agricultural water resource i to demand node j (m)

gi; Water quantity from water resource i to demand node j (m?)

my; Maximum distance of water flow from water resource with size k (m)

s Subsidiary cost per aridity risk unit (THB)

r;  Aridity risk in area of node i

h; Altitude of node i (m)

h; Altitude of node j(m)
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Decision Variables

. 1,if node i was selected to be agricultural water resources with size k
ik { 0,otherwise

- 1,if water from node i was assigned to demand node j
Yij { 0,otherwise

Objective Function

MinZ = "% foxu+vY Y dyyij—s ) rixa+y Y yijcy (1)

iel keK iel jeJ iel iel jeJ
Subject to

qgij=yijwj,i€l,jeld )
PIPIETES 3)

iel keK
dijyij =< szkxik’ ViVvj 4)

iel keK

22 vzl (5)

iel jeJ
DI TED BB (©)

iel jel iel kek

yijhj < yijhivi€l, jelJ 7
vij <bijiel jelJ )

Objective function (1) is to minimize the cost of constructing the agricultural water
resources. The cost terms in objective function consisted of fixed cost of installation
of reservoir, cost of irrigation, subsidiaries cost for aridity risk, and receiver cost
respectively. Constraint (2) is used to ensure that the volume of water supplied from
node i to node j equals crop water requirements at node j. Constraint (3) is used to
limit each water resource i to only one size k. Constraint (4) is used to ensure the
desired distance of water supply from node i to node j does not exceed the maximum
distance of water flow from a water resource with size k. Constraint (5) is used
to ensure that each demand node j receives water from at least one supply node i.
Constraint (6) is used to ensure that the volume of water supply from node i to node j
does not exceed the capacity of the water resource with size k. Constraint (7) is used
to ensure that the water flows from a higher altitude to a lower altitude. Constraint (8)
is used to limit the flow if the watershed blocks the waterway from node i to node j.
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3 Methodology

In this study, the differential evolution algorithm was modified to solve the LASP
problem. The differential evolution algorithm (DE) is composed of five general steps,
which are: (1) generate the initial vectors, (2) perform a mutation process, (3) perform
a recombination process, (4) perform a selection process, and (5) repeat steps (2)—
(4) until the termination condition is met. The DE used to solve the LASP can be
explained by the steps described below.

3.1 Generate a Set of Initial Vectors

The vector for the representation of the LASP was designed as a 1 x WP vector,
where WP is the number of work packages. A set of initial sample vectors was
encoded, as shown in Table 2, with 10 nodes of candidate locations and 5 WPs.

A decoding method was developed to obtain the solution of the proposed problem,
as explained below.

The decoding method

The decoding method is composed of five steps: (1) sort the probability of the WP
in ascending order; (2) select the value node with the lowest probability as the water
reservoir; (3) establish the probability criteria for assigning the size of the water
reservoir; (4) assign the size of the reservoir according to its probability by using
criteria established in step (3); and (5) assign demand nodes to the selected water
reservoir. The conditions that need to be considered include (1) the distance limitation
for irrigation, (2) the crop water requirements of assigned demand nodes, which must
not exceed the capacity of water reservoirs in supply nodes, and (3) the height above
sea level of supply nodes, which must be higher than that of the demand nodes.
Details of sample nodes, both supply and demand nodes, are shown in Table 3,
including crop water requirements (CRWs), drought risk, and the height above sea
level. CRWs of each node were calculated from the average CRWs of rice, which

Table 2 Example of vector used in the proposed method

Vector Node

1 2 3 4 5 6 7 8 9 10
0.10 1.00 043 023 (049 072 050 (092 030 023
0.41 0.07 |048 |050 |0.57 |0.86 [0.28 [0.21 0.71 0.68
088 091 |048 |0.66 |093 [0.13 |0.21 0.21 043  10.02
0.84 |0.60 |0.56 |042 |0.87 |0.13 |0.56 |0.77 |0.13 |0.34
036 (034 (065 |030 (077 |0.88 |0.56 |0.85 |0.54 |0.68

[ e O R S
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Table 3 Detail of the candidate nodes

Node no. | Crop water requirements (for demand node) | Drought risk | Height from sea level
1 25.77 0.85 144
2 32.67 0.85 184
3 52.81 0.85 149
4 58.24 0.85 190
5 34.90 0.85 183
6 31.65 0.65 164
7 47.02 0.65 164
8 24.17 0.65 148
9 19.89 0.65 164
10 20.63 0.65 135

Table 4 Detail of the water

. Size of water | Criteria Capacity Distance
reservorr reservoir probability for | (Million limitation
selection square metre) | (Kilometre)
Small 0-0.33 10 10
Medium 0.34-0.66 50 60
Large 0.67-1.00 100 100

was the main crop in the area, multiplied by crop area. The drought risk of each node
was also obtained from the average aridity statistics data in the area.

Table 4 shows the details of the water reservoir size, including the probability
criteria for sizing selection, reservoir capacity, and distance limitation for irrigation.
Allinformation was inferred from the irrigation system manual of the Royal Irrigation
Department, Ministry of Agriculture and Cooperatives.

From Table 5, nodes 2, 4, 7, and 8 were selected to be the water reservoirs. Node 2,
which has a probability value of more than 0.67, was assigned to be the large reservoir
and supplies water to node 2 (itself), node 5, and node 6. The construction of the
large water reservoir is 1580 million Baht. The irrigation cost is 7.91 million Baht
per kilometer. In this case, node 2 distributes its water to nodes 5 and 6 with a total
distance of 20.47 km; therefore, the irrigation cost is 161.92 million Baht. Subsidiary
cost is the money that the government pays to farmers affected by a drought disaster
in their area. The recent average drought subsidiary rate is 22.26 million Baht per
node. However, the amount of the subsidiary cost depends on the node’s drought risk,
which is calculated from the probability of drought in the area. In node 2, the drought
risk is 0.85, so the subsidiary cost is equal to 18.92 million Baht. Receiver cost is the
cost that nodes not selected to be water reservoirs have to pay for the construction
of the receiving pond and necessary equipment. For geological engineering reasons,
receiver cost is not the same for each node. In node 2, the receiver cost is 98.15. The
total cost of node 2 selected to be the large water reservoir and supply water to nodes
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Table 5 Result of the assignment

Water Size Supply | Construction | Irrigation | Subsidiaries | Receiver | Total

reservoir tonode | cost cost cost cost cost

2 Large 2,5,6 |1580.00 161.92 | 18.92 98.15 1821.15
4 Large 4,9,10 | 1580.00 417.57 |18.92 108.40 | 2087.05
7 Large 3,7 1580.00 20091 |14.47 45.96 1812.40
8 Medium |1, 8 790.00 260.32 | 14.47 20.59 1056.44
Grand total cost 5530.00 1040.72 | 66.78 273.10 | 6777.04

5 and 6is 1,821.15 million Baht, which is calculated by the sum of the construction
cost, irrigation cost, and receiver cost. Then, the subsidiary cost is subtracted from
the total. Nodes 4, 7, and 8 follow the same procedure explained above, and the
sum of the total cost for each node is the grand total cost of this sample solution.
The procedure for the decoding method used in this article is shown in Algorithm 1
(Fig. 2).

Algorithm 1: DeCoding WP to Location Allocation Problem

input : Population (WP), Problem Size (D),Location Allocation Size (SL),
Laying Pipes Cost (VC), Drought Risk Cost(RC), Digging Cost(DC)
output: Location_Allocation _Solution, Total_Cost
begin
wp_sort = sorted(WP, key="zk")
select_route[1:D] = False
Jori=1:D  //Loop for the location supply selection
supply_ route; =[]
If'select_route; = False Then
Uk, fki, mk; = Select_Size(wp_sort;, SL)
supply_ route;. add(wp_sort;)
select _route; = True
Uk; = Uk; - wp_sort,wj
Forj=i+1:D //Loop for the location Demand selection
If Uki - wp_sortj. wj > o Then
If EuclideanDistance (wp_sort; - wp_sort;) > mk; Then
If wp_sort.h =z wp_sort;.h Then
supply_ route;. add(iwp_sort;)
Uk; = Uk; - wp_sortiwj
select_route; = True
End For Loop
cost_dis = sumRouteDistance(supply_ route;) * VC
cost_risk = wp_sort.ri * RC
cost_ digging = sumRouteDiggingCost(supply_ route;)
Total_Cost = Total_Cost + (cost_dis + cost_risk + cost_ digging+ fk;)
Location_Allocation _Solution. add(supply_ route;)
End For Loop

Return Location_Allocation _Solution, Total_Cost
end

Fig. 2 Pseudo code of the decoding method
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3.2 Perform Mutation Process

The transformation of the target vector into the mutant vector shown in Table 2 is
called the mutation process. The mutation process is implemented following Eq. (9):

Viic =Xnjc+FXn, jc+ X, c) &)

where ry, rp, and r3 are the indices of randomly selected vectors; F is a scaling factor,
which is set to 0.8 (Qin et al. 2009); i represents the vector number; i = 1, 2,..., NP;
and j is the position of a vector whenj =1, 2,..., D.

3.3 Perform the Recombination Process

The transformation of the mutant vector into the trial vector is performed by a recom-
bination process. In this process, Eq. (10) is applied, where V; ; ¢ is the mutant vector,
X jc is the target vector, and Uj j ¢ is the trial vector. In this formula, which was
presented by Pitakaso and Sethanan (2015), rand bjj; is random number 1 of vector
i, position j, and randb;;; is random number 2 of vector i, position j.

Vi.j,c when j <randb; ; and j > randb;

10
Xij,c when  randb; j < j <randb; 10)

U,jc = {

3.4 Perform the Selection Process

Finally, before the vector can proceed to the next iteration, the selection process

has to be carried out. The purpose of this process is to select the new target vector.

The candidate for the next target vector is the current target (X; ; ¢) and the current

trial vector (U; j ). The selection is executed using Eq. (11), where f(U; ;) and

f(X; j ) are the objective functions of the trial vector and target vector, respectively.

e _ { Uijcif fUijc) < f(Xijc) an
iJ.GH Xijc otherwise
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3.5 Repeat Steps (Sects. 3.2-3.4) Until Termination
Condition is Met

In this research, the termination condition was set as the computational time (5—
20 min, depending on the size of the test problem). The proposed differential
evolution algorithm procedure is shown in algorithm 2 (Fig. 3).

To compare the efficiency of the proposed DE algorithm, the genetic algorithm
(GA) was applied to solve the same LASP problem for the same real-world scenario.
The GA is composed of five general steps, which are: (1) generate an initial solution,
(2) perform a crossover process, (3) perform a mutation process, (4) perform an
evaluation process, and (5) repeat steps (2)—(4) until the termination condition is
met. The proposed GA procedure is shown in algorithm 3 (Fig. 4).

Algorithm 2: Differential evolution algorithm (DE)
input : Population size (NP), Problem Size (D), Mutation Rate (F),
Recombination rate (R)
output: Best_Solution, Best_Cost

begin
WP = Initialize Population(NP, D)
while the stopping criterion is not met do
Jor i=1: NP
Viands, Vianda, Viands = Select_Random_ Vector (WP;)
Forj =1:D // Loop for the mutation operator
Vi [j]= Viands []+ F(Viandz [[]+ Veands [JD
End For Loop//end mutation operator
Forj =1:D //Loop for recombination operation
If(rand; [0,1) <R ) Then
u[j]= Vi[j]
Else
u[jJ=Vy[j]
End For Loop//end recombination operation
IF(CostFunction(u) < CostFunction(V;)) Then
Vi=u
End For Loop
End
Best_Solution, Best_Cost =DeCodeLocationAllocation(WP)
Return Best_Solution, Best_Cost

end

Fig. 3 Pseudo code of differential evolution algorithm
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Algorithm 3: Genetic Algorithm (GA)
input : Population Size (NP), Problem Size (D), Mutation Rate (M),
Crossover Rate (CR)
output: Best_Solution, Best_Cost
begin
WP = Initialize Population(NP, D)
while the stopping criterion is not met do

parents = WP
Sfor i=1: NP //Loop for crossover operation
Forj=1:D

If{rand;[o0,1) <CR ) Then
offspring; [j]= parents;[j]
offspringi. [j]= parentsi.. [j]
Else
offspring; [j]= parentsi. [j]
offspringi.« [j]= parents;[j]
End For Loop
End For Loop//end crossover operation
fori=1: NP //Loop for mutation operation
Forj=1:D
If{lrand; [0,1) <M ) Then
Mutation(offspring; [j])
End For Loop
End For Loop//end mutation operation
// Add the child population to the parent population
NWP = stack(parents, offspring)
wp_size = length(NWP) // Set number of new population
fori=1: wp_size //Loop for evaluate operation
cost_ scores j+; = CostFunction(NWP i+y)
End For Loop//end evaluate operation
//selection operation
new_ wp = Sorted(new_ population, cost_ scores)
WP = NWP [1:NP]
End
Best_Solution, Best_ Cost =DeCodeLocationAllocation(WP)
Return Best_Solution, Best_Cost
end

Fig. 4 Pseudo code of genetic algorithm

4 Results

In this research, differential evolution and genetic algorithms were coded with Python
and tested using an Intel(R) Core (TM) i7-7500U CPU @ 2.70 GHz, 2904 MHz,
two Core(s), and four logical processors. The algorithms were tested on a real-world
case study of 219 nodes of candidate locations for water reservoirs. The results of
the study are shown in Table 6. The termination condition of DE and GA was set
to be the computational time. The execution time was set to vary from 5 to 30 min,
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Table 6 Computational result of the test instances

Number of | Result obtained from GA Result obtained from DE

candidate | Nymber of Average Total cost | Number of | Average Total cost

nodes water computational | (Million water computational | (Million
reservoirs | time (sec) Baht) reservoirs | time (sec) Baht)
(nodes) (nodes)

219 119 (S= |86.2365 12044399 |94 M = |2323.36 163818.41
6,M =179, 67,L =
L=34) 27)

depending on the size of the problem. The results of the experiment are shown in
Table 6.

As indicated in Table 6, DE outperformed the GA in both the computational time
and objective function value. DE consumed 25.93% less computational time than
GA. The objective value of DE was also 16.44% better than that of GA. The total
number of nodes selected to be water reservoirs differed between DE and GA. The
DE resulted in a smaller number of water reservoirs than GA, which contributed to
a major proportion of the total cost and the cost of construction. In addition, both
algorithms tried to open more medium-sized water reservoirs than large ones because
the latter doubled the cost of construction. The performance of DE and GA is plotted
in Fig. 5.

The result from DE is plotted in the Google Earth map in Fig. 6, which shows
94 locations that were selected for opening agricultural water reservoirs with two
different sizes.

In Fig. 6, the location pin symbols represent the candidate locations selected for
the water reservoirs. Pins with ‘A’ represent a large reservoir, and ‘B’ represents a
medium reservoir. Thumbtacks are used to represent demand nodes. The numbers
on the pins and thumbtacks represent each node by subdistrict. The water reservoir
locations are dispersed around the province, but there are some clusters of receivers in
Muang Ubon Ratchathani and Warin Chamrab districts. This clustering phenomenon
occurred because these two districts have a low risk of drought, and a large proportion
of the area is not cropland; therefore, the cost of subsidiaries to subtract from the
total is less attractive compared with other nodes.

o 100 86.24 o 130000 120443.99

£ 80 63.88 = < 120000

= 60 )

£ 5 40 = g 110000 100642.05

0 0 o=

g2 .2 = 100000

== 20 23 |

g 0 © = 90000

S GA DE GA DE

Proposed algorithm Proposed algorithm

(a) Computational time of DE and GA (b) Objective value of DE and GA

Fig. 5 Comparison of performance between DE and GA
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Fig. 6 Optimal result of the location-allocation-sizing problem

5 Conclusion

In this paper, a mathematical model of LASP for agricultural water reservoirs is
introduced. The DE and GA were applied to solve a real-world scenario involving
219 subdistricts of Ubon Ratchathani, Thailand. The computational results show that
both the objective value and computational time of the proposed DE are better than
those of GA. Compared with GA, the DE consumed 25.93% less computational time,
and its objective value was 16.44% better. The algorithm assigned 94 locations as
water reservoirs to supply water to 219 districts. Two sizes of reservoirs, medium and
large, were chosen and dispersed around the case study area. It can be concluded that
the factors predominantly influencing the location of water reservoirs are the node’s
CWRs and drought risk. Therefore, urban areas with less cropland and low drought
risk tend to be receiver nodes. Future extensions of this research can be carried out in
many aspects. For instance, (1) the subsidiary cost in this research was combined into
a single objective function, so in future research, the model could be transformed into
a multi-objective model, and (2) the area of the study can be narrowed to the micro-
level, from sub-districts to villages, which can be more practically implemented by
the local government organization.
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Simulation-Based Application m
for Improving Carton Production Process | &

Nara Samattapapong and Thiti Mhoraksa

1 Introduction

The industrial sector is continually undergoing changes at the moment. Regardless
of how much technology rapidly advances, cartons continue to be used as packaging
for electronics, automobile parts, and a variety of other industries. It continues to be
widely used today because of the qualities that can protect the goods from scratches
and damage, as well as its lightness. According to the case study factory’s analysis,
the company is a contract packaging company. The company receives raw materials
from suppliers and applies made-to-order models to cut them into pieces based on
the customer’s requirements. Each client has specific product requirements, so each
customer’s product is manufactured using a specific production technique. It means
that working systems are arranged in a variety of ways. As a result, the work system
must be structured methodically and the number of machines and employees has
to be suitably increased or decreased to keep production running and the project
has to finish on time. According to the company’s goal, “the company will produce
the package in accordance with the specific needs and inventing the evolution of
materials at a rapid rate in order to reduce the waiting time. The quality and punctu-
ality must be consistent. The objective is to keep all of the partners’ supply chains
running smoothly. New innovations are continuously introduced as effective tools for
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developing and creating something better, more flexible, lighter, and more environ-
mentally friendly. The research team collaborated together to design the work process
and system placement, so that they could operate more efficiently. It would have the
ability to increase production. The objective was to enhance efficiency and reduce
waste in the carton manufacturing process by integrating simulation techniques into
the process design.

2 Theoretical Framework

Definition of Simulation

There are researchers who have studied and discussed simulations in various
contexts, as follows:

Kelton et al. (2007) suggested that simulation is a method and application that
uses computer software to simulate the behavior of a real system. Pisuchpen (2008)
said that simulation is defined as the process of building a model of a real system
and then performing experiments to understand how the real system behaves. The
experiment’s results will next be evaluated before being used to solve problems
in real-life situations. Surachetkiati (2001) said that the simulation is the process
of designing a model of a real system and the experimental design in this model
and then understand system behavior and estimating the variables important to the
operation within the system.

3 Gen

It is a manufacturing philosophy in practice. This is a concept and practice that
has been established as a model for the manufacturing sector. Based on the prin-
ciple of “don’t trust anyone,” this approach can generate consistency between real
circumstances and scenarios in production. It consists of (1) GENBA is the actual
place, (2) GENBUTSU is the actual production piece, and (3) GENJITSU is the fact
(Chalermjirarat 2006).

7 Waste

Taiichi Ohno, the founder of the Toyota production system, divides waste into
seven categories: overproduction, waiting, transportation, inventory, movement,
unnecessary processes, and waste (Praison 2011).

3 Related Studies

From the relevant research studies, it was found that computer-based simulations
have been applied to the allocation of the number of employees to reduce labor costs
and to improve employee efficiency. Kengpol and Youngswaing (2015) have adopted
the principles of concurrent engineering and simulations used to allocate employees
and adjust the production process of the oil pipe production process. It was found
that the new production process can reduce the number of employees from 4 to 2
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people. Moreover, it also reduces the machines used in the production process from 2
machines to 1 machine. Therefore, the remaining machines and staff can be allocated
to support the new production line. As a result, there are benefits such as increasing
production capacity by 50%, lowering the investment cost of purchasing pipe bending
machines, and lowering the annual cost of recruiting employees. Samattapapong
(2018) has employed simulation modeling to investigate the problem and to develop
a better cassava starch packing process. The outcomes were compared to those of the
common practice. The best alternative was shown to be capable of reducing testing
time by 19.02%, sealing time by 17.99%, transit time by 47.18%, and moving time
by 34.10%. Furthermore, it was able to cut the workforce by three individuals.

The efficiency and management system have been improved by using a situational
model. Mhoraksa et al. (2020) have used the model to examine the production system
and enhance the drinking water manufacturing process. As a consequence, the infor-
mation and Flexsim® were utilized to construct a model. It was discovered that a
bottleneck existed in the filling process. As a result, three solutions were devised
to address the issue. After putting each alternative to the test, the findings revealed
a 36.61% reduction in manufacturing time. Ghiyasinasab et al. (2018) have also
employed lean approaches and simulations to improve their work. Kusoncum et al.
(2018) have use the model to improve mill yard management that aims to reduce the
time in the system for sugarcane transport vehicles. As a result, two solutions were
devised to address the issue. After putting each alternative to the test, the findings
revealed a 11.39% reduction in the system time. Klinlek et al. (2020) have use the
model to increase the quantity of products and the quality of the working process.
Jarernram and Samattapapong (2018) have used the model to production scheduling
and to search makespan optimization of parallel machine production scheduling, the
production process of this plant is parallel machine. Phanindra et al. (2019) have
used the model to improve its productivity, optimizing it, and increase the overall
efficiency of a Plant. The paper illustrates that the system can be optimized by high
work station utilization through managing bottlenecks with the addition of buffers.
Chanthakhot and Ransikarbum (2021) have used the simulation model that integrates
fire dynamics simulation coupled with agent-based evacuation simulation to eval-
uate the impact of smoke and visibility from fire on evacuee behavior. Ransikarbum
(2020) have used the agent-based simulation software to evaluate traffic problems at
the intersection. Huihui et al. (2016) have used the Flexsim simulation to realize the
storage for a simulation of the operation process and find out the bottleneck existing
in the system according to the simulation results, finally, the bottleneck problem to
optimize the model, and put forward improvement opinions and suggestions. Darayi
et al. (2013) have used the simulation model to study the capacity enhancement
scenarios in a tire manufacturing company located in Iran. Samattapapong (2017)
have used the model to increase efficiency in the warehouse operation. The result
for simulation analysis found that the conveyor belt was a bottleneck in the ware-
house operation. Therefore, many scenarios to improve that problem were generated
and testing through simulation analysis process. The result showed that an average
queuing time was reduced from 89.8% to 48.7% and the ability in transporting the
product increased from 10.2% to 50.9%. Thus, it can be stated that this is the test
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method for increasing efficiency in the warehouse operation. Nie and Wang (2019)
have used the Flexsim simulation to improve the operation efficiency of rail mounted
gantry crane and reduce the waiting time of container trains and trucks. Ishak et al.
(2020) have used the simulation model to find out whether the vise production process
time with the number of production targets can be met and is effective. In addition,
He and Hua (2018) have established a model of the enterprise operating system to
measure the service capabilities of the enterprise through the simulation of the model.

Computer-based simulation has been used increasingly in collaboration with lean
manufacturing techniques to manage the number of employees in the production
line and to optimize production processes. For example, Chandrakumar et al. (2016)
used Flexsim® simulation software and a lean manufacturing system to improve
the transfer process’s performance. The issues have been identified, particularly
wait time, line length, and employee idle time. Kumar et al. (2015) have used the
Flexsim for measuring and analysis of performance measures of Flexible manu-
facturing system is applied. And it has been found that the simulation techniques
are easy to analyze the complex flexible manufacturing system. Jarernram (2017)
used Flexsim® simulation software to optimize production scheduling and discover
the best appropriate overall production time for this issue. Furthermore, the issue
was NP-Hard, which meant that finding a solution required a lengthy time. As the
complexity of the issue became larger, it required exponentially longer to come up
with a solution. The findings demonstrated that simulation techniques may be used
to solve difficult and time- consuming issues. Luscinski and Ivanov (2020) have used
the simulation model to developed flexible manufacturing system, then the example
data were used to demonstrate the developed model applicability. “The Ontology
on Flexibility” was applied for evaluation of achieved flexibility of manufacturing
system.

Furthermore, Pawlak (2008) have proposes a new modelling framework for simu-
lating flows of people between suburban areas and the metropolis. The model is based
on a logit relationship used in researches of transport mode choice problems. Rodal-
wski (2006) presented the issue of building a model that reflects the real business
process, as well as simulating the behavior of that model in order to draw conclu-
sions about effectiveness and efficiency of a real business process. Cardenas et al.
(2018) have used the model to management of a high circulation road connecting two
mainstream cities in Chile. Dobrzyriski and Waszczur (2018) have used the model to
show the opportunities of the analysis of the process according to the scenarios and
variants developed in connection with the qualitative assessment process. Kluska
(2021) presented mechanism is the basis for the methodology of automatic simula-
tion modeling of warehouses. It allows significant reduction in simulation models
building duration, and thus a significant reduction in the time of projects consisting in
verifying the concept of spatial arrangement in various projects related to the storage
area. The proposed tool is innovative and useful for practitioners specializing in
simulation modeling and specialists in warehouse design. Due to the organization
and simplification of data structures, it can be implemented in various simulation
modeling environments. Also after implementation, it can be used by people who do
not have advanced simulation skills.
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4 Methodology

This research is a study of the carton manufacturing process A-0O1 of a case study:
an establishment in the packaging carton manufacturing industry. The methods for
conducting research were as follows:

(1) Studying the current situation to collect information by studying the procedures,
working methods, factory planning, machine position, production aids, and the
number of staff. The rule of 3 GEN was applied to explore the real workplace,
actual production, and real situation.

(2) Analyzing the information gathered in the first phase and then developing a
model for the current situation.

(3) Creating three alternatives and the model of each alternative.

(4) Proposing the most suitable approach to improvement.

4.1 Information About the Current System

The production of paper boxes A-01, the steps are shown in Fig. 1. The first step is
putting the raw materials into the paper cutter machine to get the required size. After
that, take the cutting pieces to the machine and run them to create an outline that
will be simple to fold into a box. The pieces will be checked again for evaluating
their completeness and they will be separated into three groups. The first group is
unfixable pieces; these products will be discarded. The second group is incomplete
workpieces: they will be repaired. And the last group is complete workpieces: they
can be formed and packaged into boxes then put into bags, 5 boxes per bag, which
can then be kept in a warehouse. The total number of employees is 6, divided into
six section (1 employee per section) that include working on a forklift to transport
and store raw materials or products that must be sent to customers, paper cutting
machine, creasing machine, slotting machine, box forming and packing, and storing.

Analysis of current operational data

From the analysis of the current operation, a large number of pieces in the waiting
line had occurred because there was only one staff in the process of forming the boxes
and adding foam into the box before delivering to the packing process which was a
time consumer. As a consequence, production process was delayed, and employees
who were in charge of keeping products faced waiting times. Furthermore, it was
discovered that the inspection station for cutting was located at the back of the factory,
causing unnecessary transportation, resulting in time wasted on transportation.

Hypothesis

Option 1: Increase the number of employees from one to two for folding and packing
the boxes. To reduce the waiting time for the piece, each piece of work that comes
out would be completed by the work of one person.
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Fig. 1 A-01 carton
manufacturing process

Option 2: Increase the number of employees from one to two. The first employee
is responsible for folding, while the second employee is responsible for packing.
The employees were assigned to do different tasks to be more proficient at that task.
Therefore, the employee could work faster and the work would be completed more

quickly.

Option 3: Modify the factory layout by relocating the checkpoints that would be kept
closer to the paper cutter machine. Then, the storage station would be closer to the
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e
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Fig. 2 System representative of the system in the simulation (Top View)

packing station. Thus, it would reduce transportation time and increase the number
of products.

Modeling

The modeling processes are the steps to perform various tasks. It can modify the
situation to try out new operating systems and it does not cause any impact on the
actual operation. It uses computer systems to model and generate alternatives in
order to test the most efficient process. Researchers utilized the Flexsim® software,
which uses real-life data, to build a current functioning model and alternatives. The
following information was utilized in the model’s design which was represented in
Fig. 2:

1.

et

Sourcel represents the arrival of raw materials into the production process.
Processor1 represents the paper cutter that cut the raw material to the specified
size.

Queuel represents the waiting of pieces before moving to the creasing machine.
Processor2 represents the creasing machine. It is used to make a mark which
can be easy to form into a box.

Queue? represents the waiting of pieces before moving to the slotting machine.
Processor3 represents the paper slotting machine. This will cut the paper into
grooves at the specified points.

Queue3, Queued represent the waiting of pieces before moving to the check-
point.

Processor4 represents the checking area for evaluating cutting quality.

Queue5 represents the paper-forming line.

Processor5 represents the area of forming the paper into a box and filling the
foam into the box.
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11.
12.
13.
14.
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Combiner1 represents the packing of 5 boxes per pack.

Source?2 represents the materials that will be used for packing 5 boxes.
Queue6 represents the area of the waiting of items before packing.

Queue? represents the area of the warehouse before delivering to customers
(Fig. 2).

Verification and validation
Verification is concerned with building the model correctly, according to the
conceptual model and its assumptions.

Chi-Square Test for the relationship between the two variables from the number
of boxes produced each day from 30 days of data collection of the current system
and the generated model to verify that the generated model can be representative of
the system.

Figures 4 and 5 show that the generated model can be used to represent the system.

