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This Master’s Thesis’ research aim was given by an international forest industry company 

and was conducted as a case study. The main objective was to investigate possibilities to 

improve the current Finnish outbound logistics network model of the case company to 

improve the network stability and relieve the issues with the lack of transportation capacity. 

The outbound logistic network design performance was measured by three research variables 

which were the amount of tied wagon capacity, transportation and handling costs and the 

environmental sustainability of the network. The environmental sustainability was 

investigated based on CO2 emissions emerged from transportation. The data for the study 

was received from the data archives of the case company and was complemented with 

interviews. The study was limited to the transportation from mill locations to port locations 

and to the use of inland terminals between the transportation. The transportation modes that 

were researched were road and rail transportation. 

The results of the study revealed multiple performance improvement possibilities. Based on 

the scenarios created according to the AS-IS analysis results, it was found that by simplifying 

the network design, the performance of the logistics network can be improved regardless of 

which scenario is chosen. It was seen that the distances between network locations had a 

significant impact on the performance of the research variables. The longer the network 

distances were, the more the amount of tied wagon capacity, the total costs and the CO2 

emissions increased. Analysis also discovered that by centralizing the port locations, the 

performance of the Finnish outbound logistics network design can improve the most. In 

addition, it was concluded that the case company should utilize pendulum rail transportation 

model instead of traditional rail transportation model in order to relieve the issues with 

domestic chronical transportation capacity shortage.   
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Tämä Pro Gradu-tutkielma on tehty kansainvälisen metsäteollisuusyhtiön toimeksiantona ja 

toteutettu case-tutkimuksena. Tutkielman päätavoitteena oli tutkia case-yhtiön Suomen 

lähtölogistiikkaverkoston suorituskyvyn parannusmahdollisuuksia, jotta case-yhtiön 

ongelmia lähtölogistiikan epästabiiliuden ja kuljetuskapasiteetin puutosten kanssa saataisiin 

parannettua. Lähtölogistiikkaverkoston suorituskykyä arvioitiin kolmen tutkimusmuuttujan 

avulla. Tutkimusmuuttujat olivat kuljetuksiin sitoutuneen vaunukapasiteetin määrä, 

kuljetus- ja käsittelykustannukset sekä ympäristövastuullisuus. Ympäristövastuullisuutta 

tutkittiin kuljetusten CO2-päästöjen perusteella. Tutkimusdata saatiin case-yhtiön data-

arkistoista, ja sitä täydennettiin tarvittaessa haastatteluin. Tutkielma rajautui tarkastelemaan 

tehtaan ja satamien välisiä kuljetuksia sekä mahdollista sisämaan varastojen käyttöä näiden 

kuljetusten välissä. Tutkitut kuljetusmuodot rajautuivat tie- ja raidekuljetusmuotoihin.  

Tutkimuksen tulokset osoittivat monia mahdollisia tapoja, joilla lähtölogistiikan 

suorituskykyä voidaan parantaa. Tehdyn nykytila-analyysin perusteella luotiin viisi erilaista 

lähtölogistiikan verkoston skenaariomallia. Tulokset osoittivat, että lähtölogistiikan 

suorituskykyä voidaan parantaa verkoston rakennetta yksinkertaistamalla riippumatta 

käyttöön otettavasta skenaariomallista. Tulokset näyttivät, että lähtölogistiikkaverkoston 

lokaatioiden etäisyyksillä oli merkittävä vaikutus tutkimusmuuttujien tuloksiin. Kun 

lokaatioiden etäisyyksiä kasvatettiin, sidotun kuljetuskapasiteetin määrä, 

kokonaiskustannukset sekä kuljetusten CO2-päästöt kasvoivat. Skenaarioiden avulla 

huomattiin, että satamakuljetusten keskittäminen mahdollistaisi parhaimman suorituskyvyn 

parannuksen tutkimusmuuttujilla mitattuna. Lisäksi tutkimuksen tulokset vahvistivat, että 

case-yhtiön tulisi hyödyntää pendelimallia junakuljetuksissaan, sillä sen todistettiin 

ratkaisevan koettuja ongelmia kroonisen kansallisen kuljetuskapasiteettipulan kanssa.  
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1 Introduction 

 

 

This thesis is a case study which aim is to investigate possibilities to improve Finnish 

outbound logistics performance of the case company. The first chapter introduces the 

background of the study and the main research objectives. The research questions are then 

formed, and the research scope is defined. The key concepts of the study are introduced, and 

the conceptual framework is formed. Finally, the structure of the thesis is presented. 

1.1 Background of the study 

Logistics around the world have been affected by rapid changes in business environment 

which has forced global companies to make quick amendments and improve the agility of 

their operations. In past years, changes in the business environment have been unpredictable 

and have revealed the vulnerability of companies as new previously unencountered issues 

have occurred (Ozdemir, Sharma, Dhir & Daim, 2022). Coronavirus pandemic (Covid-19), 

which started on 2019 (World Health Organization, 2020), caused major problems 

worldwide and threatened the logistics sector. Closed borders and interruptions in global 

transportation reduced the resilience of logistics service providers and forced both customers 

and companies to face product shortages (Herold, Nowicka, Pluta-Zaremba & Kummer, 

2021). For example, the largest port in the world, the port of Shanghai, was forced to be shut 

down as China closed its borders trying to prevent the prevalence of the new global infection. 

During the lockdown, globally around 40 percent of cargo ships were stuck at the ports of 

China causing major difficulties for companies to deliver orders and receive components. 

(Varghese, 2022) In addition to cargo shipping issues, the whole logistic chain was affected 

by Covid-19 as rapidly increasing sick leaves threatened all supply chain operative functions.  

After the Covid-19 pandemic had settled down with mitigated variants, new unexpected 

political issue took place overnight. Russia started the invasion of Ukraine in February 2022 

(Finnish Government, 2022) which tightened the political environment to be hard to predict. 

After Russia invaded Ukraine, European Union reacted quickly and released sanctions 
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against Russia and its supporting country Belarus. A part of the sanctions was targeted to 

logistics which meant prohibitions of air, rail and road transportation banning Russian and 

Belarussian transportation operators to enter or transit goods in the EU area. (European 

Council, 2022) Together with the sanctions, the negative impact to the relationships with 

Russia caused a wave of companies leaving Russian operations and regenerating order routes 

to other target countries. As in 2021, companies in Finland transported 5,4 % of their 

exported goods to Russia (Confederation of Finnish Industries, 2022), in 2022 exporting 

activities decreased by 58 % as companies rushed to leave the Russian market (Finnish 

Customs, 2022).  

For the case company, the estimated Russian market share was before the invasion 

approximately 3 % of all business operations but after the invasion, all business operations 

and transactions with Russia were discontinued. Therefore, the case company along with 

other companies in Finland faced a new logistics situation where they needed to reallocate 

all Russian customers’ orders to European customers and replace former Russian 

transportation capacity by using only logistics capacity from domestic logistics suppliers. It 

is estimated that the Finnish operations of one the business line of the case company alone 

was facing around 10 % increases into the demand of Finnish domestic transportation. 

Together with the increasing competition for the available truck capacity with other 

companies, the logistics situation was worsened by the fact that in 2022 around 12 000 

Ukrainian truck drivers were stuck inside Ukraine which weakened the situation with the 

European trucker shortage (Dinescu & de Pretto, 2022). 

Rerouting for the case company also meant changes in transportation modes. Before the 

Russian invasion to Ukraine, the case company used direct waterway transportation for part 

of the orders. It is estimated that approximately 20 percent of the production of one of the 

mills was transported by waterways. Due to the sanction lists of European Union, together 

with increasing business image risks and unstable business environment, operating through 

waterways ended. As the case company discontinued all business operations with Russian 

customers along with other Finnish companies, major logistical problems and pressure for 

logistics of the case company to operate flexibly in this new volatile business environment 

emerged. The sudden changes in the business environment caused a need for the case 

company to adjust its outbound logistics network design to meet the logistical expectations. 
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The case company needs to build a stabile logistics network to be able to overcome the rapid 

business environment changes and to strengthen the competence also in the future. 

1.2 Research objectives and research questions 

The Finnish outbound logistics network design of the studied division of the case company 

can be described as complex and scattered, as outbound logistics network scatters into a 

large number of network locations. The rising demand for the more effective and less 

pollutive rail transportation capacity is continuously compensated with road transportation. 

The material flow is allocated sporadically between network locations and the Finnish 

railway operator is chronically lacking the domestic rail transportation capacity from the 

B2B point of a view. The transportation capacity in Finland is neither stabile or predictable, 

and different Finnish companies across industries are also constantly competing for it. The 

current Finnish outbound logistics network of the case company does not perform as well as 

it is needed, which may threaten the overall customer satisfaction. 

Due to the previously introduced issues, the case company has a strong demand for a network 

design restructuration. The case company needs an examined description about the current 

state of Finnish outbound logistics and a plan to reduce the needed logistics capacity by 

simplifying the current outbound logistics network design. Thereby, the main objective is to 

stabilize material flows inside the Finnish outbound logistics network by redesigning the 

current network structure and thus increase the available transportation capacity inside the 

network. By that, the case company could be able to also increase the needed transportation 

capacity visibility and reduce handing and transportation related costs in the short and long 

term. Also, as the strategy of the case company is based on increasing the overall 

sustainability, the aim is to reduce carbon dioxide (CO2) emissions that are caused by the 

Finnish outbound logistics network. 

In order to answer to the defined research problem, one main research question (RQ) and 

three sub research questions (SRQ) were formatted. The research questions were the 

following: 
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RQ 1: How Finnish outbound logistic network design and its transportation flows can be 

improved? 

SRQ 1.1: How Finnish outbound logistics network is currently operated and 

how it affects to the logistics network performance measured by the selected 

research variables? 

SRQ 1.2: What kind of improvements can be achieved with a new logistics 

network design model, and how it will affect to the logistics network 

performance measured by the selected research variables? 

SRQ 1.3: What changes are needed in order to implement new outbound 

logistics network design model? 

The research questions frame the aims of this thesis. The logistic network design of the case 

company is in a need for improvements and the research objective is to examine ways of 

improving the current Finnish outbound logistics network design and its material flows. To 

define the possible new network design structure, it is firstly needed to examine how the 

current outbound logistics network design is operated and how the current outbound logistics 

network structure is performing when measured by the research variables. The aim of the 

first sub research question is to discover dysfunctional parts of the network and to detect root 

causes for the possible network issues.  

After the new network structure suggestion is developed, it is substantial to understand what 

kind of effects possible network changes would generate. The second research question is 

thereby aiming to examine the outbound logistics network performance if a new network 

structure suggestion is applied into practise. To find out its effects, new network performance 

is re-measured with the same research variables as the current state network design. Lastly, 

to define the results of the second sub question even further, the needed changes to 

implement new network design model are discussed. 
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1.3 Research scope 

This thesis examines the Finnish outbound logistics network design of the studied division 

of the case company during the timeframe between the first of September 2021 and the first 

of September 2022. Geographically, the thesis focuses only on the logistic network that the 

case company has inside Finland area excluding all network locations of the case company 

that are located outside of Finland. The logistic network in Finland considers four Finnish 

mills of the case company. By this definition, one of the Finnish mill locations is excluded 

from the researched scope. The Finnish logistics network also considers all Finnish inland 

terminals, port terminals and ports that the studied division’s mills of the case company have 

used or have contracted during the timeframe of the thesis. The thesis does not focus further 

on warehousing operators or port operators, and the inland terminals and the port terminals 

are grouped based on the location itself. The study also excludes locations that are only used 

for unfinished products or raw materials and terminal locations that are located inside mill 

area. In addition to that, the thesis excludes all production locations that are used to process 

unfinished products further.  

The study considers only the studied division’s finished products and excludes unfinished 

products and raw materials from the research scope. The thesis analyses all finished product 

orders that are produced in the Finnish mills. The thesis includes customer orders from all 

abroad market areas and the orders to the Finnish market area are therefore excluded. The 

thesis is limited to examine outbound transportation flows from the selected Finnish mills to 

the locations inside Finland area. This considers transportation flows to the final Finnish port 

locations as the customer locations are outside of Finland. The transportation to the port 

locations can include the direct transportation from the mills to the port locations or the 

transportation to the port locations with the middle warehousing at the inland terminal 

locations. The thesis therefore excludes the transportation legs to Finnish customers and 

production locations and also the legs from the production locations from further processing 

and transporting between different port locations.  

The examination of transportation modes is limited to land transportation modes that are 

used inside Finland. This includes truck transportation and rail transportation modes and 

excludes transportation that has been done by air or by waterways. The scope also excludes 

direct transportation modes to the customer locations or orders that are transported by short 



15 
 

sea containers to the final abroad location. Transportation capacity calculations are limited 

to the amount of tied transportation capacity as realized transportation capacity availability 

information in Finland is unknown during the thesis completion time. Also, this thesis does 

not focus on the analysis of investment possibilities of the case company owned 

transportation facilities as the transportation business is not considered as one of the key 

business areas during the study period. 

1.4 Key concepts 

Outbound logistics 

Outbound logistics in this thesis is a part of the downstream of supply chain starting from 

the mill site and ending to the final domestic network location. This can be defined also as a 

first-mile logistics. Outbound logistics includes three parts which are order collecting, 

warehousing and transportation of company’s outputs to the right final destination. The main 

objective of outbound logistics is to deliver ordered products to the corresponding 

destination following the logistics 7R’s principles: delivering the right product at the right 

time and the right place, in right quantities and the right condition, at the right price and to 

the right customer. (Lai & Cheng, 2009; Logistiikan maailma, 2023; Blanchard, 2010) 

Outbound logistics network  

Outbound logistics network is a system of facilities, vehicles and routes that are used to 

move goods from manufacturing plants to another downstream location of the supply chain. 

It includes a variety of different types of logistics infrastructure, such as warehouses, 

transportation routes, that are used to warehouse, transport, and process goods and materials. 

The logistics network is an integral part of the supply chain, and its design and performance 

of the operations are critical to the efficient and effective flow of goods and shifting materials 

from points of origin to points of consumption. (Hiremath, Sahu, Tiwari, 2013) 

Outbound logistics network design  

Outbound logistics network design is a process of planning and organizing the physical flow 

of goods between mills and customers to meet the requirements of a supply chain. It involves 
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designing and optimizing the flow of materials through a network of facilities, transportation 

modes, and route possibilities in order to meet the needs of customers and stakeholders. The 

aim of logistics network design is to create a cost-effective and efficient system for moving 

finished goods and materials from one location to another at the right time scheduled. This 

involves designing warehouses, transportation routes and other logistics infrastructure to 

optimize the flow of goods and materials through the supply chain. (Crainic, Gendreau & 

Gendron, 2021) 

Outbound logistics network costs 

The outbound logistics network costs of the thesis are divided into two cost type categories, 

which are the following: handling costs that are related to order preparation for transportation 

or unloading the shipment from the means of transport, and transportation costs that are 

caused by the transportation of orders from one location to another (i.e., supplier fees, fuel 

corrections, energy fees).   

Sustainability 

Sustainability can be defined commonly and from the viewpoint of business. Sustainability 

in business describes companies’ ability to achieve financial needs in short term without 

endangering the ability to meet their needs in the future. In this thesis, the business 

sustainability is handled as a part of the sustainability, but the overall focus is on common 

sustainability which is describing sustainability as meeting the present needs without 

compromising the future needs of later generations. Traditionally, sustainability is divided 

into three parts which are environmental, social and economic sustainability. This thesis 

focuses particularly on the environmental sustainability which is referring to use of the 

nature resources less than there is ability to regenerate naturally, generating less emissions 

and preserving the functions of ecosystem. In this study, the focus is on examining 

emissions, and more specifically, CO2 emissions from outbound logistics. The CO2 

emissions include emissions caused by transportation vehicles. (Bansal & Desjardine, 2014; 

Longoni & Cagliano, 2014; Elkington, 1998) 
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Transportation capacity 

In this thesis, transportation capacity is referring to the amount of capacity that is tied to 

transport outbound material flows. The amount of tied transportation capacity describes the 

resources that are required to transport goods and materials from the company's production 

site or warehousing facilities to the Finnish port locations when transportation time is 

considered. 

1.5 Conceptual framework 

The aim of this thesis is to improve the outbound logistics network design and its 

performance measured by the agreed research variables. The conceptual framework of the 

thesis thereby combines three research variables and examines their performance in the 

current state of outbound logistic network and in future outbound logistics network scenarios 

that are created based on the analysis. The conceptual framework is presented on figure 1 

below.  

 

Figure 1. The conceptual framework of the thesis 
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As seen from the figure 1, the thesis focuses on examining the performance of outbound 

logistics network costs, the amount of tied transportation capacity and lastly, CO2 emissions 

generated by the transportation. The outcome of the analysis generates new information 

about the current network performance and finally, helps to indicate how the performance 

could be improved with the structural network changes when measured by the research 

variables. 

1.6 The structure of the thesis 

The thesis is based on a case which is given by an international forest industry company. 

The given case is researched based on the available case company data and solution to the 

problem is formed with the help of the previous studies. The thesis consists of theoretical 

and empirical parts, and it is further divided into eight main chapters. The first section of the 

thesis is introduction which presents the background of the study and defines the research 

objectives. In addition to that, research questions are presented, and conceptual framework 

is formed. Second and third section introduces the theoretical analysis, and fourth chapter 

presents the research methodology. The chapters of 5-7 are focused on the empirical analysis 

and the final chapter discusses the results and introduces the conclusion.  

The second and third chapters present the theories that are implemented further in this study. 

The theoretical part introduces the outbound logistics network design concept and presents 

the outbound logistics network design improvement models. In addition, the variables 

affecting to the outbound logistics network performance are discussed. In the fourth chapter, 

the data collection methods of the AS-IS analysis and scenario analysis are introduced. The 

fifth chapter is about the AS-IS analysis of the current outbound logistics network of the case 

company. The chapter introduces the logistics network structure of the case company and 

continues to the analysis of transportation flows in Finland. The analysis presents the 

outcomes of the research variable performance analysis of the current outbound logistics 

network model. Firstly, the amount of tied wagon capacity is presented, secondly the 

outbound network costs are analysed and finally, the results of the amount of CO2 emissions 

emerged from transportation are shown. 

The sixth chapter presents firstly the process of creating scenarios and finally introduces the 

results of the scenario analysis. The process of creating scenario models is divided into four 
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parts containing the selection of the used port locations and the used final scenario models, 

the rail transportation model and finally, the percentages of rail transportation used in the 

created outbound logistics network scenario models. The results of the scenario analysis are 

presented one scenario at the time. The seventh chapter is comparing the results of the 

created scenarios to the AS-IS analysis outcomes. The comparison is done with two decision 

matrixes. The final chapter of conclusions is connecting the theoretical and empirical parts 

together and introducing the conclusion based on the results of the study. In addition to that, 

the research reliability and validity is reviewed, and future research possibilities are 

suggested.   
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2 Outbound logistics network design and improvement models 

In this theoretical chapter, the concept of outbound logistics and outbound logistics network 

design are discussed. Based on the studies, the importance of the well-functioning logistics 

network design is proved. Finally, the chapter presents two outbound logistics network 

design improvement models that could be used to improve the outbound logistics network 

model.  

2.1 Outbound logistics concept and a role in a value chain 

Outbound logistics is the process of planning, organizing, and managing the transportation 

and warehousing of goods from a production site to a final destination. Outbound logistics 

is an essential part of the supply chain management process, and it plays a crucial role 

ensuring that ordered goods are delivered to a final location by following the logistics 7R’s 

principles – to the right customer, right product, right quality, right quantity, right place, 

right time and right cost. (Lai & Cheng, 2009) Effective outbound logistics is essential for 

businesses to meet customers demand and maintain competitive advantages in the 

marketplace. The effectiveness of outbound logistics requires careful planning and 

coordination within the logistics administration and with logistics partners and other logistic 

functionalities. (Blanchard, 2010).  

The concept of a value chain was firstly introduced by Michael Porter in his book 

"Competitive Advantage: Creating and Sustaining Superior Performance" in 1985. Porter's 

value chain model is a strategic business management tool that helps companies to analyse 

specific activities in order to deliver a product or service. (Presutti & Mawhinney, 2013) 

Porter divided value chain into five primary activities and further, to four supporting 

activities which help companies to manage with the primary activities. These primary and 

secondary value activities are presented in the figure 2 below. The primary elements of 

values chain are inbound logistics that considers receiving actions and related warehousing 

and inventory management, operations that includes transforming raw materials into final 

products, marketing and sales that considers targeting and enhancing visibility, service 

which explains product maintenance and customer experience strategies, and outbound 
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logistics which considers all activities to deliver products and materials form production site 

or warehousing facilities to final destination such as customer’s location. (Porter, 1985)  

 

Figure 2. Porter's value chain model 

The value chain model is based on the ideology that the value that is created and captured 

increases profitability while the costs of creating that value decreases it and leaves the 

margin. According to that, the more company creates value through its operations, the more 

profitable company can be. (Porter, 1985) From outbound logistics viewpoint, a company 

can add value to its supply chain by multiple ways. By ensuring that goods are delivered to 

customers on time, a company can build trust and credibility with its customers, leading to 

increased customer satisfaction and loyalty (Skjott-Larsen & Schary, 2007). An effective 

outbound logistics system can also help a company to reduce transportation costs and 

minimize waste leading to overall cost savings in the supply chain. In addition to that, 

successfully operated outbound logistics can also help companies to improve customer 

service by offering flexible delivery options, such as the ability to track orders in real-time. 

