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Foreword

The 1st Jordanian Conference on Logistics in the Mashreq Region was organized within the 
framework of the research project “JOINOLOG”, funded by the German Ministry of Education 
and Science. The JOINOLOG network, which was built within the project, aims to breed col-
laboration and innovation in Jordan’s logistical landscape. Theory of academia and practice of 
logistics businesses are continuously combined to further knowledge and capabilities of the 
sector. 

This comprehensive approach to improve research conditions in logistics has been rese-
arched and implemented by a Jordanian and German team, in the publicly funded JOINOLOG 
project. As this project comes to an end, its results and further developments are handed over 
to German-Jordanian University (GJU). The project’s conclusion and introduction to an au-
dience of peers was the 1st Jordanian Conference on Logistics in the Mashreq Region, (JCLM1) 
conducted on November 14th and 15th, 2023. These are the proceedings of this final event.

The event combined scientific paper presentations, peer reviewed by an esteemed scienti-
fic committee, with spotlights from the logistics industry. The presentation of the JOINOLOG 
project and its transfer to GJU provided a fitting occasion for a scientific conference. An inter-
national audience and pool of presenters were to conduct the event at the Landmark Confe-
rence Hotel in Amman. Due to external factors, the event had to be moved to an online format, 
ensuring participation of speakers from Ghana, Belgium, UK, Croatia, Austria, Germany and 
- naturally - Jordan. The project team led through the two days, moderating and discussing the 
diverse contributions with an audience of peers, mainly consisting of academic and practical 
actors of the region’s Supply Chain Management community.

These proceedings consolidate the shared efforts of all participants and speakers in JCLM1. 
The publication of these findings by a variety of researchers in SCM and related fields proves 
impressively the potential of the JOINOLOG network. The project team thanks all contributors, 
in particular the scientific committee of the conference and the project advisory board of JOI-
NOLOG. The collection of these scientific results aims to promote logistical sciences and its 
transfer into application, which is reflected by their multidimensional presentation in this do-
cument. Future JOINOLOG events will build upon this base and grow the current network into 
an innovation center, establishing Jordan as the region’s logistical heart, in theory and practice. 
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ABSTRACT

The main objective of this research paper is to investigate and examine the coordination 
and cooperation within Jordan’s olive oil sector, with a particular emphasis on gaining valua-
ble insights from small-scale farmers. The olive oil industry in Jordan encounters substanti-
al challenges attributed to a lack of coordination and cooperation among stake-holders, as a 
significant issue in Jordan’s olive oil industry, which adversely affects small-scale farmers and 
the overall value chain. The study focuses specifically on exploring the potential of Contract 
Farming and Farmer Cooperatives as viable solutions for enhancing coordination and coope-
ration throughout the value chain. Furthermore, the research aims to analyze the potential 
for integration and vertical coordination in the industry, while also examining the pivotal role 
played by intermediaries, food processors, and retailers in the distribution channel of the olive 
oil industry. To achieve these objectives, a comprehensive mixed- methods approach will be 
employed, combining surveys and interviews with small- scale farmers, agribusiness firms, and 
other relevant stakeholders. The research seeks to comprehend the current situation faced by 
small-scale farmers in the olive oil industry, delving into their concerns, drivers, and motivati-
ons regarding Contract Farming and Farmer Cooperatives as potential solutions. Additionally, 
the study will investigate distribution channels and the transaction cost atributes associated 
with uncertainty as a crucial determinant of the industry’s governance structure. By adopting 
this meticulous approach, the research endeavors to provide valuable insights into the op-
portunities and strategies for enhancing the overall functioning of Jordan’s olive oil sector by 
exploring the potential for Supply Chain Coordination Tactics into improving the performance, 
quality, and coordination of Jordan’s olive oil industry.

Key words: Supply chain coordination, Jordan's olive oil industry, Contract Farming, Vertical 
coordination and integration, Small-scale farmers

1. INTRODUCTION

Research approaches in agribusiness systems have shifted from individual market perspec-
tives to chain, network, and systems perspectives, recognizing the importance of institutions 
(Malak-Rawlikowska, 2018; Mugwagwa et al., 2020; Pazaj and Kapaj, 2023). The olive oil industry 
has transitioned from individual markets to coordinated supply chains, emphasizing competition 
between supply chains rather than individual firms (Van der Meer, 2006; Pazaj and Kapaj, 2023).
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Effective coordination and cooperation among stakeholders within the agri-food value chain 
are essential for smooth operations, productivity enhancement, and economic returns (ILO, 
2014). Inadequate coordination and cooperation can have negative consequences for all parti-
cipants in the value chain (Halalsheh et al., 2021). In Jordan, the olive industry has experienced 
significant growth, with olive trees covering 77% of the tree-planted area and accounting for 
24% of the total cultivated area (Mercy Corps, 2017; Ayoub, 2017). Jordan is the eighth-largest 
exporter of olive oil globally and the second-largest exporter of fresh olives, with the northern 
region being the primary area for olive cultivation (Mercy Corps, 2017; Ayoub, 2017).

Smallholder farmers, who constitute a substantial segment of Jordan’s agricultural work-
force, face challenges in accessing export markets due to heightened consumer demands for 
high-quality products and stringent food safety regulations (Mercy Corps, 2017; Ayoub, 2017). 
They also encounter obstacles such as poor infrastructure, limited market information, and 
deficiencies in technical and marketing systems, advisory services, inputs, and post-harvest 
facilities (Al-Shdiefat, 2006; El Hanandeh Gharaibeh, 2016; Mercy Corps, 2017).

Contract farming is viewed as a solution to address the constraints faced by small- scale 
farmers, including limited credit, information, market risks, and weak market linkages (Mwam-
bi et al., 2014). Coordination and cooperation deficiencies in Jordan’s olive oil industry present 
significant challenges throughout the value chain (ILO, 2014; Halalsheh et al., 2021). Proposed 
remedies involve establishing coordination mechanisms involving stakeholders and strengthe-
ning partnerships between farmers, the private sector, and government institutions (ILO, 2014; 
Halalsheh et al., 2021).

The primary goal of this research paper is to comprehensively investigate the potential of 
Contract Farming and Farmer Cooperatives as effective mechanisms for enhancing coordina-
tion and cooperation within the value chain, with a specific focus on the olive oil sector in 
Jordan. This study adopts a rigorous empirical research approach, incorporating surveys and 
interviews to delve into the intricate dynamics of supply chain coordination within the context 
of agribusiness, thereby contributing valuable insights into strategies for enhancing the per-
formance, quality and overall coordination of Jordan's olive oil industry.

The paper is organized as follows: In Chapter 2, we provide an overview of supply chain co-
ordination, emphasizing its significance in the context of agribusiness. Chapter 3 delves into 
the theoretical background of Contract Farming, Vertical Coordination, and Farmer Cooperati-
ves. In Chapter 4, we explore the dynamics of Contract Farming, including various models, par-
ticipation factors, drivers, and transaction costs within agri-food chains. Chapter 5 examines 
the agricultural landscape of the olive oil industry for small-scale farmers in Jordan. Chapter 6 
focuses on our data collection, methodology, and analysis. In Chapter 7, we present our recom-
mendations, discussing the potential of Farmer Cooperatives and Contract Farming as a viable 
solution in the context of Jordan. Finally, in Chapter 8, we draw our conclusions based on the 
findings and insights gathered throughout the paper.

In line with the structure outlined above, this research paper endeavors to shed light on the 
potential of Contract Farming and Farmer Cooperatives in improving supply chain coordina-
tion, thereby facilitating the growth and development of Jordan's olive oil sector. By adopting a 
meticulous approach and rigorous empirical methods, this study aims to make a valuable con-
tribution to the field of agribusiness and supply chain management.



Proceedings of the 1st Jordan Conference on Logistics in the Mashreq Region (JCLM1)

9� JCLM1 Proceedings // pp. 7-32 // Empirical Research on Supply Chain Coordination and Cooperation Mechanisms in Jordan’s Olive Oil Industry: Insights from Small-Scale Farmers

2. SUPPLY CHAIN COORDINATION IN AGRIBUSINESS

In the realm of supply chain management, a supply chain is characterized as an intricate 
network of firms and entities that transform raw materials and components into end products, 
subsequently delivering them to consumers (Zhang, 2015). Various terms, such as cooperation, 
integration, and collaboration, are employed to address the management of interdependencies 
among activities. These terms are integral components of the concept of supply chain coordi-
nation (Handayati et al., 2015).

In a broader economic context, coordination and coordinated decision-making entail the 
alignment of separate entities to enhance overall performance. Historically, economic theory 
distinguished between firms, their hierarchies, and price mechanisms as modes of coordination 
(Handayati et al., 2015). When autonomous companies collaborate, it is termed combination or 
integration. Within supply chain management (SCM), the terms cooperation, coordination, and 
collaboration are often used interchangeably, leading to potential confusion (Moharana et al., 
2010).

Cooperation is defined as the act of working together for a shared purpose, signifying a goal-
oriented interaction with others. Some interpretations suggest a minimal level of interaction, 
while others underscore alignment toward shared objectives (Moharana et al., 2010 ; Mwambi 
et al., 2014 ). Coordination, on the other hand, refers to a more direct, active cooperation. It is 
defined as “the act of making arrangements for a purpose,” the “harmony of various elements,” 
“harmonious adjustment or interaction,” and making separate things working together (Hand-
ayati, et al., 2015). Compared to cooperation, coordination involves an interactive, joint decisi-
on-making process where independent entities more directly influence each other‘s decisions 
(Moharana et al., 2010).

Collaboration is often more comprehensive than coordination, encompassing all coordina-
tion characteristics (Mwambi et al., 2014). Nonetheless, coordination maintains its significance 
by aiming for global optimization within a defined supply chain network. Collaboration denotes 
working together with a specific purpose, involving mutual interaction leading to joint decisi-
ons and activities, signifying a higher level of joint implementation (Moharana et al., 2010). Opti-
mizing supply chain profitability necessitates close coordination at all stages (Chopra & Meindl, 
2016). Empirical evidence underscores the importance of coordination, as it is recognized as a 
key factor in the success of manufacturing companies. A fully coordinated supply chain aligns 
all decisions with global system objectives (Moharana et al., 2010; Chopra & Meindl, 2016).

In the pursuit of enhancing the holistic performance of an agricultural supply chain, it is 
imperative that any entity within the supply chain possesses the capability to harmonize its 
individual actions (Zhang, 2015). The transformation of agribusiness systems toward high-value 
supply chains is crucial in developing countries (Schipmann & Qaim, 2011). Supermarkets are 
increasingly shifting from spot-market transactions to contractual agreements with farmers, 
facilitated by specialized intermediaries (Neven et al., 2009; Rao and Qaim, 2011). Challenges in 
small-holder farmers’ participation in export markets stem from increased consumer demand 
for high-quality products, driven by supermarkets in developed countries and stricter food sa-
fety regulations (Mwambi et al., 2014).
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Promoting smallholders’ access to global export markets is essential for increasing their in-
comes and reducing poverty, particularly in developing countries heavily reliant on agriculture 
(Mwambi et al., 2014). However, smallholders face various challenges in producing and supply-
ing high-quality products, including financial constraints, inadequate infrastructure, limited 
access to market information and technical advisory services, and difficulties in accessing post-
harvest facilities (Mwambi et al., 2014).

Efforts have been made to improve smallholders’ access to markets through globalization 
and Internet technologies. However, globalization tends to favor large- scale farmers seen as 
more reliable business partners with lower transaction costs (World Bank, 2008; Mwambi et al., 
2014). Contract farming has emerged as a revolutionary approach to improving agricultural pro-
ductivity in both developing and developed countries (Abbasi et al., 2021). It enables farmers to 
shift from subsistence to commercial production of higher-value crops, integrating them into 
the broader economy and increasing their income (Minot & Ronchi, 2014).

Contract farming, a transformative approach (Abbasi et al., 2021), has gained traction in La-
tin America, Asia, and Africa, particularly for export-oriented products (Ncube, 2020). Private 
firms‘ involvement has reduced government intervention in agricultural marketing (Minot & 
Ronchi, 2014). However, concerns about small-scale farmers‘ exclusion and rural income in-
equality persist due to power imbalances and information asymmetry, resulting in unfavourable 
contract terms, quality standards manipulation, and contract disputes (Minot & Ronchi, 2014).

3. THEORETICAL BACKGROUND OF CONTRACT FARMING,  VERTICAL 
COORDINATION AND FARMER COOPERATIVES

3.1. Contract Farming

Contract farming has gained recognition as an effective approach, leading to recommenda-
tions from various stakeholders, including NGOs, policymakers, donors, and researchers, for 
governments, especially in developing countries, to promote and facilitate its implementation 
to enhance agricultural productivity (Mwambi et al., 2014). The objective of contract farming is 
to improve farmers’ access to resources and support their integration into lucrative markets 
(Da Silva Rankin, 2013). Ton et al. (2017) highlight the role of contract farming in overcoming 
market constraints and promoting collaboration among various stakeholders for the benefit of 
small-scale farmers.

Arumugam et al. (2010) define contract farming as an agreement between a farmer and a 
firm, either oral or written, where the farmer produces an agricultural product and the firm 
commits to purchasing it under specific conditions. Contract farming establishes a commer-
cial relationship between a firm and a group of farmers, with the firm pre-purchasing farm 
products in exchange for various services and benefits. It addresses the challenges faced by 
small farmers in accessing profitable markets and helps connect them to output markets while 
providing inputs, credit, and agricultural extension services. These services can be delivered 
by private firms or through multi- actor partnerships involving companies, governments, and 
NGOs (Mwambi et al., 2014).
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Contract farming serves as a form of vertical integration in agricultural commodity chains, 
giving firms greater control over the production process, including quantity, quality, characte-
ristics, and timing of goods (Prowse, 2012; Ton et al., 2017). It falls on a spectrum between fully 
vertically-integrated investments, where a firm controls every stage of the value chain, and 
spot markets (Ton et al., 2017). Contract farming provides a middle ground, allowing firms to 
exert some control over production and product without directly engaging in production acti-
vities (Prowse, 2012). See Figure 1 for visualization.

3.2. Contract Farming Mechanism

According to Barrett et al. (2012), the development of contract farming can be conceptuali-
zed as a game with the agribusiness firm as the first mover. The process involves several stages. 
Firstly, the firm strategically chooses a suitable location for sourcing agricultural commodities 
based on factors such as agroecological conditions, infrastructure availabilIty, and regional po-
litical stability. Secondly, the firm identifies and selects farmers to enter into contracts with, 
considering factors such as farm performance, farm size, and proximity to essential infrastruc-
ture like roads and irrigation. In the third stage, farmers have the choice to accept or reject 
the contract offered to them. If they reject the contract, both the firm and the farmers revert 
to engaging in spot market transactions. However, if farmers accept the contract, the fourth 
stage involves the firm and the farmers deciding whether to honor the terms of the contractual 
agreement by complying with its provisions (Barrett et al., 2012).

3.3. Integration And Vertical Coordination

The terms vertical coordination, vertical integration, and contract production are often used 
interchangeably (Rehber, 2000). Vertical coordination, as a broad term, encompasses all me-
ans of harmonizing vertically interdependent production and marketing activities, spanning 
from spot markets through various types of contracts to complete integration (Rehber, 2000). 
Subsistence farming involved families carrying out various tasks such as seed collection, crop 
cultivation, animal rearing, and self-consumption of the produce, with some reserved for future 

Figure 1: Source: Prowse (2012), based on Peterson and Wysocki (1997)
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use. However, the shift towards market-oriented agriculture has led to a gradual disintegration 
of these functions (Bijman, 2013).

	 Integration refers to the consolidation of different parts into a unified entity (Rehber, 
2000). There are three main types of integration. Vertical integration occurs when a firm com-
bines activities that are different from its current operations but are related to them in the 
marketing and production sequence. For instance, a meat packer may engage in backward in-
tegration by operating livestock buying points and forward integration by running a meat who-
lesaling firm (Rehber, 2000).

	 Horizontal integration, on the other hand, involves a firm gaining control over other 
firms that perform similar activities at the same level of production and marketing. It is com-
mon for firms to expand both vertically and horizontally. Circular integration refers to the com-
bination of vertical and horizontal operations, as seen in the case of local dairy cooperatives 
brought under a regional union (Rehber, 2000).

	 When assessing vertical coordination in an industry, one effective approach is to exami-
ne the extent of decision transfer and firm asset ownership. Ownership integration or merger 
occurs when a single firm controls all the decisions and assets, while vertical integration spe-
cifically refers to the technological consolidation of production and marketing stages under a 
single management (Minot Ronchi, 2014).

	 In contrast, quasi integration occurs when each firm retains its separate identity but 
delegates certain production and/or marketing decisions to another firm. This is sometimes 
referred to as vertical restrictions, wherein non-integrated firms establish long-term, binding 
contracts specifying price and other terms (Rehber, 2000). See Figure 2 for visualization.

3.4. Integration And Vertical Coordination

The term ‚vertical integration‘ is most appropriately reserved for scenarios of ownership in-
tegration where a single management effectively controls two or more stages in the production 
and marketing process. It is important to note that ‚vertical integration‘ also pertains to a tech-
nological rather than an institutional development. In other words, Vertical integration refers 
to a form of coordination where individual farms or businesses lose their independent identity 
and become part of a larger company-owned farm (Rehber, 2000).

Figure 2: Three types of contract farming along the vertical coordination continuum Source: Baa et al. (2019)
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In this arrangement, the parent company assumes ownership or leasing of the land, buil-
dings, and equipment, and employs its own staff. A firm can be considered vertically integrated 
when it incorporates two production processes, where:

• Either the entire output of the first process serves as an input for the second process.

• Or the entire input for the second process is derived from the output of the first process.
 
This is sometimes referred to as full integration (Rehber, 2000).

A comprehensive way to assess vertical coordination within a specific industry involves ex-
amining the extent of the transfer of decision-making authority and ownership of firm assets. 
When all the decisions and assets of the firms come under the control of a single entity, this is 
referred to as ownership integration or merger (Rehber, 2000).

3.5. Farmer Cooperatives

Farmers’ cooperatives play a significant role in vertical coordination within the agricultural 
industry (Mwambi et al., 2014) . These cooperatives are organizations owned and controlled by 
agricultural producers, operating for the mutual benefit of their members. By organizing un-
der a cooperative structure, farmers can gain better control over their own destiny and enjoy 
benefits such as improved market access, higher net returns, and increased bargaining power 
against anti-competitive market forces (Rehber, 2000).

However, it is important to note that even within cooperatives, challenges and disputes can 
arise, particularly when alternative marketing opportunities exist. To address such issues, esta-
blishing contractual relationships with member farmers is advisable. Additionally, farmers can 
form bargaining cooperatives to strengthen their position during negotiations and determine 
the terms of contractual agreements (Mwambi et al., 2014). Managing supply and addressing 
non-member free riders are among the key challenges faced by these organizations. Despite 
the challenges, farmers’ cooperatives have served as a balancing power and have contributed to 
enhancing competition in various agricultural commodity markets (Rehber, 2000). 

3.6. Coordination Without Any Contract (Market Coordination):

Market coordination refers to the prevalence of spot market or open market transactions, 
which still dominate the global marketing system (Rehber, 2000). In this system, there is no for-
mal contract between the firm and the farmer for buying or selling . Farmers have the freedom 
to choose their suppliers and sell their products to the highest bidder. However, this type of 
vertical relationship comes with uncertainties in both purchasing supplies and selling produce. 
The main drawback is the lack of certainty (Rehber, 2000).

Based on Rehber, (2000), in a competitive open market system, price signals dictate the 
market mechanism, with price information gradually reaching the processor from final supply 
points, farmers, and input suppliers. This traditional market organization relies on certain con-
ditions, such as:
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• Production being located near consumption points
 
• Control over short-term price variations through government or producer organizations

• Tolerance for imprecise grading by purchasers

• Effective agricultural extension and advisory services

Government price and income support programs have limited the presence of contract 
farming in grain, oilseeds, and cotton production. However, contracts for specific quantities, 
prices, times, and locations, such as forward and futures contracts, are considered part of mar-
ket coordination (Rehber, 2000).

4. CONTRACT FARMING DYNAMICS: MODELS, PARTICIPATION, DRIVERS AND 
TRANSACTION COSTS IN AGRI-FOOD CHAINS

4.1. Contract Farming Arrangement Models/Schemes

Contract farming encompasses various models that differ in terms of the type of contractor, 
product type, vertical coordination intensity, and the involvement of key stakeholders (Eaton 
and Shepherd, 2001).

• The centralized model, which is a classic contract farming model, the centralized model 
involves a centralized processor and/or buyer procuring from a large number of small-scale 
farmers. The cooperation is vertically well integrated and most of the time several services 
such as pre-financing of inputs, extension, and transport are provided Processors typically 
favour larger farmers due to processing economies of scale (Mwambi et al., 2014).

• The nucleus estate model, which is a variation of the centralized model where the contrac-
tor not only sources from independent farmers but also has its own production facilities, 
such as an estate plantation. This model is commonly used for perennial crops and may 
involve varying levels of vertical coordination (Bijman, 2008).

• In the multipartite model, a joint venture between a statutory body and a private company 
can contract with farmers (Bijman, 2008). The multipartite model involves collaboration with 
other institutions or NGOs and is useful for establishing new ventures. Informal arrange-
ments lack written contracts and vary from oral agreements to repeated marketing trans-
actions (Mwambi et al., 2014). The level of vertical coordination in these models depends on 
the joint venture‘s control over transactions with farmers and may be influenced by political 
interests (Bijman, 2008).