Fig. 3 System representative of the system in the simulation (Perspective View)

Options for Goodness-of-Fit Tests

Goodness-of-Fit Tests 1 Model for Tests - 1
€ Anderson-Daring Test || 1 - weibute) =l
kS ) :

\/ " Kolmogorov-Smimov Test

* Chi-Square Test

~ Chi-Square Test Configuration

R —

|
Expected model count 5.00000 |
:

Apply | Done | Help

Fig. 4 Using Experfit in FlexSim for Chi-Square Test



Simulation-Based Application for Improving Carton Production Process

137

Anderson-Darling Test

Sample size 30

Test statistic  0.40227

Anderson-Darling Test with Model 1 - Weibull(E)

and are

Note: Mo critical values exist for this special case.
The following critical values are for the case where

Critical Values for Level of Significance (alpha)

Sample Size 0.250 0.100 0.050 0.025 0.010 0.005
30 1.248 1.933 2.492 3.070 3.857 4.500
Reject? No

Fig. 5 Take the data obtained from the model when running 30 times and validate all 30 results,

and the result is not reject

Generate Alternative Model

According to the results of the research of the working process using the Flexsim

®

software to build a model, the issue arose during the forming and packaging process
because there were numerous waiting lines. There were three different alternatives

to enhance it:

Option 1: Increase production capacity by adding one person to the box folding and
packing station, which would reduce the waiting time of the prior stage (shown in

Figs. 6 and 7).

Fig. 6 Adding one employee for option 1

Adding | employee
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Adding 1 employee in packing process

Fig. 8 Adding one employee in packing process for option 2

Option 2: Increase the number of employees in the packing area by enabling current
employees to fold the boxes. It allowed workers to work more quickly. (As shown
in Figs. 8 and 9).

Option 3: Change the layout of the factory by relocating the intersection check point
to the storage site, the workpiece’s transit distance was reduced (Shown as Figs. 10
and 11).

5 Results and Discussion

From the experiment using the Flexsim®, the test was run for 28,800 seconds that
is 8 hours with the following results: in the traditional system, an average of 701
jobs was submitted, but only 530 were completed, meaning that 74.96% of the total
number of jobs was completed and 177 jobs were still being processed (Table 1).
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Fig. 9 System representative of the system in option 2

Fig. 11 System representative of the system in option 3
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Table 1 Results from the experiment with various scenarios using Flexsim® (tested for
28,800 seconds)

Option Status
Pieces from Sourcel | Pieces move to | Work capacity | Work in process
Queue7
Current system | 707 530 74.96% 177
Option 1 701 605 86.31% 96
Option 2 681 585 85.90% 96
Option 3 719 555 77.19% 164

Source Own work

Option 1 (adding 1 person to the forming and packaging unit) resulted in an
increase of 11.35% in the number of jobs from the current system to 86.31%. Further-
more, there were 96 items of work in process, down from 45.76% at the present time
(shown in Table 1). For the option 2 (one employee in packing process and one
employee in forming process), this resulted in the number of jobs accounting for
85.90%, an increase of 10.94% from the current system, and 96 pieces of work in
progress, or a 45.76% decrease from the current status (as shown in Table 1). The
last option is to change the factory layout, which resulted in the current scenario in
which the number of jobs accounted for 77.19% and there were 2.23% more jobs
than before, with 164 in-process work items, which was 7.34% fewer than the normal
system (shown in Table 1).

6 Conclusions

The findings of this study on simulation and comparing work productivity and waiting
time for all three alternatives indicated that option 1 is the most suitable option by
adding 1 staff in the forming and packing section. This resulted in the number of
jobs representing 86.31% or an increase of 11.35% from the current situation and the
work in progress decreased by 45.76%, which is quite similar to the second option. In
terms of option 2, the development was planned by adding 1 employee for the packing
section. And the remaining staff could work in the folding and forming process. As
a consequence, the number of jobs increased by 10.94% from the regular operation,
while the work in progress dropped by 45.76% from the regular operation. It was
concluded that adding more staff to work in high-waiting areas would help to increase
the quality of production and to reduce the wasted time. Therefore, the simulation is
used to significantly improve the carton manufacturing process. It can also provide
better alternatives, resulting in more effective decision-making, the capability of the
process, and competitiveness of enterprises.

The results of this study can be applied to further studies in various aspects, such as
modifying the structure of the factory, technology modification, and the appropriate
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amount of staff and machines for each process. However, choosing the alternative for
the improvement also depends on other factors regarding the company’s situation.
To illustrate, the cost of improvements needs to be suitable with the budget of the
company and the number of employees need to be sufficient for the improvement
plan. Moreover, the improvement method should not affect the other products of
the company. Therefore, it can be concluded that using simulation modeling with
Flexsim® provides a clear visualization of the changes without having any impact
on the real operation.
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1 Introduction

This research aimed to design a transportation network for agricultural products’
international trade among Thailand, Laos, and Cambodia. To that end, firstly, agri-
cultural products must be delivered from the agricultural cooperatives (AC) that
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Network design for agricultural products cross-border trade

‘ AIM Maximum Profit for whole network chain

.% / o =

S LR
Various Agricultural Agricultural wholesaler Border checkpoint: End-market : different

cooperative :Admin cost Admin cost and time counties and demand

Fig. 1 Framework of the proposed problem

collected the products from the farmers. The AC will transport the products to the
wholesaler agricultural market (WSAM), which will transport the products to the
border checkpoint (BC). After the BC, the trucks delivering the products from the
WSAM will pass through the border and deliver the products to the end-market in
the specified countries and regions. The framework of this process is shown in Fig. 1.

As shown in Fig. 1, the model of transportation can be formulated as a multi-
echelon transportation problem or multi-level network flow problem. The transporta-
tion problem for agricultural products has been widely studied by many researchers
such as Hsu et al. (2007), who presented the food distribution planning model when
taking into account the stochastic and time-dependent travel times and time-varying
temperature. Osvald and Stirn (2008) addressed the distribution of fresh vegeta-
bles while considering time-dependent travel times. In that research, the quality
degradation-based cost as an objective function was presented. Tarantilis and Kira-
noudis (2001, 2002) studied milk transportation with a fixed fleet. Sethanan and
Pitakaso (2016) presented an algorithm to resolve raw milk transportation while
considering the special case of a truck with multiple compartments used to transport
milk.

The agricultural product is one type of perishable product. Perishable products
need intensive care during transportation to the final destination. Doerner et al. (2008)
studied the Pickup and Delivery Problem (PDP) of blood products with strict time
windows. Hsu et al. (2007) modelled a food distribution planning problem with
stochastic and time-dependent travel times and time-varying temperatures. Osvald
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and Stirn (2008) not only addressed the distribution of fresh vegetables with time-
dependent travel times but also add a quality degradation-based cost function to the
objective function. Tarantilis and Kiranoudis (2001, 2002) studied the distribution
of fresh milk with a heterogeneous fixed fleet, and the distribution of fresh meat in a
multi-depot network, respectively. They considered strict time windows for delivery
of the products. Derigs et al. (2011), Mendoza et al. (2011), and Reis and Leal (2015)
proposed different shipping strategies, numbers of actors in the transportation chain,
and limitations of the transportation modes. In our study, the transportation time
is discussed as the time taken from the origin to the final destination needs to be
within a certain time. As our products need to be transported via border checkpoints,
this can delay the transportation time with a hold-up while the inter-trade document
is checked. We select borders as candidates for the shipping route based on which
borders are convenient for international trade shipping.

Transported agricultural products pass through different actors in the supply chain,
and thus it forms a transportation or service network. A service network is a structure
that brings together several entities to deliver a particular service. In our research, the
service network is formed to deliver the agricultural product from the origin to the
end-market. The network design problem has become more popular for researchers
in the last decade. The service network design (SND) problem has been modelled
and presented by Pedersen et al. (2009) and Andersen et al. (2009a, b, 2011). Moccia
et al. (2011) presented a rail and road transportation system with both consolidated
and dedicated services. Later, Thiongane et al. (2015) and Li et al. (2016) presented
a capacitated multi-commodity with heterogeneous assets and non-bifurcated hop-
constrained multi-commodity capacitated fixed-charge network design.

In this study, the network design for the transportation of the agricultural products
from the origin to the end-market involves passing through the borders of several
countries. The borders of different countries may have different regulations, which
can give the transportation a higher or lower cost and lead to a shorter or longer trans-
portation time, which can affect decisions on the transportation mode and methods.
We will present the mathematical model for the proposed problem and solve it heuris-
tically to obtain a promising solution that provides the highest profit throughout the
supply chain while keeping a low computational time.

The method that we will use to solve the proposed problem is a differential evolu-
tion algorithm. A differential evolution algorithm is a metaheuristics method that
iteratively improves the solution quality by changing the neighborhood structure
using the differential of two or more sets of numbers. This was firstly proposed by
Storn and Price (1997) and has been used to successfully solve many different types
of problems. The problems it has solved include the unmanned aerial vehicle multi-
tasking problem (Su and Wang 2021), reservoir production optimization problem
(Jianwei et al. 2021); parameter calibration problem (Luo et al. 2021; Srichok et al.
2020, 2021), scheduling problem (Pitakaso and Sethanan 2019), vehicle routing
problem (Dechampai et al. 2015), and employee transportation problem (Pitakaso
et al. 2019).

In this research, we modify the differential evolution algorithm so that DE has
better search behavior. We add one step into the original DE called the vector hybrid



148 K. Pranet et al.

reincarnation process (HRP). This step is added before the recombination process.
The defeated vector from the selection process will be randomly selected as the
trunked (TV) set of vectors. This set of vectors will be hybrid exchanged with the
best set of vectors (BV) to obtain the reincarnation vector (RV). The RV will be used

as one choice to form the trial vector.

This paper will be organized as follows. In Sect. 2, the mathematical model that
represents the network design will be presented. Sections 3 and 4 will show the
proposed methods and computational results, and the last section, Sect. 5, will present

the conclusions and outlook of this research.

2 Mathematical Model Formulation

Indices

i Wholesaler marketi (i = 1,2,3,...,1).
j Cooperativej (j = 1,2,3,...,J)

k Borderk (k =1,2,3,...,K).

| End-market!/(1 =1,2,3,...,L)

Parameters

1 Number of wholesaler markets

J Number of agricultural cooperatives

K Number of border checkpoint

L Number of end-market s.

Dj; Distance from wholesaler market i to cooperative j (km).

TS Transportation fuel cost ($/Km)

AC; Operating costs of wholesaler market i ($).

DM, The demand of end-market / (ton)

CP; Capacity of wholesaler market i (ton)

VL; Volume of central market / (ton).

EPy Distance from wholesaler market i to border k£ (km)

SP; Sale price of end-market [ ($)

VCy  Volume of goods delivered from border k to end-market / (ton).
NF; Product quantity of cooperative j (ton)

AMC;  Operating costs of border k ($)

TTV, Cargo quantity of border k (ton)

DCE); Distance from border k to end-market / (Km)

VCCj.  Volume of goods delivered from wholesaler market i to border k

Decision variable

: 1 if wholesaler market i serves cooperativej
Y] 0 otherwise



Solving Multi-Echelon Location Allocation Problem Using Modified ... 149

7 1 if wholesaler market i serves borderk
ik 0 otherwise
1 if border k serves the end — market!/
Vi .
0 otherwise
Y. 1 if wholesaler market i is a collection point for agricultural products
! 0 otherwise

Objective function

K L K 1 1 J
Max =Y ">"SPVCy— Y AMCTTV, — Y ACVL —Y Y X;Dj
k=1 i=1

k=1 I=1 i=1 j=1

1 K K L
+ Y Y TS.ZyEPy + ) Y TS.VuDCEy (1)

i=1 k=1 k=1 I=1

Subject to
J
D NFiXy < Y,CP;i ¥i(i=1,2,3,....]) )
j=1
1
D Xy=1 Y(i=123.J) 3)
i=1
1
VL =Y X;NF; ¥i(i=1,23,...) (4)
i=1
VCCy < ZyVL; Yi(i=1,2,3,..,DVetk =1,2,3,....K) (5)
Zu <Y Vii=1,2,3,...D¥%k=1,273,..K) (6)
K
D VCCh = VL Yii=12.3,..1) (7)
k=1
1
TTVi =Y VCCy Vi(k=1,2,3,...K) (8)
i=1
VCy < VuTTV, Ytk =1,2,3,...K)V;(i=1,2,3,...1) )

L
ZVCkI =TTV, Yi(k=1,2,3,...,K) (10)
I=1
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K
> VCu =DM, Y(1=1,2.3,..L) (11)
k=1

Equation 1 defines the objective function, attempting to maximize the total profit
of the network chain. The profit comprises the selling price of the agricultural product
at the end-market after subtracting all travel and administration costs of the actors in
the chain. Equation 2 controls the total number of products delivered from all coop-
eratives to a wholesaler market so that these do not exceed its capacity. Equation 3
shows that a single cooperative must not deliver to more than one wholesaler market.
Equations 4, 5, 6, and 7 define that the quantity of agricultural products traveling
from wholesaler i to border k must not exceed the products’ availability, while Egs. 8,
9, and 10 control the numbers of products delivered from border k to end-market
I as these must not exceed the products that are available at the border checkpoint.
Equation 11 shows that the products delivered from all borders must not exceed the
capacity of the end-market.

3 The Proposed Method

To solve the proposed problem in this research, the differential evolution algorithm
(DE) will be used. In general, DE consists of five steps: (1) generate initial solution,
(2) perform mutation process, (3) perform mutation process, (4) perform selection
process, and (5) redo steps (2)—(4) until termination condition is met. In this research,
the modified differential evolution algorithm (MDE) will be developed to improve
the efficiency of the original DE. The hybrid reincarnation process will be added
after step (3) before the recombination process is performed. Although the MDE
proposed in this research consists of six steps, steps (1) to (3) are similar to those
of the traditional DE. Step (4) of the MDE is to perform the hybrid reincarnation
process, step (5) is to perform the recombination process, step (6) is to perform the
selection process, and step (7) is to redo steps (2)—(6) until the termination condition
is met. The modified DE can be explained stepwise as follows.

3.1 Generate the Initial Solution

Target vectors are generated in this step to obtain the vector that represents the
proposed problem. In this research, the indirect coding technique is used to represent
the problem, and the decoding process is applied to the coded vector to obtain the
solution to the proposed problem.
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Table 1 Five target vectors example

Vector Cooperative

1 2 3 4 5 6
1 642 973 610 116 498 629
2 866 158 974 152 465 121
3 157 694 816 466 626 346
4 921 569 265 959 152 520
5 127 612 780 645 552 472

3.1.1 Encode the Target Vector

Integer number coding is used to represent the problem. Table 1 represents the five
target vectors of the 10JD vector when D is the number of agricultural cooperatives.

3.1.2 Decode the Target Vector

Figure 2 displays the decoding method and presents the problem for cooperative
number 1 of vector 1. The coding number or value in position is 642. This number
can be interpreted to mean that cooperative 1 will deliver its product to wholesaler
market number 6, and then wholesaler number 6 will deliver the product to border
number 4, passing through to end-market number 2. If some actors in the chain have
more than 1 digit (e.g., there are 20 wholesaler markets), then the first two digits in
the position will represent the wholesaler number and the total digits in the position
will number four. In the same manner, the digits will run from 0 to 9 in every position
if there are less than 10 actors at the horizontal level of the actors. For example, our
system has three borders, but as can be seen in Fig. 1, it has the number in position
2 that runs from O to 9. This problem can be solved by dividing 10 digits into three
groups: 1-3 (border 1), 4-6 (border 2), and 7-10 (border 3). When the second digit
falls in one of these groups of numbers, it can be interpreted as corresponding to that
border.

If the problem has six cooperatives, four wholesalers, three borders, and four
end-markets, the digit presenting each actor is shown in Fig. 3.

Details of all actors are shown in Table 2.

The solution obtained from vector 1 is shown in Tables 3 and 4.

6 4 2

Label of the wholesaler | Label of the border Label of the end-market
market checkpoint

Fig. 2 Example of the result represent the problem’s solution
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Digit represent each wholesaler Digit represent each borders Digit represent each end-market
Digit position 1 Digit position 2 Digit position 3
0-2 wholesaler 1 0-2 border 1 0-2 end-market 1
3-4 wholesaler 2 3-6 border 2 3-4 end-market 2
5-6 wholesaler 3 7-9 border 3 5-6 end-market 3
7-9 wholesaler 4 7-9 end-market 4

Fig. 3 The interpretation of digit to problem’s solution

Table 2 Details (supply, capacity) of all actors in network chains

Cooperative Wholesaler Border End-market

No. Supply No. Capacity No. Capacity No. Capacity
(ton) (ton) (ton) (ton)

1 1200 1 4000 1 6000 1 4500

2 1000 2 3000 2 6000 2 4000

3 900 3 4000 3 5000 3 3000

4 1400 4 4500 4 4000

5 2000

6 1300

Tal?le 3 Result of the Wholesaler Border End-market
assignment result of the
decoding method 1 3 2 1

2 4 3 2

3 3 1 1

4 1 1 3

5 2 3 4

6 3 1 4

If the average prices per ton of the agricultural product at end-markets 1 to 4 are
$14,$12,$11,and $15, respectively, then the total revenue generated is $143,200. The
administration costs of wholesalers 1 to 4 are $2, $1, $2, and $1.50, respectively and
the administration costs at borders 1 to 1 are $2.30, $2.40, and $2.10, respectively. The
total administration cost is thus $20,960. The travel cost is calculated by multiplying
the total traveling distance by the traveling cost per kilometer, which is $0.10 per
kilometer. If this plan has a total distance of 8300 km, then it has a traveling cost of
$830. Therefore, the total profit generated from this plan is $104,410.

After the decoding method is performed, the next steps of the MDE are to perform
the mutation, recombination, hybrid reincarnation, and selection processes.



Solving Multi-Echelon Location Allocation Problem Using Modified ... 153

Table 4 Result of the volume transported within the chain

Wholesaler

1 2 3 4
Cap 4000 3000 4000 5000
Total agricultural product 1400 2000 3400 1000

Border

1 2 3
Cap 6000 6000 5000
Total agricultural product 3600 1200 3000

End-market

1 2 3 4
Cap 4500 4000 3000 4000
Total agricultural product 4100 1000 1400 3300

3.2 Perform the Mutation Process

The mutation process is used to transform the target vector to the mutant vector.
The process uses the difference of two selected vectors as the indicator of the
transformation. Equation (12) represents the mutation operators.

‘/l'J,G = X, J.G T F(sz,j,G +Xr3,j,G) (12)

where r1, 12, and r3 are the indices of the randomly selected vectors; F is the scaling
factor, which is set to 0.8 (Qin et al. 2009); i represents the vector number; i = 1,
2,..., NP; j is the position of a vector when j = 1, 2,..., D.

3.3 Perform the Hybrid Reincarnation Process (HR)

This process is a new process that we present in this paper. The reincarnated vector
(H;j ) is formed in this process. To form the reincarnated vector, we use two sets
of vectors. The first set of vectors is known as trunked vectors (TV: M;;¢); this
comprises NP vectors that are randomly selected from the vectors that are trunked
in selection process of the last iterations. These vectors will be updated iteratively;
the system that is used to update the trunked vectors is one in which the vector that
stays on the list the longest is replaced first by a newly selected TV. The second set of
vectors used in this process is that of the best vectors (BV). NP best vectors obtained
for entire iterations will be collected in the best vector (BV: B; ). The procedure
to generate the H; j ¢ has three steps: (1) randomly select a vector from the trunked
vectors (H; j ¢), (2) randomly select a vector from the best vectors.
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(Bij,c), and (3) use Eq. (12) to construct a reincarnated vector (RV : H; j ). An
example of a reincarnated vector generator is shown in Fig. 4. CR is a predefined
parameter that is set to 0.65 in this research.

Mi,j,G when rand,-,j,(; < CR

13
B, otherwise (13)

Hijc = {

3.4 Perform the Recombination Process

Obtaining the trial vector is the aim of performing the recombination process.
Equation (14) is used to transform the mutant vector into the trial vector.

HiA,j,G lf rand,-,j,G < CR1
U,‘J',G = Vi,j,G lf CR1 < randi,j.G < CR2 (14)
X;j.c otherwise

where Ujj g is the trial vector, V;; s is the mutant vector, rand, j is a random
number [0,1], X; ; ¢ is the target vector of vector 7 position j iterations G, and CR1
and CR?2 are predefined numbers set to 0.35 and 0.65, respectively.

3.5 Perform the Selection Process

The selection process is executed to generate a new target vector. Equation (15) is
used to select the new target vector to use in the next iteration. When X; ; 611 is
the target vector for the next iteration, f (U; ) is the objective function of the trial
vector and f (X j ) is the objective function of the current target vector.

Ui,j.G when iff(Ui,j,G) zf(Xi,./lG) (15)

Xij.G+1 = .
v X;j.c otherwise

3.6 Redo Step (3.2-3.4) Until Termination Condition is Met

The stoppage criterion for this research is the computational time of the proposed
method in order for a fair comparison with the other compared heuristics. The pseudo
code of the proposed methods is shown in Fig. 5.
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Trunked Vector (Mijc)

cooperative 1 2 3 4 5 6
Vector
1 904 394 995 852 280 649
2 501 193 956 447 806 366
3 898 342 814 878 968 261
4 156 389 189 611 690 303
5 313 221 799 882 480 378
Best Vector (Bijg)
cooperative 1 2 3 4 5 6
Vector
1 138 894 765 388 643 450
2 850 541 313 485 225 378
3 767 716 775 128 430 597
4 681 576 436 645 560 131
5 104 940 792 607 270 951
cooperative 1 2 3 4 5 6
Vector
Mijc (2) 501 193 956 447 806 366
Bijc(4) 681 576 436 645 560 131
rand; ;g 0.41 0.76 0.18 0.41 0.89 0.34
CR 0.65 0.65 0.65 0.65 0.65 0.65
Hijc 501 576 956 447 560 366

Fig. 4 Example of reincarnated vector generator
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Algorithm 2: Differential evolution algorithm (DE)
input : Population size (NP), Problem Size (D), Mutation Rate (F),
Recombination rate (R)
output: Best_Solution, Best_Cost
begin
WP = Initialize Population(NP, D)
while the stopping criterion is not met do
Sori=1: NP
Vrand1, Vrands, Viands = Select_Random_Vector (WP;)
Forj=1:D // Loop for the mutation operator
V)‘ ff}: Vranda [}]“1“ F(Vnnd: Dj"’ Vranda D})
End For Loop//end mutation operator
Forj =1:D //Loop for recombination operation
If(rand;[0,1) <R ) Then
ufj]= Vi[j]
Else
u[jj=Vy[j]
End For Loop//end recombination operation
IF(CostFunction(u) < CostFunction(V;)) Then
Vi=u
End For Loop
End
Best_Solution, Best_Cost =DeCodeLocationAllocation(WP)
Return Best_Solution, Best_Cost

end

Fig. 5 Pseudo code of the proposed method

3.7 Compared Heuristics

In the experiment, we compare two other methods with the proposed method: (1) the
original differential evolution algorithm and (2) the original genetic algorithm. The
original DE is similar to the proposed method, but the original does not have the HS
process, while the GA is a method taken from Mitchell (1996) to use in our problem.
The pseudo code of GA used in our research is shown in Fig. 6.

4 Computational Results and Framework

We code the mathematical model in Lingo V.11 and code the modified DE, DE, and
GA with C++, executing them using a PC Intel® Core ™ i5-2467 M CPU 1.6 GHz.
Fifteen randomly generated datasets are tested to compare the performance of the
proposed methods. Each has a different number of cooperations, central markets,
border checkpoints, and end-markets. Table 5 details all test problems included in
the case study.

The stoppage criterion of Lingo is the computational time when it can find the
optimal solution within 24 h. If it cannot find the optimal solution within 48 h, the best
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Algorithm 3: Genetic Algorithm (GA)

input: Population Size (NP), Problem Size (D), Mutation Rate (M), Crossover
Rate (CR)

output: Best_Vector_Solution

begin
Population = Initialize Population (NP, D)
encode Population to WP
while the stopping criterion is not met do
parents = WP
fori=1: NP //Loop for crossover operation
Forj=1.D
If(rand;i [0,1) <CR ) Then
offspring: [j]= parents:[j]
offspringi [j]= parentsi1 [f]
Else
offspringi [j]= parentsin [f]
offspringia [j1= parentsi[f]
End For Loop
End For Loop//end crossover operation
fori=1: NP //Loop for mutation operation
Forj=1:D
If(rand;i [0,1) <M ) Then
Mutation(offspringi [j])
End For Loop
End For Loop//end mutation operation
// Add the child population to the parent population
NWP = stack(parents, offspring)
wp_size = length(NWP) // Set number of new population
fori=1: wp_size //Loop for evaluate operation
cost_ scores i1 = CostFunction(NWP i«1)
End For Loop//end evaluate operation
/Iselection operation
new_ wp = Sorted(new_ population, cost_ scores)
WP = NWP [1:NP]
decode WP to get the solution for the problem
Return Best Vector Solution

end

Fig. 6 Pseudo code of GA used in this research

solution is instead recorded. The stoppage criterion of the heuristics is the computa-
tional time, which is set to five minutes for test instances 1-5, 10 min for instances
6——10, and 30 min for instances 11-15 (include case study). The computational
results are shown in Table 6 and the statistical results of the Wilcoxon signed-rank
test are shown in Table 7.

Tables 6 and 7 show that the MDE significantly improves the solution quality
versus other methods, including the best objective obtained from Lingo v.11, which
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Table 5 Detail of the test instances

Test instance no Number of Number of Number of border Number of
cooperative center-market checkpoint end-market

1 15 6 4 11

2 20 6 4 11

3 25 6 4 11

4 30 6 4 11

5 35 6 4 11

6 40 6 4 11

7 45 6 4 11

8 50 6 4 11

9 55 6 4 11

10 60 6 4 11

11 65 6 4 11

12 70 6 4 11

13 75 6 4 11

14 80 6 4 11

Case study 86 6 4 11

Table 6 Computational result of all 14 test instances

Test Lingo v.11 GA DE MDE

instance profit ($) | ComT |Profit (§) | ComT |Profit($) |ComT |Profit($) |ComT
no (min) (min) (min) (min)
1 199202.6 |53.49 | 193052.0 |5 199202.6 |5 199202.6 |5

2 251162.6 |94.89 | 241034.7 |5 2511626 |5 251162.6 |5

3 318072.4 | 120.82 | 3180724 |5 314500.6 |5 3180724 |5

4 356517.6 | 1440 356517.6 |5 356517.6 |5 356517.6 |5

5 414876.4 | 1440 423794.8 |5 430783.2 |5 443033.8 |5

6 508729.8 | 1440 514712.5 |10 523468.0 |10 5339459 |10
7 598124.5 | 1440 605844.8 |10 614590.1 |10 636206.7 |10
8 610287.7 | 1440 640889.0 |10 649937.2 |10 661569.9 |10
9 639812.4 | 1440 691052.0 |10 705855.1 |10 717526.8 | 10
10 710183.2 | 1440 733103.0 |10 7337254 |10 756481.2 |10
11 832718.3 | 1440 889632.4 | 30 899002.1 | 30 920912.0 |30
12 901273.8 | 1440 941495.5 |30 946175.4 |30 971764.7 |30
13 922371.7 | 1440 966128.3 |30 969167.9 |30 997934.3 |30
14 987273.2 | 1440 | 1056063.3 |30 1065787.4 |30 1088201.6 |30
Case 992741.7 |2880 |1145842.2 |30 1155271.6 |30 1167625.7 |30
study
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Table 7 .StatisticaI. test 9f the GA DE MDE
computational obtained in
Table 13 (p-va]ue) Lil’lgO v.11 0.001 0,001 0.001

GA 0.000 0.000
DE 0.000

9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00

0.00 0.00
Profit 61(15122319 647815.63 654343.12 668010.52
Meth-

7.75

Percent different from MBE

Lingo v.11 GA DE MDE

Fig. 7 Percent different of the solution quality of various method compared with MDE

uses a computational time of less than 2880 h. Figure 7 shows that the MDE can
improve the solution of the original DE by 2.02%, which means that using the hybrid
reincarnation process is useful to improve the solution quality versus the original DE.

Moreover, the MDE produces 7.75% and 3.02% better solutions than those of the
best objective (obtained from Lingo v.11 using 2880 h computational time) and the
GA, respectively.

Figure 8 shows the numbers and percentages of methods that can find the
maximum profit of the proposed problem. We can see than the MDE can find 100%
of the maximum profit Figs. (15 cases), while Lingo V.11, GA, and the original DE
can find 26.67% (4 cases), 13.33% (2 cases), and 20% (3 cases), respectively.

Figure 9 shows that the MDE outperforms the original DE by finding a 100%
better solution than that of the DE, which mean that using the hybrid reincarnation
process contributes to improving the solution quality of the DE.

5 Conclusion and Future Outlook

This research aimed to design a transportation model for agricultural products’ inter-
national trade among Thailand, Laos, and Cambodia. The agricultural products are
transported from a farmers’ cooperative to a foreign end-market. During transporta-
tion, they pass through wholesaler markets and border checkpoints. The mathematical
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Fig. 9 Profit generated from DE and MDE

models GA, DE, and MDE have been developed to determine the optimal mode of
transportation. The hybrid reincarnation process has been added to the original DE
to improve its search capability.

The computational results show that the MDE gives better solutions than Lingo
V.11, GA, and the DE by 7.75%, 3.02%, and 2.05%, respectively. The MDE, which
is the DE with an added hybrid reincarnation process, can find 100% of the maximum
profit, while the DE can find 20% of the maximum profit, which means the MDE
can improve the solution quality of the original DE by 80%.

In future research, multiple fleets should be added into the model so the system
can select the right fleet type for the right amount of agricultural product to be
shipped. Moreover, planning over multiple periods and for multiple products could



Solving Multi-Echelon Location Allocation Problem Using Modified ... 161

increase the performance of the model. These suggestions, when investigated in
future research, should increase the performance of the MDE model.
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Tourist Trip Design with Considering L
Scoring on Arc Visits

Ryo Geoffrey Widjaja, A. A. N. Pewira Redi, Parida Jewpanya,
Muhammad Asrol, and Nur Layli Rachmawati

1 Introduction

A number of application problems of logistics, tourism, and related fields have arisen
in the last decade (Vansteenwegen et al. 2011). These problems are modelled as “Ori-
enteering Problem”, which was first introduced by Golden et al. (Golden et al. 1987).
The generalized orienteering problem (GOP) is one extension of the orienteering
problem (Urrutia-Zambrana et al. 2021). The objective of the GOP is to find the
tour that maximizes the total score collected by visiting vertices without exceeding
a distance or time constraint. A set of weights of each vertex associated with the
vertices scores to calculate the objective functions.