By streamlining and optimizing outbound logistics, a company can improve its delivery 

times and reduce costs, which can make it more competitive in the market. (Presutti & 

Mawhinney, 2013; Chopra & Meindl, 2013) 
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2.2 Outbound logistics network design and its performance importance 

Outbound logistics network design is the process of designing a supply chain’s downstream 

network that efficiently and effectively transports finished goods from manufacturing units 

or warehousing facilities to end customers (Goetschalckx, Vidal & Dogan, 2002). According 

to Sha & Che (2006), the process includes the optimization of all activities related to the 

movement of products, including transportation, warehousing, and order fulfilment. The 

main objective of outbound logistics network design is to ensure that products are delivered 

to customers in a timely and cost-effective manner, while also maximizing the use of 

available resources and minimizing waste. This requires the thorough understanding of the 

customer demand patterns, product characteristics, transportation costs, and inventory 

holding costs. (Sha & Che, 2006) The design of an outbound logistics network involves a 

number of key decisions, such as determining the optimal number and location of network 

locations and selecting the most appropriate transportation modes and routes (Ardalan, 

Karimi, Naderi & Arshadi Khamseh, 2016). According to reviews of McKinnon (2015) and 

Bernardi de Souza & Pires (2010), the overall goal is to create a network that is flexible and 

responsive to changing market conditions, while also being cost-efficient and sustainable in 

the long run.  

Well performing logistics is a great tool for companies to achieve benefits. In general, 

logistics performance is essential for companies to ensure the smooth and efficient flow of 

goods and services. According to Marti, Puertas & Garcia (2014) and Mustra (2011), the 

efficient flow of goods can enable competitiveness in international business and at national 

level. In addition, Ballou (2004) has noted that improved logistics can bring better sales and 

increase market share and profit. According to Burity (2021), efficient logistics can help 

companies to deliver products to customers faster, more accurately, and at a lower cost. This 

can lead to increased customer satisfaction and loyalty, which can be crucial for a company's 

success. In addition, companies can gain a significant competitive advantage in the 

marketplace. (Burity, 2021) 

Outbound logistics can be further divided to first-mile logistics. The first-mile logistics 

means the transportation from manufacturing unit to next hub where the orders are moved 

forward (Nayak, 2020). First-mile transportation is usually defined as short distance 

transportation from mills to distribution hubs or another network location (Banyai, 2018). 



23 
 

According to McKinnon (2015), transportation from mills is mostly containing a high 

quantity of bulk products. From the first mile transportation perspective, the performance 

impacts have not been in the focus of the done research work. The recent studies of outbound 

transportation performance have mostly focused on last-mile transportation and have left 

first-mile transportation for less attention. Ranathunga, Wijayanayake & Niwunhella (2022) 

noticed that the first mile of transportation is usually researched as a part of transportation 

even though it has a significant influence on last-leg transportation as it can define the whole 

delivery to the customer location.  

The studies that have focused more widely to the first mile transportation have found 

significant factors of first mile transportation that might affect to the whole supply chain 

performance. Maciozek (2018) presents in her study that if first mile delivery is poorly 

executed, the whole supply chain might not meet the customer demands. Gimenez-Palacios, 

Parreno, Alvarez-Valdes, Paquaym Oliveira, Caravilla & Oliveira (2022) show that poor 

first mile operations can result in late deliveries, lost sales, unsatisfied customers and in the 

worst-case scenario lost customers. In international business, the first mile deliveries might 

affect the experienced reliability and fastness of shipping of the last transportation legs. 

(Gimenez-Palacios et. al., 2022) Thereby it can be argued that the first mile transportation 

performance from mills to other network locations is very important factor when the whole 

transportation performance is researched. 

2.3 Centralized and decentralized network model 

The centralization and the decentralization of outbound logistic network represent a strategic 

decision. The decision to centralize or decentralize logistics network is related to designing 

the structure of the logistics network inside the area where a company is operating. If a 

company is deciding to centralize outbound logistics, company is centralizing its logistics 

resources in a central location. Therefore, in a centralized logistics network, orders are 

typically transported to a single network location, which is responsible for having large 

inventories and distributing the outbound volumes towards the customer locations. 

Decentralized outbound logistics network instead divides the logistics network locations, as 

well as logistics resources, across a wider area and orders are then transported from multiple 
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locations with lower inventory, rather than from a single network location. (Manners-Bell, 

2016) Centralized and decentralized network models are presented in a figure 3. 

 

Figure 3: Centralized and decentralized logistics network model 

A company can benefit from the total centralization of warehousing network if increased 

number of goods are being handled at the single network location. Centralization can lead to 

improved efficiency in logistics operations due to the centralization of resources and 

expertise in a single location. This can result in faster inventory turnover and lower costs in 

addition to better warehousing and inventory management. Centralization can also enable 

greater control over logistics operations by allowing companies to manage all activities from 

a single location, which can improve the accuracy of deliveries. Furthermore, centralization 

can lead to lower transportation costs as companies achieve ability to optimize transportation 

routes and standardize business processes easier than with multiple network locations. (Ding, 

2017) 

Decentralization benefits are more related to increasing flexibility and agility. A 

decentralized logistics network can be more responsive to the changes in customer demand 

or supply chain disruptions. Compared to the situation where the outbound volumes flow 

only by one network location, a decentralized network has more ability to redirect orders to 
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other locations more quickly and more flexibly. This can help companies to maintain a 

consistent level of service to their customers even if they face unexpected challenges and 

reduce risks inside the supply chain. (Chopra & Meindl, 2013) 

In addition to the mentioned benefits, both centralization and decentralization have their 

limitations. Centralization can lead to longer lead times due to the need to transport goods 

over longer distances. This can reduce the responsiveness of the supply chain to customer 

demand and may result in lost sales or customer dissatisfaction. Centralization can also 

reduce the flexibility of the supply chain as network locations are placed on a single location. 

This can make the adaption to changes in customer demand or supply chain disruptions more 

difficult and inflexible. In addition to that, centralization can also increase the risk of supply 

chain disruptions due to the reliance on a single location or a small number of locations. A 

disruption at a centralized location can have a significant impact on the entire supply chain 

and endanger the continuity of production. (Jespersen & Skjott-Larsen, 2005) 

From the decentralization viewpoint, one major potential disadvantage is increased 

complexity. A decentralized logistics network may require more coordination and 

communication between different locations and stakeholders, which lead to inefficient 

management and higher operating costs. Another potential disadvantage is the reduced 

economies of scale. In a centralized network, companies can take advantage of economies 

of scale by operating in a single large warehousing. Decentralization can reduce the ability 

to achieve these economies of scale, which could lead to higher total costs by multiple 

suppliers. Also, transportation to multiple different network locations might increase the 

amount of transportation related emissions. (Ghasemi, Khalili-Damghani, Hafezolkotob & 

Raissi, 2017) 

2.4 Lean ideology of improving logistics network performance 

Lean management ideology has been adopted by companies around the world and has been 

applied to a wide range of industries. It has become a popular approach for companies 

looking to improve efficiency, reduce costs, and increase customer satisfaction. The origins 

of the lean management can be traced back to the early 20th century and the work of 

Frederick Winslow Taylor, who is considered as the father of scientific management. 

Taylor's work focused on breaking down work processes into smaller tasks and standardizing 
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them to increase efficiency. In the 1950s, a Japanese engineer named Taiichi Ohno 

developed the Toyota Production System, which became the foundation of the lean 

management approach. The ideology of Ohno focused on eliminating waste and creating 

continuous improvements. (Chiarini, Baccarani & Mascherpa, 2018) In the 1980s, the 

concept of lean management was introduced to the United States by management consultant 

James P. Womack and his colleagues. They published the book "The Machine That Changed 

the World," which outlined the principles of lean management and described its successful 

implementation at Toyota, and made lean management known around the world. (Proenca, 

Gaspar & Lima, 2022)  

Lean philosophy can be adopted to cover the whole supply chain functions, or it can focus 

only on one part of the supply chain such as specific logistics processes (Hammadi & Herrou, 

2020). Lean logistics is a business approach that seeks to minimize waste and optimize the 

efficiency of the logistics process. It is based on the principles of lean management, and it 

focuses on eliminating waste and maximizing value for customers by optimizing logistics 

operations. Just as lean management, lean logistics is aiming to create continuous 

improvements, which involves regularly reviewing and refining processes to identify 

opportunities for improvement. This can include identifying bottlenecks in the logistics 

process and finding ways to eliminate them, as well as seeking input from employees and 

customers to identify potential improvements. (Myerson & Myerson, 2012) 

With lean logistics ideology, companies can reduce their costs by eliminating waste and 

optimizing the efficiency of the logistics process. For example, by reducing the distance that 

products need to be transported, companies can save on transportation costs. Lean logistics 

can also help companies to reduce their inventory costs by enabling to maintain smaller 

inventory buffers to meet the customer demand. Lean logistics can improve efficiency by 

helping companies to streamline their operations, making them more efficient and 

responsive to customer needs. This can lead to faster delivery times and improved customer 

satisfaction. Lean logistics can also help companies to quickly adapt to changes in customer 

demand or supply chain disruptions as it focuses on minimizing waste and optimizing the 

use of resources. (Jones, Hines & Rich, 1997) By minimizing waste and optimizing the use 

of resources, the implementation of lean logistics management can assist companies to 

reduce their environmental impact and thus improve sustainability. (Ugarte, Golden & 

Dooley, 2016)  
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3 Variables affecting to outbound logistics network design 

performance 

In the second theoretical chapter, the variables that can impact to the outbound logistics 

network design are presented. Firstly, the impact of the distances between network locations 

are discussed. Secondly, the importance of the mode of transportation is introduced and 

thirdly, the logistic costs impact to the operations of the companies are discussed. Finally, 

the demand for sustainability is discussed and ways to reduce CO2 emissions are presented. 

3.1 The distance between network locations  

According to studies, the distance between network locations can affect the logistics network 

performance. According to Ziim, Klumpp, Regattieri & Heraguhu (2019) the long-term 

performance capabilities of a supply chain are determined largely by the location of the 

components of the supply chain. Researchers have shown that the distance between the 

network locations can directly impact the transportation time. According to Archetti, Peirano 

& Speranza (2022), longer transportation times can lead to delays in delivery and reduce the 

overall logistics performance. The locations of the network can impact the lead time by either 

reducing or increasing it. Leuschner, Charvet & Rogers (2013) have noted that a network 

design that is poorly located can lead to longer lead times which may affect to the customer 

service levels. A study conducted by Chen, Li, Song & Li (2017) also found that if network 

distances increase, longer lead times might decrease customer satisfaction levels. Therefore, 

it can be argued that a logistics network design that minimizes the distance between network 

locations can reduce lead times and thereby improve customer service levels. 

According to Wakabayashi, Suzuki, Watanabe, Karasawa & Murata (2014), the distance 

between network locations has a significant impact on transportation costs. If network 

distances are increased, the costs will increase similarly. (Wakabayashi et. al. 2014) Chu, 

Ma, Yang, Li, Deng & Cheong (2021) agree that the longer the distance between network 

locations are, the higher the amount of transportation costs will be. Longer distances require 

more fuel, which results in higher transportation costs (Besbes, 2020). Therefore, a logistics 

network design that minimizes the distance between network locations can reduce 
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transportation costs and improve logistics performance. Moreover, Melo, Nickel & 

Saldanha-da-Gama (2009) add that higher transportation costs can reduce profit margins, 

making the company less competitive in the market. As competitiveness is important for 

companies, managers should balance between the transportation costs and logistics network 

performance.  

Based on studies, the distance between network locations also has an impact on the 

transportation mode selection. According to Nakamura & Suzuki (2015), road transportation 

may be the best option for shorter distances, while with longer distances, rail transportation 

can offer the highest transportation cost benefits. Distance has also major impacts on the 

network sustainability. According to Besbes (2020), longer distance between network 

locations can increase fuel usage and thereby CO2 emissions. Also, de Morais, Calil, Faria 

de Oliveira, Saldanha & Andrey Maia (2023) agreed that longer distances specifically in 

road transportation indicated higher CO2 emissions. According to the study, CO2 emissions 

could be reduced significantly if network locations are relocated to shorter distances. 

(Rodrigues et. al., 2023) By minimizing the transported distance, the emissions from the 

transportation can be decreased (Ubeda, Arcelus & Faulun, 2011). 

According to the referred studies, it can be argued that the distance between network 

locations can significantly affect the outbound logistics network performance. Long 

distances correlated visibly with higher transportation times and lead times which might 

have an impact on customer service levels. The long distances increase transportation costs 

especially if road transportation mode is used. Long-distance network locations can also 

affect transportation mode selection and further have an impact on network sustainability.  

3.2 Land transportation mode selection and capacity utilization 

There are two different land transportation modes, which are road transportation and rail 

transportation. According to the studies, both of the transportation modes have great benefits 

depending on what is transported and how far away. According to studies, rail transportation 

is often less expensive than road transportation. Rail transportation mode can move large 

quantities of freight over long distances at a relatively low costs when divided by the 

transported volume. This cost-effectiveness makes rail transportation an attractive option for 

businesses that need to transport large quantities of goods. (Forkenbrock, 2001) Also a study 
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by Roni, Eksioglu, Searcy & Jacobson (2014) revealed that by preferring rail transportation, 

transportation cost levels can be reduced significantly when high amounts of volume are 

transported. 

Rail transportation also has lower impact to the environmental sustainability than road 

transportation. Based on Folkert (2020), rail transportation mode causes in freight traffic on 

average 6 times less emissions than road transportation mode. According to Roni et. al. 

(2014), the use of rail transportation decreases the fuel usage and thereby reduces the 

greenhouse gas emissions when compared to the road transportation. The most sustainable 

freight transportation modes are the ones that use alternative fuel sources such as electricity 

which is commonly used by the rail transportation mode (Bell, Fahimnia, Hensher & Sarkis, 

2015).  

Road transportation benefits are more related to the flexibility of distribution. According to 

Bell et. al. (2015), the advantages of using road transportation increase if company needs to 

transport non-bulk products directly to the location of customers. The use of trucks can 

decrease the number of needed handlings between the transportation when compared to the 

rail transportation. (Bell et. al., 2015) However, as stated previously, the use of road 

transportation will increase the emissions emerged from transportation. Tavasszy & Piecyk 

(2018) have concluded that even if the road transportation efficiency is increased, the 

positive results cannot overrun the positive results of switching transportation mode to rail 

transportation.  

The first mile transportation of outbound logistics is usually defined as short distance 

transportation from mills to distribution hubs or another network location (Banyai, 2018). 

According to McKinnon (2015), transportation from mills is mostly containing high quantity 

of bulk products. This can indicate that first mile transportation legs might benefit from using 

transportation modes that are most cost-effective when volumes are high. McKinnon et.al. 

(2015) have conducted that rail and waterway transportation are having great ability to 

transport high quantities of bulk products within one train or vessel. The study shows that 

companies could benefit from using intermodal transportation mode on which the last mile 

is done by road and the first-mile legs by rail or waterways. Rail transportation were seen 

most effective in first-mile transportation where the quantity to one location is still relatively 

high. (McKinnon et. al, 2015) Therefore, even though studies have represented that 



30 
 

especially long transportation legs can benefit from rail transportation, the rail transportation 

can be a better option also when high volume are transported for a shorter distance.  

When using either of the transportation modes, it is important to maintain efficient capacity 

utilization to achieve the best possible performance. According to a study conducted by 

Ubeda et. al. (2011), the capacity utilization in addition to the transported distance can affect 

the overall sustainability. The study revealed that empty-running means of transportation 

have higher negative impacts on the economical sustainability of companies. In addition, the 

un-utilized transportation capacity can affect the economics of the company despite the 

transportation mode used. The study of Venegas Vallejos, Matopoulos & Greasley (2020) 

concluded that by increasing the transportation capacity utilization, companies can decrease 

transportation related costs. 

Based on the studies, the reasons for capacity un-utilization are multitudinous. According to 

McKinnon & Ge (2006), distributed network locations can lead to capacity un-utilization 

and increased use of road transportation. The highly distributed network divides the available 

transportation capacity and the possibilities to use empty-running modes of transport 

increases. (McKinnon & Ge, 2006) Also, it seems that express deliveries can decrease the 

capacity utilization. According to Wehner (2018), one of the major causes of capacity un-

utilization is the demand for short lead-times and for deliveries that are utilizing just-in-time 

model. Transporting just-in-time might increase the number of small loads which means that 

the transportation capacity usage is not efficient. She thereby suggests decreasing the 

demand for short lead-times and to offer just-in-time delivery only when it is actually 

requisite. (Wehner, 2018) Also McKinnon (2015) has identified this problem, as according 

to the study, lower inventory and more flexible production can generate inefficient 

transportation capacity utilization.  

In addition, the capacity utilization is affected by multiple other factors. Demand 

fluctuations, unreliable transportation schedules, poor logistics coordination, geographically 

imbalanced transportation flows and limited facility capacity can undermine the capacity 

utilization stability (McKinnon, 2015). To overcome these capacity utilization issues, 

McKinnon (2015) suggests investing on strong cross-functional cooperation between supply 

chain functions, information technology and finally to facility capacity at the most critical 

logistics network locations. 



31 
 

To solve the problem of transportation capacity un-utilization, studies have found multiple 

practices. Karaman, Kilic & Uyar (2020) presented that logistics network re-routing can 

increase the transportation capacity utilization. By re-routing they meant transportation 

distance reductions. (Karaman et. al., 2020) Also, Besbes (2020) indicated that by decreasing 

the transported distances, companies can utilize better available transportation capacities. In 

addition to that, to decrease the empty-running vehicles, Wehner (2018) highlights that 

transportation legs with small volumes might benefit from combining the loads and thereby 

increasing the overall payload. This practice can be especially beneficial if just-in-time 

model is offered to the customers. 

3.3 Transportation costs 

Based on studies, the transportation costs can define significant part of companies’ total 

costs. According to Punakivi & Hinkka (2006), companies can spend up to 10-25 % of every 

dollar from sales to logistics. Marti, Pueras & Garcia (2014) shared this finding and estimates 

that logistics can define up to 15 % of the total turnover of an international company. It 

seems that companies are spending a lot to the logistics operations and thereby it can be 

argued that logistics is having a significant impact on overall performance. Based on the 

observations of Izadi, Nabipuor & Titidezh (2019), the cost-efficiency has been much 

researched issue when the performance of logistics processes is desired to be improved. 

As noted previously, variables of distance, the used transportation mode and the 

transportation capacity utilization have a direct impact on the transportation cost levels. 

Wakabayashi et. al. (2014) noted that the increase in transportation distance will increase the 

transportation costs similarly. Forkenbrock (2001) noticed that rail transportation mode 

typically has lower transportation costs than road transportation mode due to the volume 

intensity. Venegas Vallejos et. al. (2020) concluded that un-utilized means of transport will 

increase the transportation related costs. Thereby, it can be argued that to decrease the 

transportation costs, the root causes of the current transportation cost level must be 

identified.  
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3.4 The demand for sustainability and CO2 emission reductions 

Logistics sector has a massive effect on environmental sustainability globally and locally. 

Based on recently published studies, the logistics sector is globally one of the most pollutive 

sectors. International Energy Agency (2022) presents in their study that transportation 

defines 23 % of the global energy related CO2 emissions. Stojanovic, Ivetic & Velickovic 

(2021) denotes that global transportation related activities are defining over 30 % of the 

global trading related emissions. In addition, the global trading is causing over 30 % of 

global transportation related CO2 emissions and over 7 percent of the total emissions. 

(Stojanovic et. all, 2021) Logistics related emissions in Finland shares the global results. 

According to annual climate report of Ministry of the Environment (2022), road 

transportation defined 35 % of the total emissions of the effort sharing sectors which makes 

it the most significant source of greenhouse gas emissions. Thereby it can be argued that 

logistics have high potential on decreasing the CO2 emissions also locally when 

environmental sustainability actions are defined. 

In the past years, international companies have begun to set targets to reduce greenhouse gas 

emissions. The demand for network sustainability has increased when business environment 

has changed due to the constantly increasing climate change concerns. The Paris-Agreement, 

which was settled in 2015 by United Nations, was the first global agreement to limit the 

global warming and forced companies across industries and government to make actions to 

reduce greenhouse gas emissions (United Nations Climate Change, 2023). In 2022, 

European Union again tightened climate related targets and made climate neutrality by 2050 

as a legally binding target (European Parliament, 2022). Also, the transfer to the use of more 

sustainable transportation modes is considered in legislation which encourages companies 

to use rail and waterway transportation. European Commission has promoted the use of rail 

and waterway transportation as a more environmentally friendly option. Thereby, EU is 

having a target to shift 30 % of the road transportation of over 300 kilometres to lower-

carbon options such as rail transportation mode. (European Commission, 2011). 

As the pressure for sustainability has become more visible in the form of laws and 

regulations, also the customer behaviour and demands have changed. Derbel, Jarboui & 

Siarry (2020) mention that the rising environmental awareness of society has brought green 

initiatives for business organizations. Lambrechts, Son-Turan, Reis & Semeijn (2019) also 
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refer that the rise of global supply chains has aroused stakeholders’ interest towards 

sustainability. In addition, Piecyk & Björklund (2015) have noticed in their study that 

customers’ interest towards environmental responsibility has increased, and actually the 

non-governmental pressure has more significant influence on executing the sustainable 

actions in companies’ practises. Karaman. et. al. (2020) share this ideology, as according to 

them, the sustainability reporting is usually done to reassure stakeholders concerns related 

to company’s sustainability.  

