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This thesis studies how the case company could digitalize its supply chain and 

what kind of advantages this would create in the light of supply chain efficiency. 

The case company manufactures several pulp products that are used for paper, 

fabrics and packaging products by customers worldwide. The paper and pulp 

industry has been paying more and more attention to increasing supply chain 

efficiency with new operating and service models made possible by today’s 

information technology. 

The main focus of this study is on the supply chain between the case company and 

its key customers and the goal is to find ways to make the operations between 

them as efficient as possible. The study relays heavily on collaboration techniques 

and digitalization technologies. In addition to a theoretical framework, the study 

includes several empirical studies that offer real-life examples of how these 

theories and technologies are applied in operating environments similar to the case 

company. 

A plan with strategic and operational levels is created according to the findings of 

the previous sections to support the case company’s future operations. The plan is 

based on an RFID-supported collaboration model that aims to advance information 

sharing between the supply chain partners. The time for an RFID-investment is 

sought to be very optimal and the benefits of such system to be noteworthy, but 

challenging to measure in monetary terms. 
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Tässä työssä tutkitaan case-yrityksen toimitusketjun sähköistämistä ja sen tuomia 

etuja toimitusketjun tehokkuuden kannalta. Yritys valmistaa useita 

selluloosalaatuja, joiden käyttökohteet vaihtelevat paperituotteista kangas- ja 

pakkaustuotteisiin asiakaskunnan ollessa maantieteellisesti hyvin laajalle 

levittäytynyt. Toimialalla on viime vuosina kiinnitetty entistä enemmän huomiota 

toimitusketjun tehokkuuteen ja tietotekniikan tuomiin uusiin toiminta- ja 

palvelumalleihin.  

Työ keskittyy tarkastelemaan case-yrityksen ja sen avainasiakkaiden välistä 

toimitusketjua ja löytämään keinoja näiden toimijoiden välisen toimitusketjun 

tehostamiseksi. Työ nojautuu vahvasti yhteistyömalliteorioihin sekä 

digitalisoitumista tukeviin teknologioihin. Teoreettisen viitekehyksen lisäksi työssä 

tukeudutaan useisiin empiirisiin tutkimuksiin, jotka tarjoavat reaalielämän 

esimerkkejä teorioiden ja teknologioiden hyödyntämisestä case-yritystä vastaavissa 

toimintaympäristöissä. 

Tutkimuksen perusteella case-yritykselle laaditaan suunnitelma toimintamallista, 

joka koostuu sekä strategisesta että operatiivisesta tasosta. Suunnitelma perustuu 

RFID-teknologian mahdollistamaan yhteistyömalliin, joka pyrkii edistämään 

tiedonjakamista toimitusketjun osapuolten välillä. Ajankohta RFID-investoinnille 

nähdään erittäin otollisena ja siitä saatavat hyödyt mittavina, joskin hankalasti 

rahallisesti mitattavina. 
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1 INTRODUCTION 

There is no doubt that technology can help businesses to increase their efficiency 

and inter-organizational cooperation. It is argued that e-Business has changed the 

ways of doing business the way only few other concepts before (Kalakota and 

Robinson, 2008, p. 1). Combined with the trend of competition of companies 

shifting towards competition of supply chains (Harland et al., 2007, p. 1234; Fang 

and Liu, 2007, p. 11; Kalakota and Robinson, 2008, p. 275; Yang and Yang, 2007, 

p. 163; McClellan, 2003, p. 1) it is obvious that for an e-Business application to 

be a successful one it needs to be based on collaboration and aligned with the 

business network’s priorities. “Application integration is the key to e-Business”, 

Kalakota and Robinson (2008, p. 24) state, which is supported by Li et al., (2007, 

p. 276) stating that “with development of e-Commerce systems, information 

integration is not only the integration of different data information, but also will 

become integration of knowledge”. As the conventional wisdom says, knowledge 

is power. The challenge is that mere information is not knowledge. A company 

needs to use the resources and capabilities it possesses to attain the advantages of 

the information made available by today’s technology and transform that 

information into knowledge. These three factors – competition of supply chains, 

collaboration and e-Business’ advantages – are the fundamental subjects of this 

thesis. 

 

1.1 Background 

It is quite safe to say that digitalization of business can bring great competitive 

advantage for all supply chain parties involved in information integration. What 

are the forces through which the advantages can be attained? What are the critical 

points of developing a successful partnership and an e-strategy? What needs to be 

considered when aiming to make the strategy into reality? This thesis is wrapped 

around these questions and seeks to find commonly approved conclusions to them 

by investigating a real-life case study offered by Stora Enso Biomaterials.  

 

Supply chain management 
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Supply chain approach transforms fragmented business processes into cohesive 

systems that aim to minimize the costs of order-delivery process. The ultimate 

goal of any supply chain design is to fulfill customer needs and to make money, as 

the supply chains only exist to support the revenue stream. (Kalakota and 

Robinson, 2008, p. 276; 292) As a side effect of the dramatic development of ICT 

and e-Business during the last few decades, supply chain management has become 

more agile and transparent for those breaking the isolation of information 

resources and increasing the interoperability between organizations (Yang and 

Yang, 2007, p. 163; Liu, 2007, p. 269). How transparency and agility of a supply 

chain relates to the revenue stream supporting target?  

 

According to Humphreys et al. (2014, p. 245): “a firm is said to have a 

competitive advantage (CA) when it implements a value creating strategy, which 

is not simultaneously being implemented by any current or future competitor”. 

Also Hughes et al., (1998, p. 3) point out the importance of creating “a unique 

and sustainable competitive position”. Most companies seek to differentiate 

themselves from their competitors by products or services, but supply chain 

strategy offers another option (Kalakota and Robinson, 2008, p. 293). How 

competitive advantage could be achieved by focusing on supply chain 

differentiation? 

 

Collaboration 

Working together towards a common goal sounds something that could never be a 

harmful act. Due to globalization and the trend of outsourcing, supply chains are 

becoming more and more complex, which facilitates the need for collaborative 

actions between business partners. Collaboration can be practiced on many 

different levels, but the more structured it is and the more automated the 

collaboration related to information exchange is, the better it will perform on 

eliminating constraints and issues in fulfilling customer’s expectations.  

 

For a collaborative action to be effective it requires trust between the partners and 

a clear vision of what the collaboration is sought to produce. Sharing of 
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information in real-time – or as real-time as possible – is essential as partners need 

to be able to trust the available information is relevant. How information systems 

and automation could help in assuring persistent information flow and building 

mutual trust? 

 

Digitalizing business operations 

According to Statistics Finland (2012), 39 % of Finnish companies used some 

kind of digital information sharing method with their suppliers or customers to 

control their supply chain in the year of 2011. In year 2008 the figure was 22 % 

(Statistics Finland, 2009). The statistics represent the commonly acknowledged 

trend of digitalization of business during the last decade, which is predicted to 

widespread even more during the years to come. In addition, the trend of 

paperless logistics drives all companies towards digitalizing the transportation-

related documents. As the logistics service providers and authorities, e.g. the 

customs, are working on a paperless process throughout the international 

transportation community, it is reasonable not to fight this trend but to go with it 

and develop order-delivery systems accordingly. 

 

Technology integration with business partners doesn’t automatically mean supply 

chain activity integration. Hence, the level of process integration rather than 

technology integration is a more substantial indicator of supply chain capabilities. 

(Wu et al., 2005, p. 495) Also Rantasila (2014) stressed the fact that technology 

has only a supportive role in creating supply chain visibility as the data gathered 

with the help of system integrations is of no use without analyzing it. More than 

half of companies are implementing e-Business applications purely out of the fear 

of being left behind and not evaluating the results (Damanpour, 2001, p. 17). To 

avoid a poorly executed and non-resulting e-Business project, it is reasonable to 

consider how to ensure an e-Business project will create true supply chain process 

integration. 
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1.2 Objectives and scopes 

This thesis’ mission is to provide an understanding of how the case company and 

its key customers could increase the efficiency and flexibility of their supply chain 

processes through collaboration and e-Business. The thesis covers two kinds of 

challenges currently present within the case company: lack of information sharing 

and non-optimized inventory management, which are studied through both 

theoretical and empirical viewpoints. 

 

The scope of this thesis is the following: 

 Business sectors: business-to-business 

 Business cluster:  pulp (and paper) industry 

 Business function:  outbound logistics 

 Technology:  e-Business/e-Supply chain, RFID 

The scope is defined by the case company’s executives and is delimited to cover 

the company’s outbound logistics with key customers. Budged planning and 

detailed technical solutions are excluded from the scope. The company 

representatives hoped to get as practical examples of future processes as possible, 

which have been taken into account while making future process propositions. 

The project and its more detailed context are presented in chapter 2.  

 

The viewpoints described above shape the convergence of the research of this 

thesis, the key research question being: 

How the case company could utilize e-Supply chain and what are the possible 

benefits of it? 

 

In relation to the key research question, the following issues are also being 

studied:  

 How an e-Supply chain can help in differentiating from competitors? 

 What are the most crucial and critical aspects of a successful e-Supply 

chain strategy?  

 On what premises the investment on an e-Supply chain application can be 

justified? 
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1.3 Structure of the study 

The structure respects the guideline of thesis structure model given by 

Lappeenranta University of Technology - faculty of Industrial Engineering and 

Management, but is modified to fit the structure and phasing of the project in 

question. The structure of the thesis process is also shaped by other projects that 

have recently been brought to a close, are currently running or are about to begin 

at the case company.  

 

In brief, the thesis consists of three sections: 

1. the theoretical study that seeks to provide an overview of the subject 

2. learning what has been done elsewhere by interviewing and studying 

empirical case studies  

3. developing an e-supply chain strategy and process propositions for future 

operations by combining the findings from the first two sections 

The first two sections are done partly simultaneously to achieve as deep 

understanding of the subject as possible. The last section includes the 

development of an e-supply chain strategy and model, and analysis of the 

proposed model.  

 

The chapters of the thesis are structured to support each other and to present the 

subject on different abstract levels. The first two chapters explain the background 

of the study and why the topic is seen to be important to examine.  The next three 

chapters, 3-5, give an overview of the topic from a theoretical viewpoint building 

ground to the empirical part. Chapter three introduces the very basic ideas related 

to the topic: supply chain management and collaboration techniques. These 

theories basically seek to find ways to deliver products to customers as efficiently 

as possible and raise a need for shared information. Chapter four introduces how 

e-Business answers to this need, how an e-Business can be built and how to 

handle huge amount of data. The next chapter goes even deeper and presents the 

main technologies and standards enabling the proposed e-Business actions. In 

chapter six several case studies of similar situations are introduced as examples of 

how e-Business or the technologies have been utilized elsewhere. Based on all of 



16 

 

the previous chapters, a concrete proposal to Stora Enso Biomaterials is given in 

chapter 7. This chapter proposes how to follow the theoretical guidelines in order 

to get the most out of the presented technologies and techniques. Finally, some 

analysis of the proposal is given in chapter eight, conclusions are discussed in 

chapter nine and the study is summarized in chapter ten.  

 

Figure 1. Structure of the study 

Figure 1 shows visually how the chapters relate and how the theoretical part is 

combined with the empirical part. 

 

1.4 Research methodology 

This thesis is based on qualitative case study approach. The research aims to 

analytically combine e-Business and collaboration literature with the exploratory 

research of similar or otherwise applicable case studies in order to develop an 

augmented model to be used by the case company when evaluating if the 

investment in e-Business should be done. 

 

To gather, analyze and present data, a wide repertory of research and modeling 

techniques were applied. Gathering data was done by literature research and 

interviews that are explained in more detail in the following subchapters. 
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Flowcharts and mind mapping techniques were used to structure and present the 

gathered data in a more comprehensive form. Also an analysis tool, a SCOR 

model, was used to evaluate the results.  

 

It does not require much effort to find literature about supply chain management, 

e-Business and how to combine the two of them. The challenge is that as the 

revolution of e-Business applications begun already over ten years ago and the 

technology has developed by huge leaps since then, many of the writings – as 

good as they may have been by the time they were published – are of little use in 

today’s environment. To overcome this issue, a wide selection of recently 

published journal articles was studied through to get a more up-to-date 

perspective of the subject. That raised another issue as the articles rarely go deep 

enough into the subject and provide aspects only on a general level. Also the 

subject itself is challenging: “e-Business” and “collaboration” as words may refer 

to a numerous types of concepts. Therefore many of the literature sources that first 

seemed promising turned out to be non-applicable in the scope of this study.  

 

Regardless of the challenges described above, some enlightening white papers and 

books were found. These sources provide great illustrative material and definitely 

deserve the respect they have achieved in the academic society. It was also 

interesting to find literature with two very different kind of focus. As the subject 

strongly relates to both information technology and industrial management, the 

point of view varied between sources, which allowed examining the subject with a 

broader scope.  

 

According to Rantasila (2014), the Round Table, held within the Logistics 

Seminar’s Contact Forum in February 2014, revealed the need for dialogue 

between supply chain partners when aiming to build an efficient and smart 

collaboration model. This supports the choosing of qualitative research method of 

interviewing a wide selection of partners and professionals applied in this thesis. 

The interviews held during this study were executed as non-formal discussions 

with selected internal and external partners. The interviewees included, for 
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example, RFID technology and e-business professionals, information system 

managers and industrial engineering professors. Before every face-to-face 

interview a preliminary list of possible subjects for the discussion was sent to the 

interviewees to frame the meeting and to build up mutual understanding of the 

meeting’s purpose. Some of the interviews aimed to deepen the thesis worker’s 

expertise while some aimed to provide a case study to learn from. Also two 

seminars (“Logistics Seminar” held at Helsinki in April 2014 and “RFID and the 

Internet of Things” held at Vantaa in October 2014) and a one-week intensive 

course (“Business Intelligence Logistics Days”) at Eindhoven University (held in 

May 2014) were visited to get a more comprehensive opinion of the subject in 

question. 
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2 PRESENTING THE PROJECT 

In this chapter the context of the thesis is introduced in more detail. The drivers 

that have elevated the need for this study are presented and the targets are brought 

up to elucidate the underlying thoughts behind the study. Also the environment of 

which these targets are related to is explained in the forms of project positioning 

chart and, case company and industry presentations. 

 

2.1 Project reasoning 

Although e-Business and automated information technology are not new on the 

table, traditional industries, such as pulp and paper industry, have not been 

utilizing these new technologies with great enthusiasm. The development of e-

Supply chain application integrations have been hold back by the challenges that 

such complex projects come with. The challenges still exist but the possible 

benefits are exceeding them in value creation. Potential of radio frequency 

identification technology, for example,  have been noticed quite a long time ago, 

but until recently the costs have been too high, standards have been inadequate, 

and therefore not many companies have invested in it (Viitanen, 2005, p. 7, 18). 

The revolution of RFID has been on the verge of becoming reality for years and 

although the breakthrough of the technology still isn’t definite, practitioners and 

researchers speak for it. Many industries are paying more and more attention to 

RFID applications to benefit from those when the technology and the standards 

are ready for them. (Seppä, 2011, p. 8-17)  

 

Within the case company it is believed that RFID is definitely an upcoming 

technology in the pulp and paper industry and customers are going to require it in 

the near future. One of Stora Enso Biomaterial’s competitors has already invested 

in RFID technology and had the system up and running for over a year. To get the 

most out of its potential, RFID needs to be supported by an e-Supply chain and 

Business Intelligence as the data is useless unless it can be transformed into 

information, into knowledge and finally into profit.  
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The empirical part of this thesis, offered by Stora Enso Biomaterials, is related to 

the need of finding out what is required from to-be-invested-in ICT systems in 

terms of supporting future e-Business and e-Supply chain investment decisions. 

This thesis aims to answer to this need indirectly, from a strategic point of view 

and not concentrating on the technical details of the system. This target is 

endeavored to be reached through the following sub-targets: 

1. To analyze how transparency of a supply chain supports revenue stream. 

2. To study how competitive advantage could be achieved by focusing on 

supply chain differentiation. 

3. To recognize the possible operational benefits of implementing an e-

Supply chain strategy and application. 

4. To define how to justify the investment. 

 

2.2 Case company - Stora Enso Biomaterials 

Stora Enso is a Finnish-Swedish pulp and paper manufacturer, formed in the year 

of 1998 as a merger of a Finnish forestry product company Enso-Gutzeit and a 

Swedish mining and forestry company Stora. The company is headquartered in 

Helsinki, has some 28 000 employees in over 35 countries and is a publicly traded 

company listed in Helsinki and Stockholm. Stora Enso has divided itself in four 

business areas: Printing and Reading, Building and Living, Renewable Packaging, 

and Biomaterials. Customers consist of publishers, printing houses, paper 

merchants and packaging, joinery and construction industries worldwide. 

Biomaterials division offers a variety of pulp grades to meet the demands of 

paper, board and tissue producers. The stand-alone pulp mills are located in 

Finland (two mills) and Sweden (one mill). In addition to them, Biomaterials is 

also responsible for its share of the Group’s joint-venture pulp mills in Brazil and 

Uruguay. The mills produce both softwood and hardwood pulp with different 

specifications and wood compositions to meet the varying needs of different 

customer segments. (Stora Enso, 2014) 

 



21 

 

2.3 Pulp industry characteristics 

Pulp and paper industry is a typical example of process industry: value added by 

converting raw material into an intermediate or finished product. Process 

industries typically have up to 75% of capital assets invested in manufacturing 

assets and about 65% of costs occur in manufacturing operations. This 

characterizes the industry and favors high volume/low cost operations. 