• The informal model, involves individual entrepreneurs or small companies informally con-
tracting with farmers on a seasonal basis, particularly for crops like fresh fruits and vegeta-
bles. Processing requirements for these crops are minimal, often limited to sorting, grading, 
and packaging. The success of the informal model relies on the availability of supporting 
services, typically provided by government agencies. Government extension services play 
a crucial role in supporting small traders who lack their own extension staff (Bijman, 2008).
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• The intermediary model, This approach involves three key parties: a processor or major 
trader, a collector or middleman, and multiple farmers. It combines elements of the centra-
lized and informal models and is common in Southeast Asia. However, it presents challenges 
in terms of vertical coordination and providing incentives due to the lack of a direct link 
between the contractor and farmers. Intermediaries oversee various aspects on behalf of 
the final buyer, including input supply, extension services, farmer payments, and product 
transportation (Bijman, 2008). The Avocado Growers Association of Kenya (AGAK) serves as 
an intermediary between farmer groups and contractors in the avocado marketing model in 
Murang‘a (Mwambi et al., 2014).

These different contract farming models offer diverse approaches to vertical coordination, 
depending on the nature of the agricultural product, the involvement of stakeholders, and the 
level of formality in the contractual relationships.

4.2. Participation Of Smallholders In Contract Farming

Smallholders’ participation in contract farming is affected by socio-economic and institu- 
tional factors. Limited access to productive resources like water and land, as well as a lack of 
access to production technologies, credit, extension services, and information on risks, discou-
rages their involvement in contract farming (Mwambi et al., 2014).

However, depending on the contract nature, CF can improve smallholder welfare through 
several pathways (Mwambi et al., 2014).

• Firstly, contracts that provide interlinked services like training, credit, technical advice and 
market information aim to alleviate productivity constraints and increase marketed surplus.

• Secondly, CF serves as an institutional solution to market failures in credit, insurance, and 
information systems as well as it acts as a strategy for smallholder participation in restructu-
red markets and value chains, leading to increased and stabilized incomes (Bellemare, 2012).

• Thirdly, contracts that determine output prices and terms in advance reduce price risks 
and provide incentive mechanisms for efficient resource allocation.

The efficacy of a contract scheme depends on the interaction between farmers, buyers, and 
other stakeholders involved. Poor coordination, unfavorable terms, and market-driven pricing 
have led to unsuccessful CF cases, including adverse selection, moral hazards, and contract 
violations (Arumugam et al., 2010; Ton et al., 2017). Effective management of CF can develop 
markets and transfer technical skills for the benefit of both contractors and farmers.(Mwambi 
et al., 2014). For instance, prior to the implementation of vertical integration, large dairy farms 
in Slovakia possessed cooling tanks and dairy specialists, while small Polish dairy farms did not 
have these resources (Dries et al., 2009).

4.3. A Typology Of Contracts

The level of control over the production process varies, without actual farm ownership or 
operation by the firm. Risk allocation depends on contract specifications, with farmers be-
aring most production risks and firms assuming processing and marketing risks. The choice of 
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contract type depends on transaction costs, market uncertainty, asset specificity, transaction 
frequency, and monitoring costs (Bijman, 2008).

Mighell and Jones (1963) proposed three main types of agricultural contracts: market- speci-
fication contracts, production-management contracts, and resource-providing contracts. The-
se types differ in objectives, transfer of decision-making authority, and risk allocation between 
farmers and contractors (Bijman, 2008).

• Market-specification Contracts: Specifies the quality, price, and timing of the product but 
does not provide inputs to farmers. Farmers are responsible for making production decisi-
ons and bearing most of the associated risks" (Bijman, 2008).This contract is a type of pre-
harvest agreement, facilitate the exchange of market data and are commonly used in casual 
or unofficial contract farming models. In these contracts, farmers retain decision rights over 
their farming activities and assume the majority of the production risks" (Bijman, 2008; Ncube, 
2020).

• Production-management Contracts: This type of contract involves higher buyer involve-
ment and control over the production and harvest process. The buyer provides technical 
guidelines and instructions to the farmers. Clear and detailed con- tracts with enforcement 
mechanisms are necessary for maximizing the benefits of this arrangement. The farmer de-
legates decision- making authority over cultivation and harvesting practices to the contrac-
tor, who assumes most of the market risks (Bijman, 2008; Ncube, 2020).

• Resource-providing Agreements: These contracts involve the buyer providing inputs and 
extension services to farmers, which are considered in- kind credit and reimbursed upon 
product delivery. The contract specifies decision-making power and risk allocation. This 
type of contract reduces coordination risks for farmers by providing inputs, credit, and 
extension services. The buyer benefits from lower prices and reliable supplies. Resource-
providing agreements are used in informal and centralized contract farming models. These 
contracts can involve production management or focus on providing inputs and an output 
market, leaving production decisions and risk with the farmer (Bijman, 2008; Ncube, 2020).

The selection of contract types depends on commodity, agent characteristics, and market 
conditions. Farmers choose contracts based on their risk attitude and market failures they en-
counter (Mwambi et al., 2014). Contracts reduce marketing risks and integrate small and low-
income farmers into the market economy. However, concerns about market segmentation and 
exclusion exist. Despite this, contract farming offers benefits like reduced marketing risk, in-
come stability, improved decision-making, and increased effectiveness for farmers, especially 
in thin markets where contracts ensure demand (Bijman, 2008; Mwambi et al., 2014).

4.4. Contract Farming Drivers

Based on the literature, there are various drivers that have led to a renewed interest in con-
tract farming (CF), and these drivers encompass both economic and political factors. The state 
of the current world food system, characterized by contrasting trends of globalization and lo-
calism, has played a significant role in shaping these drivers (Ncube, 2020).
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Several drivers have been identified for promoting commercialization in agriculture as 
shown below, these drivers highlight the need for SSFs to transition from subsistence-oriented 
farming practices to more commercialized and market-oriented approaches (Ncube, 2020) :

• Population Growth
• New technology
• Market Access
• Food staples intensification
• Asset accumulation

4.5. Transaction Costs Related To Uncertainty In Contract Farming

Transaction costs in modern agrifood chains are greatly influenced by uncertainty, which is 
considered a key factor in determining governance structures (Abebe et al. 2013). Uncertainty 
increases the likelihood of opportunistic behavior in transactions , leading to higher transaction 
costs (Mugwagwa et al., 2020). Two forms of uncertainty are commonly discussed: Environ-
mental uncertainty and Behavioral uncertainty.

Environmental uncertainty arises from factors beyond control, such as weather conditions, 
pests, and market fluctuations. Agricultural transactions involve high environmental uncer-
tainty due to the inherent biological nature of production, making it challenging to accurately 
predict the volume and quality of output (Mugwagwa et al., 2020). Additionally, perishability, 
seasonality, and evolving consumer preferences further contribute to uncertainty in agricul-
tural transactions. Compliance with changing food safety and quality standards also adds co-
ordination costs as failures in meeting these standards can have severe consequences for the 
agribusiness firm (Abebe et al. 2013).

Behavioral uncertainty arises from the potential for opportunistic behavior by contracting 
parties. This is particularly relevant in modern agrifood chains, where specific attributes and 
production practices of agricultural products are highly valued ( Bijman et al. 2011). Difficulty in 
measuring and ensuring product performance creates transaction costs related to searching, 
screening, selection, and monitoring (Abebe et al. 2013). Sellers may have an informational ad-
vantage and could engage in quality cheating, posing challenges in maintaining trust and redu-
cing transaction costs (Mugwagwa et al., 2020).
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4.6. Summary Of Relevant Studies On Contract Farming, Vertical Integration, And Supply Chain 
Coordination

The below Table 1 summarizes the most relevant studies that investigated Contract Farming, 
Vertical Integration, and Supply Chain Coordination in Agricultural context with the key fin-
dings, methodologies employed, models utilized, and potential avenues for future research in 
the context of Jordan’s Olive Oil industry.

Author Core Findings Model Methodology Future Research Implications 
in Jordan Country

Pazaj & 
Kapaj 
(2023)

CF can help to 
improve the effi-
ciency and profi-
tability of the olive 
oil industry

Value chain
analysis/ Trans-
action
cost economics

Case study Opportunity to enhance 
competitiveness in Jordan's 
olive oil industry include 
improving production, dis-
tribution, marketing, and
branding. Lessons can be 
learned from the Albanian 
case, especially in reducing
transaction costs and im-
proving efficiency.

Albania

Abbasi 
et al. 
(2021)

CF in enhancing 
agricultural
productivity spe-
cifically focusing
on key productivi-
ty indicators such 
as yield, input use, 
and profitability.

Vertical
coordination/
Principal-agent
theory

Empirical 
analysis

Identifying factors for 
contract design conside-
rations in contract farming 
for smallscale farmers in 
Jordan

Pakistan

Ncube 
(2020)

CF’s impact on 
agricultural pro-
duction varies 
positive or
negative based on 
contract design
and implementa-
tion context.

Transaction cost
economics/
Principal-agent
theory

Review of
literature

Addressing challenges such 
as information asymme-
try, power imbalances, and 
market vulnerability, and 
proposing strategies for
overcoming them with a 
comprehensive understan-
ding of contract farming's 
potential benefits and 
pitfalls.

Sub-Saharan
Africa

Baa et 
al. (2019)

Inclusive contract 
farming can help 
small-scale far-
mers in the
Vietnamese rice 
sector to improve 
their productivity 
and income

Vertical-Hori-
zontal
Coordination /
Transaction cost
economic

Empirical 
analysis

Evaluates contract farming 
models' benefits and chal-
lenges in terms of inclusi-
veness and benefit distri-
bution, providing insights 
for designing cooperative 
and fair arrangements for 
smallscale farmers in Jor-
dan's olive oil Industry.

Vietnam

Table 1. Summary of Contract Farming, Vertical Integration, and Supply Chain Coordination in Agricultural Literature Review
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Author Core Findings Model Methodology Future Research Implications 
in Jordan Country

Mwambi 
et al. 
(2016)

Contract farming 
and farmer
cooperatives can 
improve the
income of small-
scale avocado
farmers.

Impact 
evaluation

Case Study Assesses income changes 
among olive oil farmers in 
contract farming, identi-
fying factors like market 
access, inputs, and techno-
logy that enhance income. 
Provides insights into 
income benefits of contract 
farming.

Kenya

Rouse 
(2012)

CF enhances farm 
production and
improves farm 
households' wel-
fare by reducing 
transaction costs 
of small- scale 
fruit and vegeta-
ble farmers.

Transaction cost
economics/
Principal-agent
theory

Randomized
control trial

Contract farming impro-
ves welfare of smallscale 
olive oil farmers in Jordan 
through market access, 
inputs, technology, and 
technical assistance.

Thailand

Belle-
mare 
(2012)

Contract far-
ming's welfare
impacts for small-
scale farmers de-
pend on contract 
design and
implementation 
context.

Transaction cost
economics/
Principal- agent
theory

Quantitative 
study

CF improves efficiency, 
profitability, and welfare for 
small-scale olive oil farmers 
in Jordan through reduced 
transaction costs, improved 
access to inputs and mar-
kets, and guaranteed prices.

Madagascar

Dries 
et al. 
(2009)

Vertical coordina-
tion can lead to
more equitable 
distribution of
rents by reducing 
transaction costs 
and improving 
bargaining power 
of farmers in dairy 
clusters.

Vertical
coordination/
Principal-agent
theory

Empirical 
analysis

Vertical coordination 
enhances Jordan's olive oil 
industry by reducing trans-
action costs, empowering 
farmers, and promoting 
equitable rent distribution. 
This results in increased
production, higher inco-
mes, and improved welfare 
for small-scale olive oil 
farmers.

Central and
Eastern
Europe

Dries 
et al. 
(2009)
Rehber 
(2000)

Vertical coordina-
tion can help to
improve the effi-
ciency of the olive 
oil industry.

Transaction cost
economics/
Principal-agent
theory

Case study/
Survey

Impact of Vertical coordi-
nation, integration and
examining the transaction 
costs in various aspects 
of Jordan's olive oil sector 
(production, processing, 
marketing).

Turkey
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5. AGRICULTURAL LANDSCAPE OF OLIVE OIL INDUSTRY FOR SMALL-SCALE FARMERS IN 
JORDAN

5.1. Jordan Olive Oil Market Weaknesses

This section provides an overview of the key characteristics a identified in the olive oil mar-
ket structures in Jordan, based on research findings and reports:

• Lack of Coordination between Growers and Oil Mills: The absence of effective coordina-
tion between olive growers and olive oil processors results in issues related to oil quality, 
storage, and the absence of a commercial structure (Al Hiar, 2019). Additionally, poor quality 
and diminished bargaining power translate into lower than expected prices for fresh olives. 
(Al-Shdiefat, 2006; El Hanandeh Gharaibeh, 2016)

• Fragmentation of the Sector: The olive oil sector in Jordan is characterized by fragmenta-
tion, with small farms operating independently. This preference for self-standing activities 
results in a scarcity of joint farmers’ initiatives such as producer groups or cooperatives (ILO, 
2014; Halalsheh et al., 2021). The lack of cooperation and coordination between farmers ham-
pers the logistics of harvesting and marketing, preventing small farms from achieving higher 
levels of efficiency (Mercy Corps, 2017).

• Insufficient Knowledge and Awareness: Producers in the olive oil sector lack sufficient 
knowledge and awareness about market quality criteria, product varieties, market potential, 
types of pesticides and fertilizers, and proper packaging. This lack of knowledge can impact 
the overall quality and marketability of their products (ILO, 2014).

• Low Local Prices Compared to Costs: Local prices for olive oil in Jordan are not sufficiently 
profitable for producers, impacting their income and financial viability (Mercy Corps, 2017). 
This can discourage investment and hinder the sector’s growth and development (Halalsheh 
et al., 2021)

5.2. Distribution Channels And The Fragmentation In Jordan’s Olive Oil Market:

The distribution channels in the sector generally follow three main routes as explained

Table 2. Routes of Olive Product Distribution in Jordan

Route Route Description

Farmers to Wholesalers to Retailers
to Consumers

Farmers directly sell their olive products to
wholesalers who operate in wholesale mar-
kets. Wholesalers distribute the products to 
retailers who sell them directly to consu-
mers.

Farmers to Intermediaries to Food
Processors or Retailers

Farmers sell their olives or olive products to
intermediaries who act as middlemen.
Intermediaries then sell the products either 
to food processors for further processing 
and sale to exporters or domestic market 
retailers, or directly to retailers who sell the 
products to consumers.
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Source: adopted from El Hanandeh Gharaibeh,(2016)

These routes highlight the different paths through which olive products flow from farmers 
to end consumers. Understanding these distribution channels is important for analyzing the 
role of intermediaries, wholesalers, food processors, and retailers in the olive oil market. Howe-
ver, it is less common that olive farmers engage in direct sales to consumers, allowing them to 
bypass intermediaries and establish a direct connection with end consumers. This direct sales 
approach provides farmers with the opportunity to have more control over their products and 
establish direct relationships with their customers.

The shortcomings observed in the distribution channels:

• Dependence on Local Markets with challenges in Distribution Channel: Small-scale olive 
farmers in Jordan primarily rely on local markets, which limits their access to larger distri-
bution channels and hinders market expansion (El Hanandeh Gharaibeh, 2016). The existing 
distribution system poses significant challenges, preventing direct reach to retailers, ex-
porters, and end consumers (Al Hiar, 2019).

• Coordination and Commercial Structure Challenges: Efficient coordination between olive 
growers and oil processors is crucial for improving extraction rates and overall productivity 
(ILO, 2014).

• Lack of Marketing Strategy and Export Challenges: Wholesalers and olive oil press owners 
often lack a medium or long-term marketing strategy, leading to insufficient investments in 
marketing efforts, production equipment, and proper storage facilities (El Hanandeh Gha-
raibeh, 2016).

6. DATA COLLECTION, METHODOLOGY AND RESULTS ANALYSIS

This study employed a systematic approach to collect and analyze data on contract farming 
in the context of the small-scale olive oil industry in Jordan. The empirical results and discussi-
ons are presented in the following subsections, focusing on descriptive analysis and an analysis 
of the motivating factors for contract farmers.

Data collection involved a survey conducted over a period of two months, specifically in 
May-June 2023. The target population for the survey was small-scale farmers involved in the 
olive oil industry, both landowners and leaseholders. A total of 39 participants responded and 
provided valuable insights into their experiences with contract farming. A semi-structured 
questionnaire was carefully designed to gather primary data from the respondents. The ques-

Route Route Description

Farmers to Food Processors to
Exporters and/or Domestic Market
Retailers

Farmers sell their olives or olive products
directly to food processors. Food processors
process the products and sell them either to
exporters for international markets or to
domestic market retailers for local consump-
tion.
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tionnaire covered various aspects related to their profiles, including demographic information, 
farm characteristics, and their participation in contractual arrangements. This allowed for a 
comprehensive understanding of the farmers’ backgrounds and their involvement in contract 
farming.

To complement the primary data, four personal interviews were conducted with key stake-
holders, including representatives from the Jordanian Agriculture Engineers Association and 
small-scale farmers. These interviews served as an additional source of qualitative data, pro-
viding in-depth insights into the motivations and perspectives of the contract farmers. Furt-
hermore, the study delved into analyzing the motivating factors that drive small-scale farmers 
to engage in contractual arrangements. This analysis aimed to identify the key actors and in-
centives that influence farmers’ decision-making processes, shedding light on the drivers of 
contract farming participation.

It is important to note that the study faced certain limitations due to the scarcity of availa-
ble data on contract farming in Jordan. The sector lacks specific papers and documentation on 
contract farming practices, which posed challenges during the data collection process. Never-
theless, the study relied on a combination of primary data gathered through surveys and inter-
views, as well as secondary data from reputable sources such as the Department of Statistics, 
the Ministry of Agriculture, and relevant reports from organizations like USAID, Mercy Corps, 
and the International Labour Organization.

6.1 Results And Data Analysis

In this section, we will analyze the empirical data gathered from small-scale olive farmers in 
Jordan. The demographic profile and characteristics of the farmers, as shown in Table 3 below, 
will be interpreted and discussed.

Table 3. The demographic profile and characteristics of the farmers in Jordan

Variables Frequency (n=39)
Values Percentage (%)

Age 21-30 5.41

31-40 54.05

41-50 32.43

51-60 8.11

Gender Male 89.79

Female 10.81

Education level No education N.A

Primary 24.32

Secondary 40.54

University Degree 35.14

Farming status Full time 45.95

Part time 45.95

Not working currently 8.11
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6.2 Farmers, Market Profile And Contract Farming Participation

The empirical findings provide valuable insights into the characteristics and practices of 
small-scale olive farmers in Jordan shown in Table 3 below, will be interpreted and discussed. 

• The Size of Olive Cultivated Area: the majority of olive farms in Jordan are small to medi-
um-sized, with 48.65% of farmers cultivating an area of 21 to 100 dunums. This reflects the 
fragmented nature of olive farming, which presents challenges in terms of economies of 
scale and efficiency.

• Marketing Channels: local markets, friends, and connections are the primary marketing 
channels for olive products, indicating a localized approach. While this may limit exposure to 
larger distribution channels, the presence of wholesalers and mill processors suggests some 
integration into the broader supply chain. 

• Contract Farming: Participation in contract farming is low, with only 5.4% of farmers en-
gaged in such arrangements. This points to limited engagement in formal contractual ag-
reements, which may be influenced by factors like information asymmetry, lack of trust, or 
insufficient support mechanisms for contract farming initiatives.

• Ownership: A majority of farmers (64.86%) own the land they cultivate, providing greater 

Variables Frequency (n=39)
Values Percentage (%)

Olive Cultivated area 
(in dunums)

1-20 40.54

21-100 48.65

101-200 8.11

More than 200 2.7

Marketing channel Local market 27.03

Friends and connections 24.32

Relatives 18.92

Wholesalers 8.11

Mill processors 13.51

Others 2.7

Ownership Owned 64.86

Lease production 35.14

Contract farming Participating in CF 5.4

Not participating in CF 96.6

Methods for olive 
harvesting

Hand Methods 85

Manual Olive Rake 12

Electric Beater 3
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control over decision-making. However, 35.14% lease the land, indicating potential limitations 
in access to land resources and the need for secure land tenure arrangements.

• Harvesting Methods: Traditional harvesting methods, such as hand methods and manual 
olive rakes, are predominant (85%). This highlights a reliance on labor-intensive practices 
and the need for technological advancements and modern farming techniques.

Overall, these findings underscore the challenges faced by small-scale olive farmers in Jor-
dan, including limited market access, farm fragmentation, and the need for improved farming 
practices. Addressing these challenges will require a comprehensive approach that includes 
market development initiatives, knowledge transfer programs, and supportive policies to en-
hance the competitiveness and sustainability of the olive sector.

6.3 Contract Farming Drivers Analysis

Based on the literature provided earlier, the mentioned drivers were utilized and investiga-
ted in our research. Table 4 below presents the drivers influencing the small-scale olive farmers 
in Jordan, along with their corresponding percentages and Radar Chart in Figure 3 below shows 
their distribution per city.

Understanding these drivers is crucial for policymakers, agricultural organizations, and sta-
keholders involved in the development of the olive sector in Jordan. By addressing the identified 
drivers, interventions and policies can be tailored to support small-scale farmers, enhance market 
stability, promote technology transfer, improve access to resources, and foster sustainability. The 
findings provide valuable insights into the priorities and needs of small-scale olive farmers, guiding 
efforts to create a favorable environment for their success and the long-term growth of the sector.

Table 4. Drivers influencing the small-scale olive farmers in Jordan.

Figure 3: Radar Chart Small Scale Farmers Drivers Distribution Per City

Drivers Percentage

Market stability 53%

Transfer of technology to improve farming 
practices

3%

Resources/inputs 35%

Indirect benefits 9%
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6.4 Transaction Costs Related To Uncertainty In The Olive Oil Industry In Jordan

In our study, we focused on the impact of uncertainty on transaction costs in Olive Oil 
farmers and processors in the context of Jordan agrifood chains, as uncertainty is a crucial 
determinant of governance structure. Specifically, we examined the transaction attributes as-
sociated with uncertainty by experts in the field. The findings are presented in Table 5 below:

7. RECOMMENDATIONS

This section presents a summary of the proposed solutions for addressing the challenges 
faced by the Olive Oil Industry in Jordan, particularly focusing on small-scale farmers. The sug-
gested solutions are based on a thorough literature survey that was conducted. 