The previous research has widely solved the GOP using a different algorithm for
many applications, especially for tourist trip design. (Geem et al. 2005) introduced
Harmony Search (HS), focusing on three significant behaviours (memory consider-
ation, pitch arrangement, and irregular choice) of music players that translated into
the context of the GOP. In the Harmony Matrix, the selection of any node invokes
memory consideration. Pitch arrangement is related to selecting the closest node
from the next node and irregular choice to choose one node from entire feasible
nodes. HS applied to search for the best tour and compared it with ANN from Wang
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et al. (Wang et al. 1995), which concluded that HS had performed better than Artifi-
cial Neural Network (ANN). Another further research from Wang et al. (Wang et al.
2008) proposes a Genetic Algorithm (GA) to solve a similar problem and outperform
the HS.

The GOP is not restricted only to the previous applications. The significant uses
of GOP are modelling the tour for tourist to plan their trip to visit different attrac-
tions. The tourist has limited time and requires having an effective trip during that
time. It means that the tourist does not necessarily visit all the attractions (Urrutia-
Zambrana et al. 2021). This would prepare the most pleasant trip according to the
tourist preferences.

One way to accommodate the tourist to their destination is using electric vehicles.
Before the COVID-19 occurred, the appearance of shared mobility options such as
bikes, electric scooters, or cars was increased (Mouratidis et al. 2021). This new
market trend then emerges in Indonesia, showing the high usage of electric vehi-
cles such as electric bikes or electric scooters for tourist accommodations. For that
purpose, the critical consideration is the score related to the attraction and the score
from the path they took since electric vehicles are necessary to have a compatible
road. Therefore, the generalized orienteering problem will be combined with the arc
orienteering problem.

Arc orienteering problem is also another extension orienteering problem. Only
a few research studies consider this new variant OP where the price is associated
with each arc instead of vertex (Ardoz et al. 2009a, b). The approach to consolidate
arc score as the routing decision is proposed by Gavalas et al. (2015). The problem
objective of AOP is to maximize the difference between profit and the total travel
distance. Several AOP applications are collecting recycling bins where every arc in
the area must be passed through, but only a few selected to have the highest profits
by Ardoz et al. (2009a, b), which also introduced the team arc orienteering problem.
Archetti et al. (2014) proposed the same problem using a different application where a
limited fleet of vehicles needs to serve potential customers. Meanwhile, the extension
orienteering problem is associated with node and arc score as the route decision has
not been investigated before.

The combination of GOP and AOP is later denoted as generalized arc orienteering
problem (GAOP) where the objective functions are calculated with the sum of vertices
and arc scores. The novelty of the research lies in the introduction of the GAOP that
indicates many potential applications in tourist trip design planning.

The major contributions of this paper are described as follows. (1) introduce the
mathematical model for the combination of GAOP. (2) a metaheuristic algorithm
will be used to solve the proposed problem categorized as an NP-hard problem. (3)
the algorithm will be implemented using several attractions in Kota Tua, Jakarta,
with the score attraction and arc based on user ratings and roads compatibility. Kota
Tua was chosen due to one of the heritage attractions and its renowned name having
a high historical value in Jakarta. Kota Tua is located in Indonesia’s capital city,
which gives an advantage in the strategic location compared to the other attraction
(Damanik et al. 2019).



Mathematical Modelling for Optimizing Tourist Trip Design ... 165

The rest of this paper is organized as follows: the problem and mathematical model
are described in Sect. 2. Metaheuristic algorithms to solve the proposed problem and
the result are presented in Sect. 3. The discussion towards the result is shown in
Sect. 4. Lastly, the conclusion remarks and future research recommendations are
drawn in Sect. 5.

2 Problem Description and Mathematical Model

OP classified as NP-hard by Golden et al. (1987), means that no polynomial-time
algorithm is expected to get optimal solution by solving this problem. The exact solu-
tion method is very time consuming, due to the increase of the problem dimensions
associated with computation complexity. Therefore, metaheuristics application will
be necessary to discover a close optimal solution in a restrained schedule.

As explained before from Sect. 1, the main idea of the GAOP came up from
the tourist trip design and the emerging new market trend of electric bikes/scooters
in Indonesia. The GAOP consist of each vertex with a score vector and each arc
with a score arc representing different attributes, and the overall objective function is
nonlinear. The objective is to find the maximum tourist experience without exceeding
the distance/time constraint. The score vector is measured by the user ratings of
unique customer preferences from the google applications. The arc score is calculated
by the distance and road compatibility for the electric bikes/scooters.

The mathematical model resulted from the assessment of previous GOP (Urrutia-
Zambrana et al. 2021) and AOP (Yu et al. 2015) research with some combination
or additional constraints and variables. A Mathematical Programming Language
(AMPL) software was used to verify the combined mathematical model with Gurobi
9.0 solver. The problem illustration can be observed in Fig. 1. The proposed
mathematical optimization model is designed as follows.

Let G = (V,A), where V = {1,..., N} is the set of attractions, A =
{@, j)/i, je V} is a set of arcs between vertices. Vertex number 1 is the initial
vertex (depot), N is the path’s ending vertex. #; is the distance associated with arc
(i, j) € A. Ty is the total maximum allowed defined time constraint, S, (7) is the
vertex score associated with each vertex S(i) = (Si @), ..., Sy (i))e V,and A;; is the
arc score associated with each arc. W = (wi, W f), wy is the weight based on the
traveller according to the f. The non-negative exponent for calculating the module
of the vector is k.

Sets:

Set of vertices

Set of arcs between vertices
Set of all nodes

Set of all path

Set of traveler

Y= e <
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Fig. 1 Illustration of GAOP
depicted in Kota Tua

Ay

DESCRIPTION
. Depot

@ Atnction
&

Parameters:

Sy(i) Score of vertex i
A;j  Arc score of vertex i and j

O; Opening time window of vertex i
C; Closing time window of vertex i
tij Traveling time from vertex i to j
Vi Visiting time at vertex i

Tax  Given time horizon

Ct;;  Traveling cost from vertex i to j
M A large constant

Cv;  Visiting price at vertex i

B Given budget for each path

wy  Weight traveler

k Non negative vector

Decision variables:

x;jp If vertex iis followed by a visit to vertex j by path p, this binary variable equals
one; Otherwise, it equals zero
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vip If vertex i is visited by path p, this binary variable equals one; Otherwise, it
equals zero
sip A variable of starting service time at vertex i in path p

Objective

1/k

F P N P N N
maxZ:ZWf ZZ Sp()] ylp +ZZZAU*XUP Q)
F=1

p=1i=2 p=1i=1 j=I1

Subject to
P N
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Vp: 1,...,P
inkpzzxkjpzykp Vk=2 N—1 ®)
— — e
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Sip+lij+Vi_Sjp5M(1_xijﬁ) ijzl P ©
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Vi,j=1,...,N

12
Vvp=1,...,P 12)

Xijp> Yip € {O, 1}

The objective function (1) is to maximize the total user experience from the sum
of each traveler’s weight with the sum of each vertex score and arc score. Constraints
(2), (3), and (4) guarantee that each path start at vertex 1 (depot) and finish at vertex N
(depot). Constraints (5) ensure the connectivity of each path. Constraints (6) ensure
the feasibility of the schedule. Constraints (7) ensure that all vertex is visited at
most once. Constraints (8) and (9) ensure limited time horizon and travelling budget
in each path. Constraints (10) and (11) restrict the start of the service to the time
window.

3 Computational Study

The AMPL was used to carry out the proposed algorithm. The program was executed
on a laptop with specification: Intel® Core Processor™ i7-7700HQ 1.8 GHz, 64-bit
operating system with 8 Gb of RAM. The appropriate vertex score determination
could adopt from the tourist attraction evaluation proposed by Wang et al. (2020).
Unfortunately, the scope of this study only covers attraction determination by user
review based on google. The visiting cost is found from the entry price or the price
range of Kota Tua attractions/restaurants. The vertex score and visiting cost are
described in Table 1.

Distances covered by electric vehicles, especially e-scooters, are between 20 to
25 km, depending on battery capacity, driver weight, riding style, and the road’s
steepness (Martinez-Navarro et al. 2020). Although the power advantages, the appli-
cations highly correlate with user satisfaction. Therefore, the arc score was defined
through the range of shorter distances. The arc score is described in Table 2.

The limitation on budget and time may vary depending on the user needs. The
application budget and time limit have been defined as eighty thousand rupiah and
two hours. The route result is shown in Fig. 2.

The result: initial place from the depot was visited through nodes (2) (Museum
Mandiri), nodes (3) (Museum Bank Indonesia), nodes (4) (Djakarta Kedai Seni) and
nodes (10) (Museum Fatahillah) at last before going back to the depot. The objective
function reached 68.9 by visiting four attractions within two hours.

4 Discussion

AMPL application was used to obtain the optimal result by the exact method to
validate the mathematical model of GAOP. The parameter input for the model has
been given by observing the Kota Tua user review of the amount of attraction to
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Table 1 Kota Tua attraction

parameter

Table 2 Arc score
interpretation

169
Nodes Attractions Values
Vertex score | Visiting cost (in
thou. Rupiah)
2 Museum 4.6 5
Mandiri
3 Museum Bank | 4.7 5
Indonesia
4 Djakarta Kedai | 4.5 50
Seni
Toko Merah 4.5 10
Kantin Mega 4.3 75
Rasa
7 Museum 4.5 5
Wayang
Kafe Batavia 4.4 100
9 Museum 4.4 5
Keramik
10 Museum 4.5 5
Fatahillah
Distance Arc score
1-10 m 5
10-50 m 4
50-100 m 3
100-200 m 2
>200 m 1

generate the score of each node. The distance of the road determines the score of
the arc, while the electric bike/scooter is based on user satisfaction. The number of
attractions and the distance between attractions was also achieved from google maps
for Kota Tua in Jakarta. The data was executed, and the result showed that the optimal
solution within the constraint/limitation was only to visit four from ten attractions.

5 Conclusion

This research proposes a combination of generalized and arc orienteering prob-
lems. The problem is modelled corresponding as GOP with additional arc score and
constraints. The AMPL software performed the proposed model to get the optimal
solution by using the exact method. The result has shown a higher user experience
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Fig. 2 Tour result i

DESCRIPTION
@ Depot

. Attraction

=+ Route

represented as Z that is not necessary to visit all nodes. Meanwhile, the lower user
experience indicates having visited attractions with lower vertex and arc scores. Thus,
it is necessary to visit the best attractions based on the limited time and budget.

For further research, the arc score can be defined through the smoothness of the
road or conducting a survey to use AHP and illustrate more into the actual conditions.
The vertex score determination can also be specified using the proposed literature
from Section III and associated with AHP or survey to compose a solid argument. The
experiment can also be carried out by other heuristics or meta-heuristics approaches
that enable obtaining closer to optimal results.

Acknowledgements This work is supported by Research and Technology Transfer Office, Bina
Nusantara University, as a part of Bina Nusantara University’s International Research Grant,
entitled: An Intelligent Decision Support System Design for Improving Industry’s Sustainability
Performance, contract number: No.017/VR.RTT/111/2021 and contract date: 22 March 2021.



Mathematical Modelling for Optimizing Tourist Trip Design ... 171

References

Ardoz J, Fernindez E, Franquesa C (2009a) The clustered prize-collecting arc routing problem.
Transp Sci 43(3):287-300. https://doi.org/10.1287/trsc.1090.0270

Arédoz J, Fernandez E, Meza O (2009b) Solving the prize-collecting rural postman problem. Eur J
Oper Res 196(3):886-896. https://doi.org/10.1016/j.ejor.2008.04.037

Archetti C, Speranza MG, Corberan A, Sanchis JM, Plana (2014) The team orienteering arc routing
problem. Transp Sci 48(3):442—457. https://doi.org/10.1287/trsc.2013.0484

Damanik D, Wachyuni SS, Wiweka K, Setiawan A (2019) The influence of social media on the
domestic tourist’s travel motivation case study: Kota Tua Jakarta, Indonesia. Curr J Appl Sci
Technol 1-14. https://doi.org/10.9734/cjast/2019/v361630263

Gavalas D, Konstantopoulos C, Mastakas K, Pantziou G, Vathis N (2015) Approximation algorithms
for the arc orienteering problem. Inf Process Lett 115(2):313-315. https://doi.org/10.1016/j.ipl.
2014.10.003

Geem ZW, Tseng CL, Park Y (2005) Harmony search for generalized orienteering problem: best
touring in China. Lect Notes Comput Sci 3612(PART 111):741-750. https://doi.org/10.1007/115
39902_91

Golden BL, Levy L, Vohra R (1987) The orienteering problem. Naval Res Logistics (NRL)
34(3):307-318. https://doi.org/10.1002/1520-6750(198706)34:3<307::AID-NAV3220340302>
3.0.CO;2-D

Martinez-Navarro A, Cloquell-Ballester VA, Segui-Chilet S (2020) Photovoltaic electric scooter
charger dock for the development of sustainable mobility in urban environments. IEEE Access
8:169486-169495. https://doi.org/10.1109/ACCESS.2020.3023881

Mouratidis K, Peters S, van Wee B (2021) Transportation technologies, sharing economy, and
teleactivities: implications for built environment and travel. Transp Res Part D Transp Environ
92(February):102716. https://doi.org/10.1016/j.trd.2021.102716

Urrutia-Zambrana A, Tirado G, Mateos A (2021) Variable neighborhood search to solve the gener-
alized orienteering problem. Int Trans Oper Res 28(1):142-167. https://doi.org/10.1111/itor.
12800

Vansteenwegen P, Souffriau W, Oudheusden DV (2011) The orienteering problem: a survey. Eur J
Oper Res 209(1):1-10. https://doi.org/10.1016/j.€jor.2010.03.045

Wang Q, Sun X, Golden BL, Jia J (1995) Using artificial neural networks to solve the orienteering
problem. Ann Oper Res 61(1):111-120. https://doi.org/10.1007/BF02098284

Wang X, Golden B, Wasil E (2008) Using a genetic algorithm to solve the generalized orienteering
problem. Oper Res/comput Sci Interfaces Ser 43. https://doi.org/10.1007/978-0-387-77778-8

Wang Y, Shen S, Sotiriadis M, Zhang L (2020) Suggesting a framework for performance evaluation
of tourist attractions: a balance score approach. Sustainability (switzerland) 12(15):1-22. https://
doi.org/10.3390/5u12156220

Yu VF, Perwira Redi AAN, Jewpanya P (2015) The orienteering problem with time windows and
arc scores, pp 1-6


https://doi.org/10.1287/trsc.1090.0270
https://doi.org/10.1016/j.ejor.2008.04.037
https://doi.org/10.1287/trsc.2013.0484
https://doi.org/10.9734/cjast/2019/v36i630263
https://doi.org/10.1016/j.ipl.2014.10.003
https://doi.org/10.1016/j.ipl.2014.10.003
https://doi.org/10.1007/11539902_91
https://doi.org/10.1007/11539902_91
https://doi.org/10.1002/1520-6750(198706)34:3&lt;307::AID-NAV3220340302&gt;3.0.CO;2-D
https://doi.org/10.1002/1520-6750(198706)34:3&lt;307::AID-NAV3220340302&gt;3.0.CO;2-D
https://doi.org/10.1109/ACCESS.2020.3023881
https://doi.org/10.1016/j.trd.2021.102716
https://doi.org/10.1111/itor.12800
https://doi.org/10.1111/itor.12800
https://doi.org/10.1016/j.ejor.2010.03.045
https://doi.org/10.1007/BF02098284
https://doi.org/10.1007/978-0-387-77778-8
https://doi.org/10.3390/su12156220
https://doi.org/10.3390/su12156220

Two-Echelon Vehicle Routing Problem )
for Agricultural Area Mapping L
Operation with Drone

A. A. N. Pewira Redi, Muhammad Reza Chandra Kusuma,
Bertha Maya Sopha, Anna Maria Sri Asih, and Rahmad Inca Liperda

1 Introduction

A study conducted by the Indonesian National Land Agency also known as Badan
Pertanahan Nasional mention that the conversion rate of agricultural land to non-
agricultural lands in Indonesia has reached around 50,000 hectares or 500,000,000
m? in 2011, which is categorized as high (Darmanto 2017). Given that it is now 2021,
the development of the rate of land-use change is substantial and very fast. Indonesia
as an agrarian country needs to ensure the provision of agricultural land in a sustain-
able manner by prioritizing the principles of efficiency, sustainability, independence
and environmental insight. On the other hand, the increasing population growth with
a fairly high growth rate of around 1.4-1.5% per year as well as economic and
industrial developments have resulted in degradation and conversion of agricultural
land so that it affects the national carrying capacity in maintaining self-reliance and
food security (Gunawan 2013). Based on this, the government formed a program that
specifically works to protect sustainability of agricultural land, such as by conducting
act of identifying and store information on sustainable agricultural land. The infor-
mation regarding agricultural land can be carried out by using current technology
such as remote sensing, photogrammetry, and GIS. Among many techniques for
measuring and mapping, photogrammetric mapping techniques with drones are one
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of the favorable and cheapest techniques to carry out to map an agricultural land or
area. It is because drones are normally equipped with an autopilot system, equipped
with precision GPS, have high camera resolution, produce a high-scale map detail,
are not constrained by clouds, and the data retrieval can be done at any time (Utomo
2018).

Mapping activities with drones can have several problems. One in particular
including mapping operation that carried out in a wide area while the coverage
of a drone to operate is limited to its battery. This can be seen and led to a routing
problems where the access point from takeoff location or mapping area needs to
be planned accurately, taking into account the cost or capacity of land vehicles and
the type of drone used. This situation can be optimize by join operation between
drones combined with ground vehicle. This can be seen as an optimization problem
more specifically vehicle to solve routing problems (VRPD) which was developed by
combining ground vehicles that can carry drones to extend their reach to customers
with these drone vehicles (Wang and Sheu 2019). The application of cooperation
between land vehicles and drones is often found in delivery services. The mecha-
nism is modeled as a two-echelon vehicle routing problem with drones (2EVRPD)
which is applied for last-mile delivery of packages or parcels.

The use of ground vehicles and drones can increase the efficiency in mapping
operations. Moreover, it can increase the coverage area being mapped. Thus, this
study take the consideration on combination of ground vehicles and drones to reach
the entire mapping area of agricultural land. Despite that, the study on applying
collaboration of ground vehicles combined with drones for agricultural land mapping
operations is rare. One particular research use a combination of ground vehicles
and drones with the Single Depot Vehicle Routing Problem (SDVRP) model for
mapping forest area activities with land vehicles as filling drones (Maini and Sujit
2015). The closest research to this study perhaps is the application of 2EVRPD on the
disaster mapping operation which is later denoted as the two echelon vehicle routing
problem for mapping operation with drone (2EVRP-MOD) (Liperda et al. 2020).
The 2EVRP-MOD model is categorized as a complex problem (NP-Hard), so it can
be solved using a metaheuristic algorithm. One particular example of a metaheuristic
algorithm that perform good to solve VRP problems and its variant is the simulated
annealing algorithm (Liperda et al. 2020). Affi et al. (2013) reporting that SA finds
all known optimal solutions (20 out of 30) instances in a very short computation
time compared to other methods for solving a variant of VRP. Therefore, this study
adopt the problem of two-echelon vehicle routes for agricultural mapping operations
using drones (2EVRP-MOD) to be implemented for agricultural area mapping and
develop a simulated annealing algorithm to solve the problem.

The remainder of this paper is organized as follows: In Sect. 2, we shows the
methodology being used for this study including formulation of the two-echelon
vehicle routing with drone model and the procedure of simulated annealing algorithm.
We demonstrate the numerical experiments of this problem and discussion of the
result in Sect. 4. Finally, the conclusion and future research direction are discussed
in Sect. 5.



Two-Echelon Vehicle Routing Problem for Agricultural Area Mapping ... 175

2 Problem Description and Mathematical Model

The 2EVRP model is widely used in delivering goods with a combination of ground
vehicles (trucks) and drones. The objective of this model also varies from cost mini-
mization or carry out relief mapping assessments on research. This study aims
to minimize the total operating time for mapping agricultural land inventories in
rice fields in Subang, West Java, Indonesia. The data needed for this research are
including: the type of drone used, the location, and the area included in the image.
One ground vehicle is assumed to carry one drone. The land inventory was obtained
from the sentinel-2A satellite imagery and the NDVI vegetation index processing for
the mapping area on May 18, 2021. The number of stopover point and mapping point
for this study can be seen in Table 1. Furthermore, an illustration of one instance can
be seen in Fig. 1. The following discussion describe the mathematical formulation
and the procedure of the solution algorithm.

This model is adopted from the proposed model by Liperda et al. (2020). The
mathematical formulation can be stated as follows. Let G = (N, E) be a graph where
N = C U S is a set of nodes. S is a set of nodes in the first echelon in which § =
SO U {1} consist of SO = {2 ... ISI} represents the set of stopover nodes and [7]
represent the depot or the disaster relief centrecenter. While C = {ISI 4+ 1 ... ISl
+ ICl} represents the nodes in the second echelon which are the mapping points

Ta.b le 1 Numbe.r of SIOPOVET  ypitial temp Final temp Alpha MaxlIteration
points and mapping points at
each benchmark instance 200 0.0001 0.5 6000
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Fig. 1 Illustration of the distribution of point map points in the mapping area
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or target points. Set E = E1 U E2 is the set of edges (i,) such the edge set E1 =
{(,j): i,j € S} includes the set of edges connecting all nodes in the first echelon.
Meanwhile, set E2 = {(i,): i € S0,j € C} includes the set of edges connecting all
the satellites in the second echelon to the mapping points. Each mapping point has a
non-negative mapping time or surveillance time to gather information according to
the coverage area denoted as Di where i € C. Each pair of nodes in the first echelon
(i,) is associated with traveling time Cs; where edge(i, j) € E1. While each pair of
nodes in the second echelon (i,) is associated with traveling time Cc;; where edge(i, j)
€ E2.In this model, each vehicle can carry one drone to serve each route v in a set of
routes V. The mapping operations of each route are limited by the drone flying time
limit, which is denoted as Qd, where v € V. The formulation is stated as follows.

Sets:

S Set of all nodes the first echelon (including the depot)
S, Set of all nodes of Stopover Point (without depot).

C Set of all nodes of mapping point

V  Set of all vehicles in the first echelon

Parameters:

Cs

., travel time of vehicle from gathering point or stopover point i to stopover point
Jj in the first echelon

Cc, travel time of drone stopover point / to mapping point j in the second echelon
D; required mapping time for capturing the area of a mapping point i

Q4 maximum flight time of drone

L Sufficiently large number
Decision variables:

X;j» a binary variable that equals to one of vehicle v is traveled from node i to j
where edge (i, j) € E'1; otherwise it is zero

z; A binary variable equals one if the stopover point is visited where i € S;
Otherwise, it is zero

yij A binary variable equals one if drone is traveled from node i to j where edge
(i, j) € E2; Jika tidak, nol

Q; The total amount of time needed for taking pictures in a stopover point j where
jes

T; The total amount of time needed for traveling in the second echelon, where j
€S

a;, The total accumulated amount of information gathering time has been used up
to stopover point i using vehicle v where i € Sdanv € V

b;,  The total accumulated amount of mapping time has been used up in a stopover
point i using vehicle v where i € Cdanv € V

Objective

MinimizeZ = » " Y "> " Cs,xijp+ Y, > Cepyij+ Y Diyij (1)

ieS jeSveV ieC jeSo ieS, jeC
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Subject to

}E: ZE:.XUV =2Zj Vj IS )

ieS veV
Y xip=zu Vies, 3)
jesS veV
vies,
inlv — lejv =0 Yo eV 4)
ieS JjeS
Y xpsl WeV (5)
€S,
dxin<l Wev (6)
i€S,
Y Diyj<Q; VieS, (7)
ieC
Q;j<Lxz Vjiels, (8)
Y wj=1 VviecC )
iES()
VielS
aiw+ Q; — L(1 —x;5y) < aj, Vies, (10)
D2 Qi +) D Ceyij<Qd eV (1)
ieS jeS§ ieC jeSo

The objective function (1) seeks to minimize the total mapping operation time
that consists of the total time traveled by ground vehicles, the total time traveled
by drone, and the total mapping or information gathering time at each target point.
Constraints (2) and (3) restrict that the stopover points are visited only once in the
routing decision of the first echelon. Constraint (4) ensures the consecutive movement
of vehicles in the first echelon. Constraints (5) and (6) ensure that a ground vehicle
starts and returns to the depot. Constraints (7) and (8) are utilized to denote the total
mapping time at each stopover point. Constraints (9) restrict a target point to be
accessed from only one stopover point. Constraints (10) ensure the flow continuity
of the ground vehicle. L is a sufficiently large number that should be greater than or
equal to the total mapping time for each target point. Lastly, constraints (11) ensure
the flying capacity of the drone at each route does not exceed its limit.

The algorithm used in this study is Simulated Annealing (SA). SA algorithm is
inspired by a slow cooling process on material, commonly called annealing. The
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purpose of this cooling process is to crystallize materials and reduce damage. A
material’s temperature needs to be reduced slowly in an annealing process to prevent
damage due to its irregular structure (Sylvester 2018). SA generates a new solution
that considers the previous solution within certain criteria. In each iteration, a new
solution can be accepted if it meets the Metropolis criteria. If the solution generated
by the iteration is better than the solution in the previous iteration, the new solution is
accepted and used as the current best solution in future iterations. The steps of the SA
algorithm can be seen in the pseudocode in Algorithm 1. SA algorithm also adopts
the thermodynamics method, namely the Boltzmann function shown in formula (13).

N E (m)
P (m) =~ exp T (13)

Algorithm 1: Simulated Annealing Heuristics
Paramter initialization

S = generate the initial solution (); Tp= Initial temperature; N = umber of iteration
at each temperature;
T=T,
While T < Tfinal;
{
Until (N < 1-Iter).
{
Generate Solution S’ in the neighborhood S.
if £(S) < (f(S).
S« §.
else
A=f(S)-f(S)
r = random();
if (r< exp(—% * T)).
S« 9.
}
T=axT,

3 Computational Study

Data processing is carried out using AMPL (mathematical programming tools) with
Gurobi solver and Microsoft Visual Studio 2019 with device specification are 8 GB
RAM, Intel® Core Processor™ i7-6500U, 64-bit operating system type and the
programming language used was C#.. The number of drones used is one vehicle with
maximum drone capacity flight time, which is 30 min. The time required to take a
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Fig. 2 Illustration of the vehicle route from the depot to the mapping point

picture depends on the area. This value is adopted from one of the studies conducted
by Boccardo et al. (2015). Illustration of the maps can be seen in Fig. 2.Data prepa-
ration regarding to the initial map data and configuration of drone is predetermined.
The satellite image being used is Sentinel-2A satellite imagery to see the distribu-
tion of rice fields. The type of drone used is the DJI Phantom 4 Pro V2.0 with the
following specifications of flight time is 30 min and flying speedis 5.56 m/s. The
classification of rice fields using the NDVI vegetation index. While the process of
data processing is carried out after the post-stage. It is assumed that each vehicle can
carry one drone.

The final parameter being used for this SA algorithm are shown in Table 2 are
the values that generate the lowest average process time for the entire data. Each
area instance was experimented ten times with three neighborhoods with the same
probabilty: swap, insert, and reverse. Table 3 shown the results show that the average
objective value of SA for all instances is 171.079. Meanwhile the optimal objective
value reported by AMPL is 142.820. This result indicates that SA result is not yet
able to perform well. However, there are still a lot of potential procedure can be
implemented to be able to improve the SA result. Meanwhile in term of computational
time, the SA algorithm can generate solution with average computational time of
0.35s.
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Table 2 Number of stopover points and mapping points at each benchmark instance

Instance AMPL Simulated annealing
Ist echelon |2nd echelon | Mapping time | Total
Instancel.l |40.040 32.599 39.988 112.627 | 104.252
Instancel.2 | 34.328 47.221 37.593 119.142 | 122.907
Instancel.3 | 20.550 43.640 38.369 102.559 94.565
Instancel.4 6.386 40.725 24.331 71.442 72.057
Instancel.5 |20.408 70.459 32.591 123.458 | 145.060
Instancel.6 | 44.559 27.130 19.337 91.026 |220.155
Instancel.7 |90.922 70.590 50.338 211.850 |240.897
Instance2.1 |45.312 37.659 38.274 121.245 |107.773
Instance2.2 | 60.356 72.543 60.768 193.667 | 223.602
Instance2.3 | 26.126 59.647 43.656 129.429 | 125.737
Instance2.4 | 64.675 101.748 46.190 212.613 |318.924
Instance2.5 |83.899 79.508 61.375 224782 |277.016
Average 142.820 | 171.079

4 Discussion

The AMPL application is used to obtain optimal results with exact methods to validate
the Linear mathematical model. The parameters entered for the model were given
by observing the review of the characteristics and the drone flight of the number of
attractions to generate a score for each node. The route distance of the car vehicle
determines the arc score, while the distance from the flying drone is based on user
satisfaction. The number of attractions and the distance between attractions are also
obtained from google maps for the Mapping Area in Subang, West Java. The data
is executed, and the results show that the optimal solution is within the constraints
obtained by using the annealing simulation algorithm.