(McClellan, 2003, 193) 

 

The forest industry, including pulp and paper production, has strong roots in the 

Finnish economy. Today, the forest industry is heavily dependent on export 

markets, which means the companies operating in this field need to continuously 

increase the efficiency of their operations to ensure sustainable competitiveness 

against the competitors. It is widely believed within the industry that supply chain 

integration and the use of today’s technology hold great potential for increasing 

operational efficiency. (Carlsson and Rönnqvist, 2004, p. 589)  

 

The structure of the industry varies considerably, as some enterprises control all 

activities from the wood supply to the end customer and some companies 

concentrate on one or few parts of the chain subcontracting with others (Lehoux et 

al., 2007, p. 1). This creates an environment that emphasizes customer orientation 

and cost efficient production, which in turn requires integration of the production 

and logistics planning (Carlsson and Rönnqvist, 2004, p. 590).  

 

The characteristics of the industry somewhat restricts but also streamlines the 

supply chain structures and attributes. As Sehgal (2011, p. 140-142) says, 

different industries and manufacturing models need different supply chain 

strategies. He suggests that MTS manufacturers should concentrate on throughput 

and efficiencies of scale. The following points give a brief review of the most 

influential characteristics of the pulp industry in the light of supply chain 

management. 
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Production: Pulp is produced MTS and the mills run 24/7. Different pulp mills 

produce different pulp products with no or little customer-specific customization. 

Markets: The pulp markets supplied 43,4 million tons of pulp in the year of 2013 

(Cody, 2013, p.18). Market pulp, pulp sold to another company for further 

processing, accounts for about ¼ of the total volume, the rest being mainly 

integrated pulp (pulp used within the same company). Main customers of pulp 

producers are paper mills. Some paper mills have their own pulp production, but 

still may need market pulp to fulfill their needs. Some paper mills have no pulp 

production and are therefore fully dependent on market pulp. The pulp market is 

divided by fiber type of the products as different types of pulp are best suitable for 

different types of paper products. (Carlsson and Rönnqvist, 2004, p. 590- 592) 

Big volumes: A single customer order can count for several days’ production 

capacity. Therefore order cancellations, increases and decreases may upset 

delivery planning significantly, which may lead to increased inventories or stock-

outs. Big volumes also need certain type of transportation and bookings of such 

need to be done well in advance.  

Customers: In contrast to many other industries, the amount of customers is low, 

which gives an opportunity to truly knowing the customers and facilitates the 

interoperability between supply chain partners. In addition, some of the key 

customers represent other divisions of the Stora Enso group, which (should) help 

implementing system integrations.  

Price formation: The prices of pulp are formed as so called FOEX’s PIX indexes 

that are benchmark prices for pulp and paper products based on trade information 

received from pulp and paper industry parties. The fluctuation in PIX affects the 

behavior of the customers and, through that, the supply chain and delivery 

planning.  

Deliveries: Pulp supply chains prefer just-in-time-deliveries. As pulp is the main 

ingredient of paper, paper manufacturers need to have it available all the time. On 

the other hand, big inventories are not desired. Therefore sufficient supply of pulp 

in appropriate volume is the optimal solution.  
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Contracts: Many customer relationships are negotiated annually or every other 

year. The contracts include sales volume targets and if those are met, the customer 

is allowed a discount.  

Geographical structure:  Many customers and logistics providers are located 

worldwide. This creates an environment where time differences slow down 

information exchange if it’s not automated and available online.   
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3 EFFICIENCY THROUGH NETWORKS 

Companies work together to transform raw materials and semi-finished products 

into end products, every step affecting others. The more phases the transformation 

calls for, the more complex the chain of companies gets. For this chain to even 

work to begin with, collaborative actions are needed. In this chapter the most 

commonly applied supply chain management and collaboration techniques are 

being discussed to give perspective to how companies profit from each other’s.  

 

3.1 Supply chain management 

Supply chain refers to a chain of parties involved in material, information and 

cash flow. Depending on the industry and the scale of observation the chain may 

be two or multi-echelon. From a pulp mill’s point of view, a simplified supply 

chain is as presented in figure 2. The green arrows represent material flow and the 

blue arrows flows of information and cash. The figure gives an overall picture of 

the operating environment but in practice the chain is much more complicated, 

especially for the blue arrows. 

 

Figure 2. Pulp industry supply chain 

Supply Chain Management (SCM) has been a popular term and a way of thinking 

for decades. SCM can be based on the idea of how each supply chain partners’ 

decisions and activities affect – directly or indirectly – all the other members and 

the overall performance of the supply chain. Many descriptions of what SCM is 

and what it isn’t have been created. In one of the most recent SCM books, Sanders 

(2012, p. 6) considers SCM a dynamic and ever-changing process that requires 



25 

 

coordination of all activities among partners of the supply chain in order to satisfy 

the final customer and to maximize total supply chain profitability. As supply 

chains in today’s business world become more and more complex, executives are 

placing greater focus on them to assure shareholder value (Jayasinghe, 2014, s. 

18). Figure 3 illustrates how supply chain effects on value creation by securing net 

income and optimizing use of assets. 

 

Figure 3. Supply chain in shareholder value creation (adapted from Jayasinghe, 2014, s. 26) 

As presented in the beginning of this thesis, supply chains only exist to support 

revenue streams, a.k.a. economic profits. Through supply chain management and 

optimization it is possible to increase economic profit by ensuring product 

availability, controlling costs and inventory, and exploiting physical capital on its 

full potential.  

 

Just like descriptions of SCM, also frameworks for its processes have been 

presented by many authors. The purpose of business process framework is to 

provide a structured model to describe process architectures in a way that makes 

sense to all business partners. In addition, a framework can be an efficient 

management tool helping to measure, manage and control complex processes, and 

re-tuning the processes to attain competitive advantage (Supply Chain Council, 

2010, p. 6).  
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The Global Supply Chain Forum (GSCF) has identified eight supply chain 

management key processes that are further detailed by Croxton et al. (2001, p. 13-

36). These key processes are: customer relationship management, customer 

service management, demand management, order fulfillment, manufacturing flow 

management, supplier relationship management, product development and, 

commercialization and returns management. Each of the key processes divides 

into a strategic level, where the scheme for managing processes is defined, and an 

operational level, where the process is executed. Step-by-step instructions are 

given on both levels for each key process. A more detailed content of the 

framework is presented in appendix II. Utilization of the framework is carried out 

through supply chain network structure, supply chain business processes and 

management components. (Croxton et al., 2001, p. 13-36; Lambert et al., 2005, p. 

27-28)  

 

Another framework, named the Supply Chain Operations References (SCOR), 

was developed by Supply Chain Council (SCC) originally in 1996. Since then it 

has been updated and one decision area have been added to the version 5.0 

(Lockamy & McCormack, 2004, p. 1192). It aims to help communication between 

supply chain partners by presenting a reference model including four levels – 

Performance Metrics, Processes, Practices and People – and five processes – 

Plan, Source, Make, Deliver and Return.  

 

Lambert et al. (2005) have identified five SCM frameworks that focus on 

implementing business processes across corporate functions and across 

corporations. From the five frameworks they have picked two for further 

evaluation. The two frameworks are the ones described above and were picked 

because they are the only frameworks that “are described in sufficient detail to be 

implemented” and “include business processes that could be used by management 

to achieve cross-functional integration”. Both frameworks form their base on 

implementing business processes connecting customer and supplier and on 

integrating activities across corporate functions. (Lambert et al., 2005, p. 26, 30) 
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3.2 Collaboration techniques 

The scientific community greatly embraces collaboration and information sharing 

over the Internet. Countless articles and books have been written about the 

benefits and challenges of successful collaboration. Collaborative actions are 

practiced in the chemical, automotive, textile and retail industries, which points 

out the dissatisfaction towards the current situation and speaks for the need for 

new business models (Seifert, 2003, p. 60). So what is collaboration needed for? It 

can be said that without collaboration inventories act as shock absorbers for 

fluctuations in demand (Maccini, Moore and Schaller, 2012, p. 1). While 

companies have strived to improve the efficiency of their supply chains for years, 

the functional focus of such activities has led to a situation where demand is 

disconnected from supply and inventories are needed both within and between 

companies. In addition, the isolated nature of planning makes the plans to fail as 

they don’t consider other plans and activities – even the internal ones – that will 

doubtlessly impact the outcomes of a particular plan. This is most likely because 

of the poor understanding of organizations’ own processes, let alone the processes 

of customers or suppliers. (Barratt, 2004, p. 30-32) In multicultural organizations, 

such as the case company here, it is probable that other mills’ or sales offices’ 

routines and processes are felt as distant as customers’. If a customer-centric 

mindset is ought to be practiced in the form of vertical collaboration, the internal 

collaboration needs to be of superior quality too. Otherwise it is not possible to 

optimize the whole supply chain and to serve the customers according to one 

guideline, which will create misunderstandings and sub-optimization.  

 

In his book McClellan (2003, p. 19-22) introduces a list of attributes as guidelines 

for collaboration. He highlights the importance of, for example, mutually aligned 

interests between the collaboration parties, information visibility as the base of 

decisions and development, data accessibility, long-term engagement and online 

real-time information. This is supported by the argument of mutuality of benefits, 

rewards and risk sharing together with information exchange being the foundation 

of collaboration (Barratt, 2004, p. 30). All of the mentioned features are 

frequently present in the collaboration literature. 
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Like SCM, also the philosophy of inter-organizational collaboration has inspired 

many authors to develop techniques to guide cooperative actions between 

business partners. The most applied and referred techniques are Vendor Managed 

Inventory (VMI) and Collaborative Planning, Forecasting and Replenishment 

(CPFR). Both of these are based on information sharing but the level of the shared 

information, and therefore the level of collaboration, varies. Lehoux et al., (2008) 

have studied the impact of applying different collaboration models on network 

profit and the effect of the relationship on production and distribution. Their 

conclusion is that CPFR offers the greatest potential for cost optimization and 

system profit. Similar results have been achieved by other researchers too. For 

example, Raj Kamalapur et al., (2013) concluded that CPFR achieves higher cost 

savings for both manufacturer and retailer in comparison to TSC (Traditional 

Supply Chain) and VMI. Although the industry studied in the research of Lehoux 

et al. is pulp and paper industry, the research environment differs from the scope 

of this thesis and therefore the findings are only partly applicable to this study. 

The same can be said about the research of Raj Kamalapur et al., as they have 

studied collaboration between a manufacturer and a retailer in general. Both of 

these studies still provide a sufficient basis for Stora Enso Biomaterials’ case and 

advice to take a deeper look into the CPFR theory. 

 

One definition of CPFR is that it is “an initiative among all participants in the 

supply chain intended to improve the relationship among them through jointly 

managed planning processes and shared information”. CPFR is said to build a 

foundation for solid best practices in business processes such as: 

 Jointly managed business processes through business alliances 

 A single, mutually-owned demand-driven forecast 

 Higher level of accuracy than statistical measures 

 Demand linked with supply planning and execution 

 Improved value chain integration 

Overall value chain collaboration starts with CPFR and migrates with 

collaborative merchandise development and transport management. A more 
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detailed guideline for practising CPFR can be found as an appendix I. It identifies 

a process model with nine steps necessary to align supply chain partners.  

 

Apart from VMI, CPFR strongly emphasizes forecasting, which can be clearly 

seen from the above figure, and replenishments are based on adjusting future 

demand estimations rather than solely on current inventory levels. The term CPFR 

is a registered trademark of Voluntary Interindustry Commerce Standards 

Association (VICS) and was created by a number of large consumer goods 

manufacturers and retailing corporations (McClellan, 2003, p. 23). The pioneers 

of CPFR were Wal-Mart and Warner-Lambert in 1996, whose pilot project 

included sharing of demand forecasts and promotion plans and advanced ordering 

of Listerine mouthwash. Thanks to the information exchange, Warner-Lambert 

was able to lower their inventory levels by 25 % and to increase its sales by $8,5 

million and Wal-Mart’s in-stock position improved from 85 to 98 %.  (Seifert, 

2003, p. 30-31, 284)  

  

One of the objectives of CPFR is to lower inventory levels. Traditionally, 

increased inventory levels have been the answer to customer service problems and 

to avoiding stock-outs of retail products, which is directly related to uncertain 

demand and uncertain supply (McClellan, 2003, p. 24-25). Although the 

environment of this thesis somewhat differs from retail industry, the basic idea of 

inventories is similar. Stora Enso Biomaterials as a pulp supplier keeps stocks at 

mills and at outsourced warehouses to be able to quickly answer sudden demand, 

and customers keep their own inventories to ensure pulp sufficiency. Currently, 

neither Stora Enso nor the customers are aware of the demand estimations others 

have made and therefore are unable to take them into account while making own 

predictions. A practical example is a case of Enocell Mill’s customer in Finland, 

who produces IKEA catalogues twice a year. Enocell had been wondering why 

this customer suddenly increased their order volumes now and then, as they were 

not informed about these campaigns. When this information was shared, Enocell 

was able to make better production and delivery plans to match these high volume 

orders. If it is possible to make better plans even with this level of information 



30 

 

sharing, how greatly could a systematic way of information sharing effect on 

estimations and inventory optimization, especially if applied with all key-

customers? In some cases, practicing CPFR has resulted in a 5-10 % improvement 

in service, more precise planning (50-80 %), less capital tie-up through inventory 

reduction (30-50 %), and lower supply chain costs (15-25 %) (Seifert, 2003, p. 

359). In a way CPFR creates a virtual organization that synchronizes 

manufacturer’s and customer’s operations aiming to create an environment that 

reduces waste and cost. 

 

What deserves great attention is the fact that none of the above mentioned or any 

other collaboration technique fits all situations. As supply chain structures, 

practices and objectives can vary remarkably between different chains, the 

collaboration strategy needs to support them and be selected case by case. The 

challenge is that as the most suitable technique with one partner may not be the 

best selection to be applied with another partner, companies need to evaluate the 

possible outcomes of collaboration partnerships and to avoid ending up having 

many un-productive and poorly executed relationships. As Kambert & Knemeyer 

(2004, p. 5) state, partnerships need to create substantially better results than 

either of the collaborating parties could have achieved alone, because companies 

simply does not have enough human resources to build productive relationships 

with everyone. On the other hand, a well-known global consultant and the author 

of the international best-seller Reengineering the Corporation, Michael Hammer 

has said “Knock down your outer walls, collaborate whenever you can” (Seifert, 

2003, p. 61). This brings up an interesting contradiction of how to tear down the 

detrimental barriers between supply chain partners but to ensure it is done in the 

respect of mutual objectives with the available resources. Barratt (2004, p. 33) 

gives his opinion by stating that “the resource intensive nature of collaboration 

means that they (companies) need to focus their attention on a small number of 

close relationships rather than trying to collaborate with everyone” and that the 

most successful collaboration relationships are done with strategically important 

customers. According to Sanders (2012, p. 314) relationship management 

resources should not be wasted on relationships that are transactional in nature. As 
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common sense tells us, it is not reasonable to use the limited resources to create 

something that is not beneficial. Peter Drucker, a famous management consultant 

and an author, has said “there is nothing so useless as doing efficiently that which 

should not be done at all”. From the above, it can be concluded that it would be 

waste of resources, money and time trying to collaborate with every customer, 

especially if the particular customer does not value it and is not willing to engage 

to it, or if the relationship is transactional in nature and the benefits would not 

exceed the resource input.   
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4 DIGITIZING SUPPLY CHAIN  

Internet is the foundation for digitizing any businesses or business processes. The 

main impact of the Internet on supply chain management is that it makes large-

scale information sharing possible along a whole supply chain in real-time. In 

other words, the Internet facilitates collaboration and supply chain coordination 

but it also enables business process automation and thus increases supply chain 

efficiency. (Minguela-Rata et al., 2014, p. 227-229) The use of information 

technology is in effect creating a virtual supply chain that is rather information 

than inventory based (Barratt, 2004, p. 37).  

 

Change is always challenging. It is in human nature to protect the present state, as 

admitting there are better ways of doing things is seen to lower the value of 

previous actions. It is not an easy task to cannibalize the presence and to excite 

creative destruction but it is necessary for business process development projects 

that digitizing a supply chain definitely is. This chapter provides thoughts about 

how to structure and manage an e-Business development project and how to 

manage a large amount of data.  

 

4.1 e-Business building blocks  

To avoid a situation where technology and applications are implemented without 

a clear vision of how these are going to help a company to over-perform its 

competitors, an e-Business project needs to be planned carefully. Kalakota and 

Robinson (2008, p. 386) compares an e-Business development project to fighting 

a Hydra – a multiheaded monster from the story of Hercules – that grows two new 

heads to replace the one cut off: once you tackle one obstacle in e-Business 

development, many new ones may take its place. Therefore simultaneous melding 

of multiple disciplines – business strategy, enterprise applications and technology 

implementations – is necessary. As can be seen later in this thesis from the case 

studies, investing in even the most sophisticated technologies does not 

automatically mean a company is able to gain superior performance if the 

technology’s potential is only partly utilized. It is possible that in these cases the 
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technology implementations have not been aligned with the business strategy or 

enterprise applications have not been adequately supported by the technology.  

