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Executive Summary 

 

The impact of supply chains and logistics operations on environment and society has been addressed 

and emphasized in the academic literature. Several studies have contributed the research of 

sustainability with multiple competing theories. However, a gap between sustainability theories and 

an actual implementation in Supply Chain Management is evident. The main focus of this paper is on 

Distribution Network Design. It was argued that it is imperative for companies to not only have 

efficient, but sustainable distribution networks.  

 

The research aim is to create an applicable framework for companies to design a sustainable 

distribution network. To address the research, an extensive literature review is conducted in order to 

enrich the understanding of current practices in network configuration. The paper combines works of 

Montabon et al, Pagh and Cooper, Christopher, and other authors in conducting a comprehensive 

theoretical analysis on multiple theories with the aim of constructing a framework for designing a 

sustainable distribution network. The framework prompts companies to consider 8 main factors 

consisting of a total of 23 determinants that account for the product, market and demand 

characteristics as well as environmental, social and economic impact. Economically Dominant logic 

and Triple Bottom Line are proposed as rival theories to address the sustainability aspect. 

 

A Danish manufacturing company, Nilfisk, has contributed this research as an empirical example. 

This company performs extensive operations in European region and has faced issues with the 

distribution network. A consent was established to use Nilfisk empirical data to enrich the 

understanding of the proposed framework and assess any challenges that might arise from the use of 

such framework. The analysis discovered that the Ecologically Dominant logic cannot be applied on 

distribution operations due to the infancy of the technologies needed to address challenging 

sustainability efforts. Triple Bottom Line has concluded the analysis by proposing a sustainable 

distribution network configuration for Nilfisk that equally respects the considerations of economy, 

society and environment factors. Finally, further research is suggested and the paper is concluded 

with the discussion of the managerial implications. 
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1. Introduction 

1.1 Background 

As businesses continue to grow and globalise, supply chain management (SCM) has had a substantial 

impact as a facilitator (Kotzab et al, 2015). The increase in overall consumption and production results 

in significant increase in the flow of freight, initiating structural and operational changes in the 

economic system. According to Hesse and Rodrigue (2004), structural changes reflect the 

geographical spread in manufacturing operations, while operational changes reflect the geographical 

spread of freight and transportation activates. The global supply chain (SC) relies heavily on the 

effective configuration and utilization of these activities, as manufacturing and logistics can affect 

the key determinants of the business performance such as costs, lead time and customer service.  The 

fundamental challenges of the new economic systems are not only concerned with the origins and 

destinations of freight, but with the movement of this freight along the chain, creating the need for 

efficient logistics (Hesse and Rodrigue, 2004). 

 

The terms supply chain and logistics are often used interchangeably; however, SC covers a broader 

area of the business operations including suppliers, manufacturing plants, warehouses and customers, 

with the main goal of transforming the purchased raw materials into finished products. (Rushton et 

al, 2010). Logistics covers material management which involves all activities responsible for the 

manufacturing of commodities in all stages of production along the supply chain, and physical 

distribution which involves all the activities responsible for the movement of goods from the point of 

production to the point of sale or consumption (McKinnon, 1998). Several definitions of logistics are 

provided by different researchers and organisations, but the following one fits the purpose of this 

study, “Logistics is the positioning of the resource at the right time, in the right place, at the right 

cost, at the right quality” (Rushton et al, 2010, p.6). These resources can be listed as transport, 

warehousing, inventory, packaging and information which represent the major components of 

distribution networks. (Rushton et al, 2010).  

 

Managers are focusing on logistics and SCM to gain efficiencies and eliminate non-value added steps 

often overlooking the effects of these activities on environment and society which are significantly 

interrelated (Kundzewicz et al, 2009). The increase in CO2 gas emission and energy consumption 

have considerable negative effects on environment and human activities (Chunguang et al, 2008). 

According to Stern Review on the Economics of the Climate Change, 40% of the total emission of 
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greenhouse gases in the world emanate from agriculture, industrial production and transport. (Stern, 

2006). Figure 1.1 presents the distribution of total energy consumption in EU by sector, and major 

share is accounted by transport and industry. 

 

 

Figure 1.1 Final Energy Consumption by sector, Source: https://www.eea.europa.eu/data-and-maps/indicators/final-energy-

consumption-by-sector-9/assessment-1 

 

Since logistics activities have inherent environment-damaging properties, both concepts are strongly 

interrelated. Logistics activities negatively contribute to environmental pollution, use of energy, 

traffic congestions while environmental regulations can impact on numerous logistical decisions 

throughout the supply chain such as location, sourcing of raw material, modal selection, and transport 

planning (Wu and Dunn, 1995).  

 

1.2 Problem Discussion  

The strategic importance of the logistics activities is gaining increasing attention from managers and 

companies because it affects efficiency and business competitiveness (Sum et al, 2001). To provide 

productivity gains and customer satisfaction, these functions need to be planned and analysed at the 

operational level, as well as holistically as part of the whole supply chain system. Thus, planning and 

designing logistics activities involves strategic decision making related to the major components of 

distribution networks such as: the optimal number of facilities, location, and size of warehouses, 
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optimal sourcing strategy, transportation modes, flow of freight and assignment of product ranges to 

warehouses and distribution centers (Cordeau et al, 2006).  

 

To respond to highly increased competition, distribution network configuration is either designed by 

focusing on minimising overall system costs or by increasing the system capabilities and flexibility 

to meet the changing customers demand. Until recently the main force behind competition has been 

price and quality of product/services. However, due to the increase in awareness of the environment 

and social effect of the purchased products/services, the focus of customers have been shifting 

towards Corporate Social Responsibility (CSR). In the recent years, there has been major attention in 

the sustainability research, which is a key part of CSR.  Several definitions of sustainability have been 

fluctuating recently, such as Elkington’s (1998) ‘‘the principle of ensuring that our actions today do 

not limit the range of economic, social and environmental options open to future generations’’ (p.20). 

In response to government and societal pressure, companies need to adopt the concept of corporate 

social responsibility which introduces codes of conduct guiding and expecting socially responsible 

business practices throughout the chain (Rahbek and Andersen, 2006).  

 

Thus, the major attention of logistics scholars has shifted on research to mitigate the impact on 

environment and society, focusing on finding new ways to reduce the level of transportation used and 

energy consumed. Efficiency in the use of transport resources, efficient delivery schedule, 

consolidation of freight flow, efficient fuel selection and warehouse location has been the main 

consideration for such research; hence, the reduced harm to the environment and society has been 

only realised as a side benefit of economic performance (Saroha 2014). 

 

1.3 Problem Statement 

Achieving sustainable business practices is difficult due to the trade-off nature of this relationship, 

and to date, the economic aspect of sustainability has won out over the social and environmental 

aspects (Montabon 2016).  Current sustainable concepts work in theory, but not in practice as either 

they do not treat each of the three elements equally or do not resolve trade-offs in a sustainable way 

(Montabon 2016). However, the increasing use of transportation and energy consumption has led the 

world in the downward spiral of negative environmental effects with the need of an imminent change. 

Initial efforts towards this change are proposed by Montabon (2016), arguing that sustainability 

research should be guided by a new logic, Ecologic Dominant (ED). This logic considers 
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environmental factors to be dominant to social factors which in turn are dominant to economic factors 

(Montabon 2016). ED logic was initially introduced in 2016, thus further research on the application 

of this logic in different areas of the supply chain is lacking. In the current literature, a framework 

that connects the new sustainability logic and distribution configuration has yet to be presented.  

 

1.4 Case Company 

To facilitate the research and collect reliable data, the opportunity to work with a company that is 

facing a challenge in the distribution network is highly beneficial. Nilfisk is the case company 

analysed as an example of how to create a sustainable distribution network. 

The company was founded in Denmark in 1906 by P. A. Fisker and H. M. Nielsen and manufactures 

advanced cleaning solutions. Nilfisk range of products varies from the small vacuum cleaners to 

outdoor trucks for municipality cleaning (up to 60hp). The company employs 5500 people and offers 

a range of 65.000 spare parts and 3.000 machines. The turnover of Nilfisk in 2017 was 1 billion Euros 

which mainly is generated in the EU market with 60%, US market with 25% and Asian market with 

15%.  

 

The European market is covered by five large distribution centres. While Nilfisk has built one modern 

distribution centre by their requirements and standards, the other four are either old or were acquired 

by purchasing other companies.  The result is unaligned distribution network where two out of five 

DCs perform at barely 10-30% capacity. The top management team has realised the significant 

disadvantages of an inefficient distribution system and has already assigned the team in pursuit of 

possible solutions. 

