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The purpose of this research is to study how delivery performance and its
measurement can be improved in supply chain. The concept of delivery tracking and
delivery performance measurement will be approached through a case organization
in which the current level of delivery performance and measurement practices are
analyzed. Based on academic literature, available technologies and solutions on the
market to measure delivery performance are also discussed in order to understand
the possibilities for improvement. Additionally, measurement practices in the field of
the case organization will be studied in a more general level as well to provide
information on the current state of delivery performance measurement practices in
the field in Finland.

The results show that traditional bar code labeling was still the solution for delivery
tracking and delivery performance measurement both in the case organization, as
well in general in the industry. Advanced |oT- based solutions, such as RFID, could
be applied to improve the visibility of supply chain and delivery performance
measurement. However, RFID technology still face many challenges to provide full
visibility over the supply chain and the investments into development of such
intelligent information system architecture can be massive while ROI for many RFID
investments have remained negative. Despite these remarks, having an intelligent
information system that provides comprehensive visibility over the supply chain will
be an evident source of competitive advantage for organizations in the near future.
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Taman tutkimuksen tarkoituksena on selvittaa, kuinka toimitusvarmuutta ja sen
mittaamista voidaan parantaa toimitusketjussa. Toimitusvarmuuden mittaamista ja
toimitusten seurantaa toimitusketjussa lahestytdan case-yrityksen nakokulmasta,
jossa pyritaan analysoimaan case-yrityksen toimitusvarmuuden nykytasoa seka
nykyisia  toimintamalleja  toimitusten seurantaan ja toimitusvarmuuden
mittaamiseen. Akateemisen Kkirjallisuuden pohjalta analysoidaan markkinoilla
saatavia  olevia ratkaisuja  toimitusvarmuuden  mittaamiseen  tarjoten
parantamismahdollisuuksia. Liséksi selvitetddn toimitusvarmuuden mittaamisen
toimintamalleja  laajemmin  case-yrityksen toimialalla tuoden lisatietoa
toimitusvarmuuden mittaamisen nykytilanteesta kyseisella toimialalla Suomessa.

Tulosten perusteella tuotteiden etiketdinti perinteisella viivakoodilla oli yha kaytdssa
oleva ratkaisu toimitusten seurantaan ja toimitusvarmuuden mittaamiseen niin case-
yrityksessa kuin yleisesti toimialalla. Kehittyneemmat loT-pohjaiset ratkaisut, kuten
RFID, tarjoavat mahdollisuuden parantaa toimitusketjun lapindkyvyyttd ja
toimitusvarmuuden mittaamista. RFID- teknologia kohtaa kuitenkin viela monia
haasteita tdyden nakyvyyden tarjoamisessa koko toimitusketjun osalta ja
investoinnit alykkaaseen tietojarjestelméaarkkitehtuuriin voivat osoittautua hyvinkin
mittaviksi. Lisaksi, monien RFID investointien paaoman tuotto on jaanyt
negatiiviseksi. Naistd seikoista huolimatta, alykas tietojarjestelméa joka tarjoaa
laajaa nékyvyytta koko toimitusketjuun, tulee osoittautumaan valttamattomaksi
kilpailuedun lahteeksi lahitulevaisuudessa.
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1 INTRODUCTION

Nearly all business has become global. Advanced information- and communication
technologies enable real-time communication between humans and nations across
the globe. Multinational corporations can manufacture their products in locations
where they achieve the lowest possible cost, or moreover, outsource the
manufacturing to the most capable supplier located at the other side of the world.
Products are then distributed to global markets through their extensive supply

networks.

The significance of geographic locations and national borders have decreased due
to globalization as free international trade between nations have been recognized
to be a key factor in economic growth. For example, despite the prolonged euro-
crisis and Brexit in the European Union, free trade inside the union has still brought

stability and economic benefits to member states.

As a result of the accelerated globalization, supply chains have extended to new
dimensions and become more complex than ever. As a matter of fact, the old
fashioned word supply “chain” does not give anymore an adequate picture of the
modern multidimensional supply networks. The role of supply chain in companies’
operations have become much more significant, making the successful and effective

management of supply chain strategically important function for companies.

Consequently, the performance of supply chain has become strongly connected to
overall firm performance. There is a variety of performance metrics that can be used
to measure supply chain performance at a strategic, tactical and operational level.
Strategic metrics, such as total cycle time, delivery lead time and delivery
performance give the most valuable information for companies about their supply
chain performance and how it affects their customer satisfaction, and hence overall

firm competitiveness (Gunasekaran, A. & Tirtiroglu, C., 2001).

The field of supply chain management have evolved greatly during the last two
decades while gaining the growing interest of academic researchers. The number
of refereed journal articles about supply chain management in the ABI/INFORM

database has increased from 49 to 1 105 during the years 1994-2008 making the



total amount of supply chain management articles almost 23 times higher in 2008
compared to 1994 (Stock & Boyer, 2009). Still, the discipline of supply chain
management is often led by practice rather than theories, and despite the staggering
growth of SCM articles, quite recently there has been developed very few theories
(Magutu, Aduda & Nyaoga, 2015).

Meanwhile, new technologies are disrupting current business practices and
business models and changing the way companies operate. The highly-anticipated
concept of Internet of Things (loT) is making its way to company’s business
processes and operations. I0T enables connectivity between all devices and
machines in a network equipped with sensors and proper software allowing them to
exchange data and communicate over the network without any human intervention
(Mehta, 2015). This is seen to have an enormous potential in organizations to
automate and improve their processes to an entirely new level, including supply
chain management where I0T holds massive potential to achieve energy savings,

improved efficiency, and better customer satisfaction, to name a few (Blaine, 2016).

This master’s thesis will discuss the concept of supply chain performance, more
specifically delivery performance in supply chain. Thus, the focus will be to analyze
one strategic performance metric in supply chain, delivery performance, that is
essential for companies in order to ensure customer satisfaction and successful
supply chain management. The aim of this master’s thesis is to establish an
understanding of current- and future delivery tracking and performance
measurement possibilities and how they can affect overall supply chain
performance. This includes the assessment of relevant technologies, such as the
possibilities of 10T, and how they can be applied in the measurement of delivery

performance in supply chain.

The research will be conducted as a qualitative single-case study. The case
organization for this study will be a large Finnish forest industry company operating
on a global scale. Having a large multinational firm as a case company in the study
that has multiple manufacturing facilities on a global scale, a large network of
suppliers and partners, and complex supply chains and value networks, can provide

significant added value and real-life perspective to the study.



1.1 Research questions and objectives

The main objective of this study is to find out, how can the measurement of delivery
performance, and delivery performance itself, be improved in supply chain. A case
company along with their supply chain will be used to provide a real-life application
of the subject. Supply chain and delivery performance are first approached through
existing theoretical foundations after which the theories are reflected against actual

business practices based on the case company’s supply chain.

The second objective is to define the current level of delivery performance in the
case organization. Internal customer satisfaction survey will mostly be utilized to
present and characterize the current delivery performance, as perceived by
customers. In addition, personnel from the case company will also provide their own

assessment of the current state of their delivery performance.

The third objective of this study is to find out, how delivery performance is measured
in the case company at the moment and what are their current practices for delivery
tracking in supply chain. In addition, the greatest challenges to optimize delivery
performance will also be discussed. This will be conducted by interviewing several
key personnel from different departments in the case company to provide a

comprehensive overview of the current situation.

The fourth objective is to research the available technologies and solutions on the
market for delivery tracking and measuring delivery performance in supply chain.
This is to be carried out through extensive literature review about the topic. This will
give a broad overview of the existing solutions providing necessary data that can be
used to fulfill the first objective of how delivery performance and its measurement

can be improved in supply chain.

The fifth and final objective of the study is to identify delivery performance
measurement practices in general in the field of forest industry in Finland. This is an
essential research gap in the existing literature which therefore provides valuable
information on the current state of delivery performance measurement practices in
the field in Finland. Additionally, the essentiality of the concept in the field and the

greatest challenges to optimize delivery performance will be discussed. This
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“benchmark” study of the measurement practices in the field will be conducted by

interviewing several forest industry companies operating in Finland.

Based on these objectives, the main research question of the study is:

How can delivery performance and its measurement be improved in supply chain?
Sub-questions that help in answering this main research question are:

1. What is the current level of delivery performance in the case company?

2. How is delivery performance measured in the case company at the moment
and what are the greatest challenges to optimize delivery performance?

3. What are the available technologies and solutions on the market to measure
and improve delivery performance?

4. What are the delivery performance measurement practices and greatest
challenges to optimize delivery performance in general in the field of forest

industry in Finland?

1.2 Limitations

The study is limited to the supply chain of the case company. Thus, the results of
this study cannot be used to apply in all supply chains on a general level.
Additionally, within the supply chain of the case company, the study is limited to
analyze only the delivery-side of the supply chain, i.e. focusing on the delivery
reliability of customer orders. Thus, the supply and sourcing of materials in the

supply chain is limited out of the scope of the study.

The study is also limited to analyze a single strategic supply chain performance
metric, delivery performance. Other common performance metrics will also be
introduced in the theoretical part, but otherwise they will be limited out of the study.
The objective is not to provide an overview of supply chain performance metrics, but
instead analyze the strategic importance of delivery performance and reliability in
supply chain. Delivery tracking technologies and performance measurement
practices will also be analyzed through a general business perspective, thus limiting

specific IT-architectural solutions outside the perspective of this study.
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1.3 Methodology and data collection

This study was conducted as a qualitative single-case study. This was chosen as
the research method primarily because qualitative study can provide detailed and
in-depth information about the topic and a case study allows to apply the results to
a real-life situation. Almost all qualitative studies are, more or less, case studies
making it an essential strategy in information collection in the qualitative research
field. (Metsdmuuronen, 88-91, 2006) Thus, this study methodology can provide in-
depth academic results as well as information on how to apply it in real-life business,
benefiting the case company also. However, the results of qualitative case studies
can often not be generalized to apply on other situations than the case study in
question, but it is important to understand the case study and learn from it
(Metsamuuronen, 92, 2006).

The data for the study was collected by conducting a literature review and a number
of interviews. Open interviews were conducted with the case company personnel
from multiple departments and divisions to acquire a thorough understanding of the
current measurement practices and the greatest challenges to optimize delivery
performance in the company. A total of seven interviews were held with the
personnel of the case company, of which five were conducted as personal face-to-
face interviews while two interviews were held over a teleconference due to
geographic distance. In addition to the interview material, internal customer
satisfaction survey of the case company was used to present the current level of

delivery performance in the company.

Literature review was used to examine the available best practice -technologies and
solutions on the market for delivery tracking in supply chain and for the
measurement of delivery performance. Additionally, a brief benchmark survey was
conducted for other companies operating in forest industry in Finland to identify
measurement practices and challenges to optimize delivery performance more
generally in the field of forest industry. A total of five Finnish forest industry
companies were included in the survey, of which two were willing to participate in
this. The data for this survey was collected by having short interviews over a

teleconference with the company representative.



12

1.4 Theoretical framework

Below in figure 1 is presented the theoretical framework of this study, in which supply
chain management is the main concept. Under this, is supply chain performance
that consists of many factors, but in accordance with the perspective of this study,
only delivery performance is considered. The round shape of the framework aims to

emphasize the global context of the work.

Below in the figure is visualized a simplified description of the delivery-side of the
supply chain consisting only of four phases: manufacturing, distribution, customer,
and end consumer. This does not provide an exact description of the case
company’s supply chain, but instead acts only as a demonstrative presentation for
this study’s framework. Sourcing-side of the supply chain is excluded due to the
limitation of the study to focus only on the delivery side. Measurement solutions
illustrates the technologies and solutions for delivery tracking and measuring the
delivery performance in the supply chain that affects the overall supply chain
performance. Delivery tracking and measurement only extends to the case
company’s B2B- customer that refines the material and supplies it forward towards

the end consumer.

e ————
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- -
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@I Delivery performance \\ )‘

II \\
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Figure 1. Theoretical framework
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1.5 Definitions and key concepts

Supply chain is a network of interdependent organizations including all activities
and processes to source, manufacture and supply a product or service to final
customer. Information sharing is vital within the supply chain partners to enable the
flow of materials and services. (Arnold, Chapman & Clive, 2008, 6; Canadian Supply
Chain Sector Council, 2016)

Supply chain management is the concept of managing a network of relationships
between interdependent organizations consisting of a variety of stakeholders, such
as suppliers, procurement, production, logistics, and marketing, with the objective
of enabling a fluent flow of materials, services, information, and finances from the
producer to the final customer while adding value and optimizing profitability and

customer satisfaction in the process. (Stock & Boyer, 2009).

Delivery performance can be defined as the organizations’ level of capability to
supply products and services to meet the customer expectation. Delivery
performance indicates the capability of the supply chain to provide products and
services to customer making it an essential metric in supply chain management as
it accounts the measurement of performance all the way from supplier end to the
customer end. (Rao, Rao & Muniswamy, 2011) In fact, delivery performance is used
as a key performance indicator (KPI) in organizations giving an overview of the
relative share of on-time deliveries (Stapf & Mizrahi, 2011).

Supply chain visibility refers to the information about the identity, location, and
status of items that are transiting in the supply chain. This information is captured in
timely messages about events in the supply chain, along with information about the

planned and actual times for these events. (Francis, 2008)

0T stands for the Internet of Things. It is a system of interrelated computing devices,
digital and mechanical machines, objects, animals or people that are equipped with
unique identifiers providing the ability to transfer data over a network without any
human interaction (Rouse, 2016). Internet of Things- technologies and cloud
computing offers a new approach to collecting, storing, transferring and sharing data

between the supply chain partners while enabling a better coordination,
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collaboration and interoperability in the supply chain (Gnimpieba, Nait-Sidi-Moh,
Durand & Fortin, 2015).

RFID refers to Radio Frequency Identification which is an automatic identification
and data capture technology, and one of the founding technologies for the Internet
of Things. RFID consists of three elements: a tag formed by a chip that is connected
via antenna, a reader that produces radio signals and receives answers from the
tags, and a middleware that connects RFID hardware to enterprise applications.
RFID technologies enable real-time communication with multiple objects
simultaneously at a distance and without contact or direct line of sight. This
advanced technology allows product deliveries to be tracked more precisely in
supply chain thus increasing its visibility. (Sarac, Absi, Dauzere-Peres, 2010;
(Atzori, lera & Morabito, 2016)

1.6 Research structure

The research will be structured as follows. After this introductory chapter, a
theoretical foundation for the study will be provided. This will include a broad
overview of the concept of supply chain management including key theories in the
field, such as resource based view (RBV) and transaction cost economics (TCE).
Moving on to more concrete areas of the study, the concepts of supply chain
visibility, overall supply chain performance, and delivery performance will be
discussed. A literature review about the available technologies and solutions on the
market for delivery tracking and measuring delivery performance will fulfil the
theoretical foundation of the study.