5 Conclusion

This study explore the application two echelon vehicle routing problem for drone
mapping operation of agricultural area. The problem is known as an NP-hard
problem. Therefore, a simulated annealing heuristics is proposed to find the solution
for the problem. The proposed algorithm is compared to the result obtained by the
exact solution solver that indicate the optimal solution. The result shows that in terms
of the solution quality, the proposed algorithm are not yet able to provide optimal
solution value same as provided by AMPL. In addition, the computational time of the
proposed algorithm are considerably fast. For further study, the difference in results
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between AMPL and SA can be analyzed using statistical analysis. Other than that,
many improvement need to be performed on SA for example by introducing a better
initial solutions, better parameter tuning, and hybrid method so that it able to have a
performance that very near to optimal solution.
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and Electronic Equipment Recycle Using
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Waste Mobile Phones

Sung Woo Kang® and Yu Quan

1 Introduction

As product lifecycles shorten due to continuous innovation, WEEE has gradually
increased to 44.7 (Mt) in 2016 (Kumar et al. 2017). Only 20% (8.9 Mt) of these
WEEEs are properly documented, collected, and recycled, and the remaining 80%
(35.8 M) are discarded as residual waste or are untraced and unreported (Baldé et al.
2017). Asia generated the largest amount of WEEE (18.2 Mt) in 2016, followed by
Europe (12.3 Mt), the Americas (11.3 Mt), Africa (2.2 Mt), and Oceania (0.7 Mt)
(Baldé et al. 2017). According to the Environmental Protection Agency, only 25%
of WEEE are recycled, of which computers account for 38%, televisions 17%, and
mobile phones only 8% (EPA 2014). The total global value of WEEE is 55 billion
euros. Most of the WEEEs that are unaccounted for become landfill, and the various
hazardous materials contained in WEEE can cause serious environmental pollution
(Baldé et al. 2017). Consequently, it is important to manage and reduce WEEE
(Cui and Zhang 2008). However, despite the importance, the volume of WEEE and
the amount that is disposed continue to grow globally (Niu and Li 2007). This is
explained by the fact that there is no specific system or network to control WEEE
properly. In addition to economic losses, disposal of WEEE, such as in landfills, can
cause environmental problems and human diseases (Olympio et al. 2017; Ongondo
et al. 2011; Widmer et al. 2005; Zhang and Xu 2016). Specifically, the landfill of
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WEEE causes about 572 million euros worth of environmental damage (Baldé et al.
2017; Rabl et al. 2008).

In recent years, many global companies have used various SCM- (Supply Chain
Management) related strategies and techniques to solve these problems (Chen et al.
2012). For example, Apple Inc. recycles raw materials from old iPhones and re-uses
them to manufacture new iPhones (Apple 2017). In addition, many researchers have
also made efforts to increase the efficiency of various measures such as recycle and
reuse (Buekens and Yang 2014; Cucchiella et al. 2015; Gu et al. 2016). In particular,
reverse logistics (RL), a field of SCM, has attracted much attention as an eco-friendly
problem-solving method (Tsai and Hung 2009). RL, which helps sustainable manage-
ment strategy, is used in various fields such as aircraft, computer, and mobile phone
equipment industries. Unlike forward logistics (FL), which represents the process
from product manufacturing to consumer, RL is a concept that refers to the flow from
disposal or return of consumer. However, research to solve this problem is mostly
related to processing, construction, or theoretical model building (Ayvaz et al. 2015).
To provide a more realistic and quantitative indication, this paper predicts the envi-
ronmental and economic values of WEEE recycle using real industrial cost structure
and RL.

2 Literature Review

SCM is the concept that encompasses the entire lifecycle of a product from production
to consumer and FL and RL (Sari 2017). Figure 1 shows the overall supply chain
flows.

2.1 Forward Logistics

FL refers to the flow from the supplier through the manufacture and transportation of
products to delivery to consumer. Research related to FL has been primarily focused
on methodologies such as production methods (Lean manufacturing, Just In Time,
etc.), and transportation methods (milk-run logistics, cross docking systems, etc.)
from a supplier to a customer through a manufacturer and a retailer (Cua et al. 2001;
Kovécs 2011; Shah and Ward 2003; Yu and Egbelu 2008). These studies were aimed
at cost reduction and service improvement. This paper will deviate from these goals
and discuss innovative value creation and environmental protection using RL, EOL
analysis, and WEEE recycling.
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Forward Logistics
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Fig. 1 Supply chain flow chart

2.2 Reverse Logistics

RL plays an important role in building sustainable systems such as recycling WEEE
(Kilic et al. 2015). In general, RL is defined as a series of activities such as recycling
products, collection, disassembly, cleaning, reassembly, distribution, and marketing
of reverse supply chain processes for the purpose of recouping value or proper
disposal (Gonzélez-Torre et al. 2004; Rogers and Tibben-lembke 2001).

2.2.1 End-of-Life

There are two kinds of studies on RL, namely research on return logistics and research
on EOL (Ravi etal. 2005). In particular, EOL is a stage in which products are generally
reused, remanufactured, recycled, or disposed of through several stages of recovery
as shown in Fig. 2. (Kang et al. 2013).

Reuse
Reuse means using a product for longer than the existing lifecycle in terms of the

original function and purpose. For reuse, depending on the condition of the product,
a simple repair can be carried out if necessary (Lu et al. 2017).
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Fig. 2 General flow of EOL products

Remanufacture

Remanufacture is an important element in sustainable production and refers to
making a broken product look like new by replacing or repairing component parts
(Yangetal.2016). WEEE remanufacturing, especially for EOL products, has difficul-
ties in system integration, data exchange, and resource management. Various studies
have been carried out to solve these difficulties such as introducing a new EOL
option known as resynthesis or a utilization of the cloud manufacturing paradigm in
the WEEE remanufacturing environment (Wang and Wang 2015; Kang et al. 2013).

Recycle

Recycle means that products that have reached the end of their life are decomposed
to the raw material level and used again as a resource to make new products. If
collection of WEEE increases, this can result in WEEE recycling (Geyer and Blass
2010).

Disposal

Disposal relates to the abandonment of the EOL product without using a relatively
productive method, such as the aforementioned three methods. The main disposal
methods of EOL products are landfill and incineration (Kulhawik 2016). Although
WEEE contains a lot of valuable resources, most are still disposed in landfills (Geyer
and Blass 2010).
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3 Methodology

This section builds a basic model for forecasting the value of economic and
environmental benefits of WEEE recycling. Figure 3 shows the WEEE recycling
process.

First, to recycle WEEE, products and components should be classified as recy-
clable and non-recyclable. Then, non-recyclable products are disposed of and recy-
clable products are disassembled into smaller parts. Disassembled parts are also
classified as recyclable and non-recyclable parts, and the non-recyclable parts are
disposed of. Finally, raw materials are extracted from recyclable parts. Table 1 shows
the process, factors and their definitions for model building (Guo and Yan 2017; Rabl
et al. 2008).

Formula 1 is the basic model of value prediction using the factors above.

Formula 1. Value prediction model

Value = Raw material content - WEEE - Collection rate - Recycling rate
— Landfill cost - WEEE - (1 — Collection rate - Recycling rate)

Disassemble Recycle < EOL

v v

Extract

. Disposal
raw material Unrecyclable
material
Fig. 3 WEEE recycling process
Table 1 Process, factors and L
i P F Defi

their definitions of EOL rocess actor cfinition
Recycle WEEE Generation amount
Recycle Collection rate Current collection rate
Disassemble Disassembly cost | Disassembly cost per

Gg
Disposal Landfill cost Landfill cost per Gg
Disposal Environmental Environmental costs
cost of WEEE Landfill

Disposal and raw
materials

Recycling rate

Percentage of
recyclable materials

Raw materials

Raw material
content

Content of valuable
raw materials per Gg

Raw materials

Raw material
price

Price per Gg of raw
materials
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Fig. 4 Flow of EOL

products in case (A) Dleposal | EOL l

— Disassembly cost - WEEE - Collection rate
— Environmental cost - WEEE - (1 — Collection rate - Recycling rate) (1)

3.1 Case(A)

Case (A) is the case in which collection of WEEE is not performed at all (Fig. 4).
Formula 2 predicts the value of WEEE recycling in this case.

Formula 2. Prediction formula for case (A)

Value = — Landfill cost - WEEE — Environmental cost - WEEE 2)

3.2 Case (B)

Case (B) is the case in which some WEEE are collected (Fig. 5).
Formula 3 predicts the value of WEEE recycling in this case.

Formula 3. Prediction formula for case (B)

Value = Raw material content - WEEE - Collection rate - Recycling rate
— Landfill cost - WEEE - (1 — Collection rate - Recycling rate)
— Disassembly cost - WEEE - Collection rate

— Environmental cost - WEEE - (1 — Collection rate - Recycling rate)
3)

Disassemble [€ Recycle <
) A EOL
Extract E Disposal <
raw material Unrecyclable

material

Fig. 5 Flow of EOL products in case (B)
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3.3 Case (C)

Case (C) is the case in which all WEEE are collected (Fig. 6).
Formula 4 predicts the value of WEEE recycling in this case.

Formula 4. Prediction formula for case (C)

Value = Raw material content - WEEE - Collection rate - Recycling rate
— Landfill cost - WEEE - (1 — Recycling rate)
— Disassembly cost - WEEE - Collection rate
— Environmental cost - WEEE - (1 — Recycling rate) @)

4 Experiment

This section calculates economic and environmental values of recycling WMP, which
is a type of WEEE. WEEE has similar procedural characteristics in various processes
such as collection, decomposition, refurbishment, assembly, and so on (Kim et al.
2006). In this sense, WMP is the subject of this experiment. In addition, China was
selected as the target country because it has the widest territory and the largest number
of people in Asia that generated the largest amount of WEEE (Baldé et al. 2017).
To establish various aspects, the experiment consisted of three detailed cases, and
the estimated values were calculated at five-year intervals from 2000 to 2025. Table
2 shows the definition of the parameters and model parameters for predicting the
WMP value.

Table 3 refers to the price of each parameter, and in this paper CASEA, CASEB
and CASEC are calculated based on the price of Table 3.

In addition, Table 4 refers to the estimated amount of waste mobile phones every
five years based on the duration of mobile phone use and the amount of mobile phone
use of Chinese people, and the unit is ton.

Disassemble (€ Recycle EOL
Extract I > Disposal
raw materia Unrecyclable

material

Fig. 6 Flow of EOL products in case (C)
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Table 2 Parameters of formula for predicting each case

S. W. Kang and Y. Quan

Process Factor Parameters | Definition of parameter
Recycle WEEE (0)3 The amount of WMP
Recycle Collection rate CR Current collection rate of
WEEE
Disassemble Disassembly cost DCCC Collection cost
DCLC Labor costs
DCPC Plant operating cost
DCUC Unrecyclable parts disposal
cost
Disposal Landfill cost LCLC Labor costs
LCFC Fuel cost
LCEF Excavator fee
LCBF Bulldozer fee
LCTF Tamping machine fee
LCLF Loader fee
LCCF Cargo truck fee
LCVF Vehicle fee
LCWF Tire Washing Machine fee
LCFF Street flusher truck fee
LCWB Water bill
LCEB Electricity bill
LCLB Landfill bill
LCSC Sewage treatment cost
LCOC Other maintenance costs
LCAE Administrative expenses
Disposal Environmental cost EC Environmental cost by
WEEE Landfill
Disposal and raw material | Recyclable rate RR Percentage of recyclable
materials of mobile phones
Raw material Raw material content | RCG Gold
RCS Silver
RCCP Copper
RCP Palladium
RCCB Cobalt
Raw material Raw material price RCGp Price of gold
RCSp Price of silver
RCCPp Price of copper

RCPp

Price of palladium
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Table 3 Price for each
parameter

Table 4 Amount of waste
mobile phones for each year
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Factor Parameters Cost

Landfill cost LCLC 3.18
LCFC 0.86
LCEF 0.08
LCBF 0.24
LCTF 0.24
LCLF 0.06
LCCF 0.01
LCVF 0.06
LCWF 0.11
LCFF 0.06
LCWB 0.06
LCEB 0.05
LCLB 0.42
LCSC 5.27
LCOC 242
LCAE 0.56
LCEC 1.49

Environmental cost EC 10.50

Recyclable rate RR 0.36

Raw material content RCG 280.00
RCS 2000.00
RCCP 190000.00
RCP 100.00
RCCB 168000.00

Raw material price RCGp 42.34
RCSp 0.52
RCCPp 0.01
RCPp 31.06
RCCBp 0.08

Year Reclamation amount (ton)

2000 1300

2005 10,200

2010 30,000

2015 111,600

2020 130,000

2025 140,000
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4.1 Case (A)

Case (A) means that only landfill costs and environmental costs exist because WMP
is not collected or recycled. Formula 5 is used to predict the value in Case (A).

Formula 5. Formula for prediction of case (A)

ValueY(a) = — (LCLC + LCFC+ LCEF + LCBF + LCTF + LCLF + LCCF
+ LCVF+LCWF +LCFF+LCWB+ LCEB +LCLB+ LCSC
+ LCOC+ LCAE+ LCEC)-OP —EC-OP 5
4.2 Case (B)

Case (B) means that WMP is collected at the current level (Bian et al. 2016). There-
fore, there are landfill, environmental, and disassembly costs for recycling and bene-
fits from raw materials from WMP. Formula 6 is used to predict the value in Case

B).

Formula 6. Formula for prediction of case (B)

Value Yy = (RCG - RCGp + RCS - RCSp+ RCCP - RCCPp+ RCP - RCPp
+ RCCB-RCCBp)-OP-CR-RR— (LCLC + LCFC + LCEF
+ LCBF +LCTF + LCLF + LCCF+ LCVF + LCWF + LCFF
+ LCWB+ LCEB+ LCLB+ LCSC +LCOC+ LCAE + LCEC)
-OP-(1-=CR-RR)— (DCCC+ DCLC + DCPC + DCUC)
-OP-CR—EC-0OP-(1-—CR-RR) (6)

4.3 Case (C)

Case (C) means that all WMP are collected. Therefore, there are disassembly costs for
recycling and a small amount of landfill and environmental costs for non-recyclable
parts of WMPs. However, there is a large amount of benefit from raw materials from
such phones. Formula 7 is used to predict the value in Case (C).

Formula 7. Formula for prediction of case (C)

Value Y ¢, = (RCG - RCGp + RCS - RCSp + RCCP - RCCPp
+ RCP-RCPp+ RCCB-RCCBp)-OP-RR
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— (LCLC + LCFC+ LCEF + LCBF + LCTF + LCLF

+ LCCF+LCVF +LCWF + LCFF + LCWB + LCEB

+ LCLB+ LCSC +LCOC + LCAE + LCEC) - OP
.(1—RR)— (DCCC + DCLC + DCPC + DCUC) - OP
.CR—EC-0OP-(1-RR) (7)

5 Results

This section explores results of the experiment with each case. Calculation of Case
(A), Case (B), Case (C) using the COST of Table 3 is as follows in Table 5.

5.1 Case (A)

Figure 7 shows the predicted value of economic and environmental benefits of WMP
recycling in case (A). In 2000, the predicted value is around —$33,000. Since then,
it has dropped sharply, reaching around —$3.6 million in 2025. In particular, this
figure shows the rapid change from 2010 to 2015.

5.2 Case (B)

Figure 8 shows the predicted value of economic and environmental benefits of WMP
recycling in case (B). In 2000, the predicted value was around $960,000. Since then,
it has increased sharply, reaching around $104 million in 2025. In particular, this
figure shows the rapid change from 2010 to 2015.

g‘s’:"‘(g)’cc(;ssg(gf) ?(f‘:g;ﬁl) Year | Case (A) Case (B) Case (B)

year 2000 | —33,397 965,267 14,432,654
2005 | —262,040 7,573,633 113,240,823
2010 | —770,705 22275391 | 333,061,245
2015 | —2.867.023 | 82,864453 | 1,238,987.832
2020 | -3339723 | 96,526,693 | 144326539
2025 | -3.596,624 | 103.951,823 | 1,554.285811
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predicted value of economic and environmental benefits of WMP recycling
[Case (A)]

0 == ==
05 2000 2005

-1.5

Value(Million dollars)

Year

Fig. 7 Predicted benefits of WMP recycling in case (A)

predicted value of economic and environmental benefits of WMP recycling

[Case (B)]
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Fig. 8 Predicted benefits of WMP recycling in case (B)

5.3 Case (C)

As shown in Fig. 9, the predicted value was around $14 million in 2000. Since then,
it has increased sharply, reaching around $1.5 billion in 2025. The amount of WMP
increased sharply from 2010 to 2015 hereby incrementing benefits rapidly during
the same period.

5.4 Comparison of Case (A), (B), and (C)

As shownin Fig. 10, the difference between Case (B) and Case (C) is much larger than
that between Case (A) and Case (B). This means that the current WMP recovery and
recycling rate is very low compared to the ideal situation. In addition, if the recovery
and recycling rate of WMP increase, the model makes additional benefits as large as
the gap between Case (B) and Case (C).
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predicted value of economic and environmental benefits of WMP recycling

[Case (C)]
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Fig. 9 Predicted benefits of WMP recycling in case (C)

Predicted value of economic and environmental benefits of WMP recycling
[Case (A), (B), (C)]
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Fig. 10 Predicted benefits of WMP recycling in entire case

6 Conclusion and Future Work

This study analyzed the flow of RL and EOL products to create a value prediction
model of WEEE recycling from an economic and environmental viewpoint. The
literature review described forward logistics, RL, and four options regarding EOL
products (reuse, remanufacture, recycle, and disposal). This research proposed the
basic model for prediction through EOL analysis and created three models according
to the basic model of WEEE collection rate. In order to verify the models presented in
this research, the WMP recycling structure of the Chinese industry data set was used
for the experiment. The results from the case study confirmed that the economic
and environmental values significantly increase when the recovery rate of WEEE
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increases. Specifically, when all WMP are collected, companies can achieve profits
around 14 times higher than the current situation. This study confirms the value
of abstract WEEE recycling as a more quantitative figure. This figure can be an
indication of more intuitive assessment of the effectiveness of WEEE recycling.
However, this study focuses on recycling among various flows of EOL such as reuse
and remanufacture and as a result, there may be a few errors. In addition, the factors
and parameters of this study will need to be revised and supplemented in future
research. To overcome these limitations, various follow-up studies will be required
including a study that considers the total flow of EOL or the value of WEEE according
to the recycling rate.

In addition, as a future study, economic and environmental value analysis will
be conducted by considering various WEEE such as household appliances, office
supplies, and recycling other raw materials such as plastic.
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A Financial Feasibility Study of Zero m
Waste Manufacturing: Opportunity L
and Value Added of Agricultural

Products on the R9 Route

Supattraporn Saisomboon, Arunrat Sawettham, Sumalee Ngeoywijit®,
and Monika Kosacka-Olejnik

1 Introduction

The Food and Agriculture Organization (FAO) defines food waste as “wholesome
edible material intended for human consumption, arising at any point in the food
supply chain (FSC) that is instead discarded, lost or degraded Factors that influence
food losses and waste; that occur along a food supply chain (Machines, Materials,
Management, Methods, and People) come from the surroundings of a food supply
chain. (Kowalska 2017) Factors influencing food losses and waste; that occur along a
food supply chain (Machines, Materials, Management, Methods, and People) come
from the surroundings of a food supply chain (Kowalska 2017). Food losses or waste
are the quantities of edible material wasted or lost in the food supply chain at various
stages, including harvesting, post-harvest storage and material handling, processing,
distribution and consumption. A large amount of energy and other resources are
consumed for food production and distribution (Gustavsson et al. 2011). Food supply
will need to increase by around 70% from its current levels in order to meet the
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world population growth of 9.6 billion by 2050. Food waste is the biggest challenge
in global food security, wherein approximately 20-30% of food waste occurs in the
post-harvest stage of the food supply chain in developing countries. This food waste
generates significant negative environmental effects in addition to the unnecessary
usage (and wastage) of resources consumed in producing the wasted food (Krishnan
et al. 2020).

Mango is a tropical fruit with a long history of production, cultivation and trade,
mainly cultivated in tropical Asian countries. The data statistics of The Food and
Agriculture Organization of the United Nations currently show that there are 103
countries in the world where mangoes are cultivated. The mango is considered a fruit
that has various benefits and properties such as helping to build immunity for the body,
good for liver and kidneys and it can also help reduce nausea or dizziness. But the fruit
is adifficult commodity to keep. Modern technology has been introduced into the food
processing industry which helps preserve the fruit. It also helps to elevate the value
of the fruit as well. Food processing industry plays an important role in enhancing
the economic growth of the country. It increases values for agricultural products in
accordance with close linkage with the agricultural sector, which is in the majority
in Thailand. The food processing industry creates more employment and boosts the
country’s exporting figures. In 2020, the value of Thailand’s mango exports was at
4,602,668,283 THB (Commerce 2021). Due to the COVID-19 pandemic exporting
the product becomes too difficult, resulting in domestic consumption only, this in turn
causes an overflow in the domestic market. C19 has raised food insecurity and safety
concerns, increased supply chain and logistics costs, and radically changed consumer
behavior. On the positive side, the pandemic has improved awareness of food waste
and the importance of self-grown foods (Rejeb et al. 2020). After consumption or
industrial processing of the mango, considerable amounts of seeds are discarded as
waste. We can analyze the amount of waste that may occur by predictive reference
markets, which are base on crowdsourcing, use collective crowd intelligence, and
support many business areas (Czwajda et al. 2019). The seed alone accounts for 20—
25% of the whole fruit. The kernels inside the seed are approximately 45-75% of the
seed and about 20% of the whole fruit. More than one million tons of mango seed
are produced annually and often discarded as waste. Approaches to reduce waste and
add value into new products for consumption (Babaria 2012). At the same time can
cure a serious environmental problem.

The east—west economic corridor (EWEC) is one of the most strategic cooper-
ation in the development of the Economic Corridor, with potential areas along the
three main communication lines, namely the north—south line. North south economic
corridor (NSEC), east-west economic corridor (EWEC) and southern economic
corridor (SEC) of the Economic cooperation development project in the 6 countries of
Greater Mekong Sub-region (Greater Mekong Subregion GMS) which was formed
by cooperation of Thailand, Myanmar, Lao PDR, Cambodia, Vietnam and South
China (Yunnan Province and Guangxi Province). The objective is to promote the
expansion of trade, investment, industry, agriculture and services that create employ-
ment and improve the livelihood of people in the area promoting the development
of cooperation in technology and education to use natural resources that promote
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each other effectively and promoting capacity-building and economic opportunities
in the global trade arena. The initial development of the Economic Corridor is the
development of transportation infrastructure. EWEC or Route 9 (R9) is the most
developed route among the entire Economic Corridor, with a length of 1450 km in
Thailand. The route starts from the coastal port city of Da Nang in Vietnam, passing
through Hue City, Dong Ha City and the city of Laos (Lao Bao) which is a special
economic zone of Vietnam, then takes Highway no. 9 through Savan-Seno Special
Economic Zone of Lao PDR through Savannakhet and crossing over the Mekong
at the 2nd Thai-Laos Friendship Bridge (Mukdahan—Savannakhet) into Thailand,
at Mukdahan Province, Kalasin, Khon Kaen, Phitsanulok, Sukhothai through to the
end of the Mae Sot border checkpoint, Tak Province, crossing into Myanmar by the
Myawaddy passing through the bay of Matama in Mawlamyine. It is considered to
connect the area on the east side of the South China Sea. (Fig. 1) International logis-
tics corridors have many benefits. First, they significantly reduce transit time and
costs, thus expanding access to markets and opening new opportunities for regional
industries. Second, they eliminate infrastructural bottlenecks and increase the tech-
nical and organizational interoperability of national systems. However, it should note
that the development of these corridors requires efficiently functioning intermodal
logistics centers that act as load generators and play the crucial role of nodes in trans-
port systems and supply chains. Therefore, to make them feasible should build new
logistics centers, dry ports (Popp 2018), airports with ensured customs clearance and
storage services, and economic zones with tax incentives along the corridor should
be created (Joanicjusz Nazarko and Czerewacz-Filipowicz 2016).

The EWEC has a large and growing strategic advantage over other transportation
networks in terms of time for delivery between large commercial hubs. Since the
opening of the Second Friendship Bridge, time consuming from Bangkok to Da
Nang has been reduced by around three to three-and-a-half days. (Fig. 2) At present,
the export route to China is from the original route by ship and has to go through
many steps, such as by vessel from Laem Chabang, via Vietnam and Hong Kong,
before reaching Guangzhou or Shanghai of China, it takes almost 2 weeks (average
12—-13 days). There is an additional option, which is road transportation. Thailand can
deliver fruit to China by four routes one of them is the R9 route from Mukdahan via
Da Nang, transit Hanoi. and then to Guangxi—Beijing. Cinfady market is the biggest
distribution center of Thai fruit in Beijing. It takes only 36 h by truck from Thailand
(Bangkokbanksme 2015). Nevertheless, as of late June 2020, despite the lack of
scientific evidence, China is demanding that all foreign food shipments guarantee
that the food and food containers have tested for the virus before shipping to China
(Patton 2020).

The province located on the R9 of Thailand is an important mango growing area in
Thailand. Therefore, there is interest in studying the possibility of setting up a mango
processing plant and using this strategic point for transportation for export to China
to increase economic value according with national economic development plan
no.12 aimed at strengthening the economy by sector goal 1: sectoral economy grows
strongly and serves as a base for building economic growth of the country. Including
sustainable development goals (SDGs) goal 9 builds an infrastructure that is resilient
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Fig. 2 EWEC road network (Lord 2009)

to change, promotes industrial development comprehensively and sustainably and
innovation. Sub-goal 9.2 promotes inclusive and sustainable industrial development
and by 2030 increase the industrial sector share in employment and gross domestic
product in accordance with the national context and to double the share in the least
developed countries (Council 2017).

Route number 9 was expected to be the location for setting up a mango oil produc-
tion plant. This paper attempts to fill this research gap within the three suitable
locations by using loading distances method, factors rating method. In the model is
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included criteria, weights and classification. AHP gives the opportunity for under-
standing indicators to help make decision. The export route to China is from the
original route one steps for to reduce production costs in the transportation sector.

2 Methodology

2.1 Collect Mango Data

1.1 Import and export data of mango
1.2 Export value of dried mangos

1.3 Information on mango production in the provincial area on route R9

2.2 Analyze the Optimal Location of the Mango Processing
Plant by Center of Gravity Method

> X0, 7 > Y0,

=50 Y0

Q; = Quantity of goods
X; = X—coordinate of location i

Y; = Y—coordinate of location i.

2.3 Verify the Results of the Data Analysis to the Analytic
Hierarchical Process (AHP)

The use of the AHP is to help analyze problems in decision making in plant loca-
tion selection or decision making in various fields is popular because AHP is an
effective method. There is a simple and easy to understand operation procedure.
Therefore, the analytical hierarchical process was applied in selecting the factory
location. Therefore, it is something that should be considered highly.

The development process consists of three main steps for both AHP. Step one using
analytical process to define criteria. In this study, the criteria have been identified
based on the raw materials, labors, markets, land prices, transportation, infrastruc-
ture, environmental, society and community, laws and taxes, opportunities in future,
industrial estates, community attitude, political freedom and free trade zones. Next,
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the 12 experts from a mango manufacturing company located area on route R9.
Tak, Sukhothai, Phitsanulok, Khon kaen, Kalasin and Mukdahan provinces and and
from inquiry 10 samples of experts from 5 groups, namely logistics entrepreneurs,
industrial factory, agricultural product collector, related government agencies and
academic groups. The comparative importance of attributes is provided by the deci-
sion maker using a rating a 1-9 scale. Finally, the AHP method obtains the priority
weights of attributes of each category by computing the vector of matrix.

ap a2 ... 4ajj

daz) dzy ... Ay

— | a3 as ...a
A= 31 d32 3j
aj ap ... a;

ajj are the judgments or the relative importance of alternative i over alternative j and
ajj = 1 fori —jand a; =1/ a; fori #j.

2.4 Economic Analysis Data (The Processed Products are
Mango Crisps and Mango Seed Oil)

2.4.1 The Break-Even Point (BEP)

Fixed cost
BEP = - - -
Selling price — Variable cost

2.4.2 Net Present Value (NPV)

It is the difference between the sum of present value of benefits and sum of present
value of costs for a given discount rate. If a positive value of NPV is obtained when
discounted at the opportunity cost of capital, then the investment is considered viable.

R,

NPV —L
(1+1i)

t = time of the cash flow
i = discount rate

R; = net cash flow



A Financial Feasibility Study of Zero Waste Manufacturing ... 207
2.4.3 Interest Rate of Return (IRR)

The IRR is the discount rate that makes the net present value of cash flow equal to
zero. The investment is considered viable if the calculated IRR is greater than the
opportunity cost of capital.

t

G

C, = Net Cash Inflow during the period t
r = Discount Rate
t = Number of time periods

Cy = Total initial investment cost.

3 Results

3.1 Import and Export Data of Mango

From the Table 1 of quantity and value of mango imports and exports from 2017-
2020, the export and import grew every year, except the year 2019 when the coro-
navirus outbreak occurred. Thailand imported mangoes as raw material for mango
processinglnventory practically accounts for over 70% of the food processing firm’s
overall capital assets in developed and developing economies. Its proper management
is key to promoting the performance, growth, and competitiveness of food processing
firms and their supply chains (Opoku et al. 2021).

