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The current paper identifies the most important Key Performance Indicators
(KPIs) for measuring the food supply chain’s performance using the Balanced
Scorecard (BSC). A qualitative analysis was performed in cooperation with
domain experts who practise Food Supply Chain (FSC) through interviews with
managers from the Libyan food industrial organizations. For each BSC
perspective, a set of 20 KPIs was considered in the analysis, a total of 80 KPlIs
related the four perspectives. KPIs were collected through studying previous
studies and researches related food supply chain. The questionnaire was
prepared and distributed on (125) individuals who work in the five levels of SC;
(25) individuals for each level, namely, suppliers (S), manufacturing (M),
wholesalers (W) retailers (R) and customer (C). The questionnaire was
analysed, results highlighted only a shortlist of metrics (only 7, 5, 7, 4 KPIs)
respectively for financial, customer, internal process, and learning & growth
perspectives. Consequently, a generic BSC model was constructed that can be
used for any stage of the food supply chain that includes suppliers,
manufacturers, wholesalers, retailers, and customers. The proposed model
was agreed upon by the industrial experts. Different performance criteria that
can be measured by the proposed BSC include reliability, integration, agility,
responsiveness, risk management, product safety, collaboration, assets
management, cost/profit, time, and sustainability.

*Corresponding Author Email: fathialmbsot@gmail.com

1. INTRODUCTION

Over the last decades, Supply Chain Management (SCM) has been considered as one of the
major subjects to increase organizational efficiency and achieve the desired business
objectives. SCM is focussing on the discipline that optimizes the different processes
associated with the materials, goods, services, and information amongst suppliers,
manufacturers, and customers. The supply chain focuses to satisfy the end customer’s demand
via the integration and cooperation of all stages [1]. The supply chain gathers together the
different stages that necessary for producing the specified product starting from suppliers,
manufacturers, wholesalers, retailers, and customers. These parties or companies construct a
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chain/network in which the performance of each one is affected by others [2,3]. The food
industry is one of the supply chain systems that are highly sensitive to changes and
constrained by many legalisations. This system involves a group of interrelated companies
that are working cooperatively in a network to convert raw material to the desired by-product
or finished foodstuffs [4]. This chain often starts with production, processing, inventorying,
distribution, and customer consumption. The efficient quality assurance and safety systems
are essential aspects of the food supply [4]. Increasing products demands, environmental
aspects, and overpopulation have an impact on the FSC. There are many parameters for any
FSC that should be considered e.g. resources, packaging, waste management, etc. [5].
Although companies are encountering complex challenges to accomplish customer needs in
the current dynamic working environment, performance measurement is vital for companies'
successes. The relationship between competitive advantages and organizational performance
with the SCM practices is significant. Whereas, Li et al. [6] proposed to model the SCM
practices using five metrics: partnership, relationship, information sharing, and postponement
strategy. They indicated that the higher levels of practices enhance the organizational
performance and its competitive advantage.

Hence, an efficient integrated Performance Measurement System (PMS) is required to
assess supply chain performance [2]. The PMS is an approach for evaluating the efficiency
and perfection of the different supply chain activities [7]. Both practitioners and researchers
are interested in having such integrated PMS [8]. The success of the PMS relies on different
aspects e.g. the alignment of the business strategies and performance metrics, and the
transformation of the organization's vision, mission, value, and strategic directions to
employees and external stakeholders [9]. As it is well known, "You can’t manage what you
can’t measure", measuring the supply chain performance is a very important prerequisite for
corporate survival, especially nowadays in reasons of globalization and the dynamic nature. In
the current working conditions, the supply chain aims to decrease costs, increase agility as
well as increase effectiveness by providing better services and rapid responsiveness to
customers. For achieving these objectives, firms should develop metrics for performance
measurement to gauge their success and ensure sustainable growth. Measuring supply chain
performance using appropriate performance metrics is an area under the focus of researchers.
The lack of clearness and benchmarking regarding this area creates confusion and makes it
difficult to express a clear strategy [10].

According to the review work (Scopus Database) of (Sharma et al. 2020) [4] the
scientific publications on the FSC is very Lacking in the developing countries, almost non-
existing. After investigating the literature for the consideration of FSC in Libya, there is a
lacking of the qualitative or quantitative analysis for the topic of FSC performance
management. According to Knoema [11], the Libya food production index is growing at
annual rate of 3.53% that indicate a special interest for the food industry. Moreover, the net
value of food production based on PPP (purchasing power parity, in constant prices 2004-
2006) is annually growing with an average of about 3.49% over the period from 1967 to 2016.
Due to this growing interest of the food industry and the research gab for the management of
FSC performance, the current work proposes a balanced scorecard for performance
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management of FSC for Libyan food industries. In reasons of the enormous number of the SC
performance criteria and metrics, organizations are facing difficulties to identify the most
important KPIs. Relying on the qualitative analysis, the performance metrics for FSC in Libya
can be scrutinized. This work also contributes to the SCPM literature by introducing a generic
performance metrics that can be used for the different stages of the FSC. First, the different
performance metrics of the four perspectives of the BSC were collected based on the
literature. The appropriate indicators to the food industries were discussed and validated by
food industry experts. Consequently, a questionnaire was developed and distributed to
different food industry organizations. After that the statistical analysis are performed and the
BSC model was developed and validated by the industrial experts in Libyan factories.