This will be followed by the empirical part of the study. First, the case organization
will be introduced that is followed by the analysis of current delivery tracking and
performance measurement practices in the company. This will also include a
discussion about the greatest challenges to optimize delivery performance in supply
chain. After this, the results of the benchmark survey of delivery tracking and
performance measurement practices in general in the field will be discussed. Finally,
based on the analysis of the results and reviewed literature, improvement

suggestions will be presented for the case company on how to improve delivery
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tracking and performance measurement in supply chain along with the summary of

the results and the opportunities for future research areas.

1.7 Literature review

As stated in the introduction, the field of supply chain management has gained the
growing interest of academic researchers during the last two decades, resulting in
a large growth of various research articles about supply chain management. Firms
have also realized the potential of supply chain management, but according to
Gunasekaran & Tirtiroglu (2001), they often do not have the insight to develop
effective performance measures and metrics in a supply chain. This literature review
aims to summarize the most relevant academic literature about supply chain- and
delivery performance conducted in recent years, thus positioning this study in the

field of supply chain performance.

Starting from Stock & Boyer (2009), who aimed to develop a consensus definition
for the concept of supply chain management, provides a vital background for the
review of supply chain- and delivery performance literature. Supply chain
management as a concept is a very multidimensional including different functions,
such as logistics and procurement. Due to this multidimensionality, Stock & Boyer
(2009) found 173 different definitions about the concept of SCM from published
sources through 2008.

Against this background, the authors found it useful to develop a consensus
definition for supply chain management that would aim to summarize all the relevant
aspects of SCM and earlier definitions. The definition for supply chain management
is: “The management of a network of relationships within a firm and between
interdependent organizations and business units consisting of material suppliers,
purchasing, production facilities, 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 customer

satisfaction.”
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Supply chain performance is an area that has been studied extensively in the
academic literature. Gunasekaran & Tirtiroglu (2001) present a framework of
strategic, tactical and operational level performance metrics for supply chain.
Metrics have been classified to strategic, tactical and operational level based on the
level of management they can best be dealt with. This framework by Gunasekaran
& Tirtiroglu works well as a summarizing tool for all the various performance

measurements that are used in supply chains.

Qrunfleh & Tarafdar (2014) examine the relationship between supply chain strategy
and supply chain information systems strategy, and their impact on the performance
of supply chain and the firm. According to their work, specific supply chain strategies
can significantly improve the performance of supply chain if corresponding
information systems strategies are adapted. For example, lean supply chain
strategy requires efficient information systems strategy in order to improve supply
chain performance, whereas agile supply chain strategy requires a flexible
information systems strategy. Additionally, their study supports the argument that
improvement in supply chain performance can result in increased firm performance.
In this case also, it is especially important to integrate the correct information
systems strategies with corresponding supply chain strategies in order to maximize
the benefits. It is also important to align the information systems strategies with
suppliers and the entire supply chain to ensure the compatibility of the systems in
the whole chain.

Zhou, Shou, Zhai, Li, Wood & Wu (2014) have also studied how the information
quality and effective supply chain practice impact firm performance. According to
their study, firms should integrate the level of effective supply chain practices with
the level of information quality to achieve high business performance. There does
not exist such firms that have low information quality but high level of effective supply
chain practice, whereas firms that have high information quality and does not have
effective supply chain practice tend to have a low business performance. It is not
necessary for all firms to pursue a high level of effective supply chain practice and
high information quality. Instead, firms should seek a reasonable level of information

quality and effective supply chain practice that is dependent on the context.
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Delivery performance as a key factor in supply chain performance has also been
studied by Rao et.al. (2011). In this case study, delivery performance was analyzed
from the point of view of a batteries manufacturing firm. In their work, Rao et. al used
the framework of level 2 SCOR-model that recognizes delivery performance to have
four elements: supplier on-time and in full delivery, manufacturing schedule
attainment, warehouse on-time and in full shipment, and transportation provider on-
time delivery. Rao et. al. then formulated a mathematical model from these four
factors to maximize delivery performance by using a Dynamic Programming
approach. They also provided performance levels for companies to benchmark their
delivery performance against competitors in order to achieve desired delivery
performance and successful supply chain management. The work of Rao et. al.
(2011) can be used as a guideline for firms that negotiate strategic agreements to

improve supply chain performance.

Musa, Gunasekaran & Yusuf (2014) studied the product visibility in supply chain. In
their work, Musa et. al. conducted an extensive content analysis of academic
literature including websites and vendor documents and the users of tracking and
tracing- technologies to analyze and compare the current practices and design in
the product visibility in supply chain. This study provides a thorough view of different

technologies and methods for product visibility in supply chain.

According to Musa et. al. (2014), supply chain product visibility is based on auto-
identification (auto-ID) technologies which are also known as automatic
identification and data capture (AIDC) systems. These technologies include the
barcode, RFID, biometrics including voice, facial and iris scan, as well as fingerprint
recognition, optical character recognition (OCR), smart cards, and sensor
technologies to measure temperature, pressure, location, humidity, vibration etc. It
is also recognized that only barcode, RFID and sensor technologies have been
applied in supply chain product visibility. All in all, the study provides an extensive
review of the different possibilities to track and trace products along the supply chain

thus making it a very useful article to familiarize on the subject.

While barcode, RFID and sensor-based technologies dominate the product tracking
and visibility in supply chain at the moment, the concept of Internet of Things (IoT),

big data and predictive analytics (BDPA) is the next revolutionary evolution also in
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supply chain management and product visibility tracking in the supply chain. There
does not yet exist many academic studies about the subject as the technology is
only making its major breakthrough at the moment. However, Gunasekaran,
Papadopoulos, Dubey, Wamba, Childe, Hazen & Akter (2016) have just finished
their study that draws a resource based view (RBV) about big data and predictive
analytics for supply chain and organizational performance in which they developed
a model to explain the impact of BDPA in supply chain- and organizational

performance.

The study of Gunasekaran et. al. (2016) argues that resource based view is relevant
for understanding big data and predictive analytics assimilation as a capability that
depends on combining connectivity and information sharing in the organization while
also having a positive impact on supply chain performance and organizational
performance affecting to the achievement of competitive advantage. Their study
also conforms to the earlier research findings by Schoenherr and Speier-Pero
(2015) who claimed that BDPA can significantly improve the efficiency of supply
chain and reduce supply chain costs while also improving the agility of the firm to
respond faster to changing circumstances, providing greater power in supplier
relationships, and improving sales and operations planning capabilities.
Gunasekaran et. al. (2016) also point out, that the role of top management is crucial
in assimilating BDPA in organizations. Top management need to acquire the
resources and commit to the process in order to build big data and predictive
analytics assimilation capability and achieve higher performance both in supply

chain- and organizational level.

Gnimpieba, Nait-Sidi-Moh, Durand & Fortin (2015) also studied the use of Internet
of Things- technologies in supply chain management. In their study, Gnimpieba et.
al. developed an application to tracking pallets and containers in the supply chain.
They acknowledged that the advent of 10T and cloud computing offers a new
approach to collect, transfer, store and share information about the logistic flow in
the supply chain allowing better cooperation between the partners in the supply

chain.

Gnimpieba et. al. (2015) identified multiple issues in the existing tracking platforms,

such as: collecting data directly from sensors, real time data processing and
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notification, information availability from mobile and remote locations, managing
multiple interactions between supply chain partners, define common policy and
communication protocol for stakeholders etc. For this purpose, Gnimpieba et. al.
designed a collaborative cloud-based platform to support the sharing of information,
integration, and processing requirements for tracking and tracing goods in a supply
chain. The added value of this architecture derives from the integration of different
layers of IoT- technologies, the sensor layer, the data transmission layer, the

storage layer in the cloud and setting the collected data available to users.

Finally, a relevant study in the field was also conducted Aiello, Enea & Muriana
(2015) who studied the value of traceability information in supply chain.
Implementation of properly designed traceability system that is based on advanced
technologies such as RFID- tagging does not only improve the quality and safety of
the products, but can be a profitable investment for the supply chain. However, high
implementation costs are one of the main factors preventing organizations from
investing into product tracking and tracing systems in supply chain. Traceability
systems can be divided basically into three levels: pallet, case, and item -level,
which also determines the total cost level of the traceability system. Thus, to
maximize the total profit of the supply chain, a right choice of the level of the
traceability system need to be carefully considered and designed which depends on

the characteristics of the products and supply chain itself.

Based on the reviewed literature about supply chain performance and tracking
technologies in supply chain, one can safely state that the field is in a phase of great
transformation from conventional sensor-based technologies to the applications of
Internet of Things technologies, big data and highly sophisticated predictive
analytics. This provides a unique starting point for this study by allowing to research
the latest cutting-edge technology in the industry and what are the requirements to

apply this technology to a real-life case company’s supply chain operations.
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2 SUPPLY CHAIN MANAGEMENT

Supply chain management (SCM) is a quite new concept as it only started to
develop during the 1990s when organizations began to combine their operative
functions into one integrated entity. Supply chain management brings together the
functions of purchasing and supply management, physical distribution activities, and
operations-, materials-, and logistics management while emphasizing their strategic
importance in corporate performance. (Tan, 2001)

As mentioned in the introductory chapter, the term “supply chain management” has
been used quite vaguely in the literature due to its multidimensional character and
lack of precise definitions. This chapter aims to clarify the matter and provide the
theoretical background for this study, by first discussing relevant theories on the field
of supply chain management, such as resource based view (RBV) and transaction
cost economics (TCE). After this, more concrete matters in relation to the focus of
this study are discussed from theoretical perspective, including concepts of supply

chain visibility, supply chain performance, and delivery performance.

Below in figure 2 is presented a general, conceptualized view of a supply chain.
Although each supply chain is a unique entity consisting of a variety of stages and
different stakeholders, figure 2 provides a simplified example of a supply chain
which was inspired by the supply chain framework of Cooper, Lambert & Pagh
(1997). As can be seen from the figure, products flow through numerous stages in
the supply chain before finally reaching the end consumer in exchange for monetary
flow in each stage, and what is especially important in successful supply chain

management: fluent information flow both ways in the supply chain.
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< Cash flow |
< Information flow >

Tier 2 Tier 1 Procu- Materials Production Physical Marketing Customer End
supplier supplier rement management distribution & sales consumer

Information flow

Product flow >

Figure 2. Supply chain framework (Inspired by Cooper, Lambert & Pagh, 1997)

Lambert & Cooper (2000) propose three key elements and decisions to be made in
managing a supply chain: configuring the supply chain network structure, linking
supply chain business processes, and integrating the supply chain management
components. First, the key supply chain members need to be identified in order to
configure the proper supply chain network structure. Supply chain includes all
organizations that the company interacts with, but it is essential to identify the
members that are critical to the success of the company and members that are more

in a supportive role to make a complex supply chain more manageable.

The supply chain structure contains three essential dimensions that all vary and
depend highly on context: horizontal structure, vertical structure, and horizontal
position. Horizontal structure refers to the number of tiers across the supply chain,
whereas vertical structure refers to the number of suppliers and customers within
each tier of the supply chain. Horizontal position indicates the company’s position
within the supply chain; company can be positioned near the initial source of supply
or near the end customer, or somewhere between this continuum. (Lambert &
Cooper, 2000)

The second key decision is what supply chain business processes should be linked
with each of the key supply chain members. The supply chain business processes
are: customer relationship management, customer service management, demand

management, order fulfilment, manufacturing flow management, procurement,
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product development and commercialization, and returns. This decision is extremely
case-sensitive as in some cases it may be appropriate to integrate only one
business process across the supply chain, whereas in other cases linking all
business processes may be necessary to maximize the supply chain performance.
(Lambert & Cooper, 2000)

Finally, the level of integration and management for each process link should be
decided. Lambert & Cooper (2000) identified nine management components for
successful SCM: planning and control, work structure, organization structure,
product flow structure, information flow structure, management methods, power and
leadership, risk and reward, and culture. Each component is part of successful
management of supply chain. For example, planning and control of operations is
critical to moving a supply chain in a desired direction, well established information
flow structure is a key element while having a strong influence on the efficiency of
the supply chain, and the sharing of risks and reward in the supply chain affects the

long-term commitment of the members in the supply chain.

2.1 Theoretical background

This chapter first presents the most essential theory on supply chain management.
Two dominant theories are presented: resource based view (RBV) and transaction
cost economics (TCE). Both theories are well known and extensively acknowledged
in the field of strategic management in general. However, these two theories are the
most applied ones in supply chain management and have left an essential impact
to the field. In addition to resource based view and transaction cost economics, few
other theories, such as value chain management (VCM) and knowledge based view

(KBV), are also presented providing a deeper theoretical background to the subject.

2.1.1 Resource based view (RBV)

Resource based view (RBV) is a central paradigm in strategic management that has

become increasingly popular in multiple fields, such as marketing, operations
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management and supply chain management. Resource based theory (RBT)
initiated in the field of economics already in 1959 by Edith Penrose, but the modern
resource based view (RBV) has mostly been dedicated to the works of Barney
(1986, 1991) and Peteraf (1993). (Hitt, Xu, & Carnes, 2016; Bromiley & Rau, 2016)

Resource based view attempts to explain that firm’s sustainable competitive
advantage originates from firm resources that are: valuable, rare, inimitable and
non-substitutable. (Bromiley & Rau, 2016) Through these “VRIN” resources firms
can gain the ability to create and sustain competitive advantage. Additionally,
intangible resources are more likely to provide a competitive advantage since their
value is more difficult to imitate and substitute than tangible resources while the
synchronization of resource portfolio, creation of capabilities, and the design and
implementation of strategy is especially important (Hitt et. al., 2016).