Table 1 Volume and value of mango imports and exports during the year 2017-2020 (Commerce
2021)

Quantity (KG)

Year 2017 2018 2019 2020

Export 59,138,566 94,102,385 85,182,868 117,656,521
Import 24,338,355 55,352,592 29,081,368 53,731,619
Value (Bath)

Year 2017 2018 2019 2020

Export 3,326,799,100 4,383,712,861 4,067,105,304 4,602,668,283
Import 219,718,778 289,928,938 331,697,885 803,593,125
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The significant increases of mango consumption in domestic activity lead to the
accumulation of waste. Mango seed kernels are usually wasted when it is processed.
After consumption or industrial processing of mangoes, approximately 40-60%
waste is generated; 12-15% consists of peels and 15-20% of kernels. According
to mango varieties, the seed represents from about 10 to 25% of the whole fruit
weight. The kernel inside the seed represents from 45 to 75% of the seed and about
20% of the whole fruit. However, more than one million tons of mango seeds are
being treated as waste. Mango kernel extracts are hidden treasures. Because the
kernel, when cold pressed, renders mango kernel butter, not oil. This butter itself is
highly prized and could pose as a good substitute for cocoa or shea butter. Being an
excellent source of essential fatty acids, rich in minerals and vitamins, mango kernel
butter exhibits beneficial moisturizing properties for skin lotions and lubricants. It is
solid at room temperature, smells sweet and nutty in its pure form and has a smooth
creamy color. It has a mild aroma, similar to olive oil.

Semi-solid mango kernel oil is obtained during the refining of mango kernel
butter. This soft yellow coloured oil is said to have a stronger odor than the butter,
and has a melting point of around 23-27 °C, meaning that it effectively melts when
it comes in contact with skin. An average mango kernel contains about 8% to 15%
extract potential (butter and oil). This seed, which is usually discarded, can be used
in cosmetics and beauty products. It’s shelf life is 3—4 years if stored under cool
conditions. Most mango oils are refined and during that process the therapeutic
quality is altered (Karunanithi et al. 2015).

From Table 2, Quantity and value of dried mango exports from 2017 to 2020,
there is an upward trend. But the price per kilogram has a downward trend. The
popularity of mango crisps (freeze dried mango) and mango seed oil processing is
trending these days. Lean production is a well-established managerial concept that
helps companies provide customer value and reduce cost (Golifiska 2014).

Euromonitor forecasts that the fruit snack market is expected to grow in value
at 15-20% annually, bringing the market size to 2740 million THB in 2023
compared to the current market size. The growth rate of the market size is increasing
(Suwannachote 2018).

Laokasemsukwong (2013) A study on the potential of the dried fruit industry in
Thailand shows that Thailand has an advantage to export dried fruit products to the
world. The factors that contribute to competitive advantage are abundance in fruits,
skilled workers, increasing demand for dried fruit from Thailand and support from
the government. However, entrepreneurs have to face tough competition from China
and Vietnam and deal with the volatility of agricultural prices.

Table 2 Export value of dried mangoes during the year 2017-2020 (Commerce 2021)

Year 2017 2018 2019 2020
Quantity (KG) 1,619,615 2,594,805 3,135,936 4,959,761
Value (Bath) 438,027,122 619,352,914 708,886,363 991,674,347
Price (Bath): 1 kg 270.4513863 238.6895794 226.0525607 199.9439786
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Table 3 Information of mango production in the provincial located on route R9 during the
year 2017-2020 (Sources Information Technology and Communication center: Department of
Agricultural Extension (Center 2021))

Mango harvested produce (KG)
Year 2017 2018 2019 2020 Total
Tak 1,888,510 1,812,500 1,115,500 298,250 5,114,760
Sukhothai 27,723,012 43,021,490 28,559,076 50,825,583 150,129,161
Phitsanulok 23,700 16,506,130 11,906,300 41,897,450 70,333,580
Khon kaen 13,556,087 7,811,028 7,557,352 5,867,379 34,791,846
Kalasin 281,213 231,654 218,357 621,868 1,353,092
Mukdahan 209,960 57,093 133,593 351,000 751,646
Total 43,682,482 69,439,895 49,490,178 99,861,530 262,474,085

Remark Mangoes including Khiew Sawoey, Raet, Golden, okrong, Falan, Chotanan, Mahachanok
and Kaew mangoes

From Table 3 of the provinces located on route R9, the volume of mango between
the year 2017—- 2020 in total was 262,474,085 kg. Sukhothai has the highest volume
of mangoes at 50,825,583 kg. Followed by Pitsanulok at 41,897,450 kg, and Khon
Kaen at 5,867,379 kg.

3.2 Location Analysis Data

Location of an international logistics center in Poland as a part of the One Belt One
Road initiative. The method used is the analysis of literature sources. As the choice
and location of an international logistics center in Poland on the New Silk Road is
the new one. (Kauf and Laskowska-Rutkowska 2019).

From a detailed study and information collected by a mode of road transport,
which is, a 10-wheel truck carries 1.45 tons/trip of mango for mango processing. If
we consider the inevitable imbalance in intercity freight demand, the efficient trans-
port of empty trucks becomes necessary to a certain extent (Hirata and Fukaya 2020).
The location was analyzed using the center of gravity technique (Center of Gravity
Method). Azeem and Hussain (2012) applied the Gravity Model to analyzing the
geographical pattern of international trade. It was found that the mango consolida-
tion place should be set up at the geographic coordinates X = 16.93751677, Y =
100.295235, which is at Wat Bot district in Phitsanulok province as shown in Table 4.



210

Table 4 Location analysis data by center of gravity method

S. Saisomboon et al.

Latitude (X) | Longitude (Y) | Mango volume in | Wi X WiY
2020 (Kg)
Tak 16.679717 | 98.572691 298,250 4974725.595 | 29399305.09
Sukhothai | 17.035915 | 99.891168 50,825,583 865860311.8 | 5077026850
Phitsanulok | 16.910321 100.356777 41,897,450 708499328.6 | 4204693047
Khon kaen | 16.349338 102.806863 5,867,379 95927762.45 | 603206829
Kalasin 16.578963 103.967506 621,868 10309926.56 | 64654065.02
Mukdahan | 16.621893 104.431703 351,000 5834284.443 | 36655527.75
Total 99,861,530 | 1,691,406,339 | 10,015,635,624 16.93751677 | 100.295235

3.3 Verify the Analysis of the Optimum Location
of the Mango Factory by Means of AHP

Thomas L. Saaty developed the Analytical Hierarchy Process (AHP) theory in 1970.
The principle is to divide the problem structure into individual layers. The first layer is
Goal, Criteria, Criteria. Sub-criteria and Alternatives, respectively (Saaty and Vargas
2001), analyze the best alternatives. Analyzing and comparing (Trade-off) the selec-
tion criteria for each pair individually (Pairwise) makes it easier to decide. They have
graded the comparative significance of each criterion according to importance. After
scoring to prioritize the criteria, consider analyzing the options one by one according
to the specified criteria until they meet all the criteria. If the rating of importance or
preference is reasonable, Consistency will be able to prioritize alternatives to find the
best option. Supporting investment choices in oil tank farm (Meteethunyarat 2020),
biomass plant using AHP (Phankong et al. 2020) and Multi-criteria comparative
analysis method can create a hierarchy of optimal locations of logistics centers. In
this method, the final set of criteria is not strictly defined and can be supplemented
by criteria relevant to a particular investor and the investment. When deciding on
financial investments, it is advisable to consider several criteria (including all kinds
of indicators, simple and discounted stimulators, and development), chosen based on
knowledge and literature and tested on the example of the Lubuskie Province. This
approach allows the use of the proposed method regardless of legal conditions and
geographical location (Witkowski et al. 2018).

The review of related research found that AHP location determination was used
to determine local and national locations. Therefore, it is why the researcher has
adopted the AHP method. So, come check out the location of the mango processing
plant. The researcher has designed the decision-making with AHP as shown in Fig. 3.

The factors considered for applying in AHP are raw material sources, labor
sources, markets, land prices, transportation, infrastructure, environmental, society
and community, laws and taxes, opportunities in future, industrial estates, commu-
nity attitude, political freedom and free trade zones and investment promotion zones
which was used to select the location of the factory from 3 alternative locations,
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Fig. 3 The process of decision-making with AHP

namely Muang District, Sukhothai Province. Wat Bot District Phitsanulok Province
and Puey Noi District Khon Kaen Province as shown in the following Fig. 4 and
Table 5.

Then the experts in each field consider and scrutinize the factors. The results of the
consideration revealed that the top 5 most important factors are raw material sources,
transportation, labor sources, public infrastructure and investment promotion zones
which can create a decision chart as shown in the following Fig. 5.

From a study of the importance of all 5 factors, it was found that the most important
factor influencing the selection of the agricultural processing plant location was
the raw material sources, transportation, labor sources, public infrastructure and
investment promotion zones respectively as shown in the Table 6.

The CR calculating value 0.10, comparisons by pairs are consistent within accept-
able criteria. The weight of each factor that influences the location selection. It is
consistent and acceptable. Then, the total ranking of the alternatives was calculated
by weighting the importance of the evaluation criteria for each factor. It was found
that the most appropriate location for the processing mango plant is Wat Bot District,
Phitsanulok Province as shown in the following Table 7.

This conforms to the industrial area development project to support investment
of the Department of Industrial Works. Furthermore, stressing the importance of
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Table 5 Latitude and Location Latitude (X) | Longitude (Y)
longitude of 3 alternative
locations Muang district, Sukhothai 17.035915 99.891168
Province
Wat Bot district, Phitsanulok | 16.93751677 | 100.295235
Province
Puey Noi district, Khon Kaen | 16.349338 102.806863
Province
A location choosing for a mango processing plant
l
{ ] ' ! 1
Raw @ o Investment
SOUTCEs Tr p Labor sources Infrastructure promotion zones
[ [ | |
{ !
Muang District, | Wat Bot District, Puey Noi District,
Sukhothai Province Phit lok Province Khon Kaen Province

Fig. 5 A hierarchical chart or a model of decision making
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Table 6 The evaluation criteria weight value for each factor
Criteria Raw Transportation | Labor Infrastructure | Investment | Mean
materials sources Promotion | (X)
sources zones 100%
(%)
Raw materials | 0.43 0.60 0.39 0.29 0.23 38.80
sources
Transportation | 0.14 0.20 0.39 0.29 0.23 25.00
Labor sources | 0.14 0.07 0.04 0.03 0.08 7.20
Infrastructure | 0.14 0.07 0.13 0.29 0.23 17.20
Investment 0.14 0.07 0.04 0.10 0.23 11.58
Promotion
Zones
Total 1.00 1.00 1.00 1.00 1.00 100
Table 7 The overall weight criteria of each option
Criteria Raw Transportation | Labor | Infrastructure |Investment | Total
materials sources promotion | Ranking
sources zones
0.39 0.25 0.17 0.12 0.07
Muang 0.22 0.04 0.05 0.02 0.01 0.33
District,
Sukhothai
Province
Wat Bot 0.05 0.14 0.10 0.07 0.04 0.40
District
Phitsanulok
Province
Puey Noi 0.11 0.07 0.02 0.03 0.02 0.27
District Khon
Kaen Province

investment in the potential industries of Phitsanulok Province, ranking number one
is the Agro-processing industry which has a strong point of being the transportation
hub of the North. Phitsanulok is one of the provinces located along the EWEC and
NSEC Economic Corridors and is also a center for agricultural products, vegetables,

and fruits (Works 2016).

3.4 Economic Analysis Data

Farmers in Phitsanulok province must steam treat mangoes to avoid attracting golden
flies before export to prevent outbreaks in the destination countries. The farmers have
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to carry mangoes to steam plants in Chiang Mai, Chon Buri, Nakhon Pathom, farmers
must also bear costs of approximately 7 THB per kilogram. During the Covid-19
crisis, over 100 tons of mango products of the Phitsanulok farmers were damaged,
due to the steam room at Chanthaburi province not being available. Another reason is
that the mangoes are not delivered to the steam plant on time. If the government could
offer support by building a steam plant located in Phitsanulok, the mango farmers
would be relieved (News 2020).

A feasibility study of investing in the construction of a mango processing plant in
Phitsanulok Province by using the investment structure as follows: 30% own capital
and 70% from financial institutions based on the cost calculation from Lorenzo
Stratta: Economic Analysis of a Freeze-Drying Cycle (Stratta et al. 2020). The
economic feasibility study found that there was a high investment in the construction
of a factory and buying machines. But mango crisps and mango seed oil value are
also high and it tends to increase consumption in the future. Therefore, it is suitable
for investment in a buildup of mangoes processed factories for processing crispy
mangoes and mango seed oil. The researchers used economic tools to make it easier
to analyze the results as follows:

1. Break-even point is 130,097,639 THB

2. Net present value NPV is 72,970,316 THB, which is greater than 0 means it is
worth it to invest

3. The internal rate of return for the IRR project is 27%.

4 Conclusion and Directions for Future Investigations

Mangoes are grown in Thailand in large numbers most of which are for consump-
tion followed by processing after being consumed and processed. It produces waste
both in the household and the mango processing plant has to pay for the mango
seed removal as well. Food waste management is a fundamental challenge in the
global economy and contemporary business in the light of sustainable development
requirements. Generally, a spectrum of international, national, and local initiatives,
including legal acts and voluntary programs, has been developed to reduce food
waste. Similarly, different supply chain practices have advanced so far to decrease
food waste and enhance sustainability (Ocicka and Razniewska 2018). Therefore,
this research has selected mangoes to find value-added opportunities by processing
mangoes into crispy mangoes, which are becoming popular in the food snack market
among health and mango seed oil extraction which has many benefits and can be
extended to other industries as well. This paper has developed a financial feasibility
study of zero waste manufacturing: Opportunity and value added of agricultural prod-
ucts on the R9 route in accordance with analyzing the optimal location of the mango
processing plant by Center of Gravity Method and then verifying the results of the
data analysis to the analytic hierarchical process (AHP) and analysis of economic
data. The optimal location for the manufacturing plant is Phitsanulok Province and
it is feasible from the values of BEP, NPV, and IRR. Definitely suitable for investing
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to build a mango processing plant. The new transport route promotes investments
into production sites for export at locations in the Northern provinces. It opens new
opportunities for exports of industrial goods and FMCG for the growing middle
class in China (Wagener et al. 2020). Making the sectoral economy grow strongly
and serves as a base for building economic growth of the country. In the National
Economic Development Plan No. 12 (Council 2017). Including Sustainable Devel-
opment Goal 9 build an infrastructure that is resilient to change, promote industrial
development comprehensively and sustainably and promote innovation. Sub-goal
9.2 promotes inclusive and sustainable industrial development and by 2030 increase
the industrial sector share in employment and gross domestic product in accordance
with the national context and to double the shares in the least developed countries.
With further research, the feasibility study could consider other target markets
apart from China and the cost of preferred stock to calculate the WACC and the other
methods like financial value added (FVA) and economic value added (EVA).
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The Impact of Tighter Regulations )
of Export Controls in Global Logistics L

Kuninori Suzuki®, Yoji Murayama, and Yi Xing

1 Introduction

As the globalization of international logistics progresses, tariff barriers have lowered.
The introduction of information technology has advanced and export and import
procedures have simplified. Opportunities to export high-performance industrial
products, materials, and parts to developing countries, emerging nations, and “rogue
states” has increased, as these products, materials, and parts were not easily exported
in the past.

At the same time, various risks associated with exports have attracted attention.
The terror attacks against the United States and its allies, such as September 11,
2001, international disputes and civil wars have also occurred frequently, and Japan
has been constantly exposed to the risk of missile strike from North Korea. In this
international situation, the direct export of conventional weapons and weapons of
mass destruction has been restricted. Moreover, a sense of crisis has arisen about the
situation in which generally used in daily living are being converted into weapons in
rogue states.

From Japan’s viewpoint, this study attempts to confirm that the shipping processes
of international logistics bears a heavy burden from the series of export processes
under tightened export regulations.
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2 Tightening Regulations on Export Controls

The terrorist attacks on September 11,2001, led to the introduction of export controls.
Since the attacks, successive events have occurred in which the United States’ science
and technology is converted into military technology in Iraq, Iran, Libya, and North
Korea. Therefore, the movement for ensuring strict measures for export controls has
accelerated in the United States. In Japan, illegal exports have also occurred repeat-
edly. For example, a freeze dryer and a pulverizer that can have military applications
were exported without permission in November 2006, as was an unmanned helicopter
in 2007.

Moreover, from the end of 1980 until recently, textile manufacturer A and its
subsidiary have exported carbon fiber made by textile manufacturer A to Taiwan
for the purpose of “manufacturing sporting goods, such as tennis rackets.” However,
carbon fiber can have military uses such as in the manufacture of missiles. Therefore,
Japan’s Ministry of Economy, Trade and Industry (METTI) issued a warning to textile
manufacturer A and its subsidiary for “false applications.”

The advancement of economic globalization and integration was followed by an
increase in the export of advanced technology in developed countries to developing
countries and emerging nations. Further, advanced technologies have frequently been
put to military use in rogue states. Consequently, strict restrictions have been imposed
on exports. To avoid the risk of nonmilitary products being put to military use,
catch-all controls were introduced in developed countries.

The Foreign Exchange and Foreign Trade Act provides that a person seeking to
export specific kinds of goods (hereinafter referred to as specific goods) that have been
found to compromise world peace and international security must first get permission
from METTI to do so (hereinafter referred to as export permission) (Article 48). Before
a resident or a non-resident conducts a transaction with the objective of providing
technologies that have been found to compromise world peace and international
security, they must get the permission from METTI (Article 25).

3 Previous Studies

Research on export control has increased in recent years and is not limited to the ban
on arms exports from the perspective of military or international politics such as the
United States. General-purpose products produced on the basis of US technology are
also regulated. Scholars examine Americans’ concern over the risk of military diver-
sion outside the United States. For example, Black and Holle describe and discuss
the export control policy perspectives shared by most of the US satellite industry.
Also, Nayan examines the salient features of the principal statutory authority. In
addition, Rudney and Anthony help us to understand the strengths and weaknesses
of the export control systems of the major supplier countries. A paper by Gill, Ebata,
and Stephenson pioneered Japan’s export control.
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However, Seyoum points out that export restrictions could be a response to inter-
national threats, with supply chain security in mind. However, export restrictions
have not kept pace with rapid changes in the global economy and technological
innovation, and thus concerns arose that export restrictions may adversely affect the
economic performance of global companies.

4 The List and Catch-All Controls

4.1 Outline

The list control regulates the export of weapons or technologically sophisticated
general-purpose products that can have military uses by listing the product names. To
export these goods, exporters must obtain permission from the Minister of Economy,
Trade, and Industry regardless of the stated purpose or who the end users are. The
catch-all controls regulate the export of all goods except foodstuffs and wood. There-
fore, when exporting a product to a country not on the “whitelist” and that product
corresponds to either “informed” or “objective” conditions then permission must first
be obtained from METL

4.2 Classification

The classifications assessment process begins with an examination slip to determine
whether the engineer providing the technology has followed the list control. The
assessment often adopts a double-check system in which the engineering section
assesses technical aspects such as the specifications, while the export control section
confirms the technical aspects from a legal perspective. Using this double-check
system, the contents of invoices and parameter sheets are confirmed to ensure that
they are correct.

The classification is performed not only for items subject to the list control (related
to weapons of mass destruction and conventional weapons) but also for items that
may have military uses and may be used to develop weapons of mass destruction
and conventional weapons (items subject to catch-all controls). Items that fall under
the objective and informed conditions cannot be exported without permission from
METI. The objective conditions assess the end-use and end-user conditions based
on the exporter’s judgment. The informed conditions are applied when an exporter
obtains permission from METL
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4.3 Transaction Screening Using the ST Control Form

The export control section assesses the end use and end user of a product using the
ST control form before deciding whether to grant approval. The process is explained
in greater detail below.

General transactions include the export of goods and technologies subject to
the list control, which do not correspond to products related to weapons of mass
destruction, restricted purchasers, and suspicious transactions.

Specially designated countries, such as Iran, Iraq, North Korea, Cuba, Syria,
and Sudan, are subject to the transactions of products related to weapons of mass
destruction. Inquiries from foreign militaries, national defense-related organizations,
or persons who have received orders of products from the above-mentioned militaries
or organizations or other items that have military uses are subject to the transactions
of products for military or military-related end use.

For restricted purchasers (in Japan and other countries), a master file of restricted
purchasers was created. Companies and persons who placed on the master file are
subject to the conditions of restricted purchasers.

Suspicious transactions are defined as: (1) the objective condition, which consists
of the objective condition for weapons of mass destruction (end-user and end-use
conditions) and the objective condition for conventional weapons (end-use condi-
tions), (2) the informed condition (a notice from METT), (3) the administrative guid-
ance condition (including cases in which a product is proven to be used for the
development of nuclear weapons), and (4) other suspicions can be cited.

Attachments for the ST control form include (1) transaction documents (inquiry
documents, order sheets, specifications, contracts, and minutes), (2) customer infor-
mation (company brochures, company yearbooks, and documents related to a
company’s homepage), (3) classification documents (classification sheets, the master
files of products and parts, the master file of instruments, and judgment lists), (4)
HRP check sheets, and (5) end-use confirmation letters are prepared.

4.4 Export Permission from METI

There are two export permission licenses, the individual validated license (IVL) and
the general bulk license (GBL).

The IVL grants permission to export goods and technologies based on the Foreign
Exchange and Foreign Trade Act. To export goods, export permits must be issued,
and to provide technologies, service transaction permits must be issued.

Regarding GBL, the export of goods and the provision of technologies in the
specified range to the specified regions are collectively permitted for up to three years.
When permission is obtained, no individual application for a license is required for
the export of goods and the provision of technologies within the permitted range.
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4.5 Catch-All Check Sheets

Regarding catch-all controls, the following are confirmed by creating the catch-all
check sheets: (1) whether the purchaser is restricted, (2) whether the products are
related to weapons of mass destruction, (3) whether end-user conditions apply, (4)
whether end-use conditions apply, (5) whether informed conditions apply, and (6)
whether the transactions are suspicious.

Regarding the classification of specific goods and technologies, transaction
screening is performed after confirming the transaction classification (general trans-
actions, suspicious transactions, transactions for specially designated countries,
transactions for military or military-related end use, and transactions for restricted
purchasers).

The roles of transaction-related sections are explained below. The sales section
confirms whether the transaction corresponds to the list of restricted purchasers,
products for military or military-related end-use, or specially designated countries. If
itdoes, an ST control form is issued. The sales section also confirms the classification
of inquired products.

The technology section classifies goods and technologies and controls for
providing technologies. For technologies subject to the list control, a management
ledger for technology provision histories is issued.

The export control section performs transaction screening, approves EMC trans-
actions, checks the ST control form, approves catch-all check sheets, checks export
licenses (export permission from the Minister of Economy, Trade and Industry), and
obtains export permission from the United States Secretary of Commerce.

5 Case: Exports of Personal Computers

Whether a product corresponds to specific goods that require export permission is
confirmed in both the list control shown in rows 1 to 15 of the appended Table 1 of
the Export Trade Control Order (hereinafter referred to as the Export Order) and the
catch-all controls shown in row 16 of the same table.

5.1 Classification of Goods in the List Control

Personal computers belong to the category of “electronic computers, electronic
assemblies or components therefor whose specifications comply with the Ordinance
of the Ministry of Economy, Trade and Industry” in row 8 of appended Table 1 of the
Export Order. The specifications are provided in Article 7 of the Ordinance of the
Ministry Specifying Goods and Technologies Pursuant to Provisions of appended
Table 1 of the Export Control Order and appended table of the Foreign Exchange
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Table 1 Minimum total time/Maximum total time

Assistant work Minimum total time (h) Maximum total time (h)

® | Liaison and related work with 48 48
export control departments and
the ministry of economy, trade
and industry

@ | Liaison with list control/catch-all | 48 48
control classification department

©] Liaison with classification 32 32
division for specific technology

@ Confirmation of the catch-all 48 48
check sheet

® | Liaison with procurement/Import | 20 20
department

® Liaison and related work with the | 20 20
sales department

@ Other miscellaneous affairs, 24 24

meetings, etc.

Order (hereinafter referred to as the Ministry Ordinance). When commercially avail-
able personal computers are collated with the specifications in Article 7 of the
Ministry Ordinance, those computers do not correspond to goods which require
export permission. Moreover, commercially available personal computers do not
correspond to the classifications of specified technologies.

However, wireless local area network (LAN) cryptographic equipment embedded
in personal computers may correspond to goods which require export permission.
Cryptographic equipment corresponds to “cryptographic equipment or electronic
assemblies, modules or integrated circuits having cryptographic functionality” in
row 9 of appended Table 1 of the Export Order. Cryptographic equipment embedded
in ordinary personal computers corresponds to the regulation of “those which use a
symmetric algorithm employing a key-length in excess of 56 bits.”

However, the cryptographic functionality of cryptographic equipment embedded
in a commercially available personal computer cannot be changed by its user. In
this case, export permission is not required because its use does not need technical
support by the supplier or sales agency.

Based on the above, the classification of personal computers is performed after
collating the specifications of personal computers with the specifications provided
in the Ministry Ordinance.

When a person temporarily leaves Japan with a personal computer equipped with
cryptographic equipment for their own use, export permission is not required. In
many cases, a certificate of non-applicability is not created for a company exporting
personal computers, but the certificate is acquired from the manufacturer. Therefore,
personal computers can be exported problem free. However, companies exporting
personal computers bear export responsibilities due to the Compliance Standards for
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Exporters and Persons Conducting Similar Transactions and are obliged to appoint
a person in charge of confirming the company’s non-applicability.

5.2 Applications for Export Permission and Catch-All
Controls

Personal computers are subject to regulations on “weapons of mass destruction
for catch-all controls” and “conventional weapons for catch-all controls.” When
the export of personal computers to countries and regions other than those on the
“whitelist” corresponds to the informed, objective, end-use, and end-user conditions,
applying to the Minister of Economy, Trade, and Industry for export permission is
required.

Personal computers often correspond to goods subject to US re-export controls
because they often contain software and embedded parts made in the United States.
Exporters of personal computers to countries restricted by the federal government of
the United States (Cuba, North Korea, Iran, Sudan, and Syria) must first get export
permission from the federal government of the United States.

Taking specified technologies that are regulated by the Foreign Exchange and
Foreign Trade Act out of Japan is subject to the Foreign Exchange and Foreign
Trade Act. Removing specified technologies stored in personal computers or USB
memories out of Japan for service transactions requires the permission from the
Minister of Economy, Trade, and Industry.

5.3 Regulations in the Destination Countries of Exports

The export of personal computers may be restricted due to the regulations of
importing countries. For example, the European Union has the following regulations:
the Electromagnetic Compatibility Directive, Low Voltage Directive, Restriction of
Hazardous Substances Directive, Waste Electrical and Electronic Equipment Direc-
tive, and Directive on Eco-Design of Energy-using Products. Exporters of personal
computers must address each and every regulation.

6 Systems to Assist Shipping and Export Controls

As mentioned above, shipping operations may become a heavy burden for the
export section of a manufacturing company due to the strengthened list and catch-all
controls. When exports increase due to the relaxation of regulations at the macro-
economic level, such as the expansion of regional economic integration, shipping
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operations become more complicated. This study proposes a cross-sectional organi-
zational system to supervise the entire international operation instead of a vertical
sectioning system. To this end, an international logistics management supervisory
group or section (a tentative name) should be established to assist the highly special-
ized export control section and to provide a bridge connecting export control, sales,
import, and procurement sections, because these sections need to strengthen in-house
collaboration.

6.1 Conceptual Organizational Model

According to Chester Barnard, organizational goals, willingness to serve, and infor-
mation sharing must exist in an organization in a well-balanced manner. An interna-
tional logistics management supervisory group (hereinafter referred to as the super-
visory group), which is cross-sectionally constructed, will sufficiently satisfy the
above-mentioned three elements of an organization proposed by Barnard.

Organizational goal

Due to the expansion of regional economic zones, customs clearance has been simpli-
fied. The supervisory group appropriately copes with complicated shipping matters,
the amount of which has rapidly increased, and applications for export permissions.
The supervisory group closely collaborates with the sales, procurement, and import
sections, and it also has a monitoring function.

Willingness to serve

The supervisory group will have to acquire sufficient practical knowledge to cope
with the list control, the catch-all controls, and the Act against Delay in Payment
of Subcontract Proceeds, and so forth, to subcontractors. Therefore, the supervisory
group’s contribution to corporate activities is high. The supervisory group’s will-
ingness to serve is highly stimulated by always being involved in various important
procedures that are related to export restrictions.

Information sharing

By providing a bridge connecting export control, procurement, import, and sales
sections, the supervisory group plays a key role in information sharing.

6.2 Organizational Reform Related to Foreign Trade

Company B has been established for more than 100 years. With the introduction of a
new information system, this company undertook significant organizational reform
related to export controls, including the list and catch-all controls. Major problems
encountered during its organizational reform were: (1) complicated examination
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routes, (2) wasted time due to the distribution of jobs, and (3) operational errors and
difficulties in understanding and sharing information in a timely manner.

Company B has the three divisions: medical services, science, and visual content.
These divisions handle products subject to the list and catch-all controls. The route
to approving a project was long, many business activities were redundant, and the
database was not shared among divisions. To solve these three problems, the organiza-
tion was reformed, and a new information system was introduced. As a result, exam-
ination times were shortened by 25-33%, personnel assignments were efficiently
performed, the business affairs of each division were visualized, and information
was properly collected.

The introduction of a new information system is essential for organizational
reform. Many of company C’s products are subject to the list control due to their
characteristics. Therefore, company C constructed a system that can automatically
apply the results of past transaction screenings to a new transaction and connected
the function of summarizing the classification results of similar products to the SCM
support system. Through this system, company C performs process management
from order acceptance to shipping.

However, many manufacturing companies cannot introduce expensive systems. It
may therefore be more realistic to improve business efficiency through organizational
reform before introducing new information systems.