2. BACKGROUND AND LITERATURE REVIEW
2.1  Process Based Approach

The problem of identifying the performance metrics of the whole sectors of the SC was
started by [12]. They divided the SC into four SC processes; plan, source, make/assemble, and
deliver. Relying on the literature, they aggregated the metrics and clustered them according to
the management level, financial and non-financial. Whereas, the financial metrics are needed
for higher management decisions, on the other side the shop floor daily work required the
operational/technical metrics. Different measures were proposed for each supply chain
process. The main regret for this work is that they highlighted and distributing metrics on the
different management levels and SC process without any external consultant from academics
or practitioners and the shortage of empirical analysis. After a while, they treated such issues
in the work of [13]. After that (Gaiardelli et al. 2007) [14], proposed an SCPM model for
aftersales performance measure of the SC network. Their model contains four hierarchical
levels: business, process, activity & organizational, and development & innovation. The
business level can be measured by the market and cost. The process level can be measured by
customer satisfaction, flexibility, and productivity. The activity &organizational level can be
measured by assets utilization, wastes and costs, lead time for the back office activities; while
reliability and responsiveness can be used to measure the front desk activities. The
development & innovation level can be measured by research, human resources, and IT
service capacity. Relying on the literature (Bhagwat & Sharma (2007) [15] proposed a set of
relevant metrics for each BSC perspective e.g. they proposed 10 metrics for the financial
perspectives, 17 metrics for the customer perspective, 15 metrics for the internal process, 12
metrics for the learning and growth. The discussed metrics are associated to the different
entities of SC that include planning, partnership, customer, production, delivery, financial and
logistics. The cooperation, coordination, synchronization, and integration of the different
parties of the SC can be considered as performance determinates. According to (Zhou and
Benton 2007) [16], the supply chain practice includes planning, just in time, and delivery
practice. Moreover, supply chain dynamism positively affects the SC practice but this effect is
less than that of the information sharing. The delivery performance is highly related to the
effectiveness of the information sharing and SC practice. Both effective information sharing
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and effective practice are important in reaching better SC performance. (Mastering et al.
2017) [17] ,reviewed the literature associated with the supply chain performance management
(SCPM) systems with focusing on the definition of performance measurement. (Reddy et al.
2019) [7] considered and classified the SCPM as approaches and techniques, they prioritized
simulations over the other approaches for SCPM in an unstable environment. Their study
provides a basis for academicians and future researches in applying the PMS for the dynamic
supply chain. The performance metrics can be used to manage supply chain risks with suitable
risk mitigation strategies [18]. The social issues were also considered in the SCPM framework
of (Venkatesh et al., 2019) [19]. The same interest was considered for measuring the
performance of FSC. Recently, (Yontar and Suleyman 2020) [5] determined parameters that
affect sustainable FSC and attempted to evaluate the different attributes of the supply chain.
In their work different performance indicators are defined and several attributes are adopted
(e.g. customer satisfaction, resource utilization, product safety, innovation, reliability,
company information, packaging and waste management). (Kirwan et al., 2017) [20]
recognized five attributes for the FSC performance that includes economic, social,
environmental, health, and ethical. (Govindan et al., 2017) [21] proposed a hybrid
methodology for assessing FSC performance by considering green performance metrics. For
the agriculture sectors, (Yadav et al. 2020) [22] proposed to use the Internet of things (10T) to
collect the performance associated data from remote fields. (Lin and Li 2010) [23] identified
some challenges for measuring SCPM. One of these challenges is the lack of approaches that
measure the whole system performance.

2.2 Perspective Based Approach

2.2.1 Balanced scorecard

The balanced scorecard (BSC) provides an integrated system to measure the corporate
performance relying on four perspectives: Financial, Customer, Internal process, and learning
and growth. The BSC was first presented by (Kaplan and Norton 1992) [24]. They proposed it
to assess the business performance relying on the four perspectives simultaneously. The BSC
was widely used as a supply chain performance management model. (Bhagwat and Sharma
2007) [15proposed a BSC model as an integrated framework for measuring day to day
performance of small and medium-sized enterprises (SME). For each perspective, a set of
relevant metrics were proposed based on the literature. They suggested certain steps for
implementing BSC in SC with advising to use the potential metrics. However, they did not
identify the potential metrics that should be used. They found some contradiction between
metrics among the different perspectives. Besides, they recommended more research about
the viability of the perspectives and metrics. (Varma et al. 2008) [25] evaluated the
performance of a petroleum industry supply chain using the BSC and AHP in India. The KPIs
used were proposed and validated by industrial experts. AHP results show that for petroleum
industries the customer perspective comes with the highest priority, and the learning and
growth was ranked the last. (Bigliardi and Bottani 2010) [26] proposed a BSC model for
evaluating FSC performance. For the different BSC perspectives, the KPIs were collected
from the literature. After that, the Delphi method was adopted to refine the collected KPIs on
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two rounds. The amended BSC was implemented to measure the performance of two food
manufacturing companies. Similar views for the two companies were found regarding the
financial, customer, and internal process perspectives, but they varied for the learning and
growth perspective. (Yang 2009) [27] suggested an enhanced version of the BSC to measure
an SC performance index. The developed BSC integrates five perspectives that include the
intra-flow process, future development, and society development besides the financial and the
customer perspective. The learning and growth was replaced with future development. For
each perspective, a set of KPIs was proposed for its assessment e.g. the society perspective
was proposed to be assessed relying on the efficiency of environment protection, recycling
level, usage of the raw material, and employee number with per capital invested. (Xia et al.
2017) [28] proposed BSC model for assessing the sustainability and features of some
technologies. ( Rasolofo-Distler and Distler 2018) [29] analysed the capability of the BSC to
manage the uncertainty of service sectors. They concluded with the capability of BSC to
facilitate communication between supply chain stakeholders. (Thanki and Thakkar 2018) [30]
proposed a BSC and strategy map based on a quantitative framework for assessing the lean
and green performance of the SC in the Indian textile industry. Recently, (Dwivedi et al.
2021) [31] adopted the BSC with the best-worst method to manage the performance of an
assurance company.