Supply chain management has been one of the four key focus areas in operations
management research addressing resource based view, in addition to operations
strategy, performance management, and product/service innovation. RBV provides
a unique way to analyze the activities along the supply chain individually and
collectively. Each activity along the supply chain require capabilities and resources
to manage the flow of products and information and to create competitive
advantage. However, the integration of the existing capabilities across the supply
chain and leveraging them effectively in the creation of competitive advantage is a
more challenging task but can lead to greater cost reductions and profit gains. (Hitt
et. al., 2016)

Integrating the competences across the chain of activities and leveraging the shared
capabilities creates sturdier and synergistic results in a way, that produces
ambiguity of cause and effect. This makes it difficult to imitate the collective
capabilities and leveraging strategy, as well as creates greater value for the end
customer. (Hitt et. al., 2016) Thus, bundling the resources across the most capable
supply chain partners by capitalizing on the strengths and compensating the
weaknesses of each partner, can organizations create a collaborative network that

is capable of resulting in greater and more sustainable competitive advantage.
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Additionally, RBV have been used in supply chain management to address the
supplier selection process, describe supplier-customer relationships, and
outsourcing decision-making, to name a few. (Hitt et. al., 2016) From a resource
based view, outsourcing decision can be explained as a choice between using
internal or external resources in order to complete a task and gain competitive
advantage. Although RBV often emphasizes the internal resources of a company,
the power of external resources and outsourcing have been recognized in recent

years making outsourcing one of the key trends in business. (Kroes & Ghosh, 2010)

According to Squire, Cousins, Lawson & Brown (2009), the traditional RBV claims
that only internally developed proprietary resources can result in significant
sustainable competitive advantage. A term “extended resource based view” (ERBV)
have been gaining growing recognition that acknowledges the significance of
external resources in the creation of sustainable competitive advantage (Squire et.
al., 2009; Mathews, 2003). According to extended resource based view, external
relationships act as a means to acquire resources that are required to fill a particular
resource gap in the organization. The acquisition of external resources can include
both intangible resources such as the transfer of knowledge and capabilities, as well

as tangible resources such as technology. (Squire et. al., 2009)

Companies may choose to access external resources to improve performance. By
forming relationships with external parties and exploiting complementaries in their
capabilities, firms can increase the customer value while retaining competitive
capabilities within the firm. According to ERBV, competitive advantage becomes
dependent on both the resources and capabilities of the firm, as well as the entire
network. Thus, a firm-level analysis of competitive advantage may not offer a
complete picture of the situation as external resources and capabilities also

influence the performance. (Squire et. al., 2009)

2.1.2 Transaction cost economics (TCE)

Transaction cost economics (TCE) is a concept for analyzing economic
organizations that was initiated by Coase in 1937 and further developed by

Williamson in 1975. The theory is based around two key elements: transaction costs
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and governance structure. The basic idea is that an appropriate arrangement of
transactions with the corresponding governance structure enables organization to
economize on its costs. Transactions are mostly described by three dimensions:
asset specifity, uncertainty, and frequency. Asset specifity can be seen as the
degree to which the assets supporting a transaction can be moved to a transaction
outside the exchange relationship. Uncertainty reflects the degree to which
transactions are subject to disturbance, and frequency describes the rate of a

transactions’ reoccurrence. (Schneider, Bremen, Schénsleben & Alard, 2013)

Transactions can be managed with governance structures that can be defined as
“discrete structural alternatives that possess distinctive strengths and weaknesses
in autonomous and coordinated adaption respects” (Williamson, 2008).
Consequently, an explicit transaction between two partners in a value chain would

be handled with the existing governance structure at that moment.

Three generic modes of governance exist: market, hybrid, and hierarchy. (Schneider
et. al., 2013) Market and hierarchy represent the polar modes of governance
structure whereas hybrid structure is a compromise mode located between these
two opposite structures. Market mode contains high powered incentives with slight
administrative control and a legal-rules contract law regime making it suitable to
implement independent adaptations, but poorly suitable to effect cooperative
adaptations, whereas hierarchy mode represents the opposite side featuring low

powered incentives and substantial administrative control. (Williamson, 2008)

Blomqvist, Kylaheiko & Virolainen (2002) discussed the benefits of each governance
structure. Market governance can provide economies of scale as well as increased
flexibility and variety. In addition, market governance requires less investment in
specific assets that can diminish risk while forcing companies to maximizing their
efficiency due to high competition. On the other hand, hierarchy mode can provide
economies of scope and effective management and control through ownership,
efficient internal communication network as well as the possibility to exploit
monopoly power. Hybrid structure (Blomqvist et al. use the term “partnership”)
allows companies to focus on their core competencies, share risk through separate
ownership of assets, provide the ability to coordinate disperse knowledge as well as

offer shorter time-to-market and the possibility to achieve improved quality.
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2.1.3 Other theories

Supply chain management is a contemporary concept that have been recognized
to deliver both operational and strategic advantages for companies by maximizing
value for the end customer. However, supply chain management does not fully
cover the post-delivery, post-evaluation and relationship building aspects in the
supply network, nor does it spread far enough to capture the end customer’'s
forthcoming needs. Strategic agility and value creation have risen to the most critical
mechanisms in modern competitiveness requiring real time information and
transactions for communication between the parties in the value chain. (Al-
Mudimigh, Zairi & Ahmed, 2004)

Against this background, organizations that absorb the concept of value chain
management (VCM) are required to invest significantly in advanced information
systems that is a key element in developing closer relationships within the supply
network. Organizations that seek to embrace value chain management, face two
fundamental challenges: re-engineering their supply chain capability step-by-step to
maximize the value creation for the end customer, and ensuring that their supply
chain is extended to provide the full benefits of value chain management. This
means that the information flows are integrated within the value chain all the way
from the suppliers to the end-users. (Mudimigh et. al., 2004)

VCM allows organizations to develop their value propositions. Organizations can
establish value chains that reduce cost and bring the customer perspective in the
forefront of all activities. Creating a continuous and uninterrupted customer centric
relationship enables fluent information flow within the value chain allowing
organizations to be flexible and agile. Advanced technology and information
systems play also a key role in VCM enabling organizations to network on a wider

scale and ensuring the maximal customer satisfaction. (Mudimigh et. al., 2004)

Teece (2007) presented the theory of dynamic capabilities as a source of
sustainable competitive advantage. According to Teece (2007), sustainable
advantage requires more than just the ownership of assets that are difficult to imitate
or replicate. It requires dynamic capabilities that are unique and difficult to replicate

while these competences can be used to continuously create, improve and protect
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company’s unique assets. Dynamic capabilities have three key elements: they can
sense and shape opportunities and threats, seize opportunities, and sustain
competitiveness by improving, combining, securing, and reconfiguring company’s
intangible and tangible assets. Dynamic capabilities adapt to changing
circumstances in the environment and are able to proactively shape the ecosystem.

Complex supply chains tend to have more dynamic changes than individual
organizations or casual markets. As a result, the role of dynamic capabilities has
gradually increased in supply chain management while the competition have now
shifted more and more between separate supply chains and networks instead of
separate companies. Like dynamic capabilities concept, supply chain management
information is also transmitted within the chain and the combination of dynamic
capabilities and supply chain management makes organizations more flexible,
dynamic and adaptable to new market trends creating sustainable competitive
advantage. (Masteika & Cepinskis, 2015)

Knowledge based view (KBV) addresses the issues of existence, boundaries, and
internal organization of a firm. According to KBV, knowledge is the key explanatory
factor while the nature of knowledge is an essential determinant that enhances the
understanding of organization and behavior of a firm. Knowledge based view
emphasizes knowledge as the most important resource and feature of production
while differences between firm performances exist due to variation in firms’ stock of
knowledge and abilities in utilizing and developing knowledge. Organizations exist
to create, transfer, and transform knowledge into competitive advantage. KBV can
be viewed to have some similarity to resource based view (RBV) in the sense that
it emphasizes the firm’s resources (i.e. knowledge) as the key element to

competitive advantage. (Blomqvist & Kianto, 2007)

Another essential organizational theory applied in supply chain management was
presented by Dyer & Singh (1998) known as the relational view. According to
relational view, firm’s core resources may extend firm boundaries and be
entrenched in interfirm resources. Competitive advantage is thus seen dependent
on the relationship between firms with four potential sources of competitive
advantage: relation-specific assets, knowledge-sharing routines, complementary

resources, and effective governance.
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Finally, a concept of organizational learning was first presented by Kurt & March
(1963) and later developed by Senge (1990) and multiple other researchers.
Organizational learning explains the development capability of productivity and
continuous improvement in organizations consisting of methods, mechanisms, and
processes that are used in organizations to achieve learning. (Saadat & Saadat,
2016) A summary of the essential organizational theories applied in supply chain
management can be found below in table 1. The core content and the most

influential authors of each theory are summarized in the table.

Table 1. Collection of essential theories

Resource based |Transaction cost |Value chain . . Know'“.’ge . . Organizational
. . Dynamic capabilities |based view |Relational view N
view (RBV) economics (TCE) |management (VCM) (KBV) learning
Sustainable Appropriate Maximize value Competitive advantage [Knowledge |Competitive advantage is |The
competitive alignment of creation for the end |requires unique is the most |increasingly dependent on|development
advantage transactions with  [customer by re- dynamic capabilities  |important relationship between capability of
originates from corresponding engineering supply |that can sense and resource and|firms, 4 potential sources |thought and
resources that governance chain capabilities and shape opportunities factor of of interorganizational productivity by
are: valuable, structure enables |emphasizing and threats, seize production  |competitive advantage: continuous
Content rare, inimitable,  |organization to customer perspective |opportunities, and relation-specific assets, |improvement in
and non- economize on its maintain knowledge-sharing the organization;
substitutable costs competitiveness routines, complementary |a process of
(VRIN) resources, effective discovering and
governance and correcting
mistakes
Penrose (1959); |Coase (1937); Al-Mudimigh, Zairi & Teece (2007) Foss (1996) |Dyer & Singh (1998) Kurt & March
Barney (1986, Williamson (1975) |Ahmed (2004) (1963), Senge
Author(s) 11001y peteraf (1990)
(1993) P

2.2 Supply chain visibility

Supply chain visibility is one of the key concepts in this study along with delivery
tracking and delivery performance measurement in supply chain. As stated in the
introduction, supply chain visibility refers to the information about the identity,
location, and status of items that are transiting in the supply chain. Such visibility in
supply chain help parties to gain a better overview of the material and product flows

within multifaceted supply chains. (Francis, 2008)

Information sharing is a key factor in achieving visibility in supply chain. According
to Pflaum (2016), supply chain visibility is the outcome of sharing relevant
information between all actors in the supply chain. Barrat & Oke (2007) also define
supply chain visibility as being the extent to which supply chain parties have access
to relevant information. Visibility arises from shared information that provides value

and advantages for the management of supply chain. It is the information that leads
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to visibility while having a visible supply chain can improve operational efficiency

and inventory management. (Pflaum, 2016)

Francis (2008) and Pflaum (2016) argue that there are four dimensions in supply
chain visibility: availability, identity, position, and status quo. All dimensions refer to
information qualities: availability means the accessibility of information by supply
chain actors, identity refers to the distribution of identity information, position refers
to the provision of information regarding the position of an item in the supply chain,
and status quo is information concerning the current status of an item in the supply
chain. All these four identities form an essential totality in achieving visibility in

supply chain.

Bartlett, Julien & Baines (2007) also share the perception, that the visibility of key
information and collaboration between the actors in supply chain are important
criteria in the competitiveness of supply networks in the long term. Based on their
case study of the supply chain of Rolls Royce, it was seen that increased visibility
in supply chain resulted in the improvement of delivery performance along with

better information about supply and demand fluctuations.

Achieving such visibility in supply chain often requires having monitoring solutions
with automatic identification technology in place in the organization (Kéarkkainen &
Holmstrom, 2002). These technologies will be discussed in detail in the next chapter
that provides an overview of the delivery tracking and performance measurement
technologies. However, it can be stated already now, that RFID based technologies
are a dominant solution for this purpose (Hinkka, Hakkinen, Holmstrom & Framling,
2015).

In fact, without advanced information and communication (ICT) technologies and
information systems, actors of the supply chain do not necessarily have any detailed
information about the events in the supply chain regarding delivery status,
production program, demand forecasts etc. (Christopher & Lee, 2004). The effect of
globalization and increased use of sub-contractors in the supply network have made
the situation even more challenging (Alessandro & Tumino, 2013). Against this

background, it will be interesting to look into the possibilities that modern technology
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can provide for delivery tracking and performance measurement in supply chain in

the next chapter.

2.3 Supply chain performance

The capability to measure performance of operations is an essential prerequisite for
improvement. Therefore, companies have increasingly invested into the capabilities
of their performance measurement systems. Moreover, the performance
measurement of supply chain has become more important since companies have
realized to start improving operational performance by deeper integration of
operations and functions in the value chain. Streamlining operations across a chain
of separate companies enables better service to end consumers while allowing
lower total costs in the supply chain. (Lohman, Fortuin & Wouters, 2004) Therefore,
organizations must often manage processes that extend beyond their own
boundaries while the organizational performance depends on external supply chain
partners (Van Hoek, 1998; Brewer & Speh, 2000; Maestrini, Luzzini, Maccarrone &
Caniato, 2017).

Consequently, the performance of a supply chain has become one of the most
critical factors in many industries while the performance measurement of supply
chain is a fundamental element in efficient supply chain management. Supply chain
performance is a wide concept that involves a variety of performance measurement
systems, frameworks and models. (Balfagih, Nopiah, Saibani & Al-Nory (2016).
Beamon (1999) defined supply chain performance as its overall efficiency and
effectiveness suggesting three main areas for measuring supply chain performance:
the efficiency of resources, output i.e. customer satisfaction, and flexibility i.e. how

well the system is capable to react to uncertainty.

Against the multidimensional background of supply chain performance measures,
Balfagih et. al (2016) aimed to categorize the most common performance
measurement systems in a systematic way. As a result, Balfagih et. al (2016)
classified these systems into three categories: perspective-, process-, and
hierarchical- based approaches to performance measurement. Perspective-based
approaches to supply chain performance measurement combines both generic
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performance measures and cause-and-effect hypotheses that specify the
interrelations between performance measures. Each perspective forms its individual

concept of supply chain and its relevant performance metrics.

Process-based approaches emphasize the performance of key operational
processes in a supply chain due to the significance of operational dimensions in
supply chain management. Hierarchical-based approaches, however, evaluate the
supply chain performance through various hierarchical levels. Dividing performance
measures and metrics into strategic, tactical, and operational levels assist managers
in the decision-making process somewhat simplifying the analysis of supply chain

performance. (Balfaqgih et. al. 2016)

In accordance with the hierarchical-based approach presented by Balfagih et. al.
(2016), Gunasekaran & Tirtiroglu (2001) divided supply chain performance metrics
into strategic, tactical, and operational level metrics based on the level of
management required to involve in the measurement. A framework of the most
essential strategic, tactical, and operational supply chain performance metrics can

be seen in the next page in table 2.