6.3 Establishment of a Cross-Sectional Organization

The person in charge of business related to the list and catch-all controls may cover
the export control section, the classification section of the list and catch-all controls,
the classification section of specified technologies, the confirmation section of catch-
all check sheets, the sales section, the procurement section, and the import section.
Because it is difficult for that person to concentrate on the businesses of existing
sections, the establishment of a cross-sectional organization is required.

The amount of export-related business depends on the handling volume of goods
to be exported. In the case of companies listed on the first section of the Tokyo Stock
Exchange whose annual turnover is between 50 and 100 billion yen, the following
organization is proposed as a standard prototype:

(1) Number of staff: six.

(2) Shifts: Staff members assist the section that is responsible for the particular day,
in the form of half-day units, such as morning and afternoon shifts.

(3) Assistive duties consist of the following (a)—(f):

(a) Communication with the export control section and METI, and
communication-related duties

(b) Communication with the classification section of the list and catch-all
controls

(c) Communication with the classification section of specified technologies
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(d) Confirmation of catch-all check sheets
(e) Communication with the procurement and import sections
(f) Communication with the sales section, and communication-related duties.

In addition to the above six duties, staff members would perform miscellaneous
duties and preliminaries. If necessary, work shifts would be arranged every week
based on the requests of each staff member responsible.

6.4 Construction of a Scheduling Management System

Staff members of the above-mentioned organization would schedule work shifts
every week and take charge of all the duties described in (a)—(f). To reduce the burden
on each staff member, scheduling management would be performed. To create a work
shift table, the following conditions are considered:

(1) Constraint conditions for shifts.
Conditions related to the composition of staff members (satisfaction with
working status).

(a) Keep the minimum and maximum total working hours of each work shift
(assistive duties) within the target period.

(b) Keep the minimum and maximum number of staff members for each day,
time zone, and work shift (assistive duties).

(2) Constraint conditions for the staff members responsible.
Conditions related to the workload and work restrictions of each staff member.

(c¢) Keep the number of duties of each staff member in each work shift (assistive
duties) in the target period within the range of the minimum and maximum
numbers of duties.

(d) Consider each staff member’s desired duties in charge at the day and time
zone levels.

6.5 Formulation

On the premise of the constraint conditions in the previous section, the formulation
is performed as follows:

Formula (1) is an objective function, which minimizes the sum of penalties against
the maximum total working hours of each work shift, with the constraint conditions
of (a) above.

Minimize Z Z Z Vs (D

deD neN seS§
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where D represents the aggregate of days in the target period, N represents the
aggregate of staff members responsible, S represents the aggregate of work shifts
(assistive duties), variable y; represents penalties against the maximum total working
hours of each work shift with the constraint conditions of (a) above. In other words,
a penalty is imposed on the number of hours that exceed the maximum total working
hours in work shift s.Inaddition, y; is defined using Formula (11).

Formula (2) expresses that each staff member is assigned to shift s when the
member works in each time zone % on each day d.

> Xams=1.d€D.heHneN )

ses

where H represents the aggregate of time zones, and variable x ;s is a 0/1 variable,
which is 1 when a duty assigned to each responsible staff member n in each time
zone h on each day d is s and that is O in other cases. In addition, x4, is defined
using Formula (10).

Formulae (3) and (4) express constraint conditions of (a) above and indicate that
the total working hours of each shift s are within the range between the minimum
total working hours c1 and the maximum total working hours c2. Formula (5) allows
a breach (penalty), and variable y, represents the deviation amount (the number of
hours exceeding the maximum total working hours).

DD Xams=cl, seES 3)

deDheH neN

ZZ Zxdhns <c2 + Vs, S E S 4)

deDheH neN

Regarding the constraint conditions of (b) above, Formulae (5) and (6) restrict the
number of staff members required for shift s in each time zone & on each day d by
the minimum number of people ¢3; and the maximum number of people c4;.

ZxdhnsZC:’;s,dED,heH,seS (5)
neN
Zxdhns <cd,deD,heHss€eS (6)
neN

Regarding the constraint condition of (c) above, Formulae (7) and (8) restrict the
number of duties of each staff member in shift s in the target period by the minimum
and maximum numbers of duties (c5,, and c6,, respectively).

Z Zxd’"” >c5,5, €N, s€§ (7

deD heH
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Z Zxdhns = Céns’ ne N’ ses (8)

deD heH

Formula (9) expresses the constraint condition of (d) above and restricts shift s of
each staff member » in the time zone % on the specific day d using the desired duty
L+dhns~

L+dhn_y_-xdhnsSO,dGD,hEH,nGN,SGS (9)

Variable x4, is a 0/1 variable, which is 1 when a duty assigned to each staff
member responsible # in each time zone % on each day d is s and which is O in other
cases. This value is defined using Formula (10).

Xanns €{0,1},d e D,he Hone N,se§ (10)

Variable y, expresses the deviation amount (the number of hours exceeding the
maximum total working hours of each shift s), and is defined using Formula (11).

yss €S (11)

In these formulae, all of ¢1—c6 are constants.

c1: Minimum total working hours of each shift in the target period.

¢2: Maximum total working hours of each shift in the target period.

c3: Minimum number of people in each shift in each time zone on each day.

c4: Maximum number of people in each shift in each time zone on each day.

¢5: Minimum number of duties of each staff member in each shift in the target
period.

c6: Maximum number of duties of each staff member in each shift in the target
period.

6.6 Numerical Experiment

The target period was set to five days and the time zone was divided into two. These
were between 9 a.m. and 1 p.m. (four hours including a break) and between 2 p.m.
and 6 p.m. (four hours). The minimum and maximum total working hours in each
shift were set, as shown in Table 1. The required number of people were set, as
shown in Table 2. The number of duties of each staff member in each shift in the
target period were set, as shown in Table 3, and values shown in this table were
applied to all staff members. Each staff member’s desired duty was set, as shown in
Table 4. Table 5 shows the results obtained in the numerical experiments. As shown
in Table 5, a solution that satisfied all the constraint conditions could be obtained.
The sum of penalties was O.
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Table 2 Required number of people
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Assistant work

Minimum number of people

Maximum number of people

@

Liaison and related work with
export control departments
and the ministry of economy,
trade and industry

0

2

Liaison with list
control/catch-all control
classification department

Liaison with classification
division for specific
technology

Confirmation of the catch-all
check sheet

0

Liaison with
procurement/Import
department

Liaison and related work with
the sales department

0

Other miscellaneous affairs,
meetings, etc.

0

Table 3 Minimum times and Maximum times

Assistant work

Minimum times

Maximum times

@

Liaison and related work with export control 2
departments and the ministry of economy, trade and

industry

2

Liaison with list control/catch-all control 2

classification department

®

Liaison with classification division for specific 1

technology

Confirmation of the catch-all check sheet

Liaison with procurement/Import department

Liaison and related work with the sales department

Qe e e

Other miscellaneous affairs, meetings, etc.

— oo

—_ = =N

Table 4 Desired working

Staff no. Desired work

1 Day 1 AM assistant @
4 Day 4 assistant PM ®
5 Day 3 AM assistant @




230 K. Suzuki et al.

Table 5 Work shift

1 2 3 4 5
Sun Mon Tue Wed Thu Fri Sat
Staff |AM PM |AM PM |AM PM |AM PM |(AM PM |AM PM |AM PM
1 2 5 1 2 1 3 6 4 4 7
2 7 1 4 2 2 3 1 4 6 5
3 6 2 1 1 3 2 7 3 4 4
4 1 4 6 7 4 1 3 5 2 2
5 4 1 7 3 4 2 1 2 5 6
6 2 2 4 1 5 4 3 1 7 3

*Qray shading indicates desired work

6.7 Discussion

To improve the efficiency of shipping and export operations, a cross-sectional super-
visory organization must be established, and its operations must be assisted so that
no heavy workload is placed on individual staff members. To this end, the scheduling
management of the staff members responsible for any activities is indispensable. It
is desirable to link a scheduling management system with a search system, which
can automatically apply the results of transaction screening in the past to new trans-
actions and the SCM support system. With this system, process management from
order acceptance to shipping can be performed.

7 Conclusion

In this paper, we have considered, in detail, a series of export control processes. It is
undeniable that the time and burden required to establish whether to determine the
specific cargo/technology and to confirm it with the catch-all check sheet is enormous,
and this burden is a new trade barrier that replaces customs procedures such as
tariffs. The strengthening of global export control has been promoted, while each
country is greatly influenced by the United States; however, ASEAN countries lack a
sufficient legal system to comply with list regulations, catch-all regulations, and the
like. Therefore, many countries do not have a legal system for exports management.
It has been pointed out that although legislation is being developed, for example in
China and India, judicial issues remain due to security restrictions. Although reducing
the number of procedures is difficult, the smoothness of shipping operations will be
hindered by the effects of new barriers created by the globalization of the economy.

Prior to 1993, Japan invited export managers from ASEAN countries to hold the
“Asia Export Control Seminar” every year to deepen the understanding of ASEAN
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countries about the importance of export control. The seminar hosted by the Secu-
rity and Trade Center (CISTEC) is attended by Japan’s METI, Ministry of Foreign
Affairs, leading companies, among others. For practitioners of shipping and export
control, discussions with government officials tend toward institutional theory and
ideal theory but still reflect the voices of businesspeople, including knowledge about
business.

As described above, it has become clear that while customs operations are
being reduced due to the expansion of the economic zone, export-related shipping
operations are becoming more complicated due to regulations.

In addition, to promote the efficiency of shipping and export operations by showing
a model in this paper and simulation, a cross-sectional control department was
newly established to assist operations without imposing a heavy labor load on the
newly established organization. For that purpose, schedule management of the person
in charge is indispensable. Furthermore, linking the schedule management system
with a search system and SCM support system that can automatically apply past
transaction examination results from ordering to shipping is critical.
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Two Echelon Vehicle Routing Problem )
for Disaster Mapping Process Using L
Cooperated Vehicles Assignment

A. A. N. Perwira Redi®), Nandini N. Sekaringtyas, Handina B. Astiana,
Rahmat Inca Liperda®, Anna Maria Sri Asih®, and Bertha Maya Sopha

1 Introduction

A natural disaster is a phenomenon that is caused by natural forces and potentially
leads to significant damages and loss of life (WHO 2002). According to Djalante
et al. (2017), Indonesia is one of the countries with the highest risk of natural disas-
ters globally, and one of the most common disasters that occur in this country is
floods (Djalante et al. 2017). This disaster has a significant impact on Indonesia,
especially on Bekasi City at the beginning of 2020. The damages caused by floods
affected some infrastructures such as residences, roads, bridges, medical facilities,
and others, resulting in potential obstacles in distributing disaster relief. Therefore,
the availability of accurate maps to provide up-to-date information on the affected
area condition is needed so that the disaster aid can be distributed quickly and
precisely (Sarma et al. 2020).

Mapping disaster-affected areas are one of the disaster management activities
(Das et al. 2013). Disaster management is a series of activities that aim to prevent,
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mitigate, prepare, emergency response to disasters and recover the affected areas.
However, practically mapping or recording disaster-affected areas in Indonesia is
relatively time-consuming. This is due to the limited number of mapping methods
providing accessible routes to reach affected areas. In practice, mapping can be done
by using satellite imagery and drone. Mapping using satellite imagery enables one to
record large areas because of its ability to record from thousands of kilometres from
the ground. However, using this tool costs a lot and requires a long time for image
processing, so this method is rarely used for disaster management purposes (Kerle
and Oppenheimer 2002). This method is also inflexible since the image resolution
is strongly affected by weather conditions, and it is difficult to record in the exact
location (Zulkipli and Tahar 2018). Meanwhile, mapping with drones has advantages
such as having high speed and accessing areas without being affected by road infras-
tructure conditions (Kitjacharoenchai et al. 2020). Furthermore, drones can generate
actual data using sensors such as the Global Positioning System (GPS), Inertial
Navigation System (INS), and infrared (Zulkipli and Tahar 2018). Disaster mapping
using drones also increases logistics activities efficiency and reduces disaster risk,
early warning, and flood monitoring (for the Coordination of Humanitarian Affairs
(OCHA 2014).

Despite its advantages in disaster mapping operation, drones have a limited range
in capturing affected areas. Therefore, a suitable mechanism and planning are needed
to execute mapping with drones to reach all affected areas. Based on the previous
research, using a combination between ground vehicles and drones could extend
the mapping range (Marinelli et al. 2018). However, practically using this combi-
nation for disaster-affected areas mapping is rarely found, especially in Indonesia.
Therefore, this topic becomes the focus to discuss.

This research will focus on using a combination of ground vehicles and drones
to record the flood disaster-affected area in Bekasi, January 2020. The problem
will be modelled into 2E-VRP (Two-Echelon Vehicle Routing Problem), which is a
simplification of Multi-Echelon VRP (Crainic et al. 2010). Since it is still categorized
as a VRP model, this model will determine the route of vehicles with the most
minimum possible time. However, this model is able to cover a problem with two
different types of vehicles in different echelons. The first echelon determines the
route for ground vehicles carrying drones, while the second echelon determines the
route for drones to record the areas. A study has discussed the application of the 2E-
VRP model with the drone that moves in a round trip called 2E-VRP-MOD (Liperda
et al. 2020). This study modifies the drone movement into cooperative movement
with the same objective: record the entire affected area with the minimum time. This
is based on previous research that says that a combination of ground vehicles and
drones that work cooperatively finish the tasks more efficiently and at lower costs.
Based on the description mentioned, this study aims to build a mathematical model
for mapping the affected areas with a combination of ground vehicles and drones
that move cooperatively.
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2 Problem Description and Mathematical Model

This research problem is formulated in a mathematical model, namely 2ECOVRP-
MOD (Two Echelon Cooperated Vehicle Routing Problem—Mapping Operation
with Drone), which describes disaster mapping operation with two types of routes
(echelons) and these routes are accessed by ground vehicles and drones. The ground
vehicle used in this research motorcycle due to its flexibility to reach the affected
areas. A motorcycle carries one drone. The operation starts in the first echelon, from
the depot point where these motorcycles take the drones to each stopover point.
These stopover points are also where the drones will be launched to the affected
areas to map the second echelon. The drones will return to stopover points, and they
will be carried back to the depot by motorcycles after capturing the images of all
affected areas. This model is modified from prior research with a similar case and
is called 2E-VRP-MOD (Liperda et al. 2020). This model allows a drone to return
to the stopover point once it has captured an image of a mapping point. However,
in this research, the drones move cooperatively where they are able to visit more
than one affected area as long as the flight time does not exceed the battery capacity.
Cooperative movements between ground vehicles and drones are more efficient with
lower costs compared to when these vehicles do not move cooperatively (Murray
and Chu 2015). The illustration of the model can be seen in Fig. 1.

-

-
¥

——+ Fust Echelon Route (Motorcyele)

----- »  Second Echelon Route (Drone)

Stopover Pomt
9 Depot

®  Mappmg Pomnt

- S,

Fig. 1 Illustration of 2ECOVRP-MOD



236

A. A. N. Perwira Redi et al.

Model 2ECOVRP-MOD has an objective to minimize the total time required to
record all the affected areas. The details of the 2ECOVRP-MOD model is define as
follows.

Set:

S Set of all nodes in the first echelon (includes depot)
Sy Set of all stopover points where Sy = {1...|S|}

C Set of all mapping points

V  Set of all vehicles in the first echelon

K Amount of the drone routes in the second echelon

Parameter:

CS,']'
CC,‘j

D;
Qd,
L

Travel time of vehicle from gathering point or stopover point i to stopover
point j includes depot) in the first echelon

Travel time of drone from stopover point i to mapping point j in the second
echelon

Required mapping time for capturing the area of a mapping point i
Maximum flight time of a drone

A sufficiently large number

Decision variables:

Xijy A binary variable equals one if vehicle v is travelled from node i to j where
edge (i, j) € E1 Otherwise zero.

Zi A binary variable equals one if the stopover point i is visited where i € S
Otherwise zero.

Vijk A binary variable that equals to one if drone routes k is travelled from node
i to j where edge (i, j) € E2 Otherwise zero.

0; The total amount of time needed for taking pictures in a stopover point i
wherei € S

QK j; The total amount of time needed for taking pictures in a stopover point i at
each route k where i € S

T The total amount of time needed for travelling in a stopover point i where
ieS

U, The total amount of time needed for drone travelling in E2 where j € Sy

aiy The total accumulated amount of information gathering time has been used
up to stopover point i using vehicle v wherei € Sandv € V

by The total accumulated amount of transportation time has been used up to
mapping point i using vehicle v wherei € C andv € V

Cik The total accumulated amount of mapping time has been used up in a stopover
point j at routes k where j € So UC and k € K

Objective

MinZIZZZCS[jX[jV+ Z Z ZCcijyijk

ieS jeSveV i€SHUC jeSUC keK
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The objective function (1) is the sum of total travel time in the first echelon,
which is a motorcycle, total travel time in the second echelon, and the total duration
time of recording Constraints (2) and (3) restrict the ground vehicles to visit the
stopover points more than once on the first echelon. Constraint (4) aims to ensure
the consecutive movement of vehicles on the first echelon. Constraints (5) and (6)
ensure the ground vehicle to start and return the depot. Constraint (7) ensures that
all mapping points are visited, while constraint (8) limits any mapping point to be
visited only once. Constraint (9) validates the vehicle routes on the second echelon.
Constraint (10) ensures the consecutive movement of the vehicles on the second
echelon. Constraint (11) denotes the duration on the route k if the mapping point
is visited. Constraint (12) denotes the accumulated mapping time of each mapping
point at the route k. Constraint (13) signifies that the accumulated total recording
time on each stopover point equals the accumulated total required to record for that
area. Constraint (14) calculates each mapping point is accumulated recording time
at the stopover point and indicates that the stopover point has unlimited capacity.
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Constraint (15) ensures that the calculation of drones’ total travelling time starts
from 0. Constraint (16) ensures that the mapping duration of drones from 0 and
constraint (17) shows that the operation time of mapping points of each route k
can be equal to more than 0. Constraint (18) denotes the accumulation of drones’
travelling time and constraint (19) calculates the total flight time of all drones from
the stopover points. Constraints (20) and (21) are the sub-tour elimination of the
first and second echelon, respectively. Constraint (22) signifies the validation of the
mapping process. Constraint (23) limits the drones’ mapping operations and flight
time so it do not exceed the battery capacity.

3 Computational Study

The areas of Bekasi City which was affected by floods in January 2020 are the
object research, and these are illustrated using Google Maps by marking the points
of a depot (black icon), stopover points (blue icons), and the affected areas (red and
orange icons). The coordinates of these places on the Google Maps are used in QGIS
as inputs to measure the distances between points and then converted into travelling
time with the speed of motorcycles equals 20 km/h. The illustration of the affected
areas can be seen in Fig. 2.

This also applies to travelling time calculation in the second echelon. The drone
used in this research is DJI Phantom 4 Pro V2.0, with a constant speed of 5.56 m/s
and a maximum flight capacity of 30 min. Two batteries are used for a drone so that
the maximum flight time is 60 min without considering the time needed to charge
the battery. Secondary data of the affected locations were obtained from the regional
disaster management agency of Bekasi City Regional Disaster Management Agency
(BPBD). It is also needed to know the duration of mapping on each affected point,
and this duration depends on the area. The larger the area, the more time is needed
for the drone to do the mapping process. The areas of these affected places were
then used to calculate the mapping duration. This duration calculation was also done
by referring to research conducted by Boccardo et al. (2015) in mapping a 400 m
x 400 m area, and this was done within 13 min at the altitude of 70 m. In this
study, the mapping duration is assumed to be 8125 x 10> min/m? when the drone
is 70 m above the ground. After calculating the travelling time on the first echelon,
the drones’ flight times on the second echelon and the mapping durations, these data
then were categorized into eight to ten small instances. The model is verified using
AMPL with the computer specifications as an Intel® Core ™ i7-7500U processor
with 8 GB RAM and a 64-bit operating system.
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Fig. 2 Flood affected areas in Bekasi City, January 2020

4 Discussion

The computational results can be seen in Table 1. The results shown a feasible result
with all drones utilize to visits all mapping points. The results show that the problem
can be solved using 2ECOVRP-MOD with the objective value of mapping time from
19 to 48 min. The solution can be obtained with a computational time from 0.25 to
1.2 s. This result is considerably efficient in terms of obtaining the optimal solution.
Furthermore, the detailed route can be seen in Table 2. However, due to the small
size of the instance being used, there is a need to further investigate in a larger size

instance.

5 Conclusion

This study proposes an integer linear programming model for ground vehicles and
drones to conduct mapping operations in the post-disaster situation denoted as
2ECOVRP-MOD (Two Echelon Cooperated Vehicle Routing Problem—Mapping
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Table 1 The computational results
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Data Stopover point Mapping point Objective value (min) Solve time (s)
Small 1 2 7 19,851 0.20313
Small 2 3 8 35,167 0.29688
Small 3 3 8 30,32 0.25
Small 4 3 8 39,074 1.01562
Small 5 3 10 29,371 1.1875
Small 6 2 7 25,782 0.25
Small 7 3 8 31,136 0.35938
Small 8 2 9 36,457 0.34375
Small 9 2 10 38,632 0.29688
Small 10 2 6 23,23 0.15625
Small 11 2 22,797 0.328125
Small 12 2 33,606 0.140625
Small 13 3 10 46,964 0.703125
Small 14 2 10 40,637 0.546875
Small 15 3 10 48,22 0.5625
Small 16 2 8 19,872 0.34375
Small 17 3 8 25,336 0.25

Table 2 The detailed routes
Data 1st echelon routes 2nd echelon routes Total routes
Small 1 1-3,3-1 3-6-7-5-4-3 1-3-6-7-5-4-3-1
Small 2 1-4,4-1 4-7-8-5-6-4 1-4-7-8-5-6-4-1
Small 3 1-4,4-1 4-6-5-8-7-4 1-4-6-5-8-7-4-1
Small 4 14, 4-1 4-8-6-7-5-4 1-4-8-6-7-5-4-1
Small 5 1-2,2-1 2-10-8-9-5-7-6-2 1-2-10-8-9-5-7-6-2-1
Small 6 1-3,3-1 3-6-5-4-7-3 1-3-6-5-4-7-3-1
Small 7 1-3,3-1 3-6-8-4-5-7-3 1-3-6-8-4-5-7-3-1
Small 8 1-3,3-1 3-4-9-7-8-6-5-3 1-3-4-9-7-8-6-5-3-1
Small 9 1-2,2-1 2-7-8-9-10-4-6-5-2 1-2-7-8-9-10-4-6-5-2-1
Small 10 1-2,2-1 2-5-6-4-2 1-2-5-6-4-2-1
Small 11 1-2,2-1 2-4-5-6-7-2 1-2-4-5-6-7-2-1
Small 12 1-2,2-1 2-7-5-6-4-2 1-2-7-5-6-4-2-1
Small 13 1-2,2-3,3-1 2-6-7-8-9-5-2, 3-10-3 1-2-6-7-8-9-5-2-3-10-3-1
Small 14 1-2,2-1 2-8-9-7-10-6-5-4-2 1-2-8-9-7-10-6-5-4-2-1
Small 15 1-3,3-1 3-5-10-9-8-7-6-3 1-3-5-10-9-8-7-6-3-1
Small 16 1-3,3-1 3-8-7-6-4-3 1-3-8-7-64-3-1
Small 17 1-2,2-1 2-7-8-5-4-6-2 1-2-7-8-5-4-6-2-1
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Operation with Drone). The model is applied to solving a mapping operation in a real
case of flood disaster mapping in Bekasi, Indonesia. It is shown that the model can be
effectively used to provide an optimal solution for small size data. However, further
investigation is needed to verify the model’s ability to solve a larger data size. Further
research needs to investigate the possibility of using cruise speed optimization to get
the best result among different cruise speeds. Moreover, the application of heuristics
or meta-heuristics approaches enables finding a solution for more significant size
instances of as 2ECOVRP-MOD is needed.
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1 Introduction

Disaster phenomena are increasingly recognized as a serious considerable concern
due to their tremendous effects on societies and environments. Among several types
of disasters, the tsunami is known as the sudden-onset natural disaster characterized
by its massive impacts. From 1992 to 2016, there are atleast 290 tsunamis occurrences
registered (Gusiakov et al. 2019). During this 25-year period, the 2004 Indian Ocean
tsunami was acknowledged to be one of the deadliest catastrophes in history. In
Indonesia alone, this trans-oceanic mega-tsunami has led to 221,000 people death or
missing, half of million people being affected, as well as damages to infrastructures
and surroundings (Ali et al. 2019). The hazards with a similar potential magnitude
that may take place in the future must be recognized as an essential issue in order to
minimize the possible consequences of the upcoming calamities.

The severities and complexities carried out by a disaster substantially require a
thorough deliberation in enhancing the capability of the disaster countermeasure. In
order to come up with the effects of this casualty, disaster management is widely
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known as the fundamental strategy for providing decent assistance to the benefi-
ciaries. Disaster management mainly consists of four stages including mitigation,
preparation, response and recovery (Altay and Green III 2006). The mitigation stage
involves the efforts of either preventing or reducing the impacts of the disaster onset.
Meanwhile in the preparedness stage, the community is prepared to respond when
a disaster occurs. In the response stage, the activities of resources’ employment as
well as the implementation of the emergency procedures are performed to preserve
lives, properties, the environments, and the socio-economic structures of the commu-
nity. Subsequently, the recovery stage implicates the long-term activities aiming to
facilitate the community to recover from a disaster.

In humanitarian operations, the level of preparedness significantly affects to the
effectiveness of relief response (Van Wassenhove 2006). The preparedness strategies
must be comprehensively managed to provide a successful response since the lack
of preparation may result with delays and losses in the response stage. During the
preparedness stage, the process of organizing effective humanitarian logistics deci-
sions to be applied in the response stage is crucial. With regards to its vital role in
assisting about 80% of the disaster relief activities (Van Wassenhove 2006), human-
itarian logistics has been thought of as a key factor in determining the successful or
failed operations.

The central issue arising at the relief logistics operations is to ensure that the
beneficiaries’ basic needs are sufficiently fulfilled during the initial response, partic-
ularly in the first 72 h after the disaster occurrence. Within these periods, an adequate
amount of relief aids must be distributed to the demand points in a timely moment
(Ahmadi et al. 2015). The decisions on the relief delivery must take into account
the trade-offs between the increment of the required demands over the planning
periods (Inca and Nikorn 2019) and the scarce availability of resources in the first
72 h of the emergency periods. The other problems related to network failures are
also critical to be addressed in defining the appropriate relief distribution decisions
(Ahmadi et al. 2015). Another constraint regarding the foods that are being delivered
during these crucial periods must be taken into deliberation since it is very diffi-
cult, if not impossible, to establish a kitchen facility that can serve the meals to the
recipients. Delivering the pre-cooked meals becomes a feasible alternative so that the
recipients can consume them directly after their arrival. Furthermore, particularly in
the majority of Muslim-populated countries, the disaster that occurs in the fasting
periods may lead to another distinctive challenge in the relief delivery efforts. In the
fasting periods, Muslims are obligated to eat or drink only between sunset and dawn
(Azizi 2002). The emerging challenge regarding the relief aids delivery during these
periods is to send the relief foods within the specified duration in order to keep the
freshness of the foods as well as to ensure that the beneficiaries receive the basic
needs at the right time with the right amount of aids.

This research intends to develop a multi-period multi-trip relief delivery for a two-
tier relief distribution network in order to distribute the pre-cooked meals by taking
into account the possibility of disaster occurrence during the fasting periods. This
research addresses several substantial considerations: (1) the distinctive demands
throughout the first 72 h of emergency periods, (2) the scarcity of relief vehicles, (3)
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the expected network failures and (4) the specified delivery duration. In this work,
the expected network failures due to the effects of the disaster impacts are modelled
in the Geographic Information Systems (GIS) environment to obtain the expected
passable roads to be further utilized in the optimization process. A Mixed Integer
Linear Programming (MILP) model is then proposed to minimize the transporta-
tion costs regarding the routing decisions as well as the lateness and the shortage
penalty costs due to the late-satisfied and unsatisfied fulfilment. A case study of the
predicted upcoming hazard Mentawai Megathrust in Padang City, Indonesia is used
to demonstrate the numerical experiments of our model.

The remainder of this paper is organized as follows. Section 2 reviews the relevant
literatures related to the intended problem. Section 3 presents the problem descrip-
tion and model development. Section 4 provides the observed case study. Section 5
presents the computational results and analyses. Section 6 presents the conclusions
obtained from this research.