 

1.5 Research Rationale and Purpose 

As the environment is increasingly becoming a critical global issue, the traditional logistics can no 

longer meet the requirements of modern society, creating a need and ever increasing attention from 

companies, government, and public for sustainable logistics operations (Seroka, 2014). The increase 

in corporate spending on research for renewable energy and zero-pollution transportation as well as 

government incentives to adopt such solutions, present an opportunity for further attention to the real 

possibility of businesses being sustainable. The rationale of researching and analysing the distribution 

network by applying the Economically Dominant logic and a rival theory Triple Bottom Line is to 

present the differences and barriers for the ideal solution to be implemented. By merging the 
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traditional distribution theories with sustainability logics in a new framework, this study seeks to 

spark future research into the factors that need technological advancement and development to 

support sustainable supply chains. 

 

1.6 Research questions and objective 

The objective of this research is to narrow the literature gap by proposing a new framework that 

incorporates the ED logic as the main driver in shaping the distribution network configuration. The 

framework is used to configure a sustainable distribution network for the focal company, Nilfisk. 

Corresponding to the research rationale and purpose the following main research question is 

formulated: 

RQ 1: How can a company design a sustainable distribution network? 

As the distribution network configuration is highly affected by the overall supply chain strategy and 

the global logistics strategy, additional questions need to be answered: 

RQ 2: What are the main considerations when choosing the overall supply chain strategy and 

subsequent global logistics strategy? 

To align the distribution network configuration with the chosen sustainability theory, the following 

question needs to be answered: 

RQ 3: What are the Environmental, Social and Economic factors to consider?  

Developing such framework for the sustainable distribution networks requires a merge between the 

conventional theories of distribution design and ED logic. To increase awareness of the impacts, the 

results are compared with the application of a rival traditional sustainability theory, Triple Bottom 

Line, in distribution network design.  

 

In particular, the main objectives of the research are presented below: 

Develop a framework for designing sustainable distribution networks following the ED logic.  

Propose to the case company a sustainable distribution network for their European market operations 

Increase managers’ awareness and understating of the sustainability issues, and the effects of the 

overall logistics operations in the environment and society. 

Initiate further research on the opportunities and barriers for sustainable logistics management and 

supply chain operations following the Ecological Dominant logic.  
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1.7 Research Design 

Research design should reflect an action plan that helps to answer the research question(s) (Kinra, 

2009) and is best described by Zikmund et al (2010):  

“A research design is a master plan that specifies the methods and procedures for collecting and 

analysing the needed information. A research design provides a framework or plan of action for the 

research. Objectives of the study determined during the early stages of research are included in the 

design to ensure that the information collected is appropriate for solving the problem. The researcher 

also must determine the sources of information, the design technique (survey or experiment, for 

example), the sampling methodology, and the schedule and cost of the research.” (Zikmund et al, 

2010, p.66).  

 

 

Figure 1.2 Research Design Overview Source: Own conceptualisation 

 

 

Figure 1.2 above depicts the research cycle. The research originates from the idea to incorporate the 

new sustainable logic to logistics activities and is followed by the construction of the research 

question (1). The domain investigation in the form of the literature review is conducted to search for 
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areas in need of improvement or find a literature gap (2). Domain investigation drives the need for a 

sustainable network design framework. The selection of the theories and the conceptualisation of the 

analytical framework for data collection needs to be guided and framed by a clear research 

methodology (3). Theory selection provides in-depth knowledge about the domain and the research 

questions (4).  The framework, stemming from the theories it employs, determines the data needed to 

be collected from the case company (5), (6). The framework is then analysed using the data collected 

from the case company, and the findings are presented (7) (8). The findings are then discussed (9) in 

terms of further research and managerial implications. Finally, the research comes to a conclusion 

and the answer to a research question (10). 

 

1.8 Scope  

Logistics management is one of the most important issues concerning supply chain practitioners and 

researchers. However, analysing all elements of logistics is complex and beyond the given resources. 

The scope of research narrows the focus on physical distribution as one of the main activities of 

logistics management excluding procurement and manufacturing related decisions. Issues such as 

outbound logistics, warehouse location, transportation modes, assignment of product ranges to 

warehouses/DC, and distribution network configuration are considered.  

 

The decisions related to distribution network can be categorised as strategic including the location 

and configuration of warehouses/DC; tactical including transportation modes, assignment of product 

ranges to warehouses/DC; and operational including the flow of raw material, semi-finished and 

finished product in the network (Cordeau et al, 2006). This research only considers the strategic and 

tactical decisions. The related decisions are guided by two sustainability theories: Triple Bottom Line 

and Ecological Dominant. The focal company is Nilfisk and their European distribution network. 

The research scope is also limited to the European region of distribution networks. The focus of the 

analysis will be on the strategic level of logistics and the factors influencing and pressuring Nilfisk 

in implementing the sustainable practices in their European distributions activity.  

 

1.9 Structure of the Paper 

In the first chapter, this paper provides an introduction to the area of research and why it is beneficial 

to analyse and try to provide answers to the research questions. Chapter two provides the scientific 

approach and rationale of the methods decided to collect and analyse the data. In the third chapter, 
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an in-depth review of the existing literature is provided. Concepts such as logistics, the configuration 

of networks, sustainability, green logistics, environmental impacts, and main factors that might 

influence the case company for implementing a sustainable distribution network are discussed. 

Chapter four provides the current theories related to the research and chapter five introduces the 

theoretical framework that is used to conduct the analysis. In chapter six, the current position of the 

case company is presented. In chapter seven analysis is conducted and the findings are presented. 

Chapter eight concludes the analysis and chapter nine provides the limitations of the study. 

Chapter ten discusses future research and managerial implications. 
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2. Research Methodology 

This chapter describes the research methodology that was followed in answering the research 

question. In the first part, research philosophy and approach are discussed which justifies the case 

study selection and research method. In second part data collection methods and data analysis are 

discussed, followed by the test on research design quality regarding validity and reliability. 

 

2.1.  Research philosophy 
This paper’s purpose is embedded within the field of supply chain management and logistics. The 

predominant scientific reasoning in logistics research is positivistic, which considers reality to be 

objective, tangible and fragmentable where patterns and causal relations can be investigated through 

quantitative research. (Mentzer and Kahn, 1995, Gammelgaard 2004). However, recent arguments 

emerged that other research approaches are not only viable but can and has benefited the logistics 

research. Gamelgaard (2004) has analysed works of multiple authors in the arguments for and against 

alternatives to positivism (Gamelgaard, 2004). Arbnor and Bjerke (1997) have provided a framework 

outlining the different approaches, analytic, systems and action approach, and a summarised overview 

was offered by Gammelgard as in Figure 2.1 (Gamelgaard, 2004).  

 

Figure 2.1. Arbnor and Bjerke framework. Source: Gamelgaard, 2004, p.482. 
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The systems approach offers a  holistic view of the world and considers reality to be linked and 

interdependent. This approach follows pragmatic scientific reasoning as it seeks to search for a 

problem solution rather than an absolute universal truth (Gamelgaard, 2004). 

 

2.1.1  This research philosophical considerations 

This paper takes a systems approach to the logistics research, looking at parts of the reality as 

mutually dependent. Sustainability and distribution networks are different parts of the given world, 

and the link between them is studied in order to create a better understanding and improve the system. 

Thus, systems approach and pragmatic reasoning is a fundamental cornerstone of the research 

approach, case study selection, theory selection and data analysis. Solem (2003) examines works of 

many authors in regards to ontological and epistemological considerations in business research. 

Ontology is concerned on how a researcher view reality and the knowledge. Epistemology, on the 

other hand, compliments the ontology by asking how one learns about reality and new knowledge 

(Solem, 2003). System Science has been introduced in Solem’s paper where the author argues that 

the General Systems Theory was developed to encourage interdisciplinary communication between 

various specialists. This study follows this approach by encouraging a junction of multiple theories 

spanning across multiple disciplines of science. According to Solem (2003), the idea that learning 

and contexts occur at different levels was first proposed by Bateson (1972). Learning in different 

levels approach is employed in this paper as well, where the study goes through learning experience 

not only by analysing the data but as early as reviewing the literature, followed by choice of theories 

and especially in the conceptual framework construction. This study takes a stance that learning takes 

place at many levels and in many contexts.  

 

2.2. Scientific approach 
While conducting a study, the research needs to rely on certain scientific reasoning on how the 

relationship is established between the theory and data. According to Blaikie (2010), there are four 

main scientific reasoning strategies to be followed: Inductive, Deductive, Retroductive and 

Abductive. 