7.1 Farmer Cooperatives As A Solution In Jordan

The presence of farmer cooperatives and associations is of utmost importance in the oli-
ve oil industry in Jordan. Their presence is critical as it directly impacts farmers’ profitability. 
Moreover, in this section, I am going to highlight a noteworthy best practice and real-life case 
that exemplifies the successful application of farmer cooperatives as a solution for a national 
product. Drawing insights from this case can prove highly beneficial for the olive oil industry in 
Jordan, as it offers valuable lessons on the practical implementation, strategic considerations, 
and potential obstacles associated with adopting farmer cooperatives as a viable solution.

The avocado cluster in Kandara was formed to address challenges facing smallholders’ par-
ticipation in lucrative markets for high-value fruit tree value chains. Mwambi et al., (2014) emp-
hasize the significance of such cooperatives and associations in addressing the challenges faced 
by smallholders and improving their participation in lucrative markets within high-value fruit 
tree value chains.

These challenges include a lack of market information, limited access to inputs and re-
sources, weak incentives for upgrading, insufficient vertical and horizontal linkages within the 
value chain, and a lack of trust among producers, brokers, and exporters. Addition- ally, the 
introduction of stringent rules and market standards due to increasing consumer concerns ab-

Table 5. Impact of Uncertainty in Contract Farming the Olive Oil Industry in Jordan.

Uncertainty Type Transaction Costs 
(Source: Mugwagwa et al. 2020)

Expert’ mean weight
response

Behavioural It is difficult to determine if
farmers are complying with the
contract.

2 out of 5

Environmental - There is a risk of volumes
being affected by agroecologi-
cal factors such as drought and 
disease out-breaks.
- It is difficult to forecast how 
much volume we need from far-
mers. Consumer tastes change 
quickly in this industry.

4.5 out of 5



Proceedings of the 1st Jordan Conference on Logistics in the Mashreq Region (JCLM1)

26� JCLM1 Proceedings // pp. 7-32 // Empirical Research on Supply Chain Coordination and Cooperation Mechanisms in Jordan’s Olive Oil Industry: Insights from Small-Scale Farmers

out food safety has further complicated the situation (Mwambi et al., 2014). Donors, such as the 
United States Agency for International Development, have collab- orated with local business 
organizations to implement value chain upgrading strategies. These strategies involve impro-
ving the local variety, changing the governance structure of the value chain, and establishing 
closer relationships between buyers and suppliers (USAID, 2008).

In order to enhance the competitiveness of the avocado value chain in Kenya, the Kenya 
Business Development Services (KBDS) took proactive measures to improve relationships bet-
ween lead firms (exporters) and avocado smallholders. In 2003, the KBDS mobilized farmers in 
the Kandara district and encouraged them to form groups consisting of 25-30 members. The 
primary objective of these groups was to facilitate the farmers’ access to technical training and 
ensure compliance with the European global gap (EurepGap) standards, which are crucial for 
accessing export markets (Mwambi et al., 2014). 

Additionally, the formation of these farmer groups aimed to enable smallholders to benefit 
from economies of scale. Since individual farms were relatively small and had a limited number 
of avocado trees, the formation of groups allowed farmers to aggregate their produce and col-
lectively meet the requirements of contractors. This was particularly important because con-
tractors often imposed a minimum threshold for purchasing fruits, such as not buying from 
farmers with fewer than 300 trees. Buying from individual farmers with small quantities would 
have resulted in high bulking costs for the contractors (Mwambi et al., 2014).

Several lead firms, including East Africa Growers and Kenya Horticultural Exporters, entered 
into contracts with the farmer groups. These contracts involved not only the purchase of pro-
duce but also the provision of interlinked services such as training, packaging, grading, trans-
port, and spraying. The collaboration between lead firms and farmer groups aimed to improve 
overall value chain performance and ensure the delivery of high-quality products to the market 
(Mwambi et al., 2014).

In response to this situation, an intermediary body called the Agricultural Growers Associa-
tion of Kandara (AGAK) was established in 2008. The primary purpose of AGAK was to organize 
the farmers and streamline coordination within the value chain (Mwambi et al., 2014). The far-
mer groups played a crucial role in coordinating smallholder farmers and achieving economies 
of scale, benefiting both the farmers and the contractor. By aggregating their produce, farmers 
could increase their bargaining power, improve efficiency, and reduce transaction costs. The 
coordination facilitated by the farmer groups also helped to address issues such as side-selling 
and enhance the overall performance of the value chain (Mwambi et al., 2014).

However, it is important to note that challenges still existed in the contractual arrange-
ments. Information asymmetry, weak contract enforcement mechanisms, and the lack of prior 
agreement on prices and quantities exposed farmers to risks and uncertainties. The farmer 
groups, along with AGAK, worked to mitigate these challenges by building trust among group 
members and actively participating in contract enforcement and payment facilitation (Mwambi 
et al., 2014). 

In the intermediary model observed in Kandara, subcontracting is a key feature. The lead 
firm delegates responsibilities to intermediaries who play a crucial role in the value chain. The 



Proceedings of the 1st Jordan Conference on Logistics in the Mashreq Region (JCLM1)

27� JCLM1 Proceedings // pp. 7-32 // Empirical Research on Supply Chain Coordination and Cooperation Mechanisms in Jordan’s Olive Oil Industry: Insights from Small-Scale Farmers

contractor provides services like training, packaging materials, and transportation. However, 
unlike typical contracts, the current contractor does not offer credit or inputs to farmers, ex-
posing them to price and production risks. The Agricultural Growers Association of Kandara 
(AGAK) addresses these challenges through informal arrangements. AGAK provides training, 
builds trust among farmers, and facilitates payments. Farmers must be part of a registered 
group affiliated with AGAK to market avocados through them, with a registration fee and de-
ductions from sales contributing to AGAK’s sustainability. These arrangements highlight the 
importance of trust, training, and efficient payment systems for farmers’ market access and fair 
prices (Mwambi et al., 2014).

Overall, the case of the avocado farmers in Kenya highlights the significance of farmer groups 
and intermediary bodies in enhancing coordination, improving market access, and achieving 
economies of scale. The lessons learned from this experience can be valuable for the Jordanian 
olive oil industry, which can benefit from the establishment of similar cooperative structures to 
address the challenges faced by smallholders and enhance their competitiveness in the market.

7.2 Contract Farming As A Solution In Jordan

This fragmentation hinders the establishment of joint initiatives such as producer groups or 
cooperatives, impeding the logistics of harvesting and marketing and limiting the sector’s over-
all efficiency. Understanding the dynamics of this fragmented system is crucial for comprehen-
ding the olive oil commodity chain, which involves multiple actors and decisions impacting the 
quality, distribution, and marketing of olive oil. 

The weak mutual interaction between the actors within the sector further exacerbates the 
challenges. This is reflected in low export levels, primarily due to the instability of production 
from year to year, despite the presence of processors capable of producing high- quality oil. 
To address this issue, the signing of agricultural contracts between farmers and processors is 
seen as a potential solution. Such contracts can provide stability and create a framework for 
collaboration, thereby improving the sector’s performance. Additionally, the creation of agri-
cultural cooperatives, where plots planted with olives are merged to reduce fragmentation, 
can enhance production, facilitate access to a common market, and increase income. These 
measures would have a positive impact on export growth, addressing one of the main factors 
limiting olive oil exports. In the context of contract farming, different types of contracts can 
address specific transactional problems, offering advantages over spot market transactions and 
are suitable option for the olive oil sector in Jordan as explained below (Bijman, 2008): 

• Market-specification contract reduces costs associated with gathering and exchanging in-
formation about demand, quality, timing, and price. By increasing information exchange, this 
contract type helps reduce uncertainty and market risks, particularly in the case of perisha-
ble products supplied for processing, exports, or supermarkets, as well as complex quality 
products and new niche markets where coordination costs are significant. Consequently, 
they can enhance the consistency and reliability of their olive oil supply, which is vital for 
meeting the requirements of export markets.

• Resource-providing contract can effectively decrease the costs of obtaining credit, inputs, 
and extension services. It is commonly utilized in crops where the output quality depends 
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on the type and quality of inputs. This type of contract is advantageous when input provision 
reduces production costs for farmers and purchasing costs for the contractor.

• Production-management contract focuses on specifying cultivation practices to achieve 
desired quality, timing, and least-cost production. This contract type optimizes coordina-
tion costs and may support the skills development of producers, reducing future transaction 
costs.

By reducing information asymmetry and transaction costs, market-specification contracts 
promote better coordination and cooperation among farmers, processors, and other actors in 
the sector. They improve the sector's performance by enhancing the quality, distribution, and 
marketing of olive oil. Additionally, they contribute to export growth by addressing one of the 
main limiting factors in olive oil exports, which is the instability of production from year to year. 
Moreover, market specification contracts help address the weak mutual interaction between 
the actors in the sector. By specifying quality standards, packaging requirements, labelling 
guidelines, and delivery conditions, these contracts create a framework for collaboration and 
provide stability. They ensure that the olive oil meets the required standards, facilitate proper 
handling and storage, and enable traceability throughout the supply chain.

8. RECOMMENDATIONS 

This research paper has provided valuable insights into the coordination and cooperation 
among small-scale farmers and other stakeholders in Jordan's olive oil sector. The study focu-
sed on agri-food coordination in the olive oil industry, with a specific emphasis on the perspec-
tives of small-scale farmers. The findings shed light on the challenges faced by the industry, 
such as poor coordination, limited access to markets, and fragmented distribution channels. 

The research highlighted the potential of contract farming as a solution to overcome the 
constraints faced by small-scale farmers, including limited credit, inadequate information, 
market risks, and weak market linkages. Different contract farming arrangement models were 
examined, including market-specification contracts, resource-providing contracts, and pro-
duction-management contracts. These contract types offer advantages over spot market trans-
actions and can enhance coordination, reduce uncertainty, and improve the consistency and 
reliability of olive oil supply.

Furthermore, the study emphasized the importance of vertical integration and the role of 
farmer cooperatives in improving coordination and cooperation within the olive oil sector. Ver-
tical integration can optimize coordination costs and provide farmers with better access to 
resources and inputs, while farmer cooperatives can foster collaboration, enhance bargaining 
power, and facilitate collective marketing and distribution.

The research methodology employed a systematic and comprehensive approach, combi-
ning primary data from surveys and interviews with secondary data from reputable sources. 
Despite the limitations posed by the scarcity of available data on contract farming in Jordan, 
the study provided valuable insights into the profiles of contract farmers and the motivating 
factors driving their participation in contractual arrangements. The analysis of the data revea-
led that market stability, access to resources and inputs, and the transfer of technology were 
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significant drivers for farmers' participation in contract farming. Market stability was particu-
larly emphasized, highlighting the importance of stable and predictable markets for farmers 
to enhance profitability and ensure long-term sustainability. Access to resources and inputs 
played a crucial role in optimizing olive production processes, while technology transfer could 
improve productivity and overall farm performance. The study also examined the distribution 
channels in Jordan's olive oil market, revealing the influence of intermediaries and the limited 
bargaining power of farmers. The current distribution system impedes farmers' direct access 
to retailers, exporters, and end consumers, reinforcing the need for improved coordination and 
cooperation within the sector.

In conclusion, this research contributes to the understanding of supply chain coordination 
and sourcing in the context of the olive oil industry in Jordan. The findings provide valuable 
insights for policymakers, industry stakeholders, and farmers, highlighting the potential of con-
tract farming, vertical integration, and farmer cooperatives to address the challenges faced by 
small-scale farmers and enhance the overall efficiency and competitiveness of the sector. Fu-
ture research and interventions should focus on implementing effective coordination mecha-
nisms and promoting sustainable practices that benefit all actors in the value chain. 
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ABSTRACT

By 2050, two-thirds of the world's population will reside in cities. Combined with the conti-
nued electrification of fleets, these dynamic urban settings which quickly change over time re-
quire quantitative and multi-period charging infrastructure planning. To address this gap, this 
paper presents a greenfield approach that can be universally applied. In the first step, the target 
environment is classified by using vector-field analysis to identify central cities, inner suburbs, 
and outer suburbs as distinct areas. Next, the annual electric vehicle (EV) market is projected 
and afterward divided into charging need groups based on specific charging behavior. With 
this, the percentage share of total energy consumption per group can be determined. The ener-
gy is distributed across home, work, public, and long-distance charging and matched with three 
charging levels (level 1, level 2, and fast charging). This allocation, referred to as the charging 
mix, assigns a specific technology mix to each environment. To account for multi-periodically 
of the model, all metrics influencing the need for charging points over time (population, spatial 
dispersion, and modal split) are considered, allowing adjustments in growth scenarios to accom-
modate positive and negative changes. Ultimately, through the development of this greenfield 
modulation, it is aimed to close the identified research gap of a planning model that is adaptable 
across heterogeneous urban environments and over time. This paper provides a theoretical foun-
dation whose practical application remains to be validated in real-world use cases.

Key words: Charging infrastructure, greenfield modulation, multi-periodical planning, elec-
tric vehicles

1. INTRODUCTION

Urbanization is a rapidly growing global phenomenon, with the United Nations estimating 
that by 2050, two-thirds of the world's population will reside in cities [1]. This trend has already 
gained significant momentum, resulting in a reversal of the rural-urban ratio, where urban areas 
now accommodate more people than rural regions [1]. Consequently, cities, despite occupying 
a mere two percent of the world's land area, consume a staggering 75 percent of the world's 
energy [2]. Anticipated growth in automobile sales, particularly in electric vehicles (EVs), will 
further contribute to the surge in energy demand, as urban centers become the primary sites 
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for increased vehicle usage [2]. Considering the substantial population and wealth concentra-
ted in urban regions, there will be a corresponding rise in vehicle miles traveled, as evidenced 
by historical trends in the United States over the past five decades [2]. Given the convergence 
of two influential factors, namely the global trend of urbanization and the electrification of 
vehicle fleets, charging infrastructure assumes significant macropolitical importance. Conse-
quently, numerous attempts have been made to develop accurate models for planning charging 
infrastructure in urban environments.

1.1 Research Background 

The pivotal role of charging infrastructure in the context of urbanization and the electrifi-
cation of vehicle fleets has attracted significant attention in the academic community. Tamay 
[3] acknowledges the growing number of publications addressing charging stations (CS) and 
electric vehicles (EVs), as evidenced by a substantial volume of literature. For instance, a search 
using the keywords "electric vehicle charging station" yielded 5,719 articles from Scopus and 
2,285 articles from the Web of Science for the period of 2001-2021 [3]. The core of most artic-
les revolves around the evaluation of demand and the subsequent determination of the most 
efficient configuration and positioning of EV charging stations [4]. In the context of location 
planning, the siting of charging infrastructure has been comprehensively addressed [4]. Hen-
ce, the emphasis of this paper is placed on quantitative and especially multi-period planning. 
To determine optimal charging station sizing, which depends on charging demand, establis-
hed transportation models are commonly used. The reviewed literature can be classified into 
three categories: node-based, flow-based, and agent-based. Node-based approaches represent 
charging demand as geographical points, often referring to zones or nodes in a directed graph 
[5]. In contrast, flow-based methods focus on traffic flows to position charging stations for 
maximizing traffic flow, requiring more data, such as origin-destination information [5]. Agent-
based approaches differ by focusing on representative users, allowing for a heterogeneous user 
description but with potentially extensive data needs, including individual driving patterns and 
charging decision details [5].

In the context of multi-period planning, the fundamental principle involves adapting growth 
projections over time. Building upon the insights provided by Anastasiadis [6], the determina-
tion of the required number of charging points to meet the charging demand is presented as a 
function of both fleet size and population size. Anastasiadis' research findings reveal an initial 
rapid increase in the number of charging points required, followed by a more gradual ascent. By 
incorporating dynamic demand considerations into multi-period planning, potential insights 
into how station placement decisions impact future demand can be deduced [7]. 

Table 1 provides an overview of relevant literature in the field of quantitative analysis and 
multi-period planning. It also acknowledges limitations, thereby allowing this paper to build 
upon them and potentially eliminate existing limitations.
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It is evident that regardless of the urban or highway context, or the type of charging (fast or 
slow), there are consistent limitations. In the realm of quantitative planning, these limitations 
are closely tied to the flow of electric vehicles (EVs) [12]. This relationship is contingent on both 
the geographic coverage of the area and the travel patterns of the population [10]. Therefore, 
it is imperative to account for the differences in each urban environment. Huang et al. [11] have 
demonstrated that a geometric segmentation approach can effectively address this issue. In 
terms of multi-period planning, the number of charging stations required doesn't need to main-
tain a continuous proportional relationship with the fleet size [6]. These dynamics are rooted in 
the specific attributes and characteristics of urban environments [4]. Urban cores undergoing 
densification experience alterations in traffic flow and travel patterns over time, consequently 
exerting a notable influence on the planning of charging infrastructure [4].	

To address this gap, this study proposes the adoption of a greenfield approach.  Greenfield 
approaches have demonstrated success in various applications within the existing literature 
[15], [16]. For instance, Radanliev [15] employed a greenfield approach to investigate the rela-
tionship between multiple elements and factors influencing supply chain strategy formulation 
in the slate mining industry. Similarly, Kienzle & Andersson [16] applied a greenfield approach 
to design future multi-energy systems, including electricity and even developed a tool for long-
term energy supply scenario studies.

1.2 Contribution To Current Discourse

Drawing upon these successful applications, this paper could address the identified research 
gap related to heterogeneity and the absence of multi-period charging infrastructure planning 
through the development of a greenfield modulation that is scalable across heterogeneous ur-
ban environments and over time. The proposed model could serve as a valuable tool for various 

Table 1. Selected literature on charging infrastructure planning.

Author Technology Demand Multi-
Period Limitations

Alhazmi et al. 
(2017)

Fast 
charging

Node-based No Randomness of driver’s behaviors.

Anastasiadis 
et al. (2020)

Fast 
charging

Agent-based Yes No proportional correlation between 
number charging stations and fleet 
size.

Aryandoust et 
al. (2019)

Fast 
charging

Flow-based No Effectiveness of policies vary from city 
to city due to different patterns.

Chen et al. 
(2016)

Mixed Agent-based No Charging station locations are a functi-
on of geography and travelers’ patterns.

Huang et al. 
(2016)

Mixed Node-based No Geometric segmentation can fully eli-
minate the partial coverage issue.

Luo & Huang 
(2017)

Mixed Agent-based No Charging station placement is highly 
consistent with the traffic flow of Evs.

Zhang et al. 
(2017)

Fast 
charging

Path-based Yes –

Zhu et al. 
(2016)

Slow 
charging

Node-based Yes No adoption to other application scena-
rios (cities, urban environments, etc.)
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stakeholders, including policymakers, urban planners, and researchers, facilitating effective 
communication and collaboration. Previous studies have highlighted the lack of communication 
and involvement among stakeholders in spatial planning policies. Priebs [17] observed that past 
German spatial planning policies often lacked coordination among public actors, private sector 
representatives, civil society, and academia, with a shift towards competitiveness, efficiency, 
and austerity. These communication and involvement issues extend to the European level as 
well. Ritter [18] emphasized the lack of coordination in spatial development policies between 
different bodies  responsible for sectoral policies within the European Union, leading to opacity 
in procedures, substance, and impact. Consequently, there is a need for better alignment and 
understanding of the environmental and economic implications of spatial configurations [18]. 
By adopting and adapting this model, stakeholders could improve communication, overcome 
coordination challenges, and make informed decisions for the benefit of urban areas and their 
surroundings.

2. METHODOLOGY OF GREENFIELD MODULATION

The greenfield approach proposed in this study adheres to the methodological framework as 
outlined by existing literature [16, 19] and follows a systematic top-down process. The primary 
objective is to define absolute numerical requirements per predefined environment. Subse-
quently, through a series of iterative steps, it should be possible to allocate relative values to 
specific areas and use cases within the defined environment. Afterward, it is aimed to adjust 
projections based on changes arising from the evolving patterns of urban development over 
time. By implementing these steps, the identified research gaps related to heterogeneity and 
the absence of multi-period charging infrastructure planning can be effectively addressed.

2.1 Quantitative Estimation Of Required Charging Stations

The introductory stage of this greenfield module entails the calculation of absolute numeri-
cal values, which are subsequently converted into relative values tailored to specific areas and 
use cases within the designated environment. This process involves a series of sequential steps, 
which are illustrated in Figure 1.

Figure 1: Greenfield modulation for estimating required charging stations and charging mix.
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To determine the required charging infrastructure for a specific environment, an initial clas-
sification is made, dividing the environment into central cities, inner suburbs, and outer sub-
urbs. This classification provides a foundation for accurately estimating energy consumption 
within the given area. For this, the paper outlines a three-step process, starting with projecting 
annual electric vehicle (EV) sales and secondly dividing the electric vehicle market into char-
ging need groups that exhibit distinct charging behavior. The third step focuses on determining 
the percentage share of total energy consumption for each previously defined charging need 
group. While the pre-defined percentage distribution per charging need group specifies where 
each group consumes its total energy demand, it does not specify how that energy is consu-
med. Consumers are EV drivers, encompassing both Battery Electric Vehicles (BEV) and Plug-in 
Hybrid Electric Vehicles (PHEV). Hence, the energy allocation is matched with three different 
charging levels, specifically Level 1, Level 2, and DC fast charging. The ultimate objective is to 
align the calculated energy distribution with these three charging levels to effectively cater to 
the needs of each charging group during their journeys. Therefore, the technologies introduced 
(L1, L2, DC) are harmonized with the previously defined total energy consumption categories of 
home, work, and public charging. This results in relative distributions of needed charging type 
amounts per defined category in the environment. These can be combined with absolute defi-
ned numbers of total energy required and translated into numbers of required stalls of Level 1, 
Level 2, and DC fast charging posts.