2.2.2 Supply chain operations reference (SCOR)

The Supply chain operations reference (SCOR) model presents the modelling of the
supply chain processes, people, practices, and performance. It was developed by the Supply
Chain Council association in 1996. It represents the SC processes in five main clusters; plan,
source, make, deliver and return. The SC performance is represented by attributes and
metrics. The attributes are not measurable but it is used to establish the strategic directions.
But metrics are used to measure the degree of achievement of the strategic direction specified
by the attribute. The attributes include reliability, flexibility, responsiveness, cost, and assets.
The SCOR model was used by many authors for SCPM. Using data envelopment analysis
(DEA) for benchmarking of SC, (Peng Wong and Yew Wong 2008) [32] applied SCOR
metrics for the input and output variables. (Thakkar et al. 2009) [33] developed an SCPM
system for SME Indian companies by integrating SCOR and BSC. (Cai et al. 2009) [3]
proposed a performance measurement and improvement framework. They proposed to
guantitatively analyse the interdependent relationships that can be existing among the adopted
KPIs during the performance improvement cycle. The process-oriented SCOR model was
adopted to identify the basic performance measures and KPIs. A set of performance metrics
were adopted/proposed for each SC dimension that includes resource, output, flexibility,
innovativeness, and information. A total of 34 metrics were proposed. The proposed approach
relies on the Eigen structure analysis. The proposed framework was applied to a large retail
firm in china with a set of 20 KPIs for the five SC dimensions. (Essajide and Ali 2017) [34]
adopted the SCOR model to represent the pharmaceuticals wholesale distributors considering
information sharing amongst SC partners and uncertainty. More recently, (Zuniga et al. 2018)
[35] adopted the SCOR model to represent the SC of critical products to reduce the
complexities of the SC system during strong earthquakes or tsunamis. (Yadav et al. 2020)
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[22] used the second level performance metrics of the SCOR model to manage the agriculture
supply chain.

2.3 Evaluation and Prioritization of Performance Metrics

The quantitative approaches were used to explore the importance of the performance
criteria and/or metrics. ( Bhagwat and Sharma 2007) [15] proposed to use the pairwise AHP
method for computing the overall SC performance. The AHP hierarchy was constructed
relying on four levels: the lower level (the fourth) represents the four perspectives of the BSC
as the AHP alternatives. The third level represents the different KPIs relying on the work of
(Gunasekaran et al. 2001) [12]. The second level represents the three managerial levels of
strategic, tactical, and operational. The first level is the overall performance of the supply
chain. The pairwise comparisons were performed relying on the questionnaires via SME in
India. Their results indicate that the four perspectives of the BSC can be ranked in the
following order Customer, Internal processes, financial, and then comes the learning and
innovation perspective. However, the variations among the perspectives’ importance are
weak. After that, (Bhagwat and Sharma 2009) [36] proposed to integrate AHP and multi-
objective pre-emptive goal programming to optimize the SC performance. (Varma et al. 2008)
[25] used also AHP to evaluate the metrics of the BSC for petroleum industries in India. The
Experts are asked to perform a pairwise evaluation of the proposed KPIs and the BSC
perspectives. Consequently, the AHP method was used for ranking the perspectives and KPIs.
Among the adopted KPIs, results prioritize product quality, market share, stability of material
supplies, and the wide usage of information technology. (Yang 2009) [27] proposed to
aggregate the KPIs of the BSC to formulate a composite SC performance index using a fuzzy-
AHP methodology. Recently, (Sufiyan et al. 2019) [37] developed a fuzzy-DEMATEL model
to analysis the different criteria and the associated metrics for assessing the FSC. Results
indicate three criteria are the most important, which are service to customer, quality, and
supply chain performance. On the other side, the qualitative methods were also adopted to
identify the most important and practical metrics and criteria. Relying on questionnaires
directed to practitioners, (Gunasekaran et al. 2004) ]13] ranked the different metrics of the
supply chain into three levels of importance (High, Average, Low). The assessment was
performed for metrics for processes (plan, source, make/assemble, deliver) and the three
management levels. Relying on the companies interviewed, (Bhagwat and Sharma 2007) [15]
recommend that the BSC can contain from 4 to 15 metrics for each perspective. (Bigliardi and
Bottani 2010) [26] used the Delphi method to evaluate KPIs on two rounds. The amended
BSC was tested on two food companies. The stakeholders from each company were asked to
rank the importance of each KPI form that was highlighted by the Delphi method. (Dey and
Cheffi 2013) [38] presented an empirical study to develop a hierarchical-based performance
measurement system in the green supply chain.
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3. RESEARCH METHODOLOGY