 

Inductive aims to establish limited generalisations and descriptions of patterns and characteristics. 

The starting point of such research is the collection of data on patterns and/or characteristics, with the 

aim of producing descriptions that can finally be related to the research questions. The results 
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produced by the inductive research are bound by time and space and cannot be taken as universal 

laws (Blaikie, 2010). 

 

Deductive research is opposite to the inductive research and stems from the need to test theories 

(Blaikie, 2010).  The relationship or association between two concepts is studied by seeking to answer 

the question “how?”. (Blaikie, 2010). This type of research uses an existing theory, to develop and 

test a hypothesis with the use of data, that was collected based on the chosen theories (Blaikie, 2010). 

 

The retroductive research aims to “discover underlying mechanisms that, in particular contexts, 

explain observed regularities”(Blaikie, 2010, p.87). Retroduction is an alternative research strategy 

characterised by linking the induction or deduction reasoning in a continuously evolving process. 

(Sæther 1999).  

 

Abductive research, unlike the other approaches, does not focus on one question of either “what?” or 

“how?” and instead answers both questions within one research. It tries to develop a theory that can 

be elaborated iteratively after the discovery of everyday concepts and production of their technical 

accounts (Blaikie, 2010). 

 

2.2.1 This research approach 

The origin of this study is the realisation of the gap in the literature. The initial stages include a 

selection of relevant theories and combining knowledge to create a theoretical framework to answer 

the question. The later stages include data collection guided by the selected theories. In other words, 

the data collection and reasoning for particular data is deduced from the theory selection, confirming 

the deductive reasoning of this study. The case company is later used as an elaboratory empirical 

example. 

 

2.3. Case Study Selection 
The research question requests the research to accomplish three major milestones - determine the 

distribution network design options, bound the options according to the sustainability theory and 

finally conceptualise the decision making framework. According to Yin (2014), if the desire is to 

understand complex phenomena, the case study research acts as an enabler to focus on a “case” and 

protect a holistic and real-world perspective. Case Study typically describes a certain situation in a 

company that can be later analysed by typically relying on interviewing the employees of the firm or 
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the customers based on the research objectives. (Zikmund et al, 2010) Case Studies usually are easily 

applicable in real life business, as the main goal of this method is try to provide a solution to the real 

problem of the focal company through academic research (Zikmund et al, 2010).  Robson formulates 

case study as “a strategy for doing research which involves an empirical investigation of a particular 

contemporary phenomenon within its real-life context using multiple sources of evidence” (Robson, 

2002, p.150). As the quest to understand how the sustainable distribution network should be designed 

is a complex process, and a real problem, for the purpose of this paper the unit of analysis is a single 

case study with a single case company. 

 

Figure 2.2. Case study research decision tree, Ketokivi and Choi, Journal of Operations Management 32, p. 238 (2014) 

In order to adequately answer the research question, a deep contextual and conceptual understanding 

had to be established and a single perspective might not serve the explanation to the research issue. 

Ketokivi and Choi (2014) have proposed a map for understanding if the research question is best 

served by using a case study and if yes – where the emphasis should be dedicated. To arrive at the 

correct selection, the decision tree seen in Figure 2.2 is followed. 
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The research question needs multiple theories to be used in order to arrive at a conclusion. The 

theories available in the academic world are sufficient to formulate the question. However, the 

theories available only answer parts of the question separately and do not propose a clear and 

distinctive decision/consideration map for answering the research question, creating a need for theory 

combination. Furthermore, by proposing rival theories and Nilfisk as an empirical example, the 

research hopes to elaborate on the real-world problems and why companies struggle to be sustainable.  

Following the decision tree from Ketokivi and Choi (2014), it is evident that the right approach to 

answer the research question is to employ the case study with a theory elaborating emphasis. 

 

Following the case study selection, a clear case approach has to be distinguished. The approach should 

rely on multiple sources of evidence, and provide an understanding on how to use the theories and 

academic ideas, collect and analyse data and ultimately answer the research question(Yin, 2014). In 

the business research, there are mainly four types of approaches: Explanatory, Descriptive, Causal 

and Exploratory (Aaker et al, 1995; Zikmund et al, 2010, Yin, 2014). 

 

Explanatory business research serves clarification purpose to explain ambiguous situations or 

conditions, how they occur as well as potential business ideas that could lead to opportunities 

(Zikmund et al, 2010; Yin, 2014). 

 

Descriptive approach, according to Zikmund et al, “describes characteristics of objects, people, 

groups, organisations, or environments; tries to “paint a picture” of a given situation”(Zikmund et 

al, 2010, p.55). Yin (2014) takes a similar approach by arguing that this type of case study should 

produce a description of a phenomenon in a real-world context. 

 

Causal or causality studies approach is suggested by Zikmund et al (2010) as another type which 

would analyse a relationship between two phenomena as a sequence “if one thing happens, the other 

follows”. 

 

Exploratory study, according to Yin (2014), should identify the research question or procedures for 

future research that would be derived from the findings of the particular case study. 
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Since the research anticipates to spark further research into sustainable distribution and in turn the 

logistics and supply chain management, this study serves an exploratory purpose of the junction of 

theories and possible outcomes rather than a definitive answer to SCM issues. The rationale of this 

research originates as a revelatory, because, at the time of writing, one of the authors is an employee 

in the case company Nilfisk. 

 

2.3.1 Unit of Analysis and Case Company 

Distribution network has been referred as a system and therefore serves as a logical unit of analysis 

(Ballou, 2001; Arbnor and Bjerke, 1997). For such a unit of analysis, the prefered case company 

would ideally have substantial operations in the European market in order to provide sufficient and 

accessible quantitative and qualitative data for analysis. Nilfisk covers these requirements, and 

therefore the choice of using this firm was evident. Furthermore, the case company has acknowledged 

the issue within their SC and has assigned internal teams to restructure their European distribution 

network, significantly lowering the effort needed to attain relevant data for empirical analysis. 

 

In conclusion, this paper reflects several arguments in order to specify the need for an exploratory 

case study strategy, carrying a revelatory rationale with an emphasis on theory elaboration. The case 

is the sustainable distribution network, in which the unit of analysis is the European distribution 

networks with a case company being Nilfisk. 

 

2.3.2 Time Horizon 

The time horizon is an important consideration of any study, and the research can place itself in one 

out of two time horizons - cross-sectional or longitudinal (Saunders et al, 2009). While the question 

can be answered at multiple times in the future, this study is cross-sectional, because it takes the unit 

of analysis in the present as well as the case company. The analysis is conducted at a set time and not 

over a large period of time with multiple repetitive analysis. Therefore, this study’ time horizon is 

cross-sectional. 

 

2.4. Research methods 
Saunders et al (2009) provide a comprehensive explanation of the method research can follow. This 

research applies the mixed-model method, and it is evident from how and what data the theories 

require to analyse. The selected theories require both qualitative and qualitative data. It is important 
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to understand the distinction between mixed-method and mixed-model choices. While both use 

qualitative and quantitative data, the difference lays in how the data is analysed. In mixed-method, 

the quantitative data are analysed quantitatively, and qualitative data are analysed qualitatively. 

Mixed-model, on the other hand, is not bound by this relationship and allows for quantitative data to 

be qualified to create a derived meaning which then can be analysed qualitatively. This distinction 

becomes very important in the final parts of the distribution network designing process where 

quantitative data is translated into qualitative to determine social and environmental impacts. 

 

2.5 Data collection 
While many collection methods and types of data are recognised, the researchers must consider 

resources associated with each of these methods. These decisions depend on the time available by the 

researchers as well as the budget limits that have been set (Yin, 2014). Prior to data collection, it is 

necessary to decide what type and form of data the research requires. Proper data need to be collected 

in order to answer the research question adequately. The decisions included in this section are 

concerned with what type, in what form and from which sources data should be collected. 

 

2.5.1 Data Types and Forms 

There are three types of data - primary and secondary and tertiary (Blaikie, 2010). The difference 

between these three types is the way and the purpose of data collection. Primary Data is collected 

specifically with a purpose of addressing one or more research objectives and is generated or observed 

by a researcher. Secondary data is already generated, for other purposes by other individuals or 

entities. However, it can still be used for the research purpose. The Tertiary data has been already 

analysed by another researcher and will no longer be analysed by the author. The types of data used 

and the sources are summarised in Table 2.1. 

 

In simple terms, data can have three forms - words, visual or numbers which are all used in this 

research. Most of the data on business operations from Nilfisk, as well as demographic and 

geographic data from various sources come in numerical or visual form. However, other factors 

discussed in this paper require the usage of the qualitative data which mostly comes in the form of 

words.  
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Data type Source 

Primary 
Interviews, 

Nilfisk BI system 

Secondary 
World Bank, 

European Commission 

 

Table 2.1. Data types and sources. 