2 Literature Review

In recent years, a number of studies have sought to formulate the distribution models
related to the relief aids fulfilment in the post-disaster aftermath. Tzeng et al.,
conducted a fuzzy multi-objective programming model for minimizing the total
costs and maximizing the minimal satisfaction level in relief distribution (Tzeng
et al. 2007). Balcik et al., formulated the last mile distribution model for distributing
the emergency relief supplies in order to minimize the transportation costs and maxi-
mizing benefits to the beneficiaries (Balcik et al. 2008). A two-stage vehicle routing
model for both the planning stage and operational stage is proposed by Shen et al.
(2009). In their research, the mathematical formulation for both stages is used to solve
the large-scale bioterrorism case. Liberatore et al., concerned on the damaged distri-
bution infrastructures to generate the delivery planning of the emergency goods in
the aftermath of a disaster (Liberatore et al. 2014). Ahmadi et al., developed a multi-
depot location-routing problem by taking into account the probability of network
failures, the use of multiple vehicles and the consideration to standard relief time in
the last mile distribution (Ahmadi et al. 2015). Patrisina et al., considered a three-
tier relief distribution network including warehouses, local distribution centres, and
refugee camps to propose a two-stage programming model applied in the human-
itarian operations (Patrisina et al. 2018). Maghfiroh and Hanaoka presented multi-
modal transportation with multi-trip delivery for the three-tier relief chain in the
disaster response (Maghfiroh and Hanaoka 2020). By considering the condition of
network infrastructures and accessibility of supplies and modes of transport, their
work determined the location of the logistics operational areas as well as the assigned
modes of transport along with its allocated loaded amount over the planning horizon.
Mahtab et al., proposed a decision model for pre-disaster and post-disaster events
which is multi-objective stochastic programming applied to a case study of flood
in Bangladesh. The results of the model can support optimal resource allocation in
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humanitarian logistics. Sources of uncertainty in the model were considered such as
demand, node reachability under a specific mode of transport, etc. The model solu-
tions provide the location of temporary facilities, the amount of commodity to be
prepared, the distribution schedules with the dispatched vehicles (Mahtab etal. 2021).
Nezhadroshan et al., designed a humanitarian logistics network integrating multiple
central warehouses with local distribution centers based on a probabilistic-stochastic
programming approach. Their model was intended to be robust and resilient. It guar-
antees the delivery of the crucial supplies to the beneficiaries under both operational
and disruptive risks. The proposed model was focused on the transportation network’s
routes after an earthquake which took a real case study of Mazandaran province in
the north of Iran to validate the model (Nezhadroshan et al. 2021). Boostani et al.,
proposed a sustainable relief logistics network model under the strategic and tactical
levels. The model describes a three-tier chain network in the pre-disaster and post-
disaster phases, focusing on facility location, procurement, and resource allocation. It
was designed as a multi-objective mixed-integer stochastic programming model with
minimizing the total costs of the relief supply chain, maximizing the social welfare,
and minimizing the environmental impacts. Two solution methods, which are the
Compromise Programming (CP) technique and Lexicographic Optimization Method
(LOM), were compared under two numerical examples based on surveying data of
probable Tehran earthquakes (Boostani et al. 2021). Shiripour et al., conducted an
empirical study of the earthquakes in the city of Tehran, Iran. They devised the inte-
grated mathematical model of the casualties’ transportation to uncover the temporary
locations of aid stations and their capacities, the percentage of the casualties under
various severities allocated to each station, as well, to discover the different routes
and the number of vehicles in order to minimize the total relief time. An approach,
called the circle-based approach, was developed and solved by an evolutionary algo-
rithm based on simulated annealing and a discrete version of the imperialist compet-
itive algorithm (Shiripour and Mahdavi-Amiri 2021). Garcia-Alviz et al., purposely
studied the performance of post-disaster relief operations under the transportation
networks disruption. They aimed to propose the strategic plans which can aid the
victims promptly. The occurrence of heterogeneous types of roads disruptions was
incorporated into the mathematical model with coordinating road network restoration
and relief activities. The objective of the developed model was to acquire a restoration
plan supporting the relief operations under the set of scheduling, routing restoration
machines, and relief vehicles. The heuristic algorithm was built and applied with a
realistic case study of flooding in the Mojana region of northern Colombia in 2010-
2011 (Garcia-Alviz et al. 2021). Moddassir et al., proposed a robust optimization
model to enclose the uncertainty situations in the relief distribution centers (RDCs),
mainly are RDCs’ capacity and relief demand. The key idea in the study was focused
on the occurrence of the second disaster which is relatively in time and location with
the first disaster. It can result in more misery to the victims and more difficulties
to the relief distribution. The proposed model to minimize the total transportation
cost, additional RDC cost, and shortage of commodities were formulated and solved,
effectively. Also, the sensitivity analysis was performed to support an insightful deci-
sion (Nayeem and Lee 2021). Zhang et al., constructed a distribution relief model
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by proposing a sustainable last mile relief network concentrating on three perspec-
tives which are social factors, disaster relief efficiency, and the economic cost. A
multi-objective model was formulated to maximize the fair supplies distribution and
to minimize the transportation time and operating cost. Uncertainties in the model
are including the disaster situation, transportation time, freight, road capacity, and
demand. These uncertainty variables were considered as an ambiguity set incorpo-
rating the bounds, means, and mean absolute deviations. With the solution method
of a revised multi-choice goal programming, the answer were attained and verified
with a case study of the Banten tsunami (Zhang et al. 2022).

3 Problem Description and Model Development

This section firstly describes the problem description of the observed system. After-
ward, we present the modelling approach as well as the mathematical formulation.

This research addresses a two-tier relief distribution network consisting of a
permanent warehouse and its associated demand points whereas a warehouse is
allowed to deliver the relief items to a number of demand points. We consider the
variation of demand requirements over the first 72 h of the initial response phase to
obtain the appropriate relief delivery decisions. In particular, this work deliberates the
essential conditions related to the delivery duration in the fasting periods regarding
the pre-cooked meals distribution, as shown in Fig. 1. During the fasting periods,
the recipients are allowed to have a meal after sunset, which is further defined as
the delivery targeted time. The process of delivery will be started before the targeted
time. However, late-delivery that exceeds the targeted time is permitted by adding
an additional lateness penalty reflecting the recipients’ suffering time to wait for the
late-arrival delivery. In order to keep the freshness of the foods on its arrival, the late
delivery is only allowed to be performed within a specific duration. The shortage
penalty will be charged if the available vehicles are not able to fulfil the demand
needs during the assigned duration. With regards to the possibility of road disrup-
tions, the GIS environment is employed to generate safe candidate routes that avoid
the expected damaged roads. Furthermore, this study takes into account the scarcity
of the available vehicles in the post-disaster occurrence by allowing the vehicles to
perform multi-trip delivery according to their allocated capacities during the assigned
duration in each day of emergency periods. In summary, the operational decisions
related to the intended problem involve: (1) the number of pre-cooked meals to be
delivered to each demand point, (2) the vehicle routing and (3) the number of the
assigned vehicles along with their allocated trips.

The modelling approach encompassed in this research consists of three phases,
which is basically modified from the work of (Balcik et al. 2008), as shown in
Fig. 2. Phase 1 is intended to generate the travel time and distance matrix of each
location by considering the avoidance of the undesired road networks by utilizing
GIS environment. Next, the determination of the possible delivery routes including
the cost and duration for each vehicle along with the demand points visited by each
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route is enumerated in Phase 2. Finally, the optimization process is employed in
Phase 3 to obtain the daily delivery routing including the assigned vehicles along
with their associated trips and the daily delivered amount to be sent to each demand

points.

The proposed model regarding the relief aids distribution is presented in the
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Routing Parameters
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The objective function (1) aims to minimize total routing cost, total lateness
penalty cost and total shortage cost over the planning periods. Constraint (2) defines
the lateness penalty cost due to the late delivery performed by each vehicle on
each day. Constraint (3) guarantees that the total travel time of each assigned
vehicle on each day does not exceed the delivery duration. Constraint (4) deter-
mines shortage penalty cost regarding the unsatisfied fulfilment at each location on
each day. Constraint (5) deliberates the fraction of the unsatisfied fulfilment for each
location on each day. Constraint (6) ensures that the total amount of items delivered
is less or equal to the required demand in each location on each day. The vehicle
capacity constraint is defined in Constraint (7). Constraint (8) guarantees that the
fraction of unsatisfied fulfilment is between zero and one. Constraint (9) is the non-
negativity constraint. Constraint (10) and (11) define the binary value of the routing
variable and the lateness delivery variable, respectively.

The proposed model however consists of non-linear formula particularly in the
lateness decision variables. A linearization technique suggested in the optimization
tool is employed by converting the non-linear function to a series of linear, math-
ematically equivalent expression (Lindo, 2020). The resulted Mixed Integer Linear
Programming (MILP) model is then used to solve the computational experiments of
the case study.

In order to solve the proposed MILP model, the Branch and Boundary Algorithm
is employed. This algorithm is widely known for its efficiency to generate the exact
solutions of the non-convex and combinatorial problems that cannot be solved in
polynomial time (Huang et al. 2021). Prior to commencing the investigation, the
problems are iteratively split into smaller sub-problems by creating a search tree. The
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divide-and-conquer algorithm is implemented by removing the integral conditions
of a problem to compute the linear programming (LP) relaxation.

4 The Case Study

This research takes into account the case study of the probable hazard Mentawai
Megathrust in Indonesia to demonstrate the effectiveness of our modelling approach.
The predicted ruptures that may suddenly displace along the Megathrust faults are
expected to generate great earthquakes triggering a large volume of tsunami waves
(Sieh 2006). Padang is becoming the most threatened area due to its flat topography
and the high population living in this city (Liperda et al. 2021). In this study, a
two-tier relief distribution network is deliberated by allowing direct delivery from a
warehouse to its demand points. Table 1 represents the location of each node as well
as the required demands over the three days of emergency periods. The demand needs
are calculated based on the expected arrival of the refugees in each day referring to the
recent contingency planning data developed by the West Sumatra’s local authority
for disaster countermeasure (BPBD Kota Padang 2017). This research assumes that
a refugee will require a package of pre-cooked meals with an associated weight of
0.59 kg.

This work considers four developed scenarios according to the substantive condi-
tions in the real-world case study, as depicted in Table 2. With regards to the scarce
availability of the vehicles that is common in the post-disaster occurrence, this
study takes into account the use of the limited number of vehicles with multiple
trips allowance to perform an efficient delivery. The set of homogenous vehicles is
represented in scenarios 1 and 3 while the set of heterogeneous vehicles is defined
in scenarios 2 and 4, respectively. In addition, this work presumes that the worth
consuming span of the pre-cooked meals is five hours. This assumption is adopted to
restrict the delivery duration allowance in order to ensure that the beneficiaries receive

Table 1 Location of depot and demand points

ID | Locations Latitude Longitude Demand Requirements (ton)
Day! |Day2 |Day3

Depot

0 |UPTBNPBPusdalopsPB | —0953111 [100428493 | - | - | -
Demand points

I | Sungai Sapih —0902755 [100.39697 | 9.43 [1434 | 1838
2 | Kubu Marapalam —0.950678 | 100.383768 |25.22 |4391 | 5932
3| Ship Loading Point ~0.961905 | 100.39454 | 192 | 578 | 896
4 | Banuaran nan XX —0.968938 | 100.384775 | 532 | 1481 | 22.64
Total 4189|7884 1093
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Table 2 Developed scenarios

Scenario | Vehicle, Max | Delivery | Duration |Duration | Penalty Penalty
capacity trips | duration | of prompt | of late Cost cost factor
6 4 (hr) delivery delivery | factor for | for
Wheel | Wheel (hr) (hr) late unsatisfied
delivery | fulfilment
($/hr) ($/% of
unsatisfied
1 3(6 0 4 5 2 3 10 1000
ton)
2 3(6 14 4 5 2 3 10 1000
ton) ton)
3 3(6 0 4 5 4 1 10 1000
ton)
4 3(6 14 4 5 4 1 10 1000
ton) ton)

decent-consumable meals. Moreover, different sets of the prompt delivery allowance
are investigated in this work by setting up the different values for the prompt delivery
span. Ultimately, the criticality between the late-satisfied and unsatisfied fulfilment
is interpreted by the discrepancy of the penalty amount charged.

5 Computational Results and Analyses

This section demonstrates the computational results and analyses of the observed
case study. The route candidates are firstly determined by considering the expected
network failures. Next, the optimization tool is employed to generate the routing
assignments based on the developed scenarios. Subsequently, the trade-offs between
the obtained solutions and the late-satisfied as well as unsatisfied fulfilment are
described to show how the components of the problem affect the routing decisions.
In this work, the computer specifications utilized to obtain both GIS-based analysis
and optimization solutions are CPU core i5 with 4 GB of RAM.

The depiction of the Origin—Destination Matrix by considering the expected
network failures is mapped in Fig. 4. This work utilizes ArcMap 10.2 to obtain the
straight-line representation of the OD Matrix in Padang City. The Network Analyst
Extension in ArcMap 10.2 is employed to conduct the least-distance measurements
between multiple nodes using Dijkstra’s Algorithm. As illustrated in Fig. 3, OD
matrix analyst allows users to specify the number of origins and destinations to
be measured by including several intended constraints and parameters such as the
restricted road to be avoided during delivery activities. The route candidates are
then generated by taking into account the travel time for each candidate as well
as the distribution cost for each vehicle type, as shown in Table 3. As indicated in
Table 3, we restrict the number of route candidates to nine candidates in order to
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decrease the computational time in the optimization phase by limiting the total travel
time. However, further investigation may be carried out by considering all of the
feasible candidates.

The optimization phase of the proposed model is performed by utilizing LINGO
18.0 that employs the branch-and-bound algorithm to generate the optimization
results. The proposed MILP model of each developed scenario results with the global
optimal solutions. Table 4 presents the results of the routing decisions as well as the
number of delivered items for each test problem over the three days of emergency
periods. In each scenario, the model primarily chooses the full truckload shipment
to maximize the assigned capacity constraints. From Table 4, it is observed that the
daily routing assignments are immensely affected by the increment of the demand
requirements over the three days of emergency periods. Further analysis shows that
the multi-trip delivery assignments are essential to be applied in the emergency
periods to come up with the scarce availability of vehicles. Consequently, the report
on the total costs of the associated test problems is presented in Table 5. With regards
to the model objective for minimizing the sum of total costs, Table 5 reveals that
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f ™S

Fig. 4 OD Matrix Representation by Considering Expected Damaged Roads

Table 3 Route candidates

Route candidates Tours Travel time (hr) Cost ($)
6 Wheel 4 Wheel

R1 0,1,0 0.95 9 8
R2 0,2,0 0.78 8 8
R3 0,3,0 0.82 8 8
R4 0,4,0 0.71 8 7
R5 0,1,2,0 1.29 13 12
R6 0,1,3,0 1.37 13 12
R7 0,1,4,0 1.26 12 12
R8 0,2,3,0 1.16 12 11
R9 0,2,4,0 1.05 11 11

the optimal solutions are achieved by balancing the late-delivery penalty costs, the
shortage penalty costs and routing costs. These relative values changes accordingly
with the changes of the input parameters. As presented in Table 5, it is observed
that scenario 4 result with the least total costs. Moreover, this scenario gives us the
least penalty costs regarding the late-delivery and unsatisfied fulfilment. Due to the
dynamic and uncertain circumstances that might occur in the disaster aftermath, the
solutions may turn into different possible outcomes.
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Table 4 Routing assignments and amount of delivered items
Vehicle Assigned route Trip Amount delivered in day 1 (ton)
Node 1 Node 2 Node 3 Node 4
Scenario 1
6 Wheel A R1 1 6
R9 1 3.14 2.86
6 Wheel B RS 1 4.08 1.92
R2 2 6
6 Wheel C R7 1 343 2.46
R2 1 6
Scenario 2
6 Wheel A R2 1 6
R4 1 5.32
6 Wheel B R1 1 6
R2 1 6
6 Wheel C RS 1 4.08 1.92
R2 1 6
4 Wheel A R1 1 343
R2 1 3.14
Scenario 3
6 Wheel A R1 1 6
R8 1 4.08 1.92
R2 1 6
6 Wheel B R2 1 5.89
R9 1 3.25 2.75
R7 1 343 2.57
6 Wheel C R2 1 6
Scenario 4
6 Wheel A R8 1 4.08 1.92
R7 1 343 2.57
6 Wheel B R1 1 6
R9 1 3.25 2.75
6 Wheel C R2 2 6
(continued)

The detailed information on the lateness and shortage percentage values as well as
the amount of relief aids delivered for the developed scenarios are presented in Table
6 and Table 7, respectively. The lateness time is acknowledged when the total routing
time exceeds the prompt delivery limit in order to delineate the refugees’ suffering
time waiting for the late-arrival delivery. Meanwhile, the shortage percentage values
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Table 4 (continued)

R. I. Liperda et al.

Vehicle Assigned route Trip Amount delivered in day 1 (ton)
Node 1 Node 2 Node 3 Node 4
R2 1 5.89
Vehicle Assigned route Trip Amount delivered in day 2 (ton)
Node 1 Node 2 Node 3 Node 4
Scenario 1
6 Wheel A R2 3 6
R3 1 5.78
6 Wheel B R1 1 6
R2 2 6
R4 2 6
6 Wheel C R1 1 2.34
R1 1 6
R2 1 4.72
R2 1 6
R9 1 3.19 2.81
Scenario 2
6 Wheel A R1 2 6
R2 1
6 Wheel B R2 3
R3 1 5.78
R4 1 6
6 Wheel C R2 3 6
R4 1 6
4 Wheel A RS 1 2.34 1.66
R4 1 2.81
Scenario 3
6 Wheel A R2 4 6
R3 1 5.78
6 Wheel B R2 2 6
R2 1 5.29
R4 2 6
6 Wheel C R1 2 6
R1 1 234
R9 1 2.62 2.81

(continued)
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Table 4 (continued)
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Vehicle Assigned route Trip Amount delivered in day 2 (ton)
Node 1 Node 2 Node 3 Node 4
Scenario 4
6 Wheel A R1 1 6
R2 1 6
R9 1 3.19 2.81
R3 1 5.78
6 Wheel B R1 1 6
R2 2 6
R4 2 6
6 Wheel C R2 3 6
R2 1 4.72
4 Wheel A R1 1 2.34
Vehicle Assigned route Trip Amount delivered in day 3 (ton)
Node 1 Node 2 Node 3 Node 4
Scenario 1
6 Wheel A R1 1 6
R2 4 6
R3 1 6
6 Wheel B RS 1 3.04 2.96
R2 2 6
R4 1 4.64
R4 2 6
6 Wheel C R1 2 6
R2 3 6
R4 1 6
Scenario 2
6 Wheel A R2 4 6
R9 1 5.32 0.68
R3 1 6
6 Wheel B R1 1 5.34
R1 1 6
R2 2 6
R4 1 6
6 Wheel C R1 1 6
R2 3 6
R4 2 6
4 Wheel A R4 1 3.96
R6 1 1.04 2.96

(continued)
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Table 4 (continued)
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Vehicle

Assigned route

Trip

Amount delivered in day 3 (ton)

Node 1

Node 2

Node 3 Node 4

Scenario 3

6 Wheel A R8

3.04

2.96

R2

6

R4

6 Wheel B R1

R2

R4

4.64

6 Wheel C R1

R2

R3

—_— = =W N W N =

Scenario 4

6 Wheel A R1

R2

R4

6 Wheel B R2

R4

6 Wheel C R1

R2

R2

5.32

R4

4.64

4 Wheel A R1

R3

3.34

R3

R6

— === =R o= =W =
(@)}

2.38

1.62

Table 5 Total costs

Scenario Total cost ($) | Transportation cost | Penalty cost of late | Penalty cost of
3 delivery ($) unsatisfied fulfilment
($)
Scenario 1 | 546.61 337 150.50 59.11
Scenario 2 | 468.19 347 115.50 5.69
Scenario 3 | 423.01 337 26.90 59.11
Scenario 4 | 356.40 351 5.40 0
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are yielded as a result of the insufficient fulfilment regarding the lack of capability in
delivering the required amount of the relief items within the given duration limit. The
relative values of the penalty cost factor charged for both late satisfied and unsatisfied
fulfilment emphasize the criticality between these decisions. As a consequence, the
model will prioritize the late-delivery rather than the shortage fulfilment. However,
we should notify that the late-satisfied and unsatisfied degrees regarding the victims’
suffering are difficult to be quantified into the real costs. A further study with more
focus on investigating the vulnerabilities of the disaster victims particularly in the
immediate aftermath of a disaster is therefore suggested.

Table 8 shows the solution statistics for each scenario using LINGO 18.0. As
shown in Table 8, scenario 4 results with the longest run time to generate the global
optimal solutions. It can be implied from these results that the scale of the model
as well as the components of the problems obviously affect the computational time.
In addition, the computer specifications used in this research may also lead to the
length of the required running time. With regards to its classification as an NP-
hard problem, this is becoming an important issue for future research to provide
a practical methodology in order to effectively solve the larger instances within
reasonable computational time.

6 Conclusions

This paper was aimed to develop the analytical approach for a multi-period multi-
trip relief delivery for optimizing routing decisions for distributing the pre-cooked
meals during fasting periods. This study has shown that the proposed modelling
approach has the capability to be applied in the humanitarian logistics operations
by enabling the relief stakeholders to address several substantial issues of the real-
world problems. Several noteworthy contributions of this paper are considering the
distinct demand requirements over the planning horizon, utilization of the scarce
resources, avoidance of expected network failures and limited delivery duration. In
this study, GIS environment was employed to the generate the expected passable
roads between each node by considering the possible network failures. Furthermore,
the MILP model was developed to minimize the total transportation cost as well as
the late-satisfied and unsatisfied fulfilment. The computational results of the case
study Mentawai Megathrust hazard in Padang City, Indonesia was used to highlight
the relationship between various decisions with the changes in the model parameters.
The findings in this report are subject to at least three limitations. First, the solutions
may change according to dynamic and uncertain condition occurring in the real-case.
Second, the degrees of the victims’ vulnerabilities in the post-disaster aftermath must
be further investigated. Third, the problems with larger instances may increase the
solution times which require practical methodology approach to effectively solve
this NP-hard problem within reasonable computational time. Particularly for the last
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Table 6 Routing time and lateness time
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Vehicle Day
Day 1 Day 2 Day 3

Scenario 1

6 Wheel A Routing time (hr): 2 3.16 4.89
Lateness (hr): 0 1.16 2.89

6 Wheel B Routing time (hr): 3.10 3.93 4.85
Lateness (hr): 1.10 1.93 2.85

6 Wheel C Routing time (hr): 2.04 4.51 4.95
Lateness (hr): 0.04 2.51 2.95

Scenario 2

6 Wheel A Routing time (hr): 1.49 2.68 4.99
Lateness (hr): 0 0.68 2.99

6 Wheel B Routing time (hr): 1.73 3.87 4.17
Lateness (hr): 0 1.87 2.17

6 Wheel C Routing time (hr): 1.94 3.05 471
Lateness (hr): 0 1.05 2.71

4 Wheel A Routing time (hr): 1.73 2 2.08
Lateness (hr): 0 0 0.08

Scenario 3

6 Wheel A Routing time (hr): 2.89 3.94 4.85
Lateness (hr): 0 0 0.85

6 Wheel B Routing time (hr): 3.09 3.76 4.95
Lateness (hr): 0 0 0.95

6 Wheel C Routing time (hr): 0.78 3.90 4.89
Lateness (hr): 0 0 0.89

Scenario 4

6 Wheel A Routing time (hr): 242 3.60 4
Lateness (hr): 0 0 0

6 Wheel B Routing time (hr): 2 3.93 4.54
Lateness (hr): 0 0 0.54

6 Wheel C Routing time (hr): 2.34 3.12 4
Lateness (hr): 0 0 0

4 Wheel A Routing time (hr): 0 0.95 3.96
Lateness (hr): 0 0 0
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Table 7 Amount of delivered relief aids
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Node (s) Day
Day 1 Day 2 Day 3
Scenario 1
Node 1 Delivery amount (ton): 9.43 14.34 18
Shortage percentage (%): 0% 0% 2.07%
Node 2 Delivery amount (ton): 25.22 4391 57.04
Shortage percentage (%): 0% 0% 3.84%
Node 3 Delivery amount (ton): 1.92 5.78 8.96
Shortage percentage (%): 0% 0% 0%
Node 4 Delivery amount (ton): 5.32 14.81 22.64
Shortage percentage (%): 0% 0% 0%
Scenario 2
Node 1 Delivery amount (ton): 9.43 14.34 18.38
Shortage percentage (%): 0% 0% 0%
Node 2 Delivery amount (ton): 25.22 43.66 59.32
Shortage percentage (%): 0% 0.57% 0%
Node 3 Delivery amount (ton): 1.92 5.78 8.96
Shortage percentage (%): 0% 0% 0%
Node 4 Delivery amount (ton): 5.32 14.81 22.64
Shortage percentage (%): 0% 0% 0%
Scenario 3
Node 1 Delivery amount (ton): 9.43 14.34 18
Shortage percentage (%): 0% 0% 2.07%
Node 2 Delivery amount (ton): 25.22 4391 57.04
Shortage percentage (%): 0% 0% 3.84%
Node 3 Delivery amount (ton): 1.92 5.78 8.96
Shortage percentage (%): 0% 0% 0%
Node 4 Delivery amount (ton): 5.32 14.81 22.64
Shortage percentage (%): 0% 0% 0%
Scenario 4
Node 1 Delivery amount (ton): 9.43 14.34 18.38
Shortage percentage (%): 0% 0% 0%
Node 2 Delivery amount (ton): 25.22 4391 59.32
Shortage percentage (%): 0% 0% 0%
Node 3 Delivery amount (ton): 1.92 5.78 8.96
Shortage percentage (%): 0% 0% 0%
Node 4 Delivery amount (ton): 5.32 14.81 22.64
Shortage percentage (%): 0% 0% 0%
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Table 8 Solution statistics Scenario Extended Total solver | Computational
solver steps iterations time (hr)
Scenario 1 | 619,950 8,924,534 1.29
Scenario 2 1,501,469 | 26,743,764 4.50
Scenario 3 1,044,432 | 12,291,150 1.91
Scenario 4 5,751,805 84,720,971 27.03

limitation addressed in this research, we are developing a metaheuristic algorithm to
provide good solutions with reasonable computational time in our current research.
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The Impact of the Use of Intelligent )
Supply Chain Tools on the Transport, oo
Forwarding and Logistics Industry

Sylwia Konecka(® and Anna Lupicka

1 Introduction

The analysis of the benefits and costs of using intelligent solutions for the implemen-
tation of transport processes is of great importance not only due to the innovative
nature of these tools—although they require ordering and closer examination, but also
due to the great importance of the activities of Polish carriers in the European Union
(EU). The TFL industry (transport-forwarding-logistics) significantly contributes to
the development of the Polish economy, carriers support the operation of the industry
and the production sector, and also generate a considerable part of GDP (6%). 40%
of cabotage and 17% of all transports in the EU are handled by Polish transport
companies, which have been consistently in the first place in terms of the number of
tonnes of cargo transported in international transport since 2012 (Zysifiska 2019).
Nevertheless, there are some problems in the industry. Experts recognize, first of all,
the dangers of the regulations currently being introduced at the EU level, which may
result in:

® an increase in the costs of transport networks (due to a reduction in their
efficiency), fuel costs and wages,

e reduction of revenues related to the restriction of market access—in the field of
cross-trade and cabotage services, and consequently also handling the import and
export of goods,

e increased risk and barriers to doing business, especially in the case of small
carriers, due to the increased complexity of the rules,
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e forcing the internationalization of carriers—who operate today in many foreign
markets from Poland,

e an increase in the concentration level—as a result of the collapse of small enter-
prises that do not have an adequate share of transport in the country and on foreign
markets in their activities.

It should be noted that with the low level of margins in the road haulage trans-
port segment, an increase in costs may lead to the elimination of the least effective
entities from the market. In turn, the scientific community focuses on the growing
requirements in the field of environmental protection regarding lower CO, emis-
sions and other pollutants, the use of more ecological drives and local restrictions
on the movement of internal combustion vehicles, which for entrepreneurs may also
contribute to an increase in costs. Attention is also drawn to the insufficient level of
development of national law in the field of new technologies.

It is also worth recognizing the area of implementing intelligent tools facilitating
transport management, which could be helpful in overcoming the above-mentioned
problems and supporting carriers in maintaining a competitive advantage in the inter-
national dimension. In addition, transport processes connect all links in the supply
chain and are of great importance in the EU in the light of the Sustainable and Smart
Mobility Strategy. The aim of the article is to propose a theoretically based concep-
tual framework for studying the impact of identified intelligent solutions on the TFL
industry. The study used a qualitative descriptive method referring to a critical anal-
ysis of domestic and foreign studies in the field of intelligent solutions, and made
a short review of selected theoretical approaches in the field of costs and benefits.
The potential benefits and costs of introducing intelligent solutions in the transport
industry were also identified.

The presented issues, due to their topicality and dynamics of development as
well as very poor research in the field of science, require in-depth research. The
conclusions obtained are of practical importance, as they allow for the identification
and assessment of benefits and costs for entities in the TFL industry, which are
brought by solutions of intelligent supply chains. Although research in the field of
transport is common and more and more studies also deal with industry 4.0, the
review of Polish literature carried out in 2020 (Mtody and Weiner 2021) shows that
no studies linking the subject of road haulage transport with the latest IT solutions
have been conducted, 7 out of 68 of analyzed publications was related to logistics and
supply chains. There is also a lack of studies using quantitative methods and case
studies. Taking up a popular but new, poorly recognized, dynamically developing
topic allows to signal possible economic, social and environmental consequences,
becoming the basis for a more adequate socio-economic policy and creating strategies
for entrepreneurs in the TFL industry.

The article is theoretical and constitutes a kind of research reconnaissance. The
method of systematic literature review was used for its preparation. The following
databases were selected for the study: WoS, Scopus and Google Scholar. In the first
phase, the literature was reviewed in terms of solutions used in intelligent supply
chains, then the identified solutions were confronted with the transport activity related
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to transport (based on a literature review from the Scopus database)

STAGE 1. Identification of intelligent solutions in supply chains and selection of those related !
=

selection of those most often described in the literature (based on Scopus and WoS
databases)

STAGE 2. Identification of selected intelligent solutions used in road haulage transport, ~
=
N

STAGE 3. Identification of theories about benefits and costs
=

(most often described in road haulage transport) intelligent solutions (Google Scholar,
UEP multi-search database)

STAGE 4. Identification of potential benefits and costs resulting from the use of selected " |

Fig. 1 Diagram of the identification steps carried out as part of the literature review. Source Own
study

to the transport of goods. The Google Scholar database was used to review the
literature in terms of the theory of benefits and costs and to search for potential
benefits and costs for the transport industry from the use of selected IT solutions.
Details of the search keywords used are provided in each subsection. The method
of operation aimed at achieving the set goal is reflected in the theoretical model
presented in Fig. 1.