Relying on the Balanced Scorecard (BSC), a set of proposed metrics were adopted and
proposed to evaluate the performance of the food supply Chain. The BSC consists of four
perspectives represented by financial, customer, internal business processes, and learning &
growth. The current work aims to specify the most appropriate key performance indictor(s)
for each perspective for the Libyan food industries. The adopted methodology relies on five
steps. The first step is the preparation phase. It is proposed to perform this phase relying on
the Delphi technique. In which, a set of scientific visits were conducted by the researchers to
the industrial organizations. Face to face interviews were conducted with employees and
managers in the Libyan industrial organizations that are working in food industry. The Delphi
method is proposed to build a strong basic for developing a questionnaire that includes
number of KPlIs related to the four aspects of the BSC. The lists of the identified KPIs related
to the four perspectives of the BSC are depicted in Table 1. The second step is to develop the
questionnaire that will be used for gathering data. Subsequently, the third step is the
distribution and collection of the questionnaires. The questionnaires were distributed on
respondents in Libya who are working in the different sectors of the FSC. The respondents
belong to the five levels of SC that practice food industry in different places in Libya, namely,
suppliers (S), manufacturing (M), wholesalers (W) retailers (R) and customer (C). For each
perspective of that four of the BSC the participants were asked to rate the importance of each
perspective with a scale [0, 10]. Table 2 shows the average results of responses that were
received from respondents who are belonging to different stages of the Libyan food supply
chain to prioritize the BSC aspects. In addition, the respondents were asked to rate the
different proposed KPIs for each perspective of that of the BSC on using a scale of 1
(unimportant) to 7 (extremely important). In this scale, the points {3, 4, 5} respectively meets
the three levels of acceptable importance corresponding to {less important, important, slightly
important}. Points of {1, 2} represents the levels for unimportance of a specified KPI
respectively as {not important at all, not important}. On the other side, points of {6, 7} gives
the levels of high important, that can be written as {highly important, extremely important.
Tables 3, 4, 5 and 6 respectively show the aggregation of the obtained data for the financial,
customer, internal processes and learning and growth perspectives. The fourth step is the data
analysis. Finally, result was extracted and introduced in the fifth step. The last two steps will
be discussed in the following section.

Table 1 List of KPIs of BSC to measure food supply chain performance

Financial

Customer

Internal business
processes

Learning & Growth

F1: Inventory carrying
cost

C1: Distribution
performance

IP1: Customer total
order cycle time

LG1: Increase
employee
competence level

F2: Transportation
cost

C2: Product price relative to
competitors

IP2: Manufacturing
cycle time

LG2: Improve
motivation
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Financial

Customer

Internal business
processes

Learning & Growth

F3: Labour cost

C3: Effectiveness and
efficiency of distribution
performance all over the
supply chain

IP3: Inventory
replenishment cycle
time

LG3: Training to
enhance employees
skills

F4: Supply chain total

cost

C4: Ease of communication
during distribution

IP4: Purchase order
cycle time

LG4: Sustainability
in employees training

F5: Capability of
reducing costs during
purchasing.

C5: Supply chain integration

IP5: Total supply
chain cycle time

LG5: Involvement of
employees

F6: Fluctuation of cost

C6: On-time delivery

IP6: Operations

LG6: Employee

against the available cycle time satisfaction
budget
F7: Product net price C7: Responsiveness to IP7: Product LG7: Employee

urgent deliveries

development cycle
time

suggestions for
improvement (per

year)

F8: Increase sales

C8: Reliability of deliveries

IP8: Supplier lead
time

LG8: Employee
motivation

F9: Return on
investment

C9: Quality of the delivered
goods

IP9: Time to
process customer
return

LG9: Employee
capability

F10: Energy cost

C10: Lead time of
customer’s order

1P10:
Manufacturing lead
time

LG10: Employee
complaints

F11: Market share

C11: Number of satisfied
customers

IP11: Downtime
rate per year

LG11: Absenteeism

F12: Return on assets

C12: Number of customers
complaints

IP12: Effective
working time

LG12: Percentage of
trained employees

F13: Indebtedness
level

C13: Number of new
customers per period

IP13: Time required
to repair equipment
failure

LG13: Employees
productivity

F14: Cost of
engineering and
technical information

C14: Time required to close
a customer complaint

IP14: Storage time

LG14: Number of
training hours per
employee

F15: Financial risk

C15: Accuracy of
anticipating product delivery
time

IP15: Internal
supply chain
improvement

LG15: Level of
information sharing
amongst employees

F16: Economic value

C16: Capability to fulfil the

IP16: Hazardous

LG16: Employees
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Financial Customer Internal business Learning & Growth
processes

added required production material used social responsibility

F17: Financial C17: Satisfaction of IP17: Ratio of LG17: Employees

stability improvement

business partners

carbon emission

collaboration over

SC stages
F18: Reduction of the | C18: Damaged shipments IP18: Wastes LG18: Employees
financial expenditure produced transparency over SC
stages
F19: Operation cost C19: Responsiveness to IP19: Energy LG19: Supply chain

customers

consumption

robustness

F20: Stability of the
profit margin during
the planned period

C20: Customer query time

IP20: Control of
noise and vibration

LG20: Ability for SC
risk management

Table ( 2) Prioritization of the perspectives of the BSC (Priorities between 0 to

10).
BSC Supplie | Manufacturin | Wholesaler | Retailer | Custome | Overal Std.
aspects r g S S r | mean | Deviatio
n
() () W) (R) ()
Financia 8.0 7.0 10.0 9.0 9.0 8.6 1.140
I
Customer 10.0 9.0 8.0 6.0 9.0 8.4 1.516
Internal 7.0 9.0 8.0 7.0 10.0 8.2 1.303
Processe
S
Learning 6.0 8.0 7.0 10.0 7.0 7.6 1.516
& Growth

Table (3) Rating of KPIs of the financial perspective of the BSC according to a
scale of (I to 7)

Journal of Alasmarya University: Basic and Applied Sciences

KPI ©) (M) (W) (R) ©) Mean Std. dev.