According to studies, it seems that not any type of reporting is meeting stakeholders’ 

expectations. Mori, Best & Cotter (2014) concluded that poor reporting quality is easily 

associated with the poor sustainability performance of the company in the reader’s mind 

which implicates that companies should pay attention to the reporting quality. This result 

emerges also on the studies by Capusneanu, Oncioiu, Cokins & Topor (2020) and Karaman 

et.al. (2020). According to Mori et. al. (2014), high quality sustainability reporting can 

enable companies to increase transparency, credibility and reliability among the 

stakeholders. Sohdi & Tang (2019) adds that high-quality transparent reporting can help to 

gain customer’s and other stakeholders’ trust and increase the engagement. Fernandez-

Feijoo, Romero & Ruiz (2013) share the finding and note that high quality sustainability 

reporting is answering to the main stakeholders’ demand for more transparent 

communication.  

Based on studies, it seems that traditionally strategic network modelling focuses on one main 

objective. According to Harris, Sanchez-Rodrigues, Naim and Mumford (2015) this 

objective is traditionally focusing on maximizing profits or minimizing costs and thereby 

satisfying the customer demands within the capacities that are available in the network 

facilities. However, as the demand for more sustainable business operations has increased, 

there is a need to increase the number of objectives to meet the environmental targets but 

still be able to improve the customer service. Harris et.al. (2015) denote that if company is 

using more than one metric at the time, the performance measures might be constantly in 

conflict. By this they mean that achieving satisfactory results from all of the measured 

objectives simultaneously can be difficult. However, the study shows that the use of 

traditional costs and service variables can still bring the environmental improvements which 

can be seen as ancillary results. Therefore, changes in environmental performance can be 

accomplished by amending the network structure within the more traditional objectives 
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which can decrease the conflict between environmental and economic issues. (Harris et.al., 

2015) 

The actual improvements to outbound logistics sustainability can be done with various 

actions. Studies present that shifting to lower carbonized transportation modes would affect 

positively to the level of CO2 emissions. The most sustainable transportation modes use 

alternative fuel sources such as electricity or biofuels (Bell et. al., 2015). According to 

Ghisolfi, Tavasszy, Correia, de Lorena Diniz Chaves & Mattos Ribeiro (2022), one of the 

decarbonizing strategies is the shifting of road transportation to lower-carbon transportation 

modes. This refers to increasing rail transportation, multimodal transportation or the use of 

waterways to decrease the transportation related emissions. Based on the European 

Environment rating (2021), it seems that in freight transporting maritime shipping and rail 

transportation are having the lowest CO2 emissions per tonne-kilometre whereas road 

transportation is representing the highest CO2 emission per tonne-kilometre. Castelli & Pieri 

(2021) share the results as according to the study shifting to rail transportation can decrease 

CO2 emissions up to 9 times and increase energy-efficiency six times when compared to 

road transportation mode.  

It seems that distance is also a significant factor when logistics network sustainability is 

improved. Stojanovic et. al. (2021) denote that carbon emissions are primarily dependent on 

the transported distance. Previous studies also share these results. Harris et.al. (2015) 

conclude in their study that extra distance in transportation legs can significantly increase 

CO2 emissions and the fuel usage. Also, Santos, Amorim, Marques, Carvalho & Povoa 

(2019) have named longer distance as a factor that indirectly increases CO2 emissions and 

fuel demand. Studies also presents that distance itself is always not the only influencing 

variable to decrease emissions. According to McKinnon et. al. (2015) rail and waterway 

transportation can improve the network sustainability within higher distance routes. 

Woodburn & Whiteing (2015) share the results but complement that rail transportation can 

improve logistics sustainability also within shorter distances if high quantity of volume is 

transported. Thereby it can be claimed that sustainable transportation modes are performing 

well if enough volume is offered despite the transported distance. 

Studies also presents that by increasing the transportation mode utilization, the logistics 

sustainability could be improved. Based on the study of McKinnon (2015), in 2010 

transportation capacity were running empty on average 24 % of transported trucks which 



35 
 

has increased CO2 emissions by 1,1 million tonnes by one estimation. According to later 

study of McKinnon (2021), all transportation modes are still well under-used which can 

decrease the positive environmental impacts even if the most sustainable transportation 

modes are used. By this it was meant that by implementing on-time logistics service models, 

the transported volume might undercut the optimal payload utilization and cause more CO2 

emissions. (McKinnon, 2021)  

In addition to previous improvement possibilities, by re-designing the network locations, 

companies can improve the overall sustainability. Kilic & Uyar (2020) denotes that 

transportation infrastructure has an important role to achieve sustainable development. By 

re-selecting locations of logistics centres that can provide shorted lead-times, better 

transportation efficiency can be achieved resulting in reduced CO2 emissions. (Kilic & Uyar, 

2020) Kohn & Huge-Brodin (2008) presented that centralized network structure can enable 

stable transportation flows. The centralized network structure can help companies to 

improve the transportation flow consolidation, transportation capacity utilization and fuel 

usage, and thereby improve the logistics network performance also from an environmental 

perspective. (Kohn & Huge-Brodin, 2008) 
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4 Research methodology and data collection 

The thesis is based on a case study given by an international forestry industry company. In 

this chapter, the case study methods are introduced. Firstly, the AS-IS analysis process is 

shown and secondly, the scenario analysis method is presented. In the final section, the ways 

of data collection used in this thesis are discussed. 

4.1 AS-IS analysis method 

In the first part of the case study analysis, the AS-IS analysis is made. The AS-IS analysis is 

a process of analysing a system, a process, or an organization in its current state. The purpose 

of the AS-IS analysis is to gain an understanding of the existing system or process, identify 

its strengths and weaknesses, and evaluate its overall effectiveness. The analysis helps to 

identify areas that need improvement or are potential for further optimization. The results of 

an AS-IS analysis are used to develop recommendations for improving the system or 

process. The ultimate goal is to optimize the existing process and increase its efficiency and 

effectiveness. The AS-IS analysis process is presented in figure 4 below. 

 

Figure 4. The process of the AS-IS analysis 

The AS-IS analysis process begun with the data collection from the data archives of the case 

company. After the data is gathered, it is cleaned to ensure the study quality. If some 

information is missing from the data, it is complemented by interviews with logistics 

management and logistics specialists of the case company. The data is then analysed to 

investigate possible root causes and the performance level of the current outbound logistics 
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network design. Finally, the potential improvement possibilities are researched and 

processed further in the scenario analysis.  

4.2 Scenario analysis method  

The second phase of the research analysis is scenario analysis. The scenario analysis is a 

technique used to analyse the potential impact of different future scenarios on a business, on 

an organization, or on a project. It involves developing multiple plausible future scenarios 

and examining the potential outcomes for each scenario. The purpose of the scenario analysis 

is to help decision-makers to understand the risks and opportunities associated with different 

potential futures and make more informed decisions. (Hassani, 2016) Scenario analysis 

method is an important tool to use especially in strategic planning (Stewart, French & Rios, 

2013). Scenario analysis is useful in situations where the future is uncertain, and there are 

multiple potential outcomes that could significantly impact the business or the project. The 

analysis results can help decision-makers to identify potential threats and opportunities and 

develop strategies to mitigate risks and capitalize on opportunities. (Chermack, 2011) The 

process of the scenario analysis is presented in figure 5 below. 

 

Figure 5. The process of the scenario analysis 

The scenario analysis is done based on the results from the AS-IS analysis. The scenarios 

are created by considering the weaknesses of the current Finnish outbound logistics network 

design and by implementing the improvement suggestions. The created scenario models are 

qualified with interviews to ensure that they are as realistic as possible. The simulation of 

the scenario analysis is begun by creating a simulation tool to calculate the performance of 

the research variables. The selected scenarios are then transferred to the simulation model 
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and calculated by using the data gathered in the AS-IS analysis. The results of the analysis 

are then compared with the results of AS-IS analysis to measure possibly achieved 

performance improvements. The scenarios are also compared together to investigate the 

possible strengths and weaknesses of the created network designs.  

The scenario analysis is finalized with the decision-making process. The scenarios are 

compared in the decision matrixes and scored based on the performance improvements when 

compared to the AS-IS analysis results. Decision matrix is a powerful tool to simplify the 

decision-making process and propose the strongest option for strategic decision makers 

(Ullman, 2006). In the thesis, final decisions are conducted based on the results of the whole 

analysis and decision matrix is used to prioritize the study suggestions.   

4.3 Data collection  

The data for the study is gathered from the data archives of the case company. The data is 

uploaded from the SQL database management system. The data of SQL system originated 

from a supply chain system used by the case company and located in the SQL server in large 

data files. As the data is directly downloaded and saved from the operational system, the 

quality of the data varied between the datasets. Due to the high amount of information, the 

data was not fully audited. Thereby, the data needs to be cleaned to reduce the possible errors 

of the datasets. The data cleaning is done by comparing different datasets together to 

discover similarities and possible incorrect information. By this data cleaning, the study 

quality is ensured.  

The collected data is complemented by interviews with the logistics management and 

logistics specialists of the case company. Interviews are free-form discussions and therefore 

the interview question are not presented later in the thesis. The observations that are raised 

in the interviews are reviewed and qualified with the gathered data to reduce the possibilities 

of human errors.  
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5 AS-IS Analysis 

In this chapter, the AS-IS analysis results are presented. The chapter introduces the outbound 

logistics network performance measured by the research variables which are based on the 

defined research questions. Firstly, the Finnish outbound logistics network structure is 

presented, and then the transportation flows are further analysed. After that, the outbound 

logistics network performance is analysed beginning from the amount of tied wagon capacity 

and then continuing to the outbound logistics network costs. Finally, the network 

sustainability is analysed based on the level of CO2 emissions emerged from the 

transportation. 

5.1 The Finnish outbound logistics network of the case company 

The researched Finnish outbound logistics network of the case company includes total of 

four mills which are called by the names mill A, mill B, mill C and mill D. The mills are 

located in different parts of Finland. In addition to the mill locations, the case company has 

used six contracted inland terminal locations in its operations. These six locations are called 

as inland terminals A-F. The inland terminal locations are usually used to temporarily 

warehouse orders if direct transportation to the port location has been disturbed for some 

reason. The inland terminals are located in a few Finnish locations. The Finnish outbound 

logistics network has also used total of 7 different port locations which are referred later as 

port locations A-G. The port locations are located in different parts of coastal Finland.  

5.2 Transportation flows in Finland  

The material flows of the outbound logistics of the case company scatter widely around 

Finland. Due to the wide customer base abroad, the case company transports most of its 

outbound volumes to abroad locations. As Finland is from a logistics viewpoint an island, 

customer orders are usually transported to the final abroad locations via Finnish port 

locations. Figure 6 below presents the researched transportation legs to the port locations. 
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Figure 6. The main and complementary transportation flows of Finnish outbound logistics network 

The figure 6 presents that the researched transportation flows comprise two types of 

transportation legs: main and complementary transportation legs. According to the 

interviews with the logistics specialists, the direct transportation flows from the Finnish mills 

to different Finnish port locations represent the most important volume transferring of the 

Finnish first-mile legs. These transportation legs are called as the main transportation legs. 

In addition to the main transportation legs, the case company has used various additional 

transportation legs to transport orders to different port locations. Some of the transportations 

that the case company has made have not been direct transportations from mill sites to the 

port locations. In some of those transportations, the case company has used inland terminals 

between the transportation to the port locations. These so-called complementary 

transportation legs via inland terminals represent transportation legs that are used as a 

secondary option due to the issues in the logistics network. The main transportation legs and 

complementary transportation legs outbound volume flows are presented in the following 

chapters of 5.2.1 and 5.2.2. 

5.2.1 The main transportation legs from mill locations to port terminals 

According to the AS-IS analysis, transportation from the mill locations to the port locations 

scatters the transported outbound volume inside Finland. The scattering of outbound 

logistics flow is presented in figure 7 below. The figure shows transported outbound volumes 

from the mills A-D to the Finnish port locations between the 1st of September 2021 and the 

1st of September 2022. On the horizontal axis, the port locations are divided by the mills 

based on the usage. The vertical axis presents the outbound volume that has been transported 

from the mills to the port locations. The volume is scaled to a scale from 0 to 2. The 

transported volume is marked with blue.  
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Figure 7. Scaled outbound volumes of the main transportation legs 

According to the figure 7, the outbound volumes of all four mills have scattered to multiple 

port locations during the timeframe of the thesis, as all mills have used four or more port 

locations in their transportation. The mill A has used the smallest number of port locations 

when compared to the other mill locations as it has limited transportation to four different 

ports. The most port locations were used by the mill D as it had used in total seven different 

port locations. The mills B and C have used the same number of port locations as the 

transported outbound volume is scattered to six different locations from both mills. In 

general, all mills have used the port locations A-D in their transportation. In addition to the 

port locations A-D, the mills B, C and D have also used the port locations E and F. Only the 

mill D has used the port location G when transporting orders abroad.  

It can be seen from the figure 7, that even if the outbound volumes are scattering to various 

different port locations, all mills seem to transport significant amount of their outbound 

volume to only a few port locations in Finland. The total transportation volume from the mill 

A to the port locations A-D has been 1,06. When the transportation volumes of the mill A to 

these port locations are compared, it can be seen, that largest share of the outbound volume 
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is transported to the port location C. In total, the transportation volume has been 0,82 to the 

port location C. This means that 77 % of the total transported outbound volume from the 

mill A to the port locations were transported to the port location C.  

The total transportation volume of the mill B was 3,76. The biggest amount of the outbound 

volume was transported to the port location C. The total volume to the port location C was 

1,95 which equals to 51 % of the total outbound volume from the mill B to the port locations. 

The mill B has also transported significant amount of the volume to the port location B. 

According to the analysis, a volume of 0,80 was transported to the port location B. This 

forms 21 % of the total outbound volume from the mill B to the port locations.  

According to the figure 7, the mill C has transported in total a volume of 0,99 to different 

port locations. When comparing the used port locations, greatest share of the outbound 

volume was transported to the port location B. This transported volume of 0,69 comprises 

almost 70 % of the total volume transported from the mill C. Even though the volume to the 

port location D is small, the percentage of 12 % makes it the second most used port location 

of the mill C. The third most used port location of the mill C was the port location F with a 

volume of 0,12. 

As well as the mill B, the mill D has also used the port locations B and C the most. The 

transported volumes to these port locations were 0,52 and 0,87 respectively. These equal to 

shares of 57 % and 34 % of the total transported volume from the mill D. In total, mill D 

transported in total a volume of 1,51 to different port locations. 

While the mills of the case company have used some port locations significantly more than 

others, it can be clearly seen that some of the port locations were used on the contrary only 

rarely. According to the figure 7, the mill A has transported the smallest share of its volume 

to the port locations A and D. The transportation volume to the port location A was only 

0,05, which means 5 % of the transported outbound volume from the mill A. To the port 

location D, the mill A has transported only a volume of 0,02. This means that only 2 % of 

the mill A’s volume was transported to the port location D.  

The mill B has transported the smallest share of its outbound volume to the port locations D, 

F and F. The shares of volume to these three port locations were almost equal. The mill B 

transported to the port location D a volume of 0,19, to the port location E a volume of 0,18 

and finally, to the port location F a volume of 0,16. This means that mill B has used port 
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locations D and E 5 % and the port location F only 4 % when compared to the total 

transported outbound volume from mill B to the port locations.  

The mill C has mainly focused its transportation on the port location B and has therefore 

used other five port locations quite infrequently. The least-used port locations were the port 

locations A, C and F. The mill C transported in total a volume of 0,02 to the port location A. 

This means that only 2 % of the total transported outbound volume from mill C was 

transported to the port location A. To the port location C, the mill C transported a volume of 

0,03 which forms only 3 % of the total transported volume. Finally, the mill C transported 

to the last port location F in total a volume of 0,04. This explains only 4 % of the total 

transported volume of the mill C to the port locations.  

Finally, according to the figure 7, the mill D has used the port locations D-G the least. Based 

on the AS-IS analysis, the transportation to those four locations from mill D was very 

occasional. The transported volume to the port locations D and F has been only marginal 

with a volume of 0,001. This means that only 0,1 % of the total transported volume from the 

mill D to the port locations was transported to the port locations D or F. Also, the port 

locations F and G represent the least used port locations with transported volumes of 0,007 

and 0,006. The port locations F and G therefore explain only around 0,5 % of the total 

transported volume from the mill D to the port locations.  

When the transported volumes are viewed by the port locations, the findings are similar as 

presented previously. The figure 8 below shows the transported outbound volumes at the 

port location level. The vertical axis presents the total of the scaled outbound volumes in the 

scale from 0 to 4. 
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Figure 8: The transported outbound volume by the port locations A-G 

According to the figure 8, largest amount of the transported volume to the Finnish port 

locations was centralized to the port locations B and C, from which the volume to the port 

location C was the most significant. The total volume to the port location C was 3,66, which 

comprises 50 % of the total transported volume to the port locations. The total volume of the 

port location B was 2,19. This volume comprises 30 % of the total transported volume to the 

port locations. In addition to the port locations B and C, the port location A was used quite 

often when the port’s total volume is compared to the total volume of the remaining port 

locations. The total volume to the port location A was 0,68 which explains 9 % of the total 

transported volume to the port locations during the thesis timeframe.  

As it can be seen from the figure 8, the port locations that the case company used the least 

were the port locations D-G. To the port location D, the transported volume was only 0,33, 

meaning only 5 % of the total transported volume. The share of volume to the port location 

E was also very low as the transported volume was 0,27, which explains 4 % of the total 

transported volume. To the port location F, the case company transported even less than to 

the port location E, as the volume was only 0,21. This explains 3 % of the total volume 

transported to the port locations. Finally, the port location G represents the lowest 

transported volume level when compared to the other port locations. The case company has 



45 
 

only transported a volume of 0,01 to the port location G which comprises only 0,1 % of the 

total transported volume to the port locations.  

It can be concluded that highest outbound transportation flows have been transported from 

the mill B. The second highest volumes were from the mill D and only then from the mill A. 

The least amount of volume was transported from the mill C. In addition, it can be noted that 

despite the fact that the case company has clearly preferred using certain locations, the 

outbound volumes are still scattering to multiple port locations. The case company has 

transported the biggest share of its volume to the port locations B and C which can be defined 

as the most important port locations in the AS-IS network model. The case company has 

allocated some of the volumes to the port location A, but the volumes are significantly lower 

than at the port locations B and C. The lowest volumes are allocated to the locations D-G 

which are not receiving any stable transportation flows from Finnish mills.  

5.2.2 The complementary transportation via inland terminals 

The complementary transportation legs are defining the transportation legs that are using 

Finnish inland terminals between the transportation to the Finnish port locations. According 

to the interviews with the logistics specialists, the main transportation legs should be used 

as a priority routes, but due to various reasons, the inland terminals are used during the 

transportation. The table 1 presents some of the reasons why inland terminals were used 

during the timeframe of the thesis. The reasons are divided to external or internal categories 

based on the source of the reason. Internal sources mean that the reason is fully or mainly 

caused by the case company. External sources define reasons that are caused by the issues 

outside the case company. The table is not all-inclusive, and it presents only the reasons that 

appeared in the interviews with logistics specialists and logistics management.  



46 
 

Table 1. Reasons to use inland terminals when transporting to port locations 

 

According to the table 1, issues related to production can cause inland terminal usage. 

According to the interviews with the production planning specialist, these production related 

issues cannot always be avoided, and therefore the usage of inland terminals can be 

occasionally mandatory in the current network model. The issues related to order re-routing 

might occur due to the high variation of network locations, and in addition to that, also the 

unavailability of transportation capacity is in connection with the scattered logistics network 

model.  

The complementary transportation flows of the case company are presented in the figure 9 

below. The figure shows all the transportation legs to inland terminals where the outbound 

volumes fulfil the pre-defined requirements. It was decided as a requirement that the 

outbound volumes that are transported to the inland terminal locations must be transferred 

to Finnish port locations after the warehousing in the inland terminal location in order to be 

counted. By fulfilling the requirement, the continuity towards the port locations was secured 

and thereby only the most important legs regarding the thesis scope were studied. The 

volumes in the figure 9 are scaled to be comparable with the transportation flow analysis in 

the chapter 5.2.1. 
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Figure 9: The transported outbound volume from mills to inland terminals 

According to the results of the AS-IS analysis, it seems that three mills transport their orders 

via inland terminals when the final Finnish location is one of the Finnish port locations. The 

mill B seems to be the most active inland terminal user and the mill locations C and D use 

inland terminals relatively infrequently. As seen from the figure 9, the mill B transports a 

part of the outbound volumes via six different inland terminal locations. When the volumes 

to inland terminal locations are compared to the total transported volumes from the mill B, 

the outbound volumes to the inland terminal locations explain 5 % from the total transported 

amount. The mill C has transported outbound volumes via three inland terminals and the 

amount of volume explains 1 % of the total transported volume of the mill C. From the mill 

D, orders were transported via one inland terminal but the total volume to the inland terminal 

explains only very marginal part of the total transported volume from the mill D. As seen 

from the results, the transportation flows of the complimentary legs are not as significant as 

the volumes of the main transportation legs. However, the usage of inland terminals scatters 

the outbound logistics network in addition to the high number of port locations used. 

The volume to the inland terminal locations were divided unevenly. The mill B has 

transported most of the complimentary leg’s volumes to the inland terminal D. It seems to 
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be the mill B was the main user of that inland terminal D as the mill D has transported only 

marginal volumes to that location. The mill B has transported a volume of 0,098 to the inland 

terminal D which comprises 45 % of the total transported volume from the mills to the inland 

terminal location. The secondly most used inland terminal location was the inland terminal 

E to which the mill B alone transported a total volume of 0,057. This means that the mill B 

transported 26 % of the total volume to the inland terminal E.  

The third most used inland terminal location was the inland terminal B which was also used 

only by the mill C. The total transported volume to the inland terminal B was 0,043 which 

explains 20 % of the total transported volume from the mill B to the inland terminal 

locations. The remaining locations of the inland terminals A, C and F had the smallest 

transportation flows compared to the other inland terminal locations. The mill C was the 

main user of the inland terminal C, and volumes to that location comprised 5 % of the total 

volume from the mills to the inland terminals. The inland terminals A and F were the least 

used locations and the volume flows to those locations were only minor.  