The metrics shown in the table 2 are distributed across the entire supply chain. The
process begins with planning the performance while a number of factors in this
phase already affect the supply chain performance. Factors such as the range of
products and services, product development cycle time, accuracy of forecasting,
order entry methods, total cycle time, and total cash flow time already have an

impact for overall supply chain performance. (Gunasekaran & Tirtiroglu, 2001)

The next phase of the supply chain is the sourcing of materials which performance
can be measured by a number of supplier-related performance metrics, such as
supplier delivery performance, cost saving initiatives, lead times, the level of defect
free deliveries, purchase order cycle time etc. The framework also includes the
production performance that can be measured by, for example, process cycle time,
total inventory levels, capacity utilization, and the effectiveness of master production

schedule. (Gunasekaran & Tirtiroglu, 2001)
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Table 2. Framework for supply chain performance metrics (Adapted from Gunasekaran & Tirtiroglu,
2001)

STRATEGIC TACTICAL OPERATIONAL

Total supply chain cycle time Delivery reliability Cost per operation hour

Total cash flow time Accuracy of forecasting Capacity utilization

Delivery lead time Purchase order cycle time Total inventory

Order lead time Planned process cycle time Supplier rejection rate

Delivery performance Product development cycle time Quiality of delivered goods

Return on investment Responsiveness to urgent | Achievement of defect free
deliveries deliveries

Level of defect free deliveries Supplier cost saving initiatives Efficiency of purchase order cycle

time

Level of partnership Supplier capability to quality | Quality of delivery documentation
problems

Customer query time Order entry methods Information carrying cost

Customer value of product Effectiveness of delivery invoicing | Frequency of delivery

Net profit vs productivity Effectiveness of master production | Driver reliability for performance
schedule

Product & service portfolio Supplier assistance in technical
issues

Variations against budget Supplier’s booking in procedures

System flexibility Effectiveness  of  distribution
planning schedule

Supplier lead time against

industry norm

After this, the delivery-side of supply chain and customer service and satisfaction
are also considered. Metrics for the measurement of delivery performance include
delivery lead times, delivery reliability, effectiveness of delivery invoice methods,
response to urgent deliveries etc. Delivery performance will be discussed more
profoundly in the upcoming chapters. Customer service and satisfaction metrics
include flexibility to meet customer needs, customer query time, and the level of

customer value of the product. (Gunasekaran & Tirtiroglu, 2001)

Overall, table 2 summarizes most commonly applied performance metrics in supply
chain. Yet, the summary is not all-encompassing by far, while the performance
metrics and measurement systems applied by organizations tend to be highly case-

sensitive and customized to the individual needs of each organization.
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Accordingly, the performance of supply chain is built upon the performance and
optimization of multiple separate processes in the organization. As pointed out by
Maestrini et. al. (2017), it is of the utmost importance to measure the performance
of a large spectrum of tasks. The key in successful supply chain management is to
combine these processes, i.e planning, sourcing, manufacturing, logistics, into one
integrated entity that emphasize the fluent information flow between all process

phases while having a one common goal: to maximize customer satisfaction.

Ketchen, Rebarick, Hult & Meyer (2008) present a concept of “best value” supply
chains that do not focus on any single metric of performance. Instead, the focus is
on the total value added to customer, while there are four competitive areas to seek
high quality: speed, cost, quality, and flexibility. Focusing to maximize all four
dimensions can provide superior overall customer satisfaction. This approach is
based on the strategic role of supply chain management where supply chains are

seen as the means to create competitive advantage and improve firm performance.

According to Ketchen et. al. (2008), there are three distinctive features in strategic
supply chain management: agility, adaptability, and alignment. Agility refers to the
capability to anticipate and react to changes quickly, whereas adaptability aims to
maintain overlapping supply chains to ensure a high level of customer service
instead of focusing merely on efficiency through the use of separate supply chains.
Alignment focuses on the mutual interests of all supply chain partners instead of

each party focusing on their individual needs.

Supply chain performance measurement systems are developing at a rapid pace at
the moment, as new technologies allow instant collection, integration, and sharing
of information among multiple partners in the supply chain (Maestrini et. al., 2017).
This increases the visibility of supply chain performance measurement and
encourages all parties in the supply chain to optimize their performance. However,
this study is mostly concerned with the metric of delivery performance in supply
chain instead of studying supply chain performance measurement systems as
whole. It is essential to absorb the “big picture” of performance measurement in
supply chain and acknowledge the existence of variety of metrics in multiple different
processes in supply chain, but the main focus of this study is in the delivery

performance that will be discussed next.
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2.3.1 Delivery performance

The measurement of delivery performance in supply chain forms the core of this
study. As stated earlier in this chapter, delivery performance is a strategic supply
chain performance metric. Delivery performance indicates how successful an
organization is at delivering products and services to customer and can be defined
as the level up to which products and services supplied by an organization meet the
customer expectation. Delivery performance can be considered as one of the most
important metrics in supply chain management as it integrates the measurement of
performance throughout the entire supply chain from supplier end to customer end.
(Rao et. al., 2011)

Challenges with delivery performance quickly escalate forward through the supply
chain. This causes managers typically to increase buffering and additional stocks,
or postpone confirmed delivery schedule increasing costs and harming customer
responsiveness. (Vachon & Klassen, 2002) According to Rao et. al. (2011), there
are several sub-measures connected to delivery performance while organizations
need to decide the most relevant of these sub-measures in order to maximize their
delivery performance. Sub-measures include e.g.: on-time delivery, delivery
reliability, delivery times, delivery service, delivery frequency, delivery
synchronization, order fulfillment lead time, supplier’s delivery performance etc. On-
time delivery is often a major concern for manufacturing and distribution functions

in the supply chain.

Nakandala, Samaranayake & Lau (2013) also emphasize the importance of on-time
delivery (OTD) as a key performance measure in the manufacturing industry and
especially in make-to-order environments where stocks are not in order. On-time
delivery directly influences a number of factors, such as inventory levels, costs,
success of a product etc. Thus, it can be stated, that the improvement of on-time
delivery performance enables to increase customer service levels while also
contributing to increased competitive advantage. With the current level of
technological development and innovations, organizations are realizing the
importance of on-time delivery performance in their supply chain and investing in

the latest technologies to maximize their delivery performance.
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One key indicator used to measure on-time delivery and delivery performance is On
Time In Full (OTIF) or Delivered In Full, On Time (DIFOT). OTIF measures how
often customers receive the agreed quality of the product at the confirmed schedule
and quantity. This is seen as a superior KPI of delivery performance as it is
especially based on the point of view of customer. (Ortec, 2017)

According to Karim, Samaranayake, Smith & Halgamuge (2010), on-time delivery
has not received much attention since there is no single functional unit responsible
for on-time delivery in manufacturing organizations, instead each functional unit
have their own goals. Nevertheless, delivery service performance is especially
critical nowadays in lean supply chains in which poor performance can have
consequences that often multiply in effect to the end-customer (Forslund & Jonsson,
2010). Conventionally it has been considered, that good delivery performance can
be achieved by quoting long lead times for customer enquiries as it allows the
manufacturing organization to plan the production efficiently and flexibly (Karim et.
al., 2010).

Conversely, Szwejczewski, Mapes & New (1997) discovered that manufacturing
organizations that quote short lead times often achieved better delivery performance
than organizations that quoted long lead times. Regardless, the ability to accurately
determine and achieve confirmed delivery times and correct quantities of customer
orders is a critical factor for organizations while on-time delivery should not be
considered as an isolated factor. It is essential to consider the whole process of
manufacturing, planning, and control when reflecting the improvement of on-time

delivery performance. (Karim et. al., 2010)

The connection between strategic management and operational business
processes should be emphasized as a fundamental factor in organizations.
Strategic decisions, operational business processes and performance
measurement processes must be managed as one to support supply chain
performance. (Forslund & Jonsson, 2010) Forslund & Jonsson (2010) present a
framework for managing and integrating the performance measurement process of
on-time delivery to manage operational outcomes and provide feedback to strategic
management. This framework consists of four activities: defining metrics, setting

targets, measuring outcomes, and analyzing the results.
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Definitions of the metrics need to address the thorough characteristics of the
company’s operations, such as the delivery process or the strategic requirements
of the industry. The definitions of delivery performance metrics may differ from the
point of view of customer and supplier as the supplier may refer the order being on
time when it is ready for delivery, while customer only views it to be on time when
the order has arrived at their site. Therefore, it is essential to coordinate the correct
definitions of the metrics between customer and supplier to achieve clearly defined

metrics and a common understanding on the matter. (Forslund & Jonsson, 2010)

Additionally, the complexity of supply chain affect the delivery performance. Vachon
& Klassen (2002) see the degree of complexity entrenched in supply chain having
two major dimensions: form of technology and nature of information processing.
Technology refers to the infrastructural elements of supply chain whereas
information processing contains the level of complicatedness and uncertainty in
supply chain. As complicatedness increase in the supply chain, delivery
performance worsens. Simpler processes, greater specialization, and higher
flexibility serve to improve delivery performance in supply chain.

Each delivery performance metric should have a clear and specific target to improve
the effectiveness of performance measurement. Targets should reflect the customer
needs and be shared among the suppliers and customers in the supply chain. After
setting the targets, the actual measurements should be employed to collect data
about the delivery performance. This includes the creation of measurement reports
and feedback between customers and suppliers in the supply chain. (Forslund &
Jonsson, 2010)

A relevant aspect to consider in the measurement is, how much manual labor is
required to collect the data. A majority of companies still rely on manual routines to
collect data and measure delivery performance in their supply chains. (Forslund &
Jonsson, 2010) Traditionally, Enterprise Resource Planning (ERP) systems provide
some type of monitoring of on-time delivery that is based on the comparison of
planned and realized values while using deterministic inputs, such as lead times.
(Nakandala et. al. 2013) However, quite often the IT-infrastructure does not provide
real visibility over the supply chain (Lohman et. al. 2004). This can be a key issue

for many organizations, while the new IoT- technologies are expected automatize
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data collection enabling far more sophisticated and productive measurement

practices than before.

Finally, the analysis of delivery performance should be input to corporate strategy,
proactive decision-making, and continuous improvement projects. The connections
between the results and strategic initiatives should be emphasized and made visible
while the deviations from the targets should be critically reviewed and analyzed to
solve the root-cause for the problems. (Forslund & Jonsson, 2010) This enables
companies to increase their delivery performance and competitive advantage that
is directly linked to the supply chain performance and strategic management of the

company.

Overall, delivery performance has become a critical metric of success for
companies. Due to global expansion of supply chains, more sophisticated systems
are needed to manage supply chains across greater geographical distances and
different cultures, technical standards, and regulations. (Vachon & Klassen, 2002)
Next chapter will discuss the actual technologies to track and trace deliveries in

supply chain that enable the measurement of lead times and delivery performance.
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3 DELIVERY PERFORMANCE MEASUREMENT
SOLUTIONS AND TECHNOLOGIES

In this chapter, the most relevant technologies that can be applied in delivery
tracking and measurement of delivery performance in supply chain are presented.
First, the technology of Electronic Data Interchange (EDI) is discussed briefly as it
can be considered to be an essential part of the extended supply chain. Then, widely
popular and acknowledged barcode technology will be discussed. This will be
followed by the presentation of more advanced solutions, such as the concept of
Internet of Things (1oT) that includes a variety of different technologies. In conformity
with this study’s point of view, only few of the most essential 0T technologies that
can be applied in the delivery tracking in supply chain are presented. These
technologies are Radio Frequency Identification (RFID), and Near Field
Communication (NFC). The aim is to provide a clear overview on the most
applicable technologies and solutions available on the market for delivery tracking

and performance measurement.

3.1 Electronic Data Interchange (EDI)

EDI refers to Electronic Data Interchange which is a system for computer-to-
computer data exchange in a standard electronic form between business partners.
EDI has been widely applied in organizations as a means of exchanging documents
electronically to improve productivity by increasing processing speed, reducing
handling costs and errors as well as improving relationships with partners. EDI
replaces the need to handle and process traditional documents. For example, a
purchase order can be directly sent to supplier’s internal system where it creates an
invoice based on the purchase order and sends the invoice to the buyer’s system.
(EDI Basics, 2016)

According to Machuca & Barajas (2004), EDI allows companies to achieve
considerable savings in time and money. In the EU, cost savings achieved were
from 3,5 percent to even 15 percent of the value of the product. In addition to

reducing the costs of order processing, EDI can also reduce uncertainty in demand
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information and bullwhip effect in the supply chain. By allowing faster information
exchange and reducing information delays in the supply chain, the use of EDI can
help organizations to reduce the size and variability of individual orders defying the
bullwhip effect. This can also help organizations to reduce excess stocks if EDI
information exchange can be used to place more accurate orders based on the true

demand.

Thus, EDI can provide rapid and accurate information exchange and sharing
throughout the supply chain. The greater stability in order management can also
allow more efficient production planning. (Machuca & Barajas, 2004) The first
Electronic Data Interchange technology was introduced already back in the 1970s
making it over four decades old technology. Consequently, EDI can be considered
as the basis of electronic information exchange application and the “workhorse” of
extended supply chain. (Cecere, 2013) EDI practices for electronic document
exchange have been widely applied in companies, however, it cannot be considered
as a relevant technology in the actual delivery tracking in supply chain and delivery
performance measurement. EDI is mostly a technology to exchange information and
documents between supply chain partners, thus supporting the delivery process in

supply chain.

3.2 Barcodes

Barcode technology provides a simple and cost-effective method of recording data.
Normal consumers distinguish barcodes as a display of parallel lines alternating
between white and black lines. The technology is based on the principle of
symbology that determines the mapping and interpretation of the encoded data. This
encoding allows scanning devices to read and identify barcodes and the data they
contain. The scanning devices utilize laser to measure the light reflected from the
barcode and can differentiate between the white and black lines. (Barcodesinc,
2017)

Barcoding is applied to improve the accuracy of information and speed the
transmission of data. Barcode- technology have been the vanguard of automatic
identification technology and barcodes are widely applied, especially in inventory
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and warehouse management in the retail sector. (Manthou & Vlachopoulou, 2001)
In fact, almost all retailers worldwide are compatible with bar coding technology.
(Tajima, 2007). According to Wyld (2006), up to 10 trillion bar codes are printed

every year with approximately 5 billion barcodes being scanned every day.

Companies are heavily dependent on barcode- systems to keep track of their
inventories and to ensure efficient flow of materials. Barcodes have proven to be an
effective method in inventory control and management and a dominant technology
at point of sale- systems for item identification. (Manthou & Vlachopoulou, 2001)
Barcodes are standardized and inexpensive, making it by far the most popular
solution on the markets to register product data (Twist, 2005). According to
McCathie & Michael (2005), typical barcode printing costs have fell to less than a
cent per barcode, and for organizations with established barcode infrastructure, the

cost of printing barcodes is almost non-existent.

In supply chain management, barcodes have been used for several decades as
well, from item-level identification to transportation applications. However, inventory
control and tracking are seen as the most potential areas of application for the
technology as barcodes allow organizations to have detailed information of the
inventory at all times, including information on location and quantity. This allows
organizations to minimize product search times and improve inventory control.
Barcodes can also be used to track items at lot level throughout the supply chain
and improve quality control capabilities as barcodes can contain essential quality
data of the items. (McCathie & Michael, 2005)

One can agree on the fact, that the affordability and simplicity of the barcodes are
one of the key elements in the success of the technology. Widespread use and
existing standards make the adoption of the technology rather simple for almost any
business. However, more advanced automatic identification technology have also
been developed that is on the verge of making its major breakthrough. This
technology is RFID (Radio Frequency Identification), that will be discussed further
in the chapter. Moreover, the advantages and disadvantages of barcode- and RFID-
technology will be considered. Does the more advanced RFID- technology yet

overcome the ascendant barcode- technology?
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3.3 Internet of Things (loT)

Internet of Things (loT) is a concept that has quickly become one of the most
discussed topics in the field of Information and Communications Technology (ICT),
as well as in academia more generally. In recent years, Internet of Things has even
risen to the awareness of general public as it has been assimilated to the 4%
industrial revolution that is once again expected to provide a significant increase in

productivity throughout the world.