2.5.2 Data sources 

The data sources of this research can be grouped into three categories: interviews with Nilfisk 

employees, Nilfisk BI systems and online sources. The main data source is the case company, 

providing qualitative data from the employees’ interviews as well as quantitative data that was 

extracted from the BI systems. Another source of data is the online databases. The reason for choosing 

these sources was established when the theory required data on the environmental and social criteria. 

The use of aforementioned sources is elaborated in the following subsections. 

 

2.5.3 Interviews with Nilfisk employees 

The interviewing process, guided by the theoretical foundation and framework, resulted in a total of 

6 interviews with four different high-level managers at Nilfisk. The interviews were either 

unstructured or semi-structured with open-ended questions. The purpose of the first three interviews 

was the introduction to the company and challenges in distribution networks, followed by the 

establishment of agreement on cooperation and data sharing. These interviews with Nilfisk employees 

were not recorded and only meeting minutes were taken. The full list of interviews and corresponding 

interviewees is provided in Table 2.2. 

 

The first interview has been conducted on the 15th of January, 2018, with the Director of Global 

Analytics Department at Nilfisk A/S. According to Zikmund et al (2010), this interview could be 

classified as a conversation, because the authors engaged the director in a semi-formal conversation 

about the relevance of the research topic to Nilfisk and what extent of participation can be expected 

from the company. The conversation led to the agreement of meeting several other Nilfisk employees, 

agreement to share proprietary and confidential data as well as guidance for the data collection. The 

second interview was conducted with Vice President of Business Intelligence and Global Operations. 

The purpose of this interview was the understanding of Nilfisk’s products range, characteristics, 
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categorisation and related strategies. This interview was not recorded because it was in the form of 

the visual presentation, however specific questions were also answered.  

Name Title Date 

Torben Director of Global Analytics Department 
2018.01.15 

2018.04.16 

Jacob Project Manager for Distribution Network Redesign 
2018.02.01 

2018.04.17 

Nis 
Vice President of Business Intelligence and Global 

Operations 
2018.02.01 

Jesper Executive President for Supply Chain 2018.04.20 

 

Table 2.2. Interviewees names, positions and dates of interviews. 

The third interview was conducted with the Project Manager for the European Distribution Network 

Redesign. This interview provided information on the strategy and factors considered by the 

management team during the redesign of the distribution network project. The sub-benefit of the 

interview was the understanding of data collection processes performed by the project team. At the 

date of the interview, the research was at the stage that the data collection limits had not been 

established, therefore, conversation type of interview was employed, and it was unstructured and 

open-ended. 

 

The following three interviews have been semi-structured as well as containing open-ended questions. 

The structure of the interviews is provided in Appendix 1. Interviews with these employees followed 

the base of questions, however, certain questions were addressed only to appropriate employees (see 

Appendix 2). Executive President for Supply Chain was interviewed about the broad strategy of 

Nilfisk supply chain, whereas the Director of Global Analytics Department was questioned about the 

data gathering processes, as well as data validity. The Project Manager has been asked to elaborate 

on the process his team is taking to redesign the distribution network.  

 

2.5.4 Operational data from Nilfisk 

The operational data from Nilfisk was collected using the company’s BI system. A query was entered 

to pull all associated data on the order lines that customers requested a delivery day to be from 1st of 

January 2017 to 31st of December 2017.  After employees interviews and concluding that Nilfisk 
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operates in a mature market stage, it was argued that one year of data is sufficient to understand the 

flows of products to various customers. According to the Director of Global Analytics Department, 

who oversaw the collection of data, the order entering into ERP system can be done in two ways. The 

first method is when a customer types in the consent order and sends it to Nilfisk and the customer 

service personnel inputs the order into the ERP system. Order entry is not an automated process to 

prevent wrong information to be entered in the ERP system. The second method is for large customers 

only. Nilfisk provides EDI between the customer’s system and Nilfisk system. These type of orders 

come in the form of blocks and are also validated by the customer service employees, and if the data 

is correct, it is released into the ERP system. BI system then pulls all the order data from the ERP 

system by the end of the day and stores on the servers. The data pulled from BI system included 91 

columns representing different parameters, including order enter date, requested delivery date, 

product category descriptions, order quantities, prices, costs, volumes, weights, etc., and contained 

2,082,366 rows of order lines. 

 

2.5.5 Online sources 

The two online sources used in this thesis are World Bank’s LPI database and European Commission 

website. World Bank’s database provided secondary data on the logistics performance of the 

European countries that was needed for the warehouse location analysis. European Commission 

provided secondary data on the measures for social and environmental factors. 

 

2.6. Data analysis 
This section is dedicated to explaining the processes used to prepare and analyse the data collected 

from aforementioned sources. The prefered data analysis in the systems approach is mapping or 

modelling. As the research aims to connect two different concepts and understand the relationship 

between them, a framework or a model needs to be constructed.  Zikmund et al (2010) argue that: 

“Model building involves specifying relationships between two or more variables, perhaps extending 

to the development of descriptive or predictive equations...”, however, “models need not include 

complicated mathematics, however. In fact, decision-makers often prefer simple models that 

everyone can readily understand over complex models that are difficult to comprehend” (p.166). 

 

The need to make decision making simplified is acknowledged, and a theoretical distribution network 

model with clear decision criteria is constructed. Theory Foundation supports the development of a 

24 of 156

Sustainable Distribution Networks



new framework for Sustainable Distribution Network which takes all the necessary parameters of 

distribution network configuration and engulfs them in ED theory. This way the decision that one 

arrives after using this framework will ensure that the environment is accounted for first, then society 

and only at the end the economic factors are considered. In parallel, the same parameters will be used 

to configure distribution network according to the rival TBL theory. As several factors, variables and 

parameters need to be considered, different sustainable distribution network scenarios are offered. 

The decision on the best option is supported by Analytic Hierarchy Process. This decision-making 

tool has a multi-objective approach and does not include complicated numerical calculations. Thus, 

it is easy to use for the decision maker, and easy to understand for the stakeholders. The outcomes 

will be compared and discussed in the conclusion. 

 

2.6.1 Data preparation 

Data preparation is an important step in any analysis because raw data can easily be unreadable or so 

massive that trying to analyse it all would not yield any benefit. The data pulled from Nilfisk BI 

system was significantly larger in scope than this study requires, so the appropriate data preparation 

techniques were employed. For the full Alteryx workflow of data preparation, please see Appendix 

3. In total, the data was filtered to (1) exclude miscellaneous items, (2) include only European 

countries, (3) exclude rejected orders and (4) exclude the consumer-level orders. Afterwards, the data 

was cleansed to remove order lines that had errors (values that were equal to [null]) in the following 

parameters - weight and currency). The filter was applied to split spare parts from the machines. 

Machine orders were further separated into three categories - vacuum cleaners, floor care and pressure 

washers. The outdoor category was only shown as a sub-category in the BI system, therefore, the 

subsequent filter separated the outdoor machines from all three categories and was joined into the 

separate workflow. Then all the categories were cleansed to remove unnecessary columns to reduce 

the size of data files. 

 

Following, the separate data files were made for the different analysis stages, while keeping the 

master parsed file. The data was split for Center of Gravity analysis and value density analysis. For 

CoG analysis, the only data needed were the name of countries the products were shipped, and the 

count of order lines per every country to be used as weight variable. Geocoding was performed to 

find latitude longitude for every country that particular category had shipments to as well as postal 

codes for Russia. This separation logic was used because while postal codes were available for every 
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order line (actual addresses were not available), the total count for unique postal codes for spare parts 

category alone was 22930 and the software available to this study was not powerful enough to render 

such number of coordinates in a time frame of the study. The data needed for value density was 

cleansed to only include the unique values for price and weight statistics. Separate files for five 

categories were created.  

 

2.6.2 Data analysis process 

The majority of the data used in the analysis required a mix of qualitative and quantitative analysis. 

For Part 1 of the analysis, the data source is the employee interviews and BI systems. In order to 

remove researcher’s bias to data interpretation as an error in the analysis, the analysis was performed 

by asking specific questions in relation to each parameter to an appropriate Nilfisk employee. Since 

the framework is oriented towards the companies, the analysis was performed from the company’s 

perspective. In Part 2 of the analysis, all the constraints resulted in the previous section are considered 

during the process of designing a  sustainable distribution network. 

