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Abstract: An analysis of the activities of leading transnational corporations (TNCs) for the period from 2000 to 2020
showed that the transformation of the world economic order leads not only to new rules for conducting international
business, but also to the occupation of prevailing positions in the world market by TNCs engaged in the service sector.
Therefore, the purpose of the study was a systematic analysis of the impact of intangible assets on the growth of the
competitiveness of the service sector and the increase in their market capitalization, revenue and asset value. Based on ar
in-depth study of statistical data, the authors identified trends that led to an increase in the share of intangible assets in
the value of companies; an analysis was made of the presence of TNCs in the service sector in the ratings for assessing
the level of revenue and market capitalization (based on the Fortune Global 500); comparison of indicators related to
intangible assets with the human development index and the business environment, formed taking into account the
existing investment climate (based on AON Empower Results, GIFT, World Investment Report); identified the most
promising sectors for the use of intangible assets. Based on the results of the study, uniform principles were formed
according to which the management of intangible assets of TNCs should take place, in which an important place is
occupied by the use of the potential of intangible assets and the advantages of the triple helix of innovations (education -
business - government).

1 Introduction patterns and transition to a new stage of the industrial
Due to increasing globalization, the beginning of théevolution.

XXI century was marked by the emergence of a large One of thgir features is increased ro!e of intangible
number of transnational companies that dominated alm@ésets, including those that make up a significant part of
all industries. At the same time, they face the increasit@e value of modern companies. About 40 years ago,
need both to maintain their existing competitivedccordingto AON and LLC Ponemon Institute experts, the
advantages and to form new ones based on emerging trefiégre of intangible assets in the value of companies
inherent in the entire global market, including: changintiicluded in the Standard & Poor's (S&P) 500 index was
market conditions and business models, rapid digitalizatig®out 17% (122 mil. USD); currently it exceeds 85% (21
and new forms of globalization, change in technologicdlil. USD) (Table 1).

Table 1 Share of tangible and intangible assets in & P 500 companies

Period Index Intangible assets Tangible assets

197¢ Share, 9 17 83

1085~ [onare.? 32 68
Rising cos + 360hil. USC + 471hil. USC

1995 ~ [onan % 68 32
Rising cos + 2638bil. USC + 450hil. USC

2005 [onar % 8¢ 20
Rising cos + 6 160bil. USC + 850 hi. USC

2018 [=nan % 84 16
Rising cos + 11750hil. USC + 1680bil. USC

2020 Shar, % 90 10
Rising cost + 8 000bhil. USC + 100Cbil. USC

* preliminary estimates

Source: compiled by the authors according to AON Empower Results[1]

~ 245 ~
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Despite this, accounting for intangible assets and the Currently, there are more than 82,000 TNCs that create
degree of data disclosure about them by companies stilhetwork of 810,000 branches worldwide [2]. Comparison
remains a problem. Experts have different ideas about whth similar data of 1991 reveals the number of TNCs over
is included in intangible assets. In Russia since 2021, ttiee past 30 years increased almost 2.5 times, and of their
Federal Accounting Standard for Public Financeranches 5.5 times [8]. At the same time, the core of the
‘Intangible Assets’ is in force, changing the accountingorld economy is formed by 500 companies that
procedure and fixing the main criteria under which afaccording to the Fortune Global 500 rating [9]) received
object can be equated to an intangible asset. At the samere than 33 trillion USD of income, more than 2 trillion
time, the question of the very ‘subject’ composition otJSD of profit and provided about 70 million jobs in 32
intangible assets still remains open. countries for 2020 [9]. The largest number of companies

Moreover, despite the high importance and relevanckiring this period is traditionally noted in America, China
of this topic, as well as a significant amount of statisticalnd European countries. A retrospective analysis by years
data in the studies of leading foreign and Russian scientigt§jmplementation of the Fortune Global 500 rating shows
the aspects of the impact intangible assets have trat this geographical trend was not always observed. In
increased competitiveness of TNCs and on increas&@95, the top 5 leaders were Japan (148 companies), the
market capitalization, revenue and asset value are not ful\BA (148 companies), Germany (42 companies), Great
systematized. E.A. Shutaeetal. and P.V. Pavlioet al.  Britain (35 companies) and France (37 companies). In
consider only the issues of service companies functioni2§05, the leaders were as follows: the USA (176
in the modern conditions of digitalization [2,3]. |.T.companies), Japan (81 companies), France (39 companies),
Rustamova, T.P. Danko and A.S. Vyazovikova pay mo@reat Britain (37 companies) and Germany (37
attention to aspects of managing intangible assets asmpanies). In 2015, Chinese companies forced out a large
service companies [4,5]. number of recent leaders, and the balance of power was as

In this regard, the present research aimed at fallows: the USA (128 companies), China (98 companies),
systematic analysis of the impact intangible assets havedapan (54 companies), France (31 companies), Great
increased competitiveness of TNCs and the increaseBnitain (29 companies). Currently, in 2020, the
their market capitalization, revenue and asset value. Tgeographical representation is as follows: China (124
objectives are: identifying trends that lead to increasembmpanies), the USA (121 companies), Japan (53
share of intangible assets in the value of companieshmpanies), France (31 companies), Germany (27
analyzing the presence of TNCs in the service sector in thempanies).
ratings for assessing the level of revenue and market At the same time, considering the distribution of
capitalization; comparing indicators related to intangibleompanies by sectors reveals a trend towards an increase
assets with the human development index and the businesservice companies not only in quantitative but also in
environment formed in the country; identifying promisingqualitative terms (taking leading positions in the ranking)

sectors for the use of intangible assets in TNCs. (Table 2).
Notably, according to the World Bank, the contribution
2 Methodology of TNCs in the service sector to world GDP exceeds 75%,

Thus, to achieve the goal of the study and solve tf@@d the share of TNCs in the service sector in the Fortune

identified problems, the research used works of leadirfglobal 500 rating is more than 50%, the largest number of
scientists in the field of intangible assets and the behavi§hich is noted in the banking sector [9]. At the same time,
of companies in a transforming economy as basiduring the period under review, TNCs emerged in the
Thematic statistical and analytical collections from leadingervice sector related to new industries:
rating agencies and expert communities (including 2005 (leaders): Healthcare — McKesson Corporation
statistical collections of AON Empower Results, GIFT, (26" place, revenue 80,514.6 mil. USD); Entertainment
World Investment Report, and Fortune Global 500 [1,6- — Time Warner (100 revenue 42,869 mil. USD);
9]), as well as information on the activities of multinational ~Security — leader company Morgan Stanley {107
companies from open sources were selected as practicalplace, revenue 39,549 mil. USD); Hotels, Casinos and
data. Restaurants — Hilton Group (2B0place, revenue
An extensive instrumental and methodological 21,792.5mil. USD); Employment Assistance — Adecco
apparatus was used: system analysis, synthesis and(265"place, revenue 21,441.2 mil. USD); Construction
analogy, classification, quantitative and qualitative — Centex Corporation (48lplace, revenue 12,859.7

analysis, and graphical interpretation of data. mil. USD).
e 2015 (leaders): Internet services and retail trade —
3 Reaults Amazon (88 place, revenue 280 511 mil. USD); Reall

The existing global trends indicate that TNCs engaged EState — Greenland Holding group (23face, revenue
in the service sector acquire greater weight in the global 42,515 mil. USD); Apparel — Christian Dior (261
economy, since they can take fullest advantage of revenue 60,071 mil. USD); Packaging — International

competitiveness due to intangible assets in their structure. Paper (450, revenue 26,221 mil. USD); Travel
services — TUI (469place, revenue 142 mil. USD).

~ 246 ~
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e 2020 (leaders): Diversified outsourcing services —
Randstand (479place, revenue 26,500 mil. USD).

Table 2 Distribution of companies fromthe Fortune Global 500 by industry [9]

Companies involved in the industry Number of companis
1998 | 200% | 201f| 202C
Aerospac 9 11 11 13
Airlines 9 7 7 6
Drinks 6 4 3 4
Building material, glas: 3 4 3 5
Chemical 17 9 8 8
Banking 60 55 55 50
Computers, office equipme 8 13 10 12
Diversifiec financia institution: 7 4 5 10
Electronics, electrical equipmt 31 29 32 26
Engineering structu 14 10 13 16
Product are 35 9 12 11
Food service 1 3 3 2
Pharmaceutical compan 22 21 20 19
Forest and paper produ 5 4 - -
General sale 15 11 7 3
Industria agricultura equipmer 10 7 8 11
Delivery of mail, parcels and cai 7 9 7 7
Metal product: anc metal: 20 12 16 18
Mining industry, oilproduct: 2 5 25 23
Vehicles and spare pe 25 31 33 34
Network and other communication equipn - 5 5 3
Qil refining and pipeline 28 31 42 42
Medical products and equipm 10 13 10 15
Publishing printing 4 2 - -
Railway: 8 4 4 3
Rubber aneplastic product 3 - - -
Semiconductors and other electronic compon - 5 4 2
Scientific, photographic and control equipn 5 2 - 1
Transportatio 2 1 2 3
Cosmetic 3 - - -
Specialize retailer: 7 12 13 10
Telecommunicatior 20 23 18 16
Textile - - 1 2
Tobacct 4 3 1 2
Trade 21 10 12 19
Public utilities 16 23 25 15
Wholesal: 8 11 12 11
Othel 62 84 80 92
Total service sector enter prises (out of 500 companies) 269 28t 27E 314

Source: compiled by the authors according to Fortune Global 500 [9]

All of this contributed to a paradigm shift in the topMotors Corporation with the revenue of 176,558 mil. USD;
TNCs in the Fortune Global 500 and the industries theéy 2020, Walmart (the scope of which is trade) took the first
represent. In 2000, the leader of this rating was Genemace with the revenue of 523,694 mil. USD (Figure 1) [3].
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Figure 1 Retrospective analysis of the top TNCsin the Fortune Global 500 [9] by revenue (mil. USD)
Source: compiled by the authors according to Fortune Global 500 [9]

Notably, in 2020, almost all TNCs in the energyontrary, grew. Thus, it will be of interest consider the
industry (Figure 2) lost in revenue compared to 2019, whitthange in the value of TNCs (value of assets) and their
TNCs in trade, automotive industry and finance, on therofits depending on the sector of the economy (Table 3).

Table 3 Analysis of the representation of TNCsin the Fortune Global 500 by sectors of the economy [9]

201¢ 202(
Sector Quantity Profit, mil. Asset value, Quantity Profit, mil. Asset value,
USD mil. USC USD mil. USC
Space and defer 11 27 241 705 738,9 13 27 256,6 1018 844,7
Appare 3 5776, 125719,7 3 9529, 152 24¢
Business servic - - - 3 2908 39 665,5
Chemicalproduct: 8 29 546,2 484 802,5 7 12 474,3 457 374,
Energ) 107 228 114,9 10 507 095,9 82 285 098,b 10 704 644,6
Design and constructis 13 16 930,1 874 817 13 21 440,9 1396 339,8
Financt 111 612 650 93 331 579,9 121 784 342,2 102 475 696,8
Grocery stor 2C 12 803,¢ 71C677,° 19 17 95( 784 678,
Food, drinks and tobac 16 65 031,4 878 511,7 17 66 748,6 1166 351,9
Healthcar 23 104 123,5 1443 598,3 29 148 662,71 2772963,1
Hotels, restaurants and leis 4 7 845,2 96 582,8 1 3599,2 19 219,6
Household goot 2 18 156,5 183 059 3 14 390 237 005,4
Industn 19 36 798,7 984 469,5 19 48 069,6 1235214
Raw material 20 6 681 1 053 848,1 23 7 567,9 1294 4725
Medis 4 22 135,1 245 478,2 3 14 498,4 306 705,b
Automotive industr 34 118 900,9 3282 252,7 34 83942,4 4 054 10%,7
Trade 1E 43 640, 854 762, 16 80217,¢ 1202917,]
Technolog 32 184 571,6 2122916 35 292 312,17 3389 142,2
Telecommunicatior 18 85 778,7 2 394 209,7 15 81 138,6 3154 630,2
Shipping 20 28 425,2 2 320734,9 19 25 209,2 3093 794,2
Wholesal 19 14 461,6 766 096,3 24 21 865,2 1 054 336,2
Total 500 1669 616,9] 123367 951|4 500 2 049 222,6 140 011345
TNCs in the service sector and 275 1140 367,7| 104 595 415,1 314 1496 623,8 | 118 683 997,1]
share of the total 55% 68.3% 84.8% 62.8% 73.0% 84.7%

Source: compiled by the authors according to Fortune Global 500 [9]
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Table 3 shows that the largest value of companies both Intangible assets in any TNC are important both in
in 2015 and 2020 was noted in the financial sector, andassessing the value of the company and in highlighting its
general, the value of all TNCs in the service sector @rong competitive sides (for instance, business
almost 85% of the value of all TNCs included in theeputation). At the same time, according to Brand Finance
Fortune Global 500 rating [9]. At the same time, singlingxperts, the share of intangible assets is the highest in
out companies with the highest asset value reveals that éCs in the service sector. In 2020, TNCs in cosmetics,
first 50 will be companies exclusively in the financiallnternet and software, health, drinks and Media are more
sector (the maximum volume of Industrial & Commerciathan 70% (taking into account the value of disclosed and
Bank of China is 4,322.5 bil. USD, 7 times more than thaindisclosed intangible assets and goodwill), and 7 of the
of China National Petroleum, the largest TNC in terms df0 most intangible sectors are represented precisely by
asset value in the energy sector with 608.1 bil. USD). industries from the service sector (Figure 2).

Space and defense
Cosmetics

Internet and software
Healthcare
Pharmacology
Drinks

Media

Technology and IT

Apparel, watches

and jewelry
Food 0% 44%
® Tangible assets ¢ Intangible assets & Goodwill e Intangible assets
(disclosed value) (undisclosed value)

Figure 2 Sectors of the economy with the largest share of intangible assetsin their structure, 2020
Source: compiled by the authors according to GIFT [6]

The remaining service sectors for the period unddwealthcare sectors; 5 TNCs from the beverages sector; 4
review in terms of the share of intangible assets in teNCs from the banking services sector; 3 TNCs each from
structure of their value have the following valuesthe media, cosmetics, space and defense, and food sectors;
commercial services — 64%, retail trade — 62% TNCs each from the oil and gas, design and construction,
telecommunication services — 60%, household goodsApparel, watches and jewelry, and logistics sectors; 1 TNC
60%, leisure, tourism, gambling — 55%, logistics — 42%ach from the automotive industry, commercial services,
utilities — 30%, air transportation — 23%, insurance — 17%surance, chemical products, real estate, and utilities
real estate — 14%, banking sector — 10%. Comparisgctors. In 2020, there was rapid growth in this rating not
similar values over the past 20 years reveals that the largesly for TNCs in the service sector but also for those
increase in the volume of intangible assets is observedangaged in production processes, for example, Saudi
the TNCs of the banking sector (6.7 trillion USD). Aramco, a TNC from the oil and gas sector; Tesla from the

The largest TNCs in terms of intangible assets in 202futomotive industry sector; Bristof Myers Squibb from the
were Apple (2,151 bil. USD), Amazon (1,694 bil. USD)pharmacology sector; Reytheon Technology the space and
Saudi Aramco (1,651 bil. USD), Microsoft (1,598 bil.defense sector; and Wuliangue from the beverages sector.
USD) and Alphabet (838 bil. USD). In turn, the overall Despite the understanding of the importance of
rating of the 100 largest TNCs in terms of intangible assdtgangible assets in the value of TNCs, there are still great
in 2020 included 18 TNCs from the Internet and softwamdifficulties in their accounting, cost calculation and
sector; 14 TNCs each from the pharmacology ardisclosure of full information. Moreover, companies
technology and IT sectors; 7 TNCs from the retail traddemselves often do not fully understand how exactly the
sector; 6 TNCs each from the telecommunications amesence of intangible assets (for example, a recognizable
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brand, relationships with customers and suppliers, tlseientific sector (IT companies, scientific and educational
company's human resources) affect the company's valoeganizations, engineering, pharmaceutical companies),
The studies of intangible assets presented by Braddveloping through the active introduction of new
Finance experts, conducted on more than 58.8 thousandovations and economies of scale.

companies from 120 countries, indicate that about 15% of At the same time, accounting for intangible assets at the
the value of companies is closed intangible assets agidbal level is carried out based on the International
closed goodwill, and in a number of industries this valuBinancial Reporting Standard IFRS 3, on the basis of which
approaches a quarter of the company's value (for examptaangible assets are divided into 5 main categories: related
the media sector, see (Figure 2). to marketing, related to customers, received on a contract

Often the influence in disclosing all information aboubasis, having a technological base, related to works of art.
intangible assets is at the level of the country as a whola. turn, a number of foreign experts use their specified
Thus, the following countries with the largest share afategories of intangible assets (Table 4).
intangible assets in the value of companies in 2020 can be Thus, in addition to the traditional categories that are
singled out: the USA (75%), Denmark (73%), Irelangbart of the company's intangible assets, including sources
(73%), Saudi Arabia (71%), Finland (62%), Swedewf intellectual property, the presence of property rights and
(60%), Switzerland (59%), France (57%), Morocco (56%Jusiness reputation, it is possible to include the human
and Argentina (56%). In these countries, as well as incapital available in the company (knowledge, skills,
number of other European countries (including Belgiuntonnections of the company's employees), due to which
Italy, Portugal, and Germany), there are companies wifrmation of all other tangible and intangible assets of the
the largest value share of disclosed intangible assets. company often occurs.

At the same time, a number of the above countries also In connection with the presented division of TNCs
have the best financial performance, the best values of tecording to the IFRS 3 classification, as well as the
human capital index (for example, Finland — 2nd placelassification of intangible assets based on the International
Switzerland — 3rd place, the USA — 4th place, DenmarkF~inancial Reporting Standard IFRS 3, it is possible to
5th place, Germany — 6th place, and Sweden — 8th plas@)gle out those intangible assets that have a greater impact
and the greatest prospects for doing business, includiog the value of companies. For TNCs of the first type, the
data on the speed of registering property and the speedhaist ‘valuable’ will be intangible assets associated with
starting a business (New Zealand — 1st place, Denmarknarketing, for TNCs of the second type, intangible assets
4th place, the USA — 6th place, and Sweden — 10th plad®sed on customer relationships, and for TNCs of the third
[10,11]. type, intangible assets based on technology and

A key feature of intangible assets is the fact that due tmcumented. Yet for all TNCs in the service sector,
support and development mechanisms, they do not lose begardless of their belonging to any of the above sectors,
multiply their value and can create a multiplier effechuman resources will be of great importance in the
during operation. This significantly increases thdormation of final financial indicators, allowing the
competitive advantages of TNCs, especially in times dbrmation of all these types of intangible assets to one
crisis (for example, the well-known problems that befelliegree or another.
companies in the service sector in connection with An important aspect of the growth of efficiency and
COVID-19. At the same time, they were able to restongrofits of TNCs in the service sector, which is particularly
their former positions in the best possible way and evetffected by intangible assets, is logistics. This is justified
increase the volume of value, profit and revenue). by the fact that the logistics of the service sector has a

TNCs in the service sector can be divided into threeumber of features that distinguish it from traditional
main types [4]: logistics. So, among the main features of the logistics of

» TNCs in the consumer services sector, includingNCs in the service sector, the following should be
TNCs of individual services (retail sales, trade, footlighlighted [12]:

services, utilities), and TNCs of public services (healths
education, media and entertainment, consulting),
developing at the expense of human capital, goodwill ane
general company reputation;

* TNCs inthe infrastructure services sector, including
TNCs of physical infrastructure (airlines, railways, «
transportation, wholesales), TNCs of information.
infrastructure (banking, diversified financial institutions, «
telecommunications), developing through innovation and
cost reduction; .

* TNCs in the KIBS (Knowledge Intensive Business
Services) sector, including TNCs in the engineering and

planning and regulation of working time, but not of
transportation;

storage of information and accumulation of
knowledge (staff training), rather than storage of raw
materials, materials and goods;

information processing, not stock management;
collection of information, not delivery of materials;
planning and organizing the work of personnel, not
production processes;

control of the communication cycle,
distribution and delivery of products.

not the
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Table 4 Classification of intangible assets
Intellectual property
Patents, copyrights, trademarks, trade secrets, know-how
Rights that may be protected by intellectual property

Marketing rights, usage rights, franchise agreements, rovalty agreements, licensing
agreements, mortgage service rights

Brand that can be protected by intellectual property

Brand value, its degree of inclusion in social networks

Report on Companson
of the Impact
of Financial Statements
of Intangible Assets

‘Hard’ intangible assets that may be protected by Intellectual Property
Goodwill, software licenses, mternet domains

Data that may be protected by Intellectual Property

Information stored: program code, data (others), databases. customer lists,

(Ponemon Institute LLC
Report, AON Empower
Report)

video/audiovizsual matenalz, confidential mformation
Non-income rights

Intangible assets that generally do not affect income generation: non-competitiveness

agreements, supspension agreements
Connections and relationships

Belationships with customers, relationships with suppliers

Public rights

Drilling nghts, import quotas, planning/zoning permit, water nghts, wireless spectruom
rights, carbon exhausts rights

Marketing related intangible assets
Trademarks and names; service marks and collective marks, certification marks;

trade uniform {vnigue color, shape or package design); newspapers; internet domain
names; headings; agreements on non-competition

Intangible assets based on customer relationships

Chent lists; order or production of uvanfulfilled orders; costomer contracts and related
costomer relationships; non-contractual relationships with clients
Intangible assefs secured by documents

Categories of intangible

assets according to
IFRS 3 Agreements on lic_ensing: rovalties, moratorioms; contracts f_'or_adw‘er‘tisjng, con_&trpction,
management, maintenance or supply; lease agreements; building permit; permissions;
franchising agreements; operation and broadcasting rights; usage nghts such as dnlling,
{Brand Finance GIET water, air, minerals. logging and route management; service contracts; employment

n ot confracts
eport) Technology based intangible assets

Patented technology: computer software; database; trade secrets such as secret
formulas, processes, recipes
Intangible assets associated with works of art

Plays, operas and ballets; books and magazines, newspapers and other literary works;
Muszical works such as compositions, Iyrics and commercials; maps and photos;
videc/auvdiovisual materials, including films music, videos

Source: compiled by the authors according to AON Empower Resultsand GIFT [1,7]

Thus, it can be noted that for TNCs in the service sect@l] intangible assets, both in the internal environment of
logistics costs not only have a fundamental impact on tlkempanies and in the external one [14].
company's productivity, but also make up a large share of This is due to the fact that the purpose of the logistics
the costs, since they include almost the entire cycle operations of TNCs in the service sector is to ensure the
"production” of services [13]. Thus, one of the options fasupply and production for the end consumer of the
reducing logistics costs is the use of logistics platforms, i.secessary basic and related services at the set time and
special business models developed to improve tipace, in the requested volume and at the set price (taking
efficiency of all logistics operations of supply chains [13]into account cost reduction for the service TNC itself). In
And another option is to use the methodology of ththis regard, one of the basic principles of logistics at TNCs
intellectual capital management process (ICMP), whicim the service sector is the organization of a continuous
allows you to build management and logistics processes fmocess of providing all departments with the necessary
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resources  (information, labor, temporary andcientific clusters, universities and TNCs allow achieving
administrative), primarily those that are intangible assesssynergistic effect for all participants. For example, the
for companies. Shenzhen-Hong Kong cluster, which is in the top 3 clusters
At the same time, approaches in logistics, as in all othepresented in patent and scientific activities, according to
areas of TNC activity, also need to be revised due to tiiee Global Innovation Index, and which united the
need to comply with the concept of sustainable&niversity of Hong Kong and the company Huawei,
development and the global imbalance in the worldllowed to significantly increasing the volume and quality
economy caused by the COVID-19 pandemic, as well a$innovations companies and the share of market sales.
the growing role of digital technologies and the widespread Indicators of monitoring, management and
development of the industry. 4.0, which contributes to thdevelopment of intangible assets are taken into account
complete transformation of business models for theghen implementing the development strategy of
functioning of companies. These trends are also confirmedmpanies; this is a feature of intangible assets
by AL-ABABNEH H.A., who, in the course of his management by leading TNCs in the service sector. At the
research, identifies the main trends in the developmentsdgme time, intangible assets management is based on a
the logistics industry in the world, taking into account newumber of general principles, for example:
trends in the development of the world economy [15]. . incorporating the intangible asset management
Scientists-economists T.P. Danko and A.Sstrategy into the overall development strategy of TNCs;
Vyazovikova in their study confirmed the hypothesis that . using tools for assessing the value of intangible
the revenue of companies depends on the value of #ssets:
intangible assets. Apple was chosen for the assessment.  consistency, complexity and synergy in the
which has the highest value of intangible assets and iSfmmation, management and deve|opment of intangib|e
the top 3 in terms of revenue of the world's leading TNCgssets:
Calculating the correlation coefficient revealed that the . pyilding up the innovative potential of TNCs
market value of the company is highly dependent on thgsed on the company development strategy, including
value of intangible assets (R=0.760), but an even greafgfjiding its business reputation;
dependence was obse_rved between the amount of revenug intangible assets management should increase the
and the value of mtanglble assets (R=0.816) [5]. Accord'%mpany's competitive advantages.
to the value of disclosed intangible assets, the company
pays great attention to interaction with consumers a ;
maintaining their loyalty to the brand (40% of the value o Conclusion

X . ; : . Thus, we can conclude that at present, TNCs engaged
all intangible assets), marketing components of intangible . oo E . X
In the service sector are becoming increasingly important

assets (23% of the value of aII.intangibIe assets), and thler{he global economy, which can be conditionally divided
the development of technologies, know-how and paten . ’ . ;
Into TNCs in the consumer services sector, TNCs in the

(21%). . X : A
Financial TNCs have a different strategy; they arg]f:\?isct;gc;gcetoierl\rl:criz\r?ecrfsr aeré?sTm(i?sst:re]r:Qﬁslncgilelzegutile
represented by the only company from Russia which w agct that it is TNCS in th)e/ ser\eice éector that can fully use
among the world's leading companies in 2021 [9] the advantages of intangible assets that have recei\)//ed the
Sberbank PJSC. The company built its work on intangib}er atest im gact due to gIobalization the development of
asset management by creating a diversified ecosystem aetltalizatioﬁ (Industr 490) and also, taking into gccount
includes various services which allow customers to receiy . y &.0), axing X
. ) . i . ofher trends in the world economy. This is also confirmed
services in the field of finance, entertainment, food, reg )
; : the fact that the World Bank estimates that the
estate, healthcare, transport, consulting, and education, C ! . ;
; N . . ctontrlbutlon of TNCs in the service sector to world GDP
This position allowed Sberbank to increase its net assets , .
; A . exceeds 75%, and the share of TNCs in the service sector
almost 3 times during the formation of the ecosysten] the Fortune Global 500 rating is more than 50%. of
becoming the largest bank in Russia and the strongé t 9 >

banking brand in the world with a Brand Strength Inde}’ ich_the largest number is represented by TNCs in the
financial sector.

(BSI) rating of 92.0 out of 100 and an elite AAA+ rating. . : s e e
Despite this, PJSC Sberbank is actively involved in the At the same time, there are still certain difficulties in

development of the company's human potential anad:countingforintangibleassetsinthevalueofTNCs.This

supports he corporate unversy which forms a knowlecl 401 1@ Somelnes sezacitet with e pojee o
bank and trains tens of thousands of company employees 9 ’ P ’

) . 7 a8 shortcomings in the application of financial reporting
In more than 300 gducaﬂonal programs to develop ﬂex'bg?andards (IFRS 3) for specific industries and types of
skills and professional competencies.

The trend of creating corporate universities amon tri]rétangible assets.
g corp 9 Undoubtedly, at present, intangible assets make up a

leading TNCs, as well as their interaction with scientific. nificant share in the value of modermn multinational
and educational structures, is quite strong. According ou

Deloitte, the cost of corporate training in the world is aboCPanies, espeplally those in the service sector. At t_he
150 bil. USD annually, and collaborations betweefia™e Ume, the issue of competent accounting remains
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important, which allowed increasing the disclosure of 2021.
intangible assets by companies, as well as developifgf DANKO, T.P., VYAZOVIKOVA, A.S.: Architecture
strategies to increase the volume of intangible assets andof Apple intangible assets effectiveness management
competently manage them. Of help here are digital assessment. Bulletin of Belgorod University
technologies and collaborations with scientific and of Cooperation, Economics and Law, No. 6, pp. 282-
educational organizations, which will allow (through a 296, 2019.
synergistic effect): https://doi.org/10.21295/2223-5639-2019-6-282-296
« attracting new talents and building up thd6] GIFT: Global Intangible Finance Tracker (GIFTTM) —
necessary skills and competencies for the company; an annual review of the world’s intangible value-2020,
«  implementing new approaches to innovation and [Online], Available: https://brandirectory.com/downlo
integrating new technologies into existing workflows; ad-report/brand-finance-GIFT-2020.pdf [14 Sep 2021],
« studying market changes and hedge risks to 2021.
identify new products and services, as well as the md€l GIFT: Global Intangible Finance Tracker (GIFTTM) —
competitive market segments; an annual review of the world's intangible value-2019,
« including integrated change management [Online], Avallable_: https://brandfinance.com/wp-
programs, flexible organizational structures and flexible content/uploads/1/gift_2.pdf [11 Sep 2021}, 2021.
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Abstract: Automated parcel locker is a self-service technology to facilitate parcel collection and has been introduced in
Malaysia in 2016. Although automated parcel lockers have advantages over home delivery, customers still prefer the
traditional method. Subsequently, this study aims to explore the role of time constraint, supplier image, and openness to
change toward online buyers' intention to use automated parcel lockers. Based on the stimulus-organism-response theory,
the study conducted both an online survey and an on-site survey. Two hundred and sixty-five respondents’ data were used
for data analysis, and the results indicate that time constraint has a negative influence on openness to change, and supplie
image has a positive influence on openness to change. Openness to change was found to mediate the relationship betweel
time constraint and intention to use and between supplier image and intention to use. Automated parcel lockers providers
will benefit from the outcomes of this study.

1 Introduction automated parcel locker services has been introduced as an

Increasing consumer demand for online shopping hadiiovative solution to reduce waiting time and provide
vital impact on the last-mile delivery services. Logistic&fficient last-mile delivery. o _ o
providers need to be more creative to ensure the online During the last few years, logistic service providers in
buyers’ satisfaction which supporting the repurchaddalaysia also managed to provide an innovative solution
intention from the same platform, thus the platform willo parcel deliveries by providing automated parcel lockers
reuse the same logistics provider to deliver their producd Well as designated pick-up points. Many logistics
[1]. Thus, technological factors always a main source dusinesses in Malaysia provide parcel delivery services,
innovation to meet the customer’s expectation_ with Pos Laju, the national courier service founded in

Self-service technology (SST) is a technological988, being the Iargest._ The use of an autor_nated parcel
interface that enables customers to produce and consuffe&ker system in Malaysia, called Pos Laju Ezibox, began
services without requiring direct assistance from compary 2016 to assist parcel deliveries. According to the yearly
employees [2]. In last-mile delivery, SST is provided in theeport of postal and courier service published by the
form of a parcel locker, which is frequently used for selfMalaysian Communication and Multimedia Commission
service collection and return of online purchases [3] It wd 2018, the number of automated parcel lockers in the first
reported that SST facilities would continue to evolve an@@lf of 2018 was recorded at 110. The numbers rose from
play a more prominent role in service delivery [4]. 1rP8 automated parcel lockers recorded in the first half of
addition, SST has been introduced in the delivery proced817—equivalent to a 53% increase—which means the top
as a cost-effective approach to reducing waiting time [5]10 courier companies in Malaysia started to provide more

Waiting time is a crucial factor in making onlineautomated parcel lockers to their customers [9]. In this
customers happy and satisfied. Online purchases &etion, the increase of automated parcel lockers means that
becoming more associated with expectation of shdfe logistics service providers intend to reduce the time
delivery time such as next day delivery or same dajaiting for home deliveries. _ _
delivery [6]. Due to excessive transit times, about 43 per Home deliveries is expanding and developing rapidly
cent of consumers in Malaysia are discontented with thé#0] and remain the more popular choice amongst
parcel delivery experience [7]. Compared to the regiongHstomers in the last-mile delivery context [11]. According
average delivery time of 3.3 days, buyers in Malaysia neé® [12], in Singapore, 80 percent of respondents prefer
to wait for 5.8 days before their parcel arriveshome delivery to self-collection options. Similarly, the
Furthermore, late delivery and lack of communicatiogondition in Malaysia also indicated that customers prefer
about delivery status account for over 90 per cent §pme delivery; numerous complaints were directed at the
customer complaints and negative comments. According@mmunications and Multimedia Minister, mainly
[8], logistics companies always concerned with obstacle tggarding home deliveries [7]. Last-mile logistic
prompt delivery which is traffic congestion. Therefore, agompanies created automatic parcel locker services as an
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innovation to improve online purchasers' experience'stimulus,’ openness to change as ‘organism,' and intention
These services offer advantages over home deliveries, stehuse as ‘'response’, all based on [19] SOR model. As
as minimising inefficiencies associated with consumeaistomer behaviour can influence the strategic decision of
waiting at home for their delivery [13]. However, it seemshe parcel delivery company [20], the implication of this
that online buyers are still favouring home delivery. Tetudy may serve as a reference for these companies,
assure the success of automated parcel locker services gbgecially in Malaysia, to improve their services in order
study attempts to uncover the elements impacting onlite attract new customers. In addition, understanding the
purchasers' intention to use automated parcel lockersduastomer behaviour is important factor to survive in the
Malaysia. Furthermore, despite being considered a neurrent market [21]. Besides, findings from this study also
innovation, automated parcel locker services have beenrich literature in automated parcel locker and self-service
largely overlooked by researchers in the last-mile delivertechnology contexts, and also provide timely information
To analyse online customers' intention, the curremor the last-mile delivery provide to craft a better marketing
study uses the stimulus organism response (SOPRan to ensure this new technological approach will be used
paradigm and provide insight regarding their openness and sustainable.
switch to another collection mode to address practical
issues and fill the research gaps. Many studies in par¢el Literature review

service delivery which looking for intention to use,» 1 Stimulus—Organism—Response theory
discover influencing factors such as time pressure, reIativg Mehrabian and Russell presented the SOR theory for
advantage, convenience, personal innovativeness, SecUfify first time in 1974. This theory states that environmental
and attitude [11], [14-16]. However, there are hardly anyim i (S) can stimulate a cognitive and affective reaction
studies testing time constraints, supplier image, ar(@), which generate a behavioural response (R) [19].
openness to change in a single study. Hence, the curr@hn i are external elements of the physical environment,
study creates a new link between time constraint angcording to [22], whereas an organism is an individual’s
openness to change and between supplier image apfinal processes and structures that occur between stimuli
openness to change. Supplier image and time constraigfgy responses. Various factors of the external environment
are incorporated in the current study because thege\hich people are exposed, such as product conditions,
variables can explain customer behaviour [17,18}esign, shopping ambiance, and product attributes, operate
Similarly, as individuals with hlgh levels .of openness tQs stimuli that influence change in an individual's
change are more open to trying new things, the curreffneriences, according to this model [23]. Additionally,
study suggested that it will mﬂuence_ their intention to u 4] stated that the organism will take an internal or
automated parcel lockers. Besides, current studyiernal behavioural response to external stimuli after a
contributes by providing the perception in perspective Qquence of cognitive activity. The internal response will
Malaysian customers, hence will provide a bettgfs manifested as an individual attitude, while the external
understanding on the establishment of the parcel lockglsponse will be manifested as specific behaviour [25].
services in the country. The SOR model has been applied in a variety of settings
Multiple companies offer automated parcel lockegych as in social commerce [26], brand loyalty [27], and
services in Malaysia, such as Pos Laju, Ninja Van, and|i.service technology [28,29]. Considering that past
Parcel365; each company has a different image frogy,gies regarding self-service technology have applied the
customers'. perspectlves.. This cc_JuId be |anuen_ced by thgbR model, the present study looks to strengthen the
past experiences of making business transactions or bejfigrature by incorporating time constraint, supplier image,
influenced by advertisements. Hence, supplier image dPenness to change, and intention to use in a single
crucial in influencing customer openness to change afsearch model. The research framework is shown in
intention to use automated parcel lockers becauggyre 1.
companies with a good_imagg could provide better s_ervices The present study suggested that time constraint and
compared to companies with an unsatisfactory imagg,ppjierimage could be the factors representing the stimuli
Additionally, customers are needed to travel to thgnce hoth of the factors originated from the online buyers'
automated parcel locker location to retrieve the parc"éurrounding environment. The stimulus is likely to
Customers expect the parcel collection to consume Ig8fuence the online buyers' internal response and openness
time and effort. Therefore, time constraints could furthg, change. Moreover, online buyers with a high level of

explain the online buyers' behaviour. The customers Whpanness to change are likely to use the automated parcel
are having time constraint issues could have difficultyyker.

using automated parcel lockers. Based on the explanation
above, supplier image and time constraint were chosen40,
develop the SOR framework. '

The current study aims to investigate the factors thaj,
influence online buyers' intention to use parcel lockers Qy
operationalising time constraint and supplier image as

Intention to use
Intention was defined by [30] as the amount of effort
meone is willing to exert to perform a behaviour. It was
rther explained by [31] that intention has the meaning of
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a person's readiness to perform a certain behavio@4 Supplier image
Generally, the stronger a person's intention to do a [43] defined image as "the set of meanings through
behaviour, the stronger the actual behaviour will be carrigghich an item is recognised and humans describe, recall,
out. The intention in this research context is online buyegnd react to it". The perception of a brand as represented
intention to use the automated parcel locker for parcey brand associations in customer memory was termed as
collection. supplier image [44]. According to [45], store image refers
Past researches have shown thatintention has been usedlcustomer's view of a store based on its multi-attributes.
in many contexts to determine consumer behaviour, fghe image was identified as an important factor in the
instance, in parcel station usage intention [32], selévaluation of the services and company [46]. The supplier
collection services [11,33], self-service technologies in aifmage in this study refers to how online shoppers perceive
travel [34], reverse logistics [35], insurance planning [36kutomated parcel locker service providers.
airline services [37] and augmented reality (AR) Literature provides positive association between image
application [38]. Hence, the current study looks for factorsnd customers” attitudes [18,47]. Hence, it was confirmed
influencing online buyers' intention to use automateghat image could affect behavioural response. For parcel

parcel lockers in the Malaysian context. delivery, considering that the traditional delivery method
has some issues and that there is an alternative solution, the
2.3 Time constraint online buyer needs to decide which method works best.