 

The vision of Sehgal (2011, p. 169) is that strategies can be viewed on three levels 

as presented on the left side of figure 4. Kalakota and Robinson (2008, p. 106-

108) on their behalf introduce a three interlocking layers model for an e-Business 

development project. The layers consist of e-Business Design, e-Business 

Infrastructure and e-Business InfoStructure. The right side of figure 4 presents the 

layers and their contents with modifications that fit the context of this thesis.  

 

Figure 4. Strategy levels (Sehgal, 2011, p. 169) and the three interlocking layers model (adapted from 

Kalakota & Robinson, 2008, p. 106) 

Combining these two visions, it gets obvious that an e-Business Design relates to 

the first-level strategic weapons defining how the company wishes to compete. 

The Infrastructure layer answers to the question of what systems and knowledge 

are needed to make this wish come true, the InfoStructure level taking care of how 

to make it happen in the light of technology architecture.  

 

4.1.1 e-Business strategy – defining the differentiators 

An e-Business project has to start with formulating an e-Business strategy 

pointing out what are the factors that are sought to bring competitive advantage to 

the company. An e-Business strategy creation process consists of knowledge 

building, defining a value proposition of the future e-Business model, examining 

the capabilities needed to make it happen and – especially in case of an e-Supply 

chain project – choosing the partners to play with. Based on these steps, a 



34 

 

company should create a concrete strategy of how to take advantage of the 

available capabilities and through which products, services or experiences to 

make it happen. While planning the goal for an e-Business project it should not be 

forgotten that talking about e-Business is the easy task; what is challenging is to 

question and to actually change the past behavior. 

 

An e-Business strategy is usually considered to be a process strategy, which 

means that a key organizational process or activity system is chosen to be 

radically re-designed with the help of ICT (Beynon-Davies, 2004, p. 284). 

Depending on the goal of the e-Business project, strategies can vary greatly: it is 

not similar to aim to solve customer service problems or to aim to create a totally 

new sales and distribution channel. Table 1 provides short guidance on how to 

direct strategic planning according to desired outcomes. With the process 

improvement approach, the focus is on measuring internal, basic processes and 

improving internal efficiency. Strategic improvements are wider and usually take 

also external stakeholders into account. The changes of strategic improvements 

are sought to effect on supply chain level. Transformational strategies are the ones 

aiming to change the game of the industry and require a company to re-invent 

itself. Choosing an appropriate objective for a company’s e-Business strategy will 

help in targeting available resources. (Kalakota and Robinson, 2008, p. 408-409) 

 

Table 1. Strategic objectives (Kalakota and Robinson, 2008, p. 409) 

 

 

Objective Characteristics

Process improvement Reducing costs

Decreasing rework

Shortening processing time

Fixing specific errors

Strategic improvement Enhancing supply chain efficiencies

Web-enabling strategic operations

Decreasing time to market

Improving customer satisfaction

Business transformation Changing the rules of the game

Creating a customer focus

Abandoning old ways of doing business

Major culture change
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Bovet and Martha (2000, p. 157-168) talk about strategic control; how to stay in 

the game. They suggest that strategic control is achieved through one or many of 

the following mechanisms: 

 Differentiation through value net brand 

 Hooking customers in a satisfying relationship 

 Inimitable provider relationships with supply partners 

 An innovative service design leading the company far ahead of its 

competitors 

 A low price the competitors find hard to compete with 

The first two mechanisms offer longer lasting protection for profit stream through 

improved customer loyalty and commitment. Provider relationships refer to 

situations where a company has a unique set of partners and is able to offer 

something exceptional. Innovative service design and low price are short-term 

advantages and easier to copy by competitors. Whatever the chosen mechanism is, 

it must be flexible and continuously adapt to business environment changes. 

(Bovet and Martha 2000, p. 157-168) 

 

Forming an e-Business strategy is challenging in every situation but especially 

when it is related to total supply chain efficiency. When there are multiple parties 

involved in creating such collaboration like an e-Supply chain, the mutually 

developed e-strategy should be aligned with the business strategy of each of the 

partners. Inconsistencies might come up and they must be solved together. 

Otherwise the whole project may result in being disappointing to everyone if the 

objectives characterizing the strategies aren’t in line with each other. The strategy 

should look forward and cover long-term objectives.  

 

The customers’ opinion cannot be over-highlighted, as an e-Business project is 

always a multi-partner project and doesn’t serve its meaning without creating 

value to the customers. Choosing a focus – that customers care about – for an e-

Business design from the following is suggested: 

 Service excellence: delivering what customers want with hassle-free 

service and superior value. 
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 Operational excellence: delivering high-quality products quickly, error 

free and for a reasonable price. 

 Continuous-innovation excellence: Delivering products and services that 

push performance boundaries and delight customers. 

As no company shines in every dimension, a focus must be chosen to orient the 

business direction. Trying to compete on all three aspects will result in only 

mediocre or average levels of achievement in each area. Just like companies 

specialize on operational level and outsource many supportive actions, 

specialization should be practiced on strategic level too as the need for 

competitive differentiation is greater than ever. (Kalakota and Robinson, 2008, p. 

115, 137, 389)  

 

Choosing partners 

A relationship between a supplier and a buyer continues as long as both of them 

can benefit from it and achieve their goals better with than without one another. If 

other options become more attractive, the relationship may be in danger. 

Therefore continuous development of customer relationships is necessary and the 

goal of such actions should be to decrease the use of resources in relationships. 

(Storbacka and Lehtinen, 2001, p. 47) Building a deeper relationship through 

collaboration and information sharing is one way to do that. Choosing with whom 

to collaborate was discussed earlier in chapter four, the conclusion being the 

collaboration partners should be the ones a company has the most critical 

relationship with. Sanders (2012, p. 314-316) explains that the wider the scope a 

supplier is assigned with and the more critical the sourced product or service is for 

the buyer, the more important the relationship with this particular supplier is. That 

is because of the possible consequences of poor performance, which are greater 

with the most critical products. Therefore the suppliers of the most critical 

materials, products and services are definitely the ones to collaborate and to 

develop an e-Business application with. Basically supply chain relationships can 

be categorized into four groups based on their level of scope and criticality as 

illustrated in figure 5. As the levels of scope and criticality increase, the level of 

managerial requirements increases too.  
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Figure 5. Supply chain relationships matrix (Sanders, 2012, p. 317) 

With non-strategic relationships that are transactional in nature, there is little 

dependency between the partners and therefore no close interaction is needed. In 

contractual relationships the scope is high but the criticality of the sourced 

product is low. In this kind of relationships the trust level is higher than in non-

strategic relationships and communication frequency is moderate but there is no 

desire to develop the relationship into a deeper one because of the low criticality. 

Usually these relationships are strictly based on formal contracts, which reduce 

the need for relationship management and personal communication. In case of a 

partnership, the criticality of the purchased item or service is high but the scope is 

low. In partnerships the trust between a supplier and a buyer is strong, as is the 

commitment between the two of them too. Management of this kind of 

relationship is not extensive as the interaction frequency is low and the level of 

trust is superior. The most pervasive relationships, alliances, are formed around 

products or services that are of high criticality and high scope. These relationships 

are characterized by high interaction frequency and significant trust and 

commitment between the supply chain partners, which require comprehensive 

management to succeed. (Sanders, 2012, p. 314-325) 

 

Even though Sanders has taken a buyer’s perspective in her text, this is a great 

insight to be considered by suppliers too. It brings up new thoughts and ideas 

when examining one’s own positioning from a customer’s view point. This is 

something to think about when choosing the e-Business partners: to whom are we 

a critical supplier and who of our customers would be willing to deepen the 

relationship with us? Not like with internal development projects, a customer 
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relationship related project needs to be based on the interest of both the supplier 

and the buyer. If taken even further, a buyer is practically always someone else’s 

supplier and therefore their interest in expanding the collaboration model to cover 

also their customers is definitely something to look for in the name of total supply 

chain advantage. If a supplier’s item is critical to a customer and customer’s item 

is critical to their customers, it is reasonable to create an extended co-operative 

relationship. This doesn’t mean that a supplier should be connected to customer’s 

customers directly but that a customer acts as a link between the two of them 

providing a possibility for a chain of information that wouldn’t otherwise be 

possible. This relates to and is supported by the idea of transitivity of trust: A 

trusts C because B trusts C and A trusts B (see figure 6). Transitivity of trust 

allows networks to exhibit trust in a large scale without necessarily being in close 

contact with each partner of the network. (Baynon-Davies, 2013, p. 103) 

 

Figure 6. Transitivity of trust (adapted from Baynon-Davies, 2013, p. 103) 

It is also reasonable to consider choosing the e-Business partners in light of their 

possible inputs for the e-Business project. If a company is lacking some of the 

capabilities it sees essential for an e-Business project, it should seek for partners 

holding those capabilities. 

 

4.1.2 e-Business infrastructure – searching for capabilities 

Developing an understanding of the resources and capabilities that are needed to 

fulfill the strategy requirements is important for a successful e-Business project. 

Investigating what capabilities a company currently holds and what capabilities it 

will need tomorrow allows evaluating if it has what it takes to serve the 

customers’ priorities. Within an e-Business project, ICT plays a key role and 
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should be treated as one of the most critical capabilities. (Kalakota and Robinson, 

2008, p. 408-412) In addition, it should be evaluated what kind of professional 

expertise is required and if the company has this kind of professionals employed. 

Usually all special knowledge cannot be found inside the company and external 

partners are needed to fulfill these information and knowledge gaps. Often 

external partners are experts of their field and offer additional capabilities that the 

company was not even able to think of. This may bring up whole new insights to 

an e-Business project and help to utilize technology with its full potential. 

 

4.1.3 e-Blueprint formulation and execution – strategy into action 

According to Kalakota and Robinson (2008, p. 423-425) many companies fail to 

translate strategy into action, which is often because of the missing tools to align 

both long-term and short-term strategies with processes that will make the 

strategies to become real. While designing e-business strategy may take a few 

months, building comprehensive e-Business architecture is a long journey. The 

fact that not many people find application infrastructures an exciting subject leads 

to situations where realistic and ideal strategies mix and companies create 

strategies requiring capabilities they simply don’t possess.  Another problem 

within e-Business strategy implementations is that usually each e-effort is 

undertaken isolated from other projects and, without a shared strategic vision, 

each e-project goes in its own direction. e-Business blueprint aims to provide 

tools to link strategy and tactics. It is based on a “Thinking Ahead Approach” that 

suggests to think years ahead and work backwards, as presented in figure 7. This 

approach ensures strategies are made to last, to direct smaller projects towards a 

common goal and to avoid short-term fixes that most probably would need to be 

redone in the future.  
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Figure 7. Thinking ahead approach (Kalakota & Robinson, 2008, p. 428) 

An e-Business blueprint is a dynamic portfolio where active projects are created, 

updated, revised and resources between them are allocated, bringing discipline to 

the chaos of e-business change. Creating a blueprint for e-Business is said to 

include the following steps: 

1. Establish the aim for the overall e-business design 

2. Establish the scope 

3. Classify and analyze application frameworks 

4. Prioritize what needs to be done 

5. Design execution plan for each application framework 

To get funding for projects, managers use business cases to provide justification 

for investments. An e-business case may be hard to construct but the process of 

detailing a business case helps to clarify the overall purpose and to plan the 

needed resources to maximize the results. (Kalakota & Robinson, 2008, p. 423-

449) 

 

What limit the strategy implementation are the practical problems companies are 

facing while getting from strategy to bottom-line impact. Benson et al., (2004, p. 

116-117) argue that one of the problems is legacy and entitlement mentality: 

existing IT infrastructures and applications are seen as the legacy of previous 

strategy-to-results practices, which prevents starting from scratch. The same is 

said by Kalakota and Robinson (2008, p. 432) who argue that established 
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companies face the challenge of deciding whether to incorporate its existing 

applications or to start over with an entirely new group of applications as the core 

of its e-business. Old application structures are often supported because they have 

been supported before; innovative thinkers are confronted with the old ways of 

doing business and the old way of thinking. Benson et al. (2004, p. 117) suggest 

that by using ICT portfolios, all elements of the ongoing ICT development 

situation are brought out and subject to discussion, which is heavily similar to the 

e-Business blueprint approach discussed above. 

 

4.2 Managing the digital data 

Today’s technology offers great opportunities in gathering, storing, sharing and 

analyzing data about business transactions. As the amount of data gets bigger and 

bigger, human cannot handle it. Therefore we need software and algorithms to 

make suggestions and analyses our decisions can be based on. Pieter Rambags, a 

Dutch business intelligence consultant, argued during a Business Intelligence 

week held in Eindhoven University that data volume isn’t a problem as IT can 

handle it but unstructured and inaccurate data is a huge problem that needs to be 

managed properly by humans. This is done by knowledge management and 

business intelligence actions.  

 

While traditional supply chains (1-to-1) are transforming into supply networks (n-

to-m), there is no centralized source of information but distributed, mainly 

incompatible databases that hold down the free flow of information. (Uckelmann, 

2012, p. 57) As the information is dispersed, there is no centralized control of it 

either. This easily leads to sub optimization between supply chain partners, which 

is in contradiction with the idea of reducing total supply chain costs. Prof. P. 

Grefen and Dr. R. Dijkman from the Eindhoven University of Technology have 

studied control models in the field of supply chains and logistics. They have 

introduced a hybrid control model for controlling multi-echelon supply chains that 

combines fully decentralized and fully centralized control models. They stress the 

importance of information as the base of control and therefore suggest a model 

with centralized information and control systems. A simplified centralized control 
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model is presented in figure 8. The basic idea is that all parties involved supply 

data to centralized information system that transforms it into information by 

combining the gathered data and sends it to the centralized control system. The 

control system makes decisions regarding supply chain parties and therefore 

controls the whole supply chain.  

 

Figure 8. Centralized control model (adapted from Grefen and Dijkman, 2013, p. 42-48) 

The opposite of centralized control is a situation where all transformation systems 

provide data only for their own information system and also the control system 

makes decision only for one transformation system. The data and information is 

shared only through the environment. As neither of these models is very practical, 

it is reasonable to make a combination of these that suits the particular supply 

chain the best. Grefen and Dijkman present several models with different data and 

information flows but the most suitable in the context of this study is the one with 

centralized information system but decentralized control systems (see figure 9). 

This model allows all partners to keep their autonomy but provides shared 

information system the decentralized control systems rely on.  
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Figure 9. Centralized information system (adapted from Grefen & Dijkman, 2013, p. 48) 

A quite similar idea of centralized information system is introduced by Lee and 

Whang (2001, p. 6-7) in form of an information hub model as presented in figure 

10. An information hub works as a node between multiple organizations 

processing and instantly forwarding relevant information to all appropriate parties. 

It forms a hub-and-spoke system with internal information systems as the spokes.  

 

Figure 10. The information hub model (adapted from Lee and Whang, 2001, p. 7) 

An information hub can be compared with so-called cross-docking process. In 

cross-docking products from several suppliers arrive to a logistics hub, are sorted 

in accordance to the needs of different destinations and delivered to the final 

destinations without storing at the hub. The idea is the same in information hub 
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where data is seamlessly forwarder to the right partners in real-time. (Lee and 

Whang, 2001, p. 6-7) 

 

A centralized information system will enable broader data mining as it gathers 

information from several sources instead of one. Traditionally there has been 

information available only about internal processes, which doesn’t allow 

monitoring and analyzing of a whole supply chain or even a complete delivery of 

a particular shipment from supplier to buyer. “Business intelligence/analytics is 

the highest-ranked functionality requested by customers according to a recent 

ARC survey of leading transportation management solutions vendors” says 

Partridge (2013). This argument substantiates the desire of transporters to get 

more visibility to their supply chain. It is seen as a growing trend in the future and 

there are even companies providing Business Intelligence (BI) as a service (Lee 

and Whang, 2001, p. 18). Business intelligence tools provide data in an 

understandable form; in other words it has the ability to make sense out of the 

huge amount of raw data. BI tools can be divided into three main categories: 

 Reporting: BI reporting is more detailed and dynamic than usual reporting 

where data is merely extracted from a system. It displays data in a 

scoreboard format where selected factors are shown as metrics and 

weighted averages to help managers and other users to evaluate 

performance.  

 Real-time dashboards: dashboards help users to identify trends and 

exceptions of their supply chain operations. Dashboards are updated as the 

business is occurring so there is no need to wait for someone to send 

reports, so reactions for exceptions can be made faster.  

 Benchmarking: if a company is able to compare the factors against its 

peers, it allows the company to get a more complete rating of its 

performance in the marketplace or may give power in negotiations with, 

for example, shipping lines. 

BI tools are also applicable in comparing historical data with real-time data to 

point out future risks and opportunities. (Partridge, 2013) Algara and Charen 

(2008) on their behalf list many ways BI tools can help to make supply chains 
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more efficient, like improving forecast accuracy, determining over-stock 

situations, leveraging economies of scale, establishing vendor managed inventory 

and analyzing lead time variability.  
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5 TECHNOLOGY AS AN e-SUPPLY CHAIN ENABLER  

Technology has become so ubiquitous in business world that it is not an option 

anymore but a competency that all businesses need to acquire. It can be said that 

information technology is gaining the same position as power and communication 

systems; it is becoming the underlying basic infrastructure for businesses. (Sehgal, 

2011, p. 165) Just like supply chain management, information technology is 

mostly seen as a tool supporting the core business, but it could help in 

differentiating from competitors, too. This is not an easy task to complete and the 

ever developing technology innovations make it even harder. The advances in 

technology are rapidly changing the conditions in which a company that once was 

the king of the mountain may suddenly end up finding no mountain at all 

(Kalakota & Robinson, 2008, p. 17). To ensure the mountain will hold its place 

and the king will remain in charge, technology architecture need to be planned for 

continuous growth and managers must keep up with new technology innovations. 