Atzori et. al (2016), aim to provide the best possible definition for Internet of Things,
a concept that contains a number of different technologies, layers, and possible
angles on which to reflect the matter. According to Atzori et. al. (2016), loT is “a
conceptual framework that leverage heterogeneous devices and interconnection
solutions as well as augmented physical objects that provide a shared information
base on a global scale, to support the design of applications involving at the same

virtual level both people and representation of objects”.

While this all-encompassing scientific definition truly defines the concept of 10T in
all its relevancy, Rouse (2016) also provide a definition that is more easily
approachable. According to Rouse (2016), 10T is a system of interrelated computing
devices, digital and mechanical machines, objects, animals or people that are
equipped with unique identifiers providing the ability to transfer data over a network

without any human interaction.

Below in figure 3 is presented the layers of the emerging Internet of Things. Sensor
layer forms the basis and a majority of the system by handling all the data collection.
Different technologies to collect data exist, such as RFID and NFC, which will be
discussed further. Mobile access to manage and view all the data in a visualized
form will constitute the second layer playing an essential role in the IoT
infrastructure. At the core of the 10T infrastructure, will be cloud computing that will
provide the abstraction of a set of computers and computation and data storage
services. It is estimated that by 2025, there will be more than 7 trillion devices
connected to internet with the average of thousand devices per person making

humans fully immersed in the world of technology. (Borgia, 2014)
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Figure 3. Layers of emerging IoT (Adapted from Borgia, 2014)

As mentioned earlier, data collection forms the basis for the whole concept.
According to Borgia (2014), The main technologies used for data collection are
RFID, NFC and Sensor technologies which are collected into table 3 below showing
the essential capabilities and applications of each technology along with the
examples of devices the technologies are compatible with. WSN refers to Wireless
Sensor Networks which consist of a high number of sensor nodes deployed in a
specific area to sense a certain phenomenon, such as temperature or humidity.
WNS’s are a powerful technology to collect and process data in many fields from
environmental monitoring to intelligent agriculture, but for the point of view of this
study, RFID and NFC technologies are seen as more dominant technologies in the
applications of delivery tracking in the supply chain which will be discussed further

in the chapter.
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Table 3. Main technologies for data collection in 10T (Adapted from Borgia, 2014)

Example of . e
Technology devices Capabilities Applications
RFID tags, car- Transportation,
sharing cards, RFID Identification, storing, | logistics, tracking,
RFID . -
passports, RFID communication retail, access control,
badge payment
Smartphones, parking Sharlng_lnforma_tlon,
A . o access information,
NFC meter, ticket stamping | Communication
; contactless payment,
machine
access control
Wearable sensors, . . . L
diai Sensing, storing, Industrial monitoring,
igital camera, ; .
WSN . processing, surveillance,
environmental L2 . - .
o communication intelligent agriculture
monitoring sensors

Among many other functions, 10T is expected to have a great impact on supply chain
management as well. According to Cisco and DHL, IoT devices and asset tracking
solutions could create an economic value of 1,9 trillion dollars globally in the sector
of supply chain and logistics. The enormous value can be derived from the benefits
that the real-time asset tracking data provide about the location of the goods and
the condition of the goods, such as temperature or potential damage to the
packaging. (Business Insider, 2015). Sophisticated technologies can provide better

control over the deliveries making the supply chain more visible and agile.

According to Blaine (2016), supply chains that have been integrated with loT-
technologies will improve the availability, reliability, and operational efficiency of the
supply chain through continuous monitoring and instant availability of information.
However, this will result in a massive amount of data, that emphasize the importance
of intelligent analytics to discover the most relevant information. In addition to
manufacturers, deeper intelligence will benefit the consumers as well as their

demand can be better satisfied.

Shankar (2017) provides a concrete example of how IoT can enhance the visibility
in supply chain. As will be discovered in the next chapter, RFID (along with GPS-
technology) will form the basis of 10T as it relates to supply chain. Cloud-based GPS
and RFID technologies will provide identity, location, and other tracking information
about the items flowing in the supply chain. The data collected by these technologies

can provide comprehensive visibility of an item all the way from the manufacturer to
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the retailer or end customer. This data can be used, for example, to predict the time

of arrival and monitor details of the shipment, such as temperature of the items.

By inserting an RFID tag in a pallet, and a combined integrated device in the
shipment vehicle, data can be transferred into the cloud. Devices can then identify
the pallet and share its position by using GPS coordinates while also provide data
about weather- and traffic conditions, as well as driver-specific data. This real-time
sensor data can be applied in predictive analytics making the supply chain
processes more proactive. Receiving information beforehand about potential traffic
endangering to delay the delivery is surely more valuable than getting an alarm
when the delivery is already stuck in traffic. I0oT provides richer data and increases

the intelligence of processes for all parties in a supply chain. (Shankar, 2017)

3.3.1 Radio Frequency Identification (RFID)

Radio frequency identification (RFID) is an automatic identification (auto-ID) and
data collection technology that identifies and collects data on items without human
interaction or data entry. RFID system consists of two elements in its basic form: a
tag (or a transponder) that consists of a microchip which stores the identification
data of the item that it is connected to, and an antenna that transmit this data via
radio signals. A reader (or an interrogator) sends out the radio signal forcing the tag
to broadcast the data contained on its chip. The reader then converts the radio
waves from the tag to digital data forwarding it to a computer system. (Tajima, 2007).
Middleware is often used to connect RFID hardware and ERP- systems to work

seamlessly together. (McFarlane, Sarma, Chirn, Wong & Ashton, 2003)

RFID technology have been considered to be one of the founding technologies for
the Internet of Things. The first steps towards lIoT was led by the efforts to create a
global standard to support the spread of RFID tagging solutions at a global scale.
Since then, RFID tags have been widely applied to track goods and improve the
efficiency of logistics and transport processes as the capability of the technology to
process real-time information and monitoring of nearly every segment of the supply
chain have been identified. (Atzori, lera & Morabito, 2016)
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Consequently, RFID is a wireless technology providing real-time communication
with multiple objects regardless of the distance, contact or direct line of sight
(Karkkainen & Holmstrém, 2002). In supply chain management, several different
types of product information can be captured by RFID technologies, such as
instance data (manufacturing dates and expiration), history data (departure and
arrival times), product group data (unit dimensions and description), and commercial
entity data (contact information). These advanced features of RFID technologies
can be used to improve the product tracking and visibility in the supply chain when
shared among the supply chain partners. RFID is not a new technology, but has
become increasingly popular in supply chain management in recent years as
technological development have enabled to produce smaller, lower-priced, and
more effective components to manage the product flow in supply chain. (Tajima,
2007; Sarac et. al., 2010)

RFID technologies can provide multiple benefits for companies and their supply
chain management practices. In fact, Tajima (2007) identified 15 distinct types of
benefits of applying RFID technologies in supply chain management which can be
seen below in the figure 4. Figure 4 is a framework of the essential features,
characteristics, and benefits of RFID as well as the advantages over traditional
barcodes adapted from Tajima (2007). As mentioned earlier, RFID is a wireless
technology that provides unique ID to an object allowing to track and trace objects
in the supply chain. The advantages over traditional barcodes and the benefits of
RFID technology for these features can be seen below in the figure 4, where the
benefits received have been categorized by different entities, i.e. manufacturers,

retailers, distributors, and throughout the supply chain.
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Figure 4. RFID framework (Adapted from Tajima, 2007)

RFID is a wireless technology that brings a number of advantages of using RFID-
tags instead of traditional barcode- tagging. First advantage is the see-through
reading, referring to the feature that there is no physical contact required between
the tags and readers which allow the tags to be read through different layers of
packaging material. Since there is no line of sight required either, products do not
need to be positioned as plainly as in bar code scanning enabling to read multiple
tags simultaneously. (Tajima, 2007) This in turn supports more automated reading
and material handling than bar codes (Sheffi, 2004). In addition, RFID tags are more
durable than barcodes in challenging environments regarding conditions such as
rain, snow, dust, and heat. These advantages support the automation of processes

related to material handling and inspection. (Tajima, 2007)
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RFID also provides a unique ID to an object. RFID tags have higher data capacity
than bar codes providing more advanced capabilities to keep records at individual
item level. This enables tracking of individual items and assets and can be applied
in many different functions, such as in production tracking, quality control, and
customer service and aftersales services. (Tajima, 2007)

Moreover, the feature of tracking and tracing objects in a supply chain presented in
the figure 3 is the most essential characteristic for this study. Together with other
technologies, such as GPS (Global Positioning System), RFID allow real-time
tracking of items across the supply chain increasing the visibility and transparency
of a supply chain. This is the most often mentioned advantage of RFID over bar
codes in the literature and also a key area of this study. The potential benefits gained
throughout the supply chain include increased data accuracy, faster exception

management, and improved information sharing. (Tajima, 2007)

More accurate information can improve demand forecast and production planning
as well as improve the inventory flows and enables organizations to better plan their
supply chain operations and management. (Chow, Choy, Lee & Lau, 2006; Tajima,
2007; Whitaker, Mithas & Krishnan, 2007) By providing real-time data and better
synchronization of material and information flows in the supply chain, RFID support
faster exception management where unplanned events can be responded quickly
before they escalate into major problems. RFID can also automate and increase the
sharing of product and supply chain data among the supply chain partners if the
relationships are based on collaboration. (Tajima, 2007) These benefits can provide
cost reduction and increased revenue for organizations, as well as improve process

performance and service quality. (Sarac et. al., 2010)

Despite the multiple benefits RFID can offer for organizations to improve current
systems, it is not the only objective of implementing RFID technologies. The
implementation of RFID technologies can also be used to reorganize and reengineer
processes that can yield to even greater gains in the overall supply chain

effectiveness. (McFarlane et. al., 2003)

However, there are certain barriers for the adoption of RFID in organizations. The

four most common barriers for adopting RFID technologies are the lack of return on
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investment (ROI), technical risks, the popularity of barcodes, and privacy concerns.
Many organizations still consider the unit cost of RFID tags too high which prevents
them from reaching a positive ROI especially in the short term. Additionally, the
implementation of RFID may also have hidden costs, such as the procurement of
new IT-capabilities. Organizations that have piloted the use of RFID, have also
come across to a relatively high number of defective tags and unreliable
performance in the technology. Privacy concerns related to the technology has also

affected to the diffusion of RFID into mainstream practice. (Tajima, 2007)

The vision of RFID proponents is, that the technology will provide full visibility in
supply chain. This would require the tags and readers to become so inexpensive
that every product in the entire supply chain could be equipped with the tag. This
would allow tracking of the products via global positioning system (GPS) throughout
the supply chain as the tags would provide live updates of the location and delivery
status to customer. Enterprise resource planning (ERP) systems, warehouse
management systems (WMS), and transportation management systems (TMS)
already aim to provide similar service as described above. What RFID would
actually deliver to this equation, is more frequent, accurate and cost-effective data
reads into the existing systems while significantly improving their productivity and

overall capability. (Twist, 2005)

However, in reality, the vision of complete visibility in supply chain is extremely
challenging to achieve. In an environment of perfect visibility, RFID readers would
have to be installed ubiquitously throughout the entire supply chain. At the moment,
the cost of readers range between hundreds of dollars that limit the possibility to
install them “everywhere”. In addition, the amount of data generated would be
massive: there could be four trillion data reads an hour in a busy warehouse with
case-level tagging and multiple readers installed. In reality, readers would probably
be located only at strategic decision points, such as dock doors, shattering the vision
of perfect visibility. (Twist, 2005)

Nevertheless, RFID technology can provide multiple benefits and create competitive
advantage for organizations especially in long-term. The realization of supply chain
visibility requires a large-scale adoption of RFID technologies within the supply

chain, collaboration between the partners, and the establishment of proper



49

technology infrastructure to support information sharing. Hence, the visibility is
challenging to achieve, but once it is realized, it becomes available for all adopters
of the RFID technology in the supply chain. In addition, process automation can
improve the efficiency of internal operations and supply chain already in short-term
while closed-loop tracking may create advantage by realizing innovation in the
longer term. (Tajima, 2007)

Table 4 below adapted from McCathie & Michael (2005), provides a summary and
comparison of the advantages and disadvantages of using barcodes versus RFID-
tags. As have already been pointed out, barcodes are inexpensive, easy to use, and
a mature technology that have reached a widespread use around the world.
Barcodes are also reliable with existing quality standards, but requires a line of sight
while offering only limited visibility and restricted traceability in the supply chain.

RFID tags have more advanced features, such as see-through reading, and higher
data capacity. RFID tags are also more robust and durable and allow enhanced
visibility in the supply chain. However, the cost of tags and building a new
infrastructure around RFID are still major barriers for the adoption of the technology.
This would require close collaboration between supply chain partners and there still
exist considerable uncertainty about reaching a positive return on investment for
RFID, at least in the short term. More comprehensive listing of the advantages and

disadvantages can be seen in table 4.



Table 4. Comparison of advantages and disadvantages between barcodes and RFID (Adapted

from McCathie & Michael, 2005)

Barcodes RFID
Advantages Inexpensive See-through reading
Easy to use Multiple reading
Widespread Automated reading

Mature and proven technology

Robust and durable

Established standards

Item level tracking

Reliable and accurate

Asset tracking

Inventory tracking

Enhanced visibility and forecasting

Reliable and accurate

Higher data and information capacity

Improved inventory management

Improve security

Labour reduction

Disadvantages

Optical line-of-sight scanning

Cost of tags

Limited visibility

Cost of new infrastructure

Restricted traceability

Lack of training

Incapable of item-level tracking

Limited knowledge

Labour intensive

Immature technology

Human error

Implementation issues

Vulnerable to environmental
damage

Lack of standards

Uncertainty of ROI

Requirement of close collaboration between

supply chain partners

Consumer privacy concerns
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Consequently, the transformation from bar codes to RFID tags will not happen
instantly, but bar codes and RFID tags will coexist for quite some time until bar code
technology is ultimately replaced (Twist, 2005). Yet, a supply chain equipped with
wireless capability, such as RFID, is a key element in enabling the company to drive
towards more proactive approach in responding to changes in a dynamic business
environment. At its best, RFID can provide near-real time visibility of the supply
chain entities, or at least significantly improve the visibility. This enables better
control of the supply chain while allowing to perform manual routine tasks more
efficiently at lower cost. Additionally, the information of operational-level
transactions can be better integrated to corporate-level information systems for
more effective planning of supply chain operations. (Kim, Tang, Kumara, Yee &
Tew, 2008)
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3.3.2 Near Field Communication (NFC)

NFC refers to Near Field Communication which is a communication technology that
enables devices to share information wirelessly by bringing them into proximity or
touching them together. NFC is most useful for sharing data, making transactions,
accessing information, and providing credentials for access control systems with a
simple touch. NFC and RFID are two closely related global wireless communication
technologies, and NFC is often considered as an evolution and extension of RFID
technology, with the difference that NFC allows two-way communication. When two
NFC devices are in proximity, a peer-to-peer communication between the devices
allows both to send and receive data. (Jadak, 2016; Borgia, 2014) NFC tags can
also be read with mobile devices providing a certain advantage over RFID
technology (Business Insider, 2015). In addition, NFC is considered to reduce the
risk of data corruption and various fraud attacks due to its short working range
making it more appropriate technology for exchanging creditable information, such

as mobile payments (Andrew, 2011).