According to [39], an assessment of limited timéEach of the companies offering parcel delivery services
available for processing information and making decisiod®lds a different level of the image in customers' memory.
is referred to as a time constraint or time pressure. [4This could be influenced by several factors such as
stressed that time pressure usually increased the desiredstomers' past experiences or being influenced by
lock into one problem-solving strategy and decreased th&cellent advertisement. Therefore, maintaining a positive
openness to other choices. In this notion, when pressuiathge is an important task for the providers since it is
with a time constraint, an individual's level of openness &rucial to influence customer openness to change and
change will be reduced and may proceed with the methodention to use. Companies with a good image hold better
he knows best. The time constraint in this study is thevaluations from the customers. Hence, online buyers who
online buyers' perception of the restricted time availabfgerceive that the automated parcel locker provider is
for parcel collection. having a good image and can offer good services could be

[41] suggested that negative time pressure will decreasenpted to use the automated parcel locker. Therefore, the
affective and emotional connection between retailer arfdllowing hypothesis is proposed:
supplier. [42] explained that the time constraint of a self- H2: Supplier image has a positive relationship with
service technology transaction negatively influencespenness to change.
customer's attitude toward the technology. Additionally,

[17] emphasised that time pressure was the strong@sb Openness to change

determinant of lower hand hygiene behaviour among Openness to change was described by [48] as the

veterinary referral practices in the United Kingdom. Baseglillingness to promote change and have a positive impact

on the literature, it was confirmed that time constraint wash the change's potential consequences. Originated from
able to influence behaviour negatively. Schwartz Value System, openness to change captures the

With regards to the human lifestyle in general, somenpredictability of an individual's thoughts and emotions
would love to travel while some are happy being at homp49]. Later, [50] stressed out that value is a critical
Similar to online buyers' lifestyles, some would love tenotivator of behaviour and attitudes. Generally, change is
travel for self-collection, and some would prefer homeery close to the notion of improvement, implementation,
delivery. As travelling toward automated parcel lockeand reform [51]. According to [52], individuals with
locations will consume time, online buyers with timeppenness to change value tend to cherish new occurrences.
constraints could face difficulty performing self-collectionOpenness to change in the current study context is the
Suppose the online buyer perceived himself as alwagaline buyers' willingness to move from using traditional
being constrained by time. In that case, he is likely to ha¥®me delivery to automated parcel lockers for data
difficulty travelling to parcel locker locations and iscollection.
expected to have a weaker level of openness to changeOnline buyers who have a high level of openness to
toward using automated parcel lockers. Hence, the currgitange and face problems with traditional delivery may be
study theorises that time constraints will have a negativglling to use an alternative such as an automated parcel
influence on openness to change. Therefore, the filsicker. Switching to an alternative could facilitate their

hypothesjs is: . . _ ~parcel collection. Openness to change is measured using a
H1: Time constraint has a negative relationship withigher-order construct. The current study uses three
openness to change. dimensions to represent openness to changes, which are

self-direction, stimulation, and hedonism. [53] explained
that the dimension of self-direction and stimulation in
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openness to change are related to new product adoptaetisions. Besides, time constraint to complete a self-
behaviour. Hence, openness to change is an importaetvice transaction was found to negatively influence
factor for new product adoption behaviour. customer behaviour [42]. Literature also provides evidence
The relationship between openness to change aafl openness to change to influence intention to use.
intention to use was confirmed by past studies. A positivEherefore, the author's study theorises that openness to
relationship was revealed by [54] regarding cosmetithange mediates the relationship between time constraint
consumption and [55] regarding entrepreneurial intentioand intention to use automated parcel lockers. Hence, the

Hence, the hypothesis is: hypothesis for mediation is:
H3: Openness to change has a positive relationship with H4: Openness to change mediates the relationship
intention to use automated parcel locker. between time constraint and intention to use.
Considering that customers' image is an important
2.6 Mediation factor in evaluating a service, image positively affects

Mediation analysis is essential for model enhanceme@istomers’ intention [57]. The authors argued that supplier
and theoretical advancement [56]. Therefore, the goal idfage positively affects customers' openness to change.
this study was to improve the model's predictive power bjdditionally, the image was reported to positively
including openness to change as a mediator for tiefluence intention to use [58,59]. Considering that image
association between time constraint and intention to use,iasuggested to have a positive effect on openness to change
well as for the relationship between supplier image arahd consistently has a positive effect on intention, and
intention to use. considering that openness to change was proved by

Time constraint is argued to have a negative influendiéerature to have a positive association with intention to
on openness to change. In addition, self-service pardisie, the current study suggests that:
collection can make the delivery of products timely. HS5: Openness to change mediates the relationship
However, influencing factors such as travel time tdetween supplierimage and intention to use.
automated parcel locker locations may impair customefggure 1 demonstrates the research framework of the study.

H4
Time Constraint Hi
Openness to Intention to Use
Change
. H3 T
Supplier Image 0 5
HS5

Figure 1 The research model [authors, n/a]

3 Methodology situation during real data collecting. During the test, the

To accomplish the research goal, this study utilisedtéine needed to answer the questionnaires was recorded,
quantitative method to answer the proposed hypothesesWih an average of around five to eight minutes to fully
self-administered  survey questionnaire was mo§@mplete the questions.
appropriate for the research purpose because the unit ofData were collected among online buyers who never
analysis was at the individual level. In addition, due to tHeXperienced using an automated parcel locker. The initial
lack of a complete sampling frame, a purposive samplifjan for data collection is the on-field survey in Selangor
strategy was used. There were two sections to tR8d Kuala Lumpur because Kuala Lumpur is the capital
questionnaire. The first half of the survey asked abolgPresenting Malaysia. However, due to the COVID-19
respondents’ demographics, such as their age, gendd@ndemic outbreak, data was gathered using an online
educational level, employment, and monthly incomeurvey via Google Forms. The initial location for data
whereas the second section asked about the stud§@yection was changed; hence online buyers across
variables. Malaysia participated in this study. The link to the survey

A pre-test was administered prior to the actual da@@s distributed to multiple groups on WhatsApp and
collection to ensure that the statements were clear and thagebook starting August 2020 until early January 2021.
the measuring items were understood. A face-to-face pre0 improve data accuracy, a filter question of 'Had

test with ten respondents was conducted, simulating t¥Perience with an automated parcel locker’ was included
in the online survey.
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In late December 2020, on-site surveys were conductetlidents, a total of 19.2% have no income. Data on
in major shopping malls to increase the number @mployment and educational level were also gathered.
responses. Shopworkers were approached when there wg2e8% of respondents were employed by the private sector,
no customers inside. Next, the workers were asked if thesile 9.8% were employed by the government. Students
are online buyers and their experience using an automatedde up 11.7% of responses, while unemployed people
locker. Only those who never use automated parcel lockaade up 7.2% and others made up 9.1%.
and the active online buyer was selected as sample. The current study practised variance-based Structural
Recognising the importance of data quality, it is criticadEquation Modelling (SEM) as proposed by [66] and [67]
that respondents patrticipate voluntarily in this study. As@n account of the study’s predictive approach. Before
result, the respondents were first asked if they wanted giooceeding with the measurement model, a normality test
participate. should be performed. The normality test was carried out

Respondents who agreed to participate were given thsing Web Power to calculate multivariate skewness and
guestionnaires. More than 300 online buyers completed thertosis. The data was slightly not normal, as revealed by
online survey and face-to-face survey. After sorting, onlihe results of Mardia's multivariate skewnegs =%

265 surveys were valid. The sample size should 8370976, p 0.01) and Mardia's multivariate kurtoBis (
determined by the power of analysis based on the numi&*.401411, p 0.01), hence the Smart PLS software was
of predictors, as suggested by [60,61]. According to [62],appropriate to be used for analysing data [63].

study with two predictors requires at least 66 sample sizes Using a common method variance with data from a
to attain a 80% power with a medium effect size and 5%ngle source can lead to major errors [68], [69]. Hence, the
level of significance. As a result, a sample of 268urrent study used both procedural and statistical methods
respondents was sufficient to test the research model in thfsanalysis to solve this issue. The study used a different
study. anchor scale to measure the study's constructs for the

All of the items for measuring the constructs wer@rocedural technique [68,70]. A 7-point Likert scale was
adopted and altered from prior studies because the currased to assess the intention to use while a 5-point Likert
study employs Smart Partial Least-Squares (PLS) softwaseale was used to assess the other constructs. With single-
version 3.3.3 by [63] which is based on confirmatory fact@ourced data for statistical analysis, [71,72] recommended
analysis (CFA). Despite the fact that some of the itentssting full collinearity against the possibility of Common
have already been used in other studies, the items’ contbtéthod Bias. Therefore, all variables are regressed against
was altered to fit this study context without compromising common variable. A variance inflation factor (VIF) value
the original meaning. The items were time constraint [17f less than or equal to 3.3 shows no bias in single-source
supplier image [45], openness to change [64], and intentidata. Table 1 presented that VIF values less than 3.3 were
to use [65]. Items were adapted from these studies due tfmand in the analysis, demonstrating that CMV was not a
smaller number of items compared to other studies. A largeofound issue.
number of items will make the respondents lose interest in
answering, thus affecting the quality of data. The Table 1 Full collinearity testing
measurement model and structural model were examined Bl oTC SI TC
using [63]'s Smart Partial Least-Squares (PLS) version 1.610 1.387 1.693 1.152
3.3.3 software.

4 Analysis and findings 4.1 Assessment of the measurement model

. : . : To measure the hypothesis comprising of measurement
265 complete sets of valid questionnaires were recewgﬂd structural model. current studv used a two-ste
in total. Around 55 % of those polled were between thg roach. The strL;cturaI modely investigates thelzo
— 0, —_ :

3%e59%f(y18 ng 425'81?33;‘? dyee,az,?)/mda.(q%?é%ﬁ?éa?gaﬁjZ|e f ationships between the exogenous and endogenous
3 8(0/. 0), th_ t% (t. 0).' F yI d nstructs in the research model, whereas the measurement
(3. X °.) were the other age categones. Females made up el investigates the relationships between the items and
majority of the responders (61.1%). The majority OTE,Y

eir constructions; as depicted in Figure 1. Convergent
respondents (64.5%) have a bachelor's degree, followed P e : :
18.5% with a diploma and 9.4% with a high schoo d discriminant validity must be validated during the

certificate. Masters (6.8%) and Ph.D. (6.8%) had t easurement model stage. To ensure all items accurately

. . gasure their respective constructs, the items must attain
lowest percentages among educational categories (0.8 ﬂ%

convergent validity criterion. If the loading and average
RM1000-RM2000, ~ RM2001-RM4000, ~ RMA4001~ o000 extracted (AVE) are equal or higher than 0.5, and

RM6000, and more than RM6001 were the four categorigg, composite reliability is more than 0.7, the reflective

of monthly income. The majority of respondents earp, : : :
easurement is valid and reliable [60]. Table 2 shows that
between RM2001 and RMA4000 (38.5%), followed b Il of the criteria for establishing convergent validity have

RM1000 and RM2000 (31.7%), RM4001 and RM600 o P
(5.7%), and more than RM6001 (4.9%). Since they a(fgl?(;]it; t/tvzrs]en%t g]nuiss’stjheeirﬁﬁg;{ﬂg?at% that convergent
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Table 2 Convergent validity

First Order Second Order tem Loading CR AVE
Time TC1 0.874 0.866 0.685
Constraint TC2 0.897
TC3 0.697
Supplier SUP1 0.833 0.930 0.688
Image SUP2 0.851
SUP3 0.773
SUP4 0.844
SUP5 0.859
SUP6 0.815
Self-direction SD1 0.787 0.868 0.687
SD2  0.852
SD3  0.845
Stimulation STI1 0.864 0.893 0.735
STI2 0.850
STI3 0.858
Hedonism HED1 0.837 0.873 0.632
HED2 0.728
HED3 0.796
HED4 0.815
Openness to SD  0.920 0.92¢ 0.807
Change STI 0.896
HED 0.878
Intention Bl1 0.948 0.971 0.918
to Use BI2 0.966
BI3 0.961

The heterotrait-monotrait ratio of correlations (HTMT)values were less than 0.85, indicating that discriminant
was established to determine discriminant validity, aglidity issues were not present [74].
recommended by [73]. Table 3 reveals that all HTMT

Table 3HTMT
Construct Bl oTC Sl TC
BI
OoTC 0.481
Sl 0.597 0.479
TC 0.174 0.261 0.335

Note: Bl=Intention, OTC=Openness to Change, Sl= Supplier
Image, TC=Time Constrai
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2.536

TC 8.626
8.016
QTC Bl
Sl
Figure 2 Sructural model [authors, n/a)
4.2 Assessment of the structural model by exogenous constructs. As a result, with 410f/0.207,

To solve collinearity issues, [60] proposed that théhe exogenous construct of the study could only explain
variance inflation factor (VIF) values of all the endogenoug0.7% of the overall variance in respondents’ openness to
constructs in the study model should be examined. The V@Range in the current study. Second, the effect of openness
critical value, according to [75] is less than 3.3. The VI change was tested on intention to use. WAtbfR.198,
values in this investigation were lower than the threshofpenness to change could only explain 19.8% of the overall
value of 3.3, indicating that collinearity is not an issue. Vvariance in intention to use an automated parcel locker.

A 5000-sample bootstrapping approach was The result shows that time constraifit< -0.127, p<
implemented to examine the hypothesis of the study mods006) is negatively related to openness to change, hence
as suggested by [60]; the findings are shown in Figure i1 is supported. Additionally, supplier image=(-0.398,

For a hypothesis to be declared supported, the beta vajise 0.001) has a positive association with openness to
should align with the hypothesis with a T-value of great&@hange, therefore H2 is supported. Similarly, H3 also
than or equal t01.645, a P value of greater than or equabtépported with openness to chanfe=(0.445, p< 0.001),
0.05, and no zero values in between the lower level (Llifdicating a positive association with intention to use.

and upper level (UL) for the confidence interval. [76] classifies effect sizes of 0.02, 0.15, and 0.35 as

Firstly, the effect of time constraint and supplier imagémall, medium, and large, respectively. Time constraint
was tested on openness to change. Thav&s 0.207, has a small effect on openness to change. Supplier image
indicating that both time constraint and supplier imageas found to have a medium effect on openness to change.
explained 20.7% of the variance in openness to charige.|Raddition, openness to change has a medium effect on the
indicates the variance on endogenous constructs explairiigntion to use parcel locker. Table 4 illustrates the results

for the direct effect.

Table 4 Hypothesistesting for direct effect

Hypothesis  Relationship  Beta  SE t-value p-value LL uL VIF R F?

H1 TC ->0OTC -0.127 0.050 2.536 0.006 -0.205 -0.038 1.117 0.207 0.018
H2 Sl ->0TC 0.398 0.050 8.016 0.001 0.313 0476 1.117 0.178
H3 OTC -> BI 0.445 0.052 8.626 0.001 0.356 0.526 1.000 0.198 0.247

PLS Predict is a prediction analysis utilising a holdoytower is established when the minority of the item has a
sample-based approach with a 10-fold procedure tower value [77]. Although, if all item differences are
perform case-level predictions on an item or construct levgteater than the predictive relevance, high predictive power
and prove the predictive relevance [77]. When all iteroannot be established. Results indicate that openness to
differences (PLS-LM) are less than the predictivehange (SD, STI, and HED) has strong predictive power
relevance, strong predictive power is ascertained, moderatkereas intention to use exhibit predictive power cannot
predictive power is ascertained when most item differencee confirmed. Table 5 illustrated the results for prediction.
are less than the predictive relevance, and low predictive
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Table 5 PLS Predict
ltems PLS RMSE LM RMSE PLS-LM Q2_predict
SD 0.928 0.930 -0.002 0.146
STI 0.942 0.956 -0.014 0.121
HED 0.907 0.909 -0.002 0.185
Bl1 1.339 1.171 0.167 0.161
BI2 1.306 1.104 0.202 0.166
BI3 1.362 1.185 0.177 0.148

The outcomes of the mediation and moderatiooonstraints and intention to use, as well as the association
analysis are H4 and H5. A bootstrapping analysis wagtween supplier image and intention to use. As a result,
performed with a two-tail test setting. Table 6 shows th&t4 and H5 are accepted.
openness to change mediates the association between time

Table 6 Hypothesistesting for mediation

Hypothesis Relationship Beta SE t-value  p-value LL UL Decision
H4 TC -> OTC -> BI -0.057 0.024 2.384 0.017 -0.103 -0.011  Supported
H5 Sl ->O0TC -> B 0.177 0.036 4.976 0.001 0.111 0.251 Supported

5 Discussion and conclusions and [55]. Therefore, the automated parcel locker provider

The goal of this study was to discover the influencinghould strive to influence online buyers' intentior_l to use
factors of online buyers' intention to use automated parcdtomated parcel lockers by targeting factors that influence
lockers in Malaysia. The SOR model was found to béeir openness to change.
useful in explaining customer behaviour. First, time The study proposed mediation to further explain the
constraint was found to be a negative predictor of openné&$ddy model. Openness to change acts as a mediator
to change in the current study, hence H1 is supported. pgtween association between time constraints and intention
time constraint is one of the factors influencing usdp use, as well as between the relationship between supplier
openness to change, the automated parcel locker provifiégge. The result confirms the mediation effect of
should try to overcome the issue by eliminating factor@Penness to change on the relationship for the H4 and HS.
such as location inconvenience. Spending more time T&Us, these findings proved that openness to change is
travel to retrieve the parcel at a designated parcel lockgfticial in determining online buyers’ intention to use
location can impair the online buyers' openness to chan _tomated parcel locker. AnalyS|S for H4 indicates that the
The providers should place the locker close to tHevel of openness to change tends to decrease when online
residential area, especially in the rural area., thilyers perceived that they need to spend more time on
decreasing extra effort for travelling to urban areaarcel collection and; subsequently affecting their
Reducing the time needed for a collection process wilttention to use automated parcel locker. However, for H5,
positively influence online buyers' openness to change alt¢ result indicated that buyers who have a high level of
is crucial in helping the providers to attract customers. Openness to change and are aware of the good image of

Secondly, H2 was supported since supplier image waytomated parcel locker providers are willing to use 'Fhe
found to have a positive relationship on the opennessagtomated parcel locker. Therefore, the provider which
change. As the supplier image is one of the factopfomotes the use o_f automated _parcel locker focuses on
affecting openness to change, the service providers shofil@Powering the online buyers with the company’s good
enhance the company's image positively. Building &nage. Addmonally, the providers also need to strive to
positive image is crucial in helping online buyers chang&duce the time accumulated for parcel collection in order
their preferences from using the old method to usin§@ €nhance the buyers’ openness to change.
automated parcel lockers. Therefore, providing good
services such as fast parcel delivery and keeping the pafGel Theoretical and practical implications
in good condition could contribute positively to enhancing Overall, the assessment of time constraint, supplier
the company's image. Besides, the automated parcel lockeage, openness to change, and intention to use in the SOR
should be maintained in good condition to prevent anyodel offers valuable insights regarding online buyers'
issues when customers are retrieving their parcels. intention to use automated parcel lockers. As a result, the

Third, openness to change was found to have a posit8®R model suggested in this study has theoretical and
association with intention to use, indicating that H3 wagractical implications in terms of predicting online buyers’
supported, which is in accordant with prior studies by [54htention to use.
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Abstract: This study proposes a layered architecture of a transshipment model for small and medium enterprises (SME)
that supports road freight logistics using rice farmers in Thailand as a case study. The rationale is three folds. First, road
freight logistics transportation usually does not apply to SME. Second, existing supply chain logistics models are not
appealing to SME in that SME do not have abundant resources to exploit the fullest extent of redeeming features of the
models. Third, road freight logistics and transshipment are often incorporated as an integral service operation of a
distribution centre to transport goods items from source to destination, which most SME cannot afford the entire service
charge. The notion of layering is to make each layer transparent to one another, covering specific transshipment activities
that do not overlap with adjacent layers yet keep their operating characteristics closely related. The case study of Thai
rice farmers can thus operate and adjust to fit their working scenarios. Contributions of the proposed model are flexible
and resilient operations that SME can benefit at less investment but more options to fall back on. Future work should
emphasise on transshipment routing research and integration of the proposed model into distribution centre operations
management.

1 Introduction in Thailand. As the number of farmers grows, a cooperative
Ploughing has and is the basic farming operation to c@ssociation for rice farmers is formed to assist and pool
break up, lift, and turn over the soil in preparing a seedbedi/ailable resources together for larger-scale production.
The good old buffalo pulling the plough was long gone ihligher bulks of paddies require more transportation trips
many parts of the world yet is still used in some countriet® the mill, market, and consumers. This process is depicted
It is a cheap way, always works, and most important of all} Figure 1, where the farmer begins at the cooperative
environmentally friendly. Many farmers resort toassociation (1) to deposit their paddies. The paddies are
mechanisation using a manual gasoline plough (aka ‘irgified, packed, and transported to market via gas-operated
buffalo’) or tractor-pull plough for transplant seeding. li§arts or private trucks (2). Transportation costs may vary
this study, we will focus on rice farming. Farmers preparéepending on the rates charged by individual transportation
a seedbed in April before the rainy season arrives in M&ysinesses. The market includes agriculture outlets,
to signal the plantatiorice is grown year-round in some Middlemen, and wholesale (3) that distribute rice to
fertile areas). When harvest time arrives, rice paddies &@nsumers. Each transporting stage (1,2,3) is performed
gathered on a cart pulled by a buffalo or a gas-operated il kept track of manually on paper bookkeeping. At
to the shelter and subsequently transported to the mill Byesent, the shipment suffers from cost variation that raises
pick-ups or trucks. This family-style farming is slow,the cost of goods sold. Unfortunately, farmers have no
labour-intensive, and has low yields, but it is still practise@ontrol on transportation costs to curb their expenditure.

? ? ?

| ettt ]
privdteladhocl
o transport

]
|
A l — - T
?: <produce/goo } J—
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Figure 1 Manual rice farming and transport process
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In today's world, buying the desired goods items igrecipitated from previous research can be implemented to
usually done online. The good old shopping from brickhccommodate, in this case, rice (or other products),
and-mortar stores practice is less attractive for margansportation and transshipment that achieve efficient
reasons. Produce from the fields or products manufactunednagement of balanced fleet scorecard, backhaul
from the factories are delivered to consumers as efficiemssignments, collaborative distribution, and horizontal
and timely as possible through various means and methaaslition management.
such as centralised and decentralised supply chain, joint This paper is organised as follows. Section 2 recounts
distribution and transportation, vendor-managed inventospme related prior studies and the background of the
(VMI) [1] system, online shopping logistics [2], etc.research. Section 3 describes the research design that
Smaller logistics firms in the form of small and mediunincludes the relevant variables and cost functions.
enterprises (SME) are popular transporters in tHempirical results and evaluation are demonstrated in
transportation business in many developing countries, suSkction 4. Some noteworthy points are discussed in Section
as the Association of Southeast Asian Nations (ASEANj, Section 6 concludes the study with some final thoughts
which will be further addressed in the next section. and future work.

As urbanisation grows, logistics sprawl [3] follows, as
well as environmental laws and regulations are enforced$0 | jterature review

manage the safety of goods transport systems. TNUS, s section will describe transportation logistics

logistics fapilitjes must move fanher_qway from pOpUIat.egoncerns, logistics scenarios for rice farmers, and their
areas. This inevitably incurs additional transportatio

charges to compensate for longer distances to and fro t%JePpIy chain.
sources of goods and destination recipients. To reduce SlécE
costs, high-capacity shipment by large container trucksis

employed to save the transporting charge per goods it

per trip. The need to set up transshipment points (T fansporting firms are minimising their expenses to kee
distribution centres (DC), or Urban Consolidation Center; porting . ng p ; P
. . the business afloat, while their customers (suppliers or
(UCC), hereafter will be referred to as DC for brevity, for . : .
. , ) . manufacturers) are looking for inexpensive and
transferring the shipment using truck&)(and pick-ups

(Pu) to inner-city is necessary. This situation is shown itrqustworthy companies to send the goods to retailers and

the third stage of Figure 1. Thus, this research work wi onsumers. ~ As teghnology progresses, It ennc_hes
. } ransportation operations, planning of freight forwarding
focus on two issues as follow:

1. Serve to transport needs to and fro the city and rur?a?‘"‘l't'o.nS to improve profitability .[7].' f'?x'b"'ty and cost
allocation mechanisms for optimisation, and cheaper

areas, and ddistribution plans [8]
2. Utlise available data that can be locally deployed. The redistribution of transporting across organisations

The rationale for each focus is straightforward. (1) . o X
) . ith the help of digitisation would encapsulate operations
There are many cost variables involved for DC that are tQQ 4 s
, . and supply chain management such as additive
high a cost for any rice farmers or SME to bear such as . . )
. ) o Manufacturing that enabled design, manufacturing,
building and equipment, rent, depreciation, goods damage

. . . . U élivery, and use [4]. From finer organisational logistics
claim, insurance, quality of service, digitisation o . . X .
. . anularity, transporting among (material) suppliers
operations [4], environmental expenses, taxes, etc.

High-capacity cargo carried by truck or train from rica emselves, suppliers and manufacturers, wholesalers and

i . fetailers could be viewed as a buyer's role who utilised
fields or rural manufacturing plants must end at DC on the - . : :
jgistics companies as a supplier role to move their

outskirts of the urban area because limiting the capacitygr ducts throuah various logistics channels. This buver-
urban transshipment is usually a mandate of today's urg e Ugn Vi 9 ; > Uy
plier relationship would call for a mechanism of

planning. Concerns about the logistics sprawl [3] ang PPUeE | dinati d T il laborat
environmental issues [5] call for a light-weighted an perational coordination and financial collaboration.

X ) : . heung et al. [9] found that the presence of Common
flexible model that permits operation or routing change fqQf " : T :
) T L JInstitutional Investors (Cll) improved suppliers' operating
transportation logistics. More details will be elaborated in . : )
: and market performance. As companies grow, innovation
the sections that follow.

Contributions and benefits from the proposed mo déalctlvmes within their supply networks increase. They

are two folds. From a research standpoint, futur%OUId exchange products, services, R&D data, and other

; S . . : . [psources to balance the efficiency and resilience of
investigation on intelligent supporting operations an

techniques are viable such as Artificial Intelligent baser&etwork characteristics, network mechanisms, and

Global Positioning System or Al-based GPS, near-fiel'@n_or\(l)at'ggtt%urtcﬁrr?gjr'stan d the environment business

communication technology (such as powerful and ) i ' '

innovative RFID gadgets), and dynamic/capacitate%%rategy’ process, and information systems, Osterwalder et
' a

vehicle routing problems (DVRP/CVRP) [6], etc. From a_° [10] proposgd the business model ontology that
! . . suPported a design science approach. Issues such as legal
practical standpoint, several techniques and managemen

Transportation logistics concerns
Logistics transportation is an important component of
e supply chain which involves many stakeholders.
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and social environments, customer's demand, technology

chan_ge, _and competitiye forces were impo_rta}r — * _ Rsion Dishway Routes
considerations to heed. Aljohani et al. [3] defined logistic " Macs: , Derecr scporics INThalland

sprawl, freight sprawl, and logistics polarisation, reviewin ~ #vmmsr - syl .IS’%“"” _

their effect on environment of local community due t e Bemoeratic Republc

truck traffic congestion, noise, air quality, and safety. O . ol s

the other hand, for logistics companies and freight industi )

facility location impacted on transport costs and efficienc e *‘”'7/ +\..n._. Knai | Clokaobeontes
of operations. Taniguchi et al. [5] surveyed sever: e P OE S N
pertinent UCC and TP cost factors in Tokyo and Bordeal "*2”  aui L...:...,\..‘.l ? “akie T _Repubiic -
for sustainable and liveable city logistics. They were co € AHIE TS ——/\ﬁ‘:’v :
reduction, congestion alleviation, noise reductior m; | B
greenhouse gas (GHG) emission reduction, fu

consumption reduction, empty move reduction, travelle \ -

distance reduction, service quality improvement, and fi Bang Pa-ia) e

rate improvement. The size, weight, composition, ar ;’%‘l{]

many special requirements also imposed addition PiThol " aH19f [RH1o

mandate to the transporting form such as bulky materia o NG Famndi

over-sized shipment, perishable items, hazardous liquid
gas composition, etc. These environmental and soc
responsibilities posed the capital dimension to supplie
especially for multinational companies [11].

One minor but specific factor that affects logistic:
transportation is weather risk for the coordinating supp
chains, reducing cash-flow uncertainty, potential lost sal
to the next tier [12], and rice quality if they are wet. Th AH2
application of their proposed methodology led to th
selection of the critical day and temperature as the me

Chumphon

Thes o ) ruwmes shown and P desagrdons umd on s g
o et iy offcil encorserent o aconpton by the Ured Nations.

influential  variable on sales. These influentia L.
transportation factors would be taken into account for tt m I, om \.ms
transshipment model that fits SME logistics industries i ‘ “

Thailand since it is located in the tropical region.

A regional transportation mandate that affects cos.
consideration of the proposed transshipment model is
truckload (TL) driver issue. Kutac et al. [13] investigated
the impact of personnel costs on road freight transport
companies that would be considered for the propos

model design. Unlike most industrialised nations where tf} creasing returns 1o scale for carriers with low technical
driver is the sole operator of a given TL transporte ficiency, (2) constant returns to scale for carriers with

Thailand, as well as the ASEAN, utilises an additionzﬁverage techn_ical effjcienpy, and (3.) decre_a_sing returns to
! ' gcale for carriers with high technical efficiency. Their

U Malaysia (0N

Figure 2 CBTA transportation routes

Miller et al. [15] unveiled the relationship between TL
tor carrier size and productivity. They proposed (1)

driver helper to improve transport service quality ang”“. X AT -
safety which are required by "Service Quality Standard f |pd|ngs contrlbl_Jted valuable implications for the qu|st|cs
iterature, carrier management, and other industry

Truck Operation" (Q-mark handbook) [14] of The takehold
Department of Land Transport (DLT), Ministry of Stakenolders.
Transport (MOT). The standard complies by The Unite - . .
Nations Economic and Social Commission for Asia and tfe2 ~ Logisticsenvironment for rice farmers

Pacific (ESCAP) Resolution 48/11 on Road and Rail Logistics has been playing an important role in supply
Transport Modes in Relation to Facilitation Measures fd1ain management (SCM) ever since myriad of modern
operations in the sub-regional transport under The Greaglr™M tools and techniques are put into practice. Effective
Mekong Subregion (GMS) Program, GMS Cross-BordéPg'St'CS management offers L_Jp-to-date status tracking that
Transport Agreement (CBTA). Figure 2 shows thdrives the cost of transportation down. Bramel et al. [12]
transportation routes in the region. All routes connect onfjfdressed the technologies that motivated the management
those countries located on the Southeast Asia peninsuf@logistics systems, namely, mobile communication and
namely, Thailand, Myanmar, Laos, Vietnam, Cambodié{vem'ght delivery. This matched the heightened demands
Malaysia, and Singapore. The remaining ASEANVith short-notice order placement to get timely shipments
members are islanders and not connected by land routdsfresh produce to market. In general, truck and rail
i.e., Brunei Darsussalam, Indonesia, and the Philippinestfansports are the main vehicles of agricultural goods
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shipment. Nonetheless, small trucks or pick-ups atecally managed inventory (LMI) installation in a
preferred means by Thai farmers since they convenienthgcentralised manner. This essentially resembles rice
move goods directly from source (farm) to destinatiofarming and transport process of Figure 1.
(market).

There are several small-sized transshipment logisti@s3  The supply chain of rice
service providers (LSP) that run their business to and fro The supply chain of rice has a straightforward flow
DC and inner city. Most of them bundle their resources artegorised by Sowcharoensuk [17] as shown in Figure 3.
cooperate with larger-sized LSP to serve a wide array Wfe will describe the flow in three stages, namely, (
logistics operations, ranging from packaging in omniupstream representing activity in rice fiel) Mmidstream
channel [4] to large items. As they tender on large item&presenting production process of rice mill, aiid) (
they can resort to horizontal cooperation for handling thigownstream representing broker, domestic and export
temporary contract. For example, transshipping rice sacksarkets. Stage (i) is the ploughing until harvest. Stage (ii)
is done by mid-sized trucks carried out by one of the largesncompasses three buying channels, i.e., agriculture
sized cooperating LSP. This is akin to omni-chann&ooperatives, paddy rice centre market, and paddy rice
retailers who guide their customers about producbllectors that independently buy rice paddies and feed to
availability across channel into physical store [16]. Son @ice mills. Stage (iii) illustrates polished rice from mill to
al. [1] studied the incentive-aligned contractuabe transported to broker/distribution centre, exporter,
arrangement between vendor and multiple retailers amgholesaler, and rice packer. The broker in turn could either
reallocation of fixed shipping cost could benefit the vendasell to exporter or wholesaler, while wholesaler can either
managed inventory (VMI) system. The dynamics oell to retail stores or rice packers, both of whom sell to
different supply chain design and policy parameters coufhal consumers.
be applied to inventory and replenishment decisions at

I (R ‘: T Gy
1 1 1
: o i Bl
! O N :
| | 1 @ OI 1
- ! Lyl Agricutture 2 : : : :
| | i cooperatives 1|, 1| | Rice transfer/ | Importer in trading Consumer "
: | : v ‘ H : exporter partner country (
| it 4 B I !
] 1
1 1 1
: ; ! Rice mill : :
| |
1 —— 1 ! Export market 47%
| 4 N . 1 P ‘
- ‘ Farmer | : b Paddy rice center > : - Broker/ - {
g HEE market t ™ Distribufi 1
: N A : v :/ Distribution center N 1
]
: | : Silo : Domestic market 53% :
| 1k | |
| NG 1 (
1 1 ! iti
- : - ] : H _ Tradmpnal 50-55% :
[ A ] i y rice retail store I
! | % Paddy rice collector HA Rice (
: R H— Consumer 1
| E i ! wholesaler \ / !
! ;! Ul
: P A _ % Rice packer 1 45-50% :
I b I - :
1 1 L

Figure 3 Thai rice supply chain
Source: Trade map, Ministry of Commerce (MOC) and compiled by Krungsri Research [17]

One of the problems contributing to ineffective supplglownstream resellers and consumers. Albertzeth et al. [18]
chain is the lack of silo on the farmers' part. As they cannetaluated four mitigation strategies in supply chain
afford building their own silo, they must sell their producelisruption for distribution centre and retail stores. They
after harvest. The process of transporting paddy rice identified six types of supply chain disruptions, namely,
inefficient and costly. We added three vertical lines 1,28upply, demand, transportation, facilites, and
to denote our focus on transportation logistics at the slastemmunications. These will be used in costing assessment
mark intersecting points. Line 1 denotes transportatiaf the proposed model.
logistics of paddy rice from rice field to primary buyers.

Line 2 denotes transportation logistics of paddy rice from
primary buyers to rice mill. Line 3 denotes transportation
logistics of polished or milled rice from rice mills to all
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3 Research design Figure 4 further elaborates on the cost of transportation

We propose a working model encompassing operatidi@m Figure 3 where farmers sell paddies (1) to rice mill.
strategies that prioritise resilience of the logistics structuréhese milled rices are kept in the silo and subsequently

resource planning, and costs. Details are described beloR@cked in different weighing sacks (2). Transporting rice
sacks is then arranged to many DCs for further distribution

3.1 Thecost of transportation to retailers, grocers (3), and eventually consumers. The

The issues pertaining to agricultural supply chaifffPortant accounting process is the cost function
logistics have been investigated in-depth by Bae et al. [19cOmpassing fixed costs (storage, equipment), variable
that identified internal orientation and market orientatior£OSts (number of sacks, labour), and transportation cost.
Their findings coincided with existing practices that madéhis study focuses on transportation cost structure and

considerable progress in logistics SCM for rice farming:haracteristic with the logistics supply chains, i.e.,
shipment from rice mill to DC and retail stores.

® @ o O
cost function

2| % ®
N S @ 5 8 N
() B ® 2 c o ()
N \ = \ c s —g 2 e
L\ = o ENES = = o
) b~ J; Q) ) o Q E o
[ / Q n e/l & Z = = /
B 2 Fa B g o = /
O o} © S &
g | @ = o
farmer consumer
Figure 4 Cost of rice transportation logistics
3.2 Initial development The fifth variable denotes allocation or assignment of
A number of operational variables to be used in thgansshipped vehicles. _ _
proposed model are established as follows: We propose a transshipment model incorporating the
1. Obijective of transport above operational variables into multi-relation variables
2. Region of coverage that are prioritised as shown in Figure 5. Design
3. Transport distance considerations are divided into two views, namedytical
4. Transport volume view denoting management of regional coverage and
5. Allocation of transshipment vehicle information system andhorizontal view denoting

These variables are directly or indirectly tied based gpperational classifications. Details are described below.
fixed cost and variable cost involved in administering the The vertical view is divided into three sections, namely,
transshipment. Derivation of the cost function will bdeft, middle, and right. The left section represents input data
described in the next section. to the proposed model such as large/periodic,

The first variable denotes the purpose of transport to sghall/frequent, and air freight. The middle section
set up in two operations, namely, regular and specigpresents activities and operations in DC. The right
transport operations. Regular transport handles all typessgiction represents the outputs such as long, short, inner
requests except special transport requests such Ciy, and special. Note that this flow process can be
perishable goods items or express packages that must béeyersed because items (rice sacks, products, etc.) can be
freighted or rapid delivery. The second variable designategnt from right side (input) back to left side (output) for
regions of transportation coverage. There are only tweturned items or special request situation.
regions in this study, i.e., rural and city. The former The DCis divided into two sides, namely, rural and city
represents goods items from trucks hauling bulk shipmesitles. Transfer operations of goods items passing through
from supplier or manufacturer to DC, while the lattePC include drop-off, pick-up, and temporarily storage.
representdu transporting goods items from DC to cityScheduling and transport precedence are performed by DC
warehouse, store, or consumer. The third variable denotich are beyond the scope of this study but will be
distance of goods items to be transported. The fourfi@monstrated by a case of scheduling precedence relation
variable denotes volume or payload of goods items per trigelow.