In this chapter, the core technology behind e-Business and inter-organizational 

collaboration is being introduced. A brief introduction to selected software and 

hardware groups are given to explain how they support e-Business and 

collaboration. Also the most substantive standards relating to these groups are 

presented. 

 

5.1 Enterprise resource planning systems 

There is a great variety in information systems provided for businesses to support 

both operative activities and business management. Since the 1990s Enterprise 

Resource Planning (ERP) systems have been rapidly evolving to meet the 

requirements of the business world. Even though ERP systems are basically 

software packages, they also provide integration between business processes. 

(Srinivasan & Dey, 2014, p. 281) The purpose of ERP systems is said to be 

facilitating the information flow between internal business functions and 

managing the connections to other supply chain members. An ERP system ties 

together all business processes such as sales, manufacturing, inventory 

management, warehousing, delivery, accounting, billing and human resources 

management. ERP systems use centralized database as the information source and 
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therefore provides real-time information across all departments of an enterprise. 

(Sanders, 2012, p. 83) 

 

In addition to providing information, ERP systems help in streamlining workflows 

in order to a company to become more efficient (Kalakota & Robinson, 2008, p. 

240). Though, this is a mixed blessing: the ERP systems are becoming so complex 

and miscellaneous that the business processes need to adapt to the workflows of 

an ERP system, not the other way around as it used to be when systems were 

usually custom-made for each company. Many ERP system providers have 

modular system packages with special emphasis on different business areas to fit 

the needs of a particular industry but company specific systems are not common 

anymore as it has become extremely expensive to build such systems from the 

scratch.  

 

ERP systems and e-Business 

Before the actual development of ERP systems, companies used material 

requirements planning (MRP) systems to control manufacturing and inventory 

levels. As more and more business functions were included in the systems, the 

name of such systems was changed to ERP. As the business world evolved 

towards the current thinking of customer value, a concept of customer-centric 

resource planning (CRP) systems was developed to replace the industry-specific 

ERP applications. This was due to the shift from cost-cutting focus into the focus 

of customer value and enhanced customer service. Even a more sophisticated 

concept within resource planning systems is the concept of extended resource 

planning (XRP) that extends the organizational foundation of an ERP beyond the 

company walls to its supply chain partners. XRP systems are more focused on 

inter-organizational planning than basic ERP systems and offer intelligent 

decision support capabilities for continuous planning. The decision making 

support is based on data pulled from every step of the supply chain, which creates 

an international view of the company’s current supply chain situation. (Kalakota 

& Robinson, 2008, p. 239-250) Regardless of these newer concepts, ERP is the 

term used for these kinds of systems all around the world. 
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ERP systems are the backbone of e-Business as the customer value can be 

maximized by retrieving information from the ERP systems of an integrated value 

network and using that information to support decision making to meet the goals 

of the whole supply chain. By creating an end-to-end network of information, it is 

possible for all the supply chain organizations to achieve new levels of quality, 

flexibility and cost savings, and even new business strategies. (Srinivasan & Dey, 

2014, p. 284-285)  

 

5.2 Radio frequency identification 

Radio Frequency Identification (RFID) is a contactless, automated method for 

real-time object identification and tracking. An RFID system’s ultimate object is 

to carry data in suitable transponders, known as tags. In addition to tags, the 

system includes RFID readers and a backend ICT system. A reader device 

communicates wirelessly with the tag by sending and receiving radio-frequency 

waves using air as the data exchanging interface. Readers are connected to an ICT 

system that is responsible for finding the right information for that particular 

object from the database. RFID tags are either active or passive, the designation 

being determined by the manner in which the tag generates its energy. Active tags 

have an internal battery that allows them to respond to the reader with a stronger 

signal but the tradeoff being bigger size and costs compared to passive tags. 

Passive tags receive their power from the reader’s interrogation scan and have no 

inner power supply. Due to this, they are lighter than active tags, less expensive 

and offer a virtually unlimited operational lifetime. As the signal of a passive tag 

is not as strong as active tag’s signal, the maximum reading distance is shorter and 

noise-tolerance is weaker, especially in electromagnetically noisy environments. 

A reader device provides the means of communicating with the tags and 

facilitating data transfer. Along with data transfer, a reader’s functions may also 

include sophisticated signal conditioning, parity error checking, and correction to 

detect for example repeat transmissions and to avoid double transfer of data. 

(Dowla, 2004, p. 417-431; Gaukler & Seifert, 2007, p. 29-30)  
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Depending on the environment and desired identification accuracy, tagging can be 

done on three basic levels. Pallet-level tagging provides information of a shipment 

unit, case-level tagging typically cross-references the purchase order and 

inventory information offering full inventory visibility, and item-level tagging is 

useful for individually handled items. Regardless of the level the tagging is done, 

it is essential that the identification numbers on the RFID tags are unique and that 

the data follows the standards typical to the operating environment. For supply 

chain applications, the most important data standard is the electronic product code 

(EPC). The most applied technology standard is the EPCGlobal Gen2 standard for 

passive UHF (ultra-high frequency) tags and readers. (Gaukler & Seifert, 2007, p. 

31-32) 

 

Due to the laws of physics, there are some limitations for the use of RFID 

technology in some products or environments. Metals and liquids effectively 

block the radio waves and thus RFID does not work well within such materials. 

(Gaukler & Seifert, 2007, p. 32-33) To overcome this issue, the tag’s location on 

the product, for example pulp bale with about 10 percentage of moisture, needs to 

be carefully designated. To improve read rate, multiple reader antennas can be 

used to read the tag from different angles.  

 

RFID enabled Internet of things 

The term “Internet of Things” is used for the combination of the physical world of 

things and the virtual world of information. It consists of identification 

technologies, real-time information and locating systems, sensors and actuators. 

(Uckelmann, 2012, p. 44) “In the IoT, things are expected to become active 

participants in business, information and social processes where they are enabled 

to interact and communicate among themselves and with the environment by 

exchanging data and information sensed about the environment, while reacting 

autonomously to the real/physical world events and influencing it by running 

processes that trigger actions and create services with or without direct human 

intervention” (de Saint-Exupery, 2009, p. 6). 
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The use of RFID and related technologies relays on the ability of the technologies 

to bring up the “smart” functionality of physical objects. Smart objects are able, 

for example, to reveal their identity to warehouse gates without any human 

interaction. Overall, the smart functionalities of physical objects can be grouped 

into five categories: 

1. Information storage: Smart items can store and reveal information about 

themselves or their environment. Data may be pre-determined (identifiers, 

production date, weight etc.) or dynamically updated during the item’s life 

cycle. 

2. Information collection: Smart items can observe and gather information 

about themselves or their environment. Examples of such information are 

location of the item and environmental conditions the item has been 

exposed to. 

3. Communication: Smarts items communicate, typically wirelessly, with 

business software systems. Communication may follow the request-

response scheme or the idea of unidirectional messages sent by items to 

backend systems. These messages are important building blocks of 

notification and alert systems. 

4. Information processing: Smart items may (pre-)process the gathered 

information and adapt their state or behavior to the current context or 

environment.  

5. Performing actions: Smart items can be designed to actively control and 

change their own or the environment’s state by performing required 

actions, or to interact with human beings by performing optical or acoustic 

warnings.  

According to given requirements and applied technology, a smart item may offer 

any subset and combination of these elements. (Chaves & Nochta, 2010, p. 26-29) 

 

RFID applications in supply chains 

For a supply chain to be as efficient as possible, the decisions made for it need to 

be based on correct information. Manual data collection is in many cases prone to 

error and may lead people and software to make ineffective decisions in critical 
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situations. This is where technology can help by providing methods for 

monitoring, controlling and capturing the status of an entire enterprise and its 

processes more accurately. This is based on the smart functionality of physical 

objects to reveal their identity without any human interaction. (Chaves & Nochta, 

2010, p. 26) 

 

In supply chains a lot of product’s traversal time through the whole chain is 

wasted on waiting for the completion of a manual process like counting cases 

related to identification or documentation. By using RFID it is potentially possible 

to eliminate many of these waiting points and significantly reduce labor costs as 

items can be identified automatically during loading, unloading and warehousing. 

Also inventory management can be even fully automated with an RFID system by 

improving the accuracy between a physical and a logical inventory. Automated 

monitoring of arriving and exiting units facilitates real-time inventory 

management without human interaction and can be combined with other 

operational acts to produce for example proof-of-delivery documents 

automatically. Using the increased visibility acquired through real-time 

information about inventory levels and what is in the replenishment pipeline will 

help managers to make better decisions and safety stocks can be reduced while 

maintaining or even increasing customer service level. The more operators of a 

supply chain is included in an RFID system updating the material flow 

information, the more visibility and accuracy the system is able to produce. This 

also increases the “economies of scan” as each tag is scanned repeatedly at 

different stages of a supply chain. The greatest impact of an RFID system can be 

gained when integrating RFID data across the supply chain. As mentioned before, 

pure data is of no use unless it is transformed into information: RFID only makes 

the data available in an automated fashion and at a low costs but the data needs to 

be processed to filter out the information that can be used to steer the operational 

actions. (Gaukler & Seifert, 2007, p. 33-36, 44-46)  
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5.3 Standards 

We use standards every day without thinking or even recognizing it. Standards 

help ensuring product functionality and compatibility, and are used universally in 

several industries. In information and communication technology the importance 

of standards is significant for hardware and software interoperability, which 

accentuates within international business. Interoperability means that users have a 

greater choice of products and manufacturers can benefit from the economies of 

scale brought by wider markets (ETSI, 2014). As ICT sector has demonstrated 

many times, the use of standards encourages competition and leads to more 

choices, innovation and cost effectiveness. Simply put, using standards creates the 

foundation on which functional systems and applications can be built. (Uusijärvi, 

2010, p. 12) Being able to share information, trading partners must have prior 

agreement of the structure and meaning of the shared data, and the way by which 

the information exchange will be carried out. Standards form the basis of cross-

enterprise data sharing. (GS1, 2014, p. 11) 

 

papiNet 

papiNet, introduced in 2002, is an ebXML-based forest industry messaging 

standard for B2B integration. It includes more than 25 standardized business 

documents which have been divided into four categories: basic, routine work, 

improved replenishment and product performance. (Steinhardt, 2005)  

The basic idea of the papiNet interoperability scope is presented in figure 11. 

With the users’ particular message services on either side, interoperability is 

achieved by unwrapping the papiNet payload from its envelopes.  
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Figure 11. papiNet interoperability (papiNet, 2004, p. 9) 

The developers of the papiNet standard enhance the importance of the message 

receiver being able to remove the message from its envelope instead of the 

transparency of sender’s application all the way to the receiver’s application. This 

gives the parties an opportunity to choose the desired technology when 

communicating with other participants. (papiNet, 2004, p. 7-9)  

 

The benefits of papiNet implementation are in line with the benefits described in 

the collaboration and e-Business literature including reduced manual work, more 

accurate and transparent information, timely access to information, more efficient 

planning and reduced inventory through supply chain visibility (papiNet, 2003, p. 

9). The development of the papiNet standard was based on an idea of 

collaboration between trading partners and it highlights that the purpose is not to 

push costs from one partner to another but to lower the total supply chain costs 

(Steinhardt, 2005). 

 

EPCglobal Architecture Framework 

EPCglobal is an activity of GS1, an international non-profit standards 

organization, which supports the adoption of the EPC (GS1, 2014, p. 7). EPC is a 

unique number stored in an RFID tag (other means also possible), used to identify 

any physical object. The unique number can be associated with more detailed data 

of the product, such as manufacturing location and time, held at a secured 
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database. No direct identifying data is carried in RFID tags, which increases 

information security. Compared to, for example bar code, RFID and EPC can 

distinguish products even if they are identical and allow each item to be identified 

and tracked individually. (EPCglobal, 2007, p. 1-2; Hribernik, et al., 2011, p. 367) 

EPC makes it possible to electronically register internal and external events that 

are related to the movement of a tagged item, and provides more accuracy and 

efficiency in tracking and controlling the flow of goods between actors of a 

supply chain. (Gunnlaugsson et al., 2011, p. 2)  

 

EPCglobal Architecture Framework is the most accepted technical approach to the 

Internet of Things and provides a foundation for B2B information networks 

(Uckelmann, 2012, p. ix). In practice it is a collection of interrelated hardware, 

software and data standards, and it is formed by three main activities as described 

in figure 12.  

 

 

Figure 12. End-user activities and the activities of the EPCglobal Architecture Framework (adapted 

from GS1, 2014, p. 9) 

The EPCglobal Architecture Framework is about collecting information across 

multiple companies and making it accessible to other parties that have an interest 

in the data and are authorized to receive it. The ownership of the data stays with 

the creator of the data who also controls which other parties may access it.  
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The Framework includes standards for software at several levels of abstraction, 

which characterizes the need for different forms of EPC: 

 Pure Identity EPC URI: the primary representation of EPC. Preferred way 

to denote objects within business applications.  

 EPC Tag URI: a text equivalent of the whole EPC memory bank contents 

of a Gen 2 RFID Tag (EPC + control information). 

 Binary Encoding: the content of an EPC memory bank in a binary form.  

Figure 13 demonstrates at which levels these different forms of EPC are typically 

being used. Usually binary coding is applied only at the lowest level of software 

and hardware, and it is translated to either one of the other two forms before being 

sent forward to application logic.  

 

Figure 13. EPS forms in relation to the layers of EPCglogal Architecture Framework (GS1, 2014, p. 25) 

Although EPCglobal Architecture Framework standards are intended to serve the 

need of many industries, they still allow industry specific modifications. This is 
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made possible by using a layered approach, and designing the abstract content of 

the data and services using a technology-neutral description language such as 

UML.  This is done to ensure that a strong commonality exists even with different 

technologies in different deployments.  The part of the framework that is used for 

sharing data between end users is called EPC Information Services (EPCIS). It 

encompasses interfaces for data sharing and specifications of the data itself and 

consists of information that trading partners share with each other to find out what 

is happening to the physical objects in a supply chain. The EPCIS data includes 

so-called Static Data, which refers to the stabile data that doesn’t change over the 

physical object’s life, and Transactional Data, which changes and grows as the 

physical object moves on in its supply chain. Static Data can include information 

about, for example, manufacturing location, patch number, expiration date. 

Transactional data includes information about object movements such as location, 

time and occurred business process steps. (GS1, 2014, p. 7-46) According to 

Osinski (2009) deployment of EPCIS offers the following technical and business 

advantages:  

 Data sharing and supply chain visibility 

 Monitoring day-to-day RFID applications 

 Data mining 

In addition, Traub (2014) highlights that as EPCIS is a standard, many 

commercial software products are EPCIS-compliant. That creates an environment 

where software and hardware products interoperate, and adding more RFID 

readers and applications won’t require changes in system architecture. (Traub, 

2014) 

 

EPC is tightly related to GS1’s Identification Keys that work as passes to access 

databases holding additional information about the particular object. There are 

several Identification Keys for different types of objects to be identified. The most 

applicable in the context of this thesis are Global Trade Item Number (GTIN) 

identifying an individual trade item, Global Location Number (GLN) identifying a 

physical location and Global Document Type Identifier (GDTI) identifying an 
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individual document. Figure 14 describes how a GTIN number is formed. The 

logic is similar for other Identification Keys too. (EPCglobal, 2007) 

 

Figure 14. GTIN formats (http://www.gs1.org/barcodes/technical/idkeys/gtin) 
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6 CASE STUDIES 

The empirical research of this study consists of several interviews within 

companies that have implemented either an e-business application or an RFID-

system, or have a clear future vision of such. In addition some cases were studied 

through publications and reports. The case companies include Stora Enso’s own 

mills, competitors, partners, customers and companies from a totally different 

business environment. This chapter includes brief explanation of all the studied 

cases highlighting the points of interests of Stora Enso Biomaterials.  

 

6.1 Case wood supply chain 

A European Commission-funded research project, called the Indisputable Key, 

studied how using RFID could bring visibility to the forestry supply chain. The 

result was that tracking of the logs brings great environmental and economic 

benefits through improved use of the raw material, reduced waste and shared 

quality information. (Wasserman, 2011, p.1) The project included, among others, 

RFID tag development for the challenging conditions of wood supply chain, 

system architecture development and developing the KPI’s for a holistic view of 

forestry operations (Uusijärvi, 2010, p. 8).  

 

The architecture developed during the Indisputable Key –project for exchanging 

RFID-enabled information is presented in figure 15. It handles both push and pull 

mechanisms for data exchange and uses XML messages, based on the papiNet 

standard, as the data carriers. The basic modules in the architecture are the 

Message Handling Service (MHS) and the Standard Exchange Interface.  
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Figure 15. Model for information transfer between companies (Uusijärvi, 2010, p. 15) 

The MHS is a system for administration of message flow within business and 

to/from external partners that handles one-to-one, one-to-many, many-to-one and 

many-to-many communications. Functions of MHS include: 

 Sending and receiving messages using different transfer protocols 

 Message queues (inbound and outbound) 

 Priority handling 

 Converting messages to/from XML 

 Message service synchronization 

 Data security and access validation 

The Standard Exchange Interface defines how applications and modules 

communicate with the MHS. The Collaborative Messaging Service (CMS) in the 

middle of the figure 15 is a service hosted by a service provider. It acts as a hub 

for B2B data exchange. With the use of CMS there is no need to build and 

maintain connections to other business partners as all messages are routed through 

the CMS with an “address tag” of the destination. More detailed information 

about the architecture model and its components can be found on the Indisputable 

Key publication number D2.12. (Karlsen, 2009, p. 6-8, 13) 
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This case was studied only through public reports. 