2.2 Multi-Period Adaptations Of Required Charging Stations

Considering this paper's goal to potentially cater to multi-period aspects, it is aimed to ad-
just growth estimations over time based on the unique characteristics of specific urban en-
vironments. As previously recognized, the number of required charging points is intrinsically 
linked to fleet size [6]. However, as evidenced in the research background, it is important to 
acknowledge that in growth scenarios, the number of charging stations does not necessarily 
need to maintain a continuous proportionality with fleet size [6]. Hence, it is not the intention 
to assume static growth. Instead, it is aimed to account for the specific transformations occur-
ring within urban environments over time. These influential factors can be categorized into 
four main categories. The first category is the correlation between population growth and in-
creased activities in various domains, including commuting, shopping, and household demands 
[20-21]. The second category accounts for factors that induce changes in spatial distribution, 
such as the dispersion of industries, employment, and housing [22]. The third category pertains 
to centrality, in line with urban economic theory [23-24], which underscores the connection 
between city size, population density, and vehicle kilometers traveled. The fourth and final 
category considers shifts in the modal split, referring to the distribution of various transport 
modes within the total number of kilometers traveled [25-26].

3. RESULTS

Following the presented methodology, it aims to define the relative required types of char-
ging posts per predefined environment, before adjusting defined values over time. 

3.1 Quantitative Estimation Of Requrired Charging Stations
3.1.1. Classification of urban environment

To define required charging posts for a certain environment, first, the environment needs 
to be classified into boundaries for central cities, inner suburbs, and outer suburbs. This allows 
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later precisely determining the energy consumption for the given area. Oftentimes, the boun-
daries of urban areas are mainly arbitrary, in the sense that they are either based on adminis-
trative breakdowns, which are, most of the time, the result of multiple municipal subdivisions 
and mergers, or on some rules that vary from one period to the next, and from one state to the 
other [27]. Traditional literature has approached the examination of urban environments in a 
stepwise manner, using concentric ring-based analysis. Burgess [28] employed a series of three 
8-km buffers to delineate fringe, periphery, and hinterland areas, based on the assumption of 
cities as concentric zones with distinct functions. This ring-based analysis is firmly rooted in 
classic urban theories and assumes a monocentric form of expansion, with growth radiating 
outward from a central core [29]. Expanding on this concept, Schneider and Woodcock [30] 
established that the core area ends where urban land densities drop below 50 percent. Beyond 
the core, urban expansion occurs within the urban-to-rural transition zone. Contrary to this 
established monocentric approach, it is acknowledged that urban environments are influenced 
by the movement of people and goods within and across the city [31]. Hence, this paper aims 
to clearly define the boundaries of urban environments. By employing vector-field analysis the 
Urban Metric System (UMS) method as introduced by Tellier [27] enables the computation of 
attraction/repulsion vector-resultants for any point within a given region. The vectors repre-
sent the combined influence of attractive forces on a point and denote the probable direction 
of movement for a population located at a particular point [27]. Since the attraction exerted 
by each attractor on the population of generators is determined using an attraction function 
considering the spatial arrangement of attractors at a specific moment, the concept is static, 
and each vector possesses a magnitude (or length) [27]. Aggregating these vectors allows the 
forming sectors to refer to a specific region within the vector field where all forces converge 
toward a central point. In the Urban Metric System, the delimited urban areas correspond to 
these vector-field sectors. Within these sectors, divergence points are surrounded by vectors 
pointing outward, marking clear sector boundaries. Consequently, the attraction/repulsion 
vector-resultants of neighboring points within these sectors point either toward the city center 
or the periphery, creating the Zero Resultant Radii [27]. Ultimately, this allows for the temporal 
assessment of the mathematically determined boundaries as exemplified in Figure 2. 

Figure 2: Exemplified computation of vector field illustrating boundaries of the central city, inner and outer suburbs. 
Note: adapted from [27].
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3.1.2. Estimation of required energy

The paper outlines a three-step process for determining the energy consumed in the model, 
first employed by Hall & Lutsey [32]. The first step involves projecting annual electric vehic-
le (EV) sales, which serves as the basis for determining the required charging infrastructure 
in Germany. The current electric vehicle market can be established using existing passenger 
electric vehicle stock data by metropolitan area [33]. Here, two distinct market scenarios are 
envisioned for the proportion of electric passenger car registrations by the year 2030. In Sce-
nario 1, an electric car share of 35%, aligning with the zero- and low-emission vehicle target 
defined in the EU passenger car CO2 regulation, is assumed [34]. Scenario 2 anticipates an 
electric car share of 50%, reflecting the projections made by leading vehicle manufacturers 
[35]. These two scenarios are deemed conservative and indicative of the minimum number of 
charging points that will be requisite by the year 2030 [35]. Future EV sales can be estimated as 
a percentage of passenger vehicle registrations in Germany, increasing over time [36]. To ref-
lect the redistribution of vehicles after the conclusion of a lease and to account for used vehicle 
sales, conventional and electric passenger vehicle registrations per capita can be compared to 
passenger vehicle stock per capita [37] and redistributed proportion- 234 ally after three years 
[35]. Overall electric vehicle stock operating on the road can be calculated based on cumulative 
vehicle sales minus vehicle retirement. Vehicle retirement can be calculated based on histori-
cal German passenger vehicle retirement [38] and modeled future. The outcomes are visually 
presented in Figure 3.

In Figure 3 (left), a year-by-year representation of passenger electric vehicle stock estima-
tes is presented for Scenario 1, depicting a 35% electric vehicle sales share in 2030. In Figure 3 
(right), the corresponding stock estimates for Scenario 2, wherein a 50% electric vehicle sales 
share in 2030 is assumed, are shown. According to calculated estimates cumulative sales, wit-
hout accounting for retirements, are projected to reach eight million by 2030 when the sales 
share is set at 50% [35]. The second step involves partitioning the electric vehicle market into 
charging need groups that show distinct charging behavior. Following Nicholas & Wappelhorst 
[35], these groups can be established alongside the dimensions of vehicle type (PHEV or BEV), 
commuting status (Commuter & Non-Commuter), and home charging access (home, no home). 
Table A3 provides relevant metrics for electric vehicles by housing type in 2018 and projected 
percentages for 2030 [35]. Although future home charging availability is unknown, the housing 
type can be used as a proxy for the likelihood that home charging will be available to those who 

Figure 3: Passenger electric vehicle stock in Germany for scenario 1 (35% of sales are EVs in 2030) and scenario 2 (50% of all 
sales are EVs in 2030). Note: Adopted from [35]
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purchase an electric vehicle [39]. The third step focuses on determining the percentage share 
of total energy consumption per the previously defined charging need group. The exact needs 
are primarily derived from a German survey of EV drivers [25], supported by data from other 
sources to disaggregate the results [26] and assembled in Table 4.

3.1.3. Estimation of required charging mix

The prior defined percentual distribution per charging need group indicates where each 
group consumes its overall energy demand but has no indication of how that energy is consu-
med. Hence, in this step, the energy is matched to three different charging levels, namely level 
1, level 2, and direct-current (DC) fast charging. This allocation is referred to as a charging mix. 
Level 1 chargers have lower power ratings (120 V / 15 A) and consequently require a longer time 
for charging [40]. As a result, these chargers are typically preferred in locations where EVs are 
parked for extended durations, such as homes and workplaces [41]. Level 2 chargers, on the ot-
her hand, utilize 19.2 kW of charging power and operate at 208 V or 240 V with currents up to 80 
A [40]. Although the power ratings of level 2 chargers are higher than level 1 chargers, they still 
necessitate a significant amount of time for charging EVs [41]. Consequently, level 2 chargers 
are also well-suited for locations where EVs are parked for longer durations, including homes, 
workplaces, and public areas where EV drivers tend to spend a considerable amount of time. In 
contrast, DC fast chargers possess significantly higher power ratings and can rapidly recharge 
EVs within a limited timeframe [41]. Therefore, these chargers are primarily deployed for com-
mercial use and in public areas where EV drivers tend to stay for shorter periods. As stated, the 
overall goal is to match the calculated energy distribution with the three charging levels to best 
cater charging needs of group customer journeys. Hence, the introduced technologies (L1, L2, 
DC) are matched with the already introduced total energy consumption categories home, work, 
and public charging.  This is crucial since for instance, Fast DC charging technology is pivotal to 
relieving range anxiety. However, it isn’t necessary for every charging application [42]. For this 
reason, below, as illustrated in Figure 4, this paper allocated a certain charging technology to 
a certain environment. Each environment is predominately characterized by certain use cases 
which demand different charging technologies.

Table 4. Energy breakdown by charging group, note: adopted from [35]

Type Commuting Home 
Charging

Home 
Energy

Work 
Energy

Public 
Energy

DC 
Energy

Vehicle 
km p.a.

% electric 
km p.a.

BEV Y Y 70% 20% 5% 5% 15,100 100%

BEV Y N 0% 55% 20% 25% 15,100 100%

BEV N Y 80% 0% 10% 10% 12,354 100%

BEV N N 0% 0% 40% 60% 12,354 100%

PHEV Y Y 60% 30% 10% 0% 15,100 70%

PHEV Y N 0% 65% 35% 0% 15,100 40%

PHEV N Y 90% 0% 10% 0% 12,354 50%

PHEV N N 70% 0% 100% 0% 12,354 10%



Proceedings of the 1st Jordan Conference on Logistics in the Mashreq Region (JCLM1)

41� JCLM1 Proceedings // pp. 33-50 // Quantitative Planning of Charging Infrastructure in Heterogenous Urban Environments in Germany: A Multi-Period Greenfield Modulation

Figure 4: Estimation of required charging mix

First, starting from left to right with the private space, which is exclusively for the use of the 
residents of the property [43], it is acknowledged that most electricity consumption takes place 
at home. By 2030, private use cases would still account for a large majority of all charging [42]. 
This is caused by the improvement of battery technology allowing ranges of more than 200 mi-
les per charge, thus meeting the needs of most drivers who travel on average 30 miles a day by 
private vehicle [42]. These drivers will need fast chargers only when they are on long-distance 
trips and can’t take the extra time to refuel at a slower public alternating-current Level 2 (AC 
L2) charger or when they forget to charge at home and can’t make the round trip in the time 
available [31]. Consequently, for private areas, a distribution of 100% residential L2 chargers is 
allocated to meet customer demands now and in the future. 

Secondly, for the workplace, Xi et al. [44] state that the hourly utilization greatly differs bet-
ween weekdays and weekends, which can potentially be explained by the assumption that cars 
are used more often during working days, e.g., for the sake of commuting to work. Pevec et al. 
[45] analyzed the utilization of both charging stations and parking spots for each hour of the day 
for the year 2016. It can be observed that the charging utilization has 2 peaks during the day, 
mainly around 8 AM and 5 PM. These correspond 309 to times when drivers usually arrive at 
workplaces and home coming from work [45]. Thus, charging in the workplace has much longer 
dwell time than public charging and higher charging options are much less effective without 
vehicle swapping [46]. Following Li et al. [46], for all scenarios, Level 1 chargers are the most 
popular because of their low installation cost and relatively long charging duration for workpla-
ce charging. Level 2 chargers are recommended when the budget level is high and could help 
the system cover all charging demands. Consequently, this paper calculates 55% commercial 
L2 chargers and 30% residential L2 Chargers. However, due to higher parking spot utilization, 
a sufficient number of fast charging is needed. Thus, this paper also calculates with 15% fast DC 
chargers.	

Third, public space, which is divided into easily accessible to the general public at any time 
of day or night [43], and fleets whose distribution is heavily dependent on the	 increase of sha-
red concepts and the likely introduction of autonomous fleets and only accessible to those 
companies [42]. 

The third category public space defines locations as being easily accessible to the general 
public at any time of day or night [43] such as retail spaces and long-distance locations. It also 
features fleets where the distribution is heavily dependent on the increase of shared concepts 
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and the likely introduction of autonomous fleets and only accessible to those companies [42]. 
As highlighted before, most EV charging is done at home or work, so public charging points are 
needed to serve drivers without access to private charging, and those traveling longer distances 
[42]. Paying off on this trend, Kampshoff et al. [42] estimated that charging will probably shift 
towards public options, and away from the home (accounting for around 75 % in 2020), as more 
people without access to home charging start to buy EVs. These drivers will choose either fast 
or slow public charging, depending on their daily trip plans, and want chargers to be placed 
where they need them. Hence, the mix of charging technologies must mirror the charging be-
havior of users.  Davidov [47] analyzed this and acknowledged that the optimal charging tech-
nology mix stays unchanged after the average dwell reaches 450 min. In other words, if a longer 
charging time is required at a candidate location as a reflection of an EV driver's charging beha-
vior, the optimal planning model must place a slower charging technology type at a location to 
address the charging convenience of the EV driver. Xi et al. [44] conclude that, due to the short 
parking time of vehicles at shopping locations (relative to workplaces), a greater proportion of 
the chargers installed in retail shopping locations should be DC to maximize the expected EVs 
charged. This is due to the short parking durations at these locations (relative to workplaces), 
which allows a single charger to be reused multiple times daily. At parking lots and other public 
destinations, for example, DC charging can be available as a premium service, but when a driver 
is parked for an hour or more, slower AC L2 charging usually works well enough [42]. Overall, 
this paper calculates a higher rate of 60% fast DC chargers and a comparably lower amount of 
20% commercial L2 chargers and 20% residential L2 Chargers. 

Regarding fleets, the distribution is heavily dependent on the increase of shared concepts 
and the likely introduction of autonomous fleets [48]. All future estimates of fleet size and the 
required charging infrastructure are extremely sensitive to battery recharge time and vehicle 
range. Following [49] each 80-mile range shared autonomous EV would replace 3.7 privately 
owned vehicles and each 200-mile range shared autonomous EV would replace 5.5 privately 
owned vehicles, under Level 2 charging. With DC fast-charging infrastructure in place, these 
ratios rise to 5.4 vehicles for the 80-mile range shared autonomous EV and 6.8 vehicles for the 
200-mile range shared autonomous EV [49]. This highlights, that higher throughput is needed 
to serve more customers daily. Loeb & Kockelman [50] acknowledged, that fast charging allows 
for improving average response times, thus increasing potential cars that could charge per 
charging point. Additionally, Almutairi [41] estimated that by 2030 considerably less charging 
would be done at home, and the amount of charging in fleet depots would nearly double. Both 
papers underline the importance of a higher share of fast charging points in these environ-
ments. Ultimately, due to the shift to more and more shared concepts, this paper calculates 
a higher rate of 50% fast DC chargers and a comparably lower amount of 35% commercial L2 
chargers and 15% residential L2 Chargers. 

Lastly, for long-distance locations on highways, DC fast charging technology is pivotal to 
relieving range anxiety [42]. Hence, a distribution of 100% fast charging is allocated to meet 
customer demands now and in the future.

3.2 Adaption Of Growth Case Over Time

In light of this paper's aspiration to build a multi-period charging infrastructure module, it 
is now aimed to shape and adjust growth estimates according to the unique characteristics of a 
specific urban environment. As already acknowledged, the number of required charging points 
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is a function of fleet size [6]. Thus, for stakeholders, it is necessary to adjust the assumed total 
numbers and modulate them based on the described growth case. However, this growth is cur-
rently static and does not account for specific changes occurring in urban environments over 
time. For example, the availability of home charging for all-electric vehicle sales in 2018 was at 
80% but reduced to 72% of sales by 2030 estimates due to more customers living in apartments. 
This results in an increased need for workplace, public, and DC fast charging [36]. If significant 
enough, such factors can influence growth dynamics over time [51]. Consequently, to address 
this, the next step involves incorporating all metrics influencing the need for charging points 
and adjusting the growth case, considering both positive and negative changes. Featured are 
four main categories, all displayed with sources where data can be accessed to ensure replica-
bility. The four categories are population growth, spatial distribution, centrality, and modal split 
(Table A5) as illustrated in the methodology. 

The first category is well-established and includes the correlation between population 
growth and increased activity in various areas, including commuting, shopping, and house-
holds. The second category includes all factors causing changes in the spatial dispersion like 
the distribution of industries, employment, or as learned above housing. The third category 
captures centrality since urban economic theory [23-24] highlighted the relationship between 
city size, population density, and vehicle kilometers traveled. For example, in low-density areas, 
public transport is typically provided at lower service frequency rates due to large deficits re-
sulting from low occupancy. Consequently, lower service frequency leads to a shift from public 
transport to private vehicles, particularly in less compact cities. As a result, not only are dis-
tances between points of interest greater in these cities, but the reliance on private modes of 
transport is also higher, ultimately necessitating more charging infrastructure [24]. The fourth 
influencing factor is changes in the modal split, which refers to the share of each transport 
mode in the total number of kilometers traveled [25-26]. This phenomenon is measured by 
analyzing national vehicle ownership and its development. This data provides insights into the 
increased or decreased adoption of fleets in the future and serves as an indicator of the extent 
to which daily activities, such as commuting and shopping, will be covered by public transport 
or private vehicles. Ultimately, by considering influencing metrics and their impact on charging 
infrastructure demand and traffic flows over time, it becomes possible to shape and adjust 
growth estimates according to the unique characteristics of a specific urban environment.

4. DISCUSSION

4.1 Contribution To Current Discourse And Practical Implications

Policymakers at the local, state, and municipal levels are confronted with a significant 
challenge when it comes to developing plans for electric vehicle charging infrastructure. The 
existing information ambiguity has caused considerable complexity and imposed substantial 
pressure on policymakers, who are already challenged by the rapidly evolving socio-economic 
problems [59]. By transferring the method of greenfield modulations into the context of char-
ging infrastructure this paper tried to address the identified gap related to heterogeneity and 
the absence of multi-period charging infrastructure planning. As a result, this paper has the 
potential to be a valuable tool for a range of stakeholders, offering a means for more effective 
planning and communication. However, it is  important to note that the practical utility of the 
model is contingent upon stakeholders clearly defining their specific environments, calculating 
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the total demand as described, and employing the relative percentage distributions outlined in 
this paper. Only when these steps are diligently followed can such tools provide absolute nume-
rical values, thus serving as decision-making aids for political decision-makers.

4.2 Limitations

This paper explores the effectiveness of greenfield approaches, which have shown success 
in various applications in existing literature. However, like other approaches, generalizations 
and assumptions are necessary to derive solutions that can be broadly applied. In this case, 
when developing total energy consumption for the eight charging need groups, it is essential to 
understand that these groups represent averages and are inherently heterogeneous. Individu-
al-level vehicle specifications, driving patterns, and charging behavior vary significantly within 
each group. For instance, not all commuters have access to workplace charging, and not all ho-
me-charging users always plug in their vehicles. Nevertheless, the average charging behaviors 
of these groups are distinct and are sufficient for analysis and scenario purposes [37]. To ensure 
practical applicability, it is worth noting that some data (e.g., [20-21]) used in this paper may be 
outdated for specific purposes due to changes in the population. Stakeholders are encouraged 
to leverage more current and non-publicly available data they might have access to. 

Secondly, as alluded to in the research background, extensive attention has been given to 
the placement of charging infrastructure in the context of location planning [4]. This paper no-
tably omits the discussion of optimal location estimation and highlights Brenner’s [60] recent 
work on a new method to locate EV charging infrastructures, based on the parallelism between 
mobility needs and heat equation implemented with Finite Element Method analysis (FEM). 
Heat density maps show the likely demand points to establish charging infrastructures for EVs. 
The analysis integrates heat density maps, electricity consumption patterns, and considerati-
ons of mains supply capacity. Together, these factors provide valuable insights for determining 
the optimal location of charging stations in future urban environments. This approach could 
serve as a valuable addition to our model for identifying suitable locations for charging posts in 
practical applications.

4.3 Future Research

As previously emphasized, this paper introduces a novel model for quantitative planning 
charging infrastructure within urban environments by employing a multi-period greenfield 
modulation approach. However, it's important to note that this is currently a theoretical frame-
work, and its practical utility necessitates validation through real-world applications and the 
integration of realistic data."

5. CONCLUSION

Charging infrastructure plays a pivotal role in the context of urbanization and the electri-
fication of vehicle fleets. With a substantial concentration of population and wealth in urban 
regions, there is a corresponding increase in vehicle miles traveled [2]. This underscores the 
significant macropolitical importance of charging infrastructure for various stakeholders. Po-
licymakers at local, state, and municipal levels encounter formidable challenges when crafting 
plans for electric vehicle charging infrastructure. The existing information ambiguity has intro-
duced a considerable degree of complexity and has added substantial pressure on policymakers, 



Proceedings of the 1st Jordan Conference on Logistics in the Mashreq Region (JCLM1)

45� JCLM1 Proceedings // pp. 33-50 // Quantitative Planning of Charging Infrastructure in Heterogenous Urban Environments in Germany: A Multi-Period Greenfield Modulation

who are already grappling with rapidly evolving socio-economic issues [59]. Simultaneously, 
extensive efforts within the literature have been made to develop accurate models for planning 
charging infrastructure in urban environments. This paper addresses the identified research 
gap, which pertains to the diversity and the absence of multi-period planning for charging in-
frastructure. It does so through the development of a greenfield modulation approach that is 
adaptable across heterogeneous urban environments and over time. While this lays a theoreti-
cal foundation, its practical application remains to be validated in real-world use cases. It can 
be classified as a preliminary communication and an ongoing research effort aimed at aiding 
stakeholders. Considering the rapid acceleration of these changes due to significant trends, this 
model provides a robust foundation for future investigations.
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APPENDIX A

Table 3. Distribution of housing for the general population in Germany. Note: adapted from [35]

Category Single-dwelling 
buildings

Two-dwelling 
buildings

Three or more 
dwelling buildings

Percentage of dwellings 30% 16% 55%

Conventional passenger vehicle 
stock by dwelling type in 2018

35% 19% 46%

Electric passenger vehicle stock 
by dwelling type in 2018

60% 16% 24%

Electric passenger vehicle stock 
by dwelling type in 2030

41% 18% 41%

Table 5. Indicators influencing charging station growth case over time. Note. Adapted from [35]. 2 NUTS 3 = Nomenclature of 
territorial units for statistics, CI = Charging Infrastructure

Category Indicator Variable Source

Population Population Population by NUTS 3 statistical area [20], [21]

Spatial 
Dispersion

Industry And future projections [22]

Spatial 
Dispersion

Employment Enterprises by area and future projec-
tions

[22]

Spatial 
Dispersion

Housing Employees by area and future projections [52]

Centrality Centrality Number of dwellings in houses and 
apartments

[23], [24]

Modal Split Vehicle stock Av. Distance from land use to center. [25], [26]

Modal Split EV Registrations Passenger vehicle stock by NUTS-2 [52], [54], 
[55]

Modal Split Existing CI Registrations EVs (BEVs & PHEVs) by 
NUTS 3 area

[53], [54], 
[55]

Modal Split CI/EV Counts of charging outlets in Germany [32], [56], 
[57]

Modal Split Charging Behavior Ratios of electric vehicles to charge 
points.