The horizontal view is divided into four operation
layers. The first layer is a special transshipment service that
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requires, in most cases, special/express transshipment andrhe third layer or short haul denotes large but periodic
delivery. Inputs are usually air freighted and transshippérhnsporting of goods between rural but close to city area.
by Pu to the destination, which may or may not bé he short haul may depl&u* from the rural pick-up point
transshipped at the DC depending on the imposinfithe volume is not too large. The exploded view depicts
requirements such as urgent shipments or perishable gobds/ request exchange, either regular or chartered (special
items. The dotted connecting line and dotted regioor ad hoc) request, is handled at the DC during
boundary depict this DC bypassing scenario. The transptidnsshipment froriir or Puto the designateldu*.
direction can go both ways since the reversed input (dotted The fourth layer or long haul is usually large and high
input arrow) depicts shipment from city to rural side fowolume but periodic that requires trucks to transport to save
out-of-town air freighted request. transportation cost per trip. The arrows in the DC designate
The second layer represents frequent but small loadteinsshipment fronir by unloading goods on toRu, or
transport between inner city and rural areas. This set tgdoading fromPuto Tr in case shipping from city to rural
serves the purpose for a rapid and efficient goodsea. This principally incurs the heaviest transshipment
movement. Note that the arrows between the first layer aadtivities as noted by dotted circles. The rationale is
this second layer are management provisions for sharisgaightforward. The sooner large volume of goods is out
individual Pu to transship late arriving special/expres®f DC, the more savings of transportation and storage costs

items, thereby maintaining smaller operating fleet. will be.
volume l«— DC — schedule -
- r T 7 2
=) I ' g A_ oo
g[> (O pu <—|F———|——-JI—> Pu gc\l_l 23
= n =
) JL : - ! JL % §
%7 — >
= -~ =~ S
S @ P ;2 Pu N &
IR / N E
! 1 LI
: ; \ e/
\ .~ o / s
g | @ TRue X Pu X2
2 rosdo =27
g l’ ZON VAN ! I }
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/
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Y
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)
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/@

request
exchange

Tr+Pu* =>Pu (chartereq¢

Figure 5 The proposed transshipment model

This layer organisation makes individual layemdministration, equipment and facilities utilisation, etc.,
transparent from one another. It also offers resiliestre beyond the scope of this study.
fallback between adjacent layer should the immediate layer A loose end notes on the above vertical view of DC
encounter any transshipment problems. For exampletransport precedence that imposes a transshipment item to
moderate sized DC might not need to setup the third laylee dropped off and re-scheduled for transshipment is
or short haul so as to scale down its operation for costaborated here. The order of item precedence regulates the
savings. In which case, tAe+Pu* input could be split by schedule of transshipment. That is to say, operational
moving the truck sub-fleet to combine with those of theerialisation must be strictly observed, with the exception
long-haul layer, while th@u* which are routinely shared of the special transshipment service (first layer) that
with the second layer could entirely move to serve thatquires direct end-to-end transport without stopping over
layer. Thus, only three layers remain in operation, that iat DC. Consider a DC time window schedule problem [20]
1, 2, and 4. At any rate, managing transporting fleelemonstrated below (denote: +get/-retrieve [operation time
schedule, DC operating manpower/schedule, personmghdow]: service time).
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A —> r1[0,10]:10 — r4[50, 150]:10
B —> r4[0,20]:10 — r1[60, 100]:10 Co=RxD+SxT )
r50,20]:10 — rg[65, 120]:10
where G denotes the wages; R =R}, R, and Rdenote
Two schedules {A ¥1*— TP —r4" — A} and {B —r4* Pu and Tr fuel and maintenance expenses (Munit’km)
— TP —rl”- —r6" — B} mean A getsl® no later than 10, handled by the driver and helper; S {52, S1, S2},
transports it to TP, and retrievels from TP no sooner than S;;, S, Si;, and $ denote Pu driver's, Pu transport
50, while B getg4* andr5* no later than 20, transportsassistance wages (Munit/hr), afiddriver's, Tr transport
them to TP, and retrieved™ andr6” from TP no sooner assistance wages (Munit/hr), respectively. Care must be
than 60 and 65, respectively. taken for wage increase since it will impact labour
If we imposed the transport schedule precedence amgn@ductivity in terms of sales per employee and company's
r1°, r4",r5°, andr6-, B could retrievel andr6- from TP, profit [13].
reducing delays of 60-50=10 and 65-50=15 units of the The overall fleet allocation cost to be fed in DC for
latest schedule, respectively. This time window schedulirigrther detailed breakdown is as follows.
could be theoretically easy to adjust but somewhat difficult
to work out in practice because of driver's tardiness, traffiC; = OpNpeHpe + [OpNpcdHpcs + OiNigHig] + OiNicHic (3)
congestion, and other unexpected delay situations that
could throw out such a tight transshipment time window athere @ denotes proportiondPu allocation; @ denotes
TP and worsen the operating schedule of the transportipgportionalTr allocation; Ne, Nocs Nis, and Ng denote

fleet. the number ofPu and Tr to be allocated for express
(special) delivery(E), inner city and short haul(d%)
3.3 Cost consideration pool, short haul(S) truck, and long haul(G) truck,

One of the principal transportation costs of theespectively; I denotes the first lay&tu allocation costs
proposed transshipment model Tis and Pu driver and that set aside for express delivery:ktlenotes second and
helper rates. As Miller et al. [15] described several reasotfsrd layerPupoolingallocation costs, wherein tiei pool
for driver helper and the aforementioned Q-mark handboaskn be shared between inner city and short haul services;
requirements, we procedurally incorporate these driver ahl denotes third layer (short hadl) allocation costs, and
helper rates into transportation cost consideration. Ti&e denotes the fourth layer (long hatif)allocation costs,
general cost function of the proposed transshipment modebpectively. This setup permits provision for outsourcing
is setup by separating andPufactors for explicit costing of the Pu pool (and optionallyTr pool in short haul

classification and subsequent analyses as follows. operation) by various SME logistics which is a common
practice in many countries, while those SME can still run
Ci=D xwi+ Txw+V xw+L xw+F (1) their own express and long haul truck operation. Thus, the

second and third terms of Eq(3) can be combined into one
where G denotes the transshipment cost; D 5,{D}, D,  lump sum as shown in Eq(3)".
and O denote distance (km) covered Bu and Tr,
respectively; T = {J, T, T, and T denote time (hr) spent Cs= OpNpeHpe + Xs + OiNicHic (©))
by PuandTr, respectively; V = {{, Vi}, Vpand \ denote
volume of payload (cu.m) carried bu and Tr, Where X% denotes the external sourcing expenses as the
respectively; L = {l,, L}, L and L denote weight (ton) of result of resilient operational consolidation. Hence, the
payload carried bPuandTr, respectively; F = {f R}, F, total cost (TC) becomes
and k denote fixed depreciated cost (Munit)Raf andTr,
respectively; and wi=1, 2, ..., 4 denote Munit/km, TC=G+C+Cs 4)
Munit/hr, Munit/cu.m, and Munit/ton fixed charges that are
applicable toPu andTr, respectively. Note that these3.4 Preliminary cost evaluation
factors are not broken down into finer details so as to keep To demonstrate computations of the total cost, let's
cost analysis flexible for subsequent adjustments to fit tlensider &Pu transshipment from rural area to inner city
regional or domain of applications. For example, imequest. The cost analysis is determined as follows (in
Thailand, factor T may include weather conditionsnonetary term denoted by Munit).
influence [12] when 'monsoon' arrives in May and ends in
late October. Often time this flash flood will causeC;=D,xwi+ Tp X Wo+ Vp X Wz + Lo X Wa + F,
paralying traffic to and fro the city and DC. Similarly, road =30x3.5+ 1x5+2x2 + 1.2x 4 + 2.08
detour due to maintenance, special events, accidents, will =105 + 5 + 4 + 4.8 + 2.08
result in routing and schedule change to accommodate the= 120.88 Munits
adhoc situation, thereby affecting both D and T factors.

The wages of driver and transport assistance are seti

as follows.
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Co=RyXDp+ JuxTp+J2xTp

=0.45¢30+5x1+3x1 Table 2 Some basic data conversions
=1350+5+3 1sackof | 100kgs | 1 Large 50 tonnage
=21.50 Munits rice truck payload
1tonnage | 1000 kgs 1 Small | 1.1 tonnage
and truck payload
Ca= OpNpceHpes " , .
=0.02x 16% 2.4 We utilised available data from local rice farmer's
=0.77 Munits cooperative that operated as an SME of rice supply chain.
We adapted the proposed model to analyse logistics of this
Therefore, we have cooperative by using three operating scenarios that fit road
TC =120.88 + 21.50 + 0.77 freight capabilities as follow: ({} denotes the model's
=143.15 Munits ~ layer,n=1,2,3, 4)
a) Ran small/frequent transportation and
where B=30 km, w=3.5 Munits/km, F=1 hour (rounded transshipment in-house: {2}, .
up to hour), w=5 Munits/hr., (=2 n®, ws=2 Munits/n?, b) Ran  smallffrequent transportation and
L,=1.2 tons, w=4 Munits/ton, E=2.08 Munits transshipment by outsourcing: {2}, and
(500Munits/30days/8hrs=2.08 Munits),  ,=R.45 ¢) Ran short haul transportation and transshipment by
Munits/km (0.31 gas+0.14 tire), 85 Munits, $=3 coalition transshipment: {2} + {3}. ,
Munits, Q=0.02, Ncs=16, Hhcs=2.4 Munits. The first two scenarios (a) and (b) operated according

to Figure 1 using moderate sRafleets. The bulky nature
of rice paddies required moRuwu to transport them from
gce field to rice mill than from the rice mill to DC and
protection, we selected descriptive statistics _bei ommunity markets since milled rice were filled in sacks.

compiled from public reports of the Thai Transportation & hus, the need for numbgrl@nﬁ v_aned depending on main
or off harvest seasons since rice were grown year-round.

Logistics Association [21], Transport Statistics GrOulnl'his was apparent from boosted sales of pick-ups last year,

Department of Land Transport [22], International .
: , ., 6,878,050 units [22]. Some farmers outsourced to local
Transport Service Providers [23], and SME such as X ME to curb their capital investment. Table 3 lists a few

express, and ABC company [24], etc. (their identities We\gell-known local SME and international parcel delivery

withheld for confidentiality and privacy reasons). Standar anies. Their service coverage includes drop off and
measurements of the statistics are givenin Table 1, e.g., ﬁ%{!p : ; overag rop .
up requests, price estimation, self-collection, online

. . ; pic
gl?fr(]:il?r?;Sfa?u?'cl)'rfijéItg%ge:nczgmgrzfgcirszgfsgez arclaims, etc. Most of them operate their own DC locating

) ARation-wide. However, statistics pertaining to their
0.45 and 0.97 THB/km, respectively. Table 2 prowdeg rating costs are not made available to public. Thus, we

some basic conversions of rice sacks to be used in payloe"gﬁployed the norm Eq(1) + (2) + (3) and Eq(1) + (2) + (3)

4  Empirical results
Due to confidentiality of personal and company dat

computations. in the cost consideration as shown Table 4.
T The third scenario (c) represented conventional
able 1 Parameter constants . . . .
Variable value Remark transshlpment and logistics that transported to (i) domesnc
Vo 648 18x20x 18 om SME using small to _mogieraiéu andTr flegts, and (ii)
international companies in GMS region using moderate to
Vi 38.30 6.06x 2.44x 2.59 cn largeTr fleet. However, we only focused on domestic SME
(20 ft: 20x 8 x 8.5) in this study. These SME are usually small in terms of
Lp 1.6C ton capital investment, resources, and service coverage. Some
Lt 30.0¢ ton of them operated coalition service, particularly when
Sp1 166.6 THB transporting large number of rice sacks or bulky goods
S2 150.00 THB items. We considered such coalition services as
Su 292.05 THB outsourcing requests, wherein employing Eq(1) + (2) + (3)'
Se 262.84 THB in the cost consideration as shown in Table 5.
Fp 2358.33 THB
Ft 3787.88 THB
Rp 0.45 THB/km
Rt 0.97 THB/km
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Table 3 Express service company list
Domestic International
Thailand Post, Shippop [25], Inter Express Kerry Express, FedEx Express, DHL, Yusen Logistics, Ninja|
Logistics, TP Logistics, Por Lor Express, Nim | Van, SCG Express, J&T Express, ZTO Express, CJ
Express, Alpha Fast, Sendit [26]. Logistics [26], Flash, FastShip.

Table 4 Estimated operational statistics of SME of scenario (a) and (b)

do | di tp tt Vp Vi Ip It C1 C Ne | Ncs | Ns | Nu Cs TC

77 328 59 73 37 334 12 258 8,146.3 6,382.8 2 |16 8 | 13 P68.9 14,771.4

87| 342 57 74 46 350 10 279 8,354.2 6,393.0 4 119 6 | 11 P19.8 14,947.1

86| 293 620 74 38 316 09 2.6 7,932.9 6,5%8.9 3 120 7 | 14 p72.2 14,,740.6

Table 5 Estimated operational statistics of SME of scenario (c)

do | di tp tt Vp Vi Ip It C1 C NeE | Xs | N Cs TC

80| 328 6.0 8.0 51 346 09 286 8,180.8 6,693.3 3 19 11 P14.9 15,097.9
75| 287 58 7.6 48 326 0|7 263 7,806.6 6,365.9 3 B4.2 10 1934 14,365.9
91| 315 6.1]] 79 39 368 06 2742 8,174 6,661.8 4 464 12 P13.5 15,050.7

. . layered architecture permitted operational shift to adjacent
Outsourcing VS In-house Transshipment layer that suits the service capability. For example, one
300 multi-branch  SME operated a small city sub-branch
(limited by the available space) and a spacious sub-urban
branch to handle layer 1 and layer 2, respectively. They
200 could share th@u fleet depending on the service load of
150 mC3 each sub-branch. From time to time, shortagewofight
occur during harvest season as the sub-urban branch was

250

mc3'
100 overloaded, but could not transfer all availglefrom the
50 city branch to keep the service obligation of layer 1.
0 Different course of actions could be taken such as adding
1 2 3 newPu (if budget permits), running for freight forwarding

coalition, or hiring more drivers to fully operate existing
Pu fleet. Truck driver issue has posted some occupation
oblems such as wages and demographic change,
favorable social status, and working conditions [27].
ditional compensations could be paid but would
Increase personnel cost and decrease sale per employee and
mpany profit. Consequently, personnel administration
nd operation management would be expensive and

Figure 6 Outsourcing VS In-house cost comparison

Figure 6 depicts cost comparison between outsourcif?
and in-house transshipment consideration which do n
reflect any significant savings, i.e., the costs of operati
city Pu (OpNpcdHpc9 and short haul trucks (@sHis)
obtained from Eq(C3) are slightly higher than outsourcin
lump sum from EQq(C3'). Nevertheless, some indire

savings of outsourcing other than capital investment lie [R€Vitably disruptive to road freight logistics.
the overhead such as car insurance, maintenance,S€condly, outsourcing and in-house issues had been

depreciation, fuel, direct and indirect driver costs, labotudied extensively where outsourcing was practically

relations and management, etc. Some of these overheSd{able for certain scenarios. In addition to the above
are out of the scope of this study. outsourcing cost comparison, the issue could be further
explained by an operational case in point. A small sized

5 Discussion SME in the second layer could operate on a handfalipf

We have established a layered transshipment modi@ving .only minimal IT equipment installed to meet local
operating flexible management schemes to cover m%?gulanon mandate. They would be reluctant to add state-

freight capabilities that are applicable to SME since thef/-the-practice gadgets that helped meet the Q-mark
are the principal logistics service providers for Thai ricBandbook, thereby the operating cost was minimal. As

farmers. The model practical implication is to furnistféchnology progresses, so do regulations and standards
resilient strategies that can be prioritised to suit the genef2n9e- Keeping abreast with these issues was expensive.
use. There are several noteworthy issues to be furthdtey moved to outsourcing because it would offer more
discussed. selections, price competitiveness, having no maintenance
Firstly, the proposed model was resilience and practicai!d other operating costs involved, no labour relation
to utilise available data to be deployed. The hierarchicBloPlems, employee benefits/compensations, and most
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important of all, the driver occupation problems. On thenodel for a preliminary validation. Although the savings
contrary, a moderate sized SME (having less financialrned out to be moderate, a few innumerable aspects of
limitations) in the same echelon might recognise serviamst consideration and applicability were argued at length.
expansion opportunity and the urgency of digitaContributions to transshipment and logistics of road freight
transformation that brought about fast and innovativigansport are many folds. For example, it will help raise
methods to improve existing operations and raise tlervice quality standard fair andPu operations, foster the
quality of road freight transport. Thus, operating in-houggotential and capacity of transshipment and logistics
transshipment by exploiting the layered architecture of theystems in the hands of SME to support trade sectors, and
proposed model would allow more control and broadeserve as a tool for value added SME when seeking for
their operational scope from local transportation tbetter or new business prospectus. The resilience of the
international transportation and logistics firm. As a resulpgroposed model not only fits many SME operations in
they could become a quality LSP. Thailand and GMS countries, but also is cost effective to

Thirdly, some local SME in layer 2 were still runningSME in industrialised countries.
an intangible ‘family style' personnel administration. Their Future work should focus on some of the following
employees were on a life-time employment, receiving fre@pen issues. (1) treatment in the V and L factors for
of charge accommodations, subsidised meals in teetended coverage using other transshipment models such
company canteen, etc. Such offers might apply t@s DVRP, CVRP, Split VRP (SVRP), and multi-product
immediate family members of the employee as weltross-docking SVRP [6]. The outcomes will certainly be
Consequently, turn-over rate was low. What seemingly losonducive toward efficient and cost effective planning and
incentive wage in Thailand by industrialised countriescheduling of Tr and Pu transshipment, logistics, and
standards was invaluably offset by the above traditiomanagement of DC, such as elimination of scheduling
Nonetheless, we only took the wage factor into coskelay or duplication, standardisation of route assignment,
consideration since this old-fashioned tradition waseduction of downtime and rework, etc.; (2) integration of
gradually diminishing. transshipment logistics into DC as a one-stop operations

Fourthly, the proposed model does not incorporate D@anagement hub and the cost involved; and (3) transform
operations into consideration. Thus, complete analysestbe model into a software tool that will support service
logistics and transportation supply chain (such as schedugjeality for the road freight industry and customers who are
precedence demonstrated earlier) are not supported. Téegking for qualified logistics operators.
exclusion actually fits Thai SME logistics and
transportation expenditure (which account for 15.7% dReferences
their total expenses) since SME constitute 99.5% of th&] SON, J.Y., GHOSH, S.: Vendor managed inventory
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Abstract: Seram Bagian Barat (SBB) Regency is a good location for seaweed cultivation in Maluku Province. The area
of land and the amount of seaweed production in the area is vast. However, in one of the giant seaweed-producing areas,
the lives of most seaweed farming communities are still below the poverty line and are not prosperous due to the long
distribution chain and the dominance of middlemen's role in their business still huge. This study aims to analyse and
obtain the best-prioritized strategy to overcome the dominance of middlemen (called tengkulak) in seaweed cultivation
using the Analytical Hierarchy Process (AHP) method with the Liberatore approach. From the results of data processing,
it was obtained that the best strategy that became a priority for the prevention of domination in seaweed cultivation was
the strategy Utilizing marketplaces or digital marketing with the highest weight of 0.483, followed by the strategy
Expanding the Role of Regional Companies in Marketing at the Provincial and District with a weight of 0.241, the strategy
Activating Cooperatives on a District Scale with a weight of 0.224. The last one is the strategy The Department of Industry
and Trade Regulates the Overall Chain of Commerce" with a weight of 0.036. These results can be used as the basis for
policymaking for the Seram Bagian Barat Regency government in shortening the seaweed distribution chain as one of the
superior regional commodities so that it can improve the performance of the seaweed supply chain in the future.

1 Introduction 68.75% (source: data processed from various sources).

The Central Statistics Agency for Maluku Provincelhis is also supported by the research of [5] regarding the
shows that the total seaweed production in Maluky@lue chain of seaweed distribution on the island of
Province in 2020 is 71,928.65 tons with a production valugarakan, which shows a significant price disparity between
of Rp. 224,634,529,000 [1]. Although Maluku Province i§armers and exporters. The low price of seaweed makes
one of the largest seaweed-producing areas in Indone$ltivators feel disappointed because the price offered is
the lives of most of the coastal communities are below tH@t commensurate with the hard work they have done so
poverty line and are still not prosperous. Based on previof@- Even some farmers hold their seaweed products for
research [2-4] explains that the marketing chain fdiale for the same reason, namely the price is too low [6].
seaweed cultivation consists of nodes of local traders 9¢aweed cultivation is a mainstay business for coastal
middlemen, middle or inter-island traders, and exporteré@mmunities in Seram Bagian Barat (SBB) Regency, so it
which are almost the same model for the type of seawel@s a very immediate impact on improving welfare and
in Indonesia, which is shown in Figure 1. increasing the rate of community economic growth.

The seaweed marketing chain's length causes the From the description above, analysing the selection of
product's purchase price at the farmer level to be very lofiddlemen prevention strategies is necessary to shorten the
where the price per kilogram is Rp. 8,000 to Rp. 10,008eaweed distribution chain in Seram Bagian Barat
Meanwhile, the selling price to advanced consumers is Rgegency. Therefore, this study aims to find the best

24,000 up to Rp. 32,000 higher than the price at the fagfrategy, which is a priority for preventing the dominance
level, so there is a significant price disparity of 65%0f middlemen in seaweed cultivation in the Seram Bagian
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Barat (SBB) Regency. The results of this study ameaweed farmers and empower coastal communities, and
expected to be applied in policy-making to protect seaweedn be used to alleviate poverty in Indonesia.
farmers against middlemen, improve the welfare of

SEAWEED MARKETING WAY IN THE EAST INDONESIAN

REGION
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Figure 1 Seaweed Distribution Chain Path in Eastern Indonesia

2 Literaturereview planting frequency is six times a year [1]. This result is still

The development of seaweed cultivation is afgr from what is expected, considering the enormous
alternative to empowering coastal CommunitieS, which h@@tential of the seaweed cultivation business. Based on
advantages in terms of a) the products produced ha@gional characteri;tics and availapility of resources, the
various uses; b) efficiency in land use with a high level genters for developing seaweed cultivation areas in Maluku
productivity; c) business units can be determined accordiffgovince are: 1. Seram Bagian Barat (SBB): West Seram;
to capital capacity by using simple technology; and d) eady Kepuluan Aru: Wamar Island; 3. Maluku Tenggara: Kei
to monitor because the cultivation container is relativel{tecil; 4. Maluku Tengah: Tuhaha Bay (Saparua Island)
limited and protected from predators and easy to harvedid Nusalaut Island; 5. Maluku Barat Daya (MBD):
[7]. Seaweed cultivation has a vital role in efforts te>aumiaki. o _
increase fishery production to meet food and nutritional Although seaweed cultivation is relatively easy, the
needs and meet domestic and foreign market needs, expBffess still requires operational costs. Most farmers
job opportunities, increase the income and welfare @€pend on business capital per family, so the number of
cultivators and maintain the preservation of aquati@nits of seaweed cultivated is also different; limited capital
biological resources. Seaweed has bright prospects a & common obstacle felt by seaweed farmers [9]. This fee
trading commodity that has the opportunity to bds generally used to buy ropes, buoys, seedling ropes,
developed in Indonesian waters [8]. wooden stakes, labor costs for seedling, buying seeds,

Maluku Province is one of the largest seawee@iesel fuel costs, transportation costs for rent (for those
producers in Indonesia. The distribution area for seawelfo do not have a canoe or boat, especially if the
cultivation in Maluku province is spread over sixcultivation areais a bit far from where they live). To reduce
regencies: Seram Bagian Barat (SBB) Regency, Malulk@sts, some cultivator; have finally asked for assi;tancg in
Tengah Regency, Maluku Tenggara Regency, Malukfoviding seeds to middlemen or collectors, which will
Barat Daya (MBD) Regency, Seram Bagian Timur (SBTipter be deducted during harvest transactions. Due to the
Regency, and the Kepulauan Aru Regency. SeaweBi@h cost of production, the subsequent impact is that the
production in 2020 in Maluku Province is 71,928.65 ton§Xchange rate in the agricultural and plantation sectors is
with a production value of Rp. 224,634,529,000, - and the
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low, especially when compared to the development &eram Bagian Barat (SBB) regency. The value obtained by
prices for other basic needs of the community [10]. IRR is 97.5%, higher than the commercial bank interest
Wholesalers control the price of seaweed, in this cagate prevailing at the time of the study, which is 18%. The
the markets in Makassar and Surabaya. Meanwhile, IRR is greater than the commercial bank interest,
terms of selling their harvests (both wet and dry), maripdicating that the seaweed cultivation business can
farmers complain because they do not have a strodgvelop. This is also supported by several similar studies
bargaining position, especially in determining the sellingonducted in southern Konawe and Pulau Laut Kotabaru,
price of seaweed. The interaction between farmers ahmdlonesia [16,17]. [3] Tries to see the contribution of
cultivators with markets on the mainland is still weak, stechnology components (technoware, humanware,
until now, market access has only been collected by thdoware and orgaware) to increase seaweed productivity
same people. Based on these conditions, middlemen téndthe Seram Bagian Barat (SBB) Regency. This study
to manipulate prices according to their wishes and carry dotlicates that the technoware component provides the
monopolies. One of the reasons for the decline in seawedghest contribution to the productivity of seaweed
sales is the price distortion at the collector level, where tlogiltivation. [18] Conducted risk identification, risk
price is determined by the buyer or middlemen [6,11]. assessment, and risk mitigation of the seaweed supply
In general, the bargaining positions of farmers witlshain in Indonesia using Multi-Criteria Decision Analysis
middlemen or debt bondage are relatively low, so evégiVICDA) by proposing alternative risk
though they are primary producers, in the structure of tiggevention/mitigation strategies, the Fuzzy Failure Mode
fishery commaodity trading chain, their position is generalland Effect Analysis method. (Fuzzy -FMEA) is also used
weak [10]. Due to their lack of access to markets and the identify supply chain risks for seaweed cultivation in
constraints of existing transportation infrastructure, loc&abah Malaysia [19]. In addition, [20] mapping a strategy
farmers are often powerless when they bargain about tlee developing seaweed cultivation using SWOT analysis,
selling price of the commaodities they produce. shows that the priority for the weakness factor is the
Production until now is still in the form of raw absence of financial institutions as providers of capital and
materials, where farmers directly sell their harvests in wéte existence of a trade monopoly from middlemen, as well
form or sell dry crops. Because it is only raw materials, thees fluctuating prices.
price of this commodity is controlled by buyers in the This study looks at one of the gaps or problems in the
Makassar or Surabaya markets. The condition of the lawarketing and distribution of seaweed dominated by
price set by buyers in Surabaya will increasinglyniddlemen/broker/collector (called tengkulak) and is
"suffocate" farmers because collectors or middlemen walpproached with a Multi-Criteria Decision Making
also manipulate the price. This is what causes seawddiCDM) method, namely the Analytical Hierarchy
farmers to stop cultivating, even en masse. This is in lifrrocess (AHP). However, this research has an element of
with [6] findings that the saturation of the selling price ohovelty in producing priority strategies for post-harvest
seaweed causes not all people to want to become seawseaiveed to shorten the seaweed distribution chain, which
farmers. will impact the performance of the seaweed supply chain
Several factors have caused the agricultural sectorimthe future.
the archipelago to have not been able to develop optimally,
in addition to the unavailability of production facilities in3 M ethodology
the local market, also because local farming communities Research methodology, in principle, is a method or

generally do not understand properly how to cultivat@chnique that is arranged regularly and systematically for
correctly, the seeds and superior varieties offered are fpbblem-solving in achieving the desired goal [21]. This
by the preferences of the farming families [12]. In generadtudy discusses the selection of the best strategy that
seaweed farmers in Indonesia experience a lack gécomes a priority for preventing the dominance of
knowledge, causing a lack of innovation in managing crapiddlemen in seaweed cultivation in the Seram Bagian
yields by market demand [13]. Meanwhile, the processingarat (SBB) Regency, which is approached by a Multi-
process has not been supported by adequate technology@ngkria Decision Making (MCDM) method, namely the
facilities because the existing industry is home. Analytical Hierarchy Process (AHP). The following are

The decline in seaweed sales was due to erraigveral stages in this research referring to the steps and
seasonal/weather factors, water pollution, disease-infectggksic principles of AHP:

seaweed, and the presence of seaweed predators [6,14]The first stage is to determine the objectives, criteria,
This also occurs in seaweed cultivation in Seram Bagian sub-criteria, and strategies through literature studies,

Barat (SBB) Regency, where the cultivation conditions prainstorming, and interviews with experts such as the
have begun to decline. Cultivated seaweed suffers from |ndustry and Trade Office, Field instructor of Marine
“fall off” disease. According to farmers, this disease causes and Fishery Office, Processing and Marketing

crop yields to decrease by up to 50%, and in some cases,pjvision of the Maluku Province Marine and Fisheries

there are total crop failures. Office, academics, farmers or seaweed cultivators

Many previous studies on seaweed, one of them by which will then be used in the preparation of the
[15], analysed the feasibility of seaweed cultivation in the assessment questionnaire.
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2. The next stage is decomposition, namely constructing rating scale; level 5: strategies, as shown in Figure 2
the problem into a hierarchical structure, namely level below:
1: Goals; level 2: criteria; level 3: sub-criteria; level 4:

Prevention of Middleman Domination

Level 2:

Financial Marketing Aspects of Procurement of Technology and
Aspect Aspect Production Raw Materials Information Aspect
Ability to procure
Provision of soft loans for Ability to absorb raw materials for Ability toprovide
production capital production on small scale |__| production at low | —lan attractive online
prices and good sales platform
P ¢ harves Ability to absorb quality
- ayment of harvest L —{ production with superior
directly quality
- Availability of raw Ability to provide
materials for a more
L :\blm);;; deal with Ability to sell products at m:(l;nmlaus str-.nglﬂfun\'urd
middlemen high prices to users production transaction system
Ability to reprocess 2’;““'?"“ of Ability to deliver
— production results to | produc lll U_n mr goods quickly,
standardize quality material supply precisely, and
smoothly
Level 3: " .
el Wide range of
Sub-Criteria g .
— production absorption
areas
Level 4: ? ? ? ? ?
Rating Scale | | | | |
Outstanding Good Average Fair Poor
Level 5: I
Strategies T ]

Regulation of the Overall Trading
Companies in Marketing at the System for Seaweed by the Industryi
Provincial and District Levels and Trade Office

Figure 2 The hierarchical structure of strategy selection of middiemen prevention

Expanding the Role of Regional Activate District-

Scale Cooperatives

Use of Marketplace or Digital
Marketing

3. After the hierarchical structure and questionnaire were table 1 below [22]. The results of the questionnaire
developed, the next stage was the assessment ofrecap by each respondent were collected, combined,
pairwise comparisons between criteria and sub-criteria and processed using the geometric mean approach at
by respondents, which was then transformed into a each criterion and sub-criteria level to obtain the
paired comparison matrix for numerical analysis. The corresponding consensus pairwise comparison
numerical value for all comparisons is obtained from a judgment matrices [23-24].
comparison scale from 1 - 9, which Saaty has set, as in

Table 1 Pairwise comparison rating scale

Scale Pairwise Definition

1 1 Equal Importanc

3 1 /3 Moderately more important

5 1 /5 Strongly more important

7 1 /7 Very strongly more important

9 1 /9 Extremely more important
2,4,6,8 Yo e Yg, Intermediate
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4. Consistency test. In determining the weight of each in equation 2. The assessment is said to be consistent
criterion, it is necessary to test the consistency of if the CR value < 0.1
preferences to find out whether there is a random
element. Inconsistency may occur because humans
have limitations in expressing their perceptions
consistently, especially when comparing many criteri
[25], [26]. The consistency index (CIs calculated
using Equation 1, where max is the largest unique
eigenvaluen and is the size of the matrix.

cI
RI

CR = 2

B. Determination of weighting criteria and ranking with
five Liberatore Scales. Based on the pairwise
comparison calculations obtained in the previous stage,
the weights for the criteria and sub-criteria were
calculated. After obtaining the weights of each
criterion, then each criterion is entered into five
Liberatore scales, which consist of Outstanding (O),
Good (G), Average (A), Fair (F), and Poor (P), adjusted
for assessment between strategies [27-29]. Table 2
below is the Pairwise comparison judgment matrix
(PCJIM) for the five-point rating scale.

Amax — 1
(== @)
The inconsistency limit that Saaty has set is
determined using the Consistency Ratio (CR)
equation, which is the comparison of the Consistency
Index (CI) with the Random Index (RI) value shown

Table 2 Pairwise comparison judgment matrix (PCIM) for five-point rating scale

O] G A F P
O] 1 3 5 7 9
G 1/3 1 3 5 7
A 1/5 1/3 1 3 5
F 1/7 1/5 1/3 1 3
P 1/9 1/7 1/5 1/3 1

This matrix is then translated into the largesinterviews with experts in the field of seaweed marketing.
eigenvalue problem and the resulting priority weight$he strategies proposed are strategies that are considered
of Outstanding = 0.513, Good = 0.261, Average to contribute to preventing the problem of middlemen

0.129, Fair = 0.063 and Poor = 0.034 [29].
4  Result and discussion 1.
4.1 Determination of drategy prevention for
Middlemen

The problem of middlemen is no longer a new scourge
among cultivators of agricultural products. So, choosing
how to deal with middlemen is not an easy thing. Many
efforts have been made by government, private and non-
governmental organizations (NGOs) to tackle the problem
of middlemen, but it is still tough to find success stories
from these efforts. Because the success of seawee
cultivation involves quite a lot of cultivators' independence
from middlemen, selecting methods to prevent these
middlemen is very important.

The method used to select strategy methods for dealing
with middlemen is AHP. This method is used because AHP
can make the problem of selecting a middlemen prevention
method more structured and able to cover various
influential criteria. AHP also accommodates different
weighting for each criterion and considers the level of
consistency in the weighting.

In order to prevent the domination of the middlemen, it
is necessary to formulate a strategy that can be applied to
reduce the factors causing the strong dominance of the
middlemen in the life of seaweed farmers. The strategy
used in preventing the domination of middlemen is
formulated from the results of a literature study and

domination.

The strategies are as follows:

Expanding the Role of Regional Companies in
Marketing at the Provincial and District Levels.
Regional-Owned Enterprises (BUMD) are business
entities whose capital is partially/wholly owned by the
regional government to provide services to the local
community. The purpose of the BUMD itself is to serve
the community's needs in the area and obtain profits
that will be used for development in the area. So far, the
business entities that we often encounter are the

dRegional Drinking Water Company (PDAM). PDAM

itself also always assists communities in remote areas
through capital assistance. Likewise with banking
companies such as the Maluku Regional Development
Bank or BPDM. The role of banking for the community

is not only in cities but also in remote areas. This is
through capital assistance for people who want to build
a business. The role of regional companies to assist the
community in developing businesses engaged in
fishery products is still very minimal.

For this reason, it is necessary to expand the role of
regional companies in encouraging and assisting the
community in developing their businesses. For
example, the seaweed cultivation business is a trend in
the industrial sector. This is to overcome the problems
in farmers related to seaweed marketing. So that later it
is hoped that the role of regional companies can reduce
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the role of middlemen in marketing seaweed so that tl
seaweed marketing chain becomes short and the liv
of seaweed farming communities become prospero
[2,30]. For this reason, the expansion of the role ¢
regional companies is significant for the government t / \
follow up. FARMER
FARMER GROUP/ CORE COMPANY
. Activate District-Scale Cooperatives. A fisheryl SMALL BUSINESS
cooperative specializing in handling seaweed was Figure 3 Partnership Pattern 1

developed as an effective forum for fighting for the ) ] ] )

interests of seaweed farmers. Through this cooperative, With this form of cooperation, lending to plasma

it is hoped that countervailing power will be created farmers is carried out with the cooperative position as
against various business climates that have been Channeling Agent, and farmer groups directly handle
detrimental to seaweed farmers. In addition, itS management. While the Partner Company must
cooperatives are also expected to develop more Provide the problem of coaching.

profitable input and output markets, improve

production and marketing efficiency, better risk Farmers who are members of farmer groups, through
management, ensure business continuity, and increasetheir ~cooperatives, agree with the cooperative

the income of seaweed farmers [31]. (representing its members) and marine and
The model for developing cooperation in the fishery/processing/exporter companies.
development of seaweed farmers involving The scheme of this partnership pattern can be
cooperatives is as follows: seen in Figure 4 below:
Partnership Cooperation Pattern. Partnerships between

1 MARINE AND
farmers{farmer groups/cooperatlyes and partn ARVED SHERInS
companies can be made according to two patterr] swaLL BusiNss @ PROCESSING/
namely GROUPS EXPORTER COMPANY

: ; - PARTNER

Farmers who are farmer groups enter into direct Figure 4 Partnership Pattern 2
cooperation  agreements  with  Marine  and
Fisheries/Exporter Processing Companies. ~In this form of cooperation, lending to plasma farmers
The scheme of this partnership pattern can be seenin js carried out with the cooperative position as
Figure 3 below: Executing Agent. The problem of technical

development of plant cultivation/business
management, if the Parther Company cannot
implement it, will be the responsibility of the
cooperative. The mechanism of the Integrated
Partnership Project can be seen in Figure 5 below:

- BANK -

Installment Business
Payment Feasibility Aspect
AVALIST
CORE Y
PROCESSING Memorandum PRIMARY
INDUSTRY OR |- - of “+—1 | COOPERATIVE
EXPORTER Understanding
L Plasma Net Income
- PLASMA
Production Cost etc FARMERS

Results Marketing

Figure 5 Integrated Partnership Project Mechanism

~ 284 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume: 9 2022

Issue: 3 Pages: 279-290 ISSN 1339-5629

DISTRIBUTION CHAIN

PRIORITY STRATEGIES SELECTION TO PREVENT MIDDLEMEN DOMINATION IN SHORTENING THE

Daniel Bunga Paillin; Johan Marcus Tupan; Jacobus Bunga Paillin; Victor Oryon Lawalata; Wilma Latuny

The implementing bank will assess the feasibility of the
business by the technical bank principles. If the project
is feasible to develop, it is necessary to make a
memorandum of understanding (Memorandum of
Understanding = MoU) that binds each partnering
party's rights and obligations (core,

Plasma/Cooperative, and Bank). By the memorandum
of agreement, under the authorization of the
cooperative or plasma, bank credit can be transferred
from the cooperative/plasma account to the core
account to be further distributed to plasma in the form
of production facilities, physical work funds, and

others. Thus, plasma will not receive cash from banks
but will receive production facilities whose distribution

products for sale without the hassle of building a
system. [32] State that the existence of a marketplace is
very beneficial for business actors who will market
their products, especially for seaweed farmers who will
market seaweed products. The marketplace can make it
easier for seaweed farmers to carry out their operations.
With the virtual market, marketing can be done directly
to end consumers so that the distribution chain becomes
short, and business actors only need to provide
complete information about the products they sell in the
marketplace, such as product information, prices,
shipping, and others.

The criteria and sub-criteria used in the decision model

can be through the nucleus or cooperatives. Plasmoa dealing with middlemen were obtained through
farmers carry out the production process. The resultslofainstorming and interviews with experts and then
the plasma plantations are sold to the nucleus at a priescribed in a hierarchical structure (see Figure 2). The
agreed in the MoU. The core company will deduct &ollowing are criteria and sub-criteria for preventing
portion of the plasma sales proceeds to be handed ow@ddlemen domination:

to the bank as loan installments, and the rest returnedito Financial Aspect: this is an aspect related to the Ability

the farmers as net income.

. Cooperatives as an Independent Company. The
cooperative will provide the production equipment
needed for seaweed cultivation, so it is only a matter af
installation and planting. In addition, the cooperative
will also provide loans for the purchase of seeds and
daily needs. All of this will be calculated with the
harvest results later, where farmers are only allowed to
sell their produce to the cooperative at the prevailing.
local market price.

. Regulation of the Overall Trading System for Seaweed
by the Industry and Trade Office. The economic
marketing of seaweed cultivation lies in the problem of
profit and loss resulting from the business. This mainly
depends on the high production costs incurred, tle
amount of production per business unit, and the sale of
cultivated products. Until now, the marketing pattern of
seaweed products in Indonesia from producers
(producers) to consumers is still very long and is
determined by middlemen. The length of the marketing
chain and the lack of uniformity in prices in an area
make the acceptance of seaweed producers very low.
As the most experienced government agency in
regulating the intricacies of the marketing sector, the
Industry and Trade Office can play an active role in
establishing an institution whose functions and
objectives resemble the role of regional companies i
regulating the entire trade chain but also concurrently
the role of cooperatives in providing financial
assistance to improve welfare fishermen [2,31].

a.
. Use of Marketplace or Digital Marketing. The
marketplace is a solution created from the rapid
development of information technology and the
internet attacking the trading industry. In this
marketplace, every business actor can display their

to provide production funds for seaweed farmers,
which has been the key to strengthening the existence
of middlemen. The sub-criteria from this financial
aspect are:

Provision of soft loans for production capital. Most of
the seaweed farmers in Indonesia have very low-
income levels; therefore, to start a seaweed cultivation
business, they need a soft loan with a payment scheme
by cutting the purchase price of seaweed production.
Payment of harvest directly. In general, the carrageenan
industry, as the final consumer of dried seaweed
products, pays in demand deposits (usually they can be
disbursed after two weeks — 1 month). This payment
pattern is tricky for seaweed farmers because they need
cash payments to pay their consumption debts and
replant seaweed.

Ability to deal with middlemen. In the interval before
seaweed can be harvested and make money, seaweed
farmers meet their daily needs by first taking debts to
the stalls to buy necessities. The debt is repaid after the
seaweed is harvested and produces fruit. It is in this
section that the middlemen generally play their role. If
there is a disaster that can cause the seaweed harvest to
fail, the seaweed farmers will immediately go to the
middlemen to get loans to continue to pay their
consumption debts. Therefore, by providing consumer
credit funds, the role of middlemen can be minimized.