 

6.2 Case Stora Enso Renewable Packaging – Heinola Fluting 

Stora Enso’s Heinola mill produces semi-chemical fluting to be used as raw-

material for corrugated board. They have implemented RFID in their production 

during the summer of 2013. RFID tags are placed on the surface of the carton core 

on which the actual product is rolled over in the production. Tags’ function is to 

provide identification of the reel during the production and to help warehouse 

management. A tag contains the individual identification number of the unit it is 

attached to.  

 

Figure 16. RFID-related operations at Heinola fluting mill (Toivonen, 2012, p. 3) 

The RFID-related operations of Heinola Mill are illustrated in figure 16. At the 

point 1A the reel identification number is paired with the production order 

number, so the RFID system’s information is connected to mill’s manufacturing 

execution system (MES). The tag carries the identification number of the 

particular unit throughout the production.  

 

The mill had challenges in knowing which units have been put into a pulper for 

recycling as no automated identification of the units was done before RFID. 

Today the pulper line has an RFID reader with four antennas reading the tags of 
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the units on the pulper line and the system automatically removes these units from 

the inventory. This was the main reason for the system implementation. 

 

Currently RFID technology is not utilized in outbound logistics operations at 

Heinola Fluting. That is mainly because of the challenges with tag reading. As 

tags are inside the product with a moisture percentage of about 10 and reflections 

violate the reading, it is challenging for the antennas to detect the tags unless the 

antenna can get really close to the tag. The tags are placed on the bottom side of 

the reel, which means the reels would need to be rotated to get as close to the tag 

as possible. Figure 17 clarifies the situation. As the handling of the units in the 

warehouse is done by forklifts that pick up the reels in a vertical position, the 

reading of the tag with a normal forklift reader is not possible. The units are also 

stacked on top of each other in vertical position, which makes automated 

warehouse inventory (reading tags from a distance) impossible with current 

equipment.  

 

Figure 17. Location of RFID tag in fluting reel (Toivonen, 2012, p. 8) 

It is although recognized that the full potential of the RFID system is not currently 

being used and future visions have been put in the air. For example, there have 

been plans of placing antennas on the floor to track out-going units during 

loading, but no further research have been carried through yet.  

 

This case description is based on an interview with Manu Somerkallio, Logistics 

Planner / Warehouse Foreman of Stora Enso Heinola Fluting, held at Heinola Mill 

26.5.2014. 
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6.3 Case Stora Enso Renewable Packaging – Imatra 

Stora Enso Packaging has several e-business solutions for their customers to 

choose from. Depending on the frequency and volume of orders, customer 

relationships can vary greatly, which has been taken into account when 

developing the e-solutions. Figure 18 gives an overview of the tools.  

 

Figure 18. Stora Enso Packaging e-Business solutions 

The lowest level e-Business solution, eDocuments, basically provides documents 

in PDF format to be sent to predefined e-mail addresses instantly from the Stora 

Enso ERP-system when a particular document is available. The solution is easy 

and non-costly to implement, but as the benefits are limited, it is best suitable for 

customers whose needs are relatively low in volume or customers with infrequent 

orders.  

 

The most commonly used is the web-based extranet solution, called PartnerWeb. 

This solution enables customers to make online queries to monitor their orders 

and print documents and reports whenever and wherever via the web. The specific 

features of PartnerWeb depend on the basic profile the partner’s profile is created, 

but it can be modified to meet individual needs. ParterWeb is ideal for customers 
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with regular order queries and who are willing to benefit from 24/7 access to 

detailed supply chain information. 

 

Basic ERP-to-ERP refers to a solution where the customer’s ERP automatically 

communicates with Stora Enso’s ERP system. This creates a real-time data flow 

and improves order-delivery process information transparency. Automated 

messages also reduce typing errors caused by manual handling of orders, invoices 

and other forms as the data needs to be entered to the system only once. This 

solution requires a message exchange tool for secure system integration and is 

therefore most suitable for customers with high order volumes and willingness to 

automate their purchasing process.  

 

The extended ERP-to-ERP solution includes, in addition to the previous, sharing 

customer’s consumption estimates and inventory updates. This creates a 

sophisticated collaboration relationship between the customer and Stora Enso 

Packaging, and enables optimized stock management, ensured stock availability 

and more efficient delivery planning. This is best utilized by customers using call-

off procedure with Stora Enso’s warehouses. The ERP-to-ERP solutions are 

supported by the papiNet standard. An example of the extended ERP-to-ERP 

practice is between Stora Enso Packaging and one of its biggest customers, who 

practice collaboration that meets the criteria of the CPFR-model. Customer fills its 

consumption estimates in PartnerWeb and Stora Enso Packaging makes deliveries 

accordingly to meet the predefined min-max stock values. This means no order 

documents need to be done or sent: based on the consumption estimates, the 

system automatically calculates a proper amount to be delivered and creates an 

order proposal.  

 

As the PartnerWeb is a part of the ERP-to-ERP solutions too, it is doubtless the 

most commonly used e-solution of the ones Stora Enso Packaging provides. The 

PartnerWeb project was justified with increased customer service level, increased 

customer commitment and decreased amount of routine work. The project was 

executed in cooperation with one of the key customers.  
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Customer satisfaction on PartnerWeb is being evaluated every three years by 

sending a questionnaire to all the partners using the application. According to the 

feedback gathered, new features are constantly being developed. The challenge is 

how to figure out which of the PartnerWeb users would benefit from these new 

features and to whom to offer those. In addition to the questionnaire, some 

internal KPIs are followed, but the overall performance measurement isn’t 

systematical.  

 

During an interview with Heli Johansson, the e-Business and Integration Manager 

of Stora Enso Renewable Packaging, a few viewpoints requiring extra attention 

rose up. First was that customers are not necessarily aware of what benefits e-

Business can create for them and for the whole supply chain, so knowing 

customers’ processes and ways of doing business is essential when selling the e-

Business idea to them. Another point of view relates to the ERP-to-ERP systems: 

as the information included in the electronic message is desired to keep as light as 

possible (minimal data transfer and maximum information security), the 

importance of Master Data emphasizes. 

 

This case description is based on the interview with Heli Johansson, e-Business 

and Integration Manager of Stora Enso Renewable Packaging, held at Imatra Mill 

28.4.2014. 

 

6.4 Case Sappi – Kirkniemi 

Sappi is a pulp and paper producer that has mills in North America, Africa and 

Europe. Eight paper mills are located in Europe, one of which in Kirkniemi, 

Lohja. Kirkniemi mill’s three paper machines produce coated papers for heat set 

web offset printing. (Sappi, 2011) The mill was formerly owned and managed by 

Metsä Group which still strongly affects the operations of the mill. Metsä Fibre, a 

division of the Metsä Group producing pulp products, is supplying pulp to 

Kirkniemi Mill. The pulp bales are equipped with RFID tags and read at 

Kirkniemi mill on the pulper line before put into the paper making process. Tags 

do not have to be removed as they are developed to vanish in the paper making 
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process and not affecting the quality of the paper product. A tag contains only the 

identification code of the bale. A system provider’s RFID software sends that ID 

number to Metsä Fibre’s system, which in return sends a message containing 

quality information for that particular bale to Sappi’s system (see figure 19). The 

quality information includes fiber length, brightness percentage, dry content 

percentage, pH value and viscosity value. This information can be targeted in 

Sappi’s production so that it is known which pulp bales have been used for which 

production batch. The system has been up and running for over a year. 

 

Figure 19. Information flow between systems 

The potential of this system is only partly utilized at the moment. The information 

gathered with RFID is used solely to measure pulp consumption and to track the 

sources of possible quality issues in Sappi’s own paper products. There have been 

thoughts about automating the adjustment of process parameters (chemical usage 

etc.) based on the pulp quality information and automated warehouse 

management, but any concrete actions have not yet been taken.  

 

The interviewee highlighted the importance of fluent material flow as the mill’s 

daily consumption is about 600 tons and the stocks cover only for about 1000 

tons. Every delay in deliveries may threaten the paper production and thus, a well-

working supply chain is crucial. He also expressed a strong interest in VMI model 

with chosen supplier(s). This would be most likely executed with min-max stock 

levels for each supplier. In an ideal situation every incoming pulp unit (regardless 

of the supplier) would have an RFID tag that would be read at unloading. 
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Combined with the current tag reading on the pulper line the inventory 

management would be automated as all the unloaded but not yet consumed bales 

would be at the warehouse.   

 

This case description is based on the interview with Matti Korhonen, Assistant 

PQM Manager, held at Sappi’s Kirkniemi Mill 7.5.2014. 

 

6.5 Case SCA Nokia 

Nokia’s paper mill is owned by a Swedish company named SCA and it produces 

consumer tissue products, such as toilet paper and napkins. Nokia mill is one of 

the Stora Enso Biomaterials’ customers who have strongly expressed their interest 

in RFID implementation regarding pulp supply chain. The mill already had plans 

for RFID implementation with their previous pulp supplier but ended that 

relationship before making the investment. Due to the research and negotiations 

carried out with the previous supplier, the mill’s representatives’ knowledge on 

the technology is deep and opinions about RFID investments are highly positive.  

 

The interviewees enhanced the need for pulp consumption tracking as they are 

currently having problems with the production: as the quality of the product is 

priority number one, the employees don’t follow the given recipe but use needless 

amount of pulp. Pulp consumption is currently documented only manually and the 

figures never match the computational figures ending up with about 10 % 

difference. Also tracking of which pulp unit is used to which production batch is 

in the interest of Nokia mill. Figure 20 is a presentation of the mill’s 

representatives’ vision of future RFID infrastructure at their mill. The first tag 

reading point would be at warehouse door where all incoming pulp units would be 

read and added to inventory. The second reading point would be on the pulper 

line. This point would have three functions: remove consumed units from the 

inventory, keep track of the number of used pulp units and target the pulp unit 

identification numbers to the particular production batch for further use.  
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Figure 20. Future vision of RFID infrastructure at SCA Nokia mill 

Further use of the unit ID number would be analyzing how the quality of the pulp 

affects the quality of the mill’s own products. The quality information is already 

provided by units (with a quality report sent by Stora Enso), but because there is 

no way to know which unit is used for with production batch the effects of pulp 

quality information cannot be analyzed in detail.  

 

Stora Enso’s Enocell mill is a current pulp supplier for SCA Nokia mill. The 

quality of the pulp is strictly defined and Enocell produces this superior quality 

especially for SCA Nokia. With RFID and e-Supply chain application it would be 

possible to share real-time inventory levels between the two companies, which 

would help both of them to make better production plans. Also VMI model could 

be applied and even automated based on the inventory levels. In the future Nokia 

mill is going to invest in a scale that will be used to weight incoming pulp 

shipments and invoicing will be based on that figure. If the scale would be placed 

for example on the pulper line, the scaling would provide weight for each unit. 

With RFID tag reading that could be easily compared to the weight scaled at the 

supplying mill and invoicing, based on consumption and weight, could be 

automated. 

 

This case is based on an interview with Harri Nieminen, Sourcing Manager, and 

Petri Huikko, Production Manager, held at SCA Nokia mill 28.5.2014. 
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7 E-SUPPLY CHAIN DEVELOPMENT 

This chapter provides insights of how e-Supply chain could be exploited and 

implemented at Stora Enso Biomaterials. The development process follows the 

theoretical models described in the previous chapters, but is adjusted to fit the 

real-life challenges present within the case. Also the business benefits and risks of 

e-Supply chain are discussed. In a way, this chapter works as a business case that 

was explained in chapter 5.1.3 and aims to clarify the concrete value an e-Supply 

chain thinking may create. 

 

7.1 E-Supply chain design 

In the beginning of this thesis the task was presented by the company executives 

as an e-Business planning project, the goals being a bit fuzzy. An interest in 

information technology supported business and supply chain was obvious, but 

defining what could be the concrete objectives was actually one part of the study 

as no explicit vision of such existed. What characterized the project from the very 

beginning strongly, were customer centrality and desire to serve customers better. 

Stora Enso Biomaterials’ web pages state the following: “Stora Enso Biomaterials 

offers a variety of pulp grades to meet the demands of paper, board, tissue, textile 

and hygiene producers. The mission of Biomaterials is to find new, innovative 

ways to utilize the valuable raw material, wood, while simultaneously running 

existing pulp and by-products businesses as efficiently as possible, based on 

customers’ needs”. This bolded part of the latter sentence was the arrow that 

pointed the direction where to steer the strategic vision towards. By studying 

literature and other cases, possible benefits and process models became clearer, 

which finally formed a proposal of a strategic vision for an e-Supply chain of 

Stora Enso Biomaterials.  

 

Proposals of vision, mission and strategies on three levels are presented in figure 

21. Just like strategic management literature advices, each one of them is 

compressed in one sentence. Vision and mission are intensely focused on 

improving customer service, while strategies take more of a supportive and 

technological role in making customer’s experience as smooth as possible.  
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Figure 21. Vision, mission and strategies for Stora Enso Biomaterials' e-Supply chain 

Vision 

When composing the vision, it was obvious that it had to be something that 

inspires the company itself but also something that attracts customers. A vision 

stating “To increase supply chain efficiency” or “To improve customer service” 

was seen too abstract and therefore inadequate. Thinking the whole e-Supply 

chain model backwards gave an idea for the “most easy-to-work-with” –thought, 

as that is what e-Supply chain is basically all about: making communication and 

doing business easier.  

  

Mission 

As the ultimate goal was defined by the vision to make working with Stora Enso 

Biomaterials as easy as possible, the mission needed to answer how this would be 

executed. Developing the mission started with asking some questions: what are 

the operations customers perform with Stora Enso Biomaterials and would 

automation of those operations help customers while working with Stora Enso 

Biomaterials? Purchasing pulp is a crucial process for paper manufacturers as 

pulp is the main ingredient and one of the biggest costs of paper products. That 

leads to strict requirements in deliveries and document handling and causes a lot 

of manual work. By automating logistics processes and documentation, the 

possibility for humane errors is minimized and it is possible to achieve more 

precise on-time-deliveries, ensure accurate documentation and decrease the need 

for manual work. 
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Business strategy 

“Business strategy” was defined in figure 5 as follows: identifies the 

differentiators that will position the company competitively. There is sought to be 

a remarkable interconnection between customer commitment and competitive 

advantage, which has given direction for the strategy formulation. In Stora Enso 

Biomaterials, customers’ commitment is going to be achieved by focusing on 

superior customer service and by automating supply chain operations. Especially 

the automation of supply chain operations will increase customers’ commitment 

level as it will need investments from customers too. 

 

Functional strategy 

Supporting the business strategy, a functional strategy identifies the capabilities 

creating the differentiators defined by the business strategy. In this case supply 

chain and IT expertise are the capabilities SE Biomaterials should exploit. With 

the use of such expertise it is possible to introduce a model of automated 

deliveries according to customer’s preferences without adding anyone’s workload.  

 

Technology strategy 

To automate supply chain processes means steering routine work to be handled by 

machines, computers and software. RFID technology is an up-coming technology 

in the pulp business and it serves the above mentioned purpose perfectly. To be as 

effective as possible, RFID technology needs to be supported by system 

integrations and information needs to be shared along the supply chain. This is 

preferred to be done by deploying a web-portal to support the data exchange 

between the supply chain partners. 

 

The proposed strategy is equivalent with two of the mechanisms for strategic 

control introduced in chapter 5.1.1: differentiation through value net brand and 

hooking customers. On pulp business (except for special pulp products such as 

dissolving pulp), differentiation through product brand is not that easy as the 

range of features of the product is limited. Therefore value net or supply chain 

brand offers another opportunity to compete. For example, a company named 
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Cemex, that’s value net brand is the guarantee of them being able to deliver 

cement in 20 minutes, has been able to gain remarkable market share even if their 

prices exceeds those of competitors (Bovet & Martha, 2000, p. 160). For Stora 

Enso Biomaterials, the value net brand is the ability to perform automated 

deliveries (VMI/CPFR model) reliably and efficiently. This model is strongly 

linked to the other mechanism, hooking customers, as the proposed delivery 

model requires investments from the customer too and connections between the 

IT systems of both companies need to be built. This increases the switching costs 

for customers and makes staying with Stora Enso easier and less costly than 

quitting the relationship.  

 

Kalakota and Robinson (2008, p. 389) advised to start an e-Business project with 

knowledge building, defining a value proposition and examining the capabilities 

needed to make that proposition into reality. Making this thesis equates with the 

knowledge building phase, composing a vision equates with defining a value 

proposition and strategy formulation answers – at least at some level – to the 

question of needed capabilities. The strategic objective of the above described 

strategic vision can be said to be “strategic improvement” that was one of the 

three objectives Kalakota and Robinson (2008, p. 408-409) introduced (see table 

1). In a way it can be also seen as a “business transformation” if a more future 

oriented viewpoint is taken. For sure it would be a win-win situation for 

everybody in pulp and paper industry if the same technology, in this case RFID, 

would become an industry standard. Keeping that in mind it is even more 

reasonable to invest in RFID technology now that it can bring competitive 

advantage through differentiation than only when every competitor is doing the 

same.  