[25], [26]

Modal Split Travel behaviour Observed charging rates 
(residential, workplace, public)

[58]
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ABSTRACT

The significance of Supply Chain Management Practices (SCMP) has grown considerably as 
organizations seek to optimize their operations, maintain competitiveness, and address en-
vironmental sustainability concerns. Few studies were found on the impact of SCMP on both 
environmental sustainability, and organizational performance. This study investigates the com-
prehensive impact of various critical SCMP dimensions namely, strategic supplier partnership 
(SSP), customer relationship management (CRM) and lean Practices, on both organizational 
performance and environmental sustainability. In the dynamic global business landscape, SRM 
and CRM play vital roles as components of SCMP that influence how organizations manage 
relationships with their suppliers and customers. Lean practices, which focuses on efficiency 
and waste reduction, play an integral part in streamlining supply chain processes. Therefore, 
this study aims to answer two key questions: to what extent do these SCMP dimensions con-
tribute to improved organizational performance? In addition, how do these SCMP dimensions 
influence environmental sustainability efforts? A conceptual framework has been developed 
encompassing the previously mentioned constructs and a well-designed questionnaire will 
be distributed to Jordanian manufacturing companies in order to collect data. Ultimately, this 
study will contribute to a better understanding of how organizations can balance the pursuit of 
economic goals with their responsibility towards environmental stewardship in the context of 
a well-managed supply chain.

Key words: supply chain management; environmental sustainability; supply chain manage-
ment practices; organizational performance; manufacturing firms; Jordan

1. INTRODUCTION

Supply chain management (SCM) has become an emerging research area during the last de-
cade. SCM is a business activity that has a strategic implication on any organization, therefore 
identifying the required performance measures is essential. Several definitions of supply chain 
management were proposed by researchers in literature (Stock and Boyer, 2009) defined SCM 
as “The management of a network of relationships within a firm and between interdependent  
organizations and business units consisting of material suppliers, purchasing, production fa-
cilities, logistics, marketing, and related systems that facilitate the forward and reverse flow 
of materials, services, finances and information from the original producer to final customer 
with the benefits of adding value, maximizing profitability through efficiencies, and achieving 
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customer satisfaction”. Similarly, Council of Supply Chain Management Professionals (CSCMP) 
outlines SCM as “a comprehensive process that includes the strategic planning and efficient 
oversight of all activities related to acquiring goods, transforming them, managing their move-
ment, as well as coordination and collaboration with channel partners.” Today`s dynamic global 
market forces organizations globally and locally not only to have high quality products and 
services, minimize waste and improve responsiveness but also to have an efficient supply chain 
management to remain competitive. The first key to achieving an efficient supply chain ma-
nagement practices and its impact on both organizational and environmental performances is 
recognition(Chesaro, 2016).

Organizational performance refers to how well an organization achieves its market-orien-
ted goals as well as its financial goals (Yamin et al., 1999). A number of prior studies have mea-
sured organizational performance using both financial and market criteria, including return 
on investment (ROI), market share, profit margin on sales, the growth of ROI, the growth of 
sales, the growth of market share, and overall competitive position (Vickery et al., 1999). Many 
organizations continue to struggle to understand the complex issues associated with the coor-
dinated planning and supply activities amongst the members of their supply networks despite 
the significant advances in research and practices (Mutuerandu and Iravo, 2014).One of the core 
challenges in supply chain management is coordinating the activities and processes among 
the different members of a supply network. This network typically includes suppliers, manu-
facturers, distributors, retailers, and other partners. Coordinated planning and execution are 
necessary to ensure smooth flow of materials, timely deliveries, and efficient use of resources.

According to (Tukamuhabwa et al., 2017) developing countries play an important role in the 
global supply chain as they are exposed to numerous risks and disruptions because of the po-
litical., economic, and cultural conditions. In Jordan, the manufacturing sector directly contri-
butes to about 25% of GDP (Jordan Industry Chamber), therefore it is crucial to investigate the 
current SCMP and its impact on the overall organizational performance. For example, many 
previous studies which were conducted in Jordan provided a strong foundation and rationale 
for conducting further research on the impact of supply chain management practices on or-
ganizational performance in Jordanian manufacturing firms. In the context of sustainable de-
velopment, SCMP should be implemented not just to boost business and supply chain efficiency 
but also to address environmental, economic, and social concerns. As a result, SCM practices 
should be used to achieve two goals: improving the performance of individual companies and 
ensuring that all members of the supply chain succeed in the competitive market. Additionally, 
companies should take responsibility for environmental matters in SCM and support other sus-
tainable businesses in meeting environmental standards (Le, 2020).

In today`s dynamic business environment, SCMPs play a significant role in streamlining ope-
rations, reducing costs, enhancing customer satisfaction, and boosting profitability. Therefore, 
organizations started to recognize the importance of adopting SCMPs to achieve their goals 
and sustain their competitive advantage in

 
the market. Numerous numbers of studies were conducted to empirically investigate the 

impact of SCMPs on different types of performances like organisational performance, opera-
tional performance, and supply chain performance. Notably, the existing literature on this sub-
ject primarily focus on advanced nations, leaving a significant research gap in the context of 
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developing countries. In addition to this, many businesses prioritize their financial interests, 
neglecting the consequences of their operations on environment (Chesaro, 2016).

In the context of Jordan, the German Agency for international cooperation conducted a 
study in support of ministries of environment, industry, trade, and supply addressing the gro-
wing concern about the “disposal of solid textile waste and numerous ready-made clothing 
items in Jordanian landfills”.  The study revealed that in the past year only, the textile waste 
generated by Al-Hassan Industrial City, Irbid amounted to nearly 11,000 tons. Additionally, the 
study highlighted that amount of waste generated in three phases namely, delivery, production, 
and storage. The generated waste during the delivery phase of textiles is almost negligible be-
cause when the defective imported materials are detected, they will be returned to suppliers 
for resolution immediately. On the other hand, the fabric waste generated from the cutting 
process accounts for about 70% of total waste production, generating approximately 23.5 tons 
of waste daily. As for the storage phase, the study found that waste is estimated at around five 
tons daily, and most of this waste consists of discarded packaging materials. Therefore, it was 
concluded that the waste generated from ready-made clothing factories consists of approxi-
mately 90% fabric, while packaging materials account for only about 10%. In the light of these 
findings, it becomes evident that the impact of Supply Chain Management Practices (SCMPs) on 
environmental sustainability performance is an area of study that holds great importance and 
emphasize the need to investigate the ways they can help minimize this environmental challen-
ge and improve the sustainability of Jordanian textile industry (Jordan Zad, 2023).

This study aims to answer the following questions: to what extent do these SCMP contribute 
to improved organizational performance? and how do these SCMPs influence environmental 
sustainability?

The main objective of the research is to investigate the impact of supply chain management 
practices on organizational performance and environmental Sustainability among textile ex-
port manufacturing firms in Jordan. The sub- objectives include assessing different aspects 
including the level of supply chain management practices adopted among textile manufacturing 
firms in Jordan and their direct impact on organizational and environmental performances.

In this study a quantitative method will be employed as a research design, specifically a 
questionnaire method. The study will be carried out among textile export manufacturing firms 
in Jordan. Through the questionnaire that will be developed, the questions will focus on achie-
ving research aim and objective.

2.LITERATURE REVIEW

2.1. Review Of SCMPs Dimensions In Previous Literatures

Supply chain (SC) is a complex system that encompasses many organizations and extends 
beyond the boundaries of an individual entity. It involves the flow of goods, information, and 
financials from the supplier`s supplier to the customer`s customer. In other words, it is the 
interconnected network of organizations and activities that contribute to the production and 
distribution of products (Coyle et al., 2015).
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(Christopher, 1998) defined supply chain as “a network of organisations that are involved, 
through upstream and downstream linkages in the different processes and activities that pro-
duce value in the form of products and services in the hand of the ultimate consumer.” The 
Council of Supply Chain Management Professionals (2010) defined supply chain as “the material 
and informational interchanges in the logistical process, stretching from acquisition of raw ma-
terials to delivery of  finished products to the end user. All vendors, service providers, and cus-
tomers are links in the supply chain” (Gibson et al., 2014). The supply chain includes suppliers, 
manufacturers, distributors, retailers, and customers. The customers are the main focus of the 
chain, since the primary purpose of the existence of any supply chain is to satisfy customer 
needs, in the process of generating profit for itself (Habib, 2011).

Scholars and practitioners have been interested in supply chain management (SCM), as an 
important management theory since the 1980s. SCM was developed and redefined throughout 
the previous decade from a management procedure to a management philosophy by most or-
ganisations as well as institutions (Asgari et al., 2016). The development of supply chain ma-
nagement (SCM) concept as we know it today has evolved through three phases. It started in 
the 1960s, with the development of physical distribution concept, which only focused on the 
outbound logistics of finished products. Subsequently, the concept of integrated logistics ma-
nagement which focused on both inbound and outbound logistics occurred in the 1980s. The 
last phase of development occurred in the 1990s, leading to the contemporary understanding 
of SCM concept (Coyle et al., 2015).

According to (Mentzer et al., 2001), supply chain management is defined as the “the syste-
mic, strategic coordination of the traditional business functions within a particular company 
and across businesses within the supply chain, for improving the long-term performance of 
individual companies and the supply chain as a whole”. Likewise, the Council of Supply Chain 
Management Professionals (CSCMP) outlines SCM as a comprehensive process that includes 
the strategic planning and efficient oversight of all activities related to acquiring goods, trans-
forming them, managing their movement, as well as coordination and collaboration with chan-
nel partners.

SCM is seen as an opportunity to improve global competitiveness and increase market share. 
Many scholars perceive SCM as a significant business practice for improving competitiveness, 
profitability, and organisational performance (Al-

 
Shboul et al., 2017, Li et al., 2006). Similarly, (Attia and Salama, 2018) highlighted that Supply 

Chain Management has become a crucial instrument for enhancing performance and maintai-
ning a competitive edge, as the world is witnessing the growing shift in business competition 
dynamics, moving away from traditional firm- to-firm rivalry towards a focus on competition 
within supply chains.

Supply chain management practices (SCMPs) are defined as the set of activities undertaken 
by an organization to promote effective management of its supply chain (Li et al., 2006). They 
are considered critical elements that must be met for successful supply chain management. 
It has been argued that among the latest global business practices, none compete the signifi-
cance of Supply Chain Management Practices (SCMPs). For example, (Fredendall et al., 2016) 
see SCMPs as critical to modern organisation success as they can improve operations, supply 
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chains, and company performance. Moreover, (Bayraktar et al., 2009) stated that when busines-
ses collaborate with suppliers, consumers, and competitors while they respond to the changing 
business environment, they create a partnership that enables the exchange of information and 
knowledge with the goal of developing cooperative supply chains capable of competing, if not 
outperforming, others in their industries. These practises are a multidimensional concept that 
includes both upstream and downstream components of the supply chain. Evaluating and mea-
suring the effectiveness of these dimensions comprehensively mandates the use of an assessment 
framework or instrument that combines all these dimensions into a structured evaluation tool.

2.2. Review Of SCMPs Dimensions In Previous Literatures

As stated in the above section, SCMPs is multidimensional and has been studied from various 
perspectives. Therefore, a rich number of literatures studied SCMPs dimensions and empirical-
ly validated them. (Li et al., 2006) laid the groundwork for shaping the dimensions and measu-
res of SCMPs. Based on the thorough review of literatures, it was found that Strategic supplier 
partnership, customer relationship, information sharing, information quality, lean practices, 
and postponement are the top six dimensions that have been widely investigated in studies 
investigating the SCMPs-performance nexus in the context of developing and emerging eco-
nomies. This study will focus on three key dimensions: Strategic Supplier Partnership (SSP), 
customer relationship management (CRM) and internal lean practice (ILP). A discussion of the 
three dimensions considered as part of the SCM practice construct is provided below:

2.2.1. Strategic Supplier Partnership (SSP)

Strategic supplier partnership (SSP) is defined by (Li et al., 2006) as “the long-term relation-
ship between the organization and its suppliers”. This means that companies should move away 
from the transactional, "arm's length" relationships to “durable arm’s length” relationships, indi-
cating a transition from purely transactional interactions to enduring, sustainable, and purpo-
seful relationships, fostering trust, collaboration, and long-term cooperation for mutual bene-
fit. In addition to this, the earlier supplier collaboration in operational activities the better. For 
instance, product development projects and sharing of product demand forecasts can lead to 
cost-effective design decisions, optimal component selection, streamlined production, impro-
ved product quality, and reduced lead times. The main goal is to enhance the operational and 
strategic competencies of organizations by forming strategic alliances with suppliers, enabling 
close collaboration and joint responsibility for product and firm success (Chong et al., 2009).

2.2.2 Customer Relationship Management (CRM)

Customer Relationship Management is defined as “The entire array of practices that are 
employed for the purpose of managing customer complaints, building long- term relationships 
with customers, and improving customer satisfaction’’.The main activities CRM includes are 
sharing product information, receiving and processing customers’ orders, maintaining an order 
placement system , sharing order status updates with customers throughout the order schedu-
ling process, and managing product deliveries (Li et al., 2006).

2.2.3. Internal Lean Practice (ILP)

Lean practices are defined as “the process of removing all the wasted time and resources in 
the production process. Lean can be considered a philosophy, a work culture, a technique, a 
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management concept, a value or a methodology or an ethos’’ (Wilson and Roy, 2009). Similarly, 
(Boyle and Scherrer‐Rathje, 2009) confirmed that the focus of lean practices is to identify and 
eliminate waste across the complete value stream of a product, encompassing not just the or-
ganization itself but also throughout its entire supply chain network.

2.3 Organizational Performance

No standardized definition has been accepted to define organizational performance by re-
searchers (Ou et al., 2010). However, many studies defined organizational performance as the 
extent to which an organization achieves profit- driven goals (Yang et al., 2011). According to 
(Li et al., 2006) organizational performance is a broad concept that enables companies to as-
sess their business performance by indicating how well their financial and market goals are 
achieved. Similarly, (Peng Wong and Yew Wong, 2011) defined firm`s performance as the degree 
of success an organization achieves in both market-oriented and financial goals. According to 
(Martin and Patterson, 2009), performance can be defined in terms of outcomes such as mee-
ting quantitative goals or being profitable. High- performing firms can have a positive impact 
not only to the company but to the society, this includes wealth development, employment 
creation and resource attraction. Therefore, scholars have been increasingly drawn to further 
investigate the impact of Supply chain management related activities on firm`s performance 
acknowledging its growing significance as reflected in previous studies.

No standardized definition has been accepted to define organizational performance by re-
searchers (Ou et al., 2010). However, many studies defined organizational performance as the 
extent to which an organization achieves profit- driven goals (Yang et al., 2011). According to 
(Li et al., 2006) organizational performance is a broad concept that enables companies to as-
sess their business performance by indicating how well their financial and market goals are 
achieved. Similarly, (Peng Wong and Yew Wong, 2011) defined firm`s performance as the degree 
of success an organization achieves in both market-oriented and financial goals. According to 
(Martin and Patterson, 2009), performance can be defined in terms of outcomes such as mee-
ting quantitative goals or being profitable. High- performing firms can have a positive impact 
not only to the company but to the society, this includes wealth development, employment 
creation and resource attraction. Therefore, scholars have been increasingly drawn to further 
investigate the impact of Supply chain management related activities on firm`s performance 
acknowledging its growing significance as reflected in previous studies.

 
Organizational performance is a complex and multi-dimensional concept, indicating that 

it encompasses numerous aspects and elements (Yang et al., 2011). According to the reviewed 
studies researchers used diverse indicators to measure a business performance but they can 
be mainly classified into financial measures and non-financial measures. Financial measures 
include profit before tax and turnover while non-financial measures focus on issues related 
to customer`s satisfaction and customers referral rates, delivery time, waiting time and emp-
loyees’ turnover. Recognizing the limitations of depending primarily on financial or non- finan-
cial measures, modern corporate executives decided to evaluate their  company's performance 
using both financial and non-financial measures. (Prajapati et al., 2018), for example, evaluated 
organizational performance by taking operational customer satisfaction and financial factors into 
account. Similarly, (Vickery et al., 1999), examined organizational performance using a combination 
of financial and market measurements like Return on investment (ROI), market share, profit margin 
on sales, ROI growth, sales growth, market share growth, and overall competitive positioning.
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This study will examine the impact of SCMP on organizational performance based on both 
market and financial performance indicators as proposed by previous researchers (Vickery et 
al., 1999).

2.4 Environmental Sustainability

The main goal of businesses has always been centered on economic reasons. However, the 
constant rapid changes of business circumstances forced companies to include additional ob-
jectives related to sustainability. Companies must engage in sustainable practices and ack-
nowledge their environmental imprint to meet modern societal expectations (Svensson et al., 
2016). Sustainable development is defined in the Brundtland Report of the World Commission 
on Environment and Development as ‘development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs’. (Marshall et al., 2014) 
conducted a study in which they analyzed previous sustainability literatures. Their research 
findings revealed that sustainability performance is divided into three main dimensions: envi-
ronmental, economic, and social holding a considerable importance and relevance for research 
in the fields of operations and supply chain management. Reinforcing this point, (Chardine- 
Baumann and Botta-Genoulaz, 2014) confirmed that the flow of materials within human society 
and the exchange of material and energy with the environment lies under SCM responsibility. 
Therefore, investigating the impact of SCM practices on suitability performance including its 
three main aspects (Economic, Environmental, and social) is noteworthy. In line with Marshall, 
(Bandehnezhad et al., 2012) conducted an empirical study on the contribution of lean practices 
to environmental performance of the manufacturing firms in northern region of Malaysia, affir-
ming that environmental aspects have been the primary focus in earlier sustainability literature. 
This focus arises from the escalating global awareness on environmental issues and the diverse 
pressures on businesses to comply with environmental standards (Bandehnezhad et al.,2012).

 
(Jum’a et al., 2021) refers to environmental sustainability as the practices, actions, and met-

hods that have an obvious positive effect on natural environment. The study stated that pre-
vious researchers on environmental sustainability, explored common issues like efforts to re-
duce air emissions, waste minimization, decreased solid waste generation, the reduction of 
hazardous materials usage, lower environmental accident rates, and overall enhancement of a  
company's environmental situation. Nonetheless, a research gap exists concerning the exami-
nation of the connections between traditional supply chain management (SCM) practices and 
environmental sustainability in the context of Jordan, a developing nation. To address this gap 
in the literature, this study seeks to investigate the relationship between SCM practices and 
environmental sustainability.

2.5 Hypotheses Development and Conceptual Framework

2.5.1. Effect of SCM Practices on Organizational Performance

(Al-Madi et al., 2021) conducted a study that examined the adoption of supply chain manage-
ment practices in Jordanian medical devices and their impact on their organizational perfor-
mance. The SCMPs used in this study include strategic supplier partnership (SSP), customer re-
lationship management (CRM), level of information sharing (LIS), quality of information sharing 
(QIS), and postponement (POST). The methodology used in this study involves a questionnaire 
survey to collect data from managers in the top management of medical devices firms. The data 
collected was analysed using Structural Equation Modelling (SEM) with the help of the Statisti-
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cal Package for Social Sciences (SPSS) and AMOS:21 software.  The study revealed that “level of 
information sharing" stands out as the most influential, indicating that effective communication 
and information sharing have a profound effect on enhancing organizational performance. Fol-
lowing closely, "strategic supplier partnership" emerges as the second most influential SCMP, 
emphasizing the importance of fostering strong and enduring relationships with suppliers to 
reduce costs and improve product quality. "Customer relationship management" comes next, 
underlining the significance of prioritizing customer satisfaction and aligning products and ser-
vices with customer needs. Finally, "postponement" is identified as having the lowest impact on 
organizational performance, with the belief that  delaying operations in this specific context 
could lead to missed opportunities. The research was specifically focused on the medical de-
vices firms in Jordan, which may constrain the extent to which its results can be extrapolated 
to different sectors. As a result, it is recommended that future research endeavours encompass 
a broader range of industries, including manufacturing and services, to enhance the general-
izability of the study's findings.

 
Given the broad range of SC activities, SCM practices suggested by (Li et al., 2006) were ad-

opted on basis of prior discussion. The development of hypotheses are as follows:

H1: SSP positively impact organizational performance. 
H2: CRM positively impact organizational performance.
H3: Internal Lean Practices (ILP) positively impact organizational performance.

2.5.2. Effect of SCM Practices on Environmental Sustainability

(Dieste and Panizzolo, 2019) study analysed the transformation journey of three Italian ma-
nufacturing companies using lean practices over five years. The practices included flow lay-
out, value stream mapping, kaizen events, spaghetti chart, 5S, Kanban, visual management, and 
PDCA. Data was collected through questionnaires and interviews, examining the use of lean 
methods, environmental performance indicators, and the relationship between lean practices 
and environmental outcomes. The study found that the implementation of lean practices posi-
tively impacts environmental performance, contributing to waste reduction, improved resour-
ce utilization, and enhanced sustainability. However, the findings may not be generalizable due 
to the lack of information on the companies' sizes, industries, and the confidentiality of their 
identities. Similarly, A research conducted by (Yang et al., 2011) made it evident that adopting 
lean practices yields significant and favourable results for overall organizational performance. 
These practices are shown to reduce set-up times and work-in-process inventory while im-
proving responsiveness and lead times, consequently leading to improved market performance. 
Additionally, practices like Six Sigma have a positive influence on financial performance by ena-
bling innovative problem-solving across various business processes, streamlining organizatio-
nal procedures, and reducing costs. The study findings underscore the significance of imple-
menting lean manufacturing techniques to enhance business performance in both market and 
financial aspects.