Marketing Aspect: relates to the competence to deal
with the problems of seaweed farmers in selling their

products (dried seaweed). The sub-criteria of this

marketing aspect are:

Ability to absorb production on a small scale. Seaweed

farmers have obstacles to supply directly to the

carrageenan industry because the production capacity
is much smaller than the supply expected by the

carrageenan industry to maintain the continuity of the

production process. Therefore, it is hoped that the
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production of seaweed farmers on various scales cantbe The Ability to provide a more straightforward
absorbed without any problems. transaction system. They have provided access for
. Ability to absorb production with superior quality. consumers to conduct transactions both electronically
Because seaweed farmers do not have sophisticatedand physically.
tools to control the water content of the dried seaweed Ability to deliver goods quickly, precisely, and
they produce, often the quality of fisherman's products smoothly. It is hoped that it will provide industrial
varies because they only rely on intuition. This is what support services in the delivery of seaweed needed by
mainly causes the production of seaweed farmers to be consumers today.
rejected by the carrageenan industry
. Ability to sell products at high prices to users. It is}.2 Processing with Liberatore scale
hoped that the strategy to middlemen will be able to Based on the previous explanation above, the results of
negotiate with the industry and significantly increasene questionnaire recap, which were divided into several
the price of dried seaweed because it has a bettespondents, were combined and processed using the
bargaining position than individual farmers. geometric mean approach to obtain the corresponding
. Ability to reprocess production results to standardizeonsensus pairwise comparison judgment matrices [23],
quality. To increase the bargaining position so that tfjg4]. The results of the AHP data processing for the
carrageenan industry is wiling to absorb seawegshirwise comparison assessment matrix of the problem of
products, further processing is needed so that te@ercoming and preventing the dominance of middlemen
quality of the various seaweed productions can meet thieseaweed cultivation are shown in Table 3.
standard. Each matrix is calculated with the maximum lambda
. Wide range of production absorption areasyalue fma), Index Consistency (Cl), and normalization to
Infrastructure in coastal areas is very inadequate, bugibtain priority weights for each criterion and sub-criteria.
is hoped that all dried seaweed produced by farmersaple 3 also shows the consistency ratio (CR) values of
remote areas can still be absorbed as a whole. each Pairwise Comparison Judgment Matrix (PCJM) are
all less than 0.1, which means that the answers from each
. Aspects of Procurement of Production Raw Materialsespondent are consistent for the paired comparison matrix
includes the ability to provide all needs for seaweegssessment [23,24].
farmers when they carry out production activities or The local weight is obtained from the average value of
during the production period. The sub-criteria from thigach sub-criteria to get the global weight value obtained
aspect of the procurement of raw materials fofrom the product of the local weight value of the sub-
production are: criteria with the local weight value for each criterion shown
. Ability to procure raw materials for production at lowin Table 4.
prices and good quality. Sometimes seaweed farmers Furthermore, for the strategy weighting assessment, the
are tricked by traders who sell tools and raw materiajiethod used is Liberatore with five priority weighting
for seaweed production at stifling prices in credigcales, namely Outstanding = 0.513, Good = 0.261,
schemes. Itis hoped that farmers' needs for dry seawembrage = 0.129, Fair = 0.063 and Poor = 0.034. This
production can be met at a reasonable price in thgsessment is carried out based on 14 sub-criteria against
future. existing strategies. Table 5 shows the recapitulation results
. Availability of raw materials for continuous of score calculations for each strategy to prevent
production. Often there is a shortage of tools and ragyiddlemen domination in seaweed cultivation.
materials for seaweed production at a particular time, Based on the final weight calculation results for each of
so seaweed farmers both from a financial perspectiyge strategies in table 5, the strategy "using the Marketplace
and from a credibility perspective in the eyes of ther doing digital marketing” obtained the highest weight of
carrageenan industry are not good. 0.483. Furthermore, the strategy "Expanding the Role of
. Distance of production raw material supply. It is hopegtegional Companies in Marketing at the Provincial and
that the Availability of tools and raw materials forregency Levels"(0.241), the strategy “Activating
seaweed production can be available in areas wittboperatives on a District Scale” (0.224), and the strategy
inadequate transportation facilities and infrastructure*The Department of Industry and Trade Regulate the
Overall Chain of Commerce" (0.036). Therefore, it can be
. Information and Technology Aspect: the purpose ofaid that the strategy of "using the Marketplace or doing
this aspect is to directly reach external parties such ggjital marketing” is the best in overcoming the problem of
suppliers and company consumers to make seawa@gidlemen's dominance in the seaweed cultivation
marketing more effective and efficient. The sub-criterigusiness. This is in line with the start of socialization and
from the aspect of technology and information are:  online marketing training for seaweed farmers and Small
. Ability to provide an attractive online sales platform. ltand Medium Enterprises (SMEs) scattered in the area by
is hoped that it will be able to provide an online salegtilizing several existing Marketplaces such as Tokopedia,
platform for consumer seaweed production to attragfukalapak, Shopee, Lazada, and others. Not only that, but
attention. the government can also prepare a policy to expand the role
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of local companies in buying post-harvest seaweed aptbposed [2,6] so that the price game done by middlemen
activate district-scale cooperatives in helping farmers lman be eliminated.
providing access to borrowing capital to start production as

Table 3 Pairwise comparison assessment matrix of middlemen domination prevention problems

Goal FA MA APPRM ITA Priority
Financial Aspect (AF) 1.0 1.0 4.6 2.7 0.409
Marketing Aspect (MA) 1.0 1.0 3.1 1.0 0.296
Aspects of Procurement of Production 0.2 0.3 1.0 1.0 0.115
Raw Materials (APPRM)
Information and Technology Aspect 0.4 1.0 1.0 1.0 0.181
(ITA)
Amax= 4.174 Cl= 0.058 CR 6.064
Financial Aspect PSLPC PHD ADM Priority
Provision of Soft Loans for Producti 1.0 5.1 6.6 0.715
Capital (PSLPC)
Payment of Harvest Directly (PHD) 0.2 1.0 3.3 0.201
Ability to Deal with Middlemen 0.2 0.3 1.0 0.084
(ADM)
Amax= 3.100 Cl= 0.050 CR 9.086

Marketing Aspect AAPSS AAPSQ ASPHPU ARPRSQ WRPAA Priority
Ability to Absorb Production on a 1.0 1.9 1.6 2.0 2.6 0.299
Small Scale (AAPSS)
Ability to Absorb Production with 0.5 1.0 2.7 2.6 2.5 0.274
Superior Quality (AAPSQ)
Ability to Sell Products at High Prices 0.6 0.4 1.0 3.4 3.5 0.225
to Users (ASPHPU)
Ability to Reprocess Production 0.5 0.4 0.3 1.0 2.2 0.120
Results to Standardize Quality
(ARPRSQ)
Wide Range of Production Absorption 0.4 0.4 0.3 0.5 1.0 0.082
Areas (WRPAA)

Amax= 5.372 Cl= 0.093 CR 9.083
Aspects of Procurement of ProductiodPRMPLPGQ ARMCP DPRMS Priority
Raw Materials
Ability to Procure Raw Materials for 1.0 3.2 4.3 0.622
Production at Low Prices and Good
Quality (APRMPLPGQ)
Availability of Raw Materials for 0.3 1.0 3.1 0.264
Continuous Production (ARMCP)
Distance of Production Raw Material 0.2 0.3 1.0 0.114
Supply (DPRMS)

Amax= 3.079 Cl= 0.039 CR 9.068
Information and Technology Aspect APAOSP APMSTS ADGQPS Priority
Ability to Provide an Attractive 1.0 3.3 6.7 0.652
Online Sales Platform (APAOSP)
Ability to Provide a More 0.3 1.0 4.8 0.271
Straightforward Transaction System
(APMSTS)
Ability to Deliver Goods Quickly, 0.1 0.2 1.0 0.076
Precisely, and Smoothly (ADGQPS)

Amax= 3.084 Cl= 0.042 CR 9.072
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Table 4 Composite priority weights for critical success factors
Criteria Local weights Subcriteria Local weights Global weights
Financial Aspect (AF) 0.409 Provision of Soft Loans for Production Capital (PSLPC) 0.715 0.292
Payment of Harvest Directly (PHD) 0.201 0.082
Ability to Deal with Middlemen (ADM) 0.084 0.034
Marketing Aspect (MA) 0.296 Ability to Absorb Production on a Small Scale (AAPSS) 0.299 0.088
Ability to Absorb Production with Superior Quality 0.274 0.081
(AAPSQ)
Ability to Sell Products at High Prices to Users 0.225 0.066
(ASPHPU)
Ability to Reprocess Production Results to Standardize  0.120 0.036
Quality (ARPRSQ)
Wide Range of Production Absorption Areas (WRPAA) 0.082 0.024
Aspects of Procurement of 0.115 Ability to Procure Raw Materials for Production at Low 0.622 0.071
Production Raw Materials Prices and Good Quality (APRMPLPGQ)
(APPRM) Availability of Raw Materials for Continuous Production 0.264 0.030
(ARMCP)
Distance of Production Raw Material Supply (DPRMS) 0.114 0.013
Information and Technology 0.181 Ability to Provide an Attractive Online Sales Platform 0.652 0.118
Aspect (ITA) (APAOSP)
Ability to Provide a More Straightforward Transaction 0.271 0.049
System (APMSTS)
Ability to Deliver Goods Quickly, Precisely, and Smoo 0.076 0.014
(ADGQPS)
Total : 1
Table 5 Recapitulation of Weight Calculation Strategies for the prevention of middlemen
Expanding the Role of Regional Regulation of the Overall Trading Use of Marketol Diital
Strategic criteria issues Global Companies in Marketing at the Activate District-Scale Cooperatives System for Seaweed by the Industry se of Marketp alce or Vel
. . ) Marketing
Weights Provincial and District Levels and Trade Office
Critical Succses Factors (Subcriteria) Rating Score xGW Rating Score xGW Rating Score xGW Rating  Score  xGW
Financial Aspect
Provision of Soft Loans for Production Capital (PSLPC) 0.292 A 0129 0.038 A 0.129 0.038 P 0.034 0010 0 0513 0.150
Payment of Harvest Directly (PHD) 0.082 G 0261 0021 G 0261 0021 P 0034 0003 0 0513 0042
Ability to Deal with Middlemen (ADM) 0,034 G 0261 0009 G 0261 0009 P 0034 0001 0 0513 0018
Marketing Aspect
Ability to Absorb Production on a Small Scale (AAPSS) 0.088 A 0129 0011 A 0129 0011 P 0034 0003 0 0513 0045
Ability to Absorb Production with Superior Quality (AAPSQ)  0.081 G 0261 0021 G 0261 0021 P 0034 0003 0 0513 0042
Ability to Sell Products at High Prices to Users (ASPHPU) 0.066 G 0261 0017 G 0261 0017 P 0034 0002 G 0261 0017
Ability to Reprocess Production Results to Standardize 0.036 0 0513 0.018 G 0261 0.009 P 0.034 0.001 [4 0261 0.009
Quality (ARPRSQ)
Wide Range of Production Absorption Areas (WRPAA) 0.024 G 0261 0.006 G 0261 0.006 P 0.034 0.001 0 0513 0.012
Aspects of Procurement of Production Raw Materials
Ability to Procure Raw Materials for Production at Low 0.071 0 0513 0.037 G 0261 0.019 P 0.034 0.002 A 0.129 0.009
Prices and Good Quality (APRMPLPGQ)
Availability of Raw Materials for Continuous Production 0.030 G 0261 0.008 G 0261 0.008 P 0.034 0.001 0 0513 0.016
(ARMCP)
Distance of Production Raw Material Supply (DPRMS) 0,013 G 0261 0003 G 0261 0003 P 0034 0000 A 0129 0002
Information and Technology Aspect
Ability to Provide an Attractive Online Sales Platform 0.118 G 0261 0.031 G 0261 0.031 P 0.034 0.004 0 0513 0.060
(APAOSP)
Ability to Provide a More Straightforward Transaction 0.049 G 0261 0.013 G 0261 0.013 P 0.034 0.002 0 0513 0.025
System (APMSTS)
Ability to Deliver Goods Quickly, Precisely, and Smoothly 0.014 0 0513 0.007 G 0261 0.004 P 0.034 0.000 0 0513 0.007
(ADGQPS)
Total Scores 0.241 0211 0.034 0.455
Renormalized Scores 0.256 0.224 0.036 0.483
~ 288 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 3 Pages: 279-290 ISSN 1339-5629

PRIORITY STRATEGIES SELECTION TO PREVENT MIDDLEMEN DOMINATION IN SHORTENING THE
DISTRIBUTION CHAIN
Daniel Bunga Paillin; Johan Marcus Tupan; Jacobus Bunga Paillin; Victor Oryon Lawalata; Wilma Latuny

5 Conclusions Pangantap, Lombok Barat, NTB), Bandung, Institut

This study assesses various strategies in preventing the Teknologi Bandung, 2018. (Original in Indonesian)
role of middiemen in seaweed cultivation in Seram Bagid] PAILLIN, D.B.: Analisis Kontribusi Komponen
Barat (SBB) Regency, Maluku Province, using the AHP Teknologi Dalam Usaha Budidaya Rumput Laut di
technique approach. The main obstacle faced by seaweedkabupaten Seram Bagian BalRIKA, Vol. 7, No. 1,
cultivators in developing their business is the dominance of Pp. 1-14, 2013. (Original in Indonesian)
middlemen who have roots in seaweed cultivators, so tifd WARELLA, S.Y.: Analisis Rantai Nilai Komoditas
requires serious handling from various related parties such Rumput Laut (Sudi Pada Kabupaten Seram Bagian
as the cultivators themselves, the government, and other Barat), Salatiga, Universitas Kristen Satya Wacana,
relevant agencies to formulate strategies for dealing with 2013. (Original in Indonesian)
middlemen. [5] WAHYULARASSATI, A., SUSILONINGTYAS, D.,

The results of the AHP calculation show that the HANDAYANI, T.. Value-chain distribution of
strategy chosen is the strategy "Using the Marketplace or Seaweed production in Amal Coast, Tarakan Island,
doing digital marketing," getting the highest weight of 1OP Conference Series: Earth and Environmental
0.483. The strategy "Expanding the Role of Regional Science, pp. 1-6, 2019. https://doi.org/10.1088/1755-
Companies in Marketing at the Provincial and District 1315/311/1/012082
Levels"(0.241), the strategy "Activating Cooperatives bjp] RUSTIDJA, E.S., PRIMIANA, 1., ODE, I., PADANG,
District scale" (0.224), and the strategy "Department of A.: Strategi Pengembangan Supply Chain RUmput
Industry and Trade Regulate the Overall Chain of Laut Di Kabupaten Seram Bagian Barat Provins
Commerce” (0.036). Strategies to opening a Market Place Maluku, Prosiding Seminar Nasional: Complexity and
or doing digital marketing are expected to break the chain Systems Science Dalam Pengembangan Agribisnis
or prevent the domination of middlemen in the seaweed Nasional, pp. 97-106, 2013. (Original in Indonesian)
cultivation business. This strategy is also easy to use [7] SUDRADJAT, A.. Budidaya 23 Komoditas Laut
farmers or cultivators because it utilizes several Menguntungkan., Penebar Swadaya, Jakarta, 153,
marketplaces that are already available without having to 2008.(Original in Indonesian) _
build the system. Also, the use of this marketplace has bd8hASLAN, L.: Rumput Laut. Penerbit KANISIUS,
supported by internet network infrastructure that has Yogyakarta, 1998Original in Indonesian)
reached these areas. [9] Kangean Energy Indonesia, Pemetaan sosial di sekitar

This research, of course, has limitations with the Wilayah operasi lapangan gas Pagerungan, Bogor:
subjective AHP model. However, this research can be Kangean Energy Indonesia Ltd dan Fakultas Ekologi
developed by integrating several MCDM methods such as Manusia IPB, 2013. (Original in Indonesian)
Technique For Others Reference by Similarity to Idedl0] ARIADI, S.: Pemberdayaan Masyarakat Kepulauan di
Solution (TOPSIS) and Data Envelopment Analysis —Jawa Timur,Jurnal Masyarakat Kebudayaan dan
(DEA) to get more objective results. In the future, this  Politik, Vol. 14, No. 4, pp. 13-24, 2010. (Original in
research can be continued by using the Supply Chain Indonesian)

Operations Reference (SCOR) model to measure t[11] WIBOWO, Y., MA'ARIF, M.S., FAUZI, M.A,
performance of the seaweed supply chain in Seram Bagian ADRIANTO, L.: Strategi Pengembangan Klaster
Barat Regency. It can then be combined with the House of Industri Rumput Laut Yang Berkelanjutadurnal -
Risk method for managing seaweed supply chain risks so Agritek, Vol. 12, No. 1, pp. 85-98, 2011. (Criginal in
that the government can take appropriate and strateaic [ndonesian)

steps to improve the welfare of coastal communitie[12] Lemlit, Institut Teknologi Sepuluh November,

especially seaweed farmers. Identifikasi Kawasan Dan Potensi Daerah Tertinggal
Di Wilayah Kepulauan Di Jawa Timur, 2000.
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Abstract: This paper focuses on the problem of supplier portfolio selection where a company has to choose the best
possible set of suppliers with respect to various constraints. An intuitive heuristic can suggest to use any of the methods
for suppliers ranking and then to put the first one into the portfolio. If some required constraint is not met, then the second
supplier according to the ranking is added, and so on, until all the constraints are satisfied. However, such approach can
result in a non-optimal decision. The constraints can cause that a combination of the alternatives with lower rankings can
be better, than some higher-ranked alternative from the perspective of feasibility. To build the optimization model, the
authors of this paper use the PROMETHEE V method: a popular combination of multi-criteria decision making method
PROMETHEE and mixed integer programming. However, it is shown that the original PROMETHEE V method, namely
the logic under which an objective function is set, is not suitable here and leads to discrimination of suppliers with worse
ranking. Therefore, a modification, which brings more reasonable results, is proposed in this paper. A numerical example
is used to show the suitability of the proposed approach and compare the results with the original algorithm and also with
one prior modification introduced by by other authors in the past. The analysis is further supported by a thorough
sensitivity analysis using flexible and parametric programming.

1 Introduction combination of suppliers for a company. The aim is to find
Suppliers and their quality play a vital role inthe best feasible portfolio of suppliers based on a given set

competitiveness of each production company. Potenti@ criteria. _ . o
troubles with suppliers, like delayed delivery, poor quality Despite the problem of supplier portfolio selection is by
of products, difficult communication, or overpriced goodsfar not as frequent as the ranking problem mentioned
can be the source of the bottleneck with ominowgbove, several studies have also been published. Namely,
consequences. Therefore, managers should be very carégi authors of [6] have established the model based on the
to select the most suitable suppliers. In order to do so, ma#gmbination of ANP and Data Envelopment Analysis
guantitative tools are available to make their selectid®EA), and the authors of [7] have presented the model
easier. This problem is a common topic of multi-attributeased on genetic algorithms and mathematical
decision making (MADM). It would be almost impossibleProgramming. Despite these models are very valuable, in
to find a MADM method, which has not been used yet t8ur opinion they are very difficult to understand for
evaluate suppliers. Let us mention at least the metho@éactitioners, which can limit their use for real-life
which are currently very popular in quantitative support droblems. The model presented in this paper is based on
decision making: Analytic Hierarchy Process (AHP) [1]the PROMETHEE method established by [8] and its
Analytic Network Process (ANP) [2], TOPSIS [3],€extension for the portfolio selection presented by [9] (_so
ELECTRE [4], PROMETHEE [5]. But, all these studiescalled PROMETHEE V). The PROMETHEE method is
provide the ranking of suppliers, which is sufficient whe@asy to use, since its algorithm is computationally easy and
the best supplier is identified, or, when companies meas@g0 tractable, see [10], and it provides the ranking of
the performance of their current Supp"ers_ However, f(ﬁlternatives. Based on this ranking, the pOfthliO is found
many reasons, companies usually do not have only on&ing the mixed integer programming (MIP) within the
supplier for all their inputs (either they hedge against risROMETHEE V method. In this paper, the suitability of
or simply because of the availability of the goods). Anthe PROMETHEE V method to solve the supplier portfolio
then, several dependencies and synergistic effects dgHection problem is shown.

occur. In this paper, these dependencies and effects will beAs mentioned by [11] and [12], the original
taken into consideration to identify the best suitablBEROMETHEE V method suffers from a severe drawback.
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Namely, the alternatives with negative values in theesults and the sensitivity analysis of the results. The last
PROMETHEE ranking (negative net flows, see Section 2gection, Section 5, concludes the paper and outlines
are discriminated. The authors of [11] have proposed a wagssible directions for the further research.

how to eliminate this discrimination. However, the

proposed method brings undesired biases in favour of large  PROMETHEE rankings and
portfolios, see the proof by [13]. The authors of [12] have  pROMETHEE portfolio selection

proposed another solution how to solve the drawback of The family of the PROMETHEE methods belongs to

PROMETHEE V based on the so calledoptimal g tranking methods of multi-attribute decision making,
portfolios where the optimal portfolios for a fixed numbellre_’ its algorithms are based on special (outranking)

of selected alternativesare found. The new model is built .reference relations. The basic PROMETHEE methods
on both proposed approaches, i.e. [11] and [12]. TReapiished by [8], are used to get the rankings of
original PROMETHEE V model is transformed accordingiernatives based on a given (discrete) set of criteria

to [1] and explore the-optimal portfolio. To avoid the (pPROMETHEE | and PROMETHEE I1). However, outputs
biases in favour of large portfolio (like in the originalso v the PROMETHEE ranking can further be used to
proposal by [11]), the optimisation model is furthei,e other decision making problems, like clustering the
modified. In the original PROMETHEE V and all its yiernatives [14], efficiency evaluation [15], or portfolio
extensions mentioned above, the suitability of a portfoligy|ection [9]. Its variability is not the only advantage of
is determined by the alternatives in this portfolio. To retUrBRoMETHEE. It has become very popular mainly due to
to the case of supplier portfolio selection, each portfolio ¢fs yery transparent computational procedure that is easy to
suppliers is evaluated according to the suppliers involveghqerstand, which is valuable also for practitioners. The
in the portfolio. This is also the reason why the approa%pularity of the PROMETHEE method is proved by

by [11] leads to the large portfolio involving all possibleqrioys fields of real-life applications published so far, see
suppliers (if some further constraint does not make sughe review paper by [16].

solution infeasible), regardless of the supplied quantity. In |4 this section. a brief review of the PROMETHEE

our opinion, the utility for the supplied company is nofqorithms for ranking the alternatives and portfolio

generated by suppliers themselves, but through tgection is provided. More detailed description can be
supplied goods. Therefore, the built model considers thaf 4 Iin [1|7].p viaed ! 'PH

the optimal portfolio is evaluated not only according to the |, jine with [18], the PROMETHEE ranking can be
involved suppliers, but the supplied quantity too. In oth@srp“t into 4 foIIowing’ steps:
words, it is supposed that if a supplier delivers 1,000 pieces '
of some product, or only a single piece, the generatgqep 1
utility is greater in the former case.
. . - I . Pref d A, A ) = Pi(vi —v;;) €[0,1
This paper brings two main contributions. First, the reference degred$(4, 1) {(vie ”u) [0,1] are

sitability of the PROMETHEE V method to solve thecalculated for all pairs of alternativéswith respect to each
iterioni = 1,2, ..., k using preference functio% (this

supplier portfolio selection problem due to its easy a X . .
PRIET P b y Ifnctlon assigns a preference degree to each possible

tractable algorithm is demonstrated, and typical )
g b fference in performance values), whegestands for the

segmentation constraints for this problem are identifie ; t theth al . ith hah
(the portfolio is constrained by the total budget, demand fBETormance ot the-th alternative with respect to t

products, availability of products at suppliers, size of thgFiterion. Thke preference degrele says, how r:nugh the
portfolio). Second, a new modification of the origina@ecision-maker prefers an  alternative with —better
PROMETHEE V method [9] is introduced, which is mordP€rformance in the given criterion to the one with worse
suitable for the solved problem. On the other hand, it RErformance.

worth noting that the proposed modification is established

for the given application field. Its suitability for other area tep 2 ‘ q q ;
must be assessed by a user for each potential applicat(ﬂ‘f'l preference degrees are aggregated to preference

individually indices expressing, how much the decision-maker prefers
The paber includes a numerical example, which Qne alternative to another. This is done using the sum

solved using the original and modified PROMETHEE \Product of preference degrees and weightsee (1) and

method. Furthermore, a sensitivity analysis of the result®)-
for different levels of budget using the flexible and
parametric programming is provided. Step 3 o .
The rest of the paper is organised as follows. Section2€ Preference '”d'fes are aggregated to positive and
recalls the methodology of the PROMETHEE rankings arf¢f92ative  flows  ¢* €[0,1],¢~ €[0,1]) of each
PROMETHEE V for the portfolio selection. Section 32!ternative, see (1) and (2). The positive flow of an
presents the PROMETHEE V model for the Supp"ezlalternat!ve is a mean value of the preference indices
portfolio selection using both, the original and the ney°mParing this alternative to the others (how much better

approach. Section 4 provides a numerical example, f%the aItgrnanve than the other_s). The other way around,
the negative flow of an alternative is a mean value of the
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preference indices comparing the remaining alternativesPRROMETHEE Il algorithm, optimisation models are more
the one under evaluation (how much worse is theomplicated to solve. But, the model to solve within the

alternative than the others). PROMETHEE V is still easily tractable and, in general,
more simple than the models proposed by [6], or [7]. Let
Step 4 x; be a binary decision variable denoting if th¢h

Due to the fact that the ranking using only the positive anghernative is involved in the portfolio, or not. Then, the
negative flows (PROMETHEE 1) provides only a partiabptimisation model can be written as follows:
ranking @ is preferred té if p*(a) = ¢*(b) A ¢~ (a) <

¢~ (b), where at least one of both inequalities must be max ¢Tx

strict) these partial flows must be aggregated to the net st. Ax<b 4
flows ¢ € [0,1], see (3). The PROMETHEE ranking based x € {0,1}°

on the net flows is called PROMETHEE Il and it provides ) ) o )
a complete ordering. where the set of constraints with the coefficient maXri

R™< and the right-hand sidels are the segmentation
The calculations of the described algorithm can be shor@gnstraints defining the feasibility of a solution. As

written as follows: mentioned in the introduction, dependencies and

synergistic effects must be taken into account when

Sopjer e Wi Pi(vie — v;)) (1) selecting multiple alternatives. Each constraint in the

d*(A) = 1 model represents a restriction on the portfolio. For

S ek w Py — Vi) (2) exampl_e, for a typical asset allocation_ problem, the

p-(4) =—L=1— L constraints can be used to guarantee minimal expected
b(4,) = ¢+(At)s__¢:}_(At) 3) profit and maximal acceptable risk.

wherew; is the weight of the-th criterion,s is the number 3 PROM_ETHEE_ model  for  supplier
of alternatives an#l represents the number of criteria. portfolio selection
In this section, a general optimisation model of the

The authors of [8] have defined the general propertiesipplier portfolio selection is provided in line with [18].
of a preference function. A decision-maker can choose anycompany, which needs to deliver product types by
non-decreasing functiorP (the greater difference in potential suppliers, is considered. The company is limited
performances, the greater (or equal) preference strengttbinthe following constraints:
favour of the better alternative) wilt(x) = 0forx <0, - total delivery costs cannot exceed the budgéid);
with the domain of all real numbers € R) and the range - the demandd of the company must be completely
P(x) € [0,1]. In order to make the choice of preference  satisfied (5b);
functions simpler for decision-makers, the authors of [8} the suppliers have available only limited quantities
have proposed some predefined shapes. But, by far the of the required product types (5c);
most common shape is the linear one, which allows to the portfolio can be restricted in size(too many
consider too small differences in performance values suppliers can cause organisational and bureaucratic
negligible using the indifference threshagldand, on the troubles to the company, on the contrary, too few
contrary, too big differences exceeding the preference suppliers increase the risk), (5e).
thresholdp are preferred absolutely and with the same

strength, see Figure 1. max Z %, @
Jj=1
P()C) S.t.zi=1yij =d; i=12,..,m, (b)
11 Yij S 1) i=12,...mj=12,..,5s (c)
0 x<x<gq, Zi:lz]‘:lpijyij =P )
Px)=1 55 4<X<p s
1, x=>p. Z},:lxi =c j=12,..,s, (e) (5)
Zl Vi sMA-a) j=12,..,5, ®
q p e i=1 ]
Figure 1 Linear shape of preference function a+x =1 J=12,..s, (9)
x;j € {0,1} j=12,..,5s, (h)
Multiple alternatives selection using PROMETHEE % =0 =12, mj=12..s ()
(PROMETHEE V), introduced by [9], is based on the q; €{01} Jj=12,..,s. G

PROMETHEE Il ranking and its net flows. To find the
optimal  portfolio of alternatives, mathematical
programming must be used. In comparison with the
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In the model (5), unlike the general formulation (4)utility of the company and vice versa. To face this
new real variableg;; are used, and they stand for thedrawback, the authors of [11] have come with the
quantity of thei-th product delivered by thjeth supplier. following modification of the objective function used in
Thus, the company decides on where to buy the produ@fOMETHEE V:
and how many products are delivered by each supplier. The

constraints (5f) and (5g) result from the implication that if max(¢ + q)"x (7)
there is a supply from a supplier, this supplier is not _ o _
involved in the portfolio, see Note M(s a sufficiently However, according to [13], the modification using (7)

great prohibitive constant, is a binary dummy variable). brings the opposite trouble to the original drawback.
The problem (5) is a model of mixed integer programmingiamely, if it does not violate any constraint, the optimal
portfolio would always include all the alternatives. For the
case of (5), it means that each involved supplier would
increase the total utility of the company, regardless of the
supplied quantity. It can easily happen that it is optimal to
deliver "almost zero' quantities from some suppliers, in
If there is some positive value gy for anyi, based on order to artificilally increase the objective function value.

) J ’ This is not desirable. One can admit that, the company can
the constraint (5f), the correspondimgmust be equal to 56 the constraint (5e) to prevent this problem. However,
zero and, according to (5g); is equal to 1, i.e., theth  in our opinion, the method should be applicable even
supplier is selected. without any additional constraint. Besides that, it is not

The constraints in (5) are relevant for the vast majorityiways easy, or even possible, to set a suitable value for
of production companies. Each company can also add its(5).
individual specific constraints depending on conditions The second drawback is caused by the logic of the
under which it operates. For instance, the followingbjective function as a whole and, in fact, it is the reason

Note 1. The following implication is involved in model (5):

Yy >0 = x; = 1,otherwise x; = 0, j = 1,2,...,s. (6)

examples of such constraints can be considered: why the modification of the objective function proposed by
- each product must be in stock at least at two suppligisi] suffers from the troubles mentioned above. The
for the sake of substitutability; objective function in (4) evaluates a solution according to
- total distance to the selected suppliers cannot excegflich suppliers are chosen for the given portfolio. The
a given value; logic behind is that if a supplier is selected, the evaluation
- the shortest route between the selected suppligifofile of this supplier, including its advantages and
cannot exceed a given value; disadvantages, is also reflected in ‘quality’ of its supplies.

- delivery costs can also depend on load capacifshis idea is reasonable if the decision on a discrete
utilisation (e.g., goods are transported to a customglternative (e.g., a supplier) is not simultaneously
by trucks and if a truck is not fully loaded, theaccompanied with another decision on some quantitative
delivery costs are greater (this also prevents froroperty (e.g., if a university committee must select, which
crumbling the supplied values). scientists will be awarded for their research, or municipal

elections). However, in the presented supplier portfolio

As mentioned in the introduction, two drawbacks o§election (5), the company decides not only on which

PROMETHEE V make troubles to users. suppliers are involved in the portfolio, but also on the
First, if it is not necessary for the feasibility of adelivered quantitiey;;. From the mathematical point of

solution, alternatives with negative flows are alwaygiew, one cannot get the optimal values of variables, which

excluded from the portfolio because they would decreagge not included in the objective function. There is also a

the value of the objective function. But, it is not natural tgical reason, why the function (5a) is not suitable for (5).

take the zero value @f as a critical threshold if to selectThis will be explained using a simple example. Let me

the alternative or not. A negative valuegofndicates that cgnsider the problem described by (5) with= 2 ands =

the negative flow of the given alternative is less than its e the company requests 2 product types from 3

positive flow (i.e., the weaknesses overweights thossible suppliers. Table 1 provides three different feasible
strengths), see (3), but it does not necessarily mean, thatdsg tions of the problerfil, $2, S3.

alternatives with negative net flows decrease the total

Table 1 Feasible solutions of the numerical example

Solution S; |Supplier 1|Supplier 2|Supplier 3|Solution S, |Supplier 1|Supplier 2|Supplier 3|Solution S3 |Supplier 1{Supplier 2/Supplier 3
Net flows: 0.1 0.5 0.9 Net flows: 0.1 0.5 0.9 Net flows: 0.1 0.5 0.9
Product A 20 20 Product A 40 Product A 10 30

Product B 40 50 Product B 80 10 Product B 90

All three solutions bring the same value of the objectiveuppliers are always selected into the portfolio. But,
function equal to 1.5 using (a) in (5) because all thraetuitively, S3 is the best option an§ is the worst one.
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The reason is that, according to the PROMETHEE lsed for other problems without further analysis.
ranking, Supplier 3 is the most preferable one (it has tihes mentioned above, for some problems, the original
greatest net flow); for example, it provides the best quali§fROMETHEE V model is more suitable. As well as it is
of the products and also the best service conditions. Henpessible that one can face a problem, for which none of the
it is reasonable to prefer greater quantities delivered Ipyesented models makes sense, and which will require
high-ranked suppliers. Therefore, the authors propose gome completely unique approach.

replace the original objective function (5a) with (8) for the

problem described by the model (5). 4  Numerical example
In this section, a numerical example of the supplier
j=19iYij (8) portfolio selection is provided. Namely, the example

presented by [19] is used. The original authors have used
The use of (8) brings also other benefits. First, thiais example to demonstrate their DEA-based method to
modification (7) by [11] does not necessarily favor bigvaluate the suppliers. The original data to get the
portfolios. Second, if the company does not want tPROMETHEE rankings are used, and extended with
explicitly restrict the size of the portfolio, like in (5) usingnecessary input data for the algorithms and models
(e), the new optimisation model will not contain any binarpresented in Sections 2 and 3 similarly to [18], where the
variable, the constraints (5f) and (5g) will be excluded, andxample has been solved using the original PROMETHEE
thus, the problem will be a linear programming problemy method.
which will be simpler, smaller and faster to solve. But, in The modeled company evaluates 18 potential suppliers
this paper, all the constraints from (5) will be kept t®1-S18 using 5 quantitative criteria:
provide the sensitivity analysis of the results for changing -  Supply variety [number of provided product
portfolio size: types] (maximizing);
- Quality [% of non-defect products] (maximizing);

s - Distance [km] (minimizing);
max Zj=1(¢j + Q)i (9) - Delivery [% of products delivered in time]
s.t  (5b)-(5j). (maximizing);

- Price index [%] (minimizing).

whereq is set in line with (7).
1 @ The same importance is considered for all the criteria,

The objective function of the model (9) assigns 77, 53€- €ach of them has a weightequal to 0.2. All the
97 to three solutions in Fig.8, $2, $3, respectively. This Critéria are treated using the linear shape of the preference
result confirms the intuitive reflection above. function, see Figure 1. The performances of the suppliers

At the end of this section, it is worth emphasizing thdp the given crite;ria, together with t_he thresholds for the
the proposed modification is suitable for the considerdyjeference functions, are displayed in Table 2.
decision making problem. But it cannot be automatically

Table 2 Performances of the suppliers and the threshold valardq
Cl |C2 |C3 | C4]| C5 Cl| C2 C3 C4 ct

5 0] 30 0 of w 0.2 02| 0.2 0.2] 0.2
p 2C 5/100C] 2C| 11

S1 2| 10C| 24€| 9C| 10CjfS1C 3| 97.5| 58&| 10C| 10C
Sz 13| 99.¢| 64%| 8C| 10C| S11 1C| 10C| 241 95| 10C
S& 3| 10C| 714] 9C| 10CjfS1z 7]199.¢| 567 9€| 10C
S$4 3| 10C[180¢| 9C| 10CjfS1: 1¢| 10C| 567 9C| 10C

S5 24/ 99.8| 238| 90| 100|S14 12 91.9] 967 90| 100
SE 28| 96.€| 241| 9C| 10CJS1t 33| 10C| 635] 95| 8C
S7 1| 10C|1404] 8E| 10C| Si¢€ 2| 10C| 798| 95| 8C
SE 24| 10C| 984 97| 10C|S1: 34| 10C| 68¢| 95| 8C
S¢ 11] 99.¢] 641 9C| 10C| S1i¢ 9]99.4] 91%| 8E| 10C

Using (1), (2), and (3), the PROMETHEE Il ranking of the
suppliers is calculated, see Table 3. In line with (7), the
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+0.0001 = 0.3259 objective function coefficients for (9) are provided in
' e ' Table 3.
without loss of generality. The final adjusted values of the

transformatiory is set to|mjn{¢]-}
J

Table 3 The results of the PROMETHEE Il analysis

Rank | Supplier ?; i tq Rank || Supplie ?; $ita
1| S15 0.400¢ 0.726° 1C| s1 -0.016° 0.309:
2| S1i 0.395! 0.721: 11] S¢ -0.043¢ 0.282:
3| S1( 0.220¢ 0.546! 12| S1¢ -0.067: 0.258¢
4| SE 0.154¢ 0.480¢ 13] S& -0.099: 0.226¢
5| SE 0.091¢ 0.417: 14] Sz -0.139¢ 0.18¢
6| S1] 0.079¢ 0.405! 1E| S1¢ -0.186¢ 0.139!
7|S6 0.0513 0.3772 16| S4 -0.2879 0.038
8| S1: 0.049¢ 0.375° 17| S7 -0.300¢ 0.025¢
9| S1z 0.024¢ 0.350¢ 18| S1« -0.325¢ 0.000:

The company needs 10 products P1-P10 for productitwtal delivery costs. It is assumed that the company is not
in quantitiesd; provided in Table 4. Each product can beble to set this value. Therefore, in the first instance, the
delivered by at least two suppliers to avoid trivial resultsnodel (9) is run without the budget constraint (5d) and the
The selling prices per one product can differ with suppliereptained results are further used for the sensitivity analysis
see the values typeset with upper indices in Table 4. Tagploring the restrictive effect of the budget constraint.
last remaining input value for (9) is the upper bound for the

Table 4 Available numbers of products with their selling prices (in bold

S1 Sz S& S$4 SE SE S7 SE S¢ d;
P1 10 6 0 0 208/ O 0 0 0 0 15
Pz 0 0 3C 5| 4C 6| O 0 0 3 7] O 6C
Pz 0 0 0 5 71 O 0 26| O 0 7C
P4 0 2C 2| O 0 10C 3| O 0 0 0 12(
Pt 0 0 0 0 4C 5| 3C 5] O 0 4C 4| 8C
Pe 0 28 6| O 0 5 5| O 0 6C 5| O 7C
P7 0 0 0 0 0 0 0 5 9] O 4C
PE 0 0 0 0 0 0 9C 4| O 0 10C
P< 0 0 0 0 0 0 0 0 0 10C
Pi( 0 0 0 0 0 0 0 0 0 10C
S1( S11 S1: S1:t Sl S1t S1¢€ S1i S1¢
P1 0 0 0 3¢ 71 O 0 0 0 0
Pz 0 8C 4| O 0 6C 6| O 0 0 0
Pz 0 0 0 5 9| O 0 0 0 0
P4 0 5 1| O 0 8C 2| O 0 10C 3] O
Pt 0 0 0 5 5| O 5C 0 3C 4] O
P€ 6C 4 0 0 0 0 0 6C 3| O 0
P7 6C 10| O 5 8] O 0 5 9] 0 0 0
PE 8C 5 0 0 0 0 0 0 9C 5| O
PE |12C 4 0 0 0 0 8C 5 0 0 7C 3
P1C| 8C 4 0 0 0 0 0 0 0 10C 3

In line with [12], the model is run for different valuesand 228 constraints (excluding non-negativity constraints
of portfolio sizec, in order to get the so callegoptimal and binary constraints) in total.
portfolios. In the first instance, the model is run without the
constraint (5e) to get the upper boundor c. Then the 4.1 Resultsand discussion

model is run repeatedly with gradually decreasingtil The results of the model (9) without the budget
the feasible solution exists (i.e., far=¢,¢—1,—  constraint for different values ofare provided in Table 5.
2,...,¢, wherec is the minimalc, for which the model It can be seen that the optimal portfolio without the
remains feasible). constraint on size contains 9 suppliers (taus,9) and the

The model (9) is solved using the MIP solver of GAM3nodel is feasible forc>7 (thus, ¢=7). The
software and a computer with 17 Intel processor 2.59GHegorresponding optimal values of the objective functions are
16GB RAM and Windows 10 x64 OS. The model containshown in Table 6.