 

Sanders (2012, p. 314-316) highlighted that the more critical the product of the 

supplier is to the buyer, the more important the relationship with this supplier is. 

As pulp is the main material for paper product manufacturers, it means that the 

relationships with pulp suppliers are of high priority and pulp producers are 

definitely the ones paper manufacturers should collaborate with. Depending on 
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the scope level, pulp suppliers locate – or should locate – somewhere between the 

alliances and the partnerships in the supply chain relationships matrix as viewed 

in figure 22 below.  

 

Figure 22. Pulp suppliers' location in the supply chain relationships matrix (adapted from Sanders, 

2012, p. 317) 

Naturally there are customers buying from several pulp suppliers and therefore 

not every relationship is as critical as others. It is also important not to exclude the 

importance level of the relationships to Stora Enso Biomaterials. Some customers 

are more vital and strategically important than others and should be treated in 

respect to that.  

 

While examining the best partners for a collaboration project it is reasonable to 

first point out the customers a company itself would like to build a deeper 

relationship and then find out which ones of those are willing to participate. In 

Stora Enso Biomaterials case it could be best to create three customer categories; 

co-operative customers, prior customers and general customers. Co-operative 

customers would be the ones with whom Stora Enso Biomaterials would deepen 

the relationship, create mutual forecasts and practice VMI/CPFR model. Prior 

customers would be the ones with big volumes and/or profitable price agreements, 

but with no willingness to collaborate on a deeper level. General customers would 

be the ones buying pulp only occasionally or in small volumes. All e-Supply chain 

actions could be targeted to different customer categories separately. Even if 

executed with the same technical solutions, the scope of making use of the 

technologies can be adjusted to fit the needs of each category.  
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The strategy formed during this study is created only from the Stora Enso 

Biomaterials’ point of view and therefore needs to be discussed and improved 

with cooperative customers before taking actions to implement it. Also the 

categorization of customers is only sketchy and dividing customers into the 

categories needs to be done by managers who have more comprehensive opinion 

of the strategic positioning of each customer. 

 

7.2 e-Supply chain information model 

The purpose of the e-Supply chain is to offer information about the pulp supply 

chain to all involved partners in real-time and to automate documentation. 

Currently information is not available without request, and creating most of the 

documents needs at least some human actions, which is seen unnecessary. For 

example, some customer orders are received as PDF-forms by e-mail, manually 

typed into the system by sales office and then manually confirmed by the mill the 

order is pointed to. The e-Supply chain aims to facilitate automation of these 

kinds of processes and to avoid needless manual typing and sending of 

documents. This supports the vision of making Stora Enso Biomaterials the most 

easy-to-work-with pulp supplier, as customers don’t need to request for 

information because all information is available for them to check any time and 

any place. 

 

e-Supply chain infrastructure 

Alexadre Silva, the IT Director of Stora Enso Biomaterials, has a vision of how he 

sees the future of different IT systems within Stora Enso Biomaterials and its 

main stakeholders, which is presented in figure 23. The vision proposes that 

messaging with customers would be done through a portal tool that is fully 

integrated with Stora Enso’s ERP tool. What the vision doesn’t concern is the 

integration of Stora Enso’s ERP system with customer’s ERP system that could be 

more suitable in some situations. Nevertheless, Silva’s vision matches the one 

developed during this study and therefore he’s picture is fully applicable.  
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Figure 23. System design overview (Silva, 2014, p. 15) 

What would need to be added is the interaction between the portal tool and its 

users as the information flow needs to be bidirectional. What also needs to be 

added is the connection between the sales team and the ERP tool, as sales team is 

and will be using the same ERP tool as the pulp mills.  

 

The idea of an overall system architecture developed during this study consists of 

RFID equipment, RFID middleware, system integration (EAI) middleware, MES 

and ERP systems, portal tool and systems of external parties. Figure 24 gives a 

cross-section of the architecture between two partners and explains the main 

duties of each particle. 
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Figure 24. Cross-section of proposed ICT architecture 

As can be seen from the picture above, the system architecture is (in theory) 

identical on both sides of the portal tool. Data is gathered from both ends, 

transformed into information and shared among the supply chain partners. 

 

Figure 25 on the next page gives on overview of the infrastructure and 

interoperability of the ICT systems relevant to this study. Basically it can be said 

that RFID system is the source of supply chain transactional data, MES system 

provides all manufacturing related transactional data, ERP system works as the 

brains of the system and portal tool presents the gathered and analyzed data in an 

understandable form and shares it to all parties involved. Because of the scope of 

this study, other external parties than customers are excluded from the figure. The 

left side of the picture represents Stora Enso and the right side represents a 

customer, Stora Enso’s ICT systems being in the middle. 
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Figure 25. IT systems' interoperability 

RFID system only gathers information about unit movements (coding, packing 

and checking features also possible) and provides this information to ERP system. 

ERP combines RFID related information with production related data (provided 

by MES) and with consumption estimates and received orders (provided by 

customers through portal tool), and creates, for example, overall and customer 

specific sales and delivery plans. ERP tool can also be assigned to send order-

delivery related documents directly to customers’ ERP systems as XML-

documents or to customers’ email addresses as PDF-documents. Another option is 

to provide these documents through the portal tool with other information such as 

plans and reports. Portal tool also works as an information provider to Stora 

Enso’s pulp mills and sales office.  

 

The portal can also be connected to external data sources such as logistics service 

providers’ systems to gain more detailed view to the supply chain. The more 

partners the system has, the more precise description of goods flow it is able to 

give. In addition to business partners’ data, also totally external data is available. 

An example is MarineTraffic.com that handles millions of vessel position records 

daily and offers an API (application programming interface) to combine their data 

with one’s own data or website. Adding vessel tracking information to portal tool 
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would allow real-time tracking of bulk and container shipments. As it is known on 

which vessel the pulp is shipped, the portal could provide online information to 

customers of where their order currently is and when it is expected to arrive at the 

port of destination. The customer doesn’t need to type in the vessel name, as the 

information is provided to the portal by ERP system. Figure 26 shows a rough 

vision of how the portal could be viewed by a customer. The left view shows a list 

of the customer’s orders, a calendar indicating the dates of their orders are 

estimated to arrive and statistics of customer’s choice. By clicking an order 

number listed under “Orders, shipped”, a detailed view of that particular order 

appears. This view shows an order log with all incidents of that order, a map of 

where the vessel carrying that order currently is and a link to marinetraffic.com 

for more information.  

 

Figure 26. Portal tool showing customer's order status 

As said, this is only a simplified, preliminary vision and it should be developed in 

much greater detail before implementation.  

 

The portal tool works as a centralized information system, as the theory of Grefen 

and Dijkman suggests (presented in chapter 5.2). All supply chain parties have 

their own control systems (ERP or transportation management systems) that 

control the transformation process of each party, but they all receive information 

from a centralized information system, the portal tool. Figure 27 shows how the 

theory and the case relate. This is a similar idea also to the case wood supply 

chain presented in chapter 7.1, where the information exchange was explained to 

be carried out through a centralized Collaborative Messaging Service allowing 

each partner to create only one connection instead of connecting with every other 

party. 
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Figure 27. Centralized control in theory and in practice (adapted from Grefen and Dijkman, 2013, p. 

42-48) 

On some level, the control may also be centralized if the portal tool, for example, 

distributes delivery plans created by Stora Enso’s ERP to all involved partners 

and, through that, affects their processes too. Nevertheless, this is beyond 

customers’ and service providers’ visibility and shouldn’t be emphasized as 

control is hardly something customers or service providers are willing to give out. 

 

It is strongly recommended to make further studies about EPCglobal standards 

and network to see how utilizing those could streamline the information flow 

between supply chain partners in pulp and paper industry.  

 

7.3 RFID supported e-Supply chain 

What has lubricated the interest in RFID technology is the fact that identifying 

pulp units is currently impossible to do efficiently. The only way to track units at 

the moment is to manually write down which units have been transferred to 

warehouse or loaded for delivery, the identification of units happening by vision. 

This is inefficient, time consuming and very prone to errors, which is the reason it 

is not being done. Not tracking and managing warehousing and deliveries on a 

unit level is the way pulp industry has worked until today. This is about to change 

as customers are willing to receive more detailed and assured information about 

replenishments. Also the interest of pulp producers to solve some internal 

challenges, such as measuring inventory turnover and avoiding needless moving 

of units, is strengthening.  
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The following pages introduce some technical viewpoints of how to implement 

RFID enabled information exchange, the challenges the current way of working 

holds and propositions of what the RFID enabled processes could be like.   

 

Technical considerations 

The forklifts used at pulp mills and by the port operators can lift 3-4 pieces of 

2000 kg pulp units at once. It is confirmed by Stora Enso’s contractor that reading 

of the tags of up to four pulp units at the same time is possible. Every pulp units 

would include two tags placed horizontally on the long side of the unit on both 

sides, which increases reading accuracy compared to only one tag per unit. Even 

though the units are handled in groups, every unit and the tags it holds are handled 

individually in backend IT systems. A more detailed survey of how to place RFID 

tags in pulp was included in Natalia Hietala’s thesis written to Hague University 

(2014). 

 

To work internationally and to be as informative as possible for all the included 

partners, the information an RFID tag holds needs to be in a proper form. It is 

suggested that Stora Enso Biomaterials would apply for EPC numbers to be used 

within the identification of pulp units. An RFID tag would include only an EPC 

number that would be coupled with a unit number. The unit number, created by 

MES, would act as the reference to additional information, such as quality reports. 

In other words, EPC number would be the reference for handling and storing 

RFID related incidents, and unit number would be the reference used for 

inventory and supply chain management. The reason not to write a unit number to 

an RFID tag is that it doesn’t indicate the producer, and therefore external parties 

are not able to identify the unit if they handle pulp units of other companies too. 

This would be a problem for port operators, external warehouses and for those 

customers buying pulp from several suppliers. Using a standard form for tag 

information also allows filtering out external tags, such as keys and mobile 

phones, which might otherwise distract the system. 
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From a systems’ point of view an example of RFID tag’s lifecycle would be as 

presented in table 2. The first column from left describes the physical incidents 

and the other two columns shows how it is seen and handled by RFID and ERP 

systems. The basic idea is that the RFID system only keeps log of where the tag 

has been read and send this information to the ERP (or MES) system. ERP system 

on behalf makes assumptions and acts according to that information. 

Table 2. Simplified lifecycle of an RFID tag and ICT systems 

 

As the table shows, different RFID-related actors have different kind of EPC 

numbers. These are the GS1 Identification Keys that were briefly discussed in 

chapter 6.3. Different identification keys are meant to be used to identify different 

types of actors within an RFID chain:  

RFID system ERP system

new unit number created

440320133

new EPC number created

urn:epc:id:sgtin:0614141.112345.400

EPC coupled with unit number

urn:epc:id:sgtin:0614141.112345.400 = 440320133

transferring unit to warehouse 

with a forklift

unit in handling

urn:epc:id:sgtin:0614141.112345.400 

handled by 

urn:epc:id:giai:0614141.987654

unit added to inventory

440320133 in A1

warehousing
unit in warehouse 

(counting time)

loading unit for delivery 

with a forklift

unit in handling

urn:epc:id:sgtin:0614141.112345.400 

handled by 

urn:epc:id:giai:0614141.987654

unit added to loading agreement or order

440320133 loaded to 4007487 or SUFI-400001

(stop counting warehousing time)

unit removed from inventory

440320133 not in A1

unit in delivery unit in delivery on order SUFI-400001 (counting time)

unit at location

urn:epc:id:sgtin:0614141.112345.400 

at urn:epc:id:sgln:1725252.000001

unit delivered

440320133 delivery completed 

(stop counting delivery time)

unit added to customer's inventory

440320133 at C1 (counting time)

warehousing at customer's

 location

unit in customer's warehouse 

(counting time)

production at customer's location

unit at location

urn:epc:id:sgtin:0614141.112345.400 

at urn:epc:id:sgln:1725252.000002

unit consumed

440320133 consumed

(stop counting warehousing time)

unit from production

unloading unit at customer's 

location
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 GTIN: Used for products or raw materials at any packaging level. 

Individual trade item. 

 GIAI: Used for fixed asset, such as forklift or transport equipment.  

 GLN: Used for physical locations.  

Using GS1 Identification Keys allows ERP to make assumptions according to 

certain logic. For example, in table 2, a pulp unit’s tag is read at customer’s 

location twice at different locations. The first reading at location #1 (RFID gate 

identified with GLN number) tells the ERP system that the unit is at customer’s 

warehouse and allows the system to make an assumption that the unit has arrived, 

delivery is completed and the unit will be transferred to customer’s warehouse. 

Reading the unit’s tag the second time at location #2 tells the system that the unit 

is now at the pulper line to be put into the paper making process and removes this 

unit from inventory. All these assumptions are done only according to the location 

where the tag is read and there is no need for human interaction. This creates an 

Internet of Things between the partners and reduces remarkably the amount of 

manual work. 

 

RFID process with truck and train deliveries 

There are no big challenges with direct from-mill-to-customer truck and train 

deliveries as long as warehouse management is done properly and loadings 

happen according to certain logic without mistakes. The system removes pulp 

units from a warehouse lot in a pre-defined order and if forklift drivers follow that 

specific order, the loaded units equates the ones the system assumes have been 

loaded. In practice, mistakes happen and those might have long-distance effects. 

A practical example is a case where Sunila Mill’s forklift driver mistakenly typed 

in system that 24 units instead of 12 were loaded to a truck. This was noticed only 

during invoicing and the truck had left days ago with incorrect documents. If the 

truck got inspected somewhere during its route from Finland to the customer in 

Middle-Europe it would create problems and the truck might be stopped by 

authorities as according to the documents the truck was heavily overloaded. Also 

the inventory of Sunila’s warehouse was now incorrect as system had removed 24 

units but only 12 had actually left. Updating the inventory requires manual 
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checking of which individual units was loaded. If more trucks had been loaded 

between the mistake and the time it was noticed, all other trucks’ documents 

would be incorrect, too. This is something RFID would definitely help with.  

 

The basic RFID enabled process with truck and train deliveries would be as 

presented in Figures 28 and 29. 

 

Figure 28. RFID supported processes at Stora Enso Biomaterials' mills 

As the mill operating system (MES) is aware of which unit is being packed (and 

tagged) at the moment, the EPC number can be coupled with the unit number.  

When transferring units from production line to warehouse an RFID reader 

attached to a forklift reader identifies which units are being handled and the 

forklift driver chooses a warehouse lot from a screen assembled in the forklift. 

These steps automatically add the units into the selected warehouse lot and 

increase inventory levels accordingly in MES. This removes the manual 

transferring of units from production to warehouse lots in MES, which currently is 

done at Sunila Mill. If the handled units are damaged the driver can choose to 

transfer the units to be reused (“waste to pulper” in the figure 29). The system can 

also suggest a warehouse lot this type of pulp units should be transferred to. This 

means that there would be separation of units based on their quality features 
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instead of just product code, and the most demanding customers’ requirements 

could be answered more precisely. This is helpful especially with dissolving pulp 

(produced only at Enocell Mill) as the customers of this product have widely 

varying quality requirements. This case is explained in detail later in this thesis. 

While the units are in warehouse the system calculates warehousing time, which 

is stopped when a unit is picked up again by a forklift and loaded to an order. An 

RFID reader of the forklift identifies the handled units and a screen in forklift 

gives the driver a list of loading agreement (used for truck deliveries to appoint 

trucking companies) or order numbers into which these units can be loaded. 

Choosing a number will then automatically add these units under the chosen 

loading agreement or order number. This removes the need for manual loading of 

units in MES, which currently needs to be done in Sunila. After the loading is 

done, the system will start calculating delivery time (if the receiving customer is 

equipped with RFID to be able to send a receipt automatically and immediately 

after the delivery is completed).  

 

Automated unit identification at pulp mill assures only units of correct product 

and packing type will be loaded on orders as the system will not allow forklift 

drivers to load a unit that doesn’t match the attributes (product code, unit size, 

wrapping type, wire type etc.) of the order. To avoid extra handling of units, the 

system could be built to advice the forklift drivers where to pick up units from to 

match the attributes of the loaded order.  In addition, inventory management can 

be totally automated as every unit that has come out from the production but 

hasn’t been loaded (or marked to be wasted in pulper) is still in the warehouse. 

From a measuring point of view, RFID also adds an opportunity to measure 

warehouse performance in the matter of time used for loading and transferring 

units. 
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Figure 29. RFID supported processes at customers' mill 

At customer’s site all incoming units will be identified during unloading with an 

RFID gate through which all units are transferred or with readers attached to 

forklifts (this is up to the customer and doesn’t have an influence on Stora Enso’s 

processes). Identified unit is then marked as received and totally delivered, and 

calculation of delivery time will stop. Unit will be added to customer’s inventory 

and calculation of warehousing time will begin. Units are re-read with an RFID 

gate at pulper line before entering into paper making process. This will remove 

the units from customer’s inventory, stop the calculation of warehousing time and 

mark the units as being consumed.  