In the context of developing countries, like Jordan, (Abu Hajar et al., 2020) pointed out that the 
establishment of National Green Growth Plan in 2017, encouraged Jordan to move towards En-
vironmental Sustainability. Reinforcing this point, an empirical study in 221 Jordanian manufac-
turing firms was conducted by (Al-Ghwayeen and Abdallah, 2018) to assess the impact of green 
supply chain management (GSCM) on environmental performance and export performance. 
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The research revealed that GSCM has a positive and significant impact on both environmental 
and export performance. Moreover, it was found that environmental performance positively 
mediates the relationship between GSCM and Export performance. In another study, (Abdallah 
and Al-Ghwayeen, 2019) investigated the impact of GSCM on environmental, operational, and 
business performances having environmental and operational performances as mediators. The 
findings indicate that green supply chain management has a positive and significant impact on 
both environmental performance (EP) and organizational performance (OP). The overall effect 
of green supply chain management on business performance is positive and significant,while 
the direct impact of green supply chain management on business performance is negligible and 
non-significant and the total positive effect is indirect and entirely mediated through EP and 
OP. (Jum’a et al., 2021), conducted a study to investigate the impact of SCMPs (strategic supplier 
partnership, customer relationship, level of information sharing, level of information quality 
and postponement) on environmental sustainability and financial performances. In addition to 
this, the role of environmental sustainability as a mediator between SCMPs and financial per-
formance was also studied. The data was collected from Jordanian manufacturing firms using a 
survey questionnaire. The study examined 376 responses and used Structural Equation Model-
ling (SEM) to test the hypotheses. The results show that certain supply chain practices, such as 
customer relationship, level of information sharing, level of information quality and postpone-
ment, have a significant impact on environmental sustainability. Furthermore, environmental 
sustainability has a direct impact on financial performance. Eexcept for the strategic supplier 
partnership, environmental sustainability acts as a mediator between all supply chain manage-
ment practices and financial performance.

Based on the above literatures, the following hypotheses were developed: 

H4: SSP positively impact Environmental Sustainability Performance.
H5: CRM positively impact Environmental Sustainability Performance.
H6: Internal Lean Practices (ILP) positively impact Environmental Sustainability Performance.

2.5.3. Conceptual Framework

As can be noticed from the thorough review of previous literatures, few studies explore the 
relationship between traditional supply chain management practices and environmental sus-
tainability and according to best of authors knowledge, there is no study focused on exploring 
the nexus among SCMPs, environmental sustainability practices, and organizational perfor-
mance in Jordan. Thus, the following conceptual framework has been developed to fill the gap 
exists in literatures (Figure 1).

Figure 1: Conceptual Framework.
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3. CONCLUSION

In conclusion, the study`s main objective is to investigate the direct effect of three main SCM 
practices: strategic supplier partnerships (SSP), customer relationship management (CRM) and 
internal lean practices (ILP) on two dependent variables which are environmental sustainabi-
lity and organizational performance in textile manufacturing firms in Jordan. Moreover, it will 
shed the light on the solid waste problem they are facing. Through the developed conceptual 
framework and well-structured questionnaire, the data will be collected. The findings of the 
study will seek to guide organizations in achieving a balance between economic success and 
environmental responsibility, providing valuable input for strategic decision- making and policy 
development in the ever-evolving business landscape.
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ABSTRACT

Industry 5.0 is a concept that overcomes the barriers of its predecessor, Industry 4.0. The 
previous digitalization standards lacked a focus on a human in every segment of the manufactu-
ring process, as well as the logistics activities. Therefore Industry 5.0 stands for a human-cen-
tred, resilient, and sustainable model that raises awareness of the importance of applicability 
of the principles of human factors and ergonomics. In this paper, the correlation between the 
implementation of novel and innovative technologies for logistics activities and its impact on 
human workers will be discussed. Based on the systematic literature review, key principles, 
methods and tools of human factors and ergonomics that can be applied to logistics activities 
and their impact on human health, safety, and well-being will be identified.

Key words: Industry 5.0, logistics, human factors, ergonomics, well-being

1. INTRODUCTION

The implementation of Industry 5.0 has nowadays become more optimistic than its pre-
decessor, Industry 4.0. The 4.0 concept of the smart and digital factory with a very high level 
of process automatization has neglected the role of both existing and future human workers 
within the system and therefore created many barriers to its implementation. Similarly, to 80’s 
when Computer Integrated Manufacturing was presented and couldn’t be implemented due to 
the unavailability of needed technologies, Industry 4.0 over the past decade was facing similar 
challenges at a certain point. The technology was available, but in early stages of its develop-
ment, therefore its price remained very high. Also, there was a significant shortage considering 
human skills and knowledge, operators who could implement, adapt, and later use the advanced 
technologies in the real manufacturing systems. At the same time, the high automatization and 
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digitalization level has raised many concerns among the workers who were afraid of job loss 
but also refused to learn how to use new technologies due to their perceived high complexity. 
Therefore Industry 5.0 concept was presented to overcome all the barriers recognized over 
the years and enable the final implementation of flexible and modular systems, adaptive to 
all the sudden disruptions so the companies can remain competitive in the market. The new 
system aims towards resilience, sustainability, and human centricity and, just like the previous 
one, it should be applicable to every industrial sector and level, as well as in the logistics. Due 
to human-centricity the field of human factors and ergonomics has become very important 
and crucial not only for worker safety but also for their wellbeing which impacts productivity 
and efficiency. Therefore, the purpose of this research is to acknowledge the key principles, 
methods, and tools of human factors and ergonomics that can be applied to logistics activities 
based on the state-of-the-art findings in the present literature.

2. METHODOLOGY

To get an insight into the current literature findings, the most relevant database Web of Sci-
ence was searched, in the timespan 2011 (the year Industry 4.0 was introduced) to 2023. Parallel 
with the introduction of Industry 4.0 the barriers were recognized and the possible solutions to 
overcome them were given which is why the works related to Industry 4.0 (not only 5.0) were 
included in this research. To get a complete overview of human factors and ergonomics in lo-
gistics activities, the following keywords were searched:

(1) Logistics AND Industry 5.0 – to get an insight into the specific technologies and principles 
used in Logistics 5.0 and to understand the context in which human factors and ergonomics 
should be included (147 records found)
(2) Logistics AND human-centered – to get an insight into what the human- centricity in 
logistics represents (90 records found)
(3) Logistics AND human factors and ergonomics – to get an overview of tools and methods 
of human factors and ergonomics in logistics activities and its impact on them (178 records 
found).

Among the 415 records found, 65 of them were chosen for the final review, based on their 
relevancy to the topic.

3. LOGISTICS AND INDUSTRY 5.0

The implications of smart logistics in Industry 5.0 are rarely discussed, according to (Jafari, 
Azarian and Yu, 2022) so the features of smart logistics in Industry 5.0 should be concerned 
with four areas: (1) intelligent automation, (2) intelligent devices, (3) intelligent systems and (4) 
intelligent materials. Smart logistics in Industry 5.0 is focused on the interaction between hu-
mans and technology and the increasing need for the adoption of collaborative systems.

Industry 5.0 is still in the conceptual stage and implementation can yet only be segmental. 
Literature related to supply chains in Industry 5.0 is limited, but Organizations' leadership, po-
licymakers, and other practitioners involved in supply chains, and mainly those currently wor-
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king with Industry 4.0 initiatives, need to have clear guidance regarding the dimensions needed 
to structurally design and implement an Industry 5.0 strategy (Frederico, 2021).

The novel concept of Logistics 5.0 should address the high complexities in logistics Cyber 
Physical Social Systems. It should accelerate the shift towards intelligent and sustainable logis-
tics while human-oriented operating systems provide intelligent solutions. Logistics 5.0 serves 
as a critical catalyst in realizing 6S objectives, which are: (1) Safety, (2) Security, (3) Sustaina-
bility, (4) Sensitivity, (5) Service, and (6) Smartness (Li et al., 2019). The continuous develop-
ment of technologies leads to significant progress in achieving sustainability, accessibility, and 
efficiency of logistics activities. Mobility 5.0 has the potential to shape a new era of intelligent 
logistics and transport and could bring benefits not only to the industry but also to individuals 
and society as a whole (Lin et al., 2023).

Digital twin drives Industry 4.0 and is also a crucial part of the supply chain. In the develop-
ment stage, the importance of digital twins in Industry 4.0 was observed, as big data, machine 
learning, the Industrial Internet of Things, blockchain, edge computing, and cloud-based sys-
tems complemented digital twin models. Digital twin can be applied to improve sustainability in 
manufacturing and production logistics. Focus is set on the integration of deep learning, data 
models, and artificial intelligence for digitalization. COVID-19 pandemic drove the start of the 
prosperity stage of digital twin research in the supply chain while the researchers in this field 
are slowly moving towards applying digital twin for human-centric systems and mass personal-
ization to prepare to transition to Industry 5.0 (Lam, Lam and Lee, 2023).

Physical Internet (PI) is an open global logistics system in which components are hyper-
connected for increased efficiency and sustainability. Digital twin is well- perceived as a key 
driver in the development of PI-based Supply Chain Management (SCM). Due to the capabilities 
of real-time monitoring and evaluation of large-scale complex systems, significant research 
efforts have been made to exploit the values of PI/DT in SCM. Clustered into ten key research 
streams on PI/DT applications are: job shop scheduling, smart manufacturing design, PI-based 
SCM, manufacturing virtualization, information management, sustainability development, data 
analytics, manufacturing operations management, simulation, optimization and assembly pro-
cess planning. Future potential emphasize on several PI/DT-related issues, including business 
ecosystem, sustainability development, SC downstream management, cognitive thinking in In-
dustry 5.0, citizen twin in a digital society, and SC resilience (Nguyen Ngoc, Lasa and Iriarte, 
2022). Cloud Computing has been part of the logistic processes that enable better supply chain 
integration, warehousing services, and transportation support. Also, it comes with certain risks, 
the lowest in customer service activities and the highest in procurement activities (Maniah and 
Milwandhari, 2020).

The cloud supply chain can be a business model based on cloud-enabled networking of some 
third-party physical and digital assets to design and manage a supply chain network. The main 
characteristics of the cloud supply chain are related to (1) multistructural dynamics; (2) plat-
forms, digital supply chains, ecosystems, and visibility, (3) dynamic service composition with 
dynamically changing buyer/supplier roles, (4) resilience and viability, and (5) intertwined sup-
ply networks and circular economy (Ivanov, Dolgui and Sokolov, 2022).
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There is a constant demand for a fast supply of logistics at the lowest cost which has brought 
pressure to the manufacturing industries. One of the possible methods to fulfil customer requi-
rements is the development of the IIoT for smart manufacturing and logistics systems to mini-
mize time and cost while maximizing customer satisfaction and organizational profit. IIoT can 
be a platform for optimal route identification, real- time monitoring of vehicles and their para-
meters such as fuel, wheel axel, and engine vibration, temperature monitoring, and customized 
design of maintenance schedules to improve efficiency in transport. In using the IIoT system, 
77-98% in overall performance was found with an increase in customer satisfaction, process 
efficiency, decreasing cost of operation with energy efficiency and low latency performance of 
the new IIoT-based framework (Bhargava et al., 2022).

The Internet of Things enables the interconnection of physical objects, real-time monito-
ring, and decision support. Humans still play a significant role while XR technologies enable 
immersive visualization that can strengthen the connection between the human and cyber-
physical systems. Therefore an important tool in human-centric supply chains are XR solutions 
(Tsang et al., 2022).

Data interoperability is one of the core principles of Industry 5.0 and the supply chain visi-
bility must be aligned with socially, economically, and environmentally sustainable objectives. 
All the aspects of data sharing in SCs may be brought together in service of the paradigm of I5.0 
(Khan and Abonyi, 2022). The existing mathematical models for supply chain planning can put 
an emphasis on lean manufacturing from the aspects of flexibility, resilience, and sustainability. 
The goal is to obtain a more autonomous supply chain (Reyes, Mula and Díaz-Madroñero, 2023).

The implementation of artificial intelligence and robotic technologies leads to many chan-
ges in logistics sectors. The past data such as the numbers of use and sales value of the service 
robots in the logistics sector, along with the environmental data (i.e. CO2 emission) allows the 
prediction of the different stages of robotic logistics technologies and its future benefits (Oran 
and Cezayirlioglu, 2021).

The human aspect of working with automated guided vehicles (AGV) has been neglected 
in Industry 4.0, while there are many challenges the companies face in this field. Human- and 
organisation-related challenges arise with the introduction of AGVs, i.e. supporting the AGVs 
with new work procedures for managing AGV errors, determining what different operators 
need to know about AGVs, and developing acceptance among employees (Thylén, Wänström 
and Hanson, 2023). (AI)-based logistics Unmanned Aerial Vehicles (UAVs) have been widely ap-
plied in intelligent transportation systems due to their advantages of faster speed, lower cost, 
more environment-friendly, and less manpower needed. Most of the existing UAV models have 
neglected energy consumption. To minimize the total energy cost a cooperative path planning 
problem via jointly optimizing the route of the logistics UAVs and the service allocation is deve-
loped by a Large Neighbourhood Search Algorithm (LNS) to accelerate the convergence rate of 
the Genetic Algorithm (GA), and then develop an improved GA based cooperative path planning 
algorithm (IGCPA). Simulation results have shown that the energy cost of IGCPA is reduced 
by 17.35%, 15.18% and 9.99% compared with GA, LNS and Particle Swarm Optimization (PSO). 
Sensitivity analysis of the maximum UAV load and battery capacity reveals that the distribution 
cost tends to decrease and then increase as the increase of maximum load and battery capacity 
(Du et al., 2023).
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An efficient order-picking system is the core of a high-performing warehouse. Humans have 
specific skills and perceptions, which should be taken in mind in such models. A Toolset of five 
modeling constructs was proposed: (1) varying work rates,

(2) quantitative physical state indicators, (3) stochastic worker behavior and work execution, 
(4), subjective worker experience and judgment, and (5) socio- demographic worker different-
iations (De Lombaert et al., 2023).

Speech recognition technology can be used in logistics picking systems. This is how walking 
time can be reduced while the workflow is simplified. It also improves data transmission accu-
racy and both picking and economic efficiency (Fu and Sun, 2018). New assistive technologies, 
such as exoskeletons, are perspective in use in logistics systems. The interest in its implementation 
is increasing, while the evaluation of efficiency and cost-effectiveness should be studied before its 
implementation (Ashta et al., 2023). The implementation of digital technologies in logistics activities 
should be strategically defined to maximize future benefits and shorten the ROI period. The stra-
tegy can be defined with the aid of a decision support system by the unique goals the company has 
set by calculating the readiness factor in which both operators and management should be included 
(Trstenjak et al., 2022).

Current megatrends, such as the aging population, growing urbanization, shifts in consumer de-
mands, geopolitical shifts, depletion of natural resources, and climate change, influence the supply 
chain, while digitalization trends support such changes. Five supply chain capabilities as prevalent 
and mostly fitting the external contingencies, i.e., customer-driven, urban-centered, resource-ef-
ficient, fast reactive, and human-centered supply chains are recognized (Pessot et al., 2023).

Digital development of logistics activities goes hand in hand with sustainable and green solu-
tions, but the research results that the awareness of this concept remains relatively low while the 
implementation of novel technologies is rather passive than active (Trstenjak et al., 2023). Logistics 
systems should be re-thinked from a human- centered perspective. The balance between automa-
tion and digital technologies and human work should be achieved due to several irreplaceable ca-
pabilities of operators. Human-machine integration, human-robot collaboration, worker assistance 
systems and work design 4.0 are the most common challenges during the transformative process. It 
is necessary to rethink the traditional workforce, taking care of human factors and therefore achie-
ve a sustainable system of novel logistics solutions (Cimini et al., 2022). Industry 5.0 should provide 
resilient operator 5.0 with more intuitive, symbiotic, human-centered, and cognitive working com-
puting environments to enhance human adaptation capabilities, productivity, and mental health. 
This is enabled through the combination of softbots and augmented reality, called augmented soft-
bots. Such software prototype has been implemented for the purposes of preventive maintenance 
(Zambiasi et al., 2022). The skills of the worker remain the challenge inherited from the Industry 4.0 
concept. Special competencies, such as lean thinking or data science skills are yet to be developed 
for educational purposes while academia must continuously follow and implement new trends. The 
competence profile of Industry 5.0 is related to education in logistics, but, surprisingly, the research 
has shown that there are no significant differences in job performance and job satisfaction related 
to the levels of competence of the worker (Pacher, Woschank and Zunk, 2023).
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4. HUMAN FACTORS AND ERGONOMICS IN LOGISTICS ACTIVITIES 

There are many activities machines cannot imitate which is why human work remains import-
ant. As the system gets more complex, the human factors must be considered for its performance 
to remain high. (Kumcu and Ozyoruk, 2022).

Analysis of the impact of technology on human work is part of the human-centered smart lo-
gistics processes due to the increased complexity of systems, which is why in-depth knowledge 
of each activity and related human aspects is needed (Lagorio et al., 2023). When designing in 
a human-centered manner there is a dilemma between technological feasibility and labour-
politically desirability, under the constraint of an economically reasonable design of work and 
technology (Dregger et al., 2018). The role of human factors and ergonomics in logistics activi-
ties, based on the resources found in the literature, in the following chapters will be discussed 
by topics of implementation of novel technologies and managerial challenges it brings.

4.1. Implementation of novel technologies

The role of digital technologies in industrial logistics processes has become pivotal. Digita-
lization might increase the complexity of processes in terms of integration and management.

Wearable devices (Handheld Computers (picking order information), Voice-Direct Headsets 
(voice picking), Smart Glasses (pick-put to light), Activity Trackers (steps, heart-rate), Exoske-
letons (lifting and moving), Wearable Scanners); AVS/RS (AGVs (picking and moving) Smart Fast 
Rotation Storage Systems Smart Trasloelevators Smart Mini-Loaders Smart Lifts and Forklifts); 
Drones (Drones (inventory, picking and moving) Collaborative Robots (picking)); and logistics 
robots (Collaborative Robots (load-n’-unload, inspection, kitting, and packing), Industrial Ro-
bots (inspection, kitting and packing), and Labelling Systems) are most common novel and digi-
tal technologies which demand certain point of human interaction which should be optimized 
to enable the proper utilization of the hardware.

Each activity can be enabled by certain assistive hardware for human operators. I.e. for pi-
cking those are Exoskeletons (lifting assistance), Automated Guided Vehicles- AGV, Drones, and 
Collaborative Robots; for packaging and delivering: Collaborative Robots (inspection, kitting, 
and packing); storage and stowage: Exoskeletons (moving), AGVs (moving), Drones (moving) and 
Collaborative Robots (load-n’- unload)); material handling: Exoskeletons (moving), AGVs (mo-
ving), drones (moving) and collaborative Robots (load-n’-unload)) (Lagorio et al., 2023).

With the use of smart devices, there is a need to provide the assessment of the cognitive 
ergonomics by of evaluation cognitive workload. Research results by (Kreutzfeldt, Renker and 
Rinkenauer, 2019) showed that the participants were slower in using smart glasses compared 
to a headset, however, with smart glasses, they were less distraction-prone and more flexible 
in their responses. They suggest that smart glasses may be more suitable for conveying infor-
mation in rather complex tasks relying on visual information whereas headsets may be more 
suitable for simple tasks in uncluttered environments.

The human grasp investigation can also lead to further development of the robots equipped 
with an intelligent picking system and grasp planning algorithms from the viewpoint of the er-
gonomics (Li et al., 2019).
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In the implementation of AGV-s the focus is mostly set on the machines, rather than their 
influence on humans. This has raised certain challenges in the interactions between the hu-
man, technology and organization such as supporting the AGVs with new work procedures for 
managing AGV errors, determining what different operators need to know about AGVs, and 
developing acceptance among employees (Thylén, Wänström and Hanson, 2023).

4.1.1. Exoskeletons

Exoskeletons have the potential to prevent the musculoskeletal disorders and improve the 
ergonomic principles of a workplace in demanding activities. They aren’t adopted on the level 
to fulfill their full potential, which is often criticized by the experts. There are various support 
effects of both active and passive exoskeletons. Exoskeletons can cause different biomechanical 
effects on the human body concerning their level of support and the angle-dependent curve 
shape. Passive and active exoskeletons led to significantly reduced muscle activations in certain 
movement phases. Although exoskeletons can cause the desired muscular relief in the targeted 
body region, they can also lead to additional stress in other body parts (Ralfs et al., 2023). Pas-
sive exoskeletons appear more suitable for tasks requiring relatively light assistance and little 
dynamic movements, while heavier and more dynamic tasks will justify the use of more complex 
active exoskeletons. Most back-support exoskeletons are implemented using rigid articulated 
structures, which tend to be heavy and bulky, but generate more appropriate patterns of forces. 
Fewer soft exoskeletons have been developed to date, although they could be integrated with 
or worn underneath standard working attire and offer greater user comfort (Toxiri et al., 2018).

Work-related musculoskeletal disorders are considered nowadays the most serious issue 
in the Occupational Health and Safety field while industrial exoskeletons appear to be a new 
approach to addressing this challenge. Exoskeletons are not a complete solution technology, 
neither for workers nor for job tasks; but they show potential in static activities, while in dyna-
mic tasks, they can obstacle regular job performance. Comfort and easiness of use are the key 
factors influencing the user's experience (Baldassarre et al., 2022).