As a conclusion, the transported volumes via inland terminals seem to be relatively low 

within the researched transportation legs. The total transported volume of complementary 

transportation legs explains 6 % of the total researched transported volumes. The mill B has 

been using inland terminals between the transportation the most and other mills only 

marginally or none at all. The highest demand for the inland terminals between 

transportation to the port locations were when the mills transported to the port locations B 

and C. If orders were transported to the port locations A, D or F, inland terminal usage was 

the lowest. As the volumes of the complementary legs were low, it can be assumed that from 

the transportation flow viewpoint the biggest influence on the network functionality is on 

the main transportation legs. 

5.3 The amount of tied wagon capacity  

In this chapter, the amount of tied wagon capacity is presented. The amount of tied wagon 

capacity means the needed wagon capacity to transport orders from mills to the port locations 

when the transported distances and transportation times are considered. The analysis of the 

amount of tied wagon capacity is started with the introduction of the used transportation 

mode in the main and complementary transportation legs. The analysis then continues to 
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present the AS-IS analysis results of the amount of tied wagon capacity that was used during 

the timeframe of the thesis. 

5.3.1 The used transportation mode of the researched transportation legs 

The used transportation mode varies depending on if the main transportation legs or the 

complementary transportation legs are viewed. According to the results of the AS-IS 

analysis, the case company has used more often rail transportation than the road 

transportation mode when the main transportation legs are used. However, the 

complementary transportation legs used mainly road transportation. The results of the AS-

IS analysis are presented in more detail below. Firstly, in the figure 10, the transported 

outbound volumes of the main transportation legs are shown by the used transportation 

mode. The outbound volume that is transported by rail, is marked with orange and the 

outbound volume transported by road is marked with green. In the figure, horizontal axis 

presents the transported legs from mills to port locations and vertical axis the amount of 

outbound volume. The outbound volume is scaled to a scale from 0 to 2.  

 

Figure 10. The outbound volume of the main transportation legs divided by the transportation mode 



50 
 

Based on the overall results, the case company has used 73 % rail transportation and 27 % 

road transportation in its transportation legs. This percentage however varies when different 

mills are compared. According to the figure 10, the mill A has used almost as much rail 

transportation as road transportation when transporting to the port locations. On average, the 

mill A has used rail transportation on 60 % and road transportation on 40 % of the total 

outbound transportations to the port locations. Similarly, it has used 59 % rail transportation 

and 41 % road transportation on the volumes that were transported to the port location C. 

Also, when the mill A has transported orders to the port location B, the rail transportation 

was used on 63 % and road transportation on 39 % of the transported volumes. The highest 

and the lowest rail transportation usages were on the least used transportation legs. When 

the mill A transported to the port location A, it transported 94 % of the outbound volume by 

rail and only 6 % was transported by road. However, when the mill A transported its orders 

to the port location D, most of the volumes were transported by road. The road transportation 

share of the transportation leg from mill A to the port location D comprised around 91 % of 

the total transported volume of the transportation leg.  

When the mill B is examined in more depth, on the average it has transported 73 % of its 

total volume by rail and the remaining 27 % by road. The mill B has therefore performed 

better that the mill A when rail transportation percentages are compared. The mill B has 

transported the most of its outbound volumes to the port locations B and C. According to the 

AS-IS analysis, the mill B has transported 59 % of its transported volume to the port location 

B by rail and 41 % by road. When comparing the transported volumes to the port location 

C, the rail transportation forms an even greater share, as there the mill B has used 78 % rail 

transportation and 22 % road transportation. The transportation to the third most used 

location, the port location A, was also mostly done by rail transportation as 70 % of the 

transportation was done by rail and 30 % by road. The transportation to the least used port 

locations D-F were similarly mostly done by rail. To the port location D, 83 % of outbound 

volume was transported by rail and only 17 % was transported by road. The transportation 

to the port location E was more often done by road, as only 62 % was transported by rail and 

the remaining 38 % was transported by road. Rail transportation was used the most in the 

transportation leg to the port location F, on which 94 % of the transportation was done by 

the rail transportation and only 6 % by the road transportation.  
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The mill C differs slightly when compared to the mills A and B, as it has transported the 

transportation legs with highest volumes mostly by rail. On average, the mill C has 

transported 84 % of the total volume by rail and only 16 % by road. To the most used port 

location B, the mill C has transported in total 95 % of the volume by rail and only the 

remaining 5 % by road. However, to the second most used port location D, the mill C has 

transported in total only 51 % of the volume by rail and 49 % by road. The rail transportation 

percentages increase only when the mill C has transported orders to the port locations E and 

F. In total, the mill C has transported 82 % by rail to the port location E and 71 % by rail to 

the port location F. The port locations A and C represent the lowest rail transportation 

percentages as in total only 37 % was transported by rail to the port location A and 24 % by 

rail to the port location C.  

According to the analysis, the mill D has used rail transportation the most when compared 

to the other mills. The mill D has transported in total 85 % of its volume by rail and 15 % 

by road. To the most used port locations B and C, the mill D has mostly used rail 

transportation. A total of 88 % of the volume from the mill D to the port location B was 

transported by rail and 12 % by road. To the port location C, the most used transportation 

mode was also rail transportation with a share of 83 %. The mill D used the highest amount 

of rail transportation to the thirdly most used port location A, as in total 95 % of the 

transported volume to the port location was transported by rail. For the least used 

transportation legs, the legs from the mill D to the port locations D-G, the most used 

transportation mode was either road transportation or then the shares were almost equal. The 

mill D used only road transportation to the port locations D and E. To the port locations F 

and G, the mill transported on average 62 % by rail and 38 % by road.  

In general, it is seen that the transportations of the main transportation legs were done by rail 

more often than by road just barely. However, the difference between road and rail 

transportation increases significantly when the complementary transportation legs are 

viewed. The complementary transportation legs transportation mode division is presented in 

the figure 11. The transportation from the mills to the inland terminals and from the inland 

terminals to the port locations are divided with a grey dashed line. All results are scaled to a 

scale from 0 to 2. 
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Figure 11. The transported outbound volume of the complementary legs by the transportation modes 

As seen from the figure 11, rail transportation is mostly used when orders were transported 

from the mills to the inland terminal locations. When orders were transported from the inland 

terminals to the port locations, all outbound volumes were transported by road. The bigger 

share of rail transportation from the mills to the inland terminals might be explained with 

better rail infrastructure from the mills to the inland terminal locations than from the inland 

terminals to the port locations. It can also be assumed that transported volumes in a single 

shipment from the inland terminals to the port locations might not be as remarkable as when 

transported directly from the mill sites, and therefore the use of rail transportation might be 

excluded. Also, as there has been a constant lack of rail transportation capacity, it seems to 

be more reasonable to use the available wagon capacity within the main transportation legs 

than in a marginal transportation within the complementary transportation legs.  

5.3.2 The amount of tied wagon capacity 

In this chapter, the amount of tied wagon capacity is calculated based on the volume analysis 

presented previously. The amount of wagon capacity that is reserved for the transportation 

depends on the used rail transportation model. According to the data analysis and the 
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interviews with the logistics management and logistics specialists, the case company has 

used traditional train transportation model in rail transportation during the timeframe of the 

study. Figure 12 below presents simplified illustration of the traditional train transportation 

model that was used at the case company.  

 

Figure 12: Traditional train transportation model 

As presented in the figure 12, the case company has used within the researched timeframe 

traditional rail transportation model. At first, the case company purchases transportations by 

rail from the rail operating company. The rail operator then sends the available number of 

wagons to the mill location and transports those to the agreed port location. The 

transportation is done within the scheduled transportation time which depends on the 

distance between the mill and the destination and the scheduled transportation frequency of 

the rail operating company. After the transportation, as the wagons are not reserved for the 

case company usage, wagons will continue to other directions inside Finland depending on 

the purposes of rail operating company. As the wagons are not reserved for the case company 

usage, the used wagon capacity can be unavailable for long periods of time if wagons are 

given to other companies. The rail operating company in Finland has limited wagon capacity 

and the transfer of wagons to the transportation use of other companies can therefore lead to 

unpredictability in the available number of wagons when purchasing new rail transportations 

from rail operating company. This can also potentially endanger the logistics stability of the 

case company. As mentioned in the previous chapters, the case company is using in total 
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seven different port locations which scatters the available wagon capacity around Finland 

when traditional rail transportation model is used.  

The amount of tied wagon capacity is calculated in the AS-IS analysis by using different 

equations. To be able to calculate the number of wagons, it is needed to firstly evaluate the 

daily wagon demand of the mill and then the total transportation time. The figure 13 below 

presents parts from which the total transportation time of the traditional transportation model 

is formed of. The figure is a simplified model, and it does not cover the stops between the 

transportation caused by the rail operating company. Also, the analysis does not include the 

loading time at the mill site which is marked in grey. 

 

Figure 13. The total transportation time of the traditional rail transportation model 

The figure 13 presents the total transportation time of the traditional rail model. Theoretically 

the transportation consists of three different transportation phases which are shunting, train 

transportation and unloading phases. The total transportation time has two shunting phases 

which are marked in green. In this thesis, the shunting time is estimated based on the 

interviews of the logistics specialists of the case company, and an average of 45 minutes is 

used. In addition to the shunting time, the total transportation time includes train 

transportation time which is marked with blue. The train transportation time is dependent on 

the realized train transportation schedules that are managed by the rail operating company. 

The total transportation time of the traditional rail transportation model is also affected by 

the unloading time at the port location which is marked in yellow. The unloading time 

depends on the unloading efficiency. The factors that affect the efficiency are the number of 

simultaneous unloaders used and the number of wagons in the train. In the real case, the 
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unloading time is affected by multiple variables and for example different wagon types with 

different payloads and different unloaded product types can have an effect to the realized 

unloading speed. However, these factors are not included in the AS-IS analysis to simplify 

the calculations. 

The total transportation time of the traditional rail transportation model is calculated with 

the following equations: 

𝑫𝒂𝒊𝒍𝒚 𝒘𝒂𝒈𝒐𝒏 𝒅𝒆𝒎𝒂𝒏𝒅 = 

𝑡𝑜𝑡𝑎𝑙 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑒𝑑 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑡 𝑎⁄ ) 𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑎𝑦𝑙𝑜𝑎𝑑 𝑜𝑓 𝑜𝑛𝑒 𝑤𝑎𝑔𝑜𝑛 (𝑡)⁄

365 𝑑 𝑎⁄
 (5.1)

 

In the equation 5.1, total transported volume (t/a) is the outbound volume in tons that is 

transported from the mills to the port locations by rail within the researched one-year 

timeframe. The average payload of one wagon (t) refers to the average payload of wagons 

in tons used by the case company. The equation is divided by the number of days in a year. 

𝑻𝒉𝒆 𝒂𝒗𝒆𝒓𝒂𝒈𝒆 𝒖𝒏𝒍𝒐𝒂𝒅𝒊𝒏𝒈 𝒕𝒊𝒎𝒆 (𝒉) = 
𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑢𝑛𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑝𝑒𝑟 𝑤𝑎𝑔𝑜𝑛 (ℎ)

× 𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑖𝑚𝑢𝑙𝑡𝑎𝑛𝑒𝑜𝑢𝑠 𝑢𝑛𝑙𝑜𝑎𝑑𝑒𝑟𝑠 × 𝑑𝑎𝑖𝑙𝑦 𝑤𝑎𝑔𝑜𝑛 𝑑𝑒𝑚𝑎𝑛𝑑 (5.2)
 

In the equation 5.2, the average unloading time per employee per wagon (h) means the 

average time in hours that one employee uses to unload one regular wagon at the unloading 

location. The average number of simultaneous unloaders refers to the average number of 

employees that are scheduled to unload one wagon at the unloading location. Daily wagon 

demand is calculated in the equation 5.1. 

𝑻𝒉𝒆 𝒕𝒐𝒕𝒂𝒍 𝒕𝒓𝒂𝒏𝒔𝒑𝒐𝒓𝒕𝒂𝒕𝒊𝒐𝒏 𝒕𝒊𝒎𝒆 (𝒅) =

𝑡𝑜𝑡𝑎𝑙 𝑠ℎ𝑢𝑛𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 (ℎ) + 𝑡𝑟𝑎𝑖𝑛 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 (ℎ) + 𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑢𝑛𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 (ℎ)

24 ℎ/𝑑
 (5.3)

 

In the equation 5.3, total shunting time (h) refers to the average shunting time in hours that 

it takes to transfer a train to different track before and after the actual train transportation. 

The total shunting time calculates together the total amount of needed shunting within a rail 

transportation. Train transportation time (h) refers to the actual Finnish train schedules from 
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location A to location B calculated in hours. The average unloading time (h) is calculated in 

the equation 5.2. The equation is divided by the hours of a one day. 

Finally, the tied amount of wagon capacity for a traditional rail transportation model is 

calculated with the following equation: 

𝑻𝒉𝒆 𝒂𝒎𝒐𝒖𝒏𝒕 𝒐𝒇 𝒕𝒊𝒆𝒅 𝒘𝒂𝒈𝒐𝒏 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚 =

𝑇ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 (𝑑) × 𝑑𝑎𝑖𝑙𝑦 𝑤𝑎𝑔𝑜𝑛 𝑑𝑒𝑚𝑎𝑛𝑑 (5.4)
 

In the equation 5.4, the total transportation time (d) refers to the result from equation 5.3. 

Daily wagon demand is calculated in equation 5.1. 

The results of the amount of tied wagon capacity of the main transportation legs are 

presented in the figure 14 below. The wagon capacity used in complementary legs is not 

researched as only road transportation mode was used within those transportation legs. The 

tied capacity is compared with the transported outbound volume that was transported by rail 

to research if the wagon capacity demand correlates with the amount of transported outbound 

volume. In the figure, the amount of tied wagon capacity is marked in orange and the amount 

of transported outbound volume in blue. All results are scaled to a scale from 0 to 2.  
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Figure 14. Scaled amount of used transportation capacity of the main transportation legs compared with the total transported 

outbound volume 

According to the results, the most wagon capacity is used within the transportation legs 

which had the highest volume. On average, the case company have used most wagon 

capacity when transporting to the port locations B and C. The least wagon capacity was used 

to the port locations D, E, F and G. These results can be mostly explained by the amount of 

transported outbound volume, and therefore this analysis itself does not consider all variables 

that will affect to the amount tied wagon capacity. 

When transportation legs are evaluated with the research variable of the tied wagon capacity 

amount, the most important thing according to studies is to compare the total transportation 

time of one train transportation with the amount of wagon capacity that is reserved for the 

specific route. This estimation can be done as the equations of the transportation capacity is 

based on the transportation time as presented previously. As the amount of transported 

outbound volume affects significantly to the wagon demand, the volume influence should 

be removed in order to reliably compare different transportation legs together. Therefore, 

the figure 15 below was simulated with same outbound volumes in all transportation legs 

from mills to ports to research how transportation time would affect to the amount of tied 

wagon capacity within the current network locations. The tied wagon capacity is marked in 
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orange and total train transportation time in blue. All results are scaled to a scale from 0 to 

2.  

 

Figure 15. Train transportation time vs. the amount of tied wagon capacity 

According to the figure 15 above, it can be seen that a higher transportation time correlates 

obviously with a higher amount of tied wagon capacity which follows well the theoretical 

findings. The level of tied wagon capacity increases at the same time as the total 

transportation time level. Based on the results, if the case company desires to decrease the 

needed transportation capacity, all researched mills would benefit from using the port 

locations B and C. Also, the port location A seems to perform well in this simulation. 

However, as the case company has used multiple network locations, the port locations with 

the longest transportation time from the mills tend to use more transportation capacity than 

the locations with the shortest transportation time. It seems that the case company increased 

the amount of tied wagon capacity when volumes were transported to the port locations D, 

E, F and G.  
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The differences in the transportation time can be explained with the rail schedules of the rail 

operating company. The only regular transportation schedules were offered to the port 

locations A, B and C, and rail transportation could be done directly from the mills to the port 

locations. When the port locations D, E, F and G were used, the rail operating company 

could offer only irregular rail schedules and daily transportation could not be arranged. The 

figure 15 does not consider the realistic weekly rail schedules, and therefore in needs to be 

considered that results might seem different if transportation times would be researched by 

weekly schedules. Also, transportations to the port locations D-G cannot be done directly 

which means that wagons are transported first to a railway yard and only then they are moved 

to the final port location with a different locomotive. This is time-consuming and increases 

the total transportation time.  

In general, it can be seen that the biggest increasing with the wagon capacity demand and 

transportation times is with the mill B when it transports to the port locations D, E and F. 

This is very significant result, as based on the previous analysis, the mill B has the highest 

transportation volume and therefore has significant influence on the total used wagon 

capacity amount. The mill A does not have as significant differences when compared 

between different transportation legs as the mill B, but it has visible increases in the results 

when volumes are transported to the port location D. The transportation time and the amount 

of tied wagon capacity from the mill C seems to rise gradually and it can be seen that the 

mill does not benefit if outbound volumes are transported to the port locations D, E or F. 

The mill D has the highest wagon capacity demand when volumes are transported to the port 

locations D, E, F or G.  

5.4 Outbound logistics network costs 

In this thesis the outbound logistics network costs are divided into two categories which are 

handling costs and transportation costs. In this chapter, the costs that emerge from 

transportation are handled firstly. Then the AS-IS analysis results of handling costs in the 

port locations and the inland terminals are presented. 
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5.4.1 Transportation costs 

As stated previously, the case company has transported in Finland mainly by road and rail 

transportation modes. As the main business areas of the case company exclude transportation 

business, transportation to network locations is purchased from different logistics operators. 

All road transportations were done by using different external logistics operators with whom 

the transportation costs are negotiated yearly. Road transportation costs include all 

transportation related costs and fuel charges based on the prevailing fuel pricing. In the 

thesis, fuel charges were on the level of 19,9 %. All rail transportations were done by using 

the Finnish rail operating company with whom the transportation prices are negotiated 

yearly. Rail transportation prices include energy related costs, but the level of energy costs 

was not specified in the used data.  

The total transportation costs are presented in the figure 16 below. Total costs are calculated 

by dividing costs to different transportation modes. Calculations are based on EUR/TON 

pricing that the division has used within the timeframe and on the total amount of transported 

outbound volume within the transportation legs. The total costs are compared with the 

transported outbound volume to study the correlation with the outbound volume. Rail 

transportation costs are marked in orange, road transportation cost in green and the total 

amount of transported outbound volume in blue. All results are scaled on a scale from 0 to 

2. 
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Figure 16: Scaled total transportation costs of the main transportation legs compared with total transported outbound 

volume 

As it can be seen from the figure 16, the shares of transportation costs were mostly allocated 

by the transported volume. If the transported outbound volume to a specific port location 

was high, the total transportation costs also seemed to increase in proportion to the volume. 

This correlation was seen also in the theoretical analysis. The results show that as the port 

locations B and C were the most used port locations, transportation legs to those locations 

also had on average the highest total transportation costs by both transportation modes when 

compared to other transportation legs.  

As the transported outbound volume has significant influence on the total transportation 

costs, transportation costs were then researched by the one volume unit. In the figure 17 

below, the transportation costs are presented per transported volume. The final results of the 

main transportation legs are then the compared with the average distance based on the 

finding in the theoretical analysis. It was decided to research if the distance has an influence 

on the transportation pricing of the case company. The average distance is meaning the 

average of road and rail transportation distances. Rail transportation costs are presented in 

orange, road transportation in green and finally the average distances in blue. The results are 

scaled to a scale from 0 to 2. 



62 
 

 

Figure 17. Scaled transportation costs per transported volume compared with average distance, the main transportation legs 

According to the figure 17, it is visible that the transportation distance has a significant 

correlation to the transportation cost level within every transportation leg and transportation 

mode which follows well the theoretical findings. The results shows that if transportation 

distance is increased, the transportation costs by road or rail will also increase similarly. 

Therefore, the distance is significant variable also in this case study when transportation 

costs are researched. 

It seems that the port locations that are having the lowest average transportation distance, 

are also having the lowest transportation costs. According to the results, all mills are having 

the lowest transportation distances to the port locations A, B and C. The transportation costs 

to those port locations by both transportation modes are on average 9 % lower than to other 

port locations. The distances and transportation costs are highest to the port locations D, E, 

F and G. It can be therefore assumed, that if the case company uses port locations that are 

far from the mills, the transportation costs will increase accordingly. This relation was 

proved in the earlier studies. Next the complementary leg results are presented in figure 18. 
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Figure 18: Scaled total transportation costs of complementary transportation legs compared with total transported outbound 

volume 

According to the results, the use of complementary legs has increased total transportation 

costs by 4 % within the researched timeframe. The biggest costs related to transportation are 

caused by the main transportation legs, but if inland warehouse usage is increased, the 

complementary transportation costs effect will increase accordingly. Based on the figure 18, 

it seems that the total costs of complementary transportation legs also correlate well with the 

amount of transported outbound volume. For example, as the highest volumes were 

transported from the mill B to the inland terminals B, D and E, the total transportation costs 

were the highest on those transportation legs. Again, from the mill C the most outbound 

volume was transported to the inland terminal C whose costs can be seen to be in a higher 

level than the costs of the other transportation legs. In addition, when volumes were 

transported from the inland terminals to the port locations, it is visible that the locations with 

highest volumes have also the highest costs. When compared to the main transportation legs, 

it seems that the transportation costs of complementary transportation legs are more often 

caused by road transportation. This can be also explained by the volume allocation as based 

on the previous results, the complementary transportation legs were more often done by road 

transportation than by rail. 
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As transported volume influences also the total costs level of the complementary 

transportation legs, the transportation costs per one transported volume unit were researched. 