 

To find the optimal location of the warehouse, the Center of Gravity analysis was performed, which 

uses the data specifically prepared for this analysis. The Center of Gravity of the demand is split for 

the same 5 product categories. The reasons for using the geographical centre of the country instead 

of actual addresses was explained in the data preparation section. The calculations were done in 

Microsoft Excel using the following function: 

=ROUND(SUMPRODUCT(“List of coordinates”,”List of orders per country”) /SUM(“List of 

orders per country”),5) 

Where: 

SUMPRODUCT multiplies each country’s latitude or longitude with corresponding “weight” which 

is orders per particular country - the formula is expressed in arrays. 

SUM counts a total number of orders per category 

ROUND performs a division of SUMPRODUCT result by SUM result and rounds the result to 5 

decimal points. 
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This calculation is done for both latitude and longitude for each of the categories. In Appendix 4, the 

full calculations are shown for each category together with additional distances from each country to 

the DC as well as average distance to DC.  

 

2.7. Research design quality 
Zikmund et al (2010) consider testing the reliability and validity of the measurements acquired, in 

order to increase transparency and decrease opportunities to insert researcher bias in the research. 

However, another view from the conceptual social research perspective, argues that the overall 

research design quality can be measured in terms of 4 study tactics (Yin, 2014): 

●      Construct Validity 

●      Internal Validity 

●      External Validity 

●      Reliability 

Below, the paper summarises the possible ways and the actual actions taken using the aforementioned 

tactics to account for the quality of the research design. 

 

2.7.1 Construct validity 

According to Yin (2014), this test is especially challenging when conducting a case study. A common 

mistake made by researchers is the inability to set sufficient operational measures and using their 

preconceived notions to drive the choices of data collected instead (Yin, 2014; Flyvberg, 2006; 

Ruddin, 2006). Yin (2014) provides two steps to ensure the construct is valid - (1) researcher has to 

define the case in terms of specific concepts and (2) identify operational measures that match the 

concepts. Below are the arguments on how the thesis accounted for these two steps. 

Need to define the sustainable distribution network in terms of specific concepts.  

A comprehensive literature review on the domain was performed to understand distribution networks 

concepts. The theoretical foundation defines the distribution network and main components as well. 

The dominant sustainability logic and theories are introduced, followed by arguments on why there 

is a need for a new logic based on the tendency of the current logic to fail in achieving sustainability. 

To test and compare the result from the intended framework which incorporates ED Logic, the 

research provides a separate path in the framework that follows a rival sustainability theory (TBL). It 
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concludes the construct in terms of the theoretical framework of analysis that combines the 

distribution network designs and sustainability theory and make two separate but comparable paths 

for analysis. 

Need to identify the operational measures that match the concepts 

Regarding distribution network design, the theory selections guides the decisions making by 

proposing clear variables that are measured by the collected data. However, clear measurements to 

define a sustainable distribution network need to be identified to ensure an answer to the research 

questions. These measurements are selected from the peer-reviewed articles and books, to ensure the 

quality and approval of arguments. 

 

2.7.2 Internal Validity 

Internal validity is important for explanatory studies and is not emphasized in descriptive and 

exploratory studies, however, it need to be considered nonetheless (Yin, 2014; Blaikie, 2010). Four 

main strategies suggested by Yin (2014) to account for internal validity are as follow: 

1. Rely on theoretical propositions 

2. Work the data from “ground up” 

3. Develop a case description 

4. Examine plausible rival explanations 

 

Following the research methodology, it is evident that this research  follows three out of four 

suggested strategies on the internal validity. The first and second strategy are the opposite to each 

other, and the third and fourth can be used together with any strategy (Yin, 2014). The first strategy 

suggests that collection of data should be guided from the theories selected, while the second suggests 

that theory selection to be made in order to explain the data available. Third strategy is commonly 

used, but not restricted, to descriptive studies, as it requires a clear description of the case and the 

approach, without necessarily having the theory or data. (Yin, 2014). The fourth strategy works in 

tandem with any of three previous strategies, as in order to ensure stronger validity, a research should 

exploring rival theories, rival data to the ones used, or look for alternative cases (Yin, 2014). 
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This paper relies heavily on the propositions of the theory as all the strategic determinants and 

distribution network elements, as well as environmental and social factors,  are extracted from the 

theories discussed in the process. A clear case description is developed, by studying the current 

literature where the need for a sustainable distribution network framework was found. Other 

considerations guided by the theory selection are presented in trying to answer the research question. 

Finally, the research uses a rival theory of TBL to seek further explanations of the sustainability in 

designing the distribution networks. As an additional benefit, the use of two rival theories lets the 

paper to account for a different time horizon of the findings. The ED logic is relatively harder to 

implement than TBL, therefore the TBL analysis finding can be used in a short-term while the ED 

logic would serve companies in a long-term perspective. 

 

2.7.3 External validity 

The external validity of the research is concerned with the application of the findings to the rest of 

the domain, outside the case company and even further, more general domains (Yin, 2014). As the 

research intention is to create a generalizable theoretical framework, the foundation of this framework 

is based on well-developed theories that are not bound to a certain type of business or market. The 

case company is used for revelatory reasons, to provide the research a full access to the internal BI 

data, which might not be as easily available from other organisations. Nonetheless, the authors 

encourage future research to test this thesis with different companies and different geographical 

regions. 

 

2.7.4 Reliability  

The reliability of the research is concerned with the ability of another researcher to follow and use 

the same design, methods and theories, in succession collecting the same data and arriving at the same 

conclusion (Yin, 2014; Blaikie, 2010). All the processes and methods of the paper should be clearly 

stated and documented with special attention to remove any vague statements or processes to avoid 

the possibility of incorrect external interpretation. The research bases every directional decision on 

the theories and follows the suggested methods in data analysis. 
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2.8. Methodology Outline 
Figure 2.3 Summarizes the research methodology of this study 

 

Figure 2.3. Methodology Outline. 
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3. Literature Review 

As the background discussion suggests, the domain of this thesis is the outbound logistics with the 

objective of configuring a sustainable distribution network. Before conducting any further research, 

a comprehensive understanding of the research field is necessary (Zikmund et al, 2010). This section 

presents the main views and theories in the existing literature relevant to the research topics. The 

objective of this literature review is to provide insight into the existing knowledge that will be used 

to in the theoretical foundation to create the conceptual framework. In the first part, a literature review 

on distribution network is presented, and elements such as strategy, decisions, variable and models 

are discussed. In the second part, the concept of sustainability in SCM and views on sustainable 

logistics are presented. 

 

3.1 Distribution Network Configuration Literature 
Logistics field has been studied extensively resulting in a rich and well-established literature. This 

section provides a review on designing distribution networks as well as a review on distribution 

configuration models.  

 
Designing Distribution networks  

Distribution network plays a significant role in supply chain and can be defined as the interconnected 

network of storage facilities, transportation system and activities including transfer final goods from 

producers to customers. (Ballou, 2001). Studies on facility and demand allocation problems have 

been evident since the early years of management research such as a method to plan distribution 

activities and the use of intermediate facilities investigated by (Akines, 1985; Geoffrion and Graves, 

1975; Francis, 1983).  These early studies provide models for selecting the optimal location of 

distribution facilities between factories and customers. Studies on location problems before the 1990s 

have been summarised by Brandeau and Chiu (1989) in their survey of over 50 representative location 

problems. Their work provides a broad overview and classification of major problems based on 

objective functions, system parameters and decision variables. 

 

Since the field has been extensively researched authors such Beamon (1998), Pontrandolfo and 

Okogbaa (1999), Meixell and Gargeya (2005) have provided a structured literature review on SC and 

distribution design. Beamon (1998) reviews the multi-stage SC design models, while Pontrandolfo 

and Okogbaa (1998) reviews the literature on configuration and coordination of the global network 
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and provides a framework that identifies and classifies the variables involved. Two main research 

streams that were identified in the literature of distribution network design are studies on strategic 

factors affecting configuration decisions and studies on distribution configuration decision, 

objectives and variables. 

 

The first stream considers the strategic factors that affect decision making in operation distribution 

management. The configuration of distribution network should not be isolated because the overall 

strategies are chosen by the company or guided by the market such as product features, demand 

features and cost level vs customer service level highly affect this decision on network design. 

(Mangiaracina et al, 2015). Rushton et al. (2010) present a framework providing the necessary steps 

needed when designing the physical distribution strategy of a company.  One of the key variables in 

determining global logistics strategy, which highly affects physical distribution configuration, is 

manufacturing strategy; namely speculation and postponement. 