4.1.2. AR and AI

Augmented reality (AR) can facilitate many tasks. It extends the user's perception and can 
improve their performance. Pervasive AR is developed by human-centered design principles 
which supports the training of logistics operators. It enables identification of operators’ diffi-
culties, and challenges and defines the requirements by using Head- Mounted Display (HMD) 
and Handheld Device (HHD). Operators consider the use of AR as more useful and efficient in 
supporting the operators’ activities on the shop floor (Maio et al., 2023). Palletisation largely 
depends on the employee’s performance and expertise. There are several advantages to the 
use of AR in palletization activities, while compared to the conventional paper-based pick list 
and tabled, AR provides a less strenuous method to assist participants in palletization, which 
makes it appropriate to use, but the useability should be improved considerably (Kretschmer 
et al., 2018). A number of errors can be reduced while at the same time, handling times can be 
prolonged when the AR device is used in palletization. In all experimental conditions of the re-
search by (Plewan et al., 2021), performance improved in the course of the experiment. At the 
same time, the utility of the AR is limited when the task demands are low. AR technologies, such 
as smart glass allow workers to perform tasks hands-free while viewing real-time, task-relevant 
information within their visual field of view. Poorly designed interfaces for smart glasses may 
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distract workers, yet the potential lays in using well-designed AR HWD technology to improve 
workplace safety and health. This and earlier studies suggest that smart glasses can have im-
portant implications for human/task performance as well as workplace safety and health (Kim, 
Nussbaum and Gabbard, 2016). Picking operation can also be improved using mounted display 
solutions for order picking task, but little research has been put on comfort of head mounted 
displays such as smart glasses and how to alter them to increase their product lifecycle (Smith 
et al., 2021). No significant difference in device preference regardless of task type is shown and 
despite the side-weighted arrangement being the most comfortable, the participants still were 
uncomfortable. Artificial intelligence (AI) technologies and learnable systems can transform lo-
gistics, but their use in collaboration between humans and machines remains a challenge. To 
overcome the challenges, special training of the workforce is needed, specifically work-based 
training. The concept of reciprocal learning has emerged and is seen as one of the possible 
paths toward the human-centered systems (Nixdorf et al., 2022) while the human characteris-
tics must be included in various mathematical planning models (Grosse et al., 2017).

4.1.3. Digital twin

Digital twins can combine the strengths of humans and machines. In such a system, the ope-
rator uses cognitive advantage for specific support when the machine reaches its limits. This is 
an emerging topic, as an enabler of digital transformation toward smart factories. Less research 
focuses on the role of the digital twin in quantifying, evaluating, and providing ergonomics, 
mental or physical workload, posture feedback, or warnings to workers, aiming to improve their 
safety conditions in logistics systems (Berti and Finco, 2022). Digital Human Modelling is one of 
the essential parts of the smart factory which brings ergonomic aspects into focus. However, 
little attention was given to the macro-ergonomic analyses, using simulation methods. Micro-
ergonomic human models primarily consider anthropometric and work-physiological aspects, 
but hardly any work-psychological or work-sociological issues. In addition, there is a lack of 
software procedures for evaluating the work environment in the Digital Factory, which was 
noticed by (Zülch, 2021).

4.2. Managerial challenges

The transformation towards Industry 5.0 remains a black box for many companies, while the 
new management approaches can help to successfully overcome the future challenges in logis-
tics. The adoption of advanced control tools for real-time monitoring allows the development 
of accurate planning models and enables proactive decision-making. Human workers remain 
very important but less considered. The human-centric logistics system includes the conside-
ration of the diversity of human workers and an in-depth integration of Industry 4.0 techno-
logies in operations processes to support the development of smart and sustainable systems 
(Sgarbossa et al., 2020).

 
Decision support tools enable the definition of criteria to choose the best technology and 

adopt it according to the requirements of the company. It highlights the better understanding 
of human factors involved to avoid potential critical issues related to technological changes i.e. 
need for additional investment in training, or identification of required skills (Lagorio et al., 2023). 
A multi-criteria approach for choosing the optimal alternative to material handling should have 
taken into consideration the ergonomics aspects to satisfy the company's objectives related to 
both ergonomic criteria and production performance measures (Rossi et al., 2013).
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Many studies that take human factors into consideration focus either on designing the work-
place or on operation planning activities. Little has been published on production and logistics 
systems that incorporate human factors and that combine different levels of short-term ope-
rational policy decisions (e.g. job allocation) and long-term system characteristic decisions (e.g. 
layout design). The novel framework should incorporate human factors into production and 
logistics systems by combining different levels of decisions to improve performance, quality, 
and well-being (Vijayakumar and Sgarbossa, 2020).

4.2.1. Skills and competency of workers

Due to changes, logistics will need highly skilled workers. The change of roles reads to trans-
fer from the executive work to computer systems. This leads to the need for acceptance of life-
long learning for Logistics 5.0 which would develop skills such as ICT Competency, critical thin-
king, innovative thinking, and self-learning. Critical thinking includes analytical competencies, 
understanding as the ability to analyze, evaluate, interpret, and infer information; the ability 
to synthesize information, and understanding as the ability to combine parts or elements. ICT 
competency can be defined as the ability to constantly identify and locate resources of required 
information, to acquire and transform information for specific needs. Innovative approach me-
ans as ability to rethink things and create them from the beginning without past models, forms, 
or styles. Self-learning competency is understood as the ability to acquire knowledge without 
interference with the teacher (Wrobel- Lachowska et al., 2018).

To cope with challenging tasks, companies should develop qualification strategies. Within 
the competency model, the future competencies for operational and planning activities should 
be included. It consists of professional, methodological, social, and personal competencies whi-
le considering the process for implementation and future adjustments of logistics processes. 
This can conduce to strategic personal planning (Kohl et al., 2020).

Technology acceptance increases when there is a good environment inside the company. 
These results suggest that workers were generally accepting of the digital procedures and that 
worker perceptions of perceived usefulness perceptions likely have an indirect effect on pro-
cedure deviation frequency (Hendricks et al., 2023).

The aging population at the workplace is becoming challenging, while raising several con-
cerns of aging operators, such as their physical, cognitive, ergonomic, and well- being conditi-
ons (Alves, Lima and Gaspar, 2022).

4.2.2. Cognitive workload – cognitive ergonomics

The relationship between the 4.0 technologies and the implementation of human factors sho-
wed that technology tends to replace logistics operators, not only for dangerous physical tasks 
but also for cognitive tasks that are stressful and repetitive. Moreover, for some tasks in which 
many different human factors are involved, the evolution is towards operator assistance, rather 
than replacement (Cimini et al., 2022). Companies are more dependent on manual human work 
because of their cognitive ability and flexibility, but at the same time, many decision support mo-
dels in logistics systems have neglected the characteristics of human workers which could lead to 
worsening of working conditions. Therefore, the workload evaluation is very important, while the 
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aspects of physical, mental, and psychosocial influences must be included. Evaluation tools such 
as NMQ, NASA TLX, SWAT, and JCQ can be used in this case (Vijayakumar and Sgarbossa, 2020).

Picking operations can be studied from the cognitive perspective. The combination of the 
cognitive architecture of the operation can decrease the amount of human error and increase 
the service level. The model by (Caro, Quintana and Castillo, 2017) provided evidence for three 
logistic factors, namely, the picking zone type, the order difficulty level, and the experience 
level; furthermore, from the cognitive perspective, attention and memory. In complex manual 
assembly, cognitive and chronobiology aspects of work can contribute to fatigue and degra-
de worker performance. High fatigue is more common during evening shifts. Mental demands 
and frustration can be predictors of high fatigue. Therefore, in novel manufacturing systems 
cognitive workload of workers should be considered, in terms of work schedule planning, shift 
duration, task complexity, etc. Sleep duration can also be one of the predictions of fatigue, but 
this can be subjective. The most often used scales in cognitive workload evaluation is the NASA-
TLX scale and Samn-Perelli Fatigue Scale (Torres, Nadeau and Landau, 2021). Monotony related 
fatigue, as an isolated case, by the increase of the automation level, might increase in the future 
more often (Bier et al., 2020).

5. CONCLUSION
As the barriers of Industry 4.0 are being resolved, implementation of Industry 5.0 seems 

more and more realistic. With the continuous technology development which increases its 
availability on the market, the concept of digital and smart factories is more common to the 
manufacturers, as well in the logistic sector. Industry 5.0 represents a human-centric, resilient, 
and sustainable system, which gives very high importance to human factors and ergonomics 
and all related methods and tools. The inherited technologies from Industry 4.0, according to 
the literature are segmentally implemented into logistics activities and at the same time, their 
potential to incorporate human factors and ergonomics has become clearer. Novel assistive 
hardware, such as exoskeletons, smart glasses, and other wearables, and related software (AR, 
AI) and their use in logistics activities have been proven to increase productivity, reduce the risk 
of injuries, and enable the human worker to deal with more complex tasks. The use of digital 
twins and digital human modelling enables the real-time monitoring of both the activities and 
condition of the human worker, but also the efficient process optimization by the ergonomic 
principles of the workplace. Implementation of a human-centred system raises also certain 
managerial challenges such as the improvement of workers’ skills and knowledge through life-
long learning concepts but also the aspects of cognitive ergonomics which must be taken into 
consideration to avoid the potential threats of monotonous work and fatigue.
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ABSTRACT

Enterprise Resource Planning (ERP) systems are gaining a lot of attention as a crucial tool for 
enhancing efficiency in operations and supply chain integration in industrial firms all around 
the world. This study focuses on the variables affecting the adoption of ERP systems and inves-
tigates their effects on supply chain integration in the context of Jordanian manufacturing ent-
erprises. To investigate the mentioned objectives, this study will rely on a questionnaire distri-
buted among a representative sample of employees in Jordanian Manufacturing Organizations. 
The study identifies various factors that influence the adoption of ERP systems, including Or-
ganizational Culture (OC), Technological Support Infrastructure, and Top Management Support 
(TMS). The impact of ERP adoption on supply chain integration including supplier integration, 
customer integration, and internal integration is also examined. Supply chain integration refers 
to the extent to which ERP systems enable seamless information flow and collaboration among 
supply chain partners. It encompasses both internal integration within the organization and exter-
nal integration with suppliers, distributors, and customers. This study will provide valuable insights 
for manufacturing organizations in Jordan seeking to adopt ERP systems and achieve supply chain 
integration. Decision-makers can use the highlighted variables as a guide when determining if ERP 
adoption inside their organizations is ready and appropriate. The research will also emphasize the 
significance of taking proactive steps to promote smooth integration and optimize the advantages 
of ERP systems, including top management support, employee training, and alignment with orga-
nizational goals.

PROBLEM STATEMENT

The adoption of Enterprise Resource Planning (ERP) systems and their impact on supply chain 
integration are critical concerns for Jordanian manufacturing organizations. Understanding the fac-
tors that influence ERP adoption and their subsequent effects on supply chain integration is essen-
tial for organizations aiming to enhance operational efficiency and competitiveness. Therefore, this 
study aims to address this gap by investigating the factors influencing the adoption of ERP systems 
and assessing their impact on supply chain integration in Jordanian manufacturing organizations. 
LITERATURE REVIEW
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Hwang and Min (2015) conducted a research titled “Identifying the drivers of enterprise 
resource planning and assessing its impacts on supply chain performances “, the goal of the re-
search was to list all of the factors that either help or hinder the implementation of ERP in com-
mercial settings. This study also identified its function in supply chain operations and evaluated 
how it affects supply chain performance. In this study, the authors carried out three phases: a 
pre-pilot; a pilot; and a large-scale questionnaire survey. It was found that the decision of a firm 
to adopt and implement ERP is primarily influenced by its internal environment. Contrary to 
common belief, the firm's external environment has minimal impact on its decision regarding 
ERP adoption and implementation. However, the external environment can indirectly influence 
the decision through its mediating effect on the internal environment. Additionally, the authors 
discovered that ERP can enhance the organizational capability and supplier capability of firms 
that adopt it.

The research conducted by Abro et al. (2017) titled “Antecedents of Enterprise Resource 
Planning and its Impact on Firm Performance with Supply Chain Integration as mediating fac-
tor” aimed to examine the mediating role of supply chain integration in the association between 
ERP implementation and firm performance. The study focused on ten organizations located in 
the Kingdom of Saudi Arabia. The target population consisted of senior-level managers with 
knowledge about their respective organizations. The sample for the study included 70 mana-
gers from the ten selected organizations in Saudi Arabia. The research employed an analytical 
descriptive approach and utilized a questionnaire to gather data. After applying appropriate 
statistical methods, the study revealed several key findings, notably indicating that supply chain 
integration acts as a mediating factor in the relationship between ERP implementation and firm 
performance.

Aremu, Shahzad, and Hassan (2021) investigated the impact of ERP usage on the perfor-
mance of medium enterprises (MEs). They developed a framework to examine the mediating 
role of ERP usage in the relationship between ME performance and eight factors: organizational 
culture, communication process, organizational structure, IT readiness, technological changes, 
information access, government policies, and support of technology infrastructure. The results 
of the study demonstrated that the adoption of ERP systems would enhance the performance 
of MEs.

Al-Qudah (2020) examined the impact of ERP System Usage on Supply Chain Integration at 
Jordanian Pharmaceutical Manufacturing firms. A total of 183 individuals were randomly selec-
ted from various departments (Human Resource, Financial, Production, Supply Chain, Operations 
& Quality) within Jordanian Pharmaceutical Manufacturing firms to form a representative sample 
for the study. The analysis was conducted using SPSS and Amos software. The study utilized a 
questionnaire and employed Structural Equation Modeling (SEM) to achieve its research objec-
tives. The findings indicated a significant positive impact of Customer Relationship Management 
System, Inventory Management System, Financial Management System, and production and ope-
ration Management System on Integration with Supplier, Integration with Customer, and internal 
processes integration. The study concluded that there is a statistically significant relationship 
between the adoption of ERP system and Integration with Supplier, Integration with Customer, 
and internal processes integration in Jordanian Pharmaceutical Manufacturing firms. Additional-
ly, the study highlighted the substantial contribution of ERP system in promoting supply chain 
integration within the context of Jordanian Pharmaceutical Manufacturing firms.
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Alimohamadian and Abdi (2014) conducted a study titled "Exploring the impact of informa-
tion technology on supply chain integration: The mediating role of ERP success." The aim of the 
study was to examine the mediating effect of ERP success in the relationship between infor-
mation technology and supply chain integration. The research was conducted in Tehran, Iran, 
and involved companies operating in that region. The study population comprised three Iranian 
companies with a total of 325 employees. A sample of 163 employees was randomly selected for 
the study. An analytical descriptive approach was adopted, and data was collected through a 
questionnaire. The findings of the study revealed a positive relationship between ERP success 
and supply chain integration.

CONCEPTUAL MODEL

EXPECTED OUTCOME

- Determine Key driving factors of ERP adoption.

- Identify the impact of ERP system on supply chain integration dimensions at Jordanian 
	 Manufacturing Organizations (JMOs), including integration with suppliers, internal 
	 processes integration, and integration with customers.

- To offer recommendations and guidance for manufacturing companies in Jordan to improve 
	 the use of ERP systems and assist supply chain integration, while taking organizational 		
	 culture, technological infrastructure, and top management support into consideration.

CONTRIBUTIONS

This research aims to contribute to the existing body of knowledge by providing insights into 
the factors influencing ERP adoption and their impact on supply chain integration in Jordanian 
manufacturing organizations. The findings will help organizations in Jordan understand the im-
portance of organizational culture, technological support infrastructure, and top management 
support in successful ERP adoption. Moreover, the research will shed light on the implications 

Figure 1: Conceptual Framework
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of ERP adoption on supplier integration, customer integration, and internal integration, pro-
viding practical recommendations for enhancing supply chain integration. The outcomes of 
this study will serve as a valuable resource for manufacturing organizations in Jordan and can 
potentially inform ERP adoption strategies and practices in other similar contexts.

By providing insights into these specific factors and their interrelationships, the research 
offers valuable knowledge to guide organizations in their efforts to adopt ERP systems success-
fully and enhance supply chain integration, ultimately contributing to improved operational 
efficiency and competitiveness.
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ABSTRACT

This research aims to assess procurement operations through a case study conducted at a 
Selected Company. By employing portfolio analysis techniques, data related to procurement 
activities is collected and analyzed to identify opportunities for improvement. Comparative 
analysis is performed to align the results with the company's data, evaluating the effectiveness 
of the analysis and providing actionable recommendations. The study contributes insights for 
strategic decision-making, supplier selection, risk management, and cost-reduction efforts in 
procurement.

Keywords: procurement, portfolio analysis, comparative analysis

RESEARCH PROBLEM

The research problem for the graduation project titled "Assessment of Procurement Practi-
ces: A Case Study Comparing Portfolio Analysis with Company Data" is to investigate and eva-
luate the effectiveness of portfolio analysis as a procurement strategy in a real-world business 
context. This study aims to address the question of whether portfolio analysis, when applied to 
supplier management, results in improved procurement practices, cost-efficiency, and overall 
supply chain performance. 

OVERVIEW

Procurement practices play a critical role in the success and sustainability of organizations. 
Efficient supplier management is vital for achieving cost savings, ensuring quality and relia-
bility, and mitigating risks in the supply chain. Portfolio analysis, which involves categorizing 
suppliers based on their strategic importance and performance, is a well-established approach 
used by companies to make informed decisions about their suppliers. This project seeks to 
assess the utility of portfolio analysis in the context of procurement and supply chain manage-
ment by comparing its outcomes to actual company data.
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PROBLEM STATEMENT (PORTFOLIO ANALYSIS FOR SUPPLIERS)

The specific problem addressed in this research is to evaluate whether the implementation 
of portfolio analysis for suppliers positively impacts a company's procurement practices. Port-
folio analysis involves classifying suppliers into categories based on predefined criteria such as 
strategic importance, performance, and risk exposure. However, the extent to which this ca-
tegorization effectively guides procurement decisions and contributes to overall supply chain 
success remains a topic of interest. The problem statement can be articulated as follows:

"To what extent does the application of portfolio analysis in supplier management lead to 
improved procurement practices, cost-efficiency, and supply chain performance in a real-
world business environment, and how does this compare to the actual company data?"

This research problem is at the heart of the graduation project, and addressing it will provide 
valuable insights into the effectiveness of portfolio analysis as a procurement strategy, helping 
organizations make informed decisions in supplier management and procurement practices.

LITERATURE REVIEW

Efficient procurement practices play a crucial role in enhancing organizational performance 
and achieving sustainability goals. The use of portfolio analysis has emerged as a valuable ap-
proach for assessing and optimizing procurement practices. This literature review examines 
relevant studies that have applied portfolio analysis in the assessment of procurement practices 
and highlights their contributions.

Torres-Ruiz and Ravindran (2018) propose a multiple criteria framework for sustainability 
risk assessment in a supplier portfolio. Their study emphasizes the importance of considering 
sustainability factors in procurement decision-making, providing insights into the evaluation 
and selection of suppliers based on sustainability performance.

Aloini, Dulmin, Mininno, and Zerbino (2019) focus on leveraging procurement-related know-
ledge through a fuzzy-based decision support system (DSS). Their study contributes to refining 
purchasing portfolio models and offers a valuable tool for assessing and managing procurement 
portfolios more effectively.

Gelderman and Van Weele (2003) address measurement issues and strategic directions wit-
hin Kraljic's purchasing portfolio model. Their research highlights the need for a comprehensi-
ve understanding of measurement aspects and aligning strategic objectives with procurement 
portfolio management.

Knight, Tu, and Preston (2014) explore the integration of skills profiling and purchasing 
portfolio management, emphasizing the opportunity to build purchasing capability. Their study 
showcases the importance of aligning procurement practices with the skills and competencies 
of the purchasing team.

Chowdhury, Paul, Sianaki, and Quaddus (2020) examine the dynamic sustainability require-
ments of stakeholders and their influence on the supply portfolio. Their research emphasizes 
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the need to consider evolving sustainability demands in procurement decision-making proces-
ses, providing insights for managing procurement portfolios in a dynamic environment.

These studies collectively contribute to the understanding and application of portfolio ana-
lysis in the assessment of procurement practices. They highlight the significance of considering 
sustainability, refining models, addressing measurement issues, integrating skills profiling, and 
accommodating dynamic stakeholder requirements. By applying these insights to the assess-
ment of procurement practices at a selected company, valuable recommendations can be de-
veloped to enhance procurement performance and sustainability outcomes.

EXPECTED OUTCOMES

The research on " Assessment of Procurement Practices: A Case Study Comparing Portfo-
lio Analysis with Company Data" may lead to the identification of key performance indicators 
(KPIs) and metrics, providing recommendations for procurement processes. It can compare 
portfolio analysis techniques, offer insights into risk management, assess the business value 
generated, and provide implementation guidelines for leveraging data-driven approaches.

EXPECTED CONTRIBUTION

This research contributes to the field of procurement assessment by focusing on the ap-
plication of portfolio analysis techniques within a specific case study context. The originality 
lies in the integration of portfolio analysis methods with company data, which provides a novel 
approach to assessing procurement operations. By combining theoretical concepts with real-
world data, the research brings a unique perspective to the field.

The research makes several significant contributions to the field. Firstly, it extends the exis-
ting body of knowledge on procurement assessment by demonstrating the practical application 
of portfolio analysis techniques. This offers valuable insights into how companies can effective-
ly manage their procurement activities using data-driven approaches.

Secondly, the research provides a comprehensive case study that showcases the implemen-
tation and outcomes of portfolio analysis within a specific company. The findings and recom-
mendations derived from this case study can serve as a practical guide for other organizations 
facing similar challenges in procurement assessment.

Additionally, the research contributes to the understanding of risk management in procu-
rement. By exploring the role of portfolio analysis in identifying and mitigating risks, it offers 
valuable insights into how companies can proactively manage uncertainties and improve deci-
sion-making in these domains.