F18 6.8 6.5 7.0 6.8 7.0 6.82 0.205

F19 7.0 6.4 7.0 6.5 7.0 6.78 0.303

F15 6.5 6.4 7.0 6.8 7.0 6.74 0.279

F20 7.0 7.0 6.5 7.0 6.0 6.70 0.447
440
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KPI (S) (M) (W) (R) © Mean Std. dev.
F7 7.0 6.4 6.5 7.0 6.5 6.68 0.295
F8 6.0 7.0 7.0 6.5 6.6 6.62 0.415
F2 6.0 7.0 6.0 7.0 7.0 6.60 0.548
F17 6.0 7.0 7.0 7.0 5.5 6.50 0.707
F14 6.6 5.8 7.0 5.6 7.0 6.40 0.663
F11 5.0 6.5 6.0 45 6.5 5.70 0.908
F9 5.0 6.0 6.0 5.0 6.0 5.60 0.548
F12 4.5 5.0 4.0 5.0 6.0 4.90 0.742
F1 4.0 6.0 4.5 5.0 4.5 4.80 0.758
F6 5.0 4.0 6.0 5.0 3.5 4.70 0.975
F3 5.0 5.0 6.0 3.0 4.0 4.60 1.140
F4 6.5 5.0 3.0 4.0 4.0 4.50 1.323
F16 4.0 6.5 4.0 5.0 3.0 4.50 1.323
F10 5.0 3.0 4.0 6.0 4.0 4.40 1.140
F13 4.2 5.0 4.0 5.0 3.5 434 0.654
F5 5.0 3.5 5.0 4.2 4.0 4.34 0.654

Table (4) Rating of KPls of customer perspective of the BSC according to a scale

of (1 to 7)
KPI ) (M) W) (R) ©) Mean Std. dev.
C9 7.0 7.0 6.5 7.0 6.4 6.78 0.303
C8 6.8 7.0 6.4 7.0 6.5 6.74 0.279
C1 7.0 6.5 7.0 6.5 6.0 6.62 0.415
C5 7.0 7.0 6.0 6.1 6.3 6.48 0.487
Cl6 5.0 7.0 7.0 6.0 6.6 6.32 0.844
C7 6.0 6.0 7.0 6.5 6.0 6.30 0.447
C4 5.0 5.0 7.0 7.0 6.5 6.10 1.025
C11 6.5 5.6 6.5 5.0 6.4 6.00 0.675
C15 6.5 4.5 6.0 6.5 5.0 5.70 0.908
441

Volume (6) Issue 5 (December 2021) (2021 racd) 5 aad) (6) laall



Fathi Almbsot Ahmed El-Assal El-Awady Attia

KPI (S) (M) (W) (R) © Mean Std. dev.
C6 45 6.0 6.5 5.0 6.5 5.70 0.908
C19 6.0 5.0 6.0 6.0 5.0 5.60 0.548
C3 4.0 5.0 5.0 6.0 4.5 4.90 0.742
C13 4.5 4.5 5.0 6.0 4.0 4.80 0.758
C10 6.0 4.0 4.5 5.0 4.5 4.80 0.758
C17 4.0 3.0 6.0 5.0 5.0 4.60 1.140
C20 4.0 4.0 5.0 3.0 6.5 4.50 1.323
C2 4.0 4.0 6.0 3.0 5.0 4.40 1.140
Ci14 3.0 5.0 4.0 4.0 6.0 4.40 1.140
C12 5.2 4.4 4.0 5.0 3.0 4.32 0.879
C18 5.0 5.0 4.0 3.0 45 4.30 0.837

Table (5) Rating of KPls of internal processes aspect according to a scale of (1

to 7)
KPI (S) (M) (W) (R) © Mean Std. dev.
IP15 7.0 7.0 6.8 6.5 6.4 6.74 0.279
IP19 6.5 6.0 7.0 7.0 7.0 6.70 0.447
IP8 7.0 6.0 7.0 6.0 7.0 6.60 0.548
IP16 6.5 6.3 6.2 6.8 6.5 6.46 0.230
IP4 7.0 6.5 6.0 6.0 6.0 6.30 0.447
IP5 6.0 6.8 6.0 6.4 6.0 6.24 0.358
IP10 6.0 6.0 6.5 6.3 6.1 6.18 0.217
IP12 6.5 6.0 4.5 5.0 6.5 5.70 0.908
IP7 6.0 5.0 6.0 5.0 6.0 5.60 0.548
IP2 6.0 6.0 6.0 5.0 5.0 5.60 0.548
IP6 4.0 5.0 6.0 45 5.0 4.90 0.742
IP3 4.5 5.0 4.5 6.0 4.0 4.80 0.758
IP1 5.2 6.2 5.0 4.3 3.0 474 1.187
1P20 6.0 5.0 3.5 4.0 5.0 4.70 0.975
IP14 6.0 3.0 4.0 5.0 5.0 4.60 1.140
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KPI (S) (M) (W) (R) © Mean Std. dev.
IP13 3.0 4.0 4.0 6.5 5.0 4.50 1.323
IP18 4.0 5.0 3.0 4.0 6.5 4.50 1.323
IP17 4.0 6.0 4.0 3.0 5.0 4.60 1.140
IP11 4.0 5.0 3.5 4.2 5.0 4.34 0.654
IP9 4.0 3.0 4.5 5.0 5.0 4.30 0.837

Table (6) Rating of KPls of learning & growth aspect according to a scale of (1 to