 

Manufacturing strategies and make-to-order/make-to-stock methods affect the decision making of 

resource allocation in the supply chain. A main challenge of resource allocation is product stock. To 

battle overstocking, Bowersox et al (1996) proposed the postponement strategy where products are 

stocked in a neutral state as long as possible, to then finally customise it according to the customers’ 

needs. This strategy involves activities such as delayed packaging and assembly, make to order 

production and modularised product design. Womer and Li (2012) created a new hybrid algorithm 

combining math programming and constraint programming to optimise sourcing and planning 

decisions in make-to-order chain.  

 

The speculation strategy is the opposite of postponement, proposing that changes in goods and 

movement to inventories should be made at the earliest possible time and stage (Pagh and Cooper, 

1998). By using this strategy, SCM can achieve manufacturing and logistics economies of scale and 

limit stock-outs. Multi-product make-to-stock (MTS) production systems were analysed by Hodge 

and Glazebrook (2011) suggesting production and inventory policies to minimise inventory costs by 

deriving multiple mathematical algorithms to support decision making.  Under demand uncertainty, 

production planning and production capacity problems (either over or under-stock) can be solved 

with appropriate pricing policies too (Allon and Zeevi, 2011; Shi et al, 2014). 
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Inventory Strategies present further strategic factors that affect distribution design. The two main 

strategies that can be employed when choosing inventory policies are push/pull and centralisation/ 

decentralisation (Wanke and Zinn, 2003; Ballou, 1992). Even before addressing inventory 

deployment choices, Baker suggests that in some cases inventories are not a necessity for a company 

(Baker, 2007). For products with very short product life-cycle, especially in fast-changing, cutting-

edge technology (OnePlus cell-phones) or fashion industries (ZARA), companies can push their 

goods directly to the market. However, this strategy would mean that the inventories are either pushed 

downstream or upstream in the supply chain, as a complete elimination might not be achievable 

(Baker et al, 2007). For products with longer life-cycle Wanke and Zinn (2003) have studied the 

benefits and risks of pull and push inventory strategies.  MTS results in push inventory logic and is 

based on sales forecast, in order minimise the production cost, lead time and stock-outs. However, 

due to demand fluctuation the risk of overstocks increases. MTO results in pull logic where 

production is based on the actual demand, in order to minimise the inventory costs and increase the 

customisation options (Wanke and Zinn, 2003).  

 

Chopra and Meindl (2016) examine the benefits of centralisation of the inventories leading to findings 

that it decreases the aggregated cost of the total safety stock as long as the demand for products is not 

perfectly aligned to different regions. However, authors also prompt that centralisation lengthens the 

delivery time the customer and the cost of delivery (Chopra and Meindl, 2016). Lovell et al (2005) 

suggest viewing inventory (de) centralisation decision through the product value density derived as 

the function of product value divided by chargeable weight. For high demand uncertainty and high-

value products, centralisation is favoured (Lovell et al, 2005). The most used aggregation model is 

the Square Root Law which calculates the aggregated level of safety stock of n location to be the sum 

of all safety stocks multiplied by the square root of n (Maister, 1976). 

 

Cost level and consumers’ service level are two of the main indicator of logistics performance. 

Decreasing distribution costs while maintaining/increasing the service level is one of the main 

objectives of network design. The first methodology for logistical cost assessment was published by 

Heskett, Glaskowsky & Ivie (1973). Total logistics total cost was measured as the aggregation of 

transportation, inventory, warehousing, and order processing costs. As transportation costs make up 

for a significant share of the total logistics cost, ways and methods for optimisation have been 

discussed since the early 1900s. Weber (1929) used an optimisation tool based on ton-kilometre, to 
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determine the optimal facility location.  The main objective was to minimise the total transportation 

distance between the facilities and the market.   

 

One of the main models used to optimise the network and to locate a distribution centre based on 

distance and weight of the received goods from several suppliers to several demand points is centre 

of gravity method (Russell and Taylor, 2011). This model is purely quantitative and uses a 

mathematical algorithm to find the best solution. According to Huang et al. (2012), cost-cutting 

opportunities can be realised by locating the facilities close to the supplier offering lower prices, 

however in case of high price variability and/or high demand fluctuation the location of facilities 

should be skewed toward the demand side.     

 

The shifts in the market power from supply towards demand have resulted in many traditional 

research and studies to be limited as their main focus is on cost-cutting while overseeing customer 

service levels (CSL). Researchers and practitioners have different views on the importance of CSL. 

Ballou (2004) considers CSL as an adjustable variable in order to achieve the desired total cost levels 

rather than a constraint, because the relationship between CSL and total revenue levels is not reliable. 

Depending on the product type and the customer expectations, the levels of CSL should be 

investigated and analysed carefully, by the use of interviews or surveys, and also compared to the 

competitors (Korpela et al. 2001, Ballou 2004). In any case, the service level is an important factor 

when the location decisions are made   

 

Product and demand characteristics can be measured by several variables that have been introduced 

over the years. Different studies provide product and demand characteristics that are important 

determinants of the overall manufacturing logistics strategy (Pagh and Cooper, 1998). Fisher argues 

how two types (innovative and functional) of products determine the need for different SC 

configurations (Fisher, 1997). He differentiates such types by the demand uncertainty for the product 

in question.  

 

The second stream of research considers the approaches to distribution network configuration 

decisions, objectives and variables. Network configuration decision making involves decision such 

as location, size and type of facilities and number of echelons in the supply chain (Ambrosino & 

Scutella, 2005). Slack et al. (1998) classified the 3 design decisions: 1) Vertical Integration as the 
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part of the network own by the entity 2) Operations Location whether the part of the network owned 

by the entity should be located closer to customer or closer to supplier and 3) Long-term Capacity 

Management as the physical capacity of the entity owned part of the network.  

 

The main aspects of Network design affected by the overall strategy can be categorised as objective 

function (KPI), design variables. Bowersox et al. (2007) mentioned in his book that there are three 

factors fundamental to logistics performance: cost, speed, and consistency. However, Beamon (1998) 

has provided a deeper approach to measure logistics performance which can be categorised as 

follows. Quantitative performance measures: cost-based and customer responsiveness based. 

Qualitative performance measures: customer satisfaction, flexibility, information and material flow 

integration, effective risk management and supplier performance. Beamon (1998) provides in her 

paper a structured literature review based on performance measurements.  

 

Regarding design variables, Eskilsson & Hansson (2010) provides the strategic considerations as 

current demand, closeness to major markets, labour, taxes and tariffs, economic incentives, location 

costs, availability and quality of infrastructure, logistical competences and border administration. 

Beamon (1998) provides the main operational design variables as: distribution scheduling, inventory 

levels, number of stages, distribution center, customer assignment plant, product assignment buyer, 

supplier relationships product differentiation step specification, number of product types held in 

inventory and export procedures, logistical cost, ability to track and trace consignments/goods and 

frequency of on-time shipments. 

 

Models on distribution configuration 

Operations Distribution Management involves decisions and tools such as different models used to 

optimise the efficiency of the current orders execution at lowest costs, and highest customer 

satisfaction. Mixed Integer Linear Programming (MILP) has been one of the main tools to solve 

complex problems involving network design in both strategic and operative level. Meixell and 

Gargeya (2005) reviews the decision support models for global supply chain design and provides a 

structured summary of the most important ones until 2005. Cohen (1990) provides a model to analyse 

different parameters of supply chain and their effect on the cost. This model helps with strategic 

decision making when deciding manufacturing facilities, distribution establishment and location. 

Arntzen (1995) presented a MILP model to determine the number and location of distribution centres, 
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product-factory assignment and the number of tiers in a global supply chain. Brown et al. (1987) 

present a model to support operational decision making to minimising the variable production and 

shipping cost and fixed cost of the plant operations on a multi-commodity production-distribution 

system. The above models are mainly supporting decision making on global supply chain design.  

 

A literature review on models focusing mainly on distribution network design has been provided by 

Bilgen (2003) and Goetschalckx et al (2002). These models can take into account several layers of 

distribution network or/and offer multi-objective support to decision making by consider two 

objectives function simultaneously in trying to find the best solution for trade-offs such as costs 

minimisation and service maximisation. A model presented by Jayaraman and Pirkul (2001) aims to 

minimise the total operating costs for the distribution network by optimising the number and location 

of production plants and distribution centres. Another multi-objective model is offered by Eskigun 

(2005), which considers transportation mode and lead time. A multi-objective model considering total 

costs minimisation and service level maximisation measured by customers’ demand coverage is 

offered by Melachrinoudis and Min (2007).  