216 variables (180 real variables and 36 binary variables)
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One can expect that whens decreased by 1, one (thethe supplier S11 that is in tleoptimal portfolios forc =
least suitable) supplier will be excluded from the portfolid,9, but not forc = 8.
and the remaining suppliers will still be selected. But, the
results in Table 5 shows that this is not true in general, see

Table 5 The optimal portfolios based on the new proposed approach and their comparison with the previous appii@ched by
[11] without bound: (i.e.,c < 18), and forc = 7 andc = 8

The approach proposed in this paper
S1 |SZz |St |S4 |SE |SE |S7 |Se |SE |S1C|S11|S1z|S1: |S14|Si1t |S1€|S1i|Si¢
c=7 0| 0| 0] O] 1] 0] 1] 0] © 1 1 0 1 0 1 0 0 1
c=28 0| 0| O] 1| 1] 0] 0] 1] © 1 0 0 1 0 1 0 1 1
c<18 0/ 0/ o] 1| 1| 0of 0] 1] O 1 1 0 1 0 1 0 1 1

The original PROMETHEE V bi9]
S1 |Sz |St |S4 |SE |SE |S7 |Se |SE |S1C|S11|S1z|S1: |S14|S1t |S1€|S1i|Si¢
=7 0| 0| 0] O] 1] 0] 1] 0] © 1 1 0 1 0 1 0 0 1
c=28 0| 0| O] 1| 1] 0] 0] 1] © 1 0 0 1 0 1 0 1 1
c<18 0 0 0 1 1 1 0 1 0 1 1 1 1 0 1 0 1 1
The approach proposed [iy1]

S1 |Sz |St |S4 |SE |SE |S7 |SE |SE |S1C|S11|S1z|S1: |S14|Si1t |S1€|S1i|Si¢
c=7 0| 0| 0] O] 1] 0] 1] 0] © 1 1 0 1 0 1 0 0 1
c=28 0| 0| 0] O] 1] 0] 1] 0] © 1 1 0 1 0 1 0 1 1
c<18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 6 The total utility expressed by the objective function in (9)

This study | Brans and Mareschf®] | Mavrotas et al. [1:
c=7 382.5° 170.7¢ 170.7¢
c=38 431.1: 171.5¢ 171.5¢
c<18 442.1¢ 173.8: 179.1.

Table 5 includes also the results of the problem solvedher two models for all three scenariog ¢hote that this
using the original PROMETHEE V method and thds approximately the same difference as in the example in
modified version by [11] (differences are typeset in boldFigure 2 where the solutions could be evaluated
The most differences can be found in the modelstuitively).
unconstrained in size. Unlike the approach proposed in this Despite the optimal portfolios for all three compared
paper, the results of the model solved with the originalpproaches are identical for= 7, the structure of supplies
approach [9] include 11 suppliers in the optimal portfolig;; differs for the new approach (M1) and others (M2,M3),
(S7 is replaced by S6 and, in addition, S8 and S12 a4 it is signaled by the values in Table 6, see Table 7.
added). The results using the approach by [11] bring mfferences in values are typeset in bold. One difference
surprising results - all the suppliers under consideration afeserves a special comment: based on the input data, S18
selected to the optimal portfolio. Two reversals occur fafust be selected because another supplier who provides
c = 8: S4 and S8 are replaced by S7 and S11 for the mogello, i.e, S10, cannot satisfy the whole demand equal to
based on [11], meanwhile the results based on [9] a1€0. However, this supplier performs very poorly
identical to the new proposed approach in this case. Thgcording to the PROMETHEE ranking (see Table 3). In
optimal portfolios are the same for the smallest feasib¥pite of this, the approaches designated as M2 and M3
size, i.e.,c =7. The optimal values of the objectiveassign the whole demand to S18 because the delivered
functions can be found in Table 6. For the sake @fuantity does not influence the value of the objective
comparability, all the optima are calculated using thfnction. The solution M1 should be definitely preferred.
objective function in (9), i.e., the values obtained by twe is worth noting that this solution is an alternative optimal
compared approaches must be recalculated accordinglysdiution even for M2 and M3, but the probability that this
is not surprising that the new approach brings the besslution is found by their corresponding models tends to
values. But, it is worth noticing that the new approachero.
performs more than twice better in comparison with the
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Table 7 The optimal distribution of supplies for c=7 and three compared approaches

S1 |SZz |St [S4 |SE |SE |S7 |SE |SE [S1( |S17S1: |Si: |S1<4 |S1t |S1€ [S16 |Sit

P1 M1 0O O O O O O O O O O O 18§ o0 O 0 0 0 o
M2,M3 0O O O O O O O O O O O O 155 0 0 0 0 o0
P2 M1 0O O O O O O O O O O 6C O O O 0 0 0 o0
M2,M3 0O O O O O O O O O O 6C O O O 0 0 0 o0
P3 M1 0O O O O O O 2c 0 0 O O O 5 0 0 0 0 o0
M2,M3 0O O O O O O 2c 0 0 O O O 5 0 0 0 0 o0
P4 M1 0O O O 0110 O O O O O 2c O O O 0 0 0 o0
M2,M3 0O O O O 700 O O O O O 50 O 0 0 0 0 0 o0
p5 M1 0O O O O 3c O O O O O O O O 0 5 0 0 o0
M2,M3 0O O O O 40 O O O O O O O O O 40 0 0 ©
P6 M1 0O O O O 1cf O O 0 6C O O O O O 0 0 0 o0
M2,M3 0O O O O 1cf O O O O 60 O O O O 0 0 0 o0
p7 M1 0O O O O O O O O O O O O O O 4 0 0 o0
M2,M3 0O O O O O O O O O O O O O O 4 0 0 o
P8 M1 0O O O O O O 20 O O 80 O O O O O o 0o o0
M2,M3 0O O O O O O 9 0 O 100 O O O 0 0 0 0 o0
Pg M1 0O O O O O O O O O 2c O O O O 8 0 0 o0
M2,M3 0O O O O O O O O O 100 O O O O 0 0 0 o
P10 M1 0O O O O O O O O O 8 O O O 0 0 0 Q0 2
M2,M3 0O O O O O O O O O O O O O O O 0 o0h10

Another analysis of the optimal supplies' structure i%,8,9 are equal to 3,625; 3,825; 3,765 respectively. The
done for three scenarios ofalues (again for = 7,8 and minimum of the delivery cost, for which model (9) remains
¢ < 18). Figure 2 shows the results of this analysis. If theeasible, equals 2905, i.e., (9) brings more expensive
size of the portfolio is reduced from 9 to 8, only one chang®lutions almost by 25%. The company can reduce these
occurs — S8 is excluded from the portfolio and its quantigosts using a budget bouhd5d). An effect of this bound
is covered by S11. On the contrary, wladéa reduced to 7, on the optimal solution of the model (9) is explored within
the exclusion of S17 leads to many complex changes in tife sensitivity analysis in Section 4.2.
optimal portfolio.

As to the total delivery cost, if there is no budget
constraintb set upon the model, the total costs foe

Pl B2 P3 P4 P5 P6 P7 P8 P9 P10

[ss ]
[ss]
[s10]

0 100 200 300 400 500 600 700 800
Number of products
Figure 2 Optimal structure of supplies for the numerical example solved by the new proposed approach with different sizes
of portfolio
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4.2 Sensitivity analysis not satisfied at all if the cost is greater than or equal to

In this section, it is explored how the optimal solutior3,765 units.
of the solved numerical example changes when the
company limits its total delivery cost by various values. It , 4
has been shown that if the company does not restrict tt
budget, nor the portfolio size, the highest cost equals 3,7¢
units. On the contrary, the minimum value of the cost
when ignoring the PROMETHEE rankings of the
suppliers, is equal to 2,905. It is reasonable to expect th
the company requires to reach the budgdtstantially
lower than the one given by model (10). In this way, it is 0 2905 3765 *b
possible to avoid determining a precise value. In line witt. . , . . ,
[20], such vague constraint can be solved using the flexibfagure 3 Fuzzy interval descrlblnq the uncertain Substantially
programming approach where the uncertain relation is lower than 3,765 relation
expressgd by a fuzzy set. Namely’ the basic Ve.rdegaySAccording to [20], the deterministic form of the given
model with vague constraints is used h&ebstantially L .

. ; ; yague constraint is as follows:

lower than 3,765 is replaced by the non-increasing fuzzy
interval depicted in Figure 3. The membership degree
represents to what extent the company is satisfied with the
value of costs. Certainly, it is absolutely satisfied when the
cost equals the absolute minimum of 2,905 units and it

1

?;1 Z?:l DijYij < 3765 — 860« (10)

ere 860 is the difference between the cost of absolute
issatisfaction (3,765) and absolute satisfaction (2,905).

Table 8 The results of the numerical example with flexible constraint on the total delivery cost (OF = objective function value)

o | S1|SZ | SE | S4| SE| SE| S7 | SE | S |S1(|S11|S12|S1%|S14|S1E|S1e|S17|S1E| OF

0Oj]o0|]0]0O 1]1]0]O0 110 1]11]0 110 110 1| 1 | 4421
01/ 0] 0] 0 1]1]0]O0 110 1]11]0 110 110 1] 1 |441.7¢
0zf1,0]0]0]212]0O0]1]0]0O 1]11]0 110 1 1 1| 1 | 428.0:
01,00 1]0]0|1]0]0 1]11]0 110 1 1 1 | 1 | 424.6:
04/ 1,00 1]0]0]|1]0]0 1]11]0 110 1 1 1| 1 | 410.0¢
0100 1]0]0|1]0]0 1]11]0 110 1 1 1| 1 | 3934
06| 1 0 0 1 0 0 1 0 0 1 1 1 L D il 1 1 1 36448
07/1 0] 0 1]0]0|1]0]0 111 1 110 1 1 1] 1| 3294
0/ 1,00 1]0]0]1]0]1 111 1101 1 1 1| 1 | 293.4.
0c| 1 110 1]0]0|1]0]1 111 1 110 1 1 1| 1 | 241.5¢

111 110 1]0]0]1]0]1 111 1 111 1 1 1] 1] 180.4¢

The model (9) will be solved again, but with (d)companies has been built, and, using this model, it was
constraint replaced by (10) fare [0,1] (particularly for demonstrated that the original PROMETHEE V method
a = 0,0.1,0.2, ...,1). The results are provided in Table 8. I{9] can distort the final decision. This drawback stems from
is not surprising that the optimal values of the objectivihe logic how the utility of portfolios is measured. In the
function decrease with increasing level of satisfaction witbriginal method, the evaluation is based only on the
the budget constraint (10) since the model is morelected suppliers regardless of the quantities delivered by
restricted. On the other hand, the portfolio size increasdwse suppliers. This fact strongly favors large portfolios
with increasingr. But, it is worth noting that the optimum by crumbling the supplies among the suppliers with
of the objective function for maximum satisfaction with thgpositive values of the net flows resulting from the
budget constraint (i.eq = 1) is still greater than the PROMETHEE Il ranking. The second drawback, which
values of the same function for the optimal solutions of tHeas already been many times discussed by researchers, is
compared approaches without the budget constraint timat the original PROMETHEE V discriminates the

Section 4.1, see Table 6. suppliers with negative values of the net flows. Therefore,
the authors came with the modification of the objective
5 Conclusions function of the PROMETHEE V optimisation model. To

In this paper, the authors focused on the suppli€f@ with the former drawback, each portfolio was
portfolio selection problem. Namely, it was shown how th_@valuated using not only its structure, but it was also taken
PROMETHEE outranking method can be used to solve tHR0 account how many items the selected suppliers supply.
kind of economic problem. A general model with thel he latter drawback was eliminated using the approach by

constraints applicable to the vast majority of productioRt1]- Despite the authors of [13] has proved this approach
unsuitable because it favors large portfolios even more than
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Abstract: The key goal of the study is the formation of scientific and methodological approaches to the analysis of modern
models of economic development of countries. The features of the models of economic development of countries, their
types and specifics are considered, the transformation of indicators of economic development of the countries of the world
in the context of global imbalances and volatility is argued. It is proved that the key factor in the sustainable development
of the country is economic growth, which ensures the overall well-being of both a separate industry and the country's
economy as a whole. The specificity of the transformation of key indicators of the economic development of countries is
considered; this served as the basis for substantiating the scientific and methodological aspects of the multidimensional
cluster analysis of the target indicators of the economic development of the countries of the world. The scientific and
methodological aspects of the multidimensional analysis of the transformation of the target indicators of the economic
development of countries were formed, which ensured the structuring of countries into groups of economic development,
taking into account the specifics of their functioning and development strategies. The application of the developed
approaches based on the economic and statistical multidimensional cluster analysis and indicators of economic
development of the countries of the world can be applied in practice. The developed scientific and methodological
recommendations will ensure the effectiveness of the formation of economic policies and strategies for the economic
development of countries.

1 Introduction revision of existing models of economic development and

The main goal of the study is to develop scientifi¢heir transformation in accordance with global trends.
prerequisites for evaluating modern models of economic The conceptual basis for the functioning of the world
development and substantiate methodological approaci@&®nomy is the constant transformation and adaptation of
to determining the features of their transformation. models of economic development of countries under the

The need for this study is determined by the lack ofigfluence of various processes of globalization and
unified approach and concept to the formation of a modétegration, on the one hand, and the basic principles of the
of the country's economic development. The relevance echanism of economic evolution, on the other hand. In
this issue is determined by the current trends of glob&lodern realities, economic development models are a key
changes in the world economy, which necessitate tHgk, which include a number of factors, elements and tools
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to ensure the strategic goals of both a separate industry aodntry. In order to determine an appropriate model of
the country as a whole. economic development that reflects a specific theoretical
The main object of the study is the level of economiand applied vision of the mutual influence of the economic
development of countries, and the information base is a siglvelopment of individual countries, the most important
of specific examples of the economic development a¢ésk of any economic system is to ensure sustainable and
countries, statistical materials, economic and mathematidalanced development. It should be noted that in the
hypotheses and forecasts that characterize trends amddern economic space, many scientists have many
tendencies of economic growth. To solve the set tasks amgproaches to the definition of the concept of economic
achieve the goals of the study, special attention is paiddevelopment, sustainable economic development, but there
the peculiarities of the formation of economic models a6 no single approach, which requires a more detailed
countries depending on a number of factors, such as sogtidy. A critical analysis of scientific views made it
economic and political strategies, as well apossible to structure the concept of "sustainable economic
macroeconomic and global trends in the development dévelopment"”, which should be understood as economic
the world economy. In modern conditions, the choice @rowth, which is characterized by its intensity and does not
strategic development goals and ways to achieve themh&rm the environment, and also contributes to the
possible on the basis of a deep study of the economy aedolution of a number of critical socio-economic
models of economic development of countries. problems, finding the optimal middle between economic,
Modern trends in the functioning of the world economynvironmental and social development. It is worth noting
are characterized by the need to constantly search for nénat sustainable economic development, as a concept, was
approaches, techniques, strategies and solutions in flist born in 1970-1980 against the backdrop of the
context of the formation of sustainable economic modelsecognition by the world community of the problems of the
In modern economic literature, there is no unified approadevelopment of society and science in the face of limited
to the analysis and evaluation of the transformation of timatural resources and environmental conditions. It should
target indicators of the economic development dfe noted that the presence of many studies in the economic
countries, which determines the relevance and need fiterature does not allow us to single out a unified approach
further research. and method of management to ensure sustainable
The presented aspects led to the need for a maeonomic development, which requires a deeper study
detailed study and structuring of the main modern modedémed at solving a number of topical issues.
of economic development and identification of the main The first researchers of economic development were a
aspects of the transformation of target indicators in ordgroup of the following economists: [1,2], who considered
to develop scientific and methodological approaches ftine relationship between the growth of total income and the
their evaluation and application in practice. In connectioiotal product of the country as the basis of its economic
with the presented, it is worth noting that in order talevelopment. It should be noted that this approach is a
achieve the main tasks and objectives of the study, tbkassic of economic science and does not take into account
authors of the article will structure scientific approaches icurrent trends in the globalization of the world economy
the field of economic development of countriesand its transformation. Also noteworthy is the scientific
conceptualize and structure the main economic modetgproach of a group of scientists [3,4], who considered the
which will allow to substantiate and form the scientific anihterdependence of the growth of the country's welfare
methodological aspects of the analysis and assessmentvih the growth of total income. This approach determines
the features of the transformation of key indicatorthe key dependence of these factors within a particular
economic development of countries. A critical analysis afountry, but takes into account conceptually the entire
scientific research in the field of economic development eénge of factors that may have an impact on the country's
countries allowed the authors to conceptually determirezonomic development. Similar views are highlighted in
the lack of a unified approach to assessing modern modstsentific papers [5,6], which highlight the dependence of
of economic development of countries, which requirethe country's economic development on domestic policy
more detailed study and research. and socio-economic aspects, but this approach does not
take into account macro components that can significantly
1.1 The theory of formation of models change the economic development strategy, which requires
of economic development in the conditions More detailed study. _
of transformation of the world market Of particular interest is the study of a group of
In modern conditions, the choice of strategit,SCie”tiStS: [7,8]_, who st_udy sho_rt-tgrm_conceptual prob_ler_ns
development goals and ways to achieve them is possible!gt &€ associated with the distribution of income within
the basis of a comprehensive study of the economy a country, but th_'s app_roz_ac_:h IS not relevant in modern
models of economic development of countries, as well 5§2ities and requires significant improvement and the
the adaptation of the main theoretical provisions to thEarch for new approaches. Consideration of the features

specific socio-economic conditions of development in thf the Itheory of costs and _gengral equilibrium in the
country's economy in scientific research: [9,10],
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determines the general features of managing econontéchnology, education, as well as in the field of basic
policy by maintaining balance and equilibrium, withoufactors of production: capital, natural resources, labor. It
taking into account global changes, which is not entirelshould be noted that this approach includes a large number
relevant in modern conditions and requires more detailed factors that affect the sustainability of economic
study, research and improvement. development, but does not take into account the processes

Particular attention should be paid to scientific workef globalization and internationalization, which have a
[11-13], which are aimed at considering the population arsiignificant impact in modern conditions of functioning.
technological progress as autonomous factors that More relevant and close to modern realities is the
contribute to economic development. It should be noteapproach of a group of scientists, such as: [21-23],
that this approach is fundamental in the field of theconomic development is seen as the emergence of
formation of economic science and the study of economsomething new, previously unknown. It should be noted
development, but takes into account a narrow list of factattsat diverse studies in the field of economic theory and
in the short term, which does not correspond to modeetonomic development allow us to conclude that today
business realities in the context of transformationahere is no single approach to understanding the model of
processes. economic development, which requires a deeper analysis

A significant contribution to the study of the mainand research. Economic development is efficient and a
aspects of economic development in the world was madeowing economy is always in the process of reducing or
by such economists and specialists as: [14,15], who singléminating poverty, inequality and unemployment.
out the construction of a process of sustainable economic The economic growth of the economy of any country is
development as one of the strategically important aspeets increase in welfare, per capita income, an increase in the
of the long-term growth of a separate sector of thguality of life and a better satisfaction of the basic needs of
economy. This approach is relevant in modern conditiorsll members of society. Thus, economic development is a
but is based only on a specific area, industry, whicmulti-vector process, including the transformation of the
requires a wider scale and study. Scientific studies [16,1&tire economic and social system, leading to fundamental
are argued for the strategic and long-term developmentaifanges in social structures, people's behavior, social
the economy of the whole country, but do not take intimstitutions and, as a result, accelerating economic growth,
account all global factors that can significantly affect theeducing inequality and eliminating unemployment.
strategy, which requires more detailed study anBconomic growth in the current conditions of the
improvement. Based on the presented, it is worth notiigansformation of the world economy under the influence
that in the absence of a unified concept of sustainald&the processes of globalization and internationalization is
economic development, the issue of a deeper theoretiaithed at the following areas:
analysis and development of a methodological component 1) increasing the supply and ensuring the availability of
of the organization of effective sustainable economiessential goods and services (food, housing, health and
development remains relevant. safety);

In modern economic literature, the interpretation of the 2) raising the standard of living - increasing the income
essence of the concept of "model" has two meanings foff the population;
understanding, namely: 1) visual reflection and description 3) an increase in the number of jobs - a decrease in the
of any phenomena or processes in society; 2) a templatere of unemployment;
that helps set an example for reproduction and 4) improving the quality of educational services in the
implementation in practice. world, as a key factor in forming a literate society;

The conceptual need to study the models of economic 5) increased attention to cultural and humanitarian
development of countries leads to the identification of thealues.
essential characteristics of economic development as the Ensuring the directions of economic development
main driving force of progress, on the one hand, angdresented above will ensure the growth of material well-
directly, the phase of economic evolution, on the othépeing, personal and national self-consciousness, providing
According to the scientist [14], the economic interests ahdividuals and society as a whole with a greater choice in
people associated with property relations, depending on titie economy and the social sphere in order to reduce their
real forms of ownership of the means of production, areiafluence and dependence on other people and countries
powerful generator of development. and protect them from suffering. It is important to note that

However, this approach cannot be implemented ithhe uneven pace of development of individual countries of
modern realities, since it does not take into account gloltale world contributed to the identification of certain ways
macroeconomic factors influencing sustainable economié their development and the formation of generalized
development. A group of scientists such as: [18-2@atterns (models), which are understood as the totality of
considers the complex nature of transformations in tta@l economic processes carried out in society on the basis
conditions of economic development, covering profoundf existing property relations and organizational forms.
changes in the technical, economic, social, political, Arguing the considered theoretical aspects and studies
institutional spheres, in the field of infrastructurejn the field of economic development of countries, it is
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worth noting that in many studies the concepts of Ecological direction, the main purpose of which is to

"economic development" and "economic model" are ofteensure the sustainability of physical and ecological

equated. Based on this, it is worth defining these conceptgstems. Ignoring environmental needs will lead to

Economic development is a broader concept and is bass/ironmental degradation and threaten the existence of all

on expanded reproduction and gradual structural changeankind. However, the modern model is based on these

in all sectors of the economy of a particular country. postulates of ensuring the sustainable development of the
In modern conditions, economic development includesconomy, but must take into account the risks and factors

the entire spectrum of social relations, including théhat are associated with the influence of political factors

development of economic sectors and the redistribution thfat exacerbate the macroeconomic impact among the

public goods. An economic model is a narrower concepegative impacts on economic processes.

and is based on the formalization and description of the

main economic phenomena and processes, specifying the M ethodology

key elements of the economic system. Based on the aboy,  peer review process

it should be argued that under the influence of a ¢ determine global changes and transformation of
combination of heterogeneous factors, each countpyiget indicators of economic development, a critical
develops its own model of national development, which igna\ysis of scientific research in this area was justified,
the result of the implementation of the chosen strategynich made it possible to determine the lack of a unified
which hzgsaspgcmc goal,.achle_ved through the apphcatl%proach and confirmed the relevance of this study.
of effective socio-economic policy measures. Scientific views and studies are structured according to

It should be noted that the very model of economigeir significance within the framework of this topic, the
development was formed by combining such basic aregsiin groups of studies are summarized, which made it
as: economic, social and environmental. From the point gfssiple to highlight the key theoretical aspects in the
view of economic orientation: long-term economiGormation of an economic development model. The
projects that take into account the laws of nature, asp@cessity of structuring and considering the economic
result, turn out to be more effective than projects whos&sence of the concepts of “economic development" and
implementation does not take into account possiblgconomic model” is argued: for the first time, their
environmental consequences. From the point of view @f5\res are defined in the narrow and broad senses. On the
social orientation, it became the impetus for the formatigfysis of theoretical prerequisites, the necessity of
of this concept, aimed at maintaining cultural and socCighnceptualizing and highlighting the main aspects of the
stability, as well as at reducing the number of conflicts thgty nsformation of key indicators of economic development
destroy them is argued.

. Economic development should be carried out taking The main key indicators of economic development are

into account many factors of the macroeconomigisssified, on the basis of which the need for economic and
environment that have a direct impact on its sustainabilify,istical analysis and the use of multidimensional cluster
and presented in Figure 1. analysis tools is substantiated. The tools of economic and
statistical analysis made it possible to determine the main
indicators of economic development and the features of
Environmental their transformation under the influence of global factors

Ephiers of globalization and internationalization in the context of
many countries of the world.

This tool is a multidimensional statistical procedure
that organizes the selection of objects into homogeneous
groups, i.e., gets a set of clusters. the main objectives of
multidimensional clustering are understanding the data
with further simplification of processing procedures; data
compression and detection of new atypical objects.
Currently, the most common are about 50 clustering
methods. The implementation of cluster procedures is
usually associated with a number of parameters, the most
important of which are: the degree of similarity between
Feonomic , elements and clusters, the value of the equivalence

sphere Social sphere threshold for this measure, based on which the assignment
or non-assignment of an object to a cluster. Also important
Figure 1 Modern economic development, taking into account the ~ are the number of clusters and the approach related to the

Sustainable : T :
economic \ /

development

Macroeconomic
Environment

influence of the macroeconomic environment specific approach and the direct value of the criterion that
Source: developed by the author evaluates the quality (efficiency) of clustering.
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In order to substantiate the scientific andnalysis, the power distance is calculated by the formula
methodological foundations of multidimensional cluste(3):
analysis of economic development of countries in the
world are considered as separate, independent clusters of dist(x,y) = (Zi|xi_yi|1’)l (3)
one element. To determine the key clusters of countries by T
the level of economic development in the world, it i here:dist (x, y) is the distance between objectndy; X

advisable to use multidimensional cluster analysis and t Cthe value for thieth variable forx objectyy;is the value

method of k-means (k-means). This method k-means is%q the j-th variable for they object: p is the parameter

iterative procedure that divides a given set of elements ir|1 Sponsible for weighing the differences in each of the

K cI_usters, the points of which are as C'Os.e as pOSSIbIecc?ordinates. The-parameter is responsible for weighing
their centers, and the clustering itself is due to tr]%rge distances between obiects
displacement of these centers. The method seeks 10 ) '

minimize the total quadratic deviation of the cluster points
from the centers of these clusters (efficiency criterion). Agf
important step in conducting a multidimensional cIuster;]
analysis of the economic development of the world is t
select the right method for calculating the distanc
between the studied objects (groups). Euclidean distal
(1), which is the geometric distance in muItidimensiong}%
space and is calculated as follows, is most often used
economic research:

The main purpose of multidimensional cluster analysis
economic development of the world is to divide the
ultidimensional set of input data into homogeneous
roups so that objects within the group are similar in terms
economic development, and objects from different
ups differ from each other. The formation of the model
! economic development of the country should be
s@ientifically sound and based on the methodological and
methodological level. In today's conditions of transparency
and large amounts of information, the formation of an
effective model of economic development in many cases is
(1) impossible without the analysis of its key objects, factors
based on the use of multidimensional cluster analysis.

The developed scientific and methodological aspects of
where: ¢ is the distance between objectndj; xi is the assessing the economic development of countries on the
value of the k-th variable for theth object; basis of a multidimensional cluster analysis, in contrast to
Xjk is the value of the k-th variable for tjxh object. the existing ones, take into account the maximum number

of objects of the economic development model and factors
It should be noted that the Euclidean distance (and it§ the macroeconomic environment that have a significant
square) is calculated based on the input data and is th@act on it.
standard way to calculate the distance between the studiedThe use of all the tools and methods proposed by the
objects. This method has some advantages (for examgethor made it possible to form the theoretical prerequisites
the distance between two objects does not change wheanal develop methodological aspects of assessing the key
new object is analyzed), but the distance can be greaithgicators of the economic development of countries that
affected by the differences between the units afan be applied in practice by the leaders of both a separate
measurement on the axes on the coordinates of which thesdustry and the country’'s government in strategic
distances are calculated. management to predict, evaluate and analyze the impact of
In this case, the Euclidean distance (or the square of tm@croeconomic  factors on model of economic
Euclidean distance), calculated on the basis of coordinatiavelopment.
(2), varies significantly, and, as a result, the results of
multidimensional cluster analysis may differ greatly fron8  Result and discussion

the previous ones. It is important to note that the transition from an
industrial society to a post-industrial one, the formation of

dist(x,y) = max|x;-y;l (2) an informational mode of production, an increase in the

action of a qualitatively new factor of production -

where:dist (x, y) is the distance between objex@ndy; X information and knowledge, the spread of a new,
is the maximum value for theth variable forx object;y; innovative type of development, as well as a shift in the
is the maximum value for theth variable for they object.  vector of economic development to the social side, in
which a person with new the qualitative characteristics of

In the scientific literature, sometimes for thetheir activities, such as creativity, the desire for self-
progressive increase or decrease of weight related to &ression and self-development - to make adjustments to

dimension for which the respective objects diffethe model of economic development.

significantly, which can be achieved using a degree So, among the basic models of the development of a
distance. When performing multidimensional clustemarket economy, the American (or liberal) model, the

dij =
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model of a socially oriented market economy, the British Today, the Chinese model of development is becoming
model and the market model of newly industrializednore and more complex, new guidelines are emerging -
countries stand out. It should be noted that recently ti@novation, social and regional development, high-quality
postulates of the concept of the welfare state as a desirgtlblic services to the population, etc. The model of
option for socio-economic development have beemobilization development is chosen by countries that are
declared in economically developed countries. In thigursuing catch-up development. track; it can exist in any
regard, the classification of three models of developmefarm of economy - both market, non-market, private and
of the national economy deserves attention: public. Moreover, it is characterized by a multitude of

1) a liberal-oriented model of the development of thetructures, when some sectors of the economy and society
national economy (the "American, Anglo-Saxon" model ofome in a state of mobilization, while others do ftte
capitalism) with minimal government obligations thatransformation processes of economic development
apply only to the poorest part of the population; models and its target indicators, which are more fully

2) the social democratic model ("Swedishreflected in the development strategy, determine modern
Scandinavian" model of capitalism), focused on equalizingpnditions for the functioning of the economies of
the incomes of all members of society through aountries.
progressive system. Competitiveness model. This model is relevant for the

3) model of social market economy (model oflevelopment of countries and regions in the face of
capitalism "Central Europe, Rhine"). increasing external influences and uncertainty.

It is a corporate model with a well-developed payrolCompetitiveness characterizes the integral ability of a
social insurance system. territory (country, region, city, etc.) to adequately respond

Taking into account the specifics of changes ito external challenges and opportunities, maintain systemic
economic systems and the impossibility in some casesstébility and provide favorable conditions for the economy
applying quantitative assessment criteria, modeling @ind livelihoods of the population.
economic development cannot be determined on an Competitive models are based on four economic
empirical basis, but can be carried out by analyzing itleterminants that shape the environment that promotes or
various directions with an emphasis on certain aspects. idbibits development. These four determinants are: factor
part of the review of this study, target indicators ofonditions; domestic demand conditions; related industries
economic development models. and services; the strategy of firms, their structure and

An indicator (from the Latin. Indicator - pointer) inrivalry. In addition to the above, there are two other
sociology is understood as a characteristic of the objedriables that can either enhance or weaken the synergistic
under study, available for observation and measuremeeffect of the interaction of these four factors - random
which makes it possible to judge its other characteristievents and government actions.
that are inaccessible for direct research. It should be noted The sustainable development model was ratified at the
that in the economic literature, the indicator is: 1992 United Nations Conference on Development and

1) a tool for qualitative and quantitative interpretatiofenvironment in Rio de Janeiro. Today this concept is the
of goals and performance measurement; most widespread and is often referred to as the "global

2) the parameters of the boundaries in which thmodel of the future civilization". The application of a
system, including organizational mechanismssustainable development model contributes to solving
technological connections, material and financial flowsurrent problems, which should not pose a threat to future
can function and develop stably. generations to satisfy their interests.

A specific feature of indicators is their vector Recall that the concept of "sustainable development"
orientation. Given this peculiarity, it can be stated witincludes not only environmental and resource aspects, but
confidence that the target indicator of economialso socio-economic and political aspects, which has
development models is a certain object (element) aftualized the need for more active use of intersectional
management, acting on which, assistance is made aod territorial approaches in public policy. Many states
improve management, which ultimately contributes to theave accepted this as necessary for further development.
long-term stability and competitiveness of this model. The Smart development model. The smart sustainable
industrial development model is relevant in the face afevelopment model seeks to ensure that information and
large economic problems or the demands of economiommunication technologies are used for both
goals. The economy is seen as the goal of public poliayevelopment and disaster management to improve the lives
and not a means of achieving the main goal - the well-beinfimillions of people around the world, which is a resource
of citizens. Gross Domestic Product (GDP) in this modehallenge. Constraints, international and interregional
is the main indicator of national progress. China is atbmpetition, emerging new technologies, etc. It is based on
example of the successful use of the industrial developmentombination of innovation and rational solutions for the
model at the present stage. The main types of models fme of available resources, as well as on the possibilities of
the development of a market economy, their characteristicereasing productivity without harming the environment
and features (Table 1). and at the same time improving the quality of life.
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Smart development model. The smart sustainabtievelopment and disaster management to improve the lives
development model aims to ensure that information arod millions of people around the world, which requires
communication technologies are wused for bothesources.

Table 1 The main types of models for the devel opment of a market economy, their characteristics and features
Model Countrie: Characteristic and features of the m

- emphasis on freedom of enterprise and the power of competition;
- the state regulates those aspects of production that are not
amenable to effective regulation on the basis of free competition;
- a higher level of private investment in relation to the state;
- low proportion of state ownership;
- a sharp differentiation of the population between rich and paqor;
- a big difference in the level of wages;
- an acceptable standard of living for l-income group:

German model — “Social market economy”
- Creation of equal conditions for selfrealization of a free, independent] state-
abiding, law-abiding and creative person;
- Presence of a “mixed economy” with a large share of state ownership;
- Macroeconomic regulation is carried out by such levers as monetary, tax and
budgetary policy and structural policy.

Swedish model —“Democratic socialism”
- Preservation of a market economy based on private property;
- Powerful socialization of the distribution of national income through the use of
the tax transfer mechanism;
- Development of a system of social support for the population (the expenses for
social support of the population are bome by the state; these expenses cpnstitute a
significant part of the state budget).
Japanese model —“Japanese miracle”
- The state contributes to the creation of superpower corporations formed around
the bank, which became the center of such a group;
- Concentration of state efforts on the restructuring of the national economyf (policy
for the development of new industries, labor-intensive and knowledge-intensive
production);
- Important mission of the state to collect and communicate to entrepreneurs a large
amount of information necessary for successful bu
- Presence of a significant scale and share of state propenty (state praperty for
enterprises of capitalintensive and low-profit industries, whose products
. signifi affect the level of costs in other industries, especially export);
(e hialy - SI;mplcéinrjnﬂeyntation of public procurement in large am%t)fnts; I)éig)ri?ﬁoca)nt public
investment to maintain employment and accomplishment of soci
Asian model

Republic of Korea, | - Rapid break-up of patriarchal, feudal structures and the formation of capitalist
Singapore, Taiwan, | relations based on the creation of enterprises of the newest high technologies;

American (liberal)

model USA

Model of a socially
oriented market
economy

Germany, Sweden,
Japan

English or European- | Great Britain, France

Hong Kong, - Direction of entrepreneurial capital mainly in the manufacturing industry and
Argentina, primary industries;
Market ”?Ode' ofn_ewand Brazil, - Creation of labor-ntensive enterprises for the production of mass cofsumer
newly industrialized . i
L Mexico, products; _
Newly industrialized | - Export-oriented economy;
countries: - Great attention is paid to education.
Malaysia, Thailand, Latin American model
etc. - Balanced combination of import substitution palicy;

- Preferential orientation to the external mi
Source: Compiled by the author based on [10,15]

Restrictions, international and inter-regionaluse of available resources, as well as the possibility of
competition, emerging technologies, etc. It is based onirecreasing productivity without compromising the
combination of innovation and rational solutions for thenvironment and at the same time improving the quality of
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life. The model of inclusive development, the rapid growtfamily stability, job security, the level of corruption, as
of income inequality, both in developing and economicallyell as categories such as trust in society, generosity and
developed countries, led to the formation of this model, igenerosity. All presented indicators will serve as the
which it is necessary to ensure employment and high sodiaformation base of the study for the application of
standards based on a harmonious combination of higtultivariate cluster analysis tools.
economic growth rates. along with the principles of However, before structuring data for analysis, it is
sustainability. Income inequality poses a threat of socialorth considering the economic essence of the concept of
tension and a danger of slowing down economiteconomic indicators". Economic indicators are
development. macroeconomic indicators published in the form of reports
The recognition by the authorities of many countrieby the government or independent organizations and
that an economy based only on material well-being is meflecting the state of the national economy. However, each
longer efficient has led to an increase in the number ofdicator serves a specific purpose and is useful in its own
studies aimed at finding other non-material factors thatay.The main economic indicators include the following:
affect the patterns of economic development. It i&DP, inflation, foreign exchange reserves, refinancing
important to note that, depending on the specific use, sodiate, public debt, balance of payments, unemployment and
indicators should determine certain properties. Social number of monetary indicators. It should be noted that
indicators should reflect a specific social perception, libe totality of all presented indices, indicators and
reliable and meaningful, be sensitive to the maimdicators is a modern model of economic development. In
phenomenon, be generalizable, be available in the formafbsequent years, the Human Development Index, with an
time series, be disaggregated, be understandable and easilyanded interpretation of its constituent elements, began
interpretable and, if necessary, be linked to othéo be considered as the Human Development Index. Based
indicators.Conceptualizing the main results of then this, it is worth considering the features of the
presented models of economic development, it is worthansformation of key indicators of economic development
noting that the main indicators of well-being in the worldn the current conditions of volatility and uncertainty,
are: the level of GDP per capita, life expectancy, civivhich are presented in Figure 2.
liberties, a sense of security and confidence in the future,

Economic development model > :’ar get indicator

D Industrial developmert m odel Gross Domestic Product (GDP)

A4
C om petitiveness model C ountering threats to the existence of the country

"4

g Mobilization development m odel Quality of life
Y

= Sustainable developm ent m odel L evel of com petitiveness
Y

S Smart developm ent m odel Innovation + country com petitiveness level
A4

Inclusve developm ent m odel Edudity ot popul;:l‘;:;éxi;mmi ¢ audluman
Happi d "
tppoesaedd Gross N ational Happine ss(GNH)

Figure 2 Features of the transformation of key indicators of economic development in the current conditions of volatility and
uncertainty
Sources: compiled by the author

To argue and highlight the main results of the study, @f economic development of countries in the world, the
is worthwhile to conduct a multidimensional clustefollowing indicators have been selected: dynamics of
analysis of the main indicators of the economiindicators of the global ranking of countries in terms of
development of countries. To analyze and determine t&DP, GDP per capita, social progress index and the global
main conceptual aspects of the transformation of indicatarslex of happiness for people in the world. It should be
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noted that Gross National Income (GNI) / Gross Nationgconomy are key to meeting the ambitious targets set by
Income (GNI) is the total value of all goods and servicabe Sustainable Development Agenda for the coming
produced during the year in a state (i.e. gross domegpieriods. Policy makers must consider scaling up cases to
product, GDP), plus income received by citizens angrevent rising risks of disability, take into account
organizations of countries from abroad, less income takéistorical and escalating major disputes, and set economic,
out of the country by foreign citizens and organizationsocial and environmental goals as part of a long-term
One of the key indicators of economic development.  development strategy. Decisive policy visions are based on
Another important indicator of economic developmentnulti-stakeholder, gathering-based action and are designed
is the Social Progress Index, a composite indicator of &m take a long-term approach to global outreach in
international research project. The Social Progregmtherings such as climate action, sustainable finance,
Imperative, which measures the achievements of countrgsstainable production and consumption, and addressing
around the world in terms of their social development. It imequality. It also requires a move towards a more
important to note that the relative efficiency with whichnclusive, flexible and flexible multi-stakeholder game.
countries use economic growth and natural resources to A growing, open and competitive economy is a key
ensure the happiness of their citizens is characterized imgans of ensuring continued growth in income and living
the Global Happiness Index. standards. Without economic growth, the standard of
The quality of life is a very real calculated statisticaliving, or the quality of life that society aspires to, will not
value and, of course, should be expressed in absolute teirmprove. Public perceptions of improved welfare have
and reflect the real spread of the quality of life betwedmeen closely linked to quantitative economic growth for
developed and underdeveloped countries and contributentany years. To obtain correct and reliable results of a
the development of a real policy of the UN and worlanultidimensional analysis of the economic development of
development institutions to harmonize the dynamics of tleuntries, the following theoretical prerequisites are put
global world economy. Urgent and political campaigns aferward for structuring the countries of the world into
needed to reduce the risks to the global economy and leysters according to the following limiting criteria, which
the foundations for stable and sustainable economace presented in Table 2.
growth. The dynamism and inclusiveness of the global

Table 2 Basic limiting criteria for the economic devel opment of countries for multivariate cluster analysis
Economic Development Index | Range of criteria Cluster characteristic

within a cluste

300-200 billion US| 1.Cluster with countries with high gross domestic

Global ranking of countries and dollare produc
——_ 9 : 200-100 billion US| 2.Cluster with countries with an average level of gross
territories of the world in terms of] dollars d ; d
ross domestic product orars omestic produ - .
9 100-50 billion US | 3.Cluster with low gross domestic product countries
dollarg
1500-1000 US | 1.Cluster with high gross national income countries
World ranking of economies b dollars
1KIng ¢ .y’ 1000-500 US 2.Cluster with countries with average non-gross natipnal
gross national income per capita dollars ncome

50C-250US dollar: | 3.Cluster with low gross national income count
1.Cluster with countries with a high level of sogial

100-90
. Co . developmer
Ranking of countries in the level of - . - .
. 2.Cluster with countries with an average level of social
social development 90-80
developmer
8C-7C 3.Cluster with low gros of social developme
5Q-4& 1.Cluster withcountries with a high level of happin
Ranking of happiness countries 45-35 ﬁ.CIuster with countries with an average level | of
appines
35-3C 3.Cluster with low happiness counti

Developed by the author based on the use of tools fof 01.01.2021 are presented in Table. 3. and represent the
multidimensional cluster analysis of the economistructuring of countries into clusters according to the level
development of countries of key indicators.