7)
KPI (S) (M) (W) (R) © Mean Std. dev.
LG18 6.8 6.4 7.0 6.5 7.0 6.74 0.279
LG17 7.0 6.5 6.5 6.4 7.0 6.68 0.295
LG20 6.1 6.0 7.0 6.3 7.0 6.48 0.487
LG19 7.0 5.8 7.0 5.6 6.6 6.40 0.663
LG13 6.4 6.8 6.0 6.0 6.0 6.24 0.358
LG9 7.0 7.0 6.0 5.0 6.0 6.20 0.837
LG16 5.0 6.5 5.6 6.4 6.5 6.00 0.675
LG1 4.5 6.5 6.5 6.0 5.0 5.70 0.908
LG15 5.0 6.0 6.0 6.0 5.0 5.60 0.548
LG3 6.0 6.0 5.0 5.0 6.0 5.60 0.548
LG4 4.0 5.0 6.0 5.0 4.5 4.90 0.742
LG6 4.5 4.5 5.0 4.0 6.0 4.80 0.785
LG5 5.0 3.0 4.3 6.2 5.2 474 1.187
LG10 6.0 5.0 3.5 4.0 5.0 4.70 0.975
LG14 4.0 4.0 6.0 5.0 3.0 4.40 1.140
LG12 5.0 4.0 3.5 5.0 4.2 4.34 0.654
LG11 4.0 4.4 3.0 5.0 5.2 4.32 0.879
LG7 5.2 5.0 4.0 4.4 3.0 4.32 0.879
LG8 4.0 3.0 5.0 45 5.0 4.30 0.837
LG2 5.0 4.5 3.0 4.0 3.0 4.30 0.837
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4. RESULTS AND DISCUSSION

For the selected food industrial firms, the five sectors of the supply chain namely;
suppliers (S), manufacturing (M), wholesalers (W) retailers (R) and customer (C).
“SMWRC” were asked to give an importance level for each perspective of that of the BSC.
The Overall mean was calculated for each perspective (as shown in tables 2 to 6) based on the
calculated mean value for each category of respondents. Standard deviation was also
calculated as shown in tables 2 to 6.

For the supplier sectors, the most important perspective is the “customer” and the less
important is the “learning and growth”. In addition, the internal process was prioritized as
important than the financial perspective. For the manufacturing sectors, it was noticed that the
customer and the internal process are equally important then comes the learning and growth
perspective. However, the financial perspective comes in the last category. Regarding the
wholesalers, the priority was given to the financial perspectives. The Customer and the
internal perspectives were given equally priorities but the learning and growth comes at the
last rank. For the retailers’ section, their first rank was given to the learning and growth, then
comes the financial, internal process and the customer was coming at the last rank. However,
the customer sectors prioritized the internal process perspective, and gave equal priority to the
financial and customer perspectives, then came the priority of the learning and growth
perspective. Generally, all sectors consider the four perspectives of the BSC as important,
however, the importance of each perspective is subjective and can differ from one sector to
others even in the same company or industry. On overage basis, the four perspectives can be
arranged as financial, customer, internal processes, and learning & growth. The variation of
the average importance level between the four perspectives can be considered as small.

In order to identify the most important key performance metrics for each perspective
of that of the BSC, the experts are asked to give an importance number {1, 2,..., 7} for each
KPI. For the financial perspective, the data were collected and listed as in table 3 on an
average basis. The overall mean values were used for ranking the indicators. In case of tie, the
minimum standard deviation was preferred. Figure 1 shows the distribution of the KPIs of the
financial perspective on the importance levels. As shown, all KPIs are ranked over the
interval [3, 7]. Consequently, one can consider all KPIs as important at some levels. As
mentioned before, the points {3, 4, 5} respectively represent the three levels of acceptable
importance corresponding to {less important, important, slightly important}. Moreover, the
points of {6, 7} respectively represent the highly important, and extremely important. The
question is: What are the most important KPIs that should be adopted for the financial
perspectives for the five sectors of suppliers, manufactures, wholesalers, retailers, customers?
Relying on the overall mean > 6 to represent the high and extremely important cases, the most
important KPIs can be noticed as {F18, F19, F15, F20, F7, F8, F2, F17, F14}. However, by

using figure 1, one can notice that F17 and F14 are not stable as most critical, consequently,
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F17 and F14 cannot be considered as most important with complete agreement from
respondents. Relying on the complete agreement about the most important KPIs, one can
consider the seven indicators. As shown, the first three KPIs of “Reduction of the financial
expenditure (F18)”, “Operation cost (F19)”, and “Financial risk (F15)” can be considered as
the extremely important KPIs among the 20 indicators. These KPIs were considered
extremely important where all the overall means are greater than “6”. In the case of one of the
overall mean = 6, this KPI was considered as highly important. Following this rule, the KPIs
like “Stability of the profit margin during the planned period (F20)”, “Product net price (F7)”,
“Increase sales (F8)” and “Transportation cost (F2)”” can be considered as highly important.

These KPIs can be adopted for all sectors of the food supply chain. Consequently,
these seven indicators can be adopted for the financial perspective of the BSC as listed in
figure 5.