Consequently, the applications of NFC technology for mobile payments are booming
at the moment as credit card companies, such as Mastercard, have released their
own contactless payment technologies (Fernandez, Fernandez, Aguilar, Selvi &
Crespo, 2013). However, will NFC be as applicable technology as RFID in supply
chain management, or overcome the use of RFID tags in supply chain tracking?
NFC is a close-range RFID technology meant for near to or physical touch
applications (Manikonda, 2012). The reading range of NFC tags are only up to 10
centimeters whereas RFID tags can be read within a range of up to 3 meters
(Fernandez et. al.,, 2013). The shorter reading range improves security in NFC
technology while decreasing the readability of the tags. However, NFC has a
powerful yet simple user interface that can be applied in supply chain to track and
share inventory information. For example, a driver would only need to place a
smartphone against a pallet equipped with NFC tag and the shipment information

could be instantly shared with a customer or distribution centre. (Manikonda, 2012)

However, NFC is still more viable in the applications of mobile payments, and

transferring information between two smartphones such as file sharing, and instant
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connection setups. In fact, the technology was developed to enable secure mobile
payments, which is why the technology is limited to singular and close proximity
interactions. In bigger picture, RFID can enable better applications for inventory

management and tracking assets in supply chain. (Jadak, 2016)
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4 DELIVERY PERFORMANCE IN THE CASE
COMPANY

“The identification, traceability and real-time tracking of goods in supply chains have
always been difficult, because of the heterogeneity of platforms and technologies

used by various actors of the chain.” (Gnimpieba et. al, 2015)

It will be discovered, that this statement by Gnimpieba et. al applies to the
measurement of delivery performance in this case company also. The
multidimensionality of modern supply chains complicates the measurement
process, let alone developing and integrating new measurement practices and
processes to the entire supply chain. In addition, there will be a number of other
challenges discussed as well regarding the optimization of delivery performance in

supply chain.

In this chapter, delivery performance in the case company is discussed. The
analysis is based on the empirical data that was collected by conducting a total of
seven qualitative interviews from different departments and divisions in the case
organization. Interviewees were included from three divisions of the company
ranging from the departments of logistics, supply chain, production, sourcing, and
IT. Interviewees were either holding a managerial or expert position in their

department with extensive experience and knowledge of the matter.

A comprehensive list of all the interview questions can be found from appendix 1,
and a legend of the interviewees by departments can be found from appendix 2. Not
all the questions in the appendix 1 were asked from all of the interviewees, instead
the questions were balanced according to the interviewees position and expertise.
In addition to the interviews, an internal customer satisfaction survey is also used to
provide additional information about the current delivery performance of the case

company as perceived by customers.

The case company for this study comes from forest industry in Finland. As briefly
mentioned in the introduction, the case organization is a large Finnish forest industry
company that operates on a global scale. The company has operations in multiple

countries employing tens of thousands of people. The scale of revenue is measured
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in billions making the case organization genuinely a large multinational firm that has
multiple manufacturing facilities on a global scale, a large network of suppliers and

partners, and complex supply chains and value networks.

The chapter is organized as follows: As an introduction, the importance of delivery
performance for the case company is first discussed, which leads to the analysis of
current delivery performance. The current level of delivery performance in the case
company is assessed by the presentation and analysis of the empirical data about
the matter. Then, the current delivery tracking and performance measurement
practices are discussed, that is followed by the challenges perceived in the
measurement and optimization of delivery performance. After this, competitor
benchmarking is applied to analyze some measurements that other companies in
the field are applying in the measurement of delivery performance, as well as how
important the concept is in general in the field of forest industry in Finland. Finally,
improvement suggestions based on the analysis are provided for the case company
on how to improve their measurement and delivery performance in their supply

chain.

4.1 Delivery performance

Delivery performance was defined as the organizations’ level of capability to deliver
products and services to meet the customer expectation (Rao et. al, 2011). Four of
the total seven respondents were able to assess the importance of delivery
performance for the case organization. According to these responses, it can be very
well stated that delivery performance is an important factor for the case company. It
is the way to measure on-time delivery making it a very essential metric, and one of
the key targets and deliverables for the case company. Consequently, delivery
performance is an essential matter while the interest in finding a solution to better
measure and improve delivery performance derives from the level of top

management in the division.

However, while delivery performance is very essential for the company, the costs of
seeking the optimal level should always be considered as well. Moreover, delivery
performance should be prioritized by customers, as it can be a vital factor for some
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customer relationships, whereas for some other customers it is not always that
important. At the moment, there is no real “focus” on the issue. From the point of
view of production, the goal is to deliver the agreed quantity and quality of the agreed
product in the confirmed schedule. Besides this goal, production does not measure
delivery performance itself, but the primary focus is to ensure smooth and

functioning production instead of considering the delivery of the products.

4.1.1 The current level of delivery performance

Infigure 5 is presented the delivery performance in one division of the case company
from 2012 to 2016. The data is based on internal customer satisfaction survey where
customers were asked to evaluate the delivery performance of the case company.
The number of respondents by each year were respectively: 121, 146, 124, 168,
and 162. Consequently, there is a small increase in the number of respondents
within the past five years making the data more valid in the assessment of delivery

performance.

The survey was based on Net Promoter Score (NPS), which is a customer loyalty
metric developed by Fred Reichheld in 2003 (Checkmarket, 2016). In the survey,
customers were asked to evaluate how likely they would recommend the case
company by giving a score from a range of 0 to 10, and what was the main reason
for this score, for example lead time or delivery performance. Within this range,
customers rating 9 or 10 are interpreted as promoting and likely recommending the
case company, whereas customers rating from 0 to 6 are interpreted as detractors
who are not likely to recommend the company. Customers rating 7 or 8 are
interpreted as passive respondents. The final score is then calculated by subtracting
the share of detractors (customers who rated 0-6) from the share of promoters
(customers who rated 9-10). Hence, the final score can range from -100 to +100,
and obviously, higher the final score, the more likely are the customers to
recommend the company also signaling about higher customer satisfaction and

performance.



56

Delivery performance in one division: 2012-2016
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Figure 5. Delivery performance in one division 2012-2016 (Internal customer satisfaction survey,
2016)

As can be seen from figure 5, the delivery performance has fluctuated between a
range from approximately +10 to +40 with no clear development trend. The exact
scores for each year are respectively: +26, +40, +28, +39, and +13. Considering the
scale of -100 to +100, achieving the positive side is generally considered as good.
Typically, average American company scores less than +10 on the NPS, while the
highest performing companies are rating from +50 to +80, although the scores may

vary considerably between different sectors and cultures. (Checkmarket, 2016)

The case organization has set a goal of +35 for their delivery performance NPS
score. Against this background, the results can be considered as rather good.
Especially in 2013 and 2015, delivery performance was good with NPS scores of
+39 and +40 reaching the target. However, the latest score of +13 in 2016 is clearly
the weakest score within this five-year period staying far behind of the target and

predicting the need for improvement of delivery performance in the organization.

Below in figure 6 is presented the delivery performance in one of the mills of the

case organization. The exact NPS scores for the mill are respectively: +19, +42,
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+27, +36, and +11. As can be seen from the figure 6, the level of NPS scores and
the trend of delivery performance in this mill are very similar to the delivery
performance of the whole division presented in figure 5. The scores are clearly
positive every year, but the goal of +35 has only been reached in 2013 and 2015
similar to the division-level performance. Year 2016 has been clearly the weakest
year with delivery performance NPS score of only +11 also marking the need for

improvement actions in the case company.

Delivery performance in one mill: 2012-2016

2012 2013 2014 2015 2016

Figure 6. Delivery performance in one mill: 2012-2016 (Internal customer satisfaction survey, 2016)

In figure 7 below, is presented the NPS scores for a few characteristics of delivery
performance for the same mill as in figure 6 with the total delivery performance. The
NPS scores and trend for delivery on time, lead time, and delivery performance
consistency can be seen from figure 7. Especially the scores for lead time have
weakened significantly within the period, from +43 in 2012 ending up to negative
score of -5in 2016.

The other two characteristics, delivery on time and delivery performance
consistency, have followed more or less the same pattern as the total delivery
performance of the mill. Both scores have dropped significantly from 2015 to 2016,

delivery on time just reaching a positive score of +5. Delivery performance
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consistency still marked a rather strong score of +25 despite the sharp decline from
a high score of +57. Especially the drop in performance from 2015 to 2016 would

call for the need for improvement of the current situation.

Delivery performance characteristics in one mill:

2012-2016
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Figure 7. Delivery performance characteristics in one mill: 2012-2016 (Internal customer satisfaction
survey, 2016)

Interviewees’ perception about the current delivery performance is mostly in line
with the above presented customer satisfaction survey data. Based on the
interviewees’ responses, when production flows without any problems, delivery
performance is generally at a rather good level. Also in the production, the
understanding is that delivery performance is at a good level: the interviewee
number 5 from production had not received feedback that delivery performance
would not be good. However, production is not merely focused on the delivery
performance itself, instead the focus is on the production program, as stated already

earlier in the chapter.

In fact, interviewees perceive the actual delivery performance being better than the
general conception about the matter. Especially a few years ago, the general
conception was that delivery performance would be poor. But according to customer
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feedback and the results of the customer satisfaction survey, delivery performance
is on a rather good level, excluding the significant drop in performance in 2016.
Clear measurements should be able to increase the transparency of the delivery
process and deliver the message of competitive delivery performance. Unexpected
issues can always occur with single orders that endanger the confirmed lead time
and delivery performance, but generally speaking, delivery performance should be

rather good.

Based on one of the interviewees’ response, delivery performance is approximately
on the level of 80 percent of the orders being delivered on time to customers and
achieving customer satisfaction. Conversely, this a very rough estimate on average
based on one individual’s personal conception about the matter, and should not be
used as an exact score for the delivery performance of the case organization. Still,
this also dictates that delivery performance could definitely be improved by having
better delivery reliability and shorter lead times from port to the final customer

destination.

Accordingly, on a general level delivery performance was relatively good, but there
is definitely also room for improvement. One of the interviewees reminded that there
are different customers and businesses for which the need for exact delivery
performance varies, and there should be clear procedures in place for each

customer based on its individual needs and priority status.

Moreover, delivery performance depends on how precisely the on-time delivery are
willing to be measured. At least in that division, it cannot be stated on a daily level,
or even weekly, which exact units have been delivered to customer. At the moment,
this can be seen on a monthly level when the stocks are updated accordingly.
However, it can be stated that delivery performance is rather good in the case

organization.

Examples of customer's comments in the survey from 2016 express some of the
challenges regarding the current delivery performance. One customer has stated
that “the case company is not reliable in their deliveries and they don’t deliver on
time. What is more, they don’t provide information about when they will deliver.”

There are similar comments from many other customers as well related to the
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delivery performance, such as “there has been issues with the deliveries, the date
that is given is not respected”, “they could improve their lead times and the reliability
of their deliveries, they are not often on time”, and “The most important problem with
the case company is the delivery, it is not on time.” One customer has evaluated

that only 68 percent of their deliveries have been on time.

However, these are only examples of a few comments from single customer cases,
which cannot be explicitly used to define the level of current delivery performance.
There are a number of positive customer comments as well, such as: “Customer
service is good; they are response to enquiries and they have a good lead time”,
“Excellent service... people are really flexible. They always make sure that we get
the shortest lead times possible... has turned out to be the best possible partner for
us’, and “We are satisfied, they have a good service level. Their delivery
performance is also good, and they deliver on time and in full.” Consequently, these
comments illustrate the case company’s current situation regarding delivery
performance. Overall, the performance was on a rather good level, but had dropped
significantly in the last year implying about certain challenges and issues while

leaving room for improvement.

4.1.2 Delivery performance characteristics against competitors

Figure 8 visualizes the case organizations’ performance in the different
characteristics of delivery performance against all competitors. The data is based
on customer reviews and feedback in the internal customer satisfaction survey and
the number of responses for each characteristic can be seen from the figure as well.
The results in figure 8 are NPS scores as well, and as can be seen from the figure,
the common trend is that the case company outperforms its competitors in most
categories. Especially in the categories of lead time, delivery on time, and delivery
performance consistency, that are the most essential ones from the point of view of
this study, case company mostly performs better than its competitors as reviewed

by customers.
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Delivery performance characteristics in 2016
vs competitors

Lead time n=58 Cn=30
Delivery on time n=37 Cn=20

Delivery Performance Consistency n=26 Cn=12
Supplyfavailability of product n=22 Cn=13

Flexibility in deliveries n=9 Cn=6

Delivery Documentation n=4 Cn=2
Delivered auantity as ordered n=4 Cn=3

Condition of units n=2 Cn=1
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Figure 8. Delivery performance characteristics against competitors (Internal customer satisfaction
survey, 2016)

Flexibility in deliveries is also clearly better in the case company than its competitors.
In the categories of delivery documentation, delivered quantity as ordered, and
condition of units, case organization scores somewhat weaker results than
competitors, although the scores for these characteristics are based on a few
reviews only. Interestingly though, in comparison to competitors the NPS scores for
almost all categories are very high in 2016 that was clearly the weakest year for the
case organization as discussed earlier. Against this background, the current level of

performance even in 2016 seem to be rather good still.

4.1.3 The measurement of delivery performance

The most important thing to measure is how well customer demand is answered. If
a certain delivery time have been confirmed, it must be achieved with the correct
quantity as well. Other essential measurements include overall customer
satisfaction and cost effectiveness, and there is also an ongoing development

project to better measure and manage stock characteristics. The case organization
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has one main ERP system where all ports and terminals directly report information
making the actual lead times visible for each leg. Consequently, this ERP system is
the tool that is used to measure lead times and delivery performance. It is meant to
be the center where all information exists, though logistics manually produce some
information about delivery performance into Excel sheets and PowerPoint files.

The visibility of supply chain has been in focus for a long time already. It has been
pursued to know exactly in what stage of the supply chain the goods are at a given
time and interfaces have been built between mill management systems and logistics
systems to enable communication between the systems, and for example,
automatically book the correct vessel when an order is finished. The architecture of
the system was built so that the orders could be precisely tracked and traced in the
supply chain; there is a unit-database in the ERP system allowing the orders to be
followed from production to customer. In fact, full supply chain visibility was the
original goal of the system. However, certain compromises have been made since
the introduction of the ERP system due to deficiencies in logistics systems

compromising the goal of full visibility in the supply chain.

Below in figure 9 is presented an example of a “normal” ocean vessel delivery from
the mill to the customer. Goods travel from the mill to the port of departure by truck
(or by train) from which they are loaded into sea vessel and shipped to the port of
arrival near the customer destination. From the port of arrival, the goods are

delivered to final customer destination by truck.