 

What RFID would also permit, is new service designs, such as VMI. Some 

customers have evinced their interest in allowing supplier to make replenishment 

decisions, but for this to be efficient for the whole supply chain it should not 

transfer workload from customer to supplier. Therefore the process should be as 

automated as possible. A vision of RFID enabled VMI-model truck delivery case 

is shown in Figure 30 on page 86. The example presents a proposition of how an 

RFID enabled supply chain between Stora Enso Biomaterials’ Enocell Mill and 

SCA’s Nokia Mill could be executed. Depending on the preferred automation 

level the actions between the mills can be either fully or partly automated. If fully 
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automated, the delivery process won’t need any actions performed by Enocell’s 

logistics coordinators.  

 

The information chain is seen to start from customer, not from pulp producer as 

general supply chain thinking suggests. As a pulp unit is being consumed, it will 

trigger a message to Stora Enso’s system that checks if the pre-defined alarm 

point is reached. If not, then the system makes no other further actions than 

removes that particular unit from customer’s inventory. If the alarm point is 

reached, the system automatically creates a delivery proposal to refill the 

customer’s warehouse up to pre-defined maximum inventory level. The proposal 

is automatically (or manually) compared with a delivery plan that is based on 

consumption estimates the customer has sent through a web-portal. If the proposal 

matches with the plan, an automated transportation order is sent to a trucking 

company. When the loading is completed, an automated message will be sent to 

customer in the form of a dispatching note. This can be a PDF-document, an e-

mail or an XML-message depending on the customer’s preferences. During 

unloading every unit is identified with RFID and information about their arrival is 

automatically transferred to Stora Enso’s systems. According to that, the system 

adds the unit in question to customer’s inventory and sends a quality report back 

to customer’s system. Depending on what is agreed on invoicing cycle, an 

automated invoicing can occur daily, weekly or monthly.  
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Figure 30. RFID enabled VMI process between Enocell Mill and SCA Nokia 
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What we learned from case Sappi is that Metsä sends their quality report for each 

pulp unit when the unit is identified at the pulper line before entering into 

production. The reason it is here suggested to send the quality report already after 

unloading is that the quality information may be useful for the customer when 

planning pulp input recipe. If the customer is aware of what quality the pulp in 

their warehouse is of, it might be possible to gain cost savings by adjusting 

chemical and pulp usage. This is something that needs to be discussed in more 

detail with customers before possible implementation project to find the optimal 

solution.  

 

RFID process with consignment stock deliveries  

The beginning and the end of consignment stock deliveries are similar to truck 

and train deliveries. The difference is that units are transported by sea to 

consignment stocks located in European ports before the actual delivery to 

customer. Currently one of the biggest problems with consignment stocks is that 

as the whole ordered volume is released in the system (ordered volume not 

showing in inventory reports even though the volume is Stora Enso’s 

responsibility until actually delivered) at once at the beginning of each month, 

there is no solution how to manage inventory levels. Deliveries from mills to 

consignment stocks are done according to customer order volumes with no 

possibilities to adjust the volumes to match current inventory levels. This means 

that Stora Enso Biomaterials has huge amounts of invested capital in stocks it 

cannot decide how to manage. Not knowing how much pulp and which units there 

are in the stocks create a situation where each customer’s order needs to be kept 

separated from other customers’ orders and safety stocks needs to be held for each 

customer individually.   

 

With the help of RFID it would be known how much pulp the stocks hold on a 

unit basis, which is the foundation for better inventory management and supports 

the desire to change consignment stocks to VMI model. Real-time information of 

warehouse levels would allow centralization of separate customer stocks, which is 
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said to give an opportunity to lower safety stock levels according to the pooling-

effect logic: 

𝑠𝑠𝑖 = 𝑍 ∗ 𝛿𝑖 

𝑠𝑠𝑁(𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑒𝑑) = 𝑠𝑠𝑖 ∗  𝑁 

𝑠𝑠𝑁(𝑐𝑒𝑛𝑡𝑟𝑎𝑙𝑖𝑧𝑒𝑑) = 𝑠𝑠𝑖 ∗  √𝑁 

ss = safety stocks  

Z = safety factor  

δi = demand fluctuation 

ssN = total safety stocks 

N = number of warehouses (in this case customer orders/ pulp batches) 

  

The formula is based on balanced demand fluctuation as the variance in 

customers’ needs is directed to one stock. Centralization could also help in 

planning deliveries more evenly between weeks; currently many consignment 

stock customers want to have their monthly consumption in the stock at the 

beginning of each month, which creates challenges as the order volumes of 

consignment stock customers are very high. According to rough, simplified 

calculations is it possible to have even 150% over-stock in consignment stocks 

with once-a-month deliveries compared to once-a-week deliveries. Figure 31 

explains this thought with a fictive example of three customer orders transported 

to a consignment stock at the beginning of a month to be delivered to customers 

during the month at constant pace of 1500 tons per week.  

 

 

Figure 31. Simplified presentation of consignment stock process 
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As the calculations in figure 31 show, there is a huge amount of pulp kept in hold 

just waiting to be delivered to customers. Of course the real-life situation isn’t this 

simple and bulk shipments have to be done in certain volumes to fill up the entire 

ship, but this is at least something to consider when planning more cost efficient 

mode of operation.  

 

If consignment stocks would be replaced with a VMI/CPFR model, Stora Enso 

would have more ascendancy over how the deliveries and stocks are managed. 

Also the visibility of the supply chain would expand especially from the pulp 

mills’ point of view. Figure 32 and the explanations beneath it profess the 

differences between the old consignment stock model and the proposed 

VMI/CPFR model. 

 

Figure 32. Old and new processes 

The old process is based on customer orders. The ordered volumes are shipped as 

brake bulk to a consignment stock where each order is kept separated and reserved 

for each customer. The customers inform Stora Enso’s sales office when they 

need more pulp at their mill and releases are done accordingly. It is a big 

challenge to manage this kind of arrangement as the information flow between 

consignment stocks and Stora Enso’s mills and sales office is not sufficient. Also 

the amount of pulp unit handling points creates a situation where it is practically 
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impossible to follow the logic of which unit should be loaded or unloaded first as 

described with truck and train deliveries process.  

 

What would change with VMI/CPFR model is the management of when and in 

what quantities the deliveries from mills to warehouses and from warehouses to 

customers would happen. Instead of delivering separate customer orders to 

consignment stocks, the pulp mills would deliver so-called unsold orders to 

centralized warehouses, from where the units would be delivered to customers 

according to real-time consumption information received from customers’ RFID 

systems. The deliveries to warehouses would be planned according to customers’ 

consumption estimates and real-time inventory levels. As the whole supply chain 

from pulp mills to customers’ production would be handled by Stora Enso, the 

visibility of the chain would escalade remarkably. With RFID and an e-Business 

application all this visibility can be shared with customers and other chosen 

partners.  

 

Replacing consignment stocks with VMI model will not be rational without a 

possibility to track individual units for many reasons. The most customer-

affecting reason is that invoicing is directly based on the weight of delivered units. 

Currently the invoicing will be balanced at latest when the entire batch is 

delivered as one batch is reserved for a single customer. If the reserved batches 

would be replaced with a centralized stock without RFID it would be impossible 

to reliably know exactly which units have been delivered to which customer. This 

would inevitably result to a situation where a customer receives less pulp than it is 

invoiced for as the unit weights vary. This is naturally something that Stora Enso 

is not willing to execute. 

 

Container shipments 

Shipping pulp outside Europe is done in containers. Sunila Mill is able to do 

container stuffing itself as the port of Kotka is nearby and picking up empty 

containers is rational, and therefore the process with RFID is quite similar to truck 

and train deliveries with only some additional actions. Enocell Mill instead has to 
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deliver pulp units by rail to be stuffed by a port operator at the port of Kotka. This 

creates an additional handling point and increases the chance of unit mismatch. 

Discussions with the subcontractor’s representative Reijo Murto from Steveco Oy 

handling the warehousing and container stuffing at the port of Kotka, confirmed 

the presumption of the operator not being able to keep track of loaded units on a 

unit base. Only if the units are stuffed into containers straight from train without 

warehousing in between, then it is possible to know which units have been loaded 

into which containers. This is naturally dependent on that the information about 

the units on the train is correct.  

 

In addition to softwood pulp, Enocell Mill produces dissolving pulp that is used 

for several products such as fabrics, sponges and cellophane. The main market for 

dissolving pulp is China, which means that most deliveries happen in containers. 

Dissolving pulp customers have strict quality and packaging requirements that 

vary according to customers’ production machinery and the end product the pulp 

is used for. There are differences for example in requirements for bale size, level 

of sheet detachment and need for wrapping. Even now the requirements are hard 

to handle as there are many possible requirement combinations. The situation will 

become more and more complicated as the amount of customers is seen to grow in 

the becoming years.  

 

The biggest challenge with the requirements from a supply chain point of view is 

how to ensure customers receive only pulp units that match their requirements as 

different qualities and packaging types are not identified with different product 

codes. All units are of same product code, and especially quality features cannot 

be identified by vision. Packaging requirements are not as much of a problem as 

long as forklift drivers stuffing the containers at port operator are aware of them. 

At the moment the only way to handle different requirements is to produce most 

of dissolving pulp MTO instead of MTS. Only the biggest customer’s quality is 

produced MTS and stored at Mussalo warehouse at port operator’s warehouse. All 

other orders are manufactured after the order is received and delivered without 

warehousing. Figure 33 shows the difference between these two models. In the 
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future, as the amount of customers increase, it is preferred to be able to produce 

most qualities MTS. Producing MTS increases the ability to answer to customer 

demand faster and improves customer service. 

 

Figure 33. MTS and MTO processes of dissolving pulp 

The challenge producing more qualities MTS comes with is how to manage all 

different pulp qualities in warehouses; as mentioned above visual identification of 

units is not reliable and tracing quality features visually is impossible. RFID 

provides a perfect solution for quality feature based unit identification. Of course, 

warehouse layout needs to be designed to facilitate unit division according to 

different customer requirements, but RFID can help with warehouse transfers and 

loadings. An example of transferring a unit from production to warehouse is as 

follows: during warehouse transfers forklift antennas identifies the units in 

handling, sends units’ identification information to MES that compares the units’ 

quality information to customer requirements and suggests a warehousing lot 

where to place these units. The same logic can be used in Mussalo when 

unloading trains.  

 

What substantiates the implementation of RFID is that the port operator already 

has RFID readers assembled on their forklifts and the connections between their 

system and Stora Enso’s systems already exist.  
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7.4 Advantages of e-Supply chain and RFID 

Although the pulp industry has worked for decades without identifying the units 

during their lifecycle through the supply chain, it doesn’t mean it’s the optimal 

way to operate. Being able to track units during their lifecycle and to share this 

information would allow numerous little improvements. Combining those little 

improvements would eventually create new opportunities to manage the entire 

supply chain more efficiently. The following compiles a list of improvements e-

Supply chain and RFID are sought to bring. 

 Managing warehouses: Being able to tell exactly how much pulp each 

warehouse currently holds allows better inventory management based on 

real-time information rather than assumptions. As described earlier, one of 

the biggest problems are the consignment stocks, and Stora Enso 

Biomaterials is more than willing to do the effort of running vendor 

managed inventories in exchange to getting rid of consignment stocks. 

Running VMIs successfully requires a system that produces reliable 

information about current inventory levels, which is possible with RFID 

and e-Supply chain application. 

 Quality information: Quality reports can already be extracted from MES 

on a unit level, but they are fully applicable only if it is known which 

individual units have been loaded to which customer. Currently there is a 

huge change that the quality reports customers are receiving don’t match 

the quality of the received units, especially with indirect deliveries (with 

additional handling and warehousing). Using RFID would enable sending 

quality reports automatically for each unit. This info could be used by the 

customer to adjust their own production, like increasing or decreasing the 

amount of used chemicals. This is definitely adding value to the customer 

through possible chemical costs savings and better quality of their own 

product. 

 Reducing manual work: Currently many physical transfers of pulp need to 

be done in the systems manually. This takes time and increases chance for 

errors. The more manual typing these operations include, the more it is 

likely to include errors. This can be minimized with the help of RFID.  
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 Avoiding wrong loadings: Adding an automated check of the 

compatibility of the unit in handling and the order it is going to be loaded 

to, will prevent forklift drivers to load wrong product on orders. It has 

happened that a customer has received non-suitable product, which may 

stop the production of the customer, cause huge costs and even end the 

customer relationship.  

 Invoicing: RFID enables automated invoicing based on the individual 

units delivered to customers. That ensures the invoice is always done to 

match the actual tonnages the customer receives and reduces the need for 

manual work. This is especially important if consignment stocks are 

changed to a warehouses supporting VMI model. 

 Performance measurement: A famous business quote by Dr. H. James 

Harrington says: “If you can’t measure something, you can’t understand it. 

If you can’t understand it, you can’t control it. If you can’t control it, you 

can’t improve it.” Measuring how much time is used for loading, 

warehouse transfers, deliveries and warehousing will allow reviewing of 

internal and subcontractors’ performance. By reading RFID tags at the key 

points of pulp unit’s lifecycle all these actions can be measured and 

reviewed. The results can be used to spot over- and underperformers in the 

supply chain and to bring more power when negotiating with logistics 

service providers. 

 Chain of custody: Via unit tracking, monitoring chain of custody becomes 

more reliable and accurate. Many customers require certificates, either the 

Forest Stewardship Certification (FSC) or Programme for the 

Endorsement of Forest Certification Schemes (PEFC), that suppose using 

wood only from sustainably managed forests. In the wildest visions it 

would be even possible to know exactly from which area the trees used for 

a package was harvested and use this information to enhance the locality 

of a product. This could be something the producers of local goods could 

appreciate, especially if the brand of their product strongly highlights 

locality and even the package could be sold with an argument of locally 

produced, sustainable raw materials.  
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 Supply chain visibility: With the use of RFID it would be known how 

much pulp each warehouse currently holds and replenishments could be 

planned to match the actual need. Through the e-Supply chain application 

this information would be available for all involved parties, which makes 

it possible to create plans in collaboration and to support total supply chain 

efficiency. 

 

Also the academic world has found out that e-Business, even if hard to measure in 

money, does have a positive impact on doing business. For example, Sanders has 

studied if the use of e-Business technologies has an impact on organizational 

collaboration and performance. The research was done with large manufacturing 

companies and supports the operating environment of Stora Enso Biomaterials. 

According to Sander’s “e-Business technology use is shown to have a significant 

direct impact on performance and a significant impact on both intra and inter-

organizational collaboration”.  (Sanders, 2007, p.1332-1347)  

 

7.5 Risks and threats of e-Supply chain and RFID 

Information security issues of RFID technology have received a lot of attention in 

literature and in practice, as the nature of the technology allows anyone with 

proper equipment to examine the information a tag holds. In addition to this, there 

are also a few other risks and threats than needs to be taken into consideration. 

The perceived risks of the e-Supply chain and RFID case of Stora Enso 

Biomaterials are categorized as information security risks and monetary risks. The 

following pages give a short survey of what kind of risks the possible project 

might come with and proposals on how to reduce the probability or severity of 

those risks. 

 

Information security risks  

These risks are related to the threats of confidentiality (information cannot be 

accessed by unauthorized parties), integrity (guarantees that information is not 

modified by unauthorized parties) and availability (information available to all 

legitimate parties), the division suggested by Mitrokotsa et al. (2011, p. 40). As 
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the tag information is usually available for everyone to read if they have proper 

equipment, it is recommended not to include any sensitive information in RFID 

tags. This is the reason this study suggests to write only an EPC-numbers on tags 

and to combine this with other information in secured databases. As all the 

business related data is available to be examined and used only by selected parties 

that have been granted access to databases, any sensitive data cannot be viewed by 

external parties. Even if an external party was reading the tags, the EPC-number 

alone doesn’t reveal any details about the product. What comes to integrity, using 

read-only tags ensures the information (in this case the EPC-number) will remain 

unchanged. All status changes are stored in databases, not in the tag itself. 

Information availability is more of a database related issue, as all the product and 

life cycle information is stored in databases. This is a whole another world and 

needs to be secured by information technology specialists, and therefore it is not 

included in this thesis. A detailed survey of the subject for further studies can be 

found for example in a paper named Threats to Networked RFID Systems by 

Mitrokotsa et al., 2011. 

 

Monetary risks 

Risk of losing money is always present within an investment project. This may be 

due to unrealistic expectations or poorly executed budget planning. One of the 

most challenging features of any ICT project is that it is almost impossible to 

consider all possible obstacles beforehand.  It is even assumable that estimations 

don’t cover the actual working hours needed to program, configure and integrate 

all systems to work seamlessly together. Basically all technical challenges may 

lead to exceeding budged. Another way to lose money is to calculate the 

presumed benefits too optimistically: even if the project stays within budget, the 

overall payback will not be as expected if the assumed benefits cannot be 

achieved.  

 

In Stora Enso’s case there is a possibility that all the desired features of the RFID 

enabled e-Supply chain system cannot be realized as desired, especially if the key 

customers and logistics service providers don’t find the subject as revolutionary as 
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it is seen within some companies on the field. If the customers are not willing to 

invest in RFID equipment many of the proposed new processes cannot be 

executed as planned. For example, VMI model requires that RFID tags are read at 

customer’s site. If this is not done, the model is non-applicable. This could be 

solved by renting or even giving customers the needed equipment, but there is still 

a risk of customers not using the technology sufficiently to support the 

anticipations of Stora Enso.  

 

Also internal attitudes may endanger the utilization of RFID and e-supply chain. 

If old habits have taken strong roots among the personnel it may be difficult to 

implement new processes. This may lead to a situation, where investment is done, 

but no-one or only few uses the information gathered with it. This risk can be 

minimized if the project is fully supported by managers willing to push their 

subordinates towards new processes if needed. 