 

However, according to Mangiaracina et al (2015), 90% of distribution network design MILP models 

have a single objective approach, and different tradeoffs cannot be analysed leading to less efficient 

and optimal solutions. According to Beamon (1998), these models can be categorised as deterministic 

analytical models, stochastic analytical models, economic models and simulation models. The 

presented literature review is based primarily on the supply chain strategies that affect the logistics 

design, variables and KPIs of distribution networks and optimisation models. However, as the scope 

of these networks and systems is global or at least regional, the development and of logistics 

infrastructure and services varies from country to country. There is a wide range of literature that has 

the main objective to investigate, analyse, evaluate and rank logistics performance of different 

markets or countries.  

 

Arvis et al (2007) proposed the first worldwide Logistics Performance Index. LPI calculates country 

logistics performance using survey methods on international freight forwarders. An extension to LPI 

model is offered by O. Memedovic et al (2008), known as The Logistics Capability Index (LOCAI). 

The underlying factors of this index are modern IT infrastructure; traditional infrastructure adapted 

to multi-modal transportation; trade facilitation; quality of logistic services; soft infrastructure. The 
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LOCAI gathers and analyses data from different sources into a composite, and measures the capacity 

of a country or location to provide underlying factors of this index (O. Memedovic et al, 2008) 

 

3.2 Sustainability in Logistics and Supply Chain Literature 
As the first part of this section suggest, a complementary literature review on sustainability and effects 

of distribution on environment and society will be provided. In the recent years, sustainability and 

green logistics are gaining ever-increasing attention, both by practitioners and researchers. This part 

will first present the current views on sustainability research, following with views on green logistic, 

which is included in the literature review as it is driven in the direction of ensuring sustainability 

(Thiell et al, 2011). 

 

The initial concept of sustainability dates back to 1713 in the field of agriculture, when Captain Hanns 

von Carlowitz, a Saxon miner requested a utilisation of forest resources which would be sustainable, 

continuous and enduring (Clement, 2002). However, the discussion of the modern concept of 

sustainability would start no later than 1972, when the Club of Rome presented its first report ‘‘Limits 

to growth’’ (Meadows et al, 1972). To date, the most quoted definition is offered by Brundtland 

Commission as “development that meets the needs of the present without compromising the ability 

of future generations to meet their needs” (World Commission on Environment and Development, 

1987, p.8). One of the main theories in sustainability research is Triple Bottom Line theory proposed 

by Elkington (1998), giving equal weights to economic, social and environmental factors. Reverse 

logistics is another efforts towards sustainability which is defined by Rogers and Tibben-Lembke 

(2001) as   “the process of planning, implementing, and controlling the efficient, cost effective flow 

of raw materials, in-process inventory, finished goods, and related information from the point of 

consumption to the point of origin for the purpose of recapturing value or proper disposal” (p.136) 

This concept is closely related to close-loops supply chains where the recovered products are either 

positioned in the primary forward chain or the secondary market.  

 

Efforts towards measuring and reducing CO2 gas emission have initially been proposed by the 

introduction of carbon footprints in the supply chain, which measures the total CO2 emission of a 

product or service during the entire lifecycle (Gereffi, 2001).The concept of green logistics firstly 

appeared in the mid-1980s and was characterised by the approaches that use advanced technology in 

trying to minimise the environmental damages of the business operations. (Chunguang et al, 2008). 
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Since, there have been a considerable number of studies providing different theories and definitions 

of the topic. Thiell et al (2011) refer to green logistics as the system of encompassing activities in the 

supply chain that are environmentally friendly. According to Saroha (2014), green logistics aims to 

create a system that in addition to being economically functional, is calculated to be environmentally 

and socially friendly by measuring and minimising the ecological impact of logistics activities. Green 

logistics led to the integration of environmental thinking into all stages of SCM, from the initial stages 

of design to product disposal, creating the concept of the green supply chain (Srivastava, 2007).  

 

Handerson et al (2009) argue if sustainability can be integrated into the SCM approach and how SCM 

can address the sustainable agenda, or whether SCM is amongst the causes of the problem rather than 

a viable solution. The need to answer this question arises from the way the previous research on 

sustainable supply chains has been framed. According to Gao and Bansal, (2013) previous research 

has been conducted using an instrumental logic, asking the backward question of “can a supply chain 

benefit from addressing environmental or social issues” instead of to “how can a supply chain 

become sustainable”. Halldorson (2009) has presented a structured literature review of this previous 

research is shown in the Figure 3.1.   

 

 

Figure 3.1: Extent to which current activities in supply chain research addresses the sustainable agenda. Source: Halldorson et al 

(2009): p.89 

 

Montabon (2016) is another author arguing against instrumental logic, and the proposed Ecological 

Dominant (ED) logic asks the question “how can a supply chain become sustainable”. The main 

objective of this ED is framing future research in a way that can lead to real sustainable business 

practices. However, the literature review was unable to find theories that comprehensively address 

stages in supply chain following Ecological Dominant Logic. At this point, a literature gap was found 

which will be addressed by applying ED logic in distribution stage of the supply chain. 
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4. Theoretical Foundation  

This chapter presents the current views and theories from different kinds of literature relevant to the 

research topics. The objective of the theoretical foundation is to provide deep insight into the existing 

knowledge that is used to create the conceptual framework. The concepts of SCM and logistics were 

presented in the introduction chapter, suggesting that distribution networks present a main activity of 

logistics, and logistics is one of the main activities of SCM. Hence, distribution network design ought 

to align with the overall strategy of the supply chain, and related decision making should not be 

isolated. According to Gammelgard (2010), Fisher was one of the first authors to argue that there is 

no single one-fits-all recipe for supply chain strategy formulation. A diverse range of external and 

internal factors need to be considered, as presented in the following paragraphs. 

 

The first part of the section presents the main factors and decision determinants that need to be 

considered when designing supply chain strategy and its formulation. The second part presents 

theories on the global logistics strategy selection, which affect the network configuration design and 

distribution elements. The third part provides in-depth knowledge and theories about the unit of 

analysis - “Distribution Networks” (structure, strategic importance, facility functions and design 

options). The fourth part of this chapter presents in detail (1) the current research and theories on 

sustainability, (2) the paradoxes of applying these theories in supply chain management and 

concludes with (3) considerations when designing sustainable distribution networks (decision factors, 

optimal configuration, and location decisions). 

 

4.1. Supply Chain Strategies 
The definition by Council of Supply Chain Management Professional is widely accepted among 

researchers and practitioners: (CSCMP) “Supply chain management encompasses the planning and 

management of all activities involved in sourcing and procurement, conversion, and all logistics 

management activities. Importantly, it also includes coordination and collaboration with channel 

partners, which can be suppliers, intermediaries, third party service providers and customers. In 

essence, supply chain management integrates supply and demand management within and across 

companies”.  On the basic level, the main goal of SC is matching demand and supply, which is very 

complicated due to uncertainty and different characteristics on both sides. However, to date, many 
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studies have been conducted to propose frameworks/matrixes in order to select the best fit strategy 

for the certain supply chains.  

The three presented models in this part of the theory are proposed by Lee (2002), Christopher, Peck 

& Towill (2006) and Pagh & Cooper (1998). The first two models are conceptual and complementary 

to each other while the third one presents a more in-depth knowledge that proposes four generic 

strategies. The link between the theories is shown below.  

The rationale and objectives behind this selection are twofold: 

1) Present conceptual knowledge and orientation on the best fit for the supply chain strategy. 

2) Present a profile analysis conducted based on decision determinants which leads to a selection 

of a postponement or speculation generic strategy 

The models proposed by Lee (2002) and Christopher, Peck & Towill (2006), as shown in the figures 

4.1 and 4.2 respectively, are presented to achieve the first objective. Both models are based on two 

variables, supply and demand, however, Lee (2002) considers uncertainty measurements, while 

Christopher, Peck & Towill (2006) add short lead time and long lead measurements on the supply 

variable (Gammelgard, 2010).  

 

 

Figure 4.1. The Demand Supply Uncertainty Matrix. Source: Adapted from Lee (2002), 114. 
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Figure 4.2. Demand and Supply Characteristics. Source: Adapted from Christopher, Peck & Towill (2006), 283. 

The uncertainty, defined by Manuj and Mentezer (2008), is the inability of predicting accurately all 

the possible outcomes and the probabilistic estimate associated with a decision making. Demand 

Uncertainty is the inability of predicting accurate future customers demand due to seasonal demand, 

changes in customer’s wants and need, technology development, competition and new product 

introduction. (Manuj and Mentezer 2008).  Supply Uncertainty is the inability to predict future supply 

disruption due to raw materials price fluctuation and availability, suppliers’ related issues such as 

quality, deliver on the promise, technology developments, and product complexity (Manuj and 

Mentezer, 2008). The resulting strategies from these two models are explained below. 