The figure 19 below presents transportation costs per transported volume by both 

transportation modes. The costs are then compared with the average distance which is the 

average of the road and rail transportation distances. The comparison is done to investigate 

if costs of the complementary legs are also related to the distance. Rail transportation is 

presented with orange line, road transportation with green line and lastly, the average 

distance with blue line. All results are scaled to scale from 0 to 2. 

 

Figure 19. Scaled transportation costs per transported volume compared with average distance, the complementary 

transportation legs 

As the figure 19 presents, also the transportation costs of the complementary transportation 

legs seem to follow the average distance levels just as the earlier studies and the main 

transportation legs results showed. When the distance between the departure location and 

arrival location increase, the transportation costs increase similarly. When compared to the 

main transportation legs, the average cost level of the complementary legs however seems 

to be a bit lower. This can be explained with the lower distances between the locations of 

the complementary legs. But similarly, as with the main transportation legs, the most 
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expensive transportations from inland terminals are the transportations to the port locations 

D, E, F and G. The cheapest transportations are the transportations to the port locations A, 

B and C which also follows well the previous observations.  

5.4.2 Handling costs 

In this thesis, handling costs explain costs that have emerged when a mean of transportation 

was unloaded in arrival location or loaded in an inland terminal location. The case company 

negotiates handling costs with inland terminal and port terminal operators. Handling cost 

level varies based on the transportation mode and on which location the volume is 

transported to. The handling costs might be divided into specific costs categories based on 

the agreements with operators but in this study, handling costs are not divided into specific 

action-based cost categories. The handling costs are only divided based on the land 

transportation mode used. 

In the figure 20 below, the total amount of handling costs is presented by the arrival locations 

of Finnish network. The total costs are divided to costs emerged from unloading volumes 

that were transported by rail or by road. Handling cost when transported by rail are marked 

in orange and when transported by road in green. The total handling costs were compared 

with the total transported outbound volume to the arrival location to study the possible 

correlation with the total costs. The amount of transported outbound volume is presented 

with blue line. All results of the figure are scaled from 0 to 2. 
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Figure 20: The scaled total handling costs of the Finnish network locations compared with total transported outbound 

volume 

According to the results of the AS-IS analysis, the total handling costs of the current 

outbound logistics network design were at a level of 6,85. From that amount, approximately 

2 % was explained by the inland terminal usage. This is due to the fact that the mills 

transported most of the outbound volumes to the port locations B and C by rail.  However, 

it seems that the expensive road handling costs have also an impact on the total costs of the 

most used port locations. The road handling costs are at rather high level when compared to 

the total transported volume by the mode.  

In general, it can be observed that handling costs follow well the level of transported 

outbound volume. When all network locations are compared together, it is seen that the most 

significant cost impact was at the port locations B and C which were highly used by all mill 

locations. The total handling costs at the port locations B and C were the highest when rail 

transportation mode was used. The smallest cost impact can be observed when the port 

locations D, E, F or G were used, or the inland terminal locations were utilized. However, it 

needs to be considered that the volume to those locations were also the smallest which 

decreases the total costs significantly. 
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As the amount of transported outbound volume seems to significantly affect the total 

handling costs shares, costs were researched per one outbound volume unit. Figure 21 below 

presents handling costs on EUR/TON level and divides costs based on the used 

transportation mode. Handling costs are marked in orange when rail transportation mode 

was used and in green when volumes were transported by road. All results are scaled to a 

scale from 0 to 2. 

 

Figure 21. The average scaled handling costs of the Finnish network locations, EUR/TON 

According to the figure 21, the highest handling costs of the rail transported orders to port 

locations were at the port location G. Its handling costs per transported volume were on a 

level of 1,06 which is 64 % higher than the average of 0,65 for all port locations. The second 

highest handling costs for the rail transported orders were at the port location F with a level 

of 0,84. The handling costs of the port location F were therefore 30 % higher than the average 

level of all port locations. The lowest handling costs per transported volume were at the port 

locations A, C and F. At the port locations A and C, the handling costs for the rail transported 

volumes were at a level of 0,49. This means that the handling costs were 24 % below the 

average of all port locations handling costs. When looking at the port location F, the handling 
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costs decrease to a level of 0,42 which means that costs are 35 % below the average handling 

costs of all port locations. The handling costs of the remaining port locations B and D 

represent the average level on handling costs.  

The handling costs of the used inland terminal locations varies relatively much. The highest 

handling costs were at the inland terminal A. The handling costs were at a level of 0,93 

which is 36 % higher than the average of 0,68 for all inland terminals. The second highest 

handling costs were at the inland terminal C with an amount of 0,92. This means that the 

handling costs were 35 % higher than the average inland terminal handling costs. The third 

highest handling costs were at the inland terminal F where the costs were at a level of 0,81. 

The handling cost were therefore 19 % higher than the average. The lowest handling costs 

were at the inland terminals D and E. At the inland terminal D, the handling costs were at a 

level of 0,43 and at the inland terminal E at a level of 0,42. This means that the handling 

costs of the inland terminal D were 37 % and the handling costs of inland terminal E 39 % 

below the average. The inland terminal B was nearest the average with an amount of 0,59 

which is 13 % lower than the average.  

According to the figure 21, the handling costs per transported volume were on the most cases 

at the highest when volumes were transported by road. From the port locations, the highest 

handling costs by road were at the port location C and G. At the port location C and G, the 

handling costs were at a level of 1,06 which is 14 % higher than the handling costs average 

of 0,93. The second highest handling costs were at the port location B with the average costs 

of 1,02 which is 9 % over the average. The third highest handling costs were at the port 

location F with an amount of 1,00. The handling costs were therefore 7 % higher than the 

average handling costs of the volumes transported by road. The handling costs of the 

remaining port locations A, D and E were below the average handling costs. At the port 

location A, the handling costs were 0,86 when at the port location D costs were slightly 

lower, at a level of 0,82. The port locations A and D were therefore 8 % and 12 % below the 

average handling costs by road. The lowest handling costs of the port locations were at the 

port location E with an amount of 0,71 which is 23 % lower than the average of 0,93. 

The handling costs of the inland terminals when road transportation was used were on the 

average 0,71 which is lower than the average of the port locations. The highest handling 

costs were at the inland terminal A which has the handling costs on a level of 0,91. This is 

29 % higher than the average. The inland terminal C had the second highest handling costs 
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with an amount of 0,87 which is 24 % higher than the average handling costs. The third 

highest handling costs were at the inland terminal F with a level of 0,81. The handling costs 

of the inland terminal F were therefore 15 % higher than the average handling costs of the 

inland terminal locations when the volume was transported by road. The lowest handling 

costs were at the inland terminals D and E which had the handling costs of 0,49 and 0,42 

respectively. The handling costs of the inland terminals D and E were approximately 36 % 

lower than the handling costs average. The handling costs of the remaining inland terminal 

B represents the average handling costs level. 

According to the AS-IS analysis results of the handling costs per transported volume, it is 

seen that the handling costs for the volumes that were transported by road were almost 

always higher than for the volumes that were transported by rail. The most significant 

difference could be observed at the port locations. On average, the handling costs of the port 

locations were on average 43 % higher when volumes were transported by road than by rail. 

At the inland terminal locations, the difference was not as remarkable as at the port locations, 

but still the handling costs for the road transported volumes were 4 % higher than the 

volumes that were transported by rail. The results also show that the highest combined 

handling costs of the port locations were at the port locations F and G. The most expensive 

inland terminal locations were the inland terminals A, C and F.  

5.5 Network sustainability – CO2 Emissions 

The current Finnish outbound logistics network sustainability analysis focuses on CO2 

emissions emerged from transportation. The case company has in overall scope 3 level CO2 

emissions reduction targets, but the targets are not further specified to the researched division 

during the researched timeframe. Therefore, as the company is having a mission to reduce 

emissions, it was important to study the CO2 emissions that were emerged from the current 

network transportation to be able to set the limitation to which the possible new network 

structure can be compared to. In this thesis, the focus is delimited to the most important 

transportation legs. Therefore, the focus is on the mill – port transportation leg which has 

had the highest outbound volumes during the research timeframe. Also, the legs via the 

Finnish inland terminals to the Finnish port locations are analysed to investigate the total 
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CO2 emissions that are caused by the current network complexity and the use of the inland 

terminals.  

The CO2 emissions are further divided into CO2 emissions that were emerged from rail or 

road transportation. Total CO2 emission are calculated by using the following equation 

based on common CO2e calculation standard: 

𝐶𝑂2𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝑘𝑔) =

𝑉𝑜𝑙𝑢𝑚𝑒 (𝑡)  ×  𝐶𝑂2𝑒 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (
𝑔

𝑡𝑘𝑚
)  ×  𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑘𝑚)

1000
(5.5)

 

In the equation, Volume (t) is the total volume in tons that is transported from one network 

location to another during the timeframe of the thesis. CO2e Emission factor (g/tkm) is the 

average CO2 emission factor in grams per a thousand kilometres calculated from the case 

company’s emission factors table for each transported leg. The CO2e emission factor 

depends on the used transportation mode and is therefore chosen for the analysis by the 

realized transport mode of each transported leg. Distance (km) is the transported distance in 

kilometres. For road transportation it is calculated by using the linear distance between the 

starting location and the final Finnish road location and by adding 25 % to the linear distance 

to remodel the realized route distance. For rail transportation, the distance is calculated by 

using rail infrastructure map of Finnish Transport Infrastructure Agency (2023). All rail 

transportation legs are calculated separately by remodelling the realized rail route from 

starting location to the final Finnish rail location.  

5.5.1 CO2 emissions of the main transportation legs 

As presented previously in chapter 5.3.1, all mills combined have used on average rail 

transportation mode on 73 % of the transportations and therefore road transportation has 

formed 27 % of the total transportation. In figure 22, CO2 emissions are presented by the 

transportation mode and compared to the transported volume from a mill location to a port 

location. Blue line represents the total transported volume between different mills and port 

locations, orange line CO2 emissions caused by rail transportation and finally, green line 

CO2 emissions generated by road transportation. As CO2 emissions depend on transported 
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distances and CO2 emission factors, figure 23 presents the scaled distances between the mills 

and the port locations marking rail transportation with orange and road transportation with 

green. Additionally, figure 24 shows the scaled CO2 emission factors where orange line 

represents rail transportation and green line road transportation CO2 emission factors. 

Values presented in the figures 22-24 are scaled to a scale from 0 to 2. 

 

Figure 22. Scaled transported volume and CO2 emissions of the main transportation legs by transportation mode  

 

Figure 23. The scaled distances of the main transportation legs 
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Figure 24. The scaled CO2 emission factors of the main transportation legs 

According to the values presented in figure 22, the average scaled rail transportation CO2 

emissions are 0,06. The mills A-C have performed fairly well when compared to the average 

as they all have only one leg above the average. From the mill A, the biggest rail 

transportation CO2 emissions are caused by the transportation to the port location C. From 

mill A to the port location C, rail transportation CO2 emissions have been 0,26 and therefore 

significantly above the average level. According to the historical data, the mill A has 

transported by rail the most of its volumes to the port location C and only a relatively small 

amount of volume to the other ports. As seen from the figure 23, there isn’t much variation 

in the distances between the mill A and the port locations. Therefore, the CO2 emissions 

from the mill A to the port location C can be explained mostly with the high amount of 

transported volume. 

From the mills B and C, the highest rail transportation CO2 emissions were caused by the 

transportation to the port location E. From the mill B to the port location E, CO2 emissions 

have been a bit above the average with the total of 0,09 and from the mill C slightly less with 

a total of 0,08. According to the historical rail transportation volume data, both mills have 

transported only a small amount of volume to the port location F compared to other port 

locations. However, the high amount of CO2 emissions can be explained by the long 

distances and CO2 emission factors. In figure 23, the distances between the mills B and C 
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can be seen as clear peaks in the figure. The rail distance from the mill C to the port location 

E is the longest, and its CO2 emission factor by rail in figure 24 is therefore ultimately the 

highest. The longest rail distance from the mill B is to the port location F and only then to 

the port location E, but to explain the high amount of CO2 emissions within the leg from the 

mill B to the port location E, the CO2 emission factor to the port location E is 93% higher 

than to the port location F. 

The mill D has not performed well when compared to the other mills’ rail transportation 

CO2 emissions and to the average level of 0,06. From the used rail transportation legs to the 

port locations, 3 out of 5 legs have exceeded the CO2 emissions average level. The highest 

amount of CO2 emissions has been caused by the transportation to the port location C with 

the CO2 emission level of 0,50. The second highest CO2 emissions level was in the rail 

transportation leg to the port location B with a total of 0,32 and the third highest CO2 

emissions to the port location A with a total of 0,08.  

It can be seen from the figure 23, that the rail distances between the mill D and the port 

locations have been the longest which is one explanatory factor affecting to the high number 

of rail transportation CO2 emissions when compared to the other mills. The longest distances 

from the mill D have been to the port locations D, F and G, but this does not translate to 

higher CO2 emissions in figure 22. The mill D does not have much separation between the 

CO2 emission factors which can be seen from the figure 24. Therefore, this can be also 

excluded from the explanatory factor analysis. The differences between CO2 emissions from 

the mill D to the port locations is mostly explained with the different amount of transported 

volume by rail. The mill D has transported by rail the highest share of the volume to the port 

location C, second highest share to the port location B and third highest share to the port 

location A. The differences in distances and CO2 emission factors are only minor within 

those legs.  

The mills have transported higher volumes by rail, but the total CO2 emissions continuously 

stay under road transportation CO2 emissions level almost in every transportation leg from 

the mills to the port locations. Therefore, it can be assumed that CO2 emissions are mostly 

caused by the road transportation. As it can be seen from the figure 24, the total CO2 

emission factor is on average 94 % higher for road transportation. For example, from the 

mill B to the port location C the CO2 emissions level by rail is 0,008 but when using road 

transportation mode, the level increases to 1,88. According to that, it can be noted that road 
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transportation is highly more pollutive than rail transportation. This result was also seen from 

the theoretical analysis. It is presented in figure 22 that the transported volume by road 

transportation is low compared to rail transportation, but the CO2 emissions are above of the 

rail transportation CO2 emissions levels.  

As seen from the results, the transported volume is a significant factor when total CO2 

emissions shares are researched. To be able to investigate CO2 emissions without the 

influence of transported volume, the amount of CO2 emissions was divided by transported 

outbound volume to get comparable CO2 emissions results within all main transportation 

legs. The results can be seen from the figure 25 below. The CO2 emissions emerged from 

rail transportation are marked in orange and the emissions emerged from road transportation 

are marked in green. The results are compared with average distance to research if the 

distance would have as significant effect to the amount of CO2 emissions as concluded in 

earlier studies. The average distance is marked in blue. All results are scaled to a scaled from 

0 to 2. 

 

Figure 25. Scaled CO2 emissions per transported volume compared with average distance, the main transportation legs 
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According to the figure 25, it can be stated that both rail and road emissions have a 

correlation with the average transported distance which follows well the theoretical findings. 

The most significant correlation seems to be when orders were transported by road as CO2 

emissions emerged from road transportation clearly follow the average distance of the 

transportation legs. The emissions from rail transportation also correlate with the average 

distance, but it is not as visible as with road transportation.  

The distance from the mill A does not vary much between the used port locations, and 

thereby also the level of CO2 emissions remains the same within all transportation legs. Only 

when the mill A have transported to the port location D by road, CO2 emission level 

increases a bit when compared to other transportation legs. In general, the CO2 emissions of 

road transportation are six times higher than when transported by rail.  

The mill B seems to have more variance with the distances and CO2 emission levels than 

the mill A. It can be seen that when orders are transported to the port locations D, E and F 

by road, the CO2 emission levels are the highest. In general, road transportation emissions 

are almost 49 times higher than rail transportation. The rail transportation does not have as 

significant differences between the transportation legs, but it is seen that the CO2 emissions 

will increase if the port location E is used. The lowest CO2 emissions by both transportation 

modes seem to emerge when the port locations A, B and C are used. 

The mill C also has significant variance between the average distances and the CO2 emission 

levels. In general, road transportation emissions level was 20 times higher than when rail 

transportation was used. The highest CO2 emissions emerged when order was transported 

by road to the port locations D, E and F. When rail transportation was used, the CO2 emission 

levels remained at the level within every transportation leg except when volumes were 

transported to the port location E. The lowest CO2 emissions emerged when port location 

A, B and C were used. 

The mill D has in general the highest distances and CO2 emissions levels when compared to 

other mills. The average distances were the highest to the port locations D, E, F and G on 

which the CO2 emission levels also were the highest when transported by road. In general, 

the CO2 emissions level was almost 17 times higher than when volumes were transported 

by rail. The mill D did not use rail transportation to the port locations D or E, but it can be 

seen that the CO2 emissions of rail transportation increase when the port location F is used. 
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The emissions emerged from rail transportation were relatively low when transporting to the 

port location G even though the distance is longer than to the port locations A, B and C. In 

overall, the port locations A, B and C had the lowest CO2 emission levels by both 

transportation modes. 

As a noted in earlier studies, it can be stated that low average distance and the use of rail 

transportation will predict lower CO2 emissions also in this case study. According to the 

results, the case company will benefit if road transportation mode is used as on average the 

CO2 emission level can decrease up to 18 times when only rail transportation is used. Also, 

it can be stated, that the case company should prefer the low distance port locations as the 

higher average distance affects negatively to the CO2 emission level of both transportation 

modes. 

5.5.2 CO2 emissions of the complementary transportation legs 

As stated earlier, the focus in the CO2 emission analysis is on the main transportation legs. 

The complementary legs are also researched to investigate how much the current network 

sustainability is weakened if inland terminals are used in between transportations. The results 

of the complementary transportation legs are presented shortly below. The figure 26 presents 

the total amount of CO2 emissions divided to the used transportation modes. The CO2 

emissions emerged from rail transportation are marked in orange and the emissions emerged 

from road transportation in green. The total CO2 emissions are then compared with the total 

amount of transported outbound volumes to see if the shares of CO2 emissions correlate 

with the transported outbound volume. The amount of transported outbound volume is 

marked in blue. All results are scaled to a scale from 0 to 2. 
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Figure 26. The scaled transported volume and CO2 emissions of the complementary transportation legs by transportation 

mode 

Based on the overall results, it is seen that the complementary transportation legs increase 

transportation related CO2 emissions by 9 %. This is significant increase when compared to 

the complementary transportation legs’ total volume. As seen from the figure 26, most of 

the CO2 emissions were emerged from road transportation which was the most used 

transportation mode according to the results of chapter 5.3.1. On average, CO2 emissions 

seems to be significantly higher than rail transportation emissions even on the transportation 

legs from mills to inland terminals on which most of the volumes were transported by rail. 

According to the figure 26, it seems that the total amount of CO2 emissions from road 

transportation clearly increases when the amount of outbound volume is increased. 

To compare the CO2 emissions emerged from transportation, the influence of outbound 

volume needs to be excluded. Therefore, CO2 emissions are divided by the transported 

outbound volume to get comparable CO2 emissions results within all complementary 

transportation legs. The results can be seen from the figure 27 below. The CO2 emissions 

emerged from rail transportation are marked in orange and emissions emerged from road 

transportation are marked in green. The results are compared with average distance to 

research if the distance would have a significant effect to the amount of CO2 emissions of 
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the complementary transportation legs. The average distance is marked in blue. All results 

are scaled to a scaled from 0 to 2. 

 

Figure 27. The scaled CO2 emissions per transported volume compared with average distance, the complementary 

transportation legs 

As with the main transportation legs, also the results of complementary legs present that the 

CO2 emissions emerged from road transportation correlates clearly with the transported 

distance. When the average distance is increased, the level of CO2 emissions will increase 

similarly. The CO2 emissions from rail transportation stay at the same level regardless of 

which inland terminal location was used. In general, it seems that the most CO2 emissions 

emerge if outbound volumes are transported from inland terminals to port locations as the 

distance between those locations is long. The highest levels of CO2 emissions are generated 

when orders are transported from the inland terminals to the port terminals D, E and F. The 

CO2 emission levels decrease when the port locations A, D or C are used. From mill 

locations, it seems that the mill B would benefit from using the inland terminals B, D, E or 

F if road transportation is also used in addition to rail transportation. From the mill C, lowest 

CO2 emissions seems to emerge if inland terminals A and C are used. The mill D has used 

only one inland terminal location which is far away and causes higher CO2 emission levels.  



79 
 

As a conclusion, it can be stated that the complementary legs increase remarkably the amount 

of total CO2 emissions of the current outbound logistics network design. As the 

transportation from the inland terminals to the port terminals were mostly done by road and 

the average distances were high, it affected negatively to the total amount of CO2 emissions. 

Also, in addition to the main transportation legs results, it seems that the case company will 

not benefit from using the port location D, E or F if the same complementary transportation 

legs are used in the future. The use of those port locations significantly increases the average 

transportation distance and CO2 emissions accordingly.  
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6 Scenario analysis 

In this chapter, the scenario analysis results are presented. The chapter begins with the 

simulation tool introduction and then continues to present the process of creating scenarios 

for the scenario analysis. The scenario creation process is divided to four sub-sections which 

are giving the justification to why specific scenarios were chosen. Finally, the results of the 

created scenarios are shown and compared with the AS-IS analysis results.  

6.1 Simulation tool 

The simulations in this thesis are done by using a calculation model created in Excel. The 

Excel calculation model was created to easily calculate transportation volume allocations, 

transportation and handling costs, CO2 emissions and the amount of tied wagon capacity. 