7 |F7 F19 FX F2 F8 F17 F20 F§ Fl14 F15 F17 FI8 FI19 |F2 F7 FI17 F20 F2 Fl14 F15 F18 F19
F18 F15 FIB
F4 Fl14 Fli5 F7 F11 F15 Fi6 F18 F19 |[F7 FX0 F8 FI9 F1 F8 Fll
6 |F2 F8 FI7 F1 F9 F2 F3 F6 F? Fll F10 Fo F12 F20
Fl4
F14 F17
% S|F3 F5 F6 F9 FI10 F11 |[F3 F4 FI2 F13 | 3] F1 F6 F9 F12 FI3 Flé
5
o F12 F1 F11 F1
g 4 |F1 F13 Fl6 F6 Fl0 F12 F13 F16 F4 F3 F3 F4 F3 FI0
-
=
EI— F3 F§ Fi3
= 3 F10 F4 F3 Fl6
2
1
Suppliers Manufacturers Wholesalers Retailers Customers

Figure 1 Distribution of the financial KPIs on the SMWRC of the food industry

For the customer perspective, the data were listed in table 4 on an average basis. The
overall mean and standard deviations were also computed to be used for ranking. Figure 2
shows the allocation of the KPIs on the seven levels of importance. The same tendency as the
financial perspectives was noticed, no KPIs were ranked for “not important at all” or “not
important” respectively for levels {1, 2}. Considering only the KPIs on the highly and
extremely important levels i.e. KPIs with an overall mean > 6, the most important KPIs can be
identified as {C9, C8, C1, C5, C16, C7, C4, C11}. Relying on figure 2, C16, C4, and C11 are
not stable on levels {6 and 7} sometimes they are located on level 5, consequently C16, C4,
and C11 can be considered as important without a complete agreement. Relying on a full
agreement of the most important KPIs, one can consider only the five indicators listed in
figure 5 for the “customer perspective” of the BSC. The same results can be obtained by
selecting the KPIs with an overall average > 6 and a standard deviation < 0.5. In order to
classify these indicators into “highly important™ and extremely important”, the same rule as in
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the financial perspective was adopted. Consequently, only the “Reliability of deliveries (C8)”
can be considered as extremely important. However, the “Quality of the delivered goods
(C9)”, “Distribution performance (C1)” and “Responsiveness to urgent deliveries (C7)” can
be considered as highly important. These five indicators can be adopted for all stages of the
food supply chain to measure the performance of the BSC’s customer perspective.

7|1 €5 C9 C5 C8 C¢ Cis Cl C4 C7 Cis C4 C8 C2
c8
Ci1 Ci5 | C6 C8 €2 cCil C1 C7 ClI5 C4 C6 C8 Cl6 CM
6 [c7 ciwo c1g C6 C7 C2 €5 C15 C17 C19 €3 €5 Cl3 Cl6 C19 Ci €5 €7 Ci4 Co Cu
ci1
i; 5 [c4 c12 ci16 c1e Ci C4 Cl4 CI18 C19 Ci Ci3 Co Cé6 Cl0 Cll Cci2 C17 C2 Cl15 C17 Cl19
2
2 Cé6 CI3 Ci2 Ci5 Ci5 c1o C3 Ci0 Ci8
= 4(c2 €3 c17 c20 C2 C10 C20 Ci2 Ci14 C18 Ci4 Cl3
i
=
2
g 3 |ci4 Cc17 C2 Ci8 C20 Ci2
2
1

Suppliers Manufacturers Wholesalers Retailers Customers

Figure 2 Distribution of the Customer KPIs on the SMWRC of the food industry

For the perspective of the internal process, the data are listed in table 5. The overall
mean and standard deviations were computed to be used for ranking. Figure 3 shows the
ranking of the internal process KPIs according to their levels of importance that were
provided by the experts from the food industry. As shown, there is no KPI located on level 1
or 2, all KPIs are given a level of importance started from low (level 3) to extremely
important (level 7). By only considering the KPIs with an overall mean > 6, the most
important KPIs can be identified as {IP15, IP19, IP8, IP16, IP4, IP5, IP10}. Relying on figure
3, all of these KPIs can be considered as highly important with a complete agreement.
Moreover, their standard deviation < 0.5 except IP8, but IP8 is agreed to be important with
grade 6 or 7 for all respondents. Relying on these results, one can consider the seven
indicators listed in figure 5 for the “internal process perspective” of the BSC. But, what are
the extremely important KPIs and the highly important KPIs amongst these seven indicators.
The KPIs with at least one classification with rank = 6 is considered highly important, and all
KPIs with all ranks > 6 are considered extremely important. Accordingly, only the “Internal
supply chain improvement (IP15)” can be considered as extremely important. However, the
other KPIs can be classified as highly important, i.e. “Energy consumption (IP19)”, “Supplier
cycle time (IP8)”, “Hazardous material used (IP16)”, “Purchase order cycle time (I1P4)”,
“Total supply chain cycle time (IP5)”, and “Manufacturing lead time (IP10)”. All of these
KPIs can be used to represent the performance of the internal processes for all sectors of the
food industry's supply chain according to the experts.
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Figure 3 Distribution of the “internal process” KPIs on the SMWRC of the food industry

For the learning & growth perspective, the data are listed in table 6. The overall mean and
standard deviations were computed to be used for ranking. Figure 4 shows the distribution of
the KPlIs of the learning & growth perspective concerning the seven levels of importance. The
same trend was noticed, all the proposed KPIs can be considered as important with variable
levels from 3 (less important) to 7 (extremely important). For highlighting the highly
important and extremely important KPIs, the KPIs with an overall mean > 6 were considered.
These KPIs can be identified as {LG18, LG17, LG20, LG19, LG13, LG9, LG16}. Relying on
figure 4, LG19, LG9, and LG16 are not stable as most critical consequently LG19, LG9, and
LG16 can be considered as important without a complete agreement. Relying on a full
agreement of the most important KPIs, one can consider the four indicators listed in figure 5
for the BSC’s “learning and growth” perspective. The same results can be obtained by
selecting the KPIs with an overall average > 6 and a standard deviation < 0.5. The indicators
of “Employees transparency over supply chain (LG18)” and “Employees collaboration over
supply chain (LG17)” can be considered as extremely important where all respondents were
rated them with values > 6 for all sectors of the supply Chain. On the other side, the indicators
of “Employees productivity (LG13)” and “Ability for SC risk management (LG20)” can be
considered as highly important where there are some values = 6 for some sectors (as shown
by figure 4). These KPIs can be adopted to evaluate the performance of the learning and
growth for all sectors of the supply chain of the food industry.