Overall, the research not only advances theoretical knowledge but also offers practical im-
plications for managers and practitioners in the field of procurement. It provides a valuable re-
source for organizations seeking to assess their operations and enhance performance through 
portfolio analysis techniques.
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ABSTRACT

This research project aims to explore the leadership behaviours that facilitate the effective 
use of Lean Six Sigma, whereby organisations and leaders can realise the required behaviours 
to use the Lean Six Sigma successfully. This research studies leadership from a behavioural lens. 
This mitigation is needed to enable organisations to improve their journey to reach elevated 
Lean Six Sigma performance levels in the workplace. 

This research asks: how can leadership behaviours facilitate the use of Lean Six Sigma? In 
order to answer this question, a grounded theory methodology was used to collect and analyse 
the qualitative data. From that, the framework developed was grounded on the data. In other 
words, identifying the required leadership behaviours was based and grounded on the themes 
that emerged from the data analysis. Twenty-seven interviews were conducted and, through 
analysing these interviews, thirty-six aspects of leadership behaviours emerged. The resear-
cher made a constant comparison to let the aspects emerge during data analysis. These aspects 
were given to the participants in the focus group workshop to group them into core categories 
(themes). The researcher adopted and relied on three sources to identify the possible leader-
ship behaviours to develop the proposed framework. These sources are a focus group work-
shop, interviews analysis, and the literature. The framework is a series of leadership behaviours 
that target specific themes. These leadership behaviours can positively support themes that in-
fluence Lean Six Sigma, which enables the effective use of Lean Six Sigma in the manufacturing 
sector. Eight themes emerged that influence the successful use of Lean Six Sigma emerged: (1) 
Training and development; (2) Continuous improvement and development; (3) Communication; 
(4) Empowering employees; (5) Motivating employees; (6) Managing qualities and operations; (7) 
Employees engagement and involvement; and (8) Supporting culture. 

The framework was validated through experts’ judgment from industry. The experts’ feed-
back was this framework is comprehensive and covers all topics. They believe that adopting 
these behaviours can lead to achieving the desired goal, which enhances operations efficiency.
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This research has contributed to facilitating the effective use of Lean Six Sigma by iden-
tifying the leadership behaviours required for the successful use of the Lean Six Sigma. This 
identification would be helpful for organisations practising or about to use Lean Six Sigma to 
understand what leaders should do and how they should behave to address the challenges of 
using Lean Six Sigma. In addition, the list of leadership behaviours would be a base for develo-
ping formal Lean Six Sigma leadership development programmes. They can be used to evaluate 
leaders’ effectiveness and provide training programmes about appropriate leadership behavi-
ours for Lean Six Sigma.
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PURPOSE

The study evaluates how additive manufacturing technologies improve prosthetic supply 
chain capabilities in terms of customization level, innovativeness, production flexibility and re-
sponsiveness, sustainability and efficiency, by developing a literature-based theoretical model 
of the main areas that have changed after using the 3D-printing technologies in the prosthetic 
supply chain. Additionally, it explores the impact of adopting these technologies in the Jordani-
an prosthetic industry, which prompted structuring an empirical model.

DESIGN METHODOLOGY / APPROACH 

A qualitative approach was employed in this study, where data were collected based on field 
observations and 21 in-depth interviews conducted in several Jordanian organizations related 
to the prosthetic industry and the 3D-printing technologies. The methodological triangulation 
technique was adopted, by gathering information from literature, field observations and inter-
views. The interviews sample was selected by following two strategies; the convenience sam-
pling strategy and the snowballing strategy. 

FINDINGS 

Adopting the 3D-printing technologies has improved the capabilities of the prosthetic sup-
ply chain in terms of customization, efficiency, innovativeness, production flexibility responsi-
veness, sustainability and production quality. This research provides clarification on what are 
the affected areas in the prosthetic supply chain after adopting the 3D-printing technologies. 
Furthermore, it shows that adopting the 3D-printing technologies in the Jordanian prosthetic 
industry improved the capabilities of the supply chain, where the Jordanian prosthetic industry 
is utilizing 3D-printing technologies to improve patient customization. The ultra-postpone-
ment strategy is deployed with 3D-printing technologies adoption, which has impacted inven-
tory and production strategies, leading to changes in raw material composition and volume 
reduction. Also, it was concluded that, 3D-printing technologies eliminate finished products 
and prosthetic components inventory and production approaches become design-to-order 
and/or engineer-to-order, depending on organizational capabilities and policies. Additionally, 
adopting 3D-printing technologies in the Jordanian prosthetic industry enhances the provided 
level of customization to patients and the innovativeness in the prosthetic supply chain, due to 
enhancement in factors like, types of 3D-prinitng inputs, labor backgrounds and skills, digital 
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tools usage (digital data files, supportive technological tools and online ordering systems). Furt-
hermore, the prosthetic supply chain has shown improved flexibility and responsiveness across 
all partners, with 3D-printing technologies adoption. Also, this phenomena leads to changes 
in supply base composition, assembly line rationalization, delivery approaches, warehousing 
optimization, and emergence of new supply chain parties (3D-printing service providers, local 
resellers of the 3D-printable raw materials and 3D-printers, 3D-printers suppliers, 3D-prin-
ting technical advisors, 3D-design advisors, 3D-prosthetic designers, NGOs and 3D-printing 
manufacturing hubs). The Jordanian prosthetic industry has successfully adopted 3D-printing 
technologies, resulting in reducing waste generation, reducing external and internal environ-
mental impacts, improving production cleanliness, reducing power consumption, and impro-
ving degradability of 3D-printable wastes. This adoption has improved the quality of prosthetic 
production processes and devices, with improvements in design, scanning, measuring, and or-
dering accuracy. However, local 3D-printing manufacturing quality depends on experience and 
quality control practices. As well, the adopting of 3D-printing technologies leads to enhance 
prosthetic supply chain capabilities, leading to increase patient empowerment, accessibility 
and availability to designs and devices. On-site 3D-printing and simplicity of learning and ap-
plying 3D-printing technologies have made 3D-printed prosthetics more accessible. This has 
improved after-sale services and competitiveness in the Jordanian market. Patient satisfac-
tion is a key objective, and various tools are used to evaluate this satisfaction, including direct 
feedback, social media ratings, recommendations and surveys. Finally, this research provides 
recommendations to the government and different prosthetic organizations, to improve the 
benefits gained from 3D-printing technologies.         

                                                                                                

ORIGINALITY/VALUE

This research addresses how understanding three vital issues; the prosthetic industry, the 
additive manufacturing technologies and the supply chain, which can improve the knowledge 
since this study creates a base for comparative research between Jordan and other similar con-
texts. Comparative research can enrich and enhance knowledge greatly. Also, it is considered as 
the first study that explores the phenomenon of adopting the 3D-printing technologies in the 
Jordanian prosthetic industry, by defining the impacts of this adoption in the supply chain and 
the challenges that may face Jordanian decision-makers.           

                                                                                                                        
Keywords: AM supply chain, Customization, Prostheses, Prosthetic industry, Jordan, 3D-

printing technologies.
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ABSTRACT

Industry 5.0 is the new era of industrialization focusing on sustainability, resilience, and hu-
mans. During the last few years, research studies on Industry 5.0 have significantly grown and 
engaged in various topics in supply chain management.

This study addresses the developing perception of Industry 5.0, which aims to grasp the en-
vironmental and social sustainable concerns associated with the ongoing human-centric digital 
transformation. However, the definition, capability, and applications of Industry 5.0 in the sup-
ply chain still need to be clarified, as well as an inadequate understanding of its sustainability-
oriented innovation components and projected regenerative values.

The primary purpose of this study is to investigate the literature systematically to highlight 
and identify I5.0 enablers and the challenges the global supply chain faces while deciding on 
implementing I5.0 value-oriented technologies.

A systematic literature review was conducted using a set of 481 publications, including jour-
nal papers, conference papers, reviews, and book chapters, selected from the well-known data-
base Scopus for the last eight years. The SLR highlights the impact of Industry 5.0 and its appli-
cations affecting the global supply chain.

The findings highlight that the future of industrial transformation must be more human-
value-oriented, agile, and sustainable, with the pillars Industry 5.0 is based on, offering poten-
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tial solutions to socioeconomic and environmental problems that were ignored and worsened 
by previous industrial revolutions.

The study gives governments, organizations, and decision-makers a holistic overview of In-
dustry 5.0 opportunities and challenges, stressing the importance of all supply chain stakehol-
ders’ integration for value-added effective industrial transformation

Keywords: Industry 5.0, global supply chain, innovation, sustainability, systematic review 
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ABSTRACT

The significance of sustainable business practices has grown significantly in the contem-
porary globalized context, wherein corporate objectives are increasingly prioritizing environ-
mental and social considerations. This abstract examines the different challenges encountered 
by enterprises operating in Jordan while endeavoring to incorporate sustainable practices into 
their supply chains. These issues can be classified into three primary domains: sourcing, manu-
facturing, and distribution.

In the domain of procurement, businesses in Jordan face many sustainability challenges. 
One primary issue frequently encountered is the restricted accessibility of sustainably derived 
materials and products within the local market. This trend compels firms to depend on impor-
ted items, hence exacerbating the carbon emissions linked to transportation. Furthermore, the 
absence of standardized sustainability certifications and a well-defined legislative framework 
presents additional challenges in the realm of sustainable buying.

Additionally, manufacturing processes entail a distinct array of sustainability challenges. 
Jordan is characterized by the prevalence of energy-intensive manufacturing processes, which 
consequently contribute to a substantial carbon footprint. The adoption of cleaner and more 
sustainable production methods is impeded by the need for significant initial capital investment 
and the limited availability of specialized labor.

As for the distribution function, businesses operating in Jordan encounter multiple chal-
lenges pertaining to transportation and logistics. The geographical location of the country as 
a landlocked country causes the dependence on road transportation, which is generally con-
sidered to have a lower level of environmental sustainability compared to alternative forms of 
transportation. The issues are further compounded by inefficient routing, limited access to 
innovative logistics technologies, and poor infrastructure.

In summary, the implementation of sustainable business practices in the supply chain en-
counters a range of complex challenges throughout the domains of procurement, manufactu-
ring, and distribution. By effectively tackling these stated challenges, businesses in Jordan have 
the potential to transition towards supply chains that are more environmentally and socially 
responsible.

Keywords: Sustainable distribution practices, Sustainable manufacturing practices, Sustai-
nable procurement practices, Supply chain management, Jordan
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ABSTRACT

The purpose of this study is to examine the effect of supply chain integration (SCI) in terms 
of internal integration, supplier integration, and customer integration on business performance 
(BP) directly, and indirectly through the mediating effect of innovation in terms of product in-
novation, process innovation, marketing innovation, and management innovation in the context 
of Jordanian manufacturing firms. Based on the resource-based view (RBV) and relational view 
(RV), a research model was developed representing the proposed hypotheses about SCI dimen-
sions, innovation dimensions, and BP. To test this model, survey data were gathered from 292 
Jordanian manufacturing firms belonging to different industry types. SmartPLS 4 software was 
used to test the validity and reliability of the research constructs, and to conduct partial least 
squares structural equation modeling (PLS-SEM) to test the proposed research hypotheses.

Regarding the direct relationships between SCI and BP, the results indicated that internal 
integration and supplier integration directly and positively affect BP, while customer integ-
ration does not. For the innovation-BP relationships, the results indicated that only product 
innovation and management innovation directly and positively affect BP. For the SCI-innova-
tion relationships, the results indicated that internal integration positively affects all innovation 
dimensions. However, supplier integration positively affects all innovation dimensions except 
process innovation, and customer integration positively affects all innovation dimensions ex-
cept management innovation. Regarding the indirect relationships, the results showed that 
internal integration indirectly affects BP through both product innovation and management 
innovation, and customer integration indirectly affects BP through product innovation only, 
while supplier integration does not have an indirect effect on BP through any one of the inno-
vation dimensions.

This study addresses an evident gap in the available literature regarding the effects of SCI 
dimensions on innovation dimensions and BP. This study extends the current literature by con-
tributing the discussion of a comprehensive model underlining the different mediating roles 
of innovation dimensions on the relationships between SCI dimensions and BP. This study also 
acquires additional value as a result of conducting it in a developing country, Jordan. In general, 
manufacturing firms in developing countries face more difficulties related to the supply chain 
than those in developed ones; these challenges can limit the innovation and subsequently BP of 
manufacturers in developing countries. This study informs manufacturers interested in impro-
ving their BP to focus on establishing both internal and supplier integrations. This study also 
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provides theory-driven and empirically proven explanations for manufacturers to differentiate 
the effects of internal and external integration efforts on different innovation dimensions and 
subsequently BP. In developing countries in particular, manufacturers need to pay substantial 
attention to internal integration, as it is the key antecedent of product and management inno-
vations and subsequently BP. Moreover, manufacturers should be aware of the essential role of 
customer integration in improving product innovation and subsequently BP. Thus, they should 
make long-term plans to integrate their internal units and functions, incorporate their key ex-
ternal customers, and reconsider their current relationships with their suppliers.
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ABSTRACT

The primary objective of this conference paper is to provide insights into the important 
connection between supply chain sustainability and traceability. It seeks to address the gro-
wing need for environmentally friendly and socially responsible practices within modern global 
supply chains.

This study aims to explore the effects of supply chain traceability on sustainability perfor-
mance indicators across various industries. To achieve this, a mixed-methods approach will 
be utilized, which includes conducting qualitative interviews, analyzing quantitative data, and 
conducting an extensive literature review. By employing this comprehensive methodology, the 
study seeks to gain a deeper understanding of how supply chain traceability influences sus-
tainability performance in diverse industries. The primary results indicate a noteworthy and 
positive connection between the implementation of traceability measures and improvements 
in sustainability. This emphasizes the important part that traceability plays in reducing the en-
vironmental impact, ensuring ethical sourcing, and strengthening the overall resilience of the 
supply chain. Nonetheless, this study recognizes specific constraints, such as the requirement 
for additional data over an extended period and the potential obstacles that may hinder the 
implementation of traceability measures in smaller businesses. Based on these discoveries, po-
tential areas for future research could focus on the creation of affordable methods for tracking 
products in small and medium-sized businesses. Additionally, further investigation could be 
conducted to better understand the societal consequences of implementing traceability mea-
sures in supply chains. The study highlights the importance for businesses to prioritize traceabi-
lity technologies and transparent supply chain practices in order to promote sustainability, ethical 
sourcing, and consumer trust. By doing so, businesses can align their operations with the changing 
expectations of society. This paper offers valuable insights into how supply chain traceability can 
drive sustainability. It also highlights areas for future research and practical implications for busin-
esses operating in a socially and environmentally conscious supply chain management landscape.
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ABSTRACT

According to the International Standard of Industrial Classification (ISIC Rev. 4), the food 
processing sub-sectors are outlined as 11 sub-sectors and hundreds of products; 1: Processed 
and preserved meat; 2: Dairy products; 3: Processed and preserved fruits and vegetables; 4: 
Bakery and Arabic sweets; 5: Animal and vegetable fats and oils; 6: Products from the milling 
industry; 7: Cocoa, chocolate and sugar confectionery; 8: Processed fish and crustaceans; 9: 
Macaroni and pasta products; 10: Other food products; 11: Animal feed.

The sensitivity of food processing in specific has a direct impact on human health whether in 
terms of nutrition or safety. This creates challenges for food producers, seeking export growth 
to assess and ensure the eligibility of their products to international markets.

This paper focuses on evaluating the eligibility of Jordanian processed food, specifically, the 
sub-category of processed and preserved meat and/or processed and preserved fruits and 
vegetables to export for the German market. The German market is known for its strict food sa-
fety standards. The paper employs a comprehensive approach that combines regulatory com-
pliance and quality control, and prequalification to provide recommendations into the export 
eligibility of Jordanian food producers to Germany.

The assessment examines the regulatory framework, including the EU import requirements, 
rules on food hygiene, and on official food controls requirements for Jordanian processed food 
products as stated for the third countries (non-EU countries). The objective is to capture the 
gap between the Jordanian producers and the German market. The methodology followed a 
multi-method approach, which involved analyzing quantitative and qualitative data by applying 
the following tools: Desk review was conducted to gain an understanding of the current situ-
ation, key informant interviews were performed face-to-face using a semi-structured questi-
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onnaire. This paper offers valuable insights into how current barriers could be identified and 
resolved. It also highlights areas for future research and practical implications for targeted 
businesses.

Keywords: Food Processing, Export Eligibility, Regulatory Compliance
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ABSTRACT

Intermodal freight transportation is defined as a system that carries freight from origin to 
destination using two or more modes of transportation (Anichkul and Ferreira, 2005). The stra-
tegic objectives related to intermodal freight differ for each stakeholder, and conflicts of in-
terest between stakeholders reflect various polices and decisions that serve one or multiple 
parties, but not the interests of the whole chain of intermodal freight transport parties. Many 
decisions might be taken that are useful for one or multiple parties, but which may affect ot-
her stakeholders or the whole cycle negatively. The objective of the research is to develop an 
intermodal sea freight strategy in the mode of maritime roads, and explore a holistic approach 
wherein operators, beneficiaries, and all actors/players working with unified combined ob-
jectives manifest in an integrated business model, comprising a tool to integrate the multiple 
objectives/criteria of diverse stakeholders. This is intended to support stakeholders achieving   
compliance with the same objectives, eliminating conflicts of interest, and providing guidelines 
for strategic, tactical, and operational decisions and action plans. This can increase the compe-
titiveness of intermodal sea freight transport, with positive and sustainable long-term impacts 
on national economies, trade, socio-economic development, and communities. 

The research examines intermodal sea freight transportation multiple actors and objectives 
by selecting the parameters that reflect the main interest and objectives of each stakeholder 
acting in various phases of the maritime road mode. It seeks to integrate the actors’ objectives 
into one holistic, integrated business model (a multi-actor, multi-objective paradigm), to meet 
the needs of each actor, including investigation of the competitiveness of intermodal freight 
transportation components.
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OPENING

09:00 Opening

09:15 Key Note Speech: Developing capacity for 
next generation transport and logis-
tics practitioners and applied research 
through leadership and strategic net-
works – story of Centre of Excellence in 
Transport and Logistics  (TRECK)

Charles Adams 
(Kwame Nkrumah University of 
Science and Technology, Ghana)

BREAK 10:00 – 10:30 

Science Session 1

10:30 Examining Supply Chain Coordination and 
Cooperation Mechanisms in Jordan’s Olive 
Oil Industry: Insights from Small-scale 
Farmers

Muath Basheer 
(KU Leuven & UC Louvain, Belgium)

11:00 Quantitative planning of charging infras-
tructure in hetero-genous urban environ-
ments: A multi-period greenfield modu-
lation

Niklas Hildebrand, Sebastian Kummer 
(Vienna University of Economics and 
Business, Austria)

Industry Session 1

11:30 Aqaba Logistics Village role in supporting the 
vision of Aqaba as a logistics hub

Hakam Abul Feilat 
(Aqaba Logistics Village, Jordan)

12:00 Building research & innovation ecosys-
tems: Networking, funding and structural 
aspects

Mahmoud Abu Hussein 
(Higher Council for Science and Techno-
logy, Jordan)

LUNCH BREAK 12:30 – 13:30

15:30 The Impact of Supply Chain Management 
Practices on Organizational Performance 
and Environmental Sustainability Among 
Export Jordanian Manufacturing Firms

Yasmeen Baddar 
(German Jordanian University, Jordan)

16:00 Assessment of procurement practices 
using portfolio analysis at a selected 
company

Rand Hassan Abu-Musallam 
(German Jordanian University, Jordan)

16:30 Assessment of the eligibility of Jordanian 
processed food export to the German 
market

Ahmad Hanaktah, Khaldoun Tahboub, 
Saja Alkhasawneh 
(German Jordanian University, Jordan)

END OF DAY 1 17:00

Agenda of the Conference
Day 1 November 14
Time 09:00 – 17:00 AST
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OPENING

09:00 Opening

09:15 Presentation of the JOINOLOG 
project

Jakob Grubmüller 
(Hochschule Fulda, Germany)

BREAK 10:00 – 10:30

Science Session 4

10:30 Leadership behaviours for the effective 
use of Lean Six Sigma: Jordan

Mohammad Alnadi 
(Philadelphia University, Jordan) 
Ismail Abushaikha
(Cranfield University, UK)

11:00 Identifying Supply Chain Challenges for 
Jordanian Companies

Luay Jum’a 
(German Jordanian University, Jordan)

11:30 Intermodal Freight Transport Multi 
Objectives

Fares Abudayyeh 
(University of Antwerp, Belgium)

LUNCH BREAK 12:00 – 13:00

Industry Talks 2

13:00 Transformation and Technology in the 
Shipping Industry

Rafiq Alotti 
(Hapag & Lloyd, Jordan)

Science Session 5

13:30 Factors Affecting Adoption of Enterpri-
se Resource Planning Systems and their 
Impact on Supply Chain Integration in 
Jordanian Manufacturing Organizations

Fatima Al-Badareen 
(German Jordanian University, Jordan)

14:00 Achieving Supply Chain Sustainability 
through Traceability

Khaldoun Tahboub, Saja Khasawneh, 
Ahmad Hanakta 
(German Jordanian University, Jordan)

BREAK 14:30 – 15:00

Science Session 6

15:00 Powering Jordanian Manufacturers: How 
Synergy of Supply Chain Integration and 
Innovation Drive Success

Omar Bwaliez 
(German Jordanian University, Jordan)

15:30 Human factors and ergonomics in Logis-
tics activities by principles of Industry 5.0

Maja Trstenjak, Goran Đukić, Tihomir 
Opetuk
(University of Zagreb, Croatia)

CLOSURE

16:00 Hand-Over of JOINOLOG Jakob Grubmüller 
(Hochschule Fulda, Germany), 
Rana Badran
(German Jordanian University, Jordan)

16:30 Wrap-Up Ismail Abushaikha
(German Jordanian University, Jordan)

END OF DAY 2 17:00

Day 2 November 15
Time 09:00 – 17:00 AST
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