The scenario analysis of the thesis was originally planned to be done with the supply chain 

network simulation tool, but the simulation tool did not meet the requirements of the first-

leg network optimization. Alternative simulation tools were not found within the thesis 

schedule and therefore simulations with Excel were agreed to be the most useful option. The 

created Excel model is presented in figure 28 below.  

 

Figure 28. Theoretical visualization of the used Excel calculation model  
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The main idea behind the model was to be able to easily modify the transportation shares 

and the volume allocations based on the chosen scenario. Also, the aim of the Excel model 

was to be easily modifiable by the sea transportation abilities based on the current 

transportation possibilities and theoretical future sea transportation possibilities of the port 

locations. By modifying the variables in the variable boxes, the total scores for each research 

variable were quickly calculated in the spreadsheet.  

The excel calculation model consists of two variable boxes, one historical volume allocation 

box and one research variable calculation box. The first variable box includes selection of 

transportation percentage by transportation mode and port locations used in the scenario. 

The second variable box considers the sea transportation possibilities of the port locations 

chosen in the scenario model. Sea transportation modes are divided to breakbulk, liner 

transportation and ocean container. For each port location, the sea transportation modes are 

selected by using binary coding, where 1 implies yes and 0 implies no. The selection was 

based on the current transportation possibilities in port locations or to the assumptions of 

future possibilities or to the case company demands.  

The historical volume allocation box included mills’ volume data based on the realised sea 

transportation type. The research calculation box included volume allocation based on the 

choices made in the second variable box and volume marked in the historical volume 

allocation box. The volume is then divided to rail and road transportation based on the 

percentages chosen in the first variable box. Rail transportation turnaround time and the 

number of needed wagons were calculated based on the equations presented previously in 

the chapter 5.3.2. The costs in the model were divided into handling costs and transportation 

costs based on the historical euro/ton costs presented previously in the AS-IS model. Costs 

were calculated by multiplying the euro/ton cost by the allocated volume. Finally, the CO2 

emissions by transportation mode were calculated based on the CO2 emission factors and 

transportation distances used in the AS-IS analysis. 

6.2 Creating the scenarios 

The process of creating scenarios consists of four parts. Firstly, the port locations that are 

used in the scenarios were decided. Secondly, the final decision of the scenario designs was 

made. Thirdly, the rail transportation mode was determined and finally, the rail 
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transportation percentages were defined. The created scenarios are then studied one by one 

and lastly, the results are compared together to find potential improvement possibilities. 

6.2.1 The port locations used in the scenarios  

In the AS-IS model, the total of seven different port locations were used within the 

researched time period. As all of the port options were not desired to use in the future, there 

was a need for investigating the best possible options to use in the scenario analysis. Based 

on the results of the AS-IS analysis, comparison table 2 was created. In the table, all port 

locations A-G are divided between different research variables and then assessed based on 

the results of the transportation legs from mills A-D. Results are divided based on the 

research variable performance of the transportation legs from mills A-D to the port locations 

A-G. The performance based on the results measured with research variables is scored to be 

either positive (+) or negative (-) to the outbound logistics network.  

Table 2. The comparison of AS-IS analysis results based on the performance of research variables 

 

Based on the comparison table 2, it can be seen that all mills would clearly benefit from 

using port locations A, B and C when all research variables are considered. In the current 

logistics network set-up, most of the volumes were transported to port locations B and C, 

and relatively high number of volumes to the port location A. The use of the port location 

A, B and C might not therefore change too much the current transportation flows and cause 

pressure for high investments at the port locations infrastructure. As noted previously, the 
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transportation between mills and the port locations A, B and C seems to have highly 

functioning and regular rail schedules that might enable daily rail transportation. The 

benefits of using the port locations A, B and C seems to be also realized as well in a 

transportation costs perspective as the port locations A, B and C were the least expensive 

options when compared to the other port location possibilities. Also, the distance between 

mills and the ports A, B and C seems to be shortest from every mill perspective when 

compared to the other port locations. This enables transportation efficiency by shorter 

transportation times and lowers the CO2 emissions caused by the transportation. In addition 

to that, the shorter transportation time decreases the amount of tied wagon capacity as trains 

could operate with higher frequency from mill locations to the port locations. The findings 

of theoretical review also support this decision. 

Based on the results of the AS-IS analysis presented in the table 2, the worst port location 

options to use in the scenario analysis would be the port locations D, E, F and G. When 

comparing the rail schedules to the other port locations, it seems that the rail schedules to 

the port locations D, E, F and G are very irregular and daily transportation is not possible to 

arrange within the current schedules. Also, the transportation distance is relatively long 

which increases the demand for tied wagon capacity, transportation costs and CO2 emissions 

level. It can be concluded that the transportation to the port location D, E, F and G would 

not be efficient nor answer to the new logistics network demands.  

Thereby, the chosen port locations for the scenario analysis were the port locations A, B and 

C. In addition, even if the port location D have not performed well within the researched 

variables, it was decided with the case company to investigate how the port location D would 

perform if part of the outbound volume would be transported to that port. According to the 

interviews, the port location D was seen to have possible shipping related potential in future 

and therefore it was timely to investigate that as a one option. As the results of the port 

location D seemed to perform poorly compared to the best performed port locations, it was 

decided to use port location D only with one the best performed port locations to compensate 

the poor results. 
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6.2.2 The scenario designs and final port location selection 

The number of used ports in scenarios and the number of scenarios designs was based on the 

discussion with the case company and theoretical analysis. It was decided that the case 

company wanted to investigate a scenario of a total centralization to one port location as a 

one option. According to the theoretical analysis, it seems that the case company could 

benefit from a network centralization as a high amount of volume were already transported 

to only few port locations. By using only one port location, the case company might receive 

costs benefits and decrease the amount of tied wagon capacity and the level of CO2 

emissions. However, the total centralization to one network location could affect to the 

logistics flexibility and thereby other scenarios were also researched.  

The port location that was chosen to the one port scenario was the port location C. According 

to the previous analysis in the table 2, it seems that all mill locations could benefit from using 

either port location B or C. Both port locations seemed to perform similarly when research 

variable results were compared. However, according to the interviews with the logistics 

management, the future business possibilities were seemed to be better in the port location 

C than in B which influenced to the final port selection. 

In addition to the scenario of total centralization, the performance of researched variables if 

all outbound volumes would be transported to two port locations was researched. This option 

could increase the logistics flexibility when compared to the total centralization but would 

not scatter the outbound volume into too many port locations. As the port location C was 

seen to have the best future business possibilities, it was decided to compare would either 

the use of port location A or B with the port location C perform better when compared to the 

total centralization. As mentioned, the port locations A and B performed well when 

measured with the research variables and thereby could increase the network design 

performance. Also, the port location D was investigated with the port location C to research 

if the good results of using the port C would compensate the use of port location D. 

The final scenario in addition to the total centralization and partly centralization was 

decentralization to three port locations. Based on the theoretical analysis, decentralization 

could increase the outbound logistics flexibility which would be beneficial within the 

continuously changing business environment. The chosen locations were the port locations 
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B, C and D. As stated earlier, the port location D could not perform well if it would be used 

as only port location. Therefore, if the port location D is desired to use, the transported 

outbound volume needs to be lowered to be able to achieve improvements in the scenario 

performance when compared to the AS-IS analysis results. Thereby, the port location D was 

decided to research again with the best performed port locations B and C, to see if the future 

shipping possibilities in the port location D could be implemented while improving the 

network performance compared to the AS-IS model. The scenario design which would use 

the best performed port locations A, B and C was decided to exclude from the study, as the 

main focus of the study was to simplify the network design. The final chosen scenario 

designs with the port locations are presented in the table 3 below. 

Table 3. The chosen port locations of scenario analysis network designs 

 

6.2.3 The rail transportation model  

During the timeframe of the thesis, the case company has used the traditional rail 

transportation model which has caused issues in logistics stability. One solution to balance 

the instability is pendulum train transportation model. In cooperation with the case company, 

it was decided that the scenario analysis is calculated by using that specific rail transportation 

model. The pendulum model is presented in the figure 29 below. 

 

Figure 29. The pendulum train model of rail transportation 
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In pendulum train transportation model, the available wagon capacity of the rail operating 

company is arranged into a continuous loop between mill location and port location. The 

demand for a wagon capacity is calculated based on the average daily mill demand and the 

demanded amount of rail transportation is purchased from the rail operating company. The 

specific number of wagons are transported within a scheduled departure time from mill 

location to the Finnish port terminal. After the wagon are unloaded, train continues to the 

mill location with the same number of wagons within a scheduled departure and arrival 

times. In the pendulum rail transportation model, the wagons will not scatter for the usage 

of other companies or to other port locations, which means that the mill is having the specific 

number of wagons continuously in their usage. This would solve the issue of wagon 

unavailability and would possibly improve the rail transportation efficiency.  

In the pendulum model, the number of tied wagon capacity is based on a theoretical model 

of turnaround time which is explained in figure 30 below. The figure is based on the AS-IS 

analysis model of the traditional rail transportation presented in the chapter 5.3.2.  

 

Figure 30. Theoretical model of turnaround time of pendulum train 

The figure 30 presents that the pendulum train turnaround time. Theoretically, it consists of 

three different transportation phases which are shunting, train transportation and unloading 

phases. The total pendulum turnaround has four shunting phases which are marked in green. 

In this thesis, the shunting time is estimated based on the interviews of logistics specialists 

of the case company, and the average of 45 minutes is used. In addition to the shunting time, 

the pendulum turnaround time includes two train transportations which are marked in blue. 

Train transportation time is dependent on the realized train transportation schedules that are 

managed by the rail operating company. The turnaround time of pendulum train is also 

affected by the unloading time at the port location which is marked in yellow. The unloading 
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time is dependent of the unloading efficiency, which is affected by the number of 

simultaneous unloaders used and the number of wagons transported. The unloading time is 

affected by multiple variables and for example different wagon types with different payloads 

and unloaded product types can have an effect on the realized unloading speed.  

However, the model of figure 30 is fully theoretical and therefore it is assumed in the model 

that the wagons are loaded with the same payload and same product, and therefore unloaded 

product types and different wagon types or payloads are not considered in the calculations. 

Also, transportation phases at mill sites that are marked as grey are not included in the 

calculations. The time at mill sites varies depending on the production related issues and 

therefore it is out of the scope of this thesis. Also, the real total turnaround time consists 

multiple stationary phases. These stops between rail transportation are usually caused by the 

rail operating company and therefore the length of stationary phases cannot be fully 

predicted. Thereby, stationary phases are excluded from the turnaround time estimations.  

The amount of tied wagon capacity of the scenario models is calculated by using the same 

equations that were presented in the chapter 5.3.2. As the rail transportation model is 

changed from the traditional rail transportation model to the pendulum model in the scenario 

analysis, the turnaround time equation 5.3 is changed to the following equation: 

 

𝑻𝒖𝒓𝒏𝒂𝒓𝒐𝒖𝒏𝒅 𝒕𝒊𝒎𝒆 𝒐𝒇 𝒑𝒆𝒏𝒅𝒖𝒍𝒖𝒎 𝒕𝒓𝒂𝒊𝒏 (𝒅) =

𝑡𝑜𝑡𝑎𝑙 𝑠ℎ𝑢𝑛𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 (ℎ) + (𝑡𝑟𝑎𝑖𝑛 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 (ℎ) × 2) + 𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑢𝑛𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 (ℎ)

24 ℎ/𝑑
 (5.5)

 

 

In the equation 5.5, total shunting time (h) refers to the average shunting time in hours that 

it takes to transfer a train to different track before and after the actual train transportation. 

The total shunting time calculates together the total amount of needed shunting in hours 

withing one pendulum turnaround. Train transportation time (h) refers to the actual Finnish 

train schedules from location A to location B measured in hours. This scheduled 

transportation is multiplied by two to consider the transportation time from mills to port 

locations and from port locations back to mill locations. The average unloading time (h) is 

calculated in equation 5.2. The equation is divided by the hours of a one day. 
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As the current outbound logistics network used only 73 % of rail transportation in its main 

and complementary transportation legs, the results of the amount of tied wagon capacity are 

not fully comparable with the scenarios with different rail transportation percentages. 

Therefore, it was decided to use the maximum wagon amount that would be available for 

the case company at the current network model and not the result of the AS-IS analysis. The 

decided scaled number of wagons in the current network model is 1,90 which based on the 

estimations of the case company. 

6.2.4 Percentages of rail transportation 

As stated previously, the current Finnish outbound logistics network has used 73 % of rail 

transportation and the remaining 27 % were transported by road. In the AS-IS model, the 

case company have used only traditional rail transportation model to transport to multiple 

network locations. In the scenarios, it was desired to change the rail transportation model 

from traditional to pendulum model. As pendulum model could offer more efficient rail 

transportation solution for the case company in addition to decreased amount of network 

locations, it was estimated that rail transportation percentage could be increased from the 

current 73 % up to 85 %. According to the interviews with different logistics specialists, the 

level of 85 % was seen to be a maximum rail transportation percent that can be realistically 

achieved with pendulum model when the loading capacity at mill locations and available 

transportation capacity in Finland are taken into a consideration. Based on that, the selected 

five scenarios were researched from rail transportation level of 50 % to 100 % to see if the 

researched variables changes compared to the AS-IS analysis results when rail transportation 

percentage is amended. By this, the percentage of rail transportation can be chosen based on 

the research variables results that decrease below the current network level. According to 

the results, all five scenarios presented previously were thereby divided further into sub-

scenarios based on the level of rail transportation. 

The results of AS-IS analysis are compared with the results of different scenarios. All 

comparisons are presented in figures 31-35 below. On the horizontal axis the rail 

transportation percentage used in scenario simulations is shown. Left vertical axis describes 

the scaled levels of total costs and CO2 emissions when the percentage of rail transportation 

is changed. Right vertical axis describes the scaled number of tied wagon capacity when 
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different rail transportation percentage variations are used. Total costs in AS-IS model and 

scenario models are presented in light orange and dark orange, CO2 emissions in dark green 

and light green and finally, the amount of tied wagon capacity in dark blue and light blue. 

When research variables AS-IS level and scenario level lines are crossing, it is marked with 

a red circle and with an arrow to highlight the crossing point on the horizontal axis. In the 

scenarios, rail transportation usage is limited to 85 % which is marked in grey vertical dashed 

line.  

 

Figure 31. Scenario 1: Scaled research variable comparison with the AS-IS analysis results 

In the figure 31 of the scenario 1, the amount of tied wagon capacity is well below the AS-

IS level even if the level is increasing rapidly when rail transportation percentage is 

increased. Also, the total costs of the scenario 1 remain under the AS-IS level and will not 

affect to the rail transportation percentage selection. The most important variable affecting 

to the choice of rail transportation percentage seems to therefore be the amount of CO2 

emissions. The CO2 emissions in the scenario 1 decreases below the AS-IS level at 70 % 

rail transportation percentage. Therefore, the chosen rail transportation percentages are 75 

%, 80 % and the maximum of 85 % to be able to simplify the simulations and to compare 

results within every 5 % of the scale. The rail transportation percentage of 70 % is not 
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included as the case company has a target to lower the CO2 emissions below the current 

level and in that percentage, the emissions would remain the same. 

 

Figure 32. Scenario 2: Scaled research variable comparison with the AS-IS analysis results  

According to the figure 32 of the scenario 2, the amount of tied wagon capacity is below the 

AS-IS level also in the scenario 2. The number of tied wagons increases when rail 

transportation percentage is increased but it never exceeds the AS-IS level. Also, the total 

costs in scenario 2 seem to be below the AS-IS level always in the studied range of rail 

transportation levels. It can be therefore assumed that both the amount of tied wagon capacity 

and total costs will decrease when using the scenario 2. The only variable that is limiting the 

choice of rail transportation percentage seems to be the amount CO2 emissions as in the 

scenario 2. The amount of CO2 emissions decreases below the AS-IS level just before 70 % 

rail transportation level is reached. The final rail transportation variables chosen for the 

scenario analysis are therefore 75 %, 80 % and 85 %. The rail transportation percentage of 

70 % is not included as the case company has a target to lower the CO2 emissions below the 

current level. 
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Figure 33. Scenario 3: Scaled research variable comparison with the AS-IS analysis results 

It is clearly visible in the figure 33 of the scenario 3 that the amount of tied wagon capacity 

is below the AS-IS level within every rail percentage. It can be therefore assumed, that the 

amount of needed wagon capacity will decrease with this scenario when compared to the 

current network model of the case company. Therefore, the amount of tied wagon capacity 

will not affect to the final decision of rail percentages used in simulations. It also seems that 

the total costs of scenario 3 will decrease below AS-IS level within every rail transportation 

percentage. The only limitation to the rail transportation percentage seems to be the amount 

of CO2 emissions which will decrease below the AS-IS level only after the rail transportation 

percentage reaches 70 %. Therefore, it can be concluded that the case company should use 

rail transportation level that is over 70 % but not more than 85 %. The final set of targets are 

75 %, 80 % and 85 %. The minimum rail transportation percentage of 70 % is not included 

as the case company has a target to lower the CO2 emissions below the current level. 

  



92 
 

 

Figure 34. Scenario 4: Scaled research variable comparison with the AS-IS analysis results 

It can be seen from the figure 34 that also in scenario 4, the amount of tied wagon capacity 

remains below the AS-IS level when rail transportation percentage is increased from 50 % 

to 100 %. The number of wagons needed is increasing in scenario 4 but it does not exceed 

the AS-IS level. Also, the total costs of scenario 4 remain below the AS-IS level on the 

studied percentage range. As in the scenarios 1-3, the most important factor when choosing 

the rail transportation percentages is CO2 emissions. It seems that CO2 emissions level of 

the scenario 4 meets the AS-IS level when rail transportation percentage is around 78,5 %. 

When considering the rail transportation limitation level of 85 %, the final chosen 

percentages for scenario analysis are 80 % and 85 %. The minimum percentage of 78,5 % is 

excluded as CO2 emissions would not decrease by significant amount. 
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Figure 35. Scenario 5: Scaled research variable comparison with the AS-IS analysis results  

From the figure 35 of the scenario 5, in can be seen that as in the scenarios 1-4, also in the 

scenario 5 the amount of used wagon capacity is always below the AS-IS level in the studied 

percentage range. The total costs of the scenario 5 also remain below AS-IS level. The most 

important variable affecting to the choice of rail transportation percentage is again the 

amount of CO2 emissions. According to the figure 35, CO2 emissions of the scenario 5 are 

above the AS-IS level from the rail transportation percentage of 50 % to a bit over 75 %. 

Only after that, the CO2 emissions of scenario 5 fall below the AS-IS level. Therefore, the 

final chosen rail transportation percentages are 80 % and 85 %. The minimum percentage is 

again excluded to reduce the CO2 emissions of the new outbound logistics network design. 

The final created scenarios that are shown in the table 4 below. 
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Table 4. The final Finnish outbound logistics scenario designs 

 

6.3  The results of the scenario analysis 

The scenario analysis results are presented in the following chapters of 6.3.1 – 6.3.5. The 

simulation results of the scenarios are compared with the results of the AS-IS analysis within 

to chosen rail transportation percentages. The transported outbound volume is allocated in 

the scenarios is based on the order allocations that were used in the AS-IS model. If the 

scenario is having more than one port location, the total amount of outbound volume is 

divided based on the shipping mode that were used in the current outbound logistics network 

model. Usually, when the case company have sent orders to port locations, orders are 

allocated based on the desired shipping mode and final destination country. The shipping 

modes that are considered in this thesis are ocean container shipping, breakbulk shipping 

and linear vessel shipping. The focus is on the most used shipping modes and therefore short 

sea container shipping is excluded from the study. Handling and transportation related costs 

are researched as total costs. 

All scenario analysis comparisons are presented with figures. Figures 36-40 presents scaled 

results of three research variables by using scale from 0 to 2. Horizontal axis denotes the rail 

transportation percentage used in the simulation, left vertical axis the level of total costs and 

CO2 emissions and right axis the amount of tied wagon capacity. All cost related information 

is presented in light and dark orange on which light orange is meaning the scenario level and 

dark orange the AS-IS level. CO2 emissions are presented in dark and light green on which 

dark green is describing scenario results and light green AS-IS results. Finally, the amount 

of tied wagon capacity is shown in dark and light blue on which dark blue is presenting the 

scenario level and light blue the AS-IS results.  
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6.3.1 Scenario 1: Total centralization to the port location C  

In the first scenario, the scenario of total centralization to the port location C is researched 

based on the research variables. As the scenario is centralizing all volumes to one port 

location, volumes of researched mills are allocated to the port location C without considering 

the current shipping possibilities at the port location. Therefore, all volumes that were further 

shipped as ocean containers, breakbulk or with liner vessels, would be transported via port 

location C. Transported volumes were then divided further into rail and road transportation 

volumes based on the rail transportation percentages decided in previously. The scenario 1 

is therefore simulated with 75 %, 80 % and 85 % of rail transportation. The simulation results 

of the scenario 1 are compared with the AS-IS analysis results within the chosen rail 

transportation percentages. The total research variable comparison is presented in figure 36 

below.  

 

Figure 36. The scenario 1 results compared with the AS-IS analysis results 

According to the results of the scenario 1 simulations, all researched variables seem to 

decrease below the AS-IS level. In the AS-IS level, the amount of tied wagon capacity is at 
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the level of 1,90. When the rail transportation percentage is at the level of 75 %, the amount 

of tied wagon capacity of the scenario 1 decreases to the level of 1,01. This means that the 

number of tied wagon capacity decreases by 47 % when compared to the AS-IS analysis 

results. At the rail transportation percentage of 80 %, the amount of tied wagon capacity 

increases to the level of 1,14. The amount of tied wagon capacity therefore decreases by 40 

% when compared to the AS-IS level. When the rail transportation percentage is increased 

to the maximum of 85 %, the amount of tied wagon capacity increases to 1,27. This means 

that the amount of tied wagon capacity decreases by 33 % when compared to the AS-IS 

level.  