The main results of the multidimensional analysis of
economic development of 25 key countries of the world as
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Table 3 The main results of a multidimensional analysis of the economic devel opment of 25 key countries of the world and their
structuring into clusters according to key indicators as of 01.01.2021

Economic Developmen
Index

Cluster by limiting
criteria indicator

List of countries of Cluster

1. High level of GDP

USA, China, Japan

Global ranking of
countries and territories

2. Average level of
GDF

Germany, Great Britain, France, India, Italy, Brazil, Cana
Russia, South Korea, Austra Spain Mexico.

ada,

of the world in terms of

: Indonesia, The Netherlands, Saudi Arabia, Turkey,
gross domestic product 3. Low GDP Switzerland, Poland, SwedeBelgium, Argentina, Thailan
1.High GNP Liechtenstein, Bermuda, Switzerland, Norway, Madau,

World ranking of

Luxembourg

economies by gross 2. Average GNP Iceland_, USA, Qatar, Denmark, Ireland, Singapore, Sweden,
national income per Australia, The Netherlanc
capita 3. Low GNP Hong ang, Austria, Finland, Germany, Canada, Belgium,
Great Britain, Japan, Fran
1.High level of social| Norway, Denmark, Switzerland, Finland, Iceland, Sweden.
developmer
Ranking of countries in > Average level of New Zealand, Germany, Canada, Japan, The Netherlands,
the level of social ) 9 Australia, Great Britain, Ireland, France, Luxembourg,

social development

development Spain, Portuge Belgium, Austrie

Slovenia, Italy, South Korea, Czech, Estonia.

3. Low level of social
developmer

1.High happiness Costa Rica, Mexico, Colombia, Vanuatu, Vietham, Panama,

Nicarague
Ranking of happiness Bangladesh, Thailand, Ecuador, Jamaica, Norway, Albania,
countries 2. Average happiness Uruguay, Spain, Indonesia, Salvador, Netherlands,
Argentina

3.Low happines Peru, Palestine, Brazil, Switzerland, Tajikis
Sources: developed by the author based on data [24]

The main results indicate that in the world globalf Conclusions

society, countries are divided into 3 main clusters: 1. a high |n the study, the author highlights the conceptual need
level of economic development and well-being; 2. averagg study the features of the economic development of
level of economic development with prospects fogountries in the current conditions of globalization
improving the situation; 3. low level of economiCprocesses. Theoretical aspects of the formation of
development and socio-economic security of thgconomic models are considered and the existence of many
population of the countries. scientific studies in this area is argued, however, the lack
Based on this, it is worth noting that economic growtbf a single approach to determining the economic essence
can occur without any improvement in well-being, ancyf the concepts of "sustainable economic development",
conversely, improving the quality of life, without any"economic development’ and “economic model" is
economic growth, is now increasingly accepted by sociefjghlighted. The proposed interpretation of these concepts
in various options and scenarios for economif hased on a critical analysis and generalization of
development. From this point of view, the subjective wellscjentific works in this field.
being of a citizen is seen as the ultimate goal of the The features of the formation of a model of economic
development of society and, accordingly, the economigevelopment of countries are considered, their
development of the state, which ensure the well-being ghnsformation and constant modernization of key
its citizens and increase prospects. Well-being and qualiptiicators of economic development are determined. The
of life should be subjectively perceived by a person who igthor structured the main indicators and models of
the best expert in assessing the quality of his life in teragonomic development. It is proved that ensuring the
of subjective well-being. This means that the mosdffective functioning of the world economy is impossible
important indicators of subjective well-being are in fact th@ithout economic growth and constant transformation of
indicators of satisfaction and happiness, which agconomic development models.
prOVided by the effective economic grOWth of the COUntry The main types of modern economic and economic
and the optimal economic model. models are structured, their features and specifics of
application in different countries are highlighted. The
conceptual necessity of including macro-components in
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the country's economic development strategy is argudd] MOHMAND, Y.T., WANG, A., SAEED, A.: The
The specificity of the transformation of key indicators of impact of transportation infrastructure on economic
economic development of countries is considered, which growth: empirical evidence from Pakistan,
made it possible to form scientific and methodological Transportation Letters, Vol. 9, No. 2, pp. 63-69, 2016.
aspects of conducting a multidimensional cluster analysis https://doi.org/10.1080/19427867.2016.1165463
of target indicators of economic development of thg/] MISHENIN, Y., KOBLIANSKA, I., MEDVID, V.,
countries of the world. The developed scientific and MAISTRENKO, Y.: Sustainable regional development
methodological aspects of the multidimensional analysis of policy formation: role of industrial ecology and
the transformation of the target indicators of the economic logistics, Entrepreneurship and Sustainability |ssues,
development of countries made it possible to structure the Vol. 6, No. 1, pp. 329-341, 2018.
countries into groups of economic development, taking https://doi.org/10.9770/jesi.2018.6.1(20)
into account the specifics of their functioning and8] REPNIKOVA, V.M., BYKOVA, O.N., SKRYABIN,
development strategies. 0.0., MORKOVKIN, D.E., NOVAK, L.V.: Strategic
Three key clusters of countries have been identified and aspects of innovative development of entrepreneurial
structured according to the level of economic development entities in modern conditioniternational Journal of
according to key indicators, namely: 1. high level of Engineering and Advanced Technology, Vol. 8, No. 4,
economic development and well-being; 2. average level of pp. 32-35, 2019.
economic development with the prospect of improving the https://doi.org/10.18334/epp.10.1.41562
situation; 3. low level of economic development and soci¢9] SARAVANAN, A., RESHMA, B.: Effective
economic security of the population of the countries. Based water/wastewater treatment methodologies for toxic
on this, it is worth noting that economic growth can occur pollutants removal: Processes and applications towards
without any improvement in well-being, and, conversely, sustainable developme@hemosphere, Vol. 280, pp.
an increase in the quality of life, without any economic 1-15, 2021.
growth, is now increasingly accepted by society in various https://doi.org/10.1016/j.chemosphere.2021.130595

options and scenarios of economic development. [10] ALIMOHAMMADLOU, M., KHOSHSEPEHR, Z.:
The use of tools of economic and statistical Investigating organizational sustainable development

multidimensional cluster analysis of indicators of through an integrated method of interval-valued

economic development of the countries of the world in intuitionistic fuzzy AHP and
practical activities will ensure the effectiveness of  WASPAS,Environment, Development and

management at the global level. Sustainability, Vol. 24, pp. 2193-2224, 2022.

https://doi.org/10.1007/s10668-021-01525-7
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Abstract: Last mile supply system takes great importance in the designed supply chain management, especially in the big
urban areas, where various goods delivery locations should be tackled. Transportation routes and vehicles play a critical
share in the optimization of the energy spent in this system because it is considered a complicated case due to its high
solutions possibilities. Also, part of these transport processes is considered reverse logistics, where the goods take the
way back, starting from the customer. Using a metaheuristic optimization is usually a good way to increase operations
efficiency and save time and energy, next to raising sustainability. Within this paper, the last mile supply system within
urban areas focusing on the goods' delivery and collection tasks is presented. The model design is described, mathematical
optimization modelling is detailed, and a case study to investigate the impact of using diesel and electric trucks on energy
efficiency is solved. After an introduction and theoretical background that includes a brief literature review, the designed
system and used methodology are described. The designed system incorporates cloud computing, real routes of vehicles,
analysis of collected data, energy consumption optimization, and time windows. Also, a mathematical model is developed
with the aim of optimizing the total energy consumption. Real thirty locations in Budapest in the VII district are described
and used as a case study for finding the solutions of the optimized taken routes and energy consumption by the genetic
algorithm for both diesel and electric trucks. In the end, the results are analyzed and compared against a random solution
to clarify the presented optimization's effectiveness.

1 Introduction and theoretical background supply chain, and it involves a particular share of the
The city logistics area is a rich topic to tackle an@verall delivery cost and energy. Industry 4.0 applications
research regarding its diverse implementations, especiafijowed the possibility of reducing the time of the order
during recent years because of the numerous Vari(ﬁpsecution within the real-time handling of open tasks in the
innovations in both transportation and Industry 4.0 ared¥ckage delivery service providers' network. Therefore,
The renewable energy evolutions in transport vehicles likge last mile logistics optimization shows significant
e-cars create a wide scope to adopt them in the city logistR@tential for researchers, and it creates a challenge for them
applications considering the relatively shorter distances ial- Depending on the energy efficiency's significance of
the city logistics area compared to the outside citieldst mile services that are represented by package delivery
Moreover, Industry 4.0 applications, which depend on tHgervice prowders,llt_ is expressed that this research area is
Internet of Things (IoT) and artificial intelligence, supporg0 Valuable. The rising value of resources, cost, and power
innovating smart solutions to shorten the required time aff SUpply chain applications and the purpose of detecting
road distance while collecting and analyzing information &€sign and operation strategies enforced in real-time are
the same time, giving the capacity to examine them. On t&0ng motivations for researching this area [4]. Real-time
other hand, sustainability is a critical topic that idntelligent scheduling in the last mile delivery was also
represented in the Sustainable Development Goals (SDA¥gsented [5] as a developed methodological approach
such as the $1goal, "sustainable cities and communitiesPased on the Industry 4.0 applications. Depending on a
[1], which gives it a priority to be tackled in research. Theystemic literature review [4] that was based on 231
investigation of reducing the spent power, emissions, adéticles, more attention and research were required in the
contamination aspects was advised to be researched fotagf mile supply area, especially with considering the
positive influence on the climate and environmenthetaheuristic algorithms for energy efficiency aspect. The
Studying these new solutions has significantly raised @enetic algorithm (GA) was presented as an effective
many aspects for showing the importance of applying thefetaheuristic algorithm in many fields [6], such as
in reality [2]. Last mile logistics is the latest stage of théperation management, scheduling, and inventory control.
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An important aspect of the last mile transportation i3  Using metaheuristic optimization is considered an
reverse logistics (RL) that is one of its definitions is [7] effective method to optimize the last mile
“the process of planning, application, control of the transportation processes. The GA showed strong
operation, cost and flow of raw materials, the inventory  optimization results in many areas including the
process, finished products, the information related, from logistics area. Also using the direct lines (not real)
the point of consumption to the point of origin, to recover  distances between the location is a common way to
or create value or proper disposal”. RL has distinct be used in previous research.
characteristics, for example, critical uncertainties of timey  Electric vehicles showed promising leverage for
quality, and quantity supplying next to the operations' raising energy efficiency. However, further research
complexities. A framework founded on the reverse stream  on this adoption and its effects is required to find out
of distribution starting from the producer until the user and  deeper outcomes.
backward to the producer was proposed [8]. It defined the

motivation types mainly as the economic amounp  System description and methodology
governance legislation, and ecological image, while The |ast mile transportation system expresses the
disposal kinds were defined as reuse, repair, recycling, 8¢ rations that take place under the city logistics aspect.
re-manufacturing. Another framework for RL defined fiveypile the goods storage station represents the last echelon
directions: (1) return causes; (2) reception body; (3 where the goods are to be delivered to the specified
product types and their characteristics; (4) recovefycations, RL also happens to be collected from specified

operations and settings, and (5) involved actors and theitations to be moved to the goods storage station. This
roles [9]. In order to clarify the RL problems and develog

i . . stem is represented as a scheme in Figure 1. Routes and
solutions, modelling techniques were used [10], but t'”t%nsumed time are calculated depending on Open Route

prime problem is the need for a high number of variablegyice, which gives real distances and time. This service
considered. In a study [11], five strategic operators weye, o developed by HeiGIT gGmbH [15].

considered significant for the RL that are environmental The |ocations express both types of goods' delivery and
concerns, ~quality, costs, —customer service, andjection. It shows how RL operations were integrated
pohncgl/l_egal considerations. Also, RL was _researchqqto the supply system. Cyber management expresses the
[12] within the composed framework of environmentaljqyg system where the data are stored, analyzed, and
operators (regulation and environment respect) andcyjated. Therefore, information flow is considered
business operators (customer satisfaction and returns) [13ltween the cyber management and 10T tools within the
However, a need for further research on the aspects Q&tem parts, such as the trucks and goods storage station

strategic and organizational frameworks of RL Waga js ysed in this system to calculate the optimized energy
confirmed [14], which includes integrating the RL in theefficiency solutons for doing the goods'

designed supply system, for instance. Considering RL fag|ivery/collection. However, in this study, an upgrade
sustainable aspect was confirmed [9] as one of the majy; s ysed regarding the iteration number. Instead of
factors in the city logistics area, particularly from angjsing the iteration number to reach better results, three
Industry 4.0 technologies point of view. _ runs are done, and the best value will be selected as the
The following points sum up the presented theoreticglyimized result. The optimization is represented in Figure
background in the chapter: _ _ 2 next to the used locations’ order coding for two trucks
* Last mile transportation operations are a rich area {se that is applied in the case study of this article. After
research considering its various application and tooj§e separation of the two trucks' location orders, the
to be adopted especially considering the innovatigcations will be reordered separately, considering that
Industry 4.0 technologies and applications. location O is the start and end location for both trucks.
*  While RL takes a primary share of the transportatiofherefore, the last location is transferred into 0 after
applications in city logistics, it still requires moreseparating the two locations' orders. This process is
research to investigate its results and effects. illustrated in Figure 2, which is more detailed in
mathematical modelling.
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Figure 2 GA optimization methodology

This chapter presented the designed system a@thapter four presents a validation for the mathematical
methodology. Chapter three details the mathematicalodeling for 30 locations in VII District in Budapest by
modeling of this system to optimize energy efficiencyusing diesel and electric trucks. A random solution is to be

~ 317 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 3 Pages: 315-323 [ISSN 1339-5629

ENERGY EFFICIENCY OPTIMIZATION OF LAST MILE SUPPLY SYSTEM WITH REVERSE LOGISTICS
CONSIDERATION
Mohammad Zaher Akkad; Rana Rabee; Tamas Banyai

used to compare the optimization efficiency. Chapter fivigom and returns to a specific same location [19]. The used
discusses the results and expresses the possible furthedel of this study is detailed in this chapter, wheis
research directions. Finally, a summary that sums up thise visited locations' number amd is the used trucks'
study. This scientific contribution that defines the aim ofiumber by homogeneous trucks that are defineld as
this paper is summarized in the following points: {1,2,...,m}, the mentioned trucks are stationed at the
1. Designing last mile goods transportation systegoods storage station at the beginning. The indek set
with integrated RL operations. This system conside®,1,2,...,n} refers to the locations wheigj € I. i = 0
incorporated Industry 4.0 technologies such as loT amdfers to the goods storage station location. For each
cloud data analysis. location, there isq; goods' quantity that should be
2. Presenting an elaborated description for thgelivered/collected. The positive value refers to the
mathematical model depending on the efficiency of thgelivery task, while the negative value refers to the
spent energy and designed system. It is important gllection task.D;; refers to the real road distance from
mention that part of the mathematical model is adoptggcation; to locationj, wherei # j, and it should have a
from previous research [16] while the parts are developggn-negative value.

within this study. The model of this study considers the capacity of both
3. Employing the actual routes method betweefpe trucks and the goods, where:

Iocation_s in c_ity Iogistics applications. instead of the,  refers to the maximum goods' amount that is
conventional direct lines to achieve realistic results. Also, possible for the trucks to transport.

a case study of 30 locations in VII District in Budapest is, oy Tefers to the maximum goods' amount in each

d|sc4usselg a(;‘.d ar:z;lyzedt.l ed ion py location that is possible to be tackled.
L Inding the oplimized energy consumption by Additionally, the model presents a time limit as well,
using the actual real routes by GA algorithm for both diesel where:

B o ooy ST Ty 115 10 the maxinum specifed tme for e
9 : ' whole process.

optimized solution was updated with an explanation of the £, refers to the time that is taken by truck k to finish

used coding system. its route and go back to the start location.
. . The total energy consumptiorTK) is the defined
3 Mathematical modelling objective function where it aims to be minimized. It refers

In the vehicle routing problem (VRP), it is worked ony, "o spent kwh by the used trucks during the goods
finding the shortest travel distance roads with starting i livery/collection system, which is found depending on

and returning to the same place for serving a group @y gistance length, and specific fuel consumption rate [2].

%%e following mathematical modeling is based on previous
S ! Tesearch [16] that tackled a waste management system.
goods’ delivery and cc_JIIect|on. Within this study, the previous model was adopted and
However, there is a second way where a feWq eloped to tackle the described system in chapter two.
researchers con3|dered. the goods deI|\_/ery/collect|e'rhiS modeling has two decision variablés, that is 1 if
problem to be an arc routing problem (ARP) instead of the hiclek ds f locatiaito locationi: otherwi
VRP which is called a node routing problem. The prim ehiclek proceeds from locationto focatiory, o erW|se_,
variance between ARP and VRP is that the concentratiGi> 0.¥ th.at.'s 1 if locatiord is part of the vehiclé route;
goes on the routes instead of nodes in the ARP because JENWISe, 1L1S 0. o . .
vehicles carry out their provided services whilst traversing he objective function is described as:
the routes. Therefore, the goods' delivery problem
considers the clients are located over the roads, from an arc
point of view not at the nodes. Overall, because there is a ) ) N .
specific set of locations that should be serviced in this WhereD;; is the real distance from locatioto location
study; hence, the VRP model was selected. Furthermore/irijx is the decision variablé, is the number of trucks,
particular situations, the tackled locations' density overand ¢/, refers to the specific fuel consumption that is
specific street is very big that the better approach felefined as
solving the routing problem is the ARP instead of the VRP
[18]. _Such situations do not appear in this stud_y, as the ik = Chmin + ((Chmax = Chmin)/ Chomax)Qiji/
locations are somehow scattered around the city center. (Giin/<E ) + € = i) @)
Also, the CVRP is considered as an adoption of the VRP kel “kmax bk
while applying capacity constraints. The CVRP in our

T T
mentioned system is identified as goods delivery anvt\ﬂherec"m"" aNdciynqy refer to the lower and upper bounds

collection from and to a group of locations usin within the specific fuel consumption depending on the

homogeneous trucks that have a specified capacity, wh?é/ﬁ’ight of the goods, angj;, represents the weight of the

is not possible to be violated; each one of these trucks starts

applications, including but not bounded to city logistic

TE = Xitq X X7y Xijie- Dij.cfye » min - (1)
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goods picked up by trudk when moving from location Equation (3) ensures that only one vehicle visits every
to locationy. location. Equation (4) states the condition of continuity.
Subject to the following constraints: Equation (5) states that the truck does deliver/collect the
goods at the visited location. Equation (6) states that the

ToXie1 Xijxk =1 VjEI (3) carried goods within the tour should not overrun the

T Xije = Z7=1ijk =Y, Viel; kekK (4) capacity of the vehicle. After the last location is visited, the

truck returns to the goods storage station according to

noym oo ynoym oo _coyiel (5
f=0 Zic=1 Qjik ~ Lizo Zic=14uje = G V) ®) equation (7). Equation (8) ensures that the total goods'

n i .
2= C"X"f"ns Cmv] €hkek ©) weight for the allocated locations is less than the overall
=1 ZkﬂX;’;’lk =1 (7) capacity of used trucks. Equation (9) states that the taken
i=1qi < Zie= Ci ®)  time by each truck does not exceed the allocated time for
max(ty, ty, - tm) < Tnax (9)  the process. Used notations are illustrated in Table 1.
Table 1 Used notations
Notatior Descriptior
n Visited locations overall numb
m Trucks overall numbe
K The indices group represents tru
1 The indices group represents visited locat
i,j €l Two arbitrary indices denote a visited locat
keEK An arbitrary index of a truc
q; A value representing the goods weight of locai.
A non-negative amount represents the goods' weight in krudkile moving from
ijk locationi to locationj.
C The truck's maximum capacity of goods.
Toax The specified maximum time to finish the entire process.
ty The time that is taken by truk to finish its route and go back to the start loca
Qmax The maximum goods' capacity in each location is to be ta
X A decision variable that is 1 if vehickeproceeds from locationto locationj
ik otherwise, it is (
Y; A decision variable that is 1 if locatid is part of vehiclek route, otherwise, it is |
TE Total optimized energy consumpti
clik The specific fuel consumption for trugkwhen moving from location
Chnin Specific fuel consumption's lower bound.
Ch g Specific fuel consumption's upper bound.
4 A casestudy in Budapest optimization efficiency. Within this case, the lower and

For validating the presented mathematical model, Per bounds of specific fuel consumption are considered
case study that consists of thirty locations in the Vv#he same as in a previous study [2] while assuming an
District in Budapest is described and analyzed. The act@jerage speed of 25 km/h in the city center. The time
real routes are used to find the total optimized energyindow is an essential consideration since there is
consumption of the used trucks in kWh by using the GAteraction with customers, moreover, electric trucks have
metaheuristic algorithm. The solutions are to be comparéthited operational time usually depending on their battery

against a random solution for each case to outline tﬁé[t);liCitY- Used truck specifications are presented in
Table 2.

Table 2 Used truck specifications

T T
Ckmin Ckmax Gmax c Tmax
Diese 20 kWh/knr | 41 kWh/knr | 100 k¢ | 600 ke | 3 hour
Electrica | 11 kWh/knr | 18 kWh/knr | 100 k¢ | 500 k¢ | 2 hour:

For obtaining the locations' data, a generating methdetween those two selected locations. Additionally, a circle
was used [16]. Two geographical locations were chosenwas shaped depending on the calculation of the centric
geographical boundaries to find the locations' data in thecation over the segment amidst the two boundaries. Then,
VII District in Budapest. The Haversine formula was usethe locations were generated in the circle boundary in a
to calculate the diameter depending on the distancendom way using a uniform distribution. After that, the
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generated locations were ensured that they represgn20 | 47.50912 | 19.08183 -17
convenient locations on the map, and a few of them were 21 | 47.50890 | 19.08300 81
manually adjusted. The goods' weight in every locatign 22 | 47.50836 | 19.08363 52
was generated following a uniform distribution in a random 23 47.5060 | 19.08460 76
way as well. Table 3 shows the goods' weight and their 24 | 47.50493 | 19.08559 14
locations. 25 47.50321 | 19.0845! 43
Table 3 The goods' weight and their locations 26 | 47.5024 | 19.0853 S
ID Latitude | Longitude | Goods' weight (k¢ gg j;gggé? iggg;ig 3?;
0 |47.50137 | 19.09315 - 29| 47.50155 | 19.06560 40
1 | 47.49759 | 19.05589 33 30 | 47.5056. | 19.06968 40
2 47.49813 | 19.05751 -9
3 47.49760 | 19.05847 74 For implementing the GA, the following parameters
4 47.49639 | 19.05936 88 were considered: population size is 100, the crossover
S 47.49768 | 19.06082 -68 probability is 40%, mutation probability is 20%, the
6 |47.49842 | 19.06121 67 number of iterations is 100, and the selection method is
7| 47.50000 | 19.05998 71 tournament selection. The utilized machine has an i7-
8 | 47.49927 | 19.06474 -17 7500U 2.70 GHz processor, and 8 GB of RAM.
9 47.49743 | 19.06760 1
1C | 47.4969. | 19.06834 20 4.1 Thefirst case of diesdl trucks
11 | 47.49860 | 19.06973 52 In this case, two trucks were needed. Total consumed
12 | 47.49835 | 19.07372 -4C energy, total distance, needed time for the process, and
13 | 47.49947 | 19.07427 29 initial weights for each truck, in this case, are summarized
14 | 47.50038 | 19.07340 -18 in Table 4. Execution of the whole code is 14.62 s. Also,
15 | 47.50421 | 19.07497 19 the total energy and distance for a random solution are
16 47.50262 | 19.08045 8 mentioned.
17 | 47.50298 | 19.08140 -40 Figures 3 and 4 show the actual routes for the optimized
18 | 47.50548 | 19.08211 61 solution and random solution of this case. Red and blue
19 | 47.50770 | 19.08125 37 colors are used to distinguish each truck's route.
Table 4 Results of dieseelicks case
Total energy Total distance Time Initial weight | Initial weight
(kWh) (km) (min) (Truck 1 (Truck 2
Solution ! 606.1769 29.2470:. 50.0¢ 10t 197
Solution : 534.2343 25.94166 39.331 152 150
Solution3 548.8817 26.3379. 43.331. 157 14t
Optimized solutio 534.2343 25.94166 39.331 152 150
Random solutio 1429.4062 66.165! - - -

Figure 3 Optimized solution for the first case (diesel)

T 7

L}

Figure 4 Random

).‘. :l AT i, R 0 T
solution for the first case (diesel)
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4.2 Thesecond case of eectric trucks total energy and distance for a random solution are

In this case, two trucks were needed as well. Totarentioned.
consumed energy, total distance, needed time for the Figures 5 and 6 show the actual routes for the optimized
process, and initial weights for each truck are presentedselution and random solution of this case. Red and blue
Table 5. Execution of the whole code is 13.95 s. Also, tl®lors are used to distinguish each truck's route.

Table 5 Results of electric trucks case

. . 1 Initial weight | Initial weight
Total energy (kWh)| Total distance (km)  Time (min) (Truck 1 (Truck 2
Solution ! 289.8513 24.7695 45.7 217 85
Solution : 326.8291 28.4222! 42.2 187 11F
Solution3 298.9156 25.3157! 39.¢ 20¢ 94
Optimized 289.8513 24,7695 45.7 217 85
solutior
Random solutio 707.68439 59.8301. - - -

o

distance where OS refers to the optimized solution and RS
refers to the random solution.
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Figure 5 Optimized solution for the second case (electric) Diesel 05  ElectricOS  Diesel RS Electric RS
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Figure 7 Calculated total energy

70
60
50
40
30

20

T Diesel OS  ElectricOS  Diesel RS  Electric RS
ectric)

Figure 6 Random solution for the second case (el
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5 Discussion and further research
The results showed a big difference between the Figure 8 Calculated total distance
optimized and random solutions. The random solutions in
Figures 4 and 6 showed numerous overlaps in the selectedThe results express two aspects to be compared. The
routes, which explains why there is a raise in their resuffi€st is the optimization efficiency of GA with the random
compared with the optimized solutions. Figures 7 and $plution comparison. The results expressed minimizing the

express the differences for calculated total energy afRfal energy as 37.3% and 40.95 % compared to the random
solution for diesel and electric cases respectively. Also, the

results expressed minimizing the total distance as 39.2%
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and 41.4 % compared to the random solution for diesel afidding the solutions of the optimized taken routes and
electric cases respectively. Second, comparing the diesekergy consumption by the genetic algorithm for both
and electric cases efficiency. The results expressdiksel and electric trucks. In the end, the results were
minimizing the total energy as 54.26% in the electric casmalyzed and compared against a random solution to clarify
compared to the diesel one. However, in the total distandbe presented optimization's effectiveness.
the results were very similar. The results expressed two aspects. First, regarding the
GA algorithm showed high efficient results in theoptimization efficiency of GA with the random solution,
optimization of this case, especially considering theesults expressed minimizing the total energy as 37.3% and
applied upgrade where 3 solutions were done at tlW®.95 % compared to the random solution for diesel and
beginning to have a higher chance to exclude any possibklectric cases respectively. Also, the results expressed
local minimum points. The execution time is relativelyminimizing the total distance as 39.2% and 41.4 %
acceptable since it will be done before the beginning of tlkempared to the random solution for diesel and electric
process. However, even with conceding real-time updatesises respectively. Second, regarding the diesel and
new runs to calculate updated routes are possitiéectric trucks' efficiency, the results expressed minimizing
considering that it takes about around 15 seconds to redbh total energy as 54.26% in the electric case compared to
the results for 30 location cases. The electric trucks showtne diesel one. However, in the total distance, the results
a very positive impact on energy reduction, which supportgere very similar.
adopting them widely in reality. However, possible Depending on the achieved results, the authors
challenges to this adoption may happen, thereforegcommend the adoption of electric trucks in the city center
analyzing real-life cases of electric truck use is interestirfgr their positive impact on the environment by saving
to find out the accrued trouble. The designed systespent energy. Also, optimization is widely used in
tackled the last mile supply system, RL operations in cityansportation and logistics, however, raising the efficiency
logistics, analysis of collected data, vehicles' actual reaf the used optimization method next to widen the tackled
routes, energy optimization, and time window. By usingata like including reverse logistics in the tackled system
actual real routes, further realistic and practical resulis highly recommended. This study's limitations include
were ensured. the following: first, using a single objective function while
Possible further research on this topic is recommendétere is a possibility to use multi objectives optimization
in three directions. The first direction, calculating accruethat would make the model more complicated but with
emissions since the emissions reflect directly on tHarther details and consideration for reality. Second, GA
sustainability aspect with considering the expectddas many parameters to be specified while there is a
footprint difference between the electric and diesel truckossibility for more efficient parameters including the
The second direction, since the optimization process ddésration number. Third, assumptions with average
not have a limit to stop at, refinements in the presentedimbers were used to analyze the trucks' tasks. It is
mathematical model and the used GA algorithm structupmssible to use other types of trucks with more detailed
are possible to be researched. Also, using hybrgpecifications. Fourth, while the case study in this paper
algorithms is possible to be investigated as they showedunted on real locations in Budapest, many assumptions
promising outcomes in different cases [20]. The thirdnd considerations were used as well. Finding a real case
direction, analyzing real-life case studies that use electricghere electric trucks are used would be interesting to
trucks takes special importance as it is possible to analyaglect and analyze real data regarding the trucks and
and find out unexpected problems. goods.
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Abstract: Freight transport plays an important role in meeting the domestic needs of the city's inhabitants. But when
freight vehicles come into contact with city traffic, it has a negative impact on urban routes, such as extra traffic
congestion, noise pollution, air pollution, etc. The aim of the study is to assess the impact of freight transport on the
overall traffic of the city. A case study of the wholesale market of Ahmedabad has been considered as a study area. The
freight trip models based on the trips attracted and produced by the market are developed on the basis of data collected
from establishment surveys and freight vehicle driver surveys. Both the models developed in this study, FTA (Freight
Trip Attraction) and FTP (Freight Trip Production), havBdRiare values of 0.799 and 0.715, respectively. The volume

of freight vehicles contributing to the overall traffic flow is also measured by the traffic volume study. Through the data
analysis and identification of the impact of freight transportation on city traffic, remedial measures are discussed to reduce
the impact of freight transportation.

1 Introduction development of a framework for sustainable freight

The development of the transport system is essential féansportation. The objectives of this study are to develop
the economic development of the country. For this, thiemodel for measuring the number of trips produced and
movement of passengers and goods should be safe a#écted by the market; the impact of freight vehicles on
efficient. Along with the movement of passenger trafficthe overall market traffic is analyzed, and remedial
the movement of goods on the road network is equalfjeasures are suggested to reduce the impact.
important in both urban and rural areas. Society cannot The study was carried out at Gheekanta wholesale
sustain economic deve|opment without the Smooﬂﬁ]arket, Ahmedabad a Clty in India. The multilinear model
movement of the freight transport system. Due to tH&as developed in this study to estimate freight trip
changing lifestyles of our society and technologicattraction and production by market. An establishment
advancement, there is a possibility of significant growth ifurvey and a freight vehicle driver’s survey were carried
freight transport in the future. However, it also has utinthe marketto collect data. The number of freight trips
negative effect on our daily lives, such as traffic noise citracted by the market depended on the quantity of goods
urban routes, air pollution, and creating additional traffigITiving in the shop in a day, the average floor area of the
congestion. The movement of goods within a town or cit§op, and the distance between the origin and destination
generates a substantial demand for road space and parl@h§e trip. The amount of freight produced by the market
facilities. According to MORDOR Intelligence [1], thedepended on the distance between the origin and
transport industry contributes about 6.3% of the GDP arf¢stination of the market and the number of employees in
is dominated by the road sector. More than 50% of freighte shop [4-5]. _ o _
and 90% of passenger traffic is controlled by roads. The paper consists of six sections, i.e., Introduction,
According to the Road Transport Yearbook 2018-2019 tgterature Review, Study Area, Methodology, Data
MORTH [2], the total number of transport vehicles hadnalysis, and Results, Conclusions. Introduction sections
increased from 23.97 million in 2017-18 to 25.89 milliorProvide general information about freight transport and its
in 2018-19. The newly registered transport vehicles iegative effects. The literature review highlights past
2018-19 is shown in Figure 1. From the study, actugfudies on freight transport. The study area sections
freight transport patterns and modes of freigherovide general information about the Gheekanta
transportation used in the market can be identified, neholesale market, Ahmedabad. In Methodology, the steps
guidelines for improvement and necessary policy chang® conducting the study is given. In this study, an
can be made [3]. The study helps in urban planning and tgtablishment survey, a freight vehicle driver survey, and a
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traffic volume study were conducted. In the Data Analysisaffic is analyzed. And market parking conditions are also
and Results section, multiple linear regression is useddaalysed. After the analysis section, the findings of the
estimate the trips attracted and produced by the market. #¢ady and recommendations for improvement are given.
well as the amount of freight traffic in the total market

Category wise share of Newly Registered Transport
Vehiclesin 2018-19

B Multi axled / Articulated Vehicles
B Trucks & Lorries

Light Motor Vehicles (Goods)
M Buses

Taxi

Light Motor Vehicles (Passengers)

W Motor cycles on hire

B Other vehicles

Figure 1 Category wise share of newly registered transport vehicles in 2018-19

2 Literaturereview also affects non-response behavior. Establishments near

Bhavesh Dhonde (2021) [6], This paper presents aPorts with a high per capita income are less likely to
review of urban freight studies carried out for differentespond to the survey.
cities in India. The purpose of this paper is to identify and Khalid Aljohani and Russell G. Thompson (2016)
analyse the factors inhibiting research on urban freightl, This paper represents the literature review of the
transport in developing countries like India. From th¥arious impacts of logistics sprawl, providing a detailed
study, it is found that the number of services of@xonomy. Not only does the location of logistic facilities
commodities considered for the study considerably affectfect urban goods movement, but it also has an impact on
the methods of freight research and that, to study tHee urban environment. Paper represents the main two
overall impact of urban freight transportation on citfactors that contribute to the relocation of logistics
traffiC, all the goods and services that generate fre|ght trifﬁllltles. The first is land use, and the second factor is new
need to be considered. But the study on specif@Perational and location requirements. The paper mentions
commodities or services gives reasonably good results df¢ impacts of logistics sprawl, such as the impact on urban
also reduces the cost of the data collection. Establishméigight geography. increased distance travelled by trucks
surveys, fre|ght transport Operators’ surveys, an@nd It creates ﬂegatlve |mpaCtS on the environment.
secondary data are the most preferred methods for dataBhavesh Dhondeand Chetan R. Patel (2021) [9], The
collection in developing countries. study aims to assess the impacts of the city’s geographic

Agnivesh Pani and PrasantaK . Sahu (2019) [7], This  SPrawl on urban freight transport in the Surat textile
paper analyses the non-response behaviour in freighélustry. An establishment survey was conducted at
surveys. The study was carried out in Kerala, India byeaving units in various textile manufacturing clusters in
conducting an establishment-based freight survey (EBF#)e city. Trips are calculated based on the factors affecting
The aim of the research is to enhance the currdfiP generation for which a multi-linear regression model
knowledge about the concerning patterns in novas developed. The total number of trips generated
responsiveness. Results of the study show that tfgpends on the total number of weaving machines, the total
industrial classes handling commodities with high-valuioor area, the total number of employees at the unit, and
density exhibit a high non-response probability for freigthe type and capacity of the vehicle used for transportation.
surveys. This may be due to the fact that establishments
handling high-value products tend to be less attentive & Study area
logistics strategies or have higher capital and opportunity The Gheekanta wholesale market, Ahmedabad is taken
costs associated with these commodities, and therefoas, the study area (Figure 2). Gheekanta is the wholesale
their information tends to be more proprietary in naturenarket for readymade garments. There are about 1000
The results also show that the location of the establishmeshiops in the market. The market acts as a distribution
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centre. Readymade garments come into the market and abeut 7-8 m. Therefore, large freight vehicles like Light
sold at wholesale prices after packing and labelling. Th@ommertial vehicles (LCVs) and Heavy commertial
market receives goods (textiles) from Ahmedabad as wekthicles (HCVs) cannot enter the market. Small
as states like Delhi, Mumbai, and Rajasthan. These goatsnmercial vehicles are used to transport goods such as
are sold in Ahmedabad, Gujarat, and all over India. Three-wheeler rickshaws, three-wheeled bicycles, and two-
market opens between 10 and 11 a.m. and closes betweteelers.