 

It is impossible to say how technology is going to develop in the becoming years 

and there is always a risk of a substituting product or technology. For example, 

there exists researchers and companies developing printed semiconductor based 

tags that are expected to offer the same opportunities as the conventional silicon 

chip based tags but with potentially only one tenth of the costs. One of the printed 

RFID electronics technologies, the silicon ink technology, can create UHF (ultra-

high frequency) tags but with a poorer read range (only few centimeters) 

compared to established UHF products. (Cole et al., 2010, p. 3-17) It is 

assumable, that printable RFID technology will not, at least in many years, 

endanger the use of conventional silicon chip based tags in cases like Stora Enso 

Biomaterial’s. And even if it did, most of the equipment could still be used as the 

basic technology is the same and only tags are produced and placed on products 

differently. The biggest problem with printable tags is the current reading range 

that doesn’t come close to the requirements of the case in question. Also the same 

problems that are present with bar coding (wrappings get damaged during the 

handling of the pulp units and all printed information may peel off) are present 

with printed electronics, too.  



98 

 

8 ANALYSIS OF THE PROPOSAL 

This chapter uses the power of SCOR modeling to point out how the proposed e-

supply chain and RFID project would effect on Stora Enso Biomaterial’s supply 

chain processes. Also the future research needs are discussed. 

 

8.1 SCOR modeling 

Business modeling is usually done to manage the complexity of a real-life 

situation by simplifying and using agreed signs to represent things of interest in a 

problematic situation. A model can be used to communicate and to build an 

agreed understanding of a situation. (Beynon-Davies, 2013, p. 126) The SCOR 

model is used here to analyze the proposed e-Business, RFID and VMI enabled 

delivery processes. SCOR model includes four sections: Plan, Source, Make, 

Deliver and Return. As tracking is a part of delivery process, it is reasonable to 

study the section of Deliver. Deliver-section is divided into four alternative 

combinations of phases, of which the sD1: “Deliver Stocked Product” is chosen. It 

is the third detail level of the SCOR model and includes 15 phases that are present 

in table 3.  

 

By analyzing the proposed new delivery processes in the light of the SCOR 

model, it was concluded that several phases of the delivery processes can be 

improved. Table 3 points out the phases that are seen to have improvement 

potential. The table introduces two scenarios; a delivery process with RFID 

tracking but with no VMI/CPFR and a delivery process with RFID tracking and 

VMI/CPFR. Both scenarios assume the proposed e-Supply chain model is 

applicable and the portal tool is in use. 
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Table 3. Two processes analyzed in the light of the SCOR model 

 

 

What the model doesn’t cover is warehouse management. This is something the 

SCOR model lacks, but one of the biggest concerns of the case company 

especially with the current consignment stock model where inventories are held at 

multiple locations. Interestingly, also the other framework that was endorsed by 

sD DELIVER: 

sD1 Deliver stocked 

product

NO VMI/CPFR VMI/CPFR

sD1.1: 

Process inquiry and 

quote

sD1.2:

Receive, enter and 

validate order

No entering of orders as customer orders 

are automatically transferred to ERP 

system from portal tool.

This phase will be practically totally 

eliminated.

sD1.3:

Reserve inventory and 

determine delivery 

date

sD1.4:

Consolidate orders

sD1.5: 

Build loads

Consumption estimates helps to plan 

combined loads (regarding espesially 

previous consignment stock orders).

sD1.6:

Route shipments

sD1.7:

Select carriers and 

rate shipments

RFID enables measuring of transportation 

times, which can be used when selecting 

carriers.

RFID enables measuring of transportation 

times, which can be used when selecting 

carriers.

sD1.8:

Receive product from 

Source or Make

RFID directs warehouse transfers and 

assures units are placed into correct 

warehouse lots.

RFID directs warehouse transfers and 

assures units are placed into correct 

warehouse lots.

sD1.9:

Pick product

RFID advices from where to pick up units 

that match the quality requirements of 

the order that is being loaded.

RFID advices from where to pick up units 

that match the quality requirements of 

the order that is being loaded.

sD1.10:

Pack product

sD1.11:

Load vehicle and 

generate shipping 

docs

RFID reduces the change of incorrect 

loadings and assures documentation is 

made according to actually loaded units.

RFID reduces the change of incorrect 

loadings and assures documentation is 

made according to actually loaded units.

sD1.12: 

Ship product

sD1.13:

Receive and verify 

product by customer

Automated receipt note from customers' 

RFID system.

Automated receipt note from customers' 

RFID system.

sD1.14:

Install product

Automated information about consumed 

("installed") units from customers' RFID 

system.

Automated information about consumed 

("installed") units from customers' RFID 

system.

sD1.15:

Invoice

Automated invoicing after loading / 

delivering.

Automated invoicing according to 

consumption information.
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Lambert et al. (2005), the eight supply chain management key processes, is 

missing insights of warehouse and inventory management.  

 

8.2 Future research needs 

As the scope of this study is limited to inspect only certain part of a possible 

RFID-project, there are several aspects that need more attention before the project 

may begin. The following list introduces the most critical future research needs: 

 Fitting/placing RFID equipment in the manufacturing / packing line of the 

mills 

 Expanding the budget estimate into a more detailed version (estimate done 

outside this thesis) 

 Expanding the cost advantage estimate into a more detailed version 

(estimate done outside this thesis) 

 Finding out how the customers, especially in Middle-Europe, find the 

topic and if they are interested in it 

 Finding out how the port operators, especially in Middle-Europe, find the 

topic and if they are interested in investing in it 

 Defining a detailed scope for possible pilot project 

 

In addition to these, it also needs to be pointed out that the proposition of this 

thesis is unilateral and doesn’t offer the company executives choices from which 

to choose. This was a conscious choice made by the thesis worker based on the 

way the assignment was presented by the managers and how the thesis worker 

saw the situation inside the company. As the ultimate goal of the thesis was to 

support the future investment decisions, giving many options to choose from 

wouldn’t have given as clear vision of the possible benefits as a single 

proposition.  
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9 CONCLUSIONS 

Making an investment in e-Supply chain enabled collaboration may be difficult to 

justify because the benefits are often not easy to measure in monetary terms 

which, however, is required by top management. Implementing collaborative 

techniques, such as e-Supply chain, is more of a cost of doing business and 

changing the way business is done rather than taking an approach of a single 

development project with payback and return expectations (Seifert, 2003, p. 284). 

As the study has revealed, getting into the e-world is not an easy task and 

transforming industry habits towards it is even more difficult. The power of one is 

often too little, especially as Stora Enso is not the biggest player in the pulp 

industry, and therefore a simultaneous development of similar principles together 

with other players of the game would advantage the entire industry by facilitating 

the maximum use of the chosen technology through standardization. On the other 

hand, changing the whole industry may eventually cannibalize the competitive 

advantages if all rivals are adopting the same principles and one is not able to 

stand out. Therefore it is a requisite to keep up with technology development and 

to work towards continuous innovation. 

 

The long-term strategy of Stora Enso Biomaterials’ supply chain should be the e-

Supply chain approach with automated information sharing and executing VMI 

model with selected customers. A short-term strategy should be implementing 

RFID, as it is needed for the e-Supply chain to work as planned. This can be 

reviewed through the idea of Thinking Ahead Approach presented in chapter 5.1.3 

and figure 7. Fully functioning e-Supply chain is the desired state to be real in 

three years. RFID, software applications and VMI are the building blocks to get 

there, RFID being the very basis of the entire system as the information gatherer 

and provider. 

 

Timing for an RFID investment is currently relatively optimal for Stora Enso 

Biomaterials. Metsä Fibre, the first pulp producer to adopt RFID technology, has 

shown that the technology is truly applicable in pulp supply chain and has also 

involved, for example, port operators in the implementation of the technology, 
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which alleviates the adaptation of RFID for other pulp producers as many external 

partners already have the required equipment in use. Additionally, other rivals 

have not yet utilized the technology, which still allows an opportunity for second-

mover advantages to be taken by the next pulp producer to invest in RFID. From a 

strategic point of view, it is reasonable to evaluate what the industry will be like in 

a few years from now. Vervest et al. (2005, p. 29) say: “what is smart today will 

be considered common tomorrow”. From that it can be derived that not being 

smart today may lead to a situation of not being of even common level in the 

future. This is something that should be taken seriously into account when 

deciding if investing in RFID is the right thing to do or not. The decision can 

position Stora Enso Biomaterials as one of the most innovative or one the most 

old-fashioned companies in the field of pulp and paper industry. 

 

During the last decade many industries have changed their thinking about what 

they are offering to customers and started to concentrate on services rather than 

products. Also totally new industries have formed around services and even 

companies like ABB, previously very strongly product-based company, are 

transforming their portfolio into a more service-centric offering. Instead of selling 

motors and other machinery, ABB is now selling service concepts including 

assembly and maintenance in addition to the machines.  Pulp business has not yet 

gone through this transformation and is still strongly focused on selling pulp but 

the technology presented in this study has proved to offer possibilities for new 

service concepts. Instead of selling pulp, it would be possible to sell the idea of 

ensuring paper production through sufficient pulp supply. Additional services, 

like warehouse management and consumption reporting, could also be provided. 

Transforming product-based sales into service-based sales is supported by the 

reality that pulp is not easily tailored and therefore offers limited means to be an 

extremely customer centric company. Services in turn offer unbound opportunities 

to cater the needs of each individual customer, which will offer Stora Enso 

Biomaterials the chance to be the most customer centric pulp supplier and to over 

perform its competitors.  
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In the beginning some questions were placed to direct the research of this thesis. 

If combined, those questions seek to find out how the transparency, agility and 

differentiation achieved with e-Supply chain accumulate into competitive 

advantage and support revenue stream. As the study has shown, e-Supply chain 

will add transparency and agility into a supply chain by providing means to make 

a chain more adjustable to demand changes, which is based on information 

sharing between partners. This will have great effect on inventory levels through 

better planning and more accurate estimations combined with real-time 

consumption information. e-Supply chain also offers a chance to differentiate 

through new service models, such as vendor managed inventory, which may 

increase the sales revenue if customers value it and are willing to pay for this 

extra service or to do more business with Stora Enso Biomaterials. This would 

expand the sales offering of Stora Enso Biomaterials from just pulp (and by- 

products) to supply chain services and enable new revenue streams. If these 

viewpoints are placed on the figure presenting supply chain’s impact on 

shareholder value, the figure will explain how e-Supply chain will ultimately 

support revenue streams and create more value to shareholders, as shown in figure 

34 below. 

 

Figure 34. e-Supply chain creating shareholder value (adapted from Jayasinghe, 2014, s. 26) 

Adding visibility to supply chain can be thought through the experience of 

running in dark. If you’re running on a flat road with no bumps, the darkness may 

not be that big of a problem. But if you’re in a forest on a small trail with rocks 
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and roots, running may be impossible or at least you will most probably fall down 

numerous times before reaching your destination. The situation is similar in 

business world; if your businesses run steadily, demand never fluctuates and every 

little thing can be seen beforehand, you are likely to be safe. Unfortunately, this is 

hardly the case for any business actor and all businesses must cope with the rocks 

and roots that come up on the road to success. The obstacles are easier to handle if 

you are able to foresee them. In business world this means that you have enough 

information on which you may base your forecasts. Thus, it can be said that 

getting more information works as the light on your forehead reveling the 

upcoming bumps and holes on the ground so that you can be more prepared to 

whatever challenges and opportunities the future brings. 
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10 SUMMARY 

The goal of this thesis was to study how digitizing the case company’s supply 

chain would effect on the efficiency of the supply chain and if this would help in 

differentiating from competitors. The study consisted of three parts: theoretical 

study, empirical case studies of others who already have similar principles in use 

and the future process improvements proposals to the case company. 

 

The theoretical research covered several topics including supply chain theories, 

collaboration techniques, digitalization process models and supporting 

information technologies. Also the thesis worker’s own experience of the 

operational tasks on the field in question was exploited to support the research. 

All these subjects were studied in the context of this thesis and combined to see 

the topic in the set context. 

 

The empirical part of the study was done in two sections. The first section studied 

how others have utilized the principles studied in the theoretical part, and aimed to 

find ideas and best practices to implement in the case company’s situation. The 

second empirical part put together the theoretical basis and the examples from real 

life by developing proposals for the case company of how to exploit the desired 

techniques. Finally, the proposal was analyzed and conclusions about the subject 

were made.  
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APPENDIX I: CPFR guideline (VICS, 2002, p. 12) 

 

  



 

 

APPENDIX II: Eight supply chain management key processes (Lambert et al., 2005, 

p. 48-49) 

1. Customer Relationship Management 
     

 
Strategic level 

       

  
1 Review corporate and marketing strategy 

    

  
2 Identify criteria for categorizing customers 

    

  
3 Provide guidelines for the degree of differentiation in the product/service agreement 

  
4 Develop framework of metrics 

     

  
5 Develop guidelines for sharing process improvement benefits with customers 

 

 
Operational level 

      

  
1 Differentiate customers 

     

  
2 Prepare the account/segment management team 

   

  
3 Internally review the accounts 

     

  
4 Identify opportunities with the accounts 

    

  
5 Develop the product/service agreement 

    

  
6 Implement the product/service agreement 

    

  
7 Measure performance and generate profitability reports 

   

          2. Customer Service Management 
      

 
Strategic level 

       

  
1  Develop customer service strategy 

    

  
2 Develop response procedures 

     

  
3 Develop infrastructure for implementing response procedures 

  

  
4 Develop framework of metrics 

     

 
Operational level 

      

  
1 Recognize event 

      

  
2 Evaluate situations and alternatives 

    

  
3 Implement solution 

      

  
4 Monitor and report 

      

          3. Demand Management 
      

 
Strategic level 

       

  
1 Determine demand management goals and strategy 

   

  
2 Determine forecasting procedures 

    

  
3 Plan information flow 

     

  
4 Determine synchronization procedures 

    

  
5 Develop contingency management system 

    

  
6 Develop framework of metrics 

     

 
Operational level 

      

  
1 Collect data/information 

     

  
2 Forecast 

       

  
3 Synchronize 

      

  
4 Reduce variability and increase flexibility 

    

  
5 Measure performance 

     

          4. Order Fulfillment 
       

 
Strategic level 

       

  
1 Review marketing strategy, supply chain structure and customer service goals 

 

  
2 Define requirements for order fulfillment 

    

  
3 Evaluate logistics network 

     

  
4 Define plan for order fulfillment 

    

  
5 Develop framework of metrics 

     

 
Operational level 

      

  
1 Generate and communicate order 

    



 

 

  
2 Enter order 

      

  
3 Process order 

      

  
4 Handle documentation 

     

  
5 Fill order 

       

  
6 Deliver order 

      

  
7 Perform post-delivery activities and measure performance 

  

          5. Manufacturing Flow Management 
     

 
Strategic level 

       

  
1 Review manufacturing, sourcing, marketing and logistics strategies 

  

  
2 Determine degree of manufacturing flexibility requirement 

  

  
3 Determine push/pull boundaries 

    

  
4 Identify manufacturing constraints and determine capabilities 

  

  
5 Develop framework of metrics 

     

 
Operational level 

      

  
1 Determine routing and velocity through manufacturing 

   

  
2 Manufacturing and materials planning 

    

  
3 Execute capacity and demand 

     

  
4 Measure performance 

     

          6. Supplier Relationship Management 
     

 
Strategic level 

       

  
1 Review corporate, marketing, manufacturing and sourcing strategies 

 

  
2 Identify criteria for categorizing suppliers 

    

  
3 Provide guidelines for the degree of customization in the product/service agreement 

  
4 Develop framework of metrics 

     

 
Operational level 

      

  
1 Differentiate suppliers 

     

  
2 Prepare the supplier/segment management team 

   

  
3 Internally review the supplier/supplier segment 

   

  
4 Identify opportunities with the suppliers 

    

  
5 Develop the product/service agreement and communication plan 

  

  
6 Implement the product/service agreement 

    

  
7 Measure performance and generate supplier cost/profitability reports 

 

          7. Product Development and Commercialization 
    

 
Strategic level 

       

  
1 Review corporate, marketing, manufacturing and sourcing strategies 

 

  
2 Develop idea generation and screening processes 

   

  
3 Establish guidelines for cross-functional product development team membership 

  
4 Identify product rollout issues and constraints 

   

  
5 Establish new product project guidelines 

    

  
6 Develop framework of metrics 

     

 
Operational level 

      

  
1 Define new products and assess fit 

    

  
2 Establish cross-functional product development team 

   

  
3 Formalize new product development project 

    

  
4 Design and build prototypes 

     

  
5 Make/buy decision 

      

  
6 Determine channels 

      

  
7 Product rollout 

      

  
8 Measure process performance 

     

          8. Returns Management 
      

 
Strategic level 

       



 

 

  
1 Determine returns management goals and strategy 

   

  
2 Develop avoidance, gatekeeping and disposition guidelines 

  

  
3 Develop returns network and flow options 

    

  
4 Develop credit rules 

      

  
5 Determine secondary markets 

     

  
6 Develop framework of metrics 

     

 
Operational level 

      

  
1 Receive return request 

     

  
2 Determine routing 

      

  
3 Receive returns 

      

  
4 Select disposition 

      

  
5 Credit consumer/supplier 

     

  
6 Analyze returns and measure performance 

     