The total costs of the scenario 1 seem to be at the same level at every rail transportation 

percentage. In the AS-IS model, the total costs are at a level of 1,90. When the rail 

transportation percentage of simulation is at the level of 75 %, the total costs of the scenario 

1 decrease to a level of 1,42. When the rail transportation percentage is increased to 80 % 

and finally to the 85 %, the total costs remain the same. Therefore, at all researched rail 

transportation percentages, the total costs decrease by 8 % when compared to the AS-IS 

level. 

According to the figure 36, the CO2 emissions are below the AS-IS level at every rail 

transportation percentage. In the AS-IS model, CO2 emissions are at a level of 0,99. When 

the rails transportation percentage is at the level of 75 %, the CO2 emissions of scenario 1 

decrease to a level of 0,86. This means that CO2 emissions are decreased by 14 percent when 

compared to the AS-IS level. At the rail transportation percentage of 80 %, the CO2 

emissions decrease to a level of 0,72. CO2 emissions of therefore decreases by 28 % when 

compared to the CO2 emissions of the AS-IS model. When the rail transportation percentage 

is increased to the maximum of 85 %, the CO2 emissions of scenario 1 decrease to a level 

of 0,58. This means that the CO2 emissions of scenario 1 are decreased by 42 % when 

compared to the AS-IS level.  

6.3.2 Scenario 2: Centralization to the port locations A and C 

In the scenario 2, all transportation volumes are centralized to the port locations A and C. 

As the scenario has two port locations, the outbound volumes of researched mills are 

allocated based on the shipping possibilities on port locations A and C. It was decided that 
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all ocean container volumes were allocated to the port location C and breakbulk and liner 

shipping volumes to the port location A. Therefore, the total percentage of 45,5 % of 

transported volume is transported via port location A and 54,5 % via port location C. 

Transported volumes were then divided further into rail and road transportation based on the 

rail transportation percentages decided in chapter 6.2.4. The scenario 2 is therefore simulated 

with 75 %, 80 % and 85 % of rail transportation levels. The research variable comparison of 

the scenario 2 to the AS-IS model is presented in figure 37 below.  

 

Figure 37. The scenario 2 results compared with the AS-IS analysis results 

The results of the scenario 2 in the figure 37 shows all research variables seems to be at a 

lower level than the AS-IS analysis results. Based on the figure, the amount of tied wagon 

capacity in the scenario is below the AS-IS level of 1,90 at every rail transportation 

percentage. At the rail transportation percentage of 75 %, the amount of tied wagon capacity 

decreases to the level of 0,65. This means that the scenario 2 can decrease the number of tied 

wagon capacity by 66 % when compared to the AS-IS results. When the rail transportation 

percentage is increased at 80 % percent, the number of tied wagon capacity increases to 0,73. 

At this rail transportation percentage, the total decrease of the amount of tied wagon capacity 

is therefore approximately 62 %. At the rail transportation percentage of 85 %, the amount 
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of tied wagon capacity is increased to a level of 0,80. This means that at the maximum level 

of rail transportation, the tied amount of wagon capacity is decreased by 58 % when 

compared to the AS-IS level.  

In the scenario 2, the total costs decrease below the AS-IS level of 1,55. When rail 

transportation percentage is at the level of 75 %, the total costs of the scenario 2 are at a level 

of 1,39. This means 10,4 % decrease in comparison to the AS-IS analysis results. At the rail 

transportation percentage of 80 %, the total costs decrease slightly to a level of 1,38, meaning 

a decrease of 10,6 % when compared to the AS-IS level. When the rail transportation 

percentage is increased to 85 %, the total costs of scenario 2 stays at the level of 1,38. This 

means that the rail transportation increasing from the percentage of 80 % to 85 % will not 

have an effect to the difference between the total costs of the AS-IS model and the scenario 

2.  

In addition to the number of needed wagons and the total costs, also CO2 emissions decrease 

well below the AS-IS analysis level. When in the AS-IS model the CO2 emissions are at the 

level of 0,99, in the scenario 2 the CO2 emissions at the rail transportation percentage of 75 

% decrease to a level of 0,83. This means that the CO2 emissions decrease by 16 % when 

compared to the AS-IS level. When the rail transportation percentage is increased to 80 %, 

the CO2 emissions of the scenario 2 decrease to a level of 0,70. The CO2 emissions level is 

therefore decreased by 30 % when compared to the CO2 emissions of the AS-IS model. At 

the rail transportation percentage of 85 %, the CO2 emissions are decreased to a level of 

0,56. This means that at the maximum rail transportation level, CO2 emissions can be 

decreased by 43 % when the scenario 2 is compared to the AS-IS model.  

6.3.3 Scenario 3: Centralization to the port locations B and C  

In the scenario 3, all transportation volumes of the AS-IS analysis are centralized to the port 

locations B and C. As the scenario has more than one port location, the outbound volumes 

of the researched mills are allocated based on the different shipping possibilities at the port 

locations B and C. It was decided that all ocean container volumes were allocated to the port 

location C and all breakbulk and liner shipping volumes to port location B. This means that 

45,5 % of the total volume would be transported via the port location B and 54,5 % via the 

port location C. Transported volumes were then divided further into rail and road 
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transportation based on the rail transportation percentages decided previously. The scenario 

3 is therefore simulated with 75 %, 80 % and 85 % of rail transportation. The research 

variable comparison of the scenario 3 to the AS-IS model is presented in figure 38 below. 

 

Figure 38. The scenario 3 results compared with the AS-IS analysis results 

According to the scenario analysis results in the figure 38, all research variables have 

performed well when compared to the AS-IS analysis level. At the rail transportation 

percentage of 75 %, the amount of tied wagon capacity has decreased well below the AS-IS 

level. In the AS-IS analysis, the amount of tied wagon capacity was 1,90, when in the 

scenario 1 results, the level decreased to 0,62. Thereby, the scenario 3 at the 75 % of rail 

transportation level can decrease the amount of tied wagon capacity by 67 %. When the rail 

transportation percentage is increased to 80 %, the amount of tied wagon capacity increases 

to 0,69. In this case the amount of needed wagon capacity is decreased by 64 % compared 

to the AS-IS level. Finally, if the rail transportation percentage is increased to 85 %, the 

number of needed wagons increases to 0,77 which decreases the wagon capacity demand by 

60 % when compared to the AS-IS level.  
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When the percentage of rail transportation is at 75 %, total costs remain below the AS-IS 

analysis level. In the AS-IS model, the scaled total costs are 1,55. In the scenario 3 costs 

decrease to the scaled amount of 1,48. According to the results, total costs decrease therefore 

by 4,4 %. At the rail transportation percentage of 80 %, the total costs of the scenario are on 

the same level. Only when rail transportation percentage is increased to 85 %, the total costs 

of the scenario 3 decrease slightly to a level of 1,47. Total costs decrease therefore by 4,8 % 

when compared to the AS-IS level. When comparing the results of AS-IS analysis and 

scenario analysis, it seems that the total cost level of the scenario 3 remains almost at the 

same level within every rail transportation percentage. Also, the total cost difference 

between AS-IS model and scenario 3 remains at the level of 4 % when rail transportation 

percentage is changed from 75 % to 85 %.  

The CO2 emissions of scenario 3 are also below the scaled AS-IS level of 0,99 at every rail 

transportation percentage. At the rail transportation level of 75 %, the CO2 emissions of the 

scenario 3 decrease to a level 0,85. This means that the scenario 3 can decrease CO2 

emissions by 14 % when compared to the AS-IS model. At the rail transportation percentage 

of 80 %, CO2 emissions of the scenario 3 decrease to a level of 0,71 which increases the 

difference between the scenario model and the AS-IS model to 28 %. When the rail 

transportation percentage is increased to 85 %, CO2 emissions continues decreasing to the 

level of 0,57. This means 42 % decrease to CO2 emissions when compared to the AS-IS 

level.  

6.3.4 Scenario 4: Centralization to the port locations C and D  

In the scenario 4, all transportation volumes are centralized to the port locations C and D. 

As the scenario has over one port location, the outbound volumes of researched mills are 

allocated based on the different shipping possibilities on port locations C and D. It was 

decided that all ocean container and breakbulk volumes were allocated to port location C 

and liner shipping volumes to port location D. This means that the total percentage of 67,1 

% of the transported volume would be transported via port location C and 32,9 % via port 

location D. Transported volumes were then divided further into rail and road transportation 

volumes based on the rail transportation percentages decided in chapter 6.2.4. The scenario 

4 is therefore simulated with 80 % and 85 % levels of rail transportation. The simulation 
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results of scenario 4 are compared with the AS-IS analysis results within the chosen rail 

transportation percentages in the figure 39 below.  

 

Figure 39. The scenario 4 results compared with the AS-IS analysis results 

As seen from the figure 39, all research variables are below the AS-IS level when scenario 

4 is simulated at the different transportation percentages. The number of tied wagon capacity 

decreases well below the AS-IS level. The amount of needed wagon capacity is 1,90 at the 

AS-IS level. At the rail transportation percentage of 80 %, the amount of tied wagon capacity 

decreases to a level of 0,91. This means that the amount of tied wagon capacity decreases by 

52 % when compared to the AS-IS level. When the rail transportation percentage is increased 

to the maximum level of 85 %, the tied wagon capacity level increases slightly to 1,00 which 

means that the amount of tied wagon capacity decreases by 47 % when compared to the AS-

IS model.  

According to the simulations of the scenario 4, the total costs are below the AS-IS level, but 

the difference is only minimal. The total cost of the AS-IS model were at a level of 1,51. 

When the rail transportation percentage is 80 %, the total costs of scenario 4 decreases only 
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slightly to 1,51. Also, when the rail transportation percentage is increased to 85 %, the total 

costs of the scenario 4 is still on the level of 1,51. This means that at the rail transportation 

percentages of 80 % and 85 %, the total costs can be decreased by only 3 % when compared 

to the AS-IS level.  

The CO2 emissions level of the scenario 4 decreases when compared to the AS-IS results. 

In the AS-IS model, CO2 emissions increase up to a level of 0,99. At the rail transportation 

percentage of 80 %, the CO2 emissions decrease to a level of 0,89. When compared to the 

AS-IS results, the CO2 emissions of the scenario 4 at the rail transportation percentage of 80 

% decreases emissions by 10 %. If the rail transportation percentage is increased to the 

percentage of 85 %, the Excel simulation results show that the CO2 emissions of scenario 4 

will decrease to a level of 0,71. This means that the CO2 emissions would decrease by 29 % 

when compared to the level of the AS-IS model. 

6.3.5 Scenario 5: Decentralization to the port locations B, C and D 

In the scenario 5, transported outbound volumes are decentralized to the port locations B, C 

and D. As the scenario is using total of three port locations, the outbound volumes were 

allocated based on the shipping possibilities. It was decided that all breakbulk volumes were 

allocated to the port location B, ocean container volumes to the port location C and liner 

shipping volumes to port location D. This means that the total transported outbound volume, 

the total of 12,5 % would be transported via port location B, 54,5 % via port location C and 

32,9 % via port location D. Transported volumes were then divided further into rail and road 

transportation volumes based on the rail transportation percentages decided in chapter 6.2.4. 

The scenario 5 is therefore simulated with 80 % and 85 % of rail transportation. The 

simulation results of scenario 5 are compared with the AS-IS analysis results within the 

chosen rail transportation percentages. The total research variable comparison is presented 

in figure 40 below.  
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Figure 40: The scenario 5 results compared with the AS-IS analysis results  

The figure 40 shows that all the levels of different research variables decrease below the AS-

IS level within all the rail transportation percentages used in the simulation. The amount of 

tied wagon capacity is in the AS-IS model at the level of 1,90. When the rail transportation 

percentage is at 80 %, the amount of tied wagon capacity of the scenario 5 decreases to 0,76. 

This means that the number of tied wagon capacity will decrease by 60 % when compared 

to the AS-IS level. At the rail transportation percentage of 85 %, the amount of tied wagon 

capacity increases slightly to the level of 0,83. The amount of tied wagon capacity is 

therefore decreased by 56 % when compared to the level of AS-IS model.  

The total costs of the scenario 5 show only a slight decrease when compared to the AS-IS 

level of 1,55. At the rail transportation percentage of 80 %, the total costs decrease to the 

level of 1,52. When the rail transportation percentage is increased to 85 %, the total costs 

are not changed. This means that in the scenario 5, the total costs can decrease only by 2 % 

at the maximum when compared to the AS-IS level.  

As well as the amount of tied wagon capacity and total costs, the CO2 emissions of the 

scenario 5 are decreasing when the rail transportation percentage is increased from 80 % to 
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85 %. At the rail transportation percentage of 80 %, the CO2 emissions of the scenario 5 are 

decreased to a level of 0,84. This means that the CO2 emissions of the scenario 5 can be 

decreased by 15 % when compared to the AS-IS level. When the rail transportation 

percentage is increased to the maximum level of 85 %, the CO2 emissions of the scenario 5 

decreases to a level of 0,67. Therefore, the CO2 emissions of the scenario 5 can be decreased 

at the maximum by 32 % when the results are compared to the AS-IS model results.  

6.4 Comparison of the results of scenario analysis 

To get a better view to the scenario analysis results, all scenario results and comparison to 

AS-IS level are presented at table 5 below. The comparison table shows all three research 

variables within the chosen rail transportation percentages. Research variables are compared 

to the chosen AS-IS analysis level to investigate the change that can be applied if scenario 

is used. 

Table 5. The summary of the scenario analysis results  

 

According to the table 5, it can be noted that all scenarios within every rail transportation 

percentage are well below the AS-IS analysis level. As all of chosen scenarios are over the 

current network design level, they can have a positive effect to the outbound logistics 
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performance within at least some of the researched variables. As seen from the table 5, the 

amount of tied wagon capacity can be decreased by 33 % at the minimum and by 67 % at 

the maximum level when compared to the AS-IS results. It seems that the scenarios have a 

high potential to also decrease CO2 emissions. The amount of CO2 emissions can be 

decreased by 10 % at the minimum and by 43 % at the maximum level. Total costs seem to 

decrease the least when scenario analysis results are compared with the AS-IS analysis 

results. Total costs are possible to decrease by 2 % at the minimum level and by 10,6 % at 

the maximum. 

According to the general results, the case company can decrease the total amount of needed 

wagon capacity if rail transportation model is changed to the pendulum train model. As the 

number of wagons is more fixed than in the traditional rail transportation, can it help the 

predictability of the amount of tied wagon capacity. As the network design is simplified, the 

transportation legs can be transported with lower amount of wagon capacity than in the AS-

IS model. The use of pendulum model seems to also have great benefits to decrease the CO2 

emissions emerged from transportation as the compensatory road transportation can be 

replaced with less pollutive option and as the transported overall distance were reduced. 

Total costs did not decrease as much as the results of the other research variables. Despite 

the low ratings, total costs are still lower in every scenario when compared to the AS-IS. 

According to the overall results of the scenario analysis, it seems that the best results can be 

gained on the research variable of the amount of tied wagon capacity. Even if the scenarios 

seem to perform evenly, there is some differences between them. It seems that the best 

performing scenario were the scenarios 2 and 3 with all rail transportation percentages and 

also scenario 5 with the rail transportation percentage of 80 %. Scenario that decreased the 

least the amount of tied wagon capacity was the scenario 1 with rail transportation 

percentages of 80 % and 85 %. The explanation to the results can be found from the 

turnaround time and the amount of allocated outbound volume to different port locations. 

Figure 41 below illustrates the connection with turnaround time and transported volume. 

Blue bars show the amount of average turnaround time from all mills to port locations used 

in the scenarios. Yellow line presents the amount of volume that were allocated to different 

port locations from all mills. The rail transportation percentage that was chosen to the figure 

was 80 %. The amounts of the figure are scaled to a scale from 0 to 2.  
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Figure 41. Average turnaround time compared with the amount of allocated volume, the rail transportation percentage of 

80 % 

It can be seen from the figure 41, that when the rail transportation percentage is 80 % in all 

scenarios, the average turnaround time and volume allocation varies a lot between port 

locations. The best performed scenarios 2 and 3 seems to have quite equal volume allocation 

between port locations. This have affected to the turnaround time as it seems to be also even 

between port locations. However, the worst performed scenario 1 seems to have high volume 

allocation which have visibly increased the average turnaround time. Thereby it can be 

argued that the amount of allocated volume correlates with the average turnaround time and 

thereby impacts to the amount of tied wagon capacity of the scenario. 

From the figure 41 can be seen that the use of port location D seems to increase the average 

turnaround time even if the amount of allocated volume is low. For example, in the scenario 

4, the transportation time is significantly higher when transported to port location D if the 

amount of volume is compared to the port location C. However, according to the table 5, the 

scenario 5 seems to perform well within the rail transportation percentage of 80 % when the 

amount of tied wagon capacity is measured. This can be explained with the volume 

allocation, as most of the volumes is allocated to port locations B and C which have 

decreased the total transportation time and thereby the amount of tied wagon capacity.  

Overall results also shows that CO2 emissions can be decreased significantly. Scenarios 

however do have differences. It seems that the best performing scenarios were scenarios 1, 
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2 and 3 if rail transportation percentage was at 85 %. The decrease of over 40 % can be 

explained by the decreased use of road transportation mode. As discussed in the theoretical 

analysis and again on AS-IS analysis, it is visible that road transportation significantly 

increases CO2 emissions emerged from transportation. As scenario 1-3 used over 85 % of 

rail transportation, the amount of road transportation usage would be only marginal when 

compared to the AS-IS model. However, all scenarios did not perform that well even if the 

rail transportation percentage was increased to 85 %. Scenarios 4 and 5 managed to decrease 

CO2 emissions by approximately 30 % but the decrease was 10 percentage point lower than 

the best performed scenarios at the same rail transportation percentage. The difference can 

be explained with the average distance. Average distances of scenarios are presented in 

figure 42 below. The distance is scaled to a scale from 0 to 2. 

 

Figure 42. The average distance of scenarios 

According to the figure 42, it can be seen that scenarios 1, 2 and 3 are decreasing the average 

distances remarkably when compared to the AS-IS level. On average, the distance is 22 % 

lower than in the current network model. However, when scenarios 4 or 5 is used, the 

transported average distance increases close to the AS-IS level. As the distance is very 

significant factor defining the CO2 emissions level, the use of scenarios 4 and 5 will not 

impact as well to the network sustainability as other scenarios. The reason why scenarios 4 

and 5 distance seem to be higher than other scenarios is due to the use of port location D. 
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Average distance to the port location D is approximately 56 % higher than to port locations 

A, B or C.  

According to the results, the smallest decrease in CO2 emissions when compared to the AS-

IS level was when rail transportation percentage was decreased. The worst performing 

scenarios were scenarios 1-3 with rail transportation percentage of 75 % and scenarios 4-5 

with percentage of 80 %. Approximately, the CO2 emissions level of worst performing 

scenarios was 49 % higher when compared to the best performing scenarios. This can be 

explained by the fact that road transportation emissions are significantly higher than rail 

transportation. If road transportation amount is increased, will CO2 emissions increase 

similarly. Thereby, at the lowest rail transportation percentages the amount of used road 

transportation increases by 10-15 percentage point. In addition, scenarios 4 and 5 seems to 

perform relatively poorly when compared to other scenarios performance with 80 % of rail 

transportation. According to the results, it seems that the level of CO2 emissions is 23 % 

higher when compared to other scenarios. The long distance seems to have a negative 

influence despite the rail transportation percentage of scenarios 4 and 5.  

Research variable of total costs seems to have less impact to the overall results when 

compared to the AS-IS analysis level. According to the table 5, it seems that total costs do 

not vary much within scenarios when the rail transportation percentage is changes. As 

discussed earlier, total costs can however decrease from 2 to over 10 % when all scenarios 

are compared together. The best performing scenario with approximately 10 % costs 

decrease was scenario 2 with all rail transportation percentages.  The second-best performing 

scenario with 8 % costs decrease was scenario 1 with all rail transportation percentages. It 

seems that scenarios 4 and 5 with port location D did not perform well when compared to 

the AS-IS analysis level. This difference can be explained when total costs variables, 

handling and transportation costs are viewed. Figure 43 below presents transportation and 

handling costs per transported outbound volume by the used transportation modes and port 

locations. Transportation costs are marked in blue and handling costs in green. Costs are 

scaled to a scale from 0 to 2.  
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Figure 43. Scaled transportation and handling costs by the used port locations 

Based on the figure 43, it seems that the best performing scenarios 1 and 2 have the lowest 

total costs as they have used port locations A and C. The port location A has the lowest 

handling costs by both transportation modes when compared to other port locations. Also, it 

seems that transportation costs by both transportation modes are one of the lowest. Thereby, 

it seems that the use of port location A decreases total costs. The port location C has the 

second lowest handling costs by both transportation modes. Also, transportation costs, 

especially rail transportation costs, seems to be one of the lowest when compared to other 

port locations. These factors decrease the total costs of port location C significantly.  