7 and 8 p.m. the market is very old, the streets are narrow,

4 Methodology survey. The survey provides information about where
The proposed methodology involves various steps g:pOdS come from in the market and where they go from the
achieve the aim of the study. First, the problem i@arket. It also gives information about the parking
identified, and the need for the study is also identified. THacilities for loading and unloading of goods in the market.
aim and objective of the study are selected. Studies carriE@e third is the traffic volume survey, which gives the
out in the past according to the study topic are found af¢mber of vehicles coming and going from the marketin a
studied. Data collection needs to be carried out in the studgy- It is carried out at six different location as shown in
area. In terms of data collection, three surveys are planrfeigure 3. After the data collection, this data needs to be
for the study. The first is the establishment survey. In ti@nalyzed. The supply chain process of the market, the
establishment survey, a survey form is made to ggtulti-linear regression model to estimate freight trips
information about the shops in the market. How mangitracted and produced by the market, and the goods
quantities of garments are coming and going from eaépading and unloading scenarios in the market are
shop in the market is also found out. The form can alsthderstood in the data analysis stage. From the above data
provide information about the workers working in the shophalysis, the effect of freight traffic on other traffic in the
and the owner, e.g., where workers and owners come fréﬂ@rket is derived. From the result, the conclusion will be
and which mode of transport they use and where they p&&Tied out, and suitable recommendations will also be
their vehicles if private vehicles are used to come to ttigovided to improve the condition of traffic.
market. The second survey is the freight vehicle driver's

0 M J’I

Figure 2 location of Gheekanta market
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sold to other customers at wholesale prices. The supply
chain process of the market shown in Figure 4. The
garments coming into the market mainly come from other
states like Delhi, Mumbai, Rajasthan, etc. and Ahmedabad
based textile companies. Garments that come from other
states are transported to Ahmedabad by train or bus, which
are procured by the local transport offices and then taken
to the market by rickshaw or pedal rickshaw. These
transport officers are mainly located at Kalupur, Raipur,
Madhupura, Premdarwaja, Saranpur, etc. And the clothes
that are made by the textile company in Ahmedabad are
taken to the market with the help of rickshaws or pedal
rickshaws from the company. Similarly, the garments sold
in the market are transported by rickshaw or pedal
rickshaw if they are sold in Ahmedabad. If it is sold in other
states like South India, Maharashtra, Kolkata, Madhya
Pradesh, etc., then the goods are delivered to the transport
office by rickshaw or pedal rickshaw, and from there the
goods are transported by train and bus.

i Ity
Figure 3 Survey location for traffic volume study

5 Dataanalysisand result
5.1 Supply chain process of market

The market works like a distribution unit. In this
market, ready-made garments are labelled, packaged, and

Goods Transported By

. 3-W rickshaw, 3-W
Supply chain process bicycles or 2-W q

BUS or Train b,

Ahmedabad
1. Marol Ahmedabad
2. Vatva Local
3. Local

Workers

Outside states

. South India

Transport office 2. Maharashira

Outside states In Ahmedabad Transport
1. Delhi 1. Kalupur office In
: 2. Raipur Ahmedabad
3. Madhupura
4. Premdrawaja
5. Saranpur

3. Kolkata
4. Madhya
Pradesh

elc....

Figure 4: Supply chain process of Gheekanta market, Ahmedabad

5.2 Estimation of freight trips from Gheekanta and the transport office are treated as independent
market variables. The correlation between these dependent and
Establishment survey data is used to estimate tHidependent variables is given in Table 1.
freight trips generated and attracted by the market. Multi- ) )
linear regression (MLR) models have been developed fg€ight Trip Attraction Model
estimate freight trip generation and attraction. FTA =2.5136 +1.206 (Q) +.0176 (A) - 0.2191 (D)(2)

5.2.1  Freight trip attraction model Where:

The freight trip attracted by any shop mainly dependsTA is the Freight trip attracted by any shop in the
on the quantity of goods arriving, the floor area of the shofgheekanta market.
and the distance between the shop and the transport offigeis the Quantity of goods arriving in the shop in a day
Therefore, for this FTA model (freight trip attraction), the(humbers in thousands). _
trips attracted by any shop are treated as a depend@n$ the average floor area of the shop (in square meter).
variable, and the quantity of goods arriving in the shop, this distance from the Crigin of the trip (transport offices)
floor area of the shop, and the distance between the sfigghe Gheekanta market (in km).
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Table 1 Correlation matrix for freight trip attraction model
Quantity of goods Distance between

Trip Attracted by Coming in shops Avg. Area of transport office and
shop shops (M)
(In number) market (km)
Trip Attracted by shop 1
Quantity of goods Coming in shops 0.303 1
Avg. Area of shops 0.386" 0.337" 1
Distance between transport office a 0.794" -0.097 .0.223 1

marke

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Pearson correlation between dependent and The statistical parameters for the FTA model are given
independent variables was found to be moderaite Table 2. The table shows that the significance F value
positive/Negative correlation and statistically significanand P-values are less than the critical values (0.05). which
(P <0.05). indicates that the model can significantly predict the

number of trips.

Table 2 Statistical parameters of FTA model

Coefficien Standard t Stat P-value = Significan R
ts Error ceF Square
Intercep 2.51¢ 0.29¢ 8.47¢ 8.62E-12  46.87¢  1.26E-1% 0.70¢
Quantity OfS%%?dS comingto 4 505 0512  2.353 0.022
Avg. Area in mete 0.01; 0.00¢ 2.10:z 0.04(
Distance frorrshop to marki -0.21¢ 0.021 -10.20¢ 1.20E-14

The model has an Bquare value is 0.704, whichthe market and the transport office. For the FTP model, the
indicates that the model explains 70.4% of the varianceftinp produced by any shop depends on the number of
the dependent variable. The model equation also explaemployees working in the shop and the distance between
the positive relationship between the quantity of goodke market and the transport office. The correlation
arriving in the shops and the average floor area. This medetween these dependent and independent variables is
that if the shop has more floor area, they order more goods/en in Table 3.
and the number of trips increases as all the goods are
transported by 3-rickshaw or pedal rickshaw. There isFreight Trip Production model
negative correlation between freight trips and distance, FTP =2.5114 —0.5497 (D) + 0.5056 (E) (2)
which means that for longer distances, more time is
required, and because of delays caused by traffic, drivakthere:

make fewer trips than short-distance deliveries. FTP s the freight trip produced by the shop in Gheekanta
market.
5.22  Freight trip production model D is the distance between market and transport office (in

The freight trip produced by any shop depends on tlken).
number of employees in the shop and the distance betwéeis the number of employees in the shop (in numbers).

Table 3: Correlation matrix for freight trip production model

No. of employee

Distance from shop tc L
working in shop

Trip produce by shop: transport office (km)

(in numbers
Trip produce by shoj 1
Distance from shop to transport off -0.75€" 1
No. of employee working in sh 0.72." -0.52¢" 1
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Pearson correlation between dependent and The statistical parameters for the FTA model are given
independent variables was found to be moderabe Table 4. The table shows that the significance F value
positive/Negative correlation and statistically significanand P-values are less than the critical values (0.05). which
(P <0.001). indicates that the model can significantly predict the

number of trips.

Table 4 Statistical Parameters of FTP model

Coefficient:  Standard Err¢  t Sta P-value F Significance | R Squar
Intercep 2.511 0.441 5.69( 1.19E-0€ 51.55° 6.43E-12 0.71f
Distanct -0.54¢ 0.10:¢ -5.29¢  4.27E-0€
Employe: 0.50¢ 0.11( 4.55¢ 4.58E-05

The model's BBquare value is 0.715, which indicateslata of the shop, the trip generation and attraction from the
that the model explains 71.5% of the variance in th&ghop can be estimated. This can be useful for urban
dependent variable. The model shows the positiyanning and developing a framework for sustainable
relationship between the number of trips produced by tifieight trips.
shop and the number of employees. That means if the
number of employees is increased, they can deal withm@8  Traffic study at Gheekanta market
customers, resulting in the sales of the shop increasing andAs discussed in the Traffic Volume Survey, the traffic
trips also increasing. The model shows a negatiirvey was conducted at six different locations in the
relationship between the trip produce and the distanggarket from 8 a.m. to 9 p.m. From the survey, the number

between the market and the transport office. of vehicles (freight or passengers) that visited the market
o on any given day is calculated. Also, category-wise
523 Modd validation distribution of various vehicles is carried out. The volume

The FTA and FTP models are validated by survey datgf freight vehicles in the overall traffic is also calculated.
The data from 10 shops is randomly selected for the survgghicles are multiplied by Passanger Car Unit (PCU)
data, and the values of independent variables are placedétues to convert all types of vehicles into one unit. The
the model to validate the model. Trip estimates by modetCU values of different types of vehicles are shown in
are approximately the same as the actual trips. So, thgsghle 5. PCU values are as per IRC 106-1990 [2].
models can estimate the true number of trips coming and
going from the shop. With the help of these models and the

Table 5 Recommended PCU factors for various types of vehicles on urban roads

Sr No. Vehicle type Equivalent PCU Factors
1. Two wheelers Motor 0.75
2. Passenger car 1.0
3. Auto-rickshaw 2.0
4, Light commercial vehicle 2.0
5. Truck or Bus 3.7
"6. Cycle 0.5
7. Cycle rickshaw 2.0
8. Hand cart 3.0

As per (Indian Road Crogress) IRC 106-1990

531 Total tripsfrom the Market trips. In the market the peak hours of the traffic are between

The total trips coming in and out of the market ar&2:00 p.m. and 1:00 p.m. The Table 6 shows the total
shown in the Figure 5. Trips of freight vehicles such as $olume count of inflow and outflow from the market in
wheeler rickshaws and 3-wheeler pedal rickshaws and trip€U/day. Location 2 has the highest inflow and outflow it
of passenger vehicles such as 4-wheelers, 2-wheelesshecause Gheekanta court is located near the location 2.
passenger rickshaws, and bicycles are considered as total
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532 Total Freight tripsfrom market The road that connects Location 4 and Location 1 is the
The total freight trips produced and attracted bgentral road that runs through the market, and most of the

Gheekanta Market are shown in Table 7, in which onlshops in the market are located on this road. Trips from

trips of freight vehicles are considered. The passenger@her places are few compared to these two places. The

wheeler used for goods transport is also being consideretarket has a narrow road of about 7-8 meters. As a result,

2-wheelers are also used for goods movement in thengestion occurs frequently on this road. This is the

market, but they are not included. The Figure 6 sholusiest street in the market.

freight trips from different locations throughout the day.

Trips for freight vehicles begin around 9 a.m. And after 9

p.m., the trips go to zero.
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Table 7 Total fright trip incoming and outgoing from the market

Locatior Inflows (PCU/Day Outflows (PCU/Day
1 103¢ 1292
2 36¢ 404
3 44C 444
4 133( 1092
5 57C 512
6 59( 43¢
5.3.3 Category-wise distribution of traffic In category wise distribution, non-motorised vehicles,

Locations 1 and 4 show a higher percentage of freigtitat is, pedal rickshaws, which are used for freight
vehicles than other locations, which is about 18% to 25%ansport, have a very small percentage. But non-motorized
In distribution (Figure 7), 2-wheelers have the highestehicles like pedal rickshaws cause congestion in the
percentage, averaging 43%. The 2nd highest percentagenafrket as their speed is slow, so they slow down other
passengers is 3-wheelers, which is 40% on average. Thetor vehicles following them. Due to the narrow road,
passenger 3-wheeler is mostly used by visitors. The usenobtorised vehicles cannot overtake pedal rickshaws. As a
4-wheelers in the market is very low. result, long queues are formed.

Traffic count at Location 1 Traffic count at Location 2

b 3W Freight
3%

- 3 W Freight
12% % |
M 3w N 2 "': _
Passanger 43% y 3w
\ Passanger

Pedal

Pedal

Rickshaw . 40l Rickshaw
5% Maw B8 1%
7%
Traffic count at Location 3 Traffic count at Location 4

Cycl
y;'c‘}:s L] 3 W Freight
_— 7% % 3 W Freight

23%

) B 3w
Rickshaw - et S

5%

Rickshaw " 3W
2% Passanger

Traffic count at Location 6

L] 3 W Freight
7%

Traffic count at Location 5

d Cycles |
pyan - |

L1 3 W Freight ] 3w
9% Passanger

Pedal
Rickshaw

3%
'm

Pedal . 3w
Rickshaw Passanger
3%

(Abbreviation : 2 W:- 2 wheeler, 3-W:- 3 wheeler, 4 W:- 4 wheeler)
Figure 7 Category-wise distribution of traffic
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534 Loaded vsEmpty Freight trips shows how many freight vehicles enter and leave the
In the market, if a freight vehicle comes to drop offnarket full and empty. In freight vehicle driver’s survey,

goods, it may be emptied on return. In the same way ifadoout 25% driver said that some time they return with the

freight vehicle takes goods from the market and goes to geods.

destination, it will be empty in return. The follow graph

Loaded/Empty freight trips at Loaded/Empty frieght trips at
Location 1 o Location 2
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Figure 8 Loaded and empty freight vehicles incoming and outgoing from market

From the Figure 8, it is seen that almost an equikight vehicles either come to the market to deliver
number of empty trips are generated and attracted from tie goods, or they go from the market to another
market as compared to loaded trips. This means that all the
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destination to deliver the goods. They will be empty whe
they return from the trip.

5.4 Parking condition in the market

The survey determines the types of vehicles that marl
owners and employees bring to the market. Mo
employees come in private 2-Wheeler vehicles, which
about 60% of the total employees. Another 23% ¢
employees come to the market by bus (public transpor
another 10% of employees come by walking and anott
7% of employees come by rickshaw (Figure 9). Employe
who come with a private vehicle park 69% of their vehicle
in the basement parking lot and the remaining 31% pa

their vehicles in on-street parking (Figure 10). This vehiclc
stays in the park all day. The short-term use of on-street

parking by visitors is not considered.

All the vehicles used for the transportation of goods i
the market are hired vehicles, and about 73% of tl
transport is by 3-wheeler rickshaw, 21% by 3-wheele
pedal bicycle, and 6% by 2-Wheeler Scotty (Figure 11
About 54% of those vehicles are parked on the premis
during loading/unloading and the remaining 46% ai
parked on the street (Figure 12). Freight vehicles or oth
vehicles that use on-street parking They cover both sic
of the road and reduce the width of the road. which caus
traffic problems.

The M odes of transportation used
to enter the market

m 2-wheeler
mBus
Rickshaw

mwalking

Figure 9 Vehicles used by employees to enter the Gheekant
market

Parking for Private vehicles

m On-street
Parking

m Basement
Parking

Figure 10 Parking of private vehicles in the market

Vehicles used for Goods Transport

m 3-Wheeler
rickshaws

m 3-Wheeler cycles

2-Wheelers

Figure 11 Vehicles used for goods transportation in market

Parking for Freight Vehicles

m On-street Parking

m Basement Parking

Figure 12 Parking facilities for goods vehicles in the market

6 Conclusion and way forward

For the economic development of any city, freight
transportation is as important as passenger transportation.
because it serves necessary commodities and helps in the
production. But when freight transport comes into contact
with urban areas, it creates negative impacts such as
congestion on urban roads, extra noise and air pollution,
etc. This study was carried out at Gheekanta wholesale
farket, Ahmedabad. Two models were developed in this
study to estimate the number of trips produced and
attracted by market. The freight trip attraction model has
an RSquare of 0.704. In this model, the number of trips
attracted by shops depends on the quantity of incoming
goods in the shop, the average floor area of the shop, and
the distance between the transport offices to the Gheekanta
market. The number of trips is increasing as the quantity of
goods and the floor area of the shops increase. And trips
decrease with increasing distance. The FTA model has
significance F value and P-value in the statistical
parameters are less than the critical value (0.05). That
means a model can significantly predict the number of trips
attracted by shops. The freight trip production model has
an RSquare of 0.715. The number of trips products by
shops depends on the number of employees working in the
shop and the distance between the market and the transport
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office. The number of trips increases as the number Bfefer ences

employees increases, and trips decrease as the distgn¢®IORDORINTELLIGENCE.com: IndiaTransportation
increases. The FTP model has significance F value, and P-|ndustry Market |2022-27| Industry Share, Size,
2values @ less than the critical value (0.05). It means a Growth - Mordor Intelligence, [online], Available: htt
model can significantly predict the number of trips ps:/Awww.mordorintelligence.com/industry-

produced by shops. In this market, the road that connects reports/analysis-of-transportation-industry-in-india
locations 1 and 4 is the main road of the market. on which [21 jul 2022], 2022.

a large number of vehicles are seen. Traffic congestiop] MORTH.nic.in.: The category wise registered transport
occurs frequently on this road. To reduce congestion, the yehicles in 2018-19, [online],  Available:

main road of the market needs to be converted into a one- https://morth.nic.in/sites/default/files/RTYB-2017-18-
way street. It will reduce the congestion problem in the 2018-19.pdf [21 Jul 2022], 2022.
market and also increase the speed of vehicles, reduc‘ngTERNET ARCHIVE: IRC 106: Guidelines for

travel time. The vehicles coming from other directions will ~ capacity of Urban Roads in Plain Areas, Indian Roads
travel from outside the market. The Iength of the main road Congress: Free Download, Borrow, and Streaming’

is 1 km and the length of the road outside the market is 1.7 |nternet ~ Archive, [online]  Available at:
km, so the drivers will have to travel an extra 0.7 km. But https://archive.org/details/gov.in.irc.106.1990
it can give more benefits to the driver as there is extra fuel [21 July 2022], 2022.

consumption and time delays due to congestion in thg DHONDE, B., PATEL, C.: Estimating urban freight
market. The market produces and attracts an equal numberirips using light commercial vehicles in the Indian

of loaded and empty freight vehicle trips, which causes textile industry,  Transportation Research
extra load on the roads and congestion. For that, an online |nterdisciplinary Perspectives/ol. 11, pp. 1-9, 2021.
system needs to be developed in which drivers of freight https://doi.org/10.1016/j.trip.2021.100411

vehicles are registered and goods are allotted to them By GUPTA, S., GARIMA.: Logistics Sprawl in Timber
the system. This will reduce the number of unnecessary Markets and its Impact on Freight Distribution Patterns
trips by empty freight vehicles. The market does not have iy Metropolitan City of Delhi, IndiaTransportation
parking available for about 31% of the private vehicles Research Procedia, Vol. 25, pp. 965-977, 2017.
used by the shop owners and workers and 46% of freight https://doi.org/10.1016/j.trpro.2017.05.471

vehicles. They parked their vehicles on the street, whigh] DHONDE, B., PATEL, C.: Identifying the Factors
encroaches on the road width and creates traffic problems. |nhibiting Research on Urban Freight Transport in
The market needs faster methods of loading and unloading, peveloping Countries: Review of Studies in Indiata
such as elevators, which transport goods faster than |ggistica, Vol. 8, No. 1, pp. 1-10, 2021.

laborers in the complex. This has resulted in reduced https://doi.org/10.22306/al.v8i1.190

parking time for freight vehicles during loading and7] pANI, A., SAHU, P.: Modelling non-response in
Unloading. The market attracts 31018 PCU/day trips in OnQ establishment-based fre|ght surveys: A Samp"ng tool
day and produces 34038 PCU/day trips. which causes air for statewide freight data collection in middle-income
pollution in the market. To reduce air pollution, eco- countries, Transport Policy Vol. 124, pp. 128-138,
friendly freight vehicles like EV rickshaws should be used 2022. https://doi.org/10.1016/j.tranpol.2019.10.011

in the marketThe study focuses mainly on the Gheekantg] ALJOHANI, K., THOMPSON, R.: Impacts of logistics
market in Ahmedabad. The StUdy takes into account the Spraw| on the urban environment and |Ogistics:

trips between the market and the transport offices within Taxonomy and review of literatureJournal of
Ahmedabad. The impact of freight traffic on market traffic  Transport GeographyVol. 57, pp. 255-263, 2016.
is being considered. The impact on overall city traffic https://doi.org/10.1016/j.jtrangeo.2016.08.009
outside the market has not been taken into account. whigh DHONDE, B., PATEL, C.: Assessing the Impacts of
can be considered as a future study. The model generatedcity Sprawl on Urban Freight Transport in Developing
in the study can be used for planning of similar types of CountriesArchitecture and Engineering, Vol. 6, No. 2,
markets. pp. 52-62, 2021.
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Abstract: Dividend policy is one of the important factors that supply the company's financial flows and operational
activities. This study examines the determinants of dividend policy from the perspective of information asymmetry and
institutional ownership. The research sample is the companies listed on Indonesia Stock Exchange that pay dividend
consecutively from 2016 to 2020. The method of analysis is SEM-PLS operated with WarpPLS 8.0. The results showed
that high information asymmetry between company management and shareholders encourages managers to reduce
dividend payments for the purpose of providing company capital and production activities. Furthermore, the existence of
institutional ownership supports managers' policies and prefers that company profits should be used to supply capital, not
be distributed to shareholders. This finding is consistent with the pecking order theory and also implicates the need for a
corporate governance system to be improved to give better protection to the investors.

1 Introduction asymmetry [8]. In this contextsignaling theory is

Dividend policy is one important decision made by théherently corresponding teade offtheory but not in line
company. Empirical studies had been carried out With pecking ordetheory. This theoretical gap engenders
investigate determinant factors that influence dividengeveral empirical studies on the relationship between
policy [1-5]. There are several theories used to explain tHeformation asymmetry and dividend policy [9-14]. Three
behavior of dividend policy. For instangeecking order Of those studies, respectively Okpara [14], Sahar and
theory was used by Myers and Majlub [6] to explain thd¥layahi [11], and Harakeh, et al. [12], are supporting the
the company shall give priority on internal sources dfse of high dividend policy as a signal to reduce
funding, including retained earnings. This priorityinformation asymmetry. This position is in accord with
convinces the company to choose low dividend policy affth signal and trade off theories. Meanwhile, other
to allocate the other proportion for reinvestment. Undétmpirical studies are more conformingecking order
pecking ordertheory, low dividend payout is associatecfheory V\(hlch advocates the negative rel_atlonsh|p between
with high information asymmetry. The managers hold th@formation asymmetry and dividend policy [9,10,13].
cash to finance investment projects and to avoid from Another studies were examining the contribution of
generating funds with high capital cost, such as the fusvnership structure to the effect of information asymmetry
from creditor loan with high interest rate or the fund fron®n dividend policy. For instance, Lin, et al. [15] found that
the offering of new share at low price [6,7]. Chinese companies managed under state ownership control

Meanwhile, intrade offtheory, the company is requiredtend to pay dividend higher than the companies that are not
to take priority on external funding (including loan) tocontrolled by the state. The allocation of shareholding has
finance the corporate projects at predetermined limitatioRgen reformed which has implicated to the improvement of
[6]. However, this priority implicates to high dividendmformathn transparency and the streng'ghenmg of.posmve
payout. The relationship between high dividend payout aigdfect of information asymmetry on dividend policy. In
high information asymmetry is compatible wittynaling ~ addition, Lepetit, et al. [16] discovered that European
theory which says that dividend policy is a signal sent g§anking companies with concentrated ownership and high
the company to the market in order to reduce informatidiformation asymmetry are inclined to pay low dividend.
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This finding was consistent tentrenchmentbehavior stipulating high dividend policy [23]. Under the context of
hypothesis which says that thasiders (manager or dividend policy, agency theory is in conformity withde
majority shareholder) are prone to pay low dividend toff theory [6] and getting a support frosignalingtheory
collect lucrative personal gains in the situation of higf8]. Anyway, theories that support the role of high dividend
information asymmetry. The results of the studies abomwlicy in decreasing information asymmetry are advocated
explain that dividend payout can alleviate agency conflitty further empirical studies done by Okpara [14], Sahar
by decreasing information asymmetry. However, thand Mayahi [11], and Harakeh, et al. [12]. The opposite
effectiveness of dividend payout is still determined by thiéndings declared that high information asymmetry is not
controller of corporate ownership. If the controlleffollowed by high dividend payout [9,10,13]. Low dividend
shareholding is through state ownership, then divideqmblicy signifies that the managers give high priority on
payout can minimize agency conflict. Conversely, if thpersonal interest and consider the majority owners as the
ownership is concentrated on majority shareholders, wharontroller of the company. Related to this statement, the
are mostly non-state owners, then these shareholders térat hypothesis is written as follows:

to ignore the consequence of high information asymmetH1.: Information asymmetry affects dividend policy.
and give more focuses on personal interest.
In the context of Indonesia, the impact of informatiori.2 Institutional ownership, information

asymmetry on dividend policy through ownership structure asymmetry, and dividend policy
was not yet deeply studied. The latest relevant study was The companies in the developing countries where the
carried out by Setiawan, et al. [17] which the finding wagorporate governance system is poor and the protection for
in agreement with Lin, et al. [15]. The finding showed thaghareholders is weak tend to pay lower dividend [24]. In
the company with state ownership has moderate@ntrast, the companies in the developing countries with
positively the effect of information asymmetry on dividendgood corporate governance system always pay higher
policy in Indonesia. Most of Indonesian studies onlyividend [25]. Ownership structure enables the company
associate the effect of ownership structure on dividenght only to supervise the managers but also to attain the
policy and never discuss information asymmetry [5,18-20korporate goals. Therefore, ownership structure affects
The current research follows up the Indonesian studies Bjpital structure composition, profitability and dividend
conducting review on the role of ownership structure igayout [26]. The effect of ownership structure on dividend
responding information asymmetry and in affectingolicy may differ depending on the type of ownership
dividend policy. The contribution of this research is on thetructure and also on whether the corporate governance
review of the effect of information asymmetry on dividendsystem is good or bad. The study carried out by Lepetit, et
policy by using ownership structure as moderatiog|. [16] documented that the concentrated ownership in
variable. In the context of this research, ownershipyropean banking companies have impacted low dividend
structure is represented by institutional ownership. Theayout during the situation of high information asymmetry.
objective of this research is therefore to find out the role qfjs study also reported that the concentrated ownership
institutional ownership structure in handling informatiomas moderated the effect of information asymmetry on low
asymmetry and dividend policy. dividend policy. Else, the study conducted by Jory, et al.
The result of the current research indicated th{27] demonstrated that institutional shareholders with
information asymmetry has negative effect on dividenmajor and stable ownership percentage are preferring the
policy and also that institutional ownership negativeljcompany to pay dividend. Other study was performed by
moderates the effect of information asymmetry OReyna [28] which the finding indicating that institutional
dividend policy. This research is outlined into severewnership can minimize agency problem through
sections. First section is for introduction. Literature revie\managerial control by maximizing dividend payment.
and hypothesis development are put in the second sectipMoreover, Setiawan, et al. [17] confirmed that state
SUbsequently, third section is for method of research. TBWnership leads to h|gher information asymmetry which
fourth section is allotted for result and discussion. Finallyzyst be minimized by high dividend policy. A question
the conclusion is placed on the fifth section. emerges, which is, “How is about the private companies
that are dominantly held by institutional ownership?”
11 Information asymmetry and dividend policy ~ According to the current data, Indonesian institutional
Information asymmetry takes source from a situatioownership is dominated more by the ownership from
when fundamental information concerning the comparigorporate” institutions rather than financial organizations
are not evenly distributed to the investors [21,22]. Thgnsurance, retirement fund, mutual fund, security and
lesser fundamental information owned by the investors widther financial institutions). The dominant shareholders in
impact on the higher risk taken by investors in making:orporate” institutions become the majority shareholders,
investment decision. In this matter, dividend policy caer also called the controller shareholders. Concerning with
minimize high information asymmetry. Agency theorythis matter, the controller shareholders have strong control
may reduce information asymmetry between the compaey the company which implicates to the expropriation over
and the investor. The managers can do corporate actionrf@y-controller shareholders. A public opinion says that the
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controller shareholders have strong proclivity to scale up/pothesis test is conducted also with this program.
their personal gains whereas the non-controlldEquation model describing research hypothesis is
shareholders do not do such thing [29]. Basically, thHermulated as follows:

institutional ownership in Indonesia companies is not

willingly minimizing information asymmetry by paying D =a + hlA+ b, + S+ bl + bsIO*D + e Q)
higher dividend, as justified by Jory, et al. [27] and Reyna

[28]. Based on the statement above, the second hypothesiere:

is formulated as follows: D = dividend ratio, IA = information asymmetry, S =
H2: Institutional ~ ownership  generates  higlcorporate size, L = leverage, and 10 = institutional
information asymmetry through low dividend policy. ownership.

2 Methodology 3 Reault and discussion

2.1 Data of research sample 3.1 Descriptive statistic

The research sample is acquired through non- The results of descriptive statistic test, which include
probability sampling with criteria. This sampling methodnaximum value, minimum value, mean value, and
is also called purposive sampling. The criteria include thatandard deviation value, are presented in Table 1.

(1) the companies were listed on Indonesia Stock Exchange

from 2016 to 2020; (2) the companies were distributin, . ;
dividend periodically and consecutively during thd" 2 a0I€ D LR WAIEED D)
research period; and (3) the companies have an institutio|Information Asymmetr| 0.05: | 1.65: | 0.55( | 0.29:
ownership structure. After applying the criteria to th{institutionalOwnershij | 0.04% | 0.997 | 0.67% | 0.18¢

sample, there were 63 companies considered eligible gDividend Ratic 0.000: | 0.445: | 0.05( | 0,081
there were 315 observation data obtained (63 x 5 years)Size 18.19¢ | 33.49¢ | 27.64. | 3.61(

Leverage 0.071 | 0.82( | 0.39: | 0.18¢
2.2 Research variable and measurement Table 1 Descriptive statistic test

Source: Secondary data of Indonesia Stock Exchange are

Dependent variable is dividend policy measured by processed

dividend ratio. Referring to Elmagrhi, et al. [30], the
dividend ratio is defined as the comparison between the Following the contents of Table 1, information
cash dividend paid and the total assets owneq by tggymmetry has mean value of 0.550. This result signifies
company every year during the research period. t

- . fat there is a gap between perceived -corporate
Dlyldend ratio can be calculated by dividing the total cas erformance (as perceived by investors) and actual
dividend by total assets.

L 0
The Independent variable of this research corporate performance. The gap is in the range of 55.5%.

[ g .
. . T N %he minimum value and the maximum value of
information asymmetry, which is rendered as a situation

when the fundamental information about the company information asymmetry are 0.053 and 1.653. The standard

not evenly distributed to the investors [21]. According t(gz\ﬂgg?g vgleu\ﬁ aggr;[hlsi Svag?ﬂ?l elrs q{hzfn? ' Lh:ar\]/ alLi/?aISL

_Sahar a_nd Mayahi [11], the ceurrent .researc.h measuf ?297<0.550), which indicates that data are not varying
information asymmetry by using the information of th nd not distributed

lowest bid pr_ice and the h!ghest ask pricg in period t (tqﬁstitutional ownership has a mean value of 0.673, which
research perlod).. Information asymmetry is calculgted .bé&plains that all companies in the research sample are
subtracting the highest ask price from the lowest bid Pl%wned in the majority by institutional ownership, precisely

and then dividing by the addition of the highest ask PrC& er 50% or 67.3% on average. The minimum value and

thel\l/(ljg\zliisvtll’?illg prt'ﬁg c::]Vc;?ji(rja%rt]W\?ériable is institutionafhe maximum value of institutional ownership are 0.045 or
. C 4.5% and 0.997 or 99.7%. The deviation standard value of
ownership which is measured by the percentage of Sh"flﬁ?s variable is lower than mean value (0.186<0.673),

owned by institutional investors [27,28]. The authors of thg i, qenotes that data are less varying but closer to the
current research are wishing to control all variables a ean value

therefore, two control variables, namely size and leverage, The dividend ratio has a mean value of 0.050. This

are used. Size is measured as the. result of natural IOga”.tntHE'ult affirms that on average, the company distributes cash
on total assets whereas leverage is the result of comparisei ynds for 5% of asset value. The minimum value and
of total liability with total assets [11,19]. the maximum value of dividend ratio are 0.0001 and 0.445.
The deviation standard value of this variable is higher than

23 Analysis mode! . . mean value (0.081>0.050), which informs that data are
Method of analysis is Partial Least Squares (PLS),;

; . e (Yarying and distributed.
Structural Equation Modelling (SEM) which is operate Furthermore, size has mean value of 27.641 (in

using a program named WarpPLS version 8.0. fy44rithm) or 13.899 trillion (in Indonesia rupiah). Of 315
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observations, the size of the companies in this researciBi2 Goodness of Fit test

in the large category. According to constitution No.20, Goodness of Fit test is aimed to find a model that is fit
2008, a large company is a company with an asset valueileé original data. The evaluation of whether the model is
over 15 billion rupiahs. The leverage value of the resear@h or not is needed to measure the model quality. The
companies is 0.397 or on average, the proportion of 39. #4sults of Goodness of Fit test are shown in Table 2.

of the corporate funds is derived from the debt.

Table 2 Goodness of Fit of structural model

Criteria Parameter Rule of Thumb Conclusion
Average path coefficient (APC) 0.119, P=0.004 Agcg%te(t)tl)le Accepted
Average R-squared (ARS) =0.269, P=0.0388 Agcg%te(t)tl)le Accepted
Average adjusted R-squared (AARS =0.257, P=0.060 A%Cipéqble Accepted
acceptable if < 5,
Average block VIF (AVIF) 1.110 ideally < 3.2 Accepted
. . acceptable if <5,
Average full collinearity VIF (AFVIF) 1.053 ideally < 3.2 Accepted
small > 0.1,
Tenenhaus GoF (GoF) 0.263 medium_> 0.25, Accepted
large> 0.3¢€

Source: Secondary data of Indonesia Stock Exchange are processed

In accordance with the contents of Table 2, the research According to the contents in Table 3, the value of
model has met the parameters of goodness of fit. Fadjusted R-Square @R is 0.269, which affirms the
instance, all p-values for APC, ARS and AAR are similarlyariation of information asymmetry, the interaction
< 0.1, which respectively are APC = 0.119, ARS = 0.268etween institutional ownership and information
and AARS = 0.257. The values of AVIF and AFVIF areasymmetry, and the presence of control variables can affect
1.110 and 1.053, which fulfill the criterion that requires theividend policy by 26.9%. Meanwhile, the remaining
value to be < 3.30. This position indicates that there is 78.1% is affected by other factors beyond the research
multicollinearity problem across exogenous variables. Thmodel. The value of Q-Square Qs 0.276(>0) which
value of Tenenhaus GoF is 0.263 (> 0.25), which signifiesdicates that the research model has predictive validity.
that the predictive power of the model is in the mediunihe first hypothesis says that “information asymmetry
category and considered to be acceptable. As a whele, affects dividend policy”. The output in Table 4 shows that
results of Goodness of Fit test declare that the researnformation asymmetry has a negative and significant
model has a very good fit. This position clarifies that theffect on the dividend ratio. The path coefficient value of

evaluation model is fit with the data. this relationship is -0.079. This result supports the
hypothesis, which therefore Hypothesis 1 is accepted.
3.3 Estimated relationship across variables Meanwhile, the second hypothesis states that “institutional

The analysis of the significant relationship acrosgwnership generates high information asymmetry through
variables (involving main variables and control variabledpw dividend policy”. The output in Table 4 exhibits that
is conducted to answer research questions or hypothedbs. interaction of institutional ownership and information
The results of estimated relationship across variables @gymmetry has a negative and significant effect on

displayed in Table 3. dividend ratio. This position is justified by a path
coefficient value of -0.071. In other words, institutional
Table 3 Effect Across Variables ownership moderates negatively the effect of information
Description Pat Path Coefficien | R* | Q7 asymmetry on dividend policy. This result supports the
Information Asymmetry to|  -0.079** 0269| 0.276  hypothesis, which therefore Hypothesis 2 is accepted.
Dividend Ratit : _ The relationship between control variable and
:2]?;':#1‘;‘:%‘;' A?s""r:‘]i:gt‘r'p i -0.071 dependent variable has a positive and significant effect on
Dividend Ratic Y y the d|_V|dend ratio. The Iarge.r.5|ze of the company is
Sizeto Dividend Ratic 0,168 assq_mated with a higher d|y|dend payout policy. In
Leverageto Dividend Rati 0.159%* addItI.OI:], Ieverage has_ a negative and significant effect on
**x %% * denote significance levels at 0.001, 0.05 and the dividend ratio, which denotes that when the company
0.1, respectively has a higher debt level, then dividend payout policy

Source: Secondary data from Indonesia Stock Exchang®ecomes smaller.
are processed
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3.4 Discussion version urges the company to emphasize on internal
3.4.1 Effect of information asymmetry on dividend funding such as retained earnings, which thus requires the
policy company to set low dividend payout policy and to allocate

First hypothesis stating that “information asymmetrghe major proportion for reinvestment. This result is in
affects dividend policy” was put on the test. The result agfonflict with agency theory that suggests high dividend
the test showed that path coefficient value of thpayout to alleviate agency conflict. In other words,
relationship is negative but significant (p-value<0.05)nstitutional ownership is preferring low dividend payout
This result supports the hypothesis which signifies thaespite high information asymmetry. In line with Porta, et
information asymmetry affects dividend policy negativelyal. [24], the corporate behavior in developing country with
Or, high information asymmetry is associated withpoor governance system tend to pay low dividend and to
dividend payout policy. This finding is not in line withbe powerless in protecting the minority investors.
agency theory that requires the managers to do corporfitgonesian institutional investors are dominated by
action, including high dividend payout policy, in order tccorporate institutions. As majority and also controller
alleviate information asymmetry between company arghareholders, institutional investors use their power to
investor [23]. On the other hand, this finding is consistetwenefit themself from various important decisions,
to the statements given by Deshmukh [9], Li and Zhao [10}icluding the decision about dividend payout.
and Kim, et al. [13], which indicated that high information Institutional shareholders as the corporate controller
asymmetry is not followed by high dividend payout policyoften increase their wealth by not paying dividend or by
In the sample companies, dividend were paid. Descriptiy@ying low dividend. In this situation, institutional
statistic data indicated that in average, the companies ghareholders use dividend policy to acquire personal gains
dividend ratio for 5% of total asset. Meanwhile, the data #fom their control. The incentive toward such personal
information asymmetry experienced by investors regardir@fins is increasing because the controller shareholders will
fundamental information about the company are reachitgly lose dividend payout that is proportional to their right
0.55 or 55%. Two arguments are given to this position. Tieé cash flow. Despite this lose, the controller still can get
first argument says that dividend policy is not used bill personal gains from the expropriation. Moreover,
corporate management as an instrument to minimi#estitutional shareholders as the corporate controller show
information gap but used more to create better corporaestronger preference to get personal gains rather than non-
image. More specifically, dividend policy is like controller shareholders such as individual or minority
“entrenchment” but oriented toward personal favor of thghareholders [29]. This argument explains the role of
manager. The second argument asserts that higistitutional ownership structure in Indonesia in
information asymmetry is associated with irrationafesponding high information asymmetry through low
behavior of the investors. The decision of investors is ndtvidend policy. This role is different from state ownership
underlain by fundamental information factors but mor#hich tends to increase dividend policy in encountering
dominated by psychological factors. This situation is ihigh information asymmetry [17].
agreement with the finding given by Sumani, et al. [31]
which stated that the behavior of Indonesian individu&t  Conclusion
investors is generally irrational in their investment in  This study examines how the behavior of management
capital market. The corporate value does not reflect thead company owners in distributing dividends in
intrinsic value of the company. Therefore, the effect dhdonesia. Dividend policy greatly influences the
corporate fundamental value on corporate market valuedtribution of cash on operational activities. The results
not consistent at all. show that in the context of high information asymmetry,

company management tends to pay dividends with low
34.2 Role of institutional ownership in moderating ratios. Although the company continues to distribute
the effect of information asymmetry on dividends, the dividend policy implemented by the
dividend policy company's management is not used as an instrument to

Hypothesis tesivas also applied on second hypothesigeduce information asymmetry, but is used to create a good
which states that “institutional ownership generates higtbrporate image or is a " entrachment ". Furthermore, high
information asymmetry through low dividend policy”. Theinformation asymmetry and low dividend policy are
result of the test indicated that the role of moderation ébllowed by market behavior (public investors) that is not
institutional ownership in the effect of informationrational in which their investment decision is dominated by
asymmetry on dividend policy has a path coefficient valugsychological factors rather than by corporate fundamental
which is negative and significant (p-value<0.1). By thignformation.
result, the hypothesis is supported and therefore accepted.Another major result shows that the controlling
Besides, this result clarifies that institutional ownershiphareholder, in this case, institutional investors, actually
extenuates information asymmetry to improve dividengupports a low dividend policy. The dominant institutional
payout. This research correspondgécking ordetheory  ownership of corporate institutions uses their power to take
explained by Myers and Majlub [6]. This theoreticalidvantage by encouraging low dividend payments but
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getting full private benefits for their expropriation actions[6] MYERS, S.C., MAJLUB, N.S.: Corporate financing
As the majority and controlling shareholder, institutional and investment decisions when firms have information
investors exercise their power in their favor in various that investors do not havelournal of Financial
important decisions, including decisions about dividend Economicsyol. 13, pp. 187-221, 1984,
payments. [7] TEPLICKA, K., CULKOVA, K.: Using Of Optimizing
Theoretically, the current research supports the pecking Methods In Inventory Management Of The Company,
order theory that gives priority on internal funding such as Acta logistica, Vol. 7, No. 1, pp. 9-16, 2021.
retained earnings. The sample companies tend to set a lowhttps://doi.org/10.22306/al.v7i1.150
dividend policy. The practical implication of this researci8] MILLER, M.H., ROCK, K.: Dividend Policy under
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individual investors, therefore the government can improve XL, pp. 1031-1051, 1985.
governance regulations and disclosure of information thgf] DESHMUKH, S.: The Effect of Asymmetric
can better protect minority investors. Information on Dividend PolicyQuarterly Journal of
Business and Economidgol. 44, pp. 107-127, 2005.
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conducted by the authors with the corporate manager to §et] SAHAR, M.E., MAYAHI, N.: Asymmetric
information or data about dividend policy and information Information and Dividend Payout Policy: Evidence
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and comprehensive. Further research shall use the mixed Fundamental and Applied Life Scienc¥s). 4, pp.
method in data collection. 30-35, 2014.
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Abstract: The publication describes the development of a new method suitable for selecting an environmentally friendly
packaging solution in B2C logistics, which is currently facing major challenges. The key for developing the new method

is the fact that the selection process is greatly influenced by the ecological aspects of the supplier's solution and the
efficiency of working with the proposed solution, as these are the key aspects of the future in logistics. In the results and
discussion, we will focus on a specific company that currently uses 14-size variants of cardboard packaging. Based on
our analysis, we reduced these to four variants and streamlined the process of ordering, handling and storage of
cardboards. Using the OEE metrics, we calculated the feasibility of this solution, which was only at the level of 65%
compared to the metrics set by the company's management. With the help of the suppliers, we have designed a new
solution that was tested under the same conditions using the OEE metrics. In the test, we have reached the level of 98%,
which means a 33% increase in efficiency. At the same time, this solution is highly environmentally friendly and does
not use polypropylene adhesive tapes, which pollute the environment. We then compared the results and evaluated the
best quotes for both types of cardboards. The newly designed solution is only 4.9% more expensive than the currently
used type of cardboard. Based on the results achieved, we can conclude that the new method offers companies the mos
advanced approach to choosing a suitable solution for B2C logistics.