, Port of Port of
Mill » departure » arrival » Customer

Figure 9. Example of ocean vessel delivery
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The delivery is registered in each stage of the supply chain: the barcodes of the
units are scanned when they departure from the mill, arrive to port of departure, are
loaded into the vessel, and arrive to the port near customer destination. This
information is sent to the ERP system providing the ability to trace the shipment
within each stage of the delivery. However, in certain cases, there does not exist
any data for the last leg of delivery from the port of arrival to the customer location
making the case company “a bit blind” as they don’t know exactly when the units

arrive to the customer.

Consequently, there exist data on each stage of the delivery, excluding the last leg
in some cases, but the data is not necessarily utilized well. The current system is
not by far perfect, instead it requires a lot of manual work. In one of the divisions,
there is also a system in place in some of the deliveries to provide data on the
delivery of the last leg from port of arrival to customer. In this system, the truck driver
manually reports when discharged from the port and arrives to customer providing
information for the last leg also. However, this system does not provide true visibility
over the last leg as there is a certain window (up to 2 days) on which the driver can

report the information.

In one of the divisions, there is an ongoing project to implement RFID technology in
delivery tracking and delivery performance measurement. In this system, each unit
is equipped with RFID tag that is read on each stage of the delivery both when
received and send from the location. This gives information about each units’
location including further details about the units along with their quantity and quality.
Mostly current information systems are utilized in this process as well. However,
there is also an ongoing development project to build more intelligent cloud-based

solution that would offer better visualization of the information and mobile access.

4.1.4 Challenges to measure and optimize delivery performance

Table 5 summarizes all the challenges that were exposed in the interviews to
measure and optimize delivery performance in the case organization. The
challenges were identified to form six categories: uniformity of measures, data

guality, production, organizational issues, external issues, and supply chain
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characteristics. Within the first category, uniformity of measures, there were
identified inconsistencies on the capability to measure delivery performance. At the
moment, there is no ability to measure the same targets or provide the exact same

measurements for every delivery.

On the contrary, the measurement of delivery performance depends on various
factors, such as the transportation mode and customer location. For example, on-
time truck delivery for a customer in Europe is measured within a time-period of
hours, whereas overseas on-time deliveries can be measured within a five-day
range, or even longer. Therefore, this diversity in deliveries challenges the case
organization to apply a unified metric to measure delivery performance. In addition,
the measurement of delivery performance often does not include the last leg of
delivery, as was stated earlier in the chapter. This prevents the company from
having exact data about when the order will arrive to the customer decreasing the

visibility of the supply chain.

Table 5. Challenges to measure and optimize delivery performance

Uniformity of Data quality Production Orgz«fnlzatlonal E_xternal Supply c_ha_ln
measures issues issues characteristics
Incor?s_lstenmes on the Manual data Unstable Lack of agility in E"er. Long and complex
ability to measure . g o changing .
. entries production organization - supply chains
delivery performance environment
Measurement . . Emp_loyee Lack of Multiple sub-
. Data entries Production behavior and . . .
dependent on various A equipment in | contractors in the
afterwards planning issues workload .
factors S the port supply chain
minimization

Information not
Measurement often

does not include the received frc_)m Technical issues Lack Of.
the gates in understanding
last leg )
Fenix
Information flow
Quality issues between
y production and
logistics
Division of orders
into multiple Poor forecasting
production- and ability

delivery lots
Coordination of
orders between
mills
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Data quality was identified as the second category in the challenges to measure and
optimize delivery performance. If information is not received from the gates in the
ERP system due to a technical error regarding the status and location of the delivery,
then the entire measurement of on-time delivery and delivery performance are
compromised. Additionally, many cases are based on manual data entries that are
often done afterwards. Consequently, the current system requires a lot of manual
work that also increase the risk of human error, and it was stated there is a need for

a more modern system that should be integrated into use on a group-level.

Production was identified as the third category, that included many challenges to
optimize delivery performance. Unstable production was seen as one of the key
issues that challenge the confirmed lead times and delivery performance. There
appear technical issues and quality-related issues from time to time that do
endanger the on-time delivery. In addition to regular maintenance stops once a
month, unplanned production stops occur approximately twice a month typically
lasting from 12 to 24 hours. Sometimes production can face significantly larger
losses in production time as well that truly endanger delivery performance.
Otherwise the production program is always realistic and technical reliability is

developed constantly to decrease technical errors and improve quality.

In addition, dividing an order into multiple production- and delivery lots causes
additional challenges on how to measure delivery performance. In this case, a
certain production lot of the order might not be delivered according to the original
schedule while rest of the production lots reach the original schedule. This may
cause additional challenge on how to evaluate the delivery performance of that order
in whole. Also, the ability to coordinate orders between mills was seen as quite poor
and should be improved. More efficient coordination would increase the company’s
flexibility and adaptability to changing circumstances.

The fourth identified category was organizational issues. It was seen that there is a
certain lack of agility in the organization to quickly react to changing circumstances.
For example, there are no proper alerts that would immediately inform about
production running late. This would give the ability to quickly react to the situation

and reroute the delivery to achieve the confirmed lead time.
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Consequently, information flow between production and logistics and the ability to
produce proper forecast for logistics was seen as rather weak and an essential area
of development. The information flow between the functions is not always fluent and
could be improved by having better alarms in place that inform about changes or
prioritization in production. According to one of the interviewees, the grade for
information flow would be 6 or 7 on a scale from 1 to 10. There does exist electronic
information, such as order backlog, but there is definitely room for improvement,
especially in situations that require quick reaction and adaptability to change. For
example, unplanned production stop can quickly escalate hundreds of orders that
require amendment in transportation mode or schedule. This can be very
challenging and requires a lot of manual work which often causes delays in the
deliveries. At the moment, manual e-mail exchange and teleconferences are mostly

applied to communicate and exchange information about the current situation.

There also prevails a lack of understanding between production and logistics. Late
amendments in the production program also require a lot of flexibility from logistics
due to changes in the planned transportation scheme. This causes often challenges
to secure the delivery and achieve the confirmed lead time. Additionally, employees
seeking to minimize their own workload may also cause challenges in the
measurement ability. For example, a number of trucks might be booked for the
same loading agreement even though they are loaded within different schedule.
This may have a significant effect by corrupting and complicating the measurement

ability in the system.

External issues and supply chain characteristics were also identified as main
categories for causing challenges to measure and optimize delivery performance.
The operational environment is changing all the time that would require proactive
approach or at least agile reacting ability from the organization. From delivery side,
there does not usually appear that many issues, exceptions being strikes or lack of
equipment in the port, for example. However, long, and complex supply chains bring
ultimate challenge to the measurement ability. Multiple sub-contractors in the supply
chain and a number of different parties involved in the process complicate the

measurement considerably. Adopting new systems and procedures to the whole
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supply chain is a very time-consuming process requiring a lot of effort and

investment from the company.

4.2 Competitor benchmarking

As part of the study, competitor practices in delivery performance measurement
from the field of forest industry in Finland were also benchmarked. A total of five
Finnish forest industry companies that had production and operations in Finland
were asked to participate in the benchmark survey. Out of these five companies,
two were willing to participate in the survey. A simple questionnaire consisting of
five questions was conducted with the respondents, and the benchmark survey
questionnaire can be found from appendix 3.

The benchmark survey interviews were conducted by telecommunications with
respective authorities from each company. The respondents were in managerial
and/or expert position in the companies in the field of supply chain management.
The aim of the benchmark survey was to identify common practices to measure
delivery performance in the field of forest industry in Finland along with the greatest
challenges to optimize delivery performance. Additionally, respondents were asked
to evaluate their current delivery performance and the essentiality of the concept for
their organization. Due to the sensitivity of the information, the results will be
discussed anonymously by addressing respondents as Company 1 and Company
2.

Company 1 did not wish to discuss the measurement of delivery performance in
great detail. According to the respondent, the measurement of delivery performance
is daily operational work. Every customer order is individually tracked in the supply
chain and the company systematically collects data about lead times and on-time
delivery rates. Company 2 also discussed the measurement of delivery performance
only on a general level. According to the respondent, delivery performance
measurement is based on two main factors: production reliability and logistics.
Production reliability is monitored on order-level against the original production plan
with the goal to always achieve the original production schedule. In addition to

production reliability, logistics was the second key factor in measuring delivery
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performance. Within this factor, lead times and on-time delivery rates are monitored

on order-level as well.

Further results of the benchmark survey have been collected to table 6 below. When
it comes to the actual tracking and tracing practices and supply chain visibility,
barcodes were the method applied in all of the companies in the survey. Company
2 had labels in each reel that contains a variety of information of the product,
including a barcode that is used to register the product in specific points of the supply
chain. More sophisticated technology of RFID tags had not yet been applied in any

of the companies.

Table 6. Results of the benchmark survey

Company 1 Company 2
Supply chain visibility Barcodes Barcodes
Essentiality of concept 10 10
Current level 10 N/A

Customer behavior, production-

Greatest challenges Variety of external factors .
related issues

Delivery performance was extremely essential concept for all companies in the
survey. When asked to evaluate the importance of the concept for their organization
on a scale from 1 to 10, all respondents ranked 10 as the value. According to the
respondent in company 1, delivery performance is of utmost importance for their
organization. If deliveries do not arrive on time to the customer, the company will
face significant issues with their customer satisfaction. In addition to on-time
delivery, correct quantity and high quality of the product are also key factors in

customer satisfaction and supply chain performance for company 1.

Company 2 also ranked the highest value for the importance delivery performance.
According to the respondent, delivery performance is extremely important part of

their operations. The confirmed lead time must always be achieved making delivery
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performance a high priority for their organization. In addition to delivery
performance, timely production is one of the key metrics in supply chain
performance as well. It is essential to measure that the confirmed production
program can be executed as planned, including a correct produced quantity of the
products. Thus, production reliability is also highly important as it has a direct effect

to the delivery performance of the organization.

The respondents were also asked to evaluate the current level of delivery
performance in their organization on a scale from 1 to 10. Company 1 ranked their
delivery performance to have the highest possible value, 10. Company 2 abstained
of giving an exact numeric value for their delivery performance, but stated that it is
on a high level in their organization as it also has such a high priority. The
respondent from company 2 also stated, that the delivery performance of their
organization is dependent on the point of perception, as the company in question is
a large international manufacturing organization that has multiple production

facilities all over the world.

According to the respondent on Company 1, a variety of external factors affect to
the optimization of delivery performance, as the company in question is a global
export organization that is heavily influenced by the occurring events in the external
environment. The respondent would not specify the external factors and challenges

in more detail.

Company 2 also recognized a number of challenges to optimize delivery
performance in their supply chain. The respondent mentioned that the challenges
may occur from many directions, but most often, customer’s last minute wishes to
make amendments to the orders cause challenges for the company to reach the
confirmed lead time while compromising their delivery performance. Company aims
to be as flexible as possible and fulfill the customer’s wishes to amend the orders
as late as possible before production, but this is often a challenging position for the
organization. In addition, issues occurring in the production may cause challenges

for the organization to optimize their delivery performance.
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4.3 Improvement of delivery performance

Based on the data and analysis of the current situation throughout this chapter, it
can be stated that the level of current delivery performance in the case organization
was rather good while the company even outperformed many of its competitors on
multiple sub-categories of delivery performance. Still, delivery performance was
seen as a crucial competition factor in the case organization and in the forest
industry as a whole, resulting in the need for further development of delivery
performance measurement practices and supply chain visibility. First, interviewees’
own perceptions on the improvement of measurement practices are discussed
which is followed by a few improvement suggestions based on the analysis on this

chapter.

4.3.1 Interviewees’ perceptions

The interviewees from the case organization were also asked, how the
measurement of delivery performance could be improved in their opinion. Based on
this analysis, forecasting was one of the issues that should be improved. There
should be an explicit short term forecast in a range of one to four weeks that would
foretell precisely what orders should be delivered at a given time. This would provide
better proactivity for the organization by predicting potential bottlenecks or

congestion in some part of the supply chain.

In addition, it is also highly interesting to look into the possibilities of [oT-
technologies in the tracking and tracing of products in the supply chain. There are
increasingly advanced technologies that could be integrated to the process. Thus,
it would be a valuable service to provide the exact information of where the orders
are at a given time and exactly when they will arrive to customer. If this exact
information could be delivered reliably, customers could prepare their production
accordingly and more precisely. This would be especially important for larger
printing houses that do not have any raw material stocks and plan their production
based on the confirmed delivery schedule.
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Nowadays there are more intelligent web- based exception management tools that
provide better visibility over the supply chain while providing alarms of all potentially
delaying orders. A tool like this would definitely be needed, although the costs of the
investment should also be considered: the company was offered a similar tool with
the cost range of million euros of integrating it into use. However, having this kind

of feature in the current information system would be highly profitable.

There have been a few track- and trace pilots, but so far none of them have been
taken into further use. In group level, there would be a need to find a solution for
better measurement of delivery performance. Regarding the RFID- project in one of
the divisions, this system will improve the measurement of deliveries in unit- and

day-level once more customers and terminals are integrated to the process.

As mentioned in the challenges, it is a very time-consuming process to integrate
new technologies into use in supply chain. It can take few years to fully integrate
one supply chain to the new RFID system, not to mention every delivery and supply
chain. Though, RFID technology itself does not solve any issues in delivery
performance, it provides the possibility to measure and follow deliveries in more
detail. Hopefully, this data would encourage terminals to improve their performance

as well and provide better control over deliveries.

A number of other ways to improve delivery performance was also pointed out.
Establishing stocks closer to customer and producing more material to stock in
general would improve delivery reliability. However, this is not the company policy
or the desired way as it also increases inefficiency and stock keeping costs.
Therefore, the precision of own operations is a key factor while too optimistic
delivery schedules should not be confirmed to customers. Delivery performance is
also highly dependent on the production, and the prioritization of orders is very
essential when problems occur in the production. In addition, better coordination of

orders between mills can maintain and improve delivery performance.
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4.3.2 Improvement suggestions

” The main goal of the information system is to link all elements of the supply chain
seamlessly so an information trail tracks a product’s physical trail and does so

proactively” (Ketchen et. al., 2008)

Currently, the deliveries can be tracked and traced in the supply chain in stages as
presented in figure 9: the delivery and its location are registered when it’s dispatched
from mill, arrives to port of departure, are loaded into vessel, and arrives to the
destination port. However, this data could be in a more visualized form in the current
information system. For example, a visual presentation showing the delivery
progress in the supply chain could be applied to improve user experience. According
to Krum (2013), visual information can be absorbed more easily and quickly while

increasing the work efficiency.

Moreover, it would be worth considering to develop a cloud-based application for
customers to directly track and trace their shipments via a web-portal also offering
a mobile access to the information. This would provide additional value for
customers by making the delivery and supply chain more visible for them while
applying the already existing data. Additionally, this would reduce e-mail exchange
between sales and supply chain and the manual work of responding to customer
enquiries concerning their delivery status. In fact, company’s internal IT-unit is
currently developing a somewhat similar cloud solution that would offer more

visualized view and mobile access for warehouse management.