It can be also seen from the figure 43, that the use of port location D can decrease handling 

costs. The worst performed scenarios were scenarios 4 and 5 which have used port location 

D as one port option. According to the figure, the post location D has the second-lowest 

handling costs when compared to other port locations. But when transportation costs are 

compared to the other port locations, it is visible that transportation costs to port location D 

are the highest by both transportation modes. Thereby, it can be argued that the reason to the 

poor performance of scenarios 4 and 5 based on the use of port location D and more 

specifically, on the high transportation costs.  
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7 Decision making and recommendations 

In this chapter, suggestions of the new Finnish outbound logistics network structure are 

made. To support decision-making process and forming suggestions, a decision matrix 

method is used. A decision matrix can assist the decision-making process by evaluating and 

prioritizing the formed scenarios by scoring the research variable performances. This chapter 

contains a total of two decision matrixes. Firstly, the results of all scenarios are prioritized 

with the decision matrix. Secondly, the best scored scenarios are analysed further based on 

the warehousing possibilities at the port locations. The chapter ends in combining the results 

and giving the recommendations of the future outbound logistics network design. 

7.1 The decision matrix of all scenarios 

After the calculations based on different scenarios were made, the results were summarised 

with the use of a decision matrix. This was done to help the evaluation of conflicting research 

variables. The decision matrix presented in table 6 below has in total three research variables 

that are based on the research scope defined earlier. The chosen variables are the amount of 

tied wagon capacity, CO2 emissions and total costs including handling costs and 

transportation costs. The decision matrix variables are weighted from one to three, and the 

biggest weight is on the amount of tied wagons capacity. The case company has faced biggest 

problems with the available wagon capacity during the timeframe of the thesis and the 

transportation capacity stabilization was mentioned to be one of the key issues to solve with 

the new Finnish outbound logistics network design.  

The CO2 emissions are weighted to be the second most important factor. According to the 

simulation results of the different scenarios presented in the chapter 6.3, the case company 

can have significant impact on the amount of CO2 emissions by rearranging the Finnish 

network structure. Also, the case company has set wide emissions reduction targets for the 

whole company, and those targets demand actions to reduce the emission levels also in the 

logistics sector. Total costs are weighted as the least important variable even though the costs 

are important from the business point of view. The cost level that has been used in the 

scenarios has been the exact same as in the current logistics network model. However, it 
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needs to be considered that the costs can be negotiated later with different operators which 

can highly impact to the total cost level in the future.  

In addition to the weights of the research variables, different scenarios are rated from one to 

four. One point means that the scenario is well below the average of results and ranks in the 

worst performed quarter. The best score of four points means that the scenario is well above 

the average level and ranks in the best performing quarter. The middle rates from two to 

three mean that the scenario either is below the average but performed better than the worst 

performing quarter (2) or the scenario exceeds the average level but remains under the best 

performed quarter (3).  

Table 6. The decision matrix of all scenario designs 

 

According to the total scores, it can be seen that all scenarios have performed significantly 

better than the AS-IS analysis model. As the total score of the AS-IS level is only 6, the 

results of the scenarios were on average three times higher than the baseline. The results of 

the decision matrix therefore show that all scenarios can significantly improve the 

performance of the outbound logistic network design. 

Based on the results, the total scores of the scenarios vary from 13 to 21.  On average, the 

worst rated scenario of the decision matrix was the scenario 1 with the average of 15. The 
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second-worst scenario was the scenario 4 with the average of 15,5 and third-worst the 

scenario 5 with the average of 17,5. The best performed scenario was the scenario 2 with the 

average of 21 and the second-best the scenario 3 with the average of 19. The difference 

between the best performing scenarios was only small within the selected research variable 

weights. 

The overall best performed scenario 2 has the highest total score (22) of all scenarios when 

rail transportation percentage of 80 % was used. The performance of the amount of tied 

wagon capacity and total costs were scored with the highest points (4) and the CO2 emissions 

level with the second highest score (3). The second highest total score (21) was given to two 

scenarios. The scenarios 2 and 3 with the rail transportation percentage of 85 % had a total 

score of 21. The scenario 2 had the best score (4) from the CO2 emissions and the total costs. 

The scenario 3 had the best scores (4) from the amount of tied wagon capacity and the CO2 

emissions. The scenario 2 had also relatively high scoring (3) from the amount of tied wagon 

capacity whereas the total costs of the scenario 3 were scored with the lowest scoring (1). 

As other research variables were weighted higher than the total costs, the low scoring did 

not affect to the performance of the scenario 3.  

The lowest total score (13) was given to the scenario 1 with the rail transportation percentage 

of 75 %. This scenario performed poorly (2) when measured by the amount of tied wagon 

capacity and the amount of CO2 emissions. The scenario had however quite good scores (3) 

when measured by the total costs. This did not affect to the final scoring as the weighting of 

the total costs were the smallest of all research variables. Also, one of the second-lowest 

scoring scenarios (15) was the scenario 1 with the rail transportation percentage of 80 %. 

Another poor-rated scenario was the scenario 4 with the rail transportation percentage of 85 

%. Both of the scenarios were performing relatively well (4) when measured by the amount 

of CO2 emissions and the total costs. However, as the amount of tied wagon capacity was 

the highest weighted research variable, the low scoring (2) in that decreased the total scores 

of both scenarios. Other poorly scored scenarios (16) were the scenarios 4 and 5 with the rail 

transportation percentages of 80 % and 85 %. The scenario 4 had high CO2 emissions which 

affected the final scoring. The scenario 5 had the lowest total cost scoring.  

Based on the decision matrix, it is seen that the total scores of the best performed scenarios 

were quite even. Therefore, it was decided to investigate the warehousing capacities of 

different locations to see which of the scenarios would need the lowest investments in 
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warehousing infrastructure. The scenarios 2 with all rail transportation percentages and 3 

with the rail transportation percentage of 85 % are investigated further in the next chapter. 

7.2 The decision matrix of the best scored scenarios 

To consider the warehousing capacity in the port locations, a second decision matrix was 

created. The warehousing capacity is based on the average contracted warehousing 

capacities of the case company. The capacity is calculated by adding together the 

warehousing capacities of the different port operators that the case company have used and 

contracted during the timeframe, and by dividing the transported volume that was 

transported through the port location during the thesis timeframe by the warehousing 

capacity result. Based on the results, the warehousing capacity of the scenario 2 is scored by 

1 and the capacity of the scenario 3 by 3. The decision matrix is presented on table 7 below. 

Warehousing capacity is weighted by 1.  

Table 7. Decision matrix of the best performed scenario designs with the warehousing capacity of port locations 

 

Based on the table 7, it seems that when scenario 2 would be used, more investments to the 

warehousing facilities would be needed. The scenario 3 has relatively good warehousing 

capacity which increases the total score. In general, all results are better than in the previous 

decision matrix and the total scores are relatively even. However, based on the calculations, 

the scenario 3 with the rail transportation percentage of 85 % has the highest total score. The 

second highest was on the scenario 2 with the rail transportation percentage of 80 %. In this 

decision matrix, the worst scenario was the scenario 2 when 75 % or 85 % of rail 

transportation was used. The difference to the best performed scenario 3 was however only 
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marginal and thereby it can be argued that all of the scenarios could be beneficial options to 

use.  

7.3 Recommendations based on the analysis 

As noted, all scenarios could benefit the case company and therefore the use of some specific 

scenario cannot be exhaustively suggested. The results of the decision matrix presented total 

scores with very small differences. The total scores were affected by the chosen weights 

which gave the highest importance on the research variable of the amount of tied wagon 

capacity and then to the amount of CO2 emissions. The least weighted research variable was 

total costs. The weight might have affected to the total scores of the scenario, and thereby 

the final results could vary if the weights are changed. 

The analysis showed that the distance is the key factor within the Finnish outbound logistics 

network design. This was also highlighted in the previous studies. Based on the analysis, the 

transported distance correlated visibly with the amount of tied wagon capacity, 

transportation costs and the amount of CO2 emissions. It was noticed that the port locations 

which were located more near the mill locations, performed best when compared to longer 

distance port locations. Thereby, the future outbound logistics network design would benefit 

from distance reductions. Also, in addition to the distance, it seemed that the CO2 emissions 

level was connected with the amount of used rail transportation. It was noticed that CO2 

emissions were only decreasing when specific rail transportation percentages were used. The 

results showed that rail transportation percentage needs to be increased in the future model 

if CO2 emissions are desired to reduce in the future outbound logistics operations. This could 

be done with the pendulum model presented in the scenario analysis. 

The analysis denoted that some of the researched port locations performed better in the 

scenario models than others. According to the results, it can be stated that the use of the port 

locations A, B, C would be most beneficial solution for the case company. The AS-IS 

analysis revealed that the transportation time and the average distance to the port locations 

A, B and C were the smallest from every mill when compared to the other port locations. As 

the total costs, the number of tied wagons and CO2 emissions correlated visibly with the 

transported distance, it was noticed that the port locations A, B and C had the best results 

within all research variables. 
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The scenarios were created to utilize the benefits of the port locations A, B and C, and port 

location C was decided to use in every scenario. The results of the first decision matrix 

showed that the scenarios that were using the ports A, B and C had the highest total scores. 

When decision matrix was done only to the best performing scenarios of 2 and 3 with adding 

the warehousing capacities, the highest total scoring was given to the scenario 3. As the 

scenario 3 centralized all port operations to the port location B and C, it seems that the 

highest future potential when warehousing facilities are considered would be if those port 

are used.  

Based on the results, it can be noted that the port location D would not be a preferrable 

option. The port location D was studied as a part of two scenarios and was combined with 

the best performed port locations B and C to compensate location’s poor performance in the 

AS-IS analysis. It seems that already minor amount of volume allocation to the port location 

D will decrease the overall network performance level even if the best performed port 

locations were added to the scenarios. According to the AS-IS analysis, it is visible that the 

port location D has higher distances than the other selected port locations. As noted 

previously, the higher distances correlate visibly with the higher CO2 emissions, 

transportation costs and the amount of tied wagon capacity needed in the transportation legs. 

This denotes that the use of that port location will have a negative effect on the performance 

of the researched variables.  

The port location D also seems to be a location that is difficult to reach by rail as direct rail 

transportation is not possible to arrange within the current rail schedules from any of the 

mills. Also, the demanded daily transportation would not be possible within the current 

transportation schedules which means that regular transportation by rail cannot be arranged 

from any mill location. In addition to that, it can be denoted that the use of the port location 

D will increase the demand for using rail transportation as the CO2 emissions decreased 

below the AS-IS level only after 75 % rail transportation level. This means that scenarios 

with the port location D might be more sensitive for unexpected transportation mode changes 

as rail transportation percentage can decrease from the maximum level of 85 % only less 

than 10 % if the CO2 emissions are desired to maintain below the current level. 

Overall, it was discovered that the case company would benefit from using centralized 

network design. The AS-IS model was using the total of seven different port locations and 

six inland terminals. If the network structure is centralized to one or two port locations, the 
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total use of transportation legs would be reduced from the AS-IS level of 53 to the scenario 

analysis level of 8. The reduction means that the use of transportation legs could decrease 

by 85 % when compared to the AS-IS model. This decreasing also implements reductions 

on the amount of CO2 emissions and total costs. As the logistics network would not scatter 

around Finland, the material flows could be easier to monitor. In addition, due to the 

pendulum model which is possible to arrange within smaller amount of network locations, 

the amount of rail transportation could be increased but transportation legs could be operated 

with smaller number of tied wagons. The overall results showed that the new simplified 

Finnish network model could bring the needed stability for the outbound logistics of the case 

company.  
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8 Conclusions 

In this chapter, the results of the study are concluded. The chapter firstly discusses the main 

empirical research findings and responds to the research questions formed. The findings are 

then formed to managerial implications that the case company could utilize while 

redesigning the future network structure. Finally, the research reliability and validity are 

reviewed, and future research areas are suggested. 

8.1 Discussions 

The case study was done to an international forest industry company which was having 

issues with the Finnish outbound logistics network design. The rapidly changed business 

environment revealed logistic dysfunction, and worsened issues of constantly lacking 

transportation capacity and logistics stability. The case company desired to investigate the 

outbound logistics network design to improve the main transportation legs from mills to port 

locations by simplifying the network structure. The aim was to find future outbound logistics 

network scenarios that could improve Finnish outbound logistics network performance by 

decreasing the amount of tied wagon capacity, total costs and the amount of CO2 emissions. 

The study was done with AS-IS analysis and scenario analysis. The researched data was 

received from the data archives of the case company which was qualified and supplemented 

by interviews with the logistics management and specialists. 

The study was divided to one main research question and three sub-research question. Next 

the sub-questions and the main research question are answered. 

SRQ 1.1 How Finnish outbound logistics network is currently operated and how it affects 

to the outbound logistics performance measured by the selected research variables? 

The overall analysis results presented that the current network model was not operating as 

efficiently as it could. The AS-IS analysis results showed that the current outbound logistics 

network is scattering outbound volumes to seven different port locations even though the 

highest amount of volume was mainly transported to three port locations. The most used port 
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locations were the locations A, B and C whereas the least used location were the ports D, E, 

F and G. The network design had an impact to the used transportation mode as all mills 

together used rail transportation on average only on 73 % of the transportations. The rail 

transportation was done by using the traditional rail transportation model which seemed to 

worsen the issues with the lack of available transportation capacity and logistics instability. 

The complexity of the current logistics network had also potentially increased the inland 

terminal usage which increased total costs, the tied amount of transportation capacity and 

the amount of CO2 emissions. The overall performance of the Finnish outbound logistics 

network did not achieve the required stability level. 

The analysis revealed some important factors that influence the chosen research variables of 

the amount of tied wagon capacity, the total costs and the CO2 emissions. The most 

important finding was that the distance between the network locations has a major impact to 

the network performance. It was discussed in the theoretical analysis that the distance has a 

significant impact on the transportation times, the transportation costs and the overall 

network sustainability. The AS-IS analysis repeated the findings and showed that the current 

complex network structure and more specifically the use of the port locations D, E, F and G 

have caused the increased need for wagon capacity, the higher transportation costs and the 

poor environmental sustainability performance. The results indicated that the use of the port 

locations A, B and C could be seen beneficial in the future outbound logistics model. The 

port locations A-C had the lowest transportation distance which decreased the transportation 

time, the amount of tied wagon capacity and the costs related to transportation. In addition, 

the amount of CO2 emissions emerged from transportation was also the smallest.  

SRQ 1.2 What kind of improvements can be achieved with a new logistics network design 

model, and how it will affect to the outbound logistics performance measured by the 

selected research variables? 

Based on the observations made, five different scenarios were created. The scenarios 1-4 

were based on the network centralization model and the scenario 5 investigated the impacts 

of network decentralization. The scenarios were further divided into different rail 

transportation percentages that would be used in the pendulum rail transportation model. The 

scenarios used the rail transportation percentages which would reduce the amount of CO2 

emissions when compared with the AS-IS analysis levels. The scenario 1 used only the port 
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location C, the scenario 2 the port locations A and C and the scenario 3 the port locations B 

and C. The scenario 4 was researched with the port location C and D and finally the scenario 

5 with the port locations B, C and D. The scenarios 1-3 were researched with the rail 

transportation percentages of 75 %, 80 % and 85 % and the scenarios 4-5 with the 

percentages of 80 % and 85 %.  

The scenario analysis results presented that all scenarios could improve the outbound 

logistics network design performance when compared to the AS-IS analysis results. As the 

scenario models used the pendulum rail transportation model, it affected significantly to the 

rail transportation efficiency within every researched scenario. The pendulum model made 

rail transportation time easier to predict and modified the instable wagon capacity variable 

to be a fixed variable. The transportation by pendulum model decreased the demanded 

wagon capacity when compared to the traditional rail transportation model used in the AS-

IS model. It was also noticed that the best performance was achieved when the port locations 

with the shortest distances from the mill location were used. The reduction of transported 

distance impacted positively to the performance of the research variables. Also, the scenarios 

which used centralized network structure seemed to reduce the amount of tied wagon 

capacity, total costs and CO2 emissions by simplifying the network design.  

SRQ 1.3: What changes are needed in order to implement new outbound logistics network 

design model? 

Based on the study results, the case company needs to simplify the outbound logistics 

network structure in order to improve the network performance. The study revealed that the 

case company scattered the outbound volume widely around Finland which caused major 

issues with the available transportation capacity. The study suggests that network 

centralization could benefit the case company the most. The network centralization would 

help the case company to reduce the use of complementary transportation legs and to focus 

on developing cooperation with fever port locations. The centralization could also help the 

case company to monitor transportation flows and increase the use of rail transportation. The 

port locations that would be used in the future network should be chosen based on the 

distances from mill locations. The swift to shorted distance transportation legs would be 

beneficial when measured with the selected research variables. Based on the analysis, the 

port options A, B and C would be the most beneficial. 
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The study also showed that if the case company desired to implement the new network 

design model, the case company should use the pendulum rail transportation model to 

balance the transportation capacity demand issues. The pendulum model increased the 

transportation capacity predictability, and which can help the logistics operations to function 

efficiently. Also, as the rail transportation percentage were increase with the transportation 

model, it affected positively to the amount of CO2 emissions. As noted in the theoretical 

analysis, nowadays the demand for sustainability has increased, and the pendulum model 

would this help the case company to meet the logistics sustainability requirements.  

In addition, the warehousing capacity of the best performed scenarios was researched. It 

seemed that the chosen scenarios have significant difference between to current warehousing 

possibilities. However, it was noticed that the use of investigated scenarios demands more 

warehousing capacity if orders are needed to warehouse before the shipment to other 

European ports. To implement the new network structure, the case company should invest 

on additional warehousing capacity in the chosen port location or locations or research other 

alternative ways to improve the flow of orders to other European port locations to minimize 

the need for warehousing.  

RQ: How Finnish outbound logistic network design and its transportation flows can be 

improved? 

The main research question was answered with the help of three sub-research question. The 

thesis identified multiple factors that can help in improving the Finnish outbound logistics 

network structure. The managerial implication to improve Finish outbound logistics network 

design are discussed in the next chapter. 

8.2 Managerial implications 

Based on the study, the managerial implications were created. Firstly, the case company 

could benefit from the outbound logistics network centralization to one or two port locations. 

The network simplification could reduce the number of transportation legs and the 

transported distance. The results revealed that the use of port locations that are located near 

the studied mills would be the most beneficial when the performance is measured with the 
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selected research variables. Based on the study, the suggested port locations to use are the 

port locations A, B and C. The use of the port locations D, E, F and G would not benefit the 

case company. 

Secondly, the case company should implement the pendulum rail transportation model and 

create pendulums from each of the four mills that were studied to the selected port locations. 

The pendulum rail transportation model could improve the transparency of wagon capacity 

availability and thereby simplify the operational coordination. With the pendulum 

transportation model, it is possible to increase the usage of rail transportation up to 16 % 

when compared to the current traditional rail transportation model. The increase in rail 

transportation would decrease the CO2 emissions emerged from transportation which would 

impact directly to the overall sustainability of the case company. 

8.3 Reliability and validity 

The study was made based on the data that was received from the case company’s data 

archives in a SQL server. The data was formed in the supply chain system used by the case 

company and then stored in a server as large data files. As data was transferred directly from 

the supply chain system, the data was in its original form and required data cleaning. During 

the data cleaning, errors in data were found, and the final aim of data cleaning was to reduce 

the number of significant errors. However, despite the significant amount of data cleaning, 

the used datasets might still include errors which might have impacted to the overall results.  

In addition, it needs to be considered that the wide research area of the Finnish outbound 

logistics was needed to be delimited and simplified during the study. The simplifying meant 

the use of data averages and even averages of the calculated averages, which might have 

impacted to accuracy of the results of the study. Also, the scenario analysis was done by a 

self-created excel model instead of a supply chain optimization application which can 

simplify the phenomena and cause human errors.  

The research validity is affected by the delimited research timeframe from the 1st of 

September 2021 to the 1st of September 2022. Soon after the research was begun and the 

timeframe was set, the Finnish outbound logistics of the case company had already faced 

changes in its structure. Due to the logistics nature of a constant change, the usage of some 
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network locations, mainly inland terminals, was terminated. Despite the changes, the 

demand for logistics network restructuration still existed and thereby the on-going changes 

did not significantly affect the utility of the results.  

8.4 Limitations and future research suggestions 

As all studies, also this thesis has some limitations. The research scope is limited to study 

outbound logistics from the first-mile viewpoint in a manufacturing company. The thesis did 

not focus on transportation legs from mill locations to external production units or direct 

transportation legs to customer locations. In addition, the thesis does not research port 

locations any further and therefore port operators and sailing schedules are excluded. The 

limitations of this study could be analysed in the future studies. 

During the theoretical analysis of the research process, it was noticed that the first-mile 

transportation was not studied as widely as the whole outbound logistics concept and the 

last-mile logistics. In future, the outbound logistics research area could be broadened to the 

first-mile logistics and its performance importance to the company’s overall performance 

and customer satisfaction. Also, the outbound logistics were often studied in an e-commerce 

and distribution network context. Future studies could focus on the manufacturing 

companies’ outbound logistics and more specifically, to the manufacturing companies’ first-

mile logistics.  

From the case company viewpoint, the thesis revealed many potential future research 

possibilities. As the thesis focused on the Finnish outbound logistics from mill locations to 

port locations, the research could be widened to the remaining network locations of the 

outbound logistics network. For example, the case company has used external production 

units on which the transported volumes can be significant. The number of production units 

could be analysed and optimized in order to meet the future outbound logistics targets. In 

addition, as the direct transportation legs to customer locations were excluded from the 

study, the performance and the impact of those transportation legs for example to the overall 

sustainability could be analysed.  

The case company could also research the port location operations more specifically. The 

thesis did not focus on the port operators in port locations. The future research could for 
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example research collaboration possibilities with selected port operators if transportation to 

the port locations is centralized to fewer locations than in the current model. In addition, the 

thesis did not focus on the sailing schedules of different port locations which can have an 

effect on the Finnish outbound logistics network operations. In future, the Finnish port 

locations that were noted as the beneficial locations to use could be researched further to 

navigate the sailing possibilities to other European ports.   
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