1 Introduction ecological side of the business and is therefore looking for

The rapidly growing B2C business is putting small antetailers and products that promote environmental
medium-sized enterprises in the position of having tgustainability. While in the past, the ecological factor made
manage this growth despite the labour shortage in tHe only a negligible part of consumer decision-making, it
market. Companies are appearing on the market that cani§ggurrently at over 15%, with an estimate that by 2030 it
cope with their rapid grovvth and therefore cannot keep lyﬁ” |.nﬂuence up to 50% of consumer decisions. (SOUrce:
with orders from their customers. This situation gives riseublic market research on a sample of 1000 respondents
to quick and ill-advised management decisions that agéeated by the company in which the study was applied).
driving these companies into gradual liquidation. Rapid Authors describing the selection of packaging material
growth is, therefore, a precursor to rapid decline. In ordgkPpliers do not sufficiently emphasise the aforementioned
to be able to manage these processes, thorough analya@illy evolving aspects, which motivated me to research
and systematic and well-thought-out plans based @fd develop a new method. The development of the
previous analyses are needed, followed by flexibl@ethod continued with a systematic literature review of
decisions responding to the rap|d|y Changing Situatioﬁ,)(isting supplier selection methods. This is covered in the
which are also based on thorough analyses. second part of the publication. The third section contains a

Logistics represents an important factor of succesdetailed description of the proposed method of supplier
and unfortunately, logistics personnel is generally leglection itself. The fourth part presents a specific case of
available on the market than other personnel. Managéhg newly created method and its contribution to society in
must therefore pay close attention to the efficiency of thelife field of ecology and increasing the efficiency of
personnel to be able to invest funds in their quality. TH¥OCesses. The selec;tlon ofa su[table supplier ar_ld solution
survey, commissioned by the renowned portal profesia.kk then compared with the previous state. | believe that,
indicate a more than 25% increase in wages over the [8gsed on practical experience, the developed method can
three years in logistics, compared to an 8% average wd¥e successfully implemented in various businesses
increase in the market. This is caused by a huge lackW@rking in the field of B2C trade.
employees suitable for this position. We therefore _ _
recognise that the pressure on logistics efficiency ¥  Literature review
significant and inevitable in the future. In B2C companies, The literature review was carried out based on the use
logistics staff make up 20-40% of all labour costs. of keywords. In their publications, the authors deal with the

On the other hand, there is an excess of online retailgysneral definition of the supply chain and supply. Majtan
and the need to differentiate from the competition. Thaefines supply as an efficient satisfaction of needs resulting
younger generation is placing more emphasis on tifi@m the planned course of basic, auxiliary and service
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production and non-production processes, by securinghers. In our case study, we consider two criteria such as
deliveries [1]. Majduchova and Neumannova define it agelivery time and safety and provision. Quality is also a
the provision of raw materials, basic and auxiliargritical concern for most businesses. Also, the need for
materials, purchased products and components, sempirality suppliers has always represented an important
finished products, spare parts, tools, preparationssue. The quality assessment factors include quality
overhead materials and aids for management aswgstems, process quality, overall quality management, and
administration, social services and security of a compawgrtified product rate [12].
[2]. The definitions further state the basic parameters for
selecting suitable suppliers while indicating the importan22  Agile supply chain
of the basic deciding factor. Synek defines the decisive The concept of agile supply chain refers to the ability
factors to consider when selecting a suitable supplier sush suppliers to respond effectively to unpredictable
as flexibility, reliability, precision, quality, ability to customer needs. Agility can be defined as the ability to
deliver the required quantity, scope of service providegeact rapidly and effectively to unexpected changes and to
location of the supplier, price, discounts, mark-ups, attitudgiplement the necessary measures to successfully modify
towards the buyer, quality of packaging, etc. [3]. the design, production, marketing, and organisation of the
Despite all the traditional definitions, there are authosompany [13]. Agility in the supply chain is defined as a
who specify in more detail the process of selecting guick and effective response to changes in the market and
suitable supplier and begin to take modern decisiogustomer demand [14]. In the current competitive business
making factors into account. Elodie describes in itgnvironment, to stabilise and improve their market
publication that the new generation of young people is npbsition, organisations should be more agile and
making decisions based on standard decision-makipgsponsive to change. The agility strategy focuses on
factors but emphasises new modern factors such as #neating the ability to respond rapidly and effectively to
supplier's approach to ecology, the ability to find a suitablenexpected changes in the market and the environment
solution for the customer and flexibility in decision-[15]. Suppliers play a key role in achieving agility towards
making [4]. Even here, we can only see a general view gfe customer. Therefore, choosing the most suitable and
the supplier in terms of ecology and flexibility, while theagile suppliers represents a vital part of an efficient and
author does not address the issue of the specific decisipraductive company [16]. In general, the key attributes of
making factor with regard to the given solution for thegile suppliers include speed, flexibility and quality. One
customer. The authors base their opinions on maiy the most important dimensions of agility is time. The
different approaches to supplier selection, such aility to provide quality products and services as per
deterministic and stochastic optimisation, Markov chairzustomer needs and requirements play a vital role in agility
simulations, Bayesian networks and so on [5]. Based amnd speed of growth and development. Regarding this
these approaches, we take a closer look at the literatagpect, we consider three criteria: consistent conformance
related to lean, resilient, agile, green and sustainahlg specifications, stability of quality, and the ability to
paradigms in supplier selection. Individual approachgsovide a quality product/service [17].
significantly influence the strategy of selecting suppliers
and their subsequent evaluation. Therefore, we can divige;  Raglient supply chain
this section into the lean supply chain, agile supply chain
resilient supply chain, green supply chain and sustainaby
supply chain [6].

' Resilience is a multidisciplinary concept and an
Qciting subject of scientific research in various disciplines
such as psychology, ecology, economics, crisis
management, sustainable development and supply chain
2.1 Lean supply chain risk management [18]. Resilience is the ability to bounce

The concept of the lean supply chain is defined asback from disruptive events or difficulties and return to the
philosophy of long-term growth for the customer, compangriginal situation after experiencing an anomaly or failure
or economy [7], leading to a value stream by eliminating a production system [19]. When talking about the supply
waste, ensuring compliance with the plan by reducinghain, resilience also indicates the ability of the supply
cycle time, and eliminating waste by increasing quality anshain to cope with uncertainty while maintaining
reducing cost [8]. Many companies are using leagperational continuity [20]. Correct selection and
principles to improve the efficiency of their supply chairevaluation of suppliers plays a key role in ensuring quality
processes. Successful implementation of lean managemgiiducts and fair prices. One of the essential characteristics
philosophy largely depends on the quality of suppliers [9f a resilient supplier is the flexibility to source and deliver
The key outcome of a lean supply chain strategy is loysroducts efficiently. Companies using adaptive capabilities
cost and high-quality products [10]. Therefore, thean effectively use knowledge to deliver products faster
selection of metrics for lean suppliers often focuses aihd cheaper than their competitors [21]. In addition,
quality, cost, cycle time and delivery [11]. Some of thenaintaining an excess of stock can stabilise the business in
supply criteria include, but are not limited to, delivery datehe event of a shortage of goods. Although maintaining
delay, efficiency, and delivery time and status, among
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safety and additional stock is expensive, it helps to stabiliséteria (price, quality, speed of delivery, etc.), but also on

the relationship with the customer [22]. the efficiency of working with the product, the impact of
the solution on the environment and the total cost of the
24 Green supply chain entire packaging process. By using other methods, we gain

Evaluation and selection of suppliers from am new perspective on the criteria for choosing a suitable
ecological perspective has become a widespreadlution and supplier. In this way, the company will receive
phenomenon in supply chain management [23] and hawre financial resources that it can invest in the
gained considerable interest due to the recent increasgl@velopment of the company and a competitive advantage
environmental awareness [24]. With the development #fat will help it gain a foothold in the market.
local regulations and policies designed to reduce pollution
and improve environmental sustainability, the In our research, we use the OEE method (Figure 1),
management of green suppliers has become a critical facidrich is a quantitative indicator measuring the
in today's competitive market [25]. Traditionally, problemsffectiveness of the packaging of goods, representing the
with supplier selection and order allocation have focusgircentage of the time required to package goods that were
mainly on the product price, delivery time and qualit@ctually used productively. The indicator consists of 3
without considering environmental impacts and issugrtial parts, which by their product, express the final value
[26]. Green-focused suppliers try to reduce pollution anef the indicator. Achieving OEE=100% means that we
minimise waste and environmental contamination, takingave achieved 100% Quality in a given time, we have

supply chain selection to a new dimension. achieved 100% Performance (as fast as we could, or we
met the objectively defined speed of packing time for a
3 Methodology specific product) and we have achieved 100% Availability

The result of the study is the selection of a suitabf@ve have had no downtime related to the availability of
supplier of packaging material for B2C logistics, focusingonsumables). In this case, quality can be defined as the
not only on the above-mentioned and commonly descrip@dmber of customer complaints that the company registers.

Availability * Performance * Quality — OEE

Figure 1 The formula for calculating the OEE method

To calculate availability and performance, we used theach criterion and the setting of thresholds for the
DEA method, which provides us with measuring thevaluation of the final values. Criteria that are not
efficiency of warehouse staff when packing goods, whileumerically expressed are assigned the number of values
the method shows us the overall performance rate for eantdescending order, meaning that the criterion that is most
unit for given inputs and outputs. Its calculation consists @hportant is scored the highest.
measuring the time of the given process. Using DEA, we
can measure the time interval of each solution and obtaln Result and discussion

the input OEE method. The basis for achieving the objective in the selected
company was to design a reasonable number of size
To calculate the total cost of the proposed solution, Wgyriants based on a physical analysis and measurements.
will use the cost methOd, which takes into account all COS@Jrrenﬂy’ the company uses 14 size variants (Tab|e 1),
associated with purchasing, storage, handling and finghich has a negative impact on the stock of packaging
processing. material and the efficiency of the warehouse staff. Based
on a 10-day measurement, we proposed 4 size variants that

The design of the comparative model consists igan cover the company's need with efficient use of filling
assigning a certain number of points to the assessg@terial.

indicators, with the final score depending on the resulting
value achieved. The resulting value is obtained using trivial
formulas. The basis for the successful application of this
method is the assignment of a primary number of points to
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Tabel 1 Summarisation of currently used cartons and design of
new variants

Size variant Consumption % share of Slt[;ir;re]::jec

(LXxWxD) (10 days) the total (LXWXD)

cm amount cm

280x200x15 13t 6,1%
200x200x15 76 3,4%
310x180x15 12 0.5% |S00x200x15P
310x200x10 15 0,7%
200x150x10 34¢ 15,8%
200x100x10 32 1,4%  |200x150x100
220x150x15 41 1,9% 3
400x300x20 421 19,1% Figure 3 Cardboards with Self-locking bottom and adhesive
450x250x20 16 0,7%  |400x300x200 strip
350x200x20 67 3,0%
500x350x20 34C 15,4% The warehouse manager established the OEE metrics
450x300x30 66( 29,9% 500x350x250 under ideal conditions (Table 2). Working conditions are
550x300x25 32 1,4% X39LX considered ideal so that the employee can perform his work
600x400x40 12 0,5% as quickly as possible (the employee has no obstacles at the
TOTAL 2208 workplace, is not affected by external influences, has

enough packaging material at his workplace).

After defining the suitable size options, we addressed 4 .
potential suppliers and manufacturers of cardbogggTable 2 OEE metrics _
packaging to analyse the processes and shipments ma EAVEIE I AN IO NIC TRV | OEE
our company and define the solution that is most suitahled9 seconc | 210 seconc | 0 complaint
from their point of view. | 100% 100% 100% 100%

3 suppliers have defined the most suitable solution as
the currently used type of the so-called flap-type box Subsequently, 10 measurements were taken for
(Figure 2). Where to seal the box, it is necessary to stigklution number 1 using adhesive tape (Table 3). When
adhesive tape at the top and bottom of the box. measuring times, many downtimes and problems caused
by handling the adhesive tape and also gluing the
cardboard were found. The average time in handling
cardboards and adhesive tape was at 83% compared to the
required time. The packaging performance itself was at
79%. The OEE indicator was at 65%, which represents a
significantly reduced efficiency when working with flap-
type cardboard.

prepared by warehouse manager

Table 3 Measured OEE values for the current packaging method
Availability Performance Quality
. | ; OEE
(in seconds) (in seconds) (quantity)

Worker 1 0
Figure 2 Flap-type box Worker 2 95 24¢ 0 76%
Worker 3 87 22% 0 96%
One supplier proposed a new eco-friendly and effici Worker 4 11¢ 23 0 S
solution for packaging goods in the B2C segment U AAdbCIE 91 22( 0 93%
cardboards with a self-locking bottom and adhesive SN 98 214 0 88%
(Figure 3), which does not require the use of adhesive (MAAMCINS 10¢ 31% 0 39%
To confirm the suitability of the solution, we comparfiALGEE: 98 254 0 71%
the two solutions using the OEE metrics and DIRAMSLCEE 13¢ 31¢ 0 24%
measurements. We have defined the persons who will AAMULEIELY 10z 26¢ 0 62%
out the test, the goods to be packaged and the condia\GIEEE 104,5 255,1 0 659
under which the goods will be packaged (place % 83% 79% 100% | 65%
packaging, place of storage of packaging material, and so
on).
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Solution number 2 exceeded the expectations of thAde final assignment for the tender will be a request for
sponsors (Table 4). Despite the new solution with whictuotation for a 3-ply HH textured flap-type cardboard and
the staff had no previous experience, the work with tree 3-ply HH textured cardboard with a self-locking bottom
cardboard and the availability was 97% better thaamnd an adhesive strip. Both types of cardboards need to be
expected. There was a significant difference in the foldingriced in 4 sizes.
of the cardboard, as it contains a self-locking bottom, and In order to be able to evaluate the selection procedure,
the box is made with a single squeeze of the hand withomé have created a table of criteria to be evaluated. By
the additional use of adhesive tape. An even biggeompiling a table of evaluation criteria, we prioritised the
difference was found during the actual packaging of treelection of a suitable supplier. The percentage priorities
shipment. Closing the cardboard by tearing off thevere defined by the company's management according to
adhesive strip will speed up the whole process and ttiee purchasing strategy currently defined by the company
performance has reached 102% over the requiréfable 5). Invoice maturity represents 5%, speed of
performance (performance achieved under ideal conditiodslivery represents 10%, EDI connectivity represents 15%
with the original packaging method). The overall OEE waand up to 70% of the decision weight will be the total cost
98%, which is 33% higher than using the flap-typ®f the purchased goods, which includes the price of the
cardboard. product itself, the cost of shipping and the cost of the

adhesive tape needed to wrap the cardboard.

Table 4 Measured OEE values for the new packaging method

Availability Performance Quality OEE Table 5 Evaluation criteria with % importance criteria

(in seconds) (in seconds)|(quantity) Criterion 1 maturity of invoice 5%
Worker 1 84 19¢ 0 113% Criterion 2 Costs on produc 70%
Worker 2 87 204 0 (OSP4l Criterion 3 Speed of delivel 10%
Worker 3 82 18¢ 0 IVAV/W Criterion 4 EDI communicatio 15%
Worker 4 10z 21z 0 85%
Worker 5 88 18t 0 113% The suppliers sent their quotations together with their
Worker 6 98 214 0 88% | business terms and conditions. An evaluation of the cost
Worker 7 102 26E 0 63% | part is presented in the table below. Finally, the cost of
Worker 8 79 19¢ 0 118%| transport is included in the price of the product for all
Worker 9 114 221 0 68% | suppliers and is therefore not included in the table
Worker 10 85 18E 0 117%| (Table 6). The best offer for type 1 amounts to €2,041 and

Average 92,1 206,4 0 989 type 2 amounts to €2,134, which represents a price
% 97% 102% 100% | 989 difference of 4.9%. Since the labour efficiency of type 2 is

33% higher, it is more efficient to use type 2 despite the

Based on the OEE model, we found that the use 8@emingly higher input costs for the product itself. In light
cardboard with a self-locking bottom and adhesive strigf the above information, the company decided to change
used for closing the cardboard was 33% more efficient affite cardboard type to type 2 and thus increase the
can be used as the type of cardboard that will be demanddficiency of its staff. In the long term, this is an important
in the tender. Last but not least, the ecological aspect of tBi€p for the company to solve the ever-increasing problem
solution must be taken into account where polypropyler@ securing new employees and the rising staff costs.
tape is not used. Thus, this solution saves the environment.

Table 6 Comparison of price offers

Supplier 1 Supplier 2 Supplier 3 Supplier 4

. Consuption

Variant (10 dgys)
300x200x15 23¢| 055€| 131€ 058€ 138€| 0.49€ 117€| 0.78€ 186€
ITYEE i(self'200x150x10 427 035€] 147€] 042€] 177€| 032€| 135€| 054€ 228¢€
Oi g‘dghegit\t/% 400x300%20 504 0.70€| 353€ 067€ 338€ 0.71€ 358¢| 098€ 494€
strip)  |P00x350x25 104/ 154€] 16086 1.83€ 1911€| 1.46€ 1524€| 2.11€ 2 203€
TOTAL 2 236 2 563€ 2134 & 31106
300x200x15 23¢| 049€| 117€ 042€ 100€| 045€ 107€| 069€ 164€
200x150x10 427 029€] 122€] 025€ 106€| 029€ 122€| 049€ 207¢
TYPE 1 (Flap400x300x20 504 0.59€| 207€ 052€ 262€| 065€ 328€| 0.79€ 398€
box)  |500x350x25 1042 1.29€| 13476 127€ 1326€| 1.38€ 1441€| 1.88€ 1963€
duct tap 15(| 1.85€] 278€] 165€ 248€| 2.13€ 320€| 2.43€ 365€
TOTAL 2 161€ 2 041€ 2317 & 3 096€
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By analysing the quotations and finally deciding toot take into account the ecological and efficiency
evaluate only type 2, a final comparison of the quotationsdicators of the solution.

can be made.

Table 7 Final comparison of business conditions
maturity
of Costs on
invoices products
CEVS)
| 5%

Speed of
delivery
CEVE)

EDI
communication
70%

10% 15%

The same number of companies focus on the unit price
of the packaging material, while in an effort to reduce their
costs, they also reduce the quality of the packaging
materials used and thereby reduce the quality of their
services. But where is the bottom of this road? The starting
point is increasing the efficiency of work, as labour costs
make up 20-40% of the company's total labour costs. By
increasing efficiency, it is possible to achieve an increase

in the quality of your services and the quality of work.

Using the OEE indicators and DEA measurements, we
found that the company is using an inefficient way of
packaging goods due to the incorrect use of packaging
solutions. The company used this solution for several years
and did not devote itself to searching for new possibilities.
We therefore designed a new solution, streamlining the
packaging method by 33% and reducing the number of box
sizes from 14 to 4. This solution also completely eliminates
. the use of a polypropylene adhesive tape, which has a

A comparison of the results (Table 7) shows that theagative impact on the environment. The final step was to
most advantageous offer is from Supplier 3, despite the fafdtermine the most advantageous offer on the market based
also on speed of delivery. However, it won in the area gking a new method, we have increased the efficiency of
price and met the requirement in the area of EDackaging and therefore reduced the company's costs,
communication. Negotiations have taken place with thgcreased the quality of work and thus the services
selected supplier regarding the signing of the contract agghyided to customers, and last but not least, we are ahead
delivery of the goods. The company was advised that a & the competition in the use of ecological packaging
analysis using OEE indicators and DEA measuremengtions and thus contribute to the sustainability of the
should be done 6 months after implementation to confirgl,vironment. By the publication, we have achieved the
the results of this study. stated goal and the method can be used for other companies

As part of the discussion, the question is appropriatgperating in the ever-growing B2C segment.
what did the company gain by using a new method o

choosing a suitable solution and supplier? By using t
original supplier selection model, companies are satisfi
with choosing the offer with the most favourable price

other business conditions. Using the new method, t

management of the company will get a pomprehensi Podnikove hospodarstvo pre manazér@vatislava
view of the issue of packaging goods in their company, not lura Edition, 2008. (Original in Slovak) '

onI_y_ by focusing on the unit pric.e, but alsp on th(Tr%] SYNEK, M.: Manazérska ekonomikd&raha, Grada
efficiency of the solution. It emphasises the efficiency Publishi’ng i996 (Original in Czech) ' '

. X . 0
Company's tofa costs, At the same tme, 1 sombines i ELODIE, " A.. NANTAPORN, R: Consignmen:
pany : Ime, 1 : contracts with retail competitignMechanical and

efficiency of the process with the ecological aspect, which : : : : : S ,
: o ) Industrial Engineering, University of lllinois, Chicago,
will be one of the key criteria in the future when the final United States, 2011.

Supplier
1

Supplier
2
Supplier
3
Supplier
4
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Abstract: One way to minimize national logistics costs is to develop multimodal transportation. The steps for multimodal
development are forming a linear model for each transportation mode, the simultaneous formation of a linear model, and
forecasting and simulation of the minimum transportation costs. Area partition based on distance can be used as a solution
for selecting transportation modes in multimodal with a certain distance. It can be useful in reducing transportation costs
that only rely on unimodal, namely trucks. The estimation of reducing logistics costs is by forecasting goods that will
pass through transportation modes in 2025 and making the simulation. Train or truck is used for short distances such as
moving goods from factories or warehouses to transhipment points and from transhipment points to consumers or retailers.
Trains, freighters and planes are used as the main routes as needed. The simulation results show that national logistics
costs reduce by 17% when using the lowest-cost transportation mode in the area division.

1 Introduction Indonesia's logistics performance. Indonesia's logistics
A Country‘s |Ogistics performance can be seen fr0|COStS CUrrently reach 26% of the Gross Domestic Product

the value of the logistics performance indicator (LPI(GDP). The logistics costs are significantly different
LPI is an index created by the World Bank to measuwhen compared to developed countries’ logistics costs
the logistics conditions of a country [1]. Table 1 showi-e. Japan and the United States, which are 10.6% and
that Indonesia’s LPI rank is 46 out of 207 countrie9-9% of GDP [7,8]. National logistic cost consists of

recorded by the World Bank in 2018. This ranking itransportation, administrative, and inventory costs of
below several ASEAN countries such as Singaporl2.04%, 4.52%, and 9.47% of GDP [9,10]. This cost is

Thailand, Vietnam, and Malaysia. also higher when compared to some ASEAN countries.
High logistics costs cause decreasing investors' income
Table 1 LPI data for several ASEAN Region in 2018  and move their investigation to other countries that have

Country Score LPI World ASEAN lower logistics costs [11].

Rank Rank The Indonesian government has taken various ways
Singapor 4 7 1 to minimize national logistics costs, such as minimizing
Thailanc 3.41 32 dwelling time and balancing the imbalance of cargo.

2
Vietnarr 327 39 3 Nuyanto & Ngajian stated that dwelling time does not
Malaysic 327 41 4 show a decrease in logistics costs. Instead, it has the
Indonesi: 3 1t 46 5 potential to impose additional costs for entrusting
containers to depots outside the port [12]. Priadi [13]
The poor performance of Indonesian logistics waStaf[e(.j that imbalanceq cargo greatly impac.ts high
due to the significant differences in product prices, whiclogistics costs. Indonesian cargo has been getting more
balanced in the last 2 years, but it does not have a

led to economic disparities between regions [2-6]. Th-=< ) ; : o
high national logistics costs also show the lack Osllgnlflcantlmpact on reducing national logistic cost. One
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alternative to reduce national logistic cost is to minimize The significant impact of the independent variable on
logistics transportation costs. the dependent variable can be seen if the regression p-
Logistics transport plays a major role in improvingvalue is less than 0.05 [22]. If the independent variable
the country's economy [14]. Logistics transportation alshas been proven to affect the dependent variable, then it
affects the price of a product [14]. The comparison ccan be seen the amount of influence of the independent
transportation modes in Indonesia is 90% roavariable on the dependent variable by usR?) R? is
transportation, less than 1% air transportation, 8% sused as measure of model fit [23-25]. The functioR?f
transportation, and 1% rail transportation [15]is (3)
Indonesia's logistics transportation is currently still
dominated by unimodal, namely trucks [16]. Instead of 2 VL9
minimizing logistic transportation costs, it is also T vy
possible to develop transportation system models
integrated with other multimodal transportation modewhere VX9, is residual variance anWX,y, =
[17]. Multimodal can reduce logistics and administrativeng:l(yn — 7)2. R which is more than 60% indicates

: ; ) X N-1
costs because it has a single national window conceplipat the independent variable has a dominant role in

influencing the dependent variable. The rest is explained
2 Methodology o _ by other variables [26,27].

Data used in this analysis is the distance data (km) as after the significant regression test, it is continued by
the independent variablX)(and cost data (in Rupiah) asforming the model simultaneously. Each mode of
the dependent variabl&)(in 2021. The data analyzed istransportation model is formed in a linear line with
using one dry container (2TEUs). Transportation modipscissa axes in the form of a distance from 0 to 2200
compared are trains, freighters, roll on roll off (ROROym. This distance is the estimated length of the longest
ships, and trucks. The data of train, freighter and RORjg|and (Sumatra) in Indonesia, which is 2194 km.
are taken from State-Owned Companies and truck data Qrdinate axes result from a linear model of each mode of
from Private Companies. The aeroplane is not used as ¢ransportation. The point of intersection is used as a
of the parameters due to the high cost and cannot miyoundary to divide the order of transportation modes that
loading of goods much, so it is used as an exclusishould be used.
alternative for sending small goods and fast time [18-20]. The calculation of the cheapest route is done after

‘The data are formed into a linear model for each moetting a linear model. The cost of transportation with the
using ordinary least squaré3LS) [21]. The linear model cheapest mode of transportation is calculated by

©)

function is (1) calculating the minimum transportation costs and the
cost of moving goods [19]. The network model and
Yoxr = XnurBrx1 + €nxa (1) mathematical formulation is (4):

. L L . K
The linear model assumption is minZ = Yy Xjes, Lrey Clxl +

. . kl,.kl

E(S) — O,E(SS’) — O.ZIn ZI.EV Z]EAz Zke] agn (4)
Calculate the sum square of the error where . :

c{‘]- = The transport cost from nodé& nodej by choosing
ele= (Y —XB)'(Y —XP) I;ktransport

_ vy _ plyl'y _vIyP vy A ij

- Y’Y b ’X Y X )fﬁ + [,?’X’XﬁA _ {1, From node i to node j select the k transport mode

>ee=YY-20XY + [ X'Xp 10, From node i to node j select another transport mode

. ) . cH=Tnhe conversion cost from tkeransport mode to the
with f is the estimator of. The way to minimize is | yransport mode at node

make condition the first derivative of the sum square errok:
L

e’e to be zero _ (1, Atnode i, switch from the & tran. m. to the / tran. m.
{O, No change of transport mode occurs at node i.
i (e'e) =0 = —2X'Y + 2X'Xf =0 A7 =The set of nodes pointed by the arc starting from node
%] i connected to node
= X'Xf =X'Y A} = The set of nodes, at the end of the arc that is
connected to nodeand points to node
OLS estimator of (2) V' = The collection of all nodes in the network
ﬁ‘ =X'X)"1X'y (2) 0= The starting node of the network
D = the termination node of the network
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I = the collection of all intermediate nodes in the network3  Result and discussion

J = collection of all modes of transportation The data is presented descriptively in the form of a
scatter plot, as shown in Figure 1. Figure 1 shows that
The calculation of the cheapest route is carried out the distance data forms a linear pattern of costs for each
the island of Java because the complete mode mode of transportation. Figure 1 shows that there are
transportation is on the island of Java. Calculations weyery few train lines in Indonesia. There are only six
carried out in 4 simulations, consisting of Cikarang Drdestination stations for cargo trains in Indonesia. After a

Port — Tanjung Mas Semarang, Cikarang Dry Port |inear pattern is seen, a linear model is formed using
Tanjung Perak Surabaya, Tanjung Priok Jakarta ordinary least squares (OLS).

Tanjung Perak Surabaya, and Tanjung Perak Surabayginear model of RORO is (10)
Tanjung Priok Jakarta.
After the simulation is done by getting the cheapest Yroro = 10828600 + 11457X,4.0 (10)
route, then the right transportation mode is obtained as
the main haul in multimodal. The multimodallinear model of freighter is (11)
transportation system in Indonesia is expected to be
realized in 2025 based on the presidential decree [4]. Yiveighter = 2617045 + 1828Xcighter (11)
Therefore, an estimation of the amount of movement of
goods in Java will be carried out in 2025. Linear model of train is (12)
Forecasting methods used are simple moving average
(SMA) and double exponential smoothing (DES). SMA Yo . =702216 + 3253X... - (12)
indicator is by calculating the average historical data. traim traim
SMA indicator at the-th time step with a historical data | jnear model of truck is (13)
size ofm can be formulated as (5)

- Yiruek = 1448726 + 16368X ek (13)
SMAt;n — uzlfnt—u+1 (5)

P-value and coefficient of determinati®i for each

with p,, is the data of tha-th time step [28]. The results mode of transportation are shown in Table 2. The p-value

of the fitting will be used as a basis for forecasting th#r each mode is less than 0.05. The p-value indicates that
following year. the distance of each transportation mode has a significant

DES is a time series forecasting method if there is&ffect on costs. The magnitude of the effect of distance on
trend in data patterns [29, 30]. The modelling algorithriOSts can be seen using the coefficient of determinafion

is (6): R? for each transportation, mode is above 60%. P-value
(i) DetermineS’, = 6P, + (1 — 6)P’,_, andR? shows that distance affects the cost of each mode
(i)  DetermineS”, = 6P, + (1 —6)P",_, of transportation significantly. Furthermore, a linear
(i) Determiney, = 25't — S”, model is formed with the abscissa axeji(Xhe form of
(iv) Determineg, = X—(s', — S",) a distance from O to 2200 to create a model
e simultaneously.

(V) ThenS.,, =y, +¢.z
Table 2 P-value and®or each transportation mode
The best model comparison between SMA and DES|ndicator Transportation Moc
is by comparing the smallest mean absolute percentage Truck Train Rorc | Freighte
error (MAPE), mean absolute deviation (MAD), and value | 0.00( 0.01( 0.00( 0.00(
mean square deviation (MSD) [31]. The functions of R2 95.51% | 81.60% | 77.66%| 70.15%
MAPE, MAD, and MSD are (7), (8), (9)

Figure 2 shows that there are 3 points of intersection

MAPE == ’gzllpfp—_ﬁf' (7) on the abscissa axes (80, 1344, and 1910). The third
19 £ intersection point is not used as a parameter because it is
MAD ==-3%,|P, — B/| (8) X . L .
not=10t Tt at a high-cost coordinate. The area is divided into three

MSD =2 ?zl(pt _ pt)z (9) areas, according to Figure 2. Area 1 is a transportation
n distance of less than 80 knX < 80). Area 2 is a
The last step is the estimation of national logisticifansportation distance between 80 km and 1344 km

costs through the multimodal model to see the reductid80< X =< 1344). Area 3 is a transportation distance
in logistics costs after the multimodal model is applied.2P0ve Of 1344 kmX > 1344).
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Figure 1 Scatter plot between distance vs cost in transportation modes (a) Train, (b) Roro, (c) Freighter, and (d) Truck

Area 1 shows that the train is the cheapest mode km and 1344 km. The train can be used as a main haul
transportation, so the train is the first alternative for thfor transportation within the island at medium distances.
main transportation. However, not all areas have acceThe second cheapest mode of transportation for Area 2
to trains. The construction of railway lines and thds the freighter. Freighter can be used as another
procurement of trains take a long time and have hicalternative solution for inter-island transportation modes
costs. So in Area 1, trucks can be used as an alternatwith medium distances.
to trains. Freighter and Roro cannot be recommended The cheapest mode of transportation for Area 3 is the
because of the high cost of short-distance transportatidreighter. If the distance is within the island, then the

The cheapest mode of transportation for Area 2 is titrain can be used as an alternative other than the
train. The intermediate distance in Area 2 is between freighter.

Area 1 Area 2 Area 3
40 T+ t
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| I o~
[ i 1 ;
g1 !
g |1 I
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5201
= |1
T !
210 4 1
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Figure 2 Linear model for simultaneous modes of transportation
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The results of the combined linear models are These results are in accordance with the results of
summarized in Table 3. Each area has a choice other studies [19,32,33]. This is due to the lower
transportation costs from very low to very high. Theoperating costs of trains and trucks compared to
cheapest mode of transportation for short distancesfreighters at short distances [31].
train and truck. The cheapest mode of transportation for Train or truck is used for short distances such as
medium distances is the train and freighter. The cheapmoving goods from factories or warehouses to
mode of transportation for long distances is freighter artranshipment points and from transhipment points to
train. consumers or retailers. Train, freighters, and aeroplanes

are used as the main haul depending on needs.

Table 3 Transportation cost options for each area The linear model simulation is carried out in Java

Transportation| Area 1 Area 2 Area 3 because only Java has complete transportation. The
Cost (X<80) | (B0<X < x> distance to the island of Java is less than 1000 km
1344) 1344) (medium distance). Table 4 is a simulation result where
Very Low Train Train Freighte the train is the cheapest mode of transportation, and the
Low Truck Freighte Train freighter is the alternative transportation. The train can
High Freighte Truck Truck / be the main haul in multimodal, and freighter is the
Very High Rorc Rorc Roro alternative mode. The result is in accordance with the
results of the formation of a simultaneous linear model.
Table 4 Delivery of goods simulation
Distance Cost
Route Track (Million Transportation
(Km) :
Rupiahs)
) Cikarang Dry Port — Tanjung Mas Semarang 2.34 Train
Cikarang
Dry Port— | Cikarang Dry Port — Tanjung Priok Jakarta (transit) 3.78 Train (transit)
481 Tanjung Tanjung Priok Jakarta — Tanjung Mas Semararl)g  ~ Train
Mas
Semarang| Cikarang Dry Port — Tanjung Priok Jakarta (transit) 4.40 Train (transit)
Tanjung Priok Jakarta — Tanjung Mas Semarang Freighter
Cikarang Dry Port — Tanjung Perak Surabaya 2.76 Train
Cikarang - - - - : -
Dry Port — Clkar_ang Dry Port — Tanjung I_Drlok Jakarta (transit) 4.6 Train (transn)
753 Tanjung Tanjung Priok Jakarta — Tanjung Perak Surabaya Train
Perak
Surabaya Cikar_ang Dry Port — Tanjung I_Driok Jakarta (transit) 4.96 Train _(transit)
Tanjung Priok Jakarta — Tanjung Perak Surabaya Freighter
Tanjung Tanjung Priok Jakarta — Tanjung Perak Surabaya 2.16 Train
Priok Tanjung Priok Jakarta — Tanjung Perak Surabaya 4.26 Freighter
Jakarta —
Tgnjunkg Cikarang Dry Port — Tanjung Priok Jakarta (transit) 4.96 Train (transit)
era Tanjung Priok Jakarta — Tanjung Perak Surabaya Train
Surabaya
788
Tanjung Tanjung Perak Surabaya — Tanjung Priok Jakarta 3.06 Train
Perak Tanjung Perak Surabaya — Tanjung Priok Jakarta 4.06 Freighter
Surabaya —|
Tanjung Tanjung Perak Surabaya — Tanjung Mas Semarang : .
Priok (Transit) 4.41 Tra|_|?_r(at1ir§n3|t)
Jakarta Tanjung Priok Jakarta — Tanjung Perak Surabaya

SMA (2) and DES prediction methods are used tStatistics Agency from 2007 to 2021 [34]. The fitting
predict the number of goods passing through all modresults for data on the number of goods passing through
of transportation in 2025 based on data from the Centitransportation are shown in Figure 3. Figure 3 shows that

~ 357 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 3 Pages: 353-360 ISSN 1339-5629

MULTIMODAL INTEGRATION MODEL FOR REDUCING NATIONAL LOGISTICS COSTS
Megawati Suharsono Putri; Brian Pratistha; Syandi Negara; Ahmad Syafiq Kamil; Amanah Pasaribu

fitting with the DES method produces a graph that i4 Conclusions

close to the original data. This prediction is reinforced by The multimodal integration model in logistics

the smallest MAPE, MAD, and MSD values in the DE&ransportation is an effective model for reducing national

model, as shown in Table 5. logistics costs. Transportation cost options are selected
based on distance. Short distances are more efficient

=500 1 using trains and trucks as an alternative. Short distances
2 5 400 are used for moving goods from factories or warehouses
S % o . to transhipment points and from transh|pment points to
O c ° consumers or retailers. Medium distance is more
'E ‘@ 200 ) efficient using train and freighter as an alternative. Long
= _ distances are more efficient using freighter and train as
ea an alternative. Medium and long distances are used as the
< § 0 r r v ] main haul in multimodal. The application of the

= 2005 2010 2015 2020 2025 unimodal to multimodal transportation model can reduce

Year national logistics costs to 17% in 2025.
=—=SMA(2) Fitting ===DES Fitting ® Real Data
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