2 Intelligent Solutions Used in Road Transport

According to the Dictionary of the Polish Language (www.sjp.pl 2021), intelligence
is “the ability to understand, learn and use the possessed knowledge and skills in
new situations”. Therefore, it can be ascribed not only to personal entities, but also
to organizations that are constantly operating in new situations today. Apart from the
term “intelligent organization”, there is also a “learning organization”. According to
Penc (2003), the main difference between a learning organization and an intelligent
organization is the desire (the last of the mentioned ones) to fully use the intellectual
potential of all employees.

Smart organizations are characterized by: agility (speed in action), adaptability,
self-regulation and self-optimization (adapting key business indicators to short-term
changes in the business climate), smooth borders and a network structure (enabling
restructuring and changing the scale of the organization’s operations depending on
the needs, e.g., by outsourcing or insourcing), as well as the ability to transform into
new, better forms in the long term (Kemal et al. 2002).

It seems that intelligent organizations should strive to maintain a balance between
acquired knowledge and shared knowledge. The formation of an intelligent organi-
zation is a process that consists in constantly increasing knowledge and changing
the mentality of its members, who learn to be more responsible, independent and
entrepreneurial related to their tasks (Kaczmarek 2013). The development of such an
enterprise may result from taking independent actions by managers and members of
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Table 1 Number of

publications on intelligent The selected tool of intelligent supply | Number of articles

. chain

supply and transport chains

(Scopus database) RFID (Radio-frequency identification) | 50
ITS (Intelligent transport systems) 35
IoT (Internet of things) 27
ICT (Information and communication 14
technologies)
Al (Artificial intelligence) 13
Automation 12

TMS (Transport management systems) 1

Source Own study

the organization, but it may also take place as a result of implementing the concept
of a virtual organization, strategic alliances or coopetition. (Romaniuk 2017)

The literature review shows that intelligent solutions applicable in a broader
context than a single enterprise, i.e., supply chains, are discussed in the literature on
the subject in such areas as types of algorithms—genetic or fuzzy-logical systems,
in the field of reverse logistics, intelligent systems in intermodal transport, in trans-
port urban and extra-urban, ITS system and security of their use, intelligent ware-
house management systems, Cloud of Things, RFID, autonomous vehicles (Konecka
2019). Initial research and literature review indicate that a significant part of these
tools relates to transport activities. The literature most often states that transport
companies can use evolutionary versions of ITS, RFID, cloud of things, blockchain,
IoT (Konecka and Maryniak 2020) (Table 1).

Knowledge of the impact of technology on the activities of companies in the TFL
industry is based mainly on industry reports. Only in one Polish publication appeared
a direct connection of transport activities with solutions of the so-called industry 4.0
in the form of the use of the concept of transport 4.0 (Brach 2019). There are few
publications dealing only with transport, in particular road transport, and only goods,
with the exception of passenger transport.

The preliminary assessment of the state of knowledge based on the number of
publications in the databases: Web of Science (WoS) and Scopus in the last five
years, i.e., from 2017 to 2021, shows that for the entry in the title or summary “road
AND transport” a pool of 43 902 publications was obtained in WoS, while looking
for the “road transport” version—2,624. In the Scopus database it was 13,898 and
3440 publications, respectively. Among these results, the following keywords were
checked: “Industry 4.0, “Telematics”, “Internet of Things”, “Automation”, “Big
Data”, “Information and Communication Technologies”, “Artificial Intelligence”.
Only one article concerned a study on the impact of digitization on road haulage
transport using the example of Sweden, the study was carried out using the scenario
method and based on the opinions of 52 experts. The results of the number of
publications obtained are presented in Table 2.
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Table 2 Number of publications on road transport and selected smart tools

Tool/Solution WoS Scopus

Road and transport | Road transport | Road and transport | Road transport
Industry 4.0 75 4 110 24
Automation 461 53 1259 294
Telematics 91 19 230 65
IoT (Internet of 179 11 457 77
things)
Big Data 610 31 828 168
ITS (Intelligent 967 145 1446 240
transport systems)
ICT (Information 56 11 280 70
and communication
technologies)
Al (Artificial 323 16 1358 272
intelligence)

Source Own study

The industry literature review shows that in practice, carriers use the following IT
solutions: freight exchanges, cargo tracking systems, TMS systems, tachographs,
electronic toll collection systems, telematics, sensors, GPS, translators, cargo
securing and monitoring, information on CO, emissions. Thus, it can be assumed that
the solutions indicated in the literature are used rather by public entities or industry
leaders and not by carriers, but e.g., by logistics operators. Before the potential bene-
fits and costs resulting from the use of intelligent solutions are identified, those most
often discussed in the literature on the subject were selected, i.e., automation (for
transport, autonomous vehicles will be considered here), ITS, Al, Big Data and IoT.

3 The Concept of Benefit and Cost in the Light of Selected
Theories

There is no doubt that the emerging intelligent IT tools affect the concept of human
capital, production, consumption and exchange of goods both in theoretical and
practical terms. Human labor ceased to be the basic factor of production, and human
capital takes on an intellectual dimension. There is a concern among economists
about the need for humans to fight robots for jobs (Rifkin 1995). A reference to the
revolution based on ICT techniques and the current economic thought is the concept
of the process of creative destruction of Schumpeter. Since “information techniques
(ICT) are a fundamental element of most systems, the feature of which is constant
and dynamic development, often of a subversive nature” (disruptive technologies),
a Schumpter approach to innovation suggests itself (Golinski 2013). Currently, a
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scientific theory is expected to be able to explain the processes taking place and to
be reliable in predicting the future. It is also expected to be able to properly analyze
emerging trends and use a huge amount of data, which fits perfectly into the concept
of the latest revolution. The equilibrium models that have been in force for many
years, being a certain photograph of the optimal state on the market or, more broadly,
in the economy, cease to be applicable in the world of constant changes (Olender-
Skorek 2017). Hence the idea to take a closer look at the concept of benefits and
costs in theory in order to compare them to the benefits and costs of implementing
intelligent solutions in road transport of goods. Similarly, if modern IT solutions are
to be considered revolutionary in the transport industry, then one should also refer to
the classic concept of Kuhn’s revolution (2009). Nevertheless, first the considerations
were focused on the concept of benefits and costs, wondering who will benefit from
this revolution and who will lose.

When looking for a definition of benefits in economic terms, we can meet the two
most popular approaches:

e external benefits, i.e. benefits obtained from the production and consumption
of goods by people not directly involved in their production, consumption or
exchange, and

e cconomies of scale that occur in the long term and relate to the phenomenon of
lowering the average total costs along with increasing the scale of production and
introducing new technologies.

For example, according to Bentham, the essence of pleasure and unpleasantness
obtained from various sources is the same. The only difference between them lies in
the circumstances surrounding their creation, and therefore they should be the subject
of a felicific calculus of happiness for the individual and society. The property of an
object or activity by which it promotes the production of benefit or the prevention
of harm to the interested party, Bentham called utility. The benefit derived from the
decisions made should be regarded as an expression of the utility of an action or
object, rather than its utility, since the latter is merely a property of the object or
action by which it favors the production of benefits (Betham 1958/1780).

The meaning of the term “favorable decision” is related to the scope of the
expression “rational decision”. And making a rational decision is associated with the
demands of perfect information, consistency and maximization. The first of them,
assuming that the model decision maker knows all the possibilities of using the avail-
able resources, and that the expected benefit (utility) will be (utility) actually realized
as a result of taking these actions, is of particular importance in the context of the
current development of “big data”. In addition, Bentham’s original idea concerns the
concept of utility, allowing the benefits achieved by market participants to be located
both in the sphere of consumption and in the sphere of production. By analogy with
consumers benefiting from the consumption of goods, one can speak of producers
benefiting from their production. Exposing the benefits as a category expressing the
most universal goal of actions undertaken by market participants is a procedure that
precisely formulates the starting point for further analysis of the behavior of market
entities. The benefits that people strive for are a polymorphic category and very
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often completely immeasurable quantitatively, economists over the centuries have
tried to find replacement variables for which they assumed that they changed in the
same direction as satisfaction, satisfaction or benefit resulting from the undertaken
activities. For example, there are proxy variables such as wealth, utility, preferences,
profit, income, reciprocity, entropy, and well-being.

In the analysis of the result achieved by the producer from business activity,
two elements are juxtaposed: the costs of undertaken activities and the resulting
benefits. The costs are subjective and their magnitude depends on the personal char-
acteristics of the decision-maker. Hidden income is an expression of satisfaction
(benefits) resulting from running a business and may include, for example, such
elements as: social prestige, a sense of social security (peaceful life), membership
of environmental organizations such as associations, clubs or chambers, a sense of
professional independence and decision-making freedom as well as opportunities
for self-realization.

Among the theories regarding the concept of benefits and costs, there are also:

e Homans’ theory of social exchange (1967), which is a sociological and anthro-
pological theory, referring to behaviorism and economics, from which the notion
of exchange was adopted, social relations explained by the exchange of goods
(rewards and punishments) between individuals participating in the interaction;

e the theory of consumption chains of goals and means, developed by Newell and
Simon (1972), the idea of which is that the attributes of products inform the
consumer whether the desired goals, namely values and direct benefits, will be
met by the products;

e the theory of public goods and the theory of groups, in which Olson (2012) presents
the fundamental problem of the limitations of the effectiveness of collective action
undertaken by various types of groups or organizations. Rejects as untrue the
judgment that if a group has any collective goal or benefit, the individuals making
up that group will automatically seek to achieve it;

e the theory of comparative advantages, formulated by Ricardo and Hartwell (1971)
and based on the claim that international exchange can be beneficial for both
partners, when one produces most of the goods cheaper than the other. To obtain
such benefits, it is sufficient that there are relative differences in the production
costs in both countries. Trade between two countries can be beneficial for both
countries if each of them exports a good in the production of which he has a
comparative (relative) advantage;

e the theory of absolute costs formulated by Smith, the theory of international trade,
according to which the basis for the development of international specialization
and the source of benefits from international trade is the fact that there are absolute
differences between production costs and labor inputs. The benefits of exchange
mean an increase in the production capacity of both trade partners from interna-
tional exchange and explain the reasons why individual countries trade with each
other (Milewski 2003).

e the theory of distributive justice, the most general concept of the fair distribution
of Sena’s goods regarding equality and benefits (Kwarciiski 2011) and
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e cost—benefit analysis.

Cost—benefit analysis (CBA) is perhaps the most useful in the context of using
intelligent solutions in transport. It is a method of assessing the effectiveness of invest-
ments and projects, taking into account all expected benefits and costs, including
quantitative and qualitative elements, allowing to determine the degree of invest-
ment effectiveness in a complex environment. The cost—benefit analysis also takes
into account social, cultural and environmental aspects, expressed as external costs.
CBA is particularly useful in assessing projects, the implementation of which is
associated with a large number of benefits and costs incurred by various groups of
stakeholders, and where the main selection criterion is not necessarily the maximiza-
tion of financial profit. The theoretical basis of the CBA is welfare economics (Becla
et al. 2012).

According to Paprocki (2017), the development of technology and technology, as
well as changes in the behaviour of participants in social and economic processes,
are factors causing the need to correct the theory describing the functioning of trans-
port. Changes in social and economic policy, as well as in climate, ecological and
energy policy, necessitate further research work devoted to the analysis of possible
and acceptable scenarios. Thus, the deliberate behavior of researchers is to indicate
possible system solutions together with a description of the anticipated benefits and
costs that may occur in the case of applying any of them.

4 Potential Benefits of Implementing Intelligent Transport
Solutions

The implementation of intelligent supply chain solutions has both potential bene-
fits and costs. They can be divided into three groups—social, environmental and
economic. They can be perceived differently by small companies and large logistics
operators, employers and employees. In the article, the authors will try to answer
research questions: Are intelligent supply chain tools perceived as a source of benefits
or costs in companies from the TFL industry?

4.1 Internet of Things

In the report “IoT in the Polish economy” (2019), prepared by the Working Group
for the IoT at the Ministry of Digital Affairs, it was estimated that in 2022 almost
USD 590 million will be allocated to IoT in transport. The Internet of Things is used
in many areas of logistics, including traffic management and transport fleet. Then
the telematics systems play the main role. The foundation of their functioning is the
skilful use of GPS, GSM, BLE and Wi-Fi technologies. The solutions based on them
offer the opportunity to improve both the efficiency and safety of road transport.
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They enable the collection and analysis of data on the efficiency and effectiveness
of traffic and transport fleet management in the enterprise, and thus, reducing the
costs of vehicle operation, detecting potential problems and more effective planning
of subsequent routes. IoT supports such processes as: property protection, employee
safety, control and optimization.

The Internet of Things is also used in supply chain management. For example, in
the case of shipment tracking, RFID tags connected to the data cloud, thanks to which
the only activity performed by employees is loading the goods. Also when it comes
to the course of delivery, the use of GPS and RFID technology allows to minimize
the risk of delays in transport resulting from unfavourable weather conditions or
poor road condition. Drivers are informed on an ongoing basis about the expected
difficulties, which gives them the opportunity to take action to prevent the extension
of deliveries. In addition, a network of sensors installed in trucks monitors their
technical parameters, such as load stability and tire pressure.

According to (Trzop 2020), the most important benefits of implementing IoT
solutions include:

e monitoring the state of material resources of the company and the status of
shipments as well as supervision over employees,

e measuring the effectiveness of the use of material and human resources of the
company,
controlling the work of the company’s resources and influencing its course,
automation of business processes,
optimization and coordination of mutual cooperation of people, systems and
material resources,

e learning about areas that can be improved and applying best practices.

4.2 Big Data

In a global economy where data is expected to be used to make better decisions and
allocate resources faster, algorithms with large data sizes can perform tasks more effi-
ciently than humans, the transportation industry has a lot to gain, if only because it is
fragmented. Transport resources, senders, recipients, intermediaries form a network
that is difficult to handle effectively using manual processes. Transport generates
huge amounts of data that can be used to optimize its performance. The use of
telematics allows you to send information about the location and condition of vehi-
cles, TMS collect data on the content, quality and purpose of the load, beacons are
installed in the loads themselves, data is collected by toll collection devices, drivers’
mobile phones are integrated with electronic exchanges, electronic documents are
used, e.g., e-CMR, intelligent tachographs control the driver’s working time, driving
speed, data on the driving style of individual drivers, the degree of tire wear and fuel
are collected. These data, properly processed by algorithms, can contribute to a better
use of existing resources: matching loads to means of transport, using the capacity
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of semi-trailers and planning the length of routes. Especially when they cannot be
enlarged enough.
Possibilities resulting from the use of big data analytics include (Trzop 2020):

comprehensive evaluation of the course of processes,
process planning improvement,

optimization of transport processes,

improving risk prediction and management processes,
the ability to define priorities in everyday tasks,
improving customer relations.

4.3 Intelligent Transport Systems

The use of ITS is one of the priorities in the implementation of the city’s transport
policy. The most important effects of using ITS include:

e general improvement in the efficiency of the transport system operation (in
particular, shortening the travel time, reduction of the number of stops and road
incidents),
increasing the level of road safety, and
reduction of the emission of harmful exhaust components, dust and noise.

Regardless of the development of ITS solutions related to road infrastructure,
electronic systems for communicating vehicles with the environment, including other
vehicles, the so-called C-ITS systems (Cooperative ITS). As a development of this
concept, works are also carried out on Connected and Automated Driving vehicles,
which will cooperate with road ITS solutions in order to effectively use data, access
current information and respond to current needs and threats.

The concept of MaaS (Mobility as a Service) is also being developed, which
consists in providing a transport service with the use of various means of transport,
but without the need to have any of them. The goal of the ongoing development of
MaaS is to better respond to market demand by linking booking, purchasing and
payment systems in the transport chains and providing real-time information on
timetables, weather and traffic conditions, as well as available carrying capacity and
available solutions. MaasS is therefore the user digitized transport interface. Its aim
is also to optimize the use of transport capacity. This solution reduces travel costs
and air pollution, especially where it is very important—in cities. It also significantly
increases the use of means of transport, which under traditional solutions (vehicle
ownership) are used on average in about 5%. The vehicles are not used for the rest
of the day (Kaminski 2020).

Basically, the above-mentioned solutions concern the concept of digitization,
collecting large amounts of data and their use or sharing via the cloud and creating
IoT would not be possible without it. TMS and FMS class systems, online service
purchase platforms, ITS based on telematics can reduce the time-consuming admin-
istrative activities of drivers and office workers and are the result of digitization.
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There are several forms of transport digitization. Today, digital information is already
used in many ways in vehicles, including technologies and services that support car
driving, rail traffic control, aviation and vessel traffic management. The digitization
of passenger and cargo information is another area that is used on a daily basis.
Finally, robots are widely used in terminal operations in freight logistics.

The digitalisation of mobility of people and goods transport has many potential
benefits, such as

ease of access and convenience for passengers,
increasing efficiency, productivity and safety in freight transport,
greater traffic safety, especially advanced automation increases transport safety
by reducing the frequency of human error.
® emission reduction.

The impact of transport on the climate and the environment depends on many
factors. Replacing fossil fuels with low carbon fuels, electricity or hydrogen is another
important way to reduce emissions. The implementation of electric vehicles and the
expansion of smart electric grids are closely related to transport automation. The
environmental impact is not only related to transport, but also to the life cycle of
vehicles. Repatriating production and implementing a circular economy and close
loop supply chains approach reduce the impact of the life cycle.

4.4 Artificial Intelligence

The area of application of Al in logistics is supply chain planning (SCP) systems
supported by machine learning. In the area of transport, Al solutions are also used.
An example is autonomous trucks that independently control their work and react to
external conditions, and even form integrated convoys (truck platooning).

When it comes to Al, the main benefits of its application in the area of logistics
include (Trzop 2020):

increasing the efficiency of processes,

shortening the time of performing tasks,

streamlining the information flow process,

improving the customer service process,

the ability to prioritize tasks,

avoiding empty runs: both in internal and external transport processes,
optimization of the way the goods are distributed.
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4.5 Automation

The benefits of automation in transport processes include, among others, reducing
the shortage of employees. It is estimated that after 2025, autonomous vehicles will
reduce transport costs by up to 28% compared to 2016. By replacing labor costs
(drivers) with software costs, telematics and remote control. Most economic, social
or political and legal factors are likely to drive up costs in the industry, so autonomy
may be one of the few ways to reduce them. However, it will take 5-10 years for
technological solutions in this area (PwC 2017). As many as 78% of representatives
of global transport and logistics companies plan to take actions to automate tasks and
positions in order to ensure the effective achievement of goals. Kantar’s researchers
interviewed 1300 people over the age of 15 from Polish cities over 50,000. residents.
They asked, among others about the advantages of autonomous cars. Among the
greatest advantages, half of the respondents indicated greater mobility of people
who cannot drive a car, e.g., young people and the elderly. Another benefit is the
reduction of parking spaces (21% of responses) if the autonomous car returns to the
owner’s garage after reaching its destination or, as in the case of shared vehicles, will
pick up another person, he will not need a parking space in the city center. In addition,
the popularization of shared mobility may cause many people to give up driving their
own cars in favor of autonomous cars. 8% of city residents indicated that autonomous
vehicles will provide the opportunity to rest or work while traveling (2%). In any
case, they will allow more efficient use of travel time. Autonomous mobility can also
make car users healthier and calmer, as driving in a crowded city can be a source of
stress. Meanwhile, in the case of autonomous cars, the vehicle itself takes care of
everything. (www.transport-publiczny.pl)

The results of pilot research carried out among road transport operators in Greater
Poland in 2019 for the purposes of the thesis will be presented below (Rézniewicz
2019). According to 58% of respondents, by 2030 autonomous cars will normally
functioning on Polish roads, only 16% were skeptical about such implementation
prospects. 76% of respondents declared their willingness to participate in courses
enabling better understanding of the topic of autonomous vehicles. 82% of respon-
dents are willing to replace trucks and vans in their own fleet with self-steering ones.
Among the benefits that the respondents saw in the introduction of autonomous cars,
cost optimization was 58% first. It was to consist of getting rid of the costs of drivers’
salaries, faster covering the route—without mandatory breaks in accordance with the
Act on the driver’s working time, timely delivery. 32% of respondents noticed the
benefit of being able to constantly monitor a vehicle, its location and, technical
parameters. Only 14% of respondents saw the benefit of eliminating a significant
number of accidents caused by drunk drivers.

Questions about the potential benefits of using autonomous vehicles as well as
threats were multiple-choice questions. Respondents perceived threats more often.
They considered the biggest threat to the lack of trust in the 36% system, they are
also afraid of software errors and the inability to respond to such obstacles from
vehicles. 64% of respondents indicated that autonomous vehicles were not adapted
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to the psychological aspects of other road users—for example, the behavior of drunk
pedestrians. Another threat is what has also been indicated as an advantage, i.e.,
reduced employment of drivers—44%, also in the context of retraining or acquiring
new skills, piloting an autonomous vehicle.

The number of technological solutions used in enterprises employing respon-
dents may also affect the perception of automation. The vast majority of respondents
declared that their enterprises use the most popular solutions, i.e., GPS (Global Posi-
tioning System)—satellite navigation system, working time controller and driving
speed controller. 23 people indicated that they worked with the help of cargo tracking,
and three people less—with a fuel consumption meter. The least respondents got
acquainted with the functioning of the tire pressure sensor and temperature sensor.
Awareness and ability to use individual tools also results in answering previous ques-
tions. People who worked with the fuel consumption meter, work time controller,
GPS indicated that they are in favor of the introduction of autonomous cars because
it will facilitate their work because the above devices will cease to need them.

96% of respondents would like to use the latest technologies at work. 60% of
respondents believe that autonomous transport is an expensive solution. In this issue,
the most important were the responses of employees who use the latest technologies at
work. They are the ones who have the greatest awareness and have broader knowledge
than others. After careful analysis, it was this group of people who fully opted for
autonomous transport. And 40% of those surveyed believe that an investment in
autonomous rolling stock will pay off and begin to bring benefits in a few years.

From a bibliometric analysis it follows that (Astarita et al. 2019; Bechtsis et al.
2018; Khondaker and Kattan 2015; Li et al. 2015; McGinley 2014; Sovacoola and
Axsenc 2018; Vleugel and Bal 2018; Yigitcanlar, Wilson and Kamruzzaman 2019):

e the future is bringing increasing demands for greater efficiency and for more
sustainable designs in cargo handling technologies;

e automated transport systems also play an important role in the creation of urban
mobility and have an important influence on the shaping of urban space;

e attention should also be paid to the safety of autonomous vehicle traffic (AV) as
part of both ITS and sharing economics;

e information security management is critical to protect the users of autonomous
vehicles;

e the potential of autonomous vehicles to implement sustainable development can
also be seen in the wider context of linking autonomous vehicles to sustainable
supply chain development.
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5 Potential Costs of Implementing Intelligent Transport
Solutions

One of the most frequently indicated potential social costs related primarily to
automation is the elimination of human labor. The change in the nature of human work
will certainly lead to the elimination of professions in transport, such as: driver, train
driver or operator of reloading equipment—crane, forklift. However, automation does
not have to lead to the elimination of work, as the dynamics of economic processes
must be taken into account. According to Go6tz and Gracel (2017), the effects of digi-
tization on the labor market should be positive on balance, as in Germany one-third
of enterprises subject to digitization processes plan to increase employment, and
only one-tenth expect a reduction in employment as a result of digitization. On the
other hand, OECD studies show that as a result of automation, about 12% of jobs in
Germany are at risk, and about 7% in Poland (Brandt 2016). Workstations where 70%
of work can be replaced by machines are considered such. In Great Britain this figure
reaches 10%, in the USA—9%, and in Japan—7%. Some studies even mention the
disappearance of more than 200 professions, new ones will surely emerge. According
to Paprocki (2017), just as computerization did not cause structural unemployment,
robotization does not have to cause this phenomenon.

However, the barriers to implementing the above-mentioned tools should be taken
into account: high investment costs, lack of experts, well-qualified and understanding
market needs, mentality, data security, fragmentation—95% of Polish transport
companies are micro-enterprises with a fleet of up to 20 vehicles. Such companies
have approx. 60% of the fleet resources in Poland.

Both in terms of individual users and enterprises, the development of intelli-
gent technologies in transport and the resulting costs should be viewed in terms of
the development of social media and the concept of Zuboff (2015) surveillance capi-
talism. And by analogy, consider the possibilities of extending it also to the discussed
solutions. Structural asymmetries of knowledge and rights made it impossible for
people and small organizations to learn about practices of leading tech companies.
In this concept “the new tools, networks, apps, platforms, and media thus became
requirements for social participation”. In the same way, the use of intelligent transport
tools becomes a prerequisite for the continued existence of transport companies. In
this new regime, a global architecture of computer mediation turns the electronic text
of the bounded organization into an intelligent world-spanning organism that Zuboff
(2015) call Big Other. One of the main challenges is the detailed recognition of a
new business model in which service providers, i.e., carriers of people and goods, are
completely cut off by virtual platform operators from their customers, i.e., passen-
gers and shippers. When analyzing this model, it is necessary to take into account
a specific scenario in which one operator occupies an unprecedented position in the
market, becoming a monopsony. In economic theory, the operation of monopsons
has so far been analyzed in a very narrow range. It is possible to emancipate virtual
platform operators, who will take over the role of architects of the entire mobility
support system for individuals and the entire society, as well as for the distribution
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system of things and goods devoid of material form. Nowadays, the source of the
leader’s advantage is the intellectual advantage obtained thanks to the use of the
so-called narrow Al (Paprocki 2017) So, perhaps we should consider the scenario
of a specific exclusion of enterprises that do not efficiently use the most modern IT
solutions.

The need to introduce new types of digital platform-based business models is
linked to the need to create a supportive and enabling environment and, through a
regulatory framework, a level playing field for businesses. Market leaders (logis-
tics operators) are already implementing technological innovations, but there are no
regulatory provisions. When introducing intelligent IT tools, concerns are raised not
only about work, but also security, privacy and the environment.

When it comes to security, there is a growing concern about cybersecurity, which
will be one of the key aspects of transport security. It applies not only to vehicles,
but also to the infrastructure that supports, controls and manages them. The main
challenge may be to de facto accountability in the event of an accident, given the
role of digital systems and the involvement of several entities such as vehicle manu-
facturers and owners and infrastructure managers. New safety risks are due to the
limited ability of sensors to recognize shapes, malfunctions, internet disruptions, and
new types of human error such as software error. Of course, all these protections will
generate costs, but the final effect is still assessed as positive.

Concerning the need for privacy and greater data exchange, concerns are raised
about continuous monitoring, shape recognition. The management of non-personal
data, especially data generated by sensors and smart devices, also requires expla-
nation and regulation. When considering the issue of ease of access and re-use of
data, it is worth noting that generally it is not the data itself that gives a competitive
advantage, but rather it is improved by tools, innovation resources and market power.

Paradoxically, autonomous transport may lead to more use of private cars due to
greater passenger comfort. But car sharing (along with the use of autonomous public
transport) can reduce the number of private cars. Consumer preferences will play a
decisive role. They will depend on the possibility of travel planning, encouraging
passengers to make environmentally friendly choices, price incentives for the use of
electricity infrastructure. However, it should not be forgotten that new digital and
digitized infrastructure, new services are needed to enable access to traffic informa-
tion as well as for reservations and payments for mobile services and they require
electricity, the way to get it will be environmental impact (EKES 2017).

The implementation of intelligent IT solutions is associated with large financial
outlays, which not every enterprise, especially small or medium-sized, can decide
to do. In addition, their use is often associated with the need to entrust an external
entity with valuable information resources of the enterprise. There is also no doubt
that the implementation of such advanced technologies is associated with significant
changes in the organization of processes, requiring appropriate change management
skills from the managerial staff. However, it is clear that this process cannot succeed
if technology alone is driving progress. Ideally, development should be driven by
societal demand.
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6 Conclusions

Technology offers many opportunities, but progress cannot be based solely on it. It
requires an appropriate degree of availability, ease of access and free flow of data. At
the same time, adequate data protection must be ensured. In order to be able to respond
to new developments, it is also necessary to strengthen cybersecurity capacities and
to address liability issues. Close links with other policy areas such as digital single
market, energy, industrial development, innovation and skills policies. As climate
change mitigation objectives and requirements also contribute to the development of
digital transport, there is also a close link with environmental sustainability.

It is difficult to unequivocally identify and estimate the scale of benefits and the
scale of threats posed by the described IT solutions. The problem of the redistribution
of these benefits and costs remains open, both between enterprises in the country
and in enterprise networks and in the international dimension. A question arises—
Are these benefits and costs the same for all entities? It is worth considering the
dependence of perceiving the same tools as a cost or benefit depending on the type
of entity, e.g., its size in the transport industry.

Each of the analyzed solutions—digitization, autonomization, IoT, big data,
telematics, could be studied separately in a more detailed way. In the sciences of
management and quality, it is expected to continue work on dynamic changes in the
behavior of market participants. It is also possible to conduct research as part of the
so-called Uberization and amazonization taking place in the supply channels, they
adapt to the requirements imposed on them by entities gaining market dominance
thanks to the use of the latest digital technologies.

As part of megatrends, e.g., connected living or big data clouds, it is possible
to study the decision-making model at the enterprise level, which will have the
opportunity to achieve effects so far in theory considered achievable only on a macro
scale. The topics that require separate research are: electromobility, including vans
and trucks, sharing economy and instant pricing, blockchain and cybersecurity in
transport.

However, it is important to adequately address these structural changes by devel-
oping strategies to ensure a fair and efficient transition, reduce negative social impact
and respond to skills mismatches, with appropriate monitoring of progress, that is,
considering the achievements and consequences of intelligent IT transport solutions
from an end-to-end perspective. society, including enterprises, workers, consumers,
and looking at the balance of benefits and losses in both economic, social and
environmental terms.
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