One of the issues in delivery tracking and supply chain visibility was that the delivery
tracking often extends to the port of destination only, not including the last leg of
delivery from the port to final customer location. For this, there also was a system in
place in part of the company where the truck driver manually reported of having
discharged from the port towards the final customer destination. This system does
offer visibility for the last leg also, but the problem was that the driver was given a
window of up to two days to report the information thus corrupting the traceability of

the last leg delivery.

With the current setup and technologies, a simple solution to transform this system

into genuinely providing traceability for the last leg would be to “force” or encourage
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the driver and the logistics company to register the delivery right before dispatching
from the port and once arrived to the customer location. This could be managed with
contractual agreements about the matter, and for example issuing a penalty fee for
the logistics company if the delivery is not registered per the delivery schedule and
agreement. ldeally, this data could then be integrated into the cloud application for
customers to track and trace their shipments thus providing visibility for the entire

supply chain in stages.

To further improve delivery performance, proactive approach to manage supply
chain would be the key principle. According to Ketchen et. al. (2008), proactive focus
is critical, and participants in the supply chain should have information about each
step of the chain before the product’s actual movement. Proactiveness enables
better planning, tracking, and prediction of lead times based on data, and ideally, all
parties in the supply chain should be continuously provided with information in real
time. A concrete example of this could be the existence of proper alarms of
endangered delivery schedules that would be highly valuable in terms of the ability
to predict and prepare for changes in the delivery. The importance of proactive
culture becomes even more essential in the volatile external environment that the

case organization operates in.

The cost of such intelligent systems however rises to be addressed. Although it is
highly likely, that larger investment to create a more intelligent and proactive
information system to the organization could provide further additional value and
competitive advantage in long term, such decisions become strategic of nature for
the organization, thus requiring deeper analysis of the specific solutions available

on the market.

When it comes to applying RFID tags in the delivery tracking, in theory this
technology could provide better visibility over the supply chain. However, in order to
provide full visibility over the supply chain, RFID readers would need to be placed
ubiquitously throughout the supply chain, whereas in reality, the readers would be
placed most probably to similar locations where the delivery is registered with the
current labeling- and barcoding technology. Therefore, RFID tags itself would not
solve any issues or automatically provide any better visibility over the supply chain,

but it would provide more automated and detailed data of the deliveries. The results
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and outcomes of the RFID project in one of the divisions in the case company are
worth analyzing and then ponder based on those results, would that technology
provide additional value and competitive advantage to other divisions of the

company as well.

Additionally, deeper partnerships with selected logistics companies would increase
the flexibility of the case company. This would allow to better ensure the delivery in
case of late amendments to the delivery schedule as the partner company would
prioritize the case company’s orders and ensure that the delivery can be managed.
This model could be applicable for example to selected customers with

transportation mode of truck delivery.
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5 DISCUSSION

This study has discussed the concept of delivery tracking and performance
measurement in supply chain. First, general supply chain management theory
including discussion about supply chain visibility, supply chain performance metrics,
and delivery performance in more detail was presented to provide a solid theoretical
background for the study. This was followed by a more concrete analysis of the most
applied technologies and solutions for delivery tracking and performance
measurement. This discussion included technologies from traditional barcodes to
more advanced solutions including the possibilities of upcoming loT- technologies,
such as RFID.

The empirical findings of the study were based on the selected case organization.
The current state of this company’s delivery performance was discussed, including
challenges the company faced to measure and optimize delivery performance.
Additionally, measurement practices and challenges on the field of forest industry in
Finland were identified on a more general level as well. Finally, improvement
suggestions on how to develop the measurement of delivery performance was
provided based on the analysis of the empirical data and theoretical background of

the available solutions.

This chapter will provide discussion about the results of the study. First, a summary
of the results will be presented that will reflect the research questions of the study.
Limitations of the study and future research possibilities related to the topic will also
be shortly discussed. Finally, conclusions are drawn on the results of the study

connecting the applied theoretical background and empirical results.

5.1 Summary of the results

The main research question of the study was: How can delivery performance and
its measurement be improved in supply chain? A summarized result for this question
will be delivered at the end of this paragraph after discussing the most essential
findings for the sub-questions that provide the necessary background to understand

the concept.
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Sub-questions that helped in answering the main research question were:

1. What is the current level of delivery performance in the case company?

2. How is delivery performance measured in the case company at the moment
and what are the greatest challenges to optimize delivery performance?

3. What are the available technologies and solutions on the market to measure
and improve delivery performance?

4. What are the delivery performance measurement practices and greatest
challenges to optimize delivery performance in general in the field of forest

industry in Finland?

Considered on a general level, it can be stated that the current level of delivery
performance in the case company was rather good, despite the drop in performance
in the last year. The Net Promoter Scores (NPS) for overall delivery performance,
as well as sub-characteristics of delivery performance, were positive throughout the
period, overall delivery performance ranging approximately from +10 to +40. Based
on this customer satisfaction survey, the case organization also outperformed its
competitors in most sub-characteristics of delivery performance. In addition, most
of the interviewees assessed the delivery performance of the company to be rather

good, although the performance could still definitely be improved.

Delivery performance was measured in the case company at the moment by
labelling the products with barcodes. The barcodes were read in each stage of the
supply chain as presented in figure 9 while integrating this data to the information
system. Consequently, there exist data of the deliveries in stages in within the
deliveries can be tracked in the supply chain, often the exception being the last leg
of the delivery from which there does not necessarily exist any data. Additionally, a
number of challenges to optimize delivery performance was identified as presented
in table 5. The challenges were divided into six categories based on their similarity:
uniformity of measures, data quality, production, organizational issues, external

issues, and supply chain characteristics.

A literature review was conducted to study the available solutions and technologies
to measure delivery performance. This included the review of traditional barcodes

as well as more advanced loT-based solutions, such as RFID and NFC. Barcodes
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are a very cost effective and well established technology throughout industries
whereas RFID was seen as the most capable and founding technology of I0T in
delivery tracking and supply chain visibility applications. RFID have many benefits
over barcodes as presented in table 4. However, even advanced RFID technologies
face challenges to provide a full visibility over the entire supply chain while ROI for
RFID investments have often failed to reach positive side in organizations, at least

in short term.

The delivery performance measurement practices in general in the field of forest
industry in Finland were similar to the practices of the case organization. Barcode
technology was applied in all of the participant companies to measure deliveries in
supply chain. There were no advanced loT-based solutions in use yet to track and
trace deliveries in supply chain. Despite that, delivery performance was seen as a
highly essential metric in the field while the challenges to optimize delivery
performance often derive from external environment, production-related issues, or

even customer behavior.

Based on this analysis, a summarized result for the main research question can now

be delivered. The main research question of the study was:
How can delivery performance and its measurement be improved in supply chain?

First, advanced loT-based technologies, such as RFID, can provide competences
for organizations to improve their supply chain visibility and delivery performance.
Better visibility in the supply chain can be capitalized by having more thorough
delivery tracking possibilities with real-time information about the location and
condition of the delivery at a given time. Accordingly, better and more advanced
measurement of deliveries deliver deeper information about the bottlenecks and
challenges in the supply chain, thus providing an opportunity to improve the overall
delivery performance and deliver competitive advantage for the organization in long

term.

Secondly, a few concrete improvement suggestions were provided regarding the
case company’s possibilities to improve their measurement of delivery performance
with the current setup of technologies and information system. The visualization of

data in the existing information system was one of the suggestions that would



78

provide a better and faster overview on the delivery situation. Moreover, the
development of a cloud-based application for customers to directly track and trace
their deliveries through a web-portal with mobile access to the information would
improve the visibility of deliveries for customers and delivery performance
measurement while using the existing data and tracking technology.

Additionally, more agile organizational culture and proactive approach to manage
deliveries in supply chain would offer essential value for the organization operating
in volatile external environment. Ways to develop more proactive approach would
be for example, the existence of proper alarms or predictive analytics about issues
in the deliveries. Finally, deeper partnerships with selected logistics companies for
some customers with truck deliveries could improve delivery performance by

increasing the flexibility of the organization.

5.2 Limitations

There are certain limitations regarding the results of the study. First, although IoT-
based solutions, such as RFID, can improve supply chain visibility and delivery
tracking in supply chain, it was seen that such solutions still face challenges in
delivering full visibility over the entire supply chain while ROI for such investments
often remained negative, at least in short term. Accordingly, costs or direct
implementation plan for investing in intelligent tracking systems was not considered

in this study.

Consequently, the results of the study were limited to address the issues from a
general business perspective. Therefore, the analysis and results did not include
any specific IT- architectural solution on how to develop the cloud-based application,
for example. The aim was to analyze the concept from a more general business
perspective and provide general suggestions from this point of view for further

analysis.

Additionally, due to the used research method of qualitative single-case study, at
least part of the results cannot be directly generalized to other contexts. This

includes the analysis of challenges the case organization faced to measure and
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optimize delivery performance and the improvement suggestions provided directly

to the case company.

5.3 Futureresearch

Potential future research areas about the topic could include a study about the
concrete added value of new |oT- technologies in delivery tracking in supply chain.
A case study, addressing what added value have the new loT-based solutions, such
as RFID- tags, provided for organizations that have implemented these technologies
in tracking of their deliveries in supply chain would deliver essentially valuable
information for organizations assessing the need for intelligent supply chain
information systems and to the entire field of supply chain management in academic

literature.

Now, the positive return on investment (ROI) for RFID- technology in supply chain
was often questioned in the reviewed literature and in many cases, the ROI for the
investment in RFID technology remained negative, at least in the short term. A case
study on this matter could analyze for instance, the depth of required investment,
how the deployment of the new technology has succeeded, the challenges the
companies have faced, and ultimately, what have been the concrete added value of

the investment for the case organizations.

Additionally, the suggestions of adding data visualization and developing a cloud-
based application for customers to directly track and trace their shipments would
also need further research. A study addressing the benefits of the application, along
with more detailed IT-configuration and implementation plan would be relevant

future research areas and highly beneficial for the case organization.

5.4 Conclusions

As written by Hitt et. al. (2016) of resource based view (RBV) in the second chapter
of this study providing the theoretical background for supply chain management,

“the integration of capabilities across the supply chain and leveraging them
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effectively in the creation of competitive advantage is a challenging task but can
lead to great cost reductions and profit gains”. This statement holds true when
assessing the results of this study as well. Integrating new technologies or solutions
for delivery tracking and performance measurement purposes in supply chain was
seen as a challenging and a very time-consuming task for the case organization.
However, the creation of resources that are more valuable, rare, inimitable, and non-
substitutable, such as the development of intelligent supply chain architecture
capable of providing predictive analytics about the delivery scenarios, would tribute

to the increase of competitive advantage for the case organization.

Consequently, there were no such as intelligent delivery tracking systems in place
yet in any of the organizations that participated in the benchmark study of general
industry practices on the matter. This would emphasize the actual benefit and
competitive advantage that the development of intelligent and proactive delivery
tracking system could provide for the company. It is very likely, that in the near
future, loT-based solutions will become more common, and eventually in the long
term evolve into a standard solution that organizations need to apply in order to stay

in the competition.

Conversely, in short term, the investments into intelligent loT-based solutions can
be massive, while ROI for RFID implementation in many cases have remained
negative. As stated earlier in the chapter, this requires further and more detailed
research regarding the scope of the investment and the actual implementation of
such IT architecture. Obviously, by forming partnership, or “hybrid structure” as
defined in the transactions cost economics (TCE) theory, would allow the company
to focus on their core competencies and develop such solution in collaboration with

an external third party.

Nevertheless, the rapid development of technology is forcing also traditional
industries, such as forest industry, to digitalize their processes to stay competitive.
A few concrete suggestions were given on how to develop the current delivery
tracking and performance measurement system by utilizing the current technologies
and information system, but in the long term, larger investments towards more
intelligent systems are most likely required. Digitalization is changing the current

operating practices and even creating all-new business models. Above all, this
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should be seen as an opportunity for development of performance, customer
satisfaction, and competitive advantage for a level that has yet never been reached

before.
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APPENDICES

Appendix 1. The list of interview questions

1. Please introduce yourself and tell us something about your background and
work description in the company, what are your main areas of responsibility?
How essential factor delivery performance is for your organization?
Do you systematically collect data about lead times? How?
4. What systems you have in place to measure lead times / delivery
performance? How is delivery performance being measured at the moment?
a. Do these systems produce precise enough information? How
precisely can the customer orders be followed / tracked in the supply
chain?
b. Is the system capable to identify bottle necks / issues that can cause
delays in the delivery process?
c. How useful / capable the current systems are in your opinion?
d. Please tell us about the system to measure the last leg delivery.
What are the greatest challenges to maximize delivery performance?
6. What are the greatest challenges to maximize delivery performance from the
point of view of logistics?
7. What are the greatest challenges to measure and maximize delivery
performance from the point of view of IT?
8. What are the greatest challenges to reach confirmed lead times and
maximize delivery performance from the point of view of production?
9. Does the transportation mode affect delivery performance?
10.How well does the information flow / exchange work between production,
warehousing, and logistics?
11.How good is the company’s delivery performance at the moment in your
opinion?
12.How could the delivery process / delivery performance and the transparency
of the supply chain be improved in your opinion?
13.What opportunities does the concept of Internet of Things provide to supply
chain?
14.What are the most important performance measurements used in supply
chain?
15.Tell us briefly about the board production process on a general level.
16. Are there bottlenecks in the production process? (What? Where? Why? How
could these be avoided?)
17.Are there errors in the production process that endanger the confirmed lead
time?
a. What errors, at what point of the process?
18.How could the production-delivery process be improved in your opinion?
19.Tell us briefly about the company’s sourcing organization.
20.What is the company’s sourcing strategy?
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21.What information systems are used in the sourcing process?
22.How about supplier relationship management systems?
23.What are the most common errors in the sourcing process?
24.Do you measure supplier’s delivery performance, how?
a. How important selection criteria is delivery performance in supplier
selection?
I. What are the most important supplier selection criteria?
25.What opportunities does the concept of Internet of Things provide to
sourcing?
26.You are applying RFID-tags to follow some of the deliveries in supply chain
in your division. Please tell us about this.



Appendix 2. Legend of interviewees by department
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Logistics Supply Production | Sourcing IT/
chain Business
processes

Interviewee 1 X X
Interviewee 2 X
Interviewee 3 X
Interviewee 4 X
Interviewee 5 X
Interviewee 6 X
Interviewee 7 X
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Appendix 3. Benchmark survey questionnaire

1. How do you measure delivery performance of customer orders in supply
chain? Do you systematically collect data about lead times and/or on-time
deliveries?

2. In tracking and tracing of deliveries and supply chain visibility, do you apply:

a. Barcodes
b. RFID- tags
c. NFC-tags
d. Some other technology, what?

3. How essential factor delivery performance is for your organization? If
applicable, please provide a grade on a scale 1-10. What are the most
important supply chain performance metrics?

4. How good is the company’s delivery performance at the moment? If
applicable, please provide a grade on a scale 1-10.

5. What are the greatest challenges to measure and optimize delivery
performance?