447
Volume (6) Issue 5 (December 2021) (2021 racd) 5 aad) (6) laall




Fathi Almbsot Ahmed El-Assal El-Awady Attia

7 |Les LG17 LG9 LGo LGI8 LG19 LG20 LG17 LG1§ LG20
LG1s LG13
LG13 LGl LGI6LGIT LGIS LGl LG LG16 LG17 LGIS LG16 LG19
6 |Le3 LG10 LG20 LG3 LGI5 LG LG4 LGS LGI3 LGI4 LGIS LGl LG5 LGI3 LGI5 LG20 LG3 LG6 LG¢ LGI3
LG19
LG16 LG1o
Z 5|le2 LG5 LGT LGI2LGIS LGI6|LG LGT LGI0 LG3 LG6 LGS LG3 LG4 LGS LG LGI2LGI4|LGI LGS LGS LGI0 LGI1 LGIS
o
E LGl LG6 LG2 LG6 LGI1 LG7 LGS LG4
S 4[tes Les reu Lol LG12 LG14 LG5 LG7 LG LG6 LGIO LGI2
]
=
2 LG10 LG12
E 3 LG5 LGS LG2 LGI LG2 LGT LG14
2
1

Suppliers Manufacturers Wholesalers Retailers Customers

Figure 4 Distribution of the “Learning and growth” KPIs on the SMWRC of the food industry

Finally, the highly and most important key performance indicators are grouped and
used to shape the proposed BSC as shown by figure 5. The shown model has been discussed
with managers of the food companies and they validated its use for measuring the
performance of the different FSC sectors. As shown the selected indicators can cover most of
the criteria/attributes for measuring performance. The reliability, integration, agility,
responsiveness, flexibility, risk management, product safety, trust, collaboration, assets
management, cost, profit, time, and sustainability can be measured by the proposed BSC
model. The reliability can be measured directly by “C8: Reliability of deliveries”. The
integration can be measured by “C5: Supply chain integration”. The agility and
responsiveness and flexibility of the food supply chain are very important interrelated
performance criteria due to the high fluctuation and changes of the customer orders and
behaviour. These performance criteria can be measured by “C7: Responsiveness to urgent
delivery”, “IP10: Manufacturing lead time”, and “IP5: Total supply chain cycle time”. Total
supply chain cycle time. Supply chain risk management is an important criterion in the food
supply chain, it can be measured by the ability of the FSC employees to manage risks using
“LG20: Ability for SC risk management”. The product’s safety can be represented by the
KPIs of the customer perspective C8 and C9 that represent respectively the product reliability
and quality in addition to “IP16: Hazardous material used”. The trust among the different
stakeholders can be reflected by the level of information sharing that can be achieved via the
employees’ transparency and collaboration respectively LG17 and LG18. Assets management
can be reflected by the internal process indicators that measure the development e.g. IP15:
Internal supply chain improvement, 1IP19: Energy consumption, and IP5: Total supply chain
cycle time. The cost and profit and can be measured directly by the different key performance
indicators of the financial perspectives. The time criteria can be measured via responsiveness
and the different lead time metrics. Sustainability is one of the important criteria that affect
the performance of the FSC, this criterion can be measured via different metrics e.g. “F18:
Reduction of the financial expenditure”, “F20: Stability of the profit margin during the
planned period”, “Cl1: Distribution performance”, “IP15: Internal supply chain improvement”
and “LG20: Ability for SC risk management”. Moreover, the model covers the management
levels of strategic, tactical, and operational key performance indicators.
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Figure (5) The most important KPI for performance evaluation of food supply chain in Libyan
industrial organizations

5. CONCLUSIONS

Libyan food industrial organizations try to improve their performance as a prerequisite
for survival in the current globalized working environment with hard completion. Measuring
the food supply chain performance is crucial for self-assessment, benchmarking, and setting
the corrective action that satisfies the pre-established strategic directions. The current paper
introduces a generic balanced scorecard model that can be used to measure the performance
of the different sectors of the food supply chain. The model was developed relying on
scientific and practical perspectives. In which the different key performance indicators for
each perspective of the BSC were collected and discussed with the industry experts to develop
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the qualitative analysis. The industrial experts who are working in the different sectors of the
food supply in Libyan organizations are asked to give an importance level for each KPIs and
the four perspectives of the BSC. Regarding the BSC perspectives, the results show a
subjective ranking of the perspectives. In other words, the important perspective depends on
the supply chain sector. On an overage basis, the four perspectives can be rearranged as the
financial, customer, internal processes, and learning & growth. Relying on the levels of high
and extremely important key performance indicators for all the supply chain sectors, a
shortlist of KPIs was highlighted for each BSC perspective. Consequently, a generic BSC
model was constructed that can be used for any stage of the food supply chain. The proposed
model was agreed upon by the industrial experts. Using the developed BSC model, different
criteria can be measured for the food supply chain performance that includes reliability,
integration, agility, responsiveness, flexibility, risk management, product safety, trust,
collaboration, assets management, cost, profit, time, and sustainability. As a perspective of
this work, a fuzzy logic approach will be developed to produce a structural approach for
measuring food supply chain performance.
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