Lean Strategy aligns with efficient supply chain and is needed when the market demand is predictable 

with low uncertainty, and the volume of products is high with a low variety usually resulting from 

functional products (Christopher, 2000). The main goal of this approach is to create a value stream 

that is efficient by eliminating waste and reducing stocks to a minimum throughout the chain (Hines, 

2004; Mason et al, 2000). Since the market is predictable, speculation strategies such as forecast-

based planning and manufacturing are used.  

Agile Strategy is a better fit when the market demand is unpredictable, and the volume of products is 

low with a high variety usually resulting from innovative products (Christopher, 2000). The main 

goal of this approach is high responsiveness and the ability of the supply chain to respond to changes 

in customers’ demand by using a virtual corporation to find opportunities in the volatile market 

(Christopher, 2000; Mason et al, 2000). In the Agile supply chain, planning and manufacturing are 

order-driven due to unpredictable demand, and strategies such as postponement are used in order to 
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keep the inventories in a generic form as long as possible (Christopher, 2000). However, speculation 

strategies can be used in order to increase the responsiveness by having high stock availability and 

shorter lead times, but this strategy can increase risks due to the uncertainty of demand and high 

variability of products (Pagh and Cooper 1998). 

Leagile strategy aligns with responsive supply chain and is defined by Naylor et al (2000) as “the 

combination of the lean and agile paradigms within a total supply chain strategy by positioning the 

decoupling point so as to best suit the need for responding to a volatile demand downstream yet 

providing level scheduling upstream from the marketplace.’ (p.4065). The visibility of actual demand 

presents a major challenge for supply chains, and the point where this demand is able to penetrate 

upstream is called de-coupling point (Mason et al, 2000). This strategy is a better fit for high 

uncertainty demand which usually results from innovative products with long lead time. 

Postponement strategies are used on downstream while speculation strategies as usually used 

upstream (Pagh and Cooper 1998). 

 

4.1.1 Generic Supply Chain Strategies 

The core consideration of supply chain strategy formulation is integrating and performing 

manufacturing and logistics activities. After having an understanding of the best fit for supply chain 

strategies, a model proposed by Pagh and Cooper (1998) is selected to provide an in-depth analysis 

for integrating strategies of logistics and manufacturing activities. According to Pagh and Cooper 

(1998), there two strategies that integrate such activities in order to realise more cost-cutting 

opportunities and timely delivery of products. 

Speculation strategies: the main goal is to reduce the costs of the supply chain by achieving 

economies of scale and limit stock levels. Manufacturing and logistics related activities should be 

performed at the earliest possible time. 

Postponement strategies: the main goal is to customise the final products to customers need by 

keeping the product in a neutral state as long as possible. 

Pagh and Cooper (1998) present the main four strategies in the following matrix by combining 

logistics and manufacturing activities in terms of speculation and postponement strategies. Figure 4.3 
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Figure 4.3. The P/S matrix and generic supply chain P/S-Strategies. Source: Pagh and Cooper, 1998:p15. 

The full speculation strategy is based on demand forecast and make-to-stock inventory logic. There 

is full speculation at both manufacturing and logistics activities. It is mainly used for standard 

products and low demand fluctuations. The distribution system is decentralised with stocks located 

close to the customer, where the orders are processed. 

The manufacturing postponement strategy is based on the manufacturing operations performed in the 

later stages of the supply chain after the products have been distributed and logistically differentiated. 

The distribution system is decentralised as products are stocked throughout the distribution network 

close to the customer. The main trade-off in this strategy is decreasing inventory cost and value due 

to the undifferentiated stock levels, however, the manufacturing process downstream reduces the 

economy of scale. Many companies applying this strategy choose to outsource the later 

manufacturing processes which decrease cost but increases the integration complexities (Pagh and 

Cooper 1998) 

The Logistics postponement strategy is based on full manufacturing speculation and logistics 

postponement. While manufacturing activities are based on demand forecast, outbound logistics 

activities are order initiated and delivered directly from a central warehouse. The inventory is make-

to-stock and centralised. This strategy results in increased on-time delivery, constant transportation 

cost and faster introduction of new products. The trade-offs are that lower stock level is required to 

offer high in-stock availability while not affecting the economies of scale, but the transportation costs 

increase as direct shipments are made using different and faster modes (Pagh and Cooper 1998). 
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The full postponement strategy is based on full manufacturing and logistics postponement, and both 

activities are customer order initiated. Mostly this strategy is applied for highly customised and high 

end-products. The inventory levels and the cost will be reduced both in manufacturing and logistics 

activities, however, the delivery time and response are high. Companies might perform some of the 

early stages of manufacturing prior to the customer order to decrease the delivery time and achieve 

higher economies of scale. The distribution activities are done directly from the production plant 

(Pagh and Cooper 1998).  

 

4.1.2 Strategy Determinants 

According to Pagh and Cooper (1998), the main decision determinants in deciding the overall 

manufacturing and logistics strategy are (1) Products, (2) Market and demand and (3) Manufacturing 

and logistics capabilities. These determinants create constraints that might affect facility number, 

location, size, inventory level and transportation modes and are presented in Figure 4.4. 

 

Figure 4.4. The concept of the profile analysis. Source: Pagh and Cooper, 1998:p24. 
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Product Determinants  

Product life cycle (PLC) is a very important concept in both practice and theory because it highly 

affects the overall business strategy. There are four main stages that product experiences namely: 

introduction, growth, maturation and decline. These stages can affect production volume and cost vs 

service strategies. According to Pagh and Cooper (1998), in the first two stages, more emphasis 

should be on customer experience, supply flexibility and short delivery times which can be achieved 

by speculation strategies. On the later stages, the main goals are cost, risk and uncertainty 

minimisation, and postponement strategies are a better fit in these cases. 

 

However, besides PLC, physical attributes have a significant effect on logistics and distribution 

network configuration as well. Physical attributes that might create constraints on distribution 

networks are weight, volume, product value and product shelf life or perishability (Lovell et al, 2005; 

Bowersox et al, 1996). The matrix suggested by Lovell (2005) presents the different inventory 

strategies based on different product value densities. The monetary value density can be calculated 

by the ratio of the product value over chargeable weight. High-value density products require 

centralised inventory holding as they are more expensive to store. Logistics postponement strategy is 

a better fit for such products. Values Profile refers to the stage changes and increase in the value of 

the products occur in the supply chain (Reference). In case the value increase occurs in the initial 

stages, then the speculation strategy is a better fit (Pagh and Cooper, 1998). 

 

According to Fisher (1997), managers have to consider the characteristics of the product in order to 

design an effective supply chain and finding the right fit in order to improve performance. Depending 

mainly on demand characteristics products can be either functional or innovative. Functional 

products satisfy basic needs thus have steady demand pattern. This product category is usually 

characterised by high volumes and long product life cycle. Innovative products have a high demand 

variation and short life cycles. The demand uncertainty for this product category is also high, 

however, due to large profit margins, flexibility to meet the demand is considered more important 

than cost minimisation. The design of supply chains in terms of logistics, inventory strategies and 

objectives should be market-responsive and highly flexible for innovative products, and physically 

efficient with focus cost minimisation and high optimisation of resources for functional products 

(Fisher, 1997).  
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Market and Demand determinants 

Delivery Time is referred as the time difference between order placement and order delivery to the 

final customer, and delivery frequency is referred as the number of the average frequencies of 

deliveries to a customer (Pagh and Cooper, 1998). The main factors affecting the frequency are 

transportation costs and inventory levels. Customers are increasingly demanding lower delivery times 

& frequencies, thus, some degree of speculation is needed (Pagh and Cooper, 1998). The Uncertainty 

of Demand is one of the most important decision determinants, which is affected by the product type 

functional or innovative (Fisher, 1997). Related to the demand patterns of each of these product 

categories that were presented in the previous section, postponement strategies are the better fit for 

an innovative product to decrease the risk of high demand fluctuation by keeping a neutral stage of 

inventories. On the other hand, speculation strategies are a better fit for functional products in order 

to achieve economies of scale and cost-cutting opportunities (Pagh and Cooper, 1998). 

 

Manufacturing and Logistics Capabilities 

High competition in the global market has been a driving force for multinational companies to focus 

and utilise most of their resources on their competitive advantage activities (Pagh and Cooper, 1998). 

The capability to achieve economies of scale and the existence of special knowledge in manufacturing 

and logistics activities should lead to some degree of speculation Pagh and Cooper (1998). Based on 

the product and market decision determinants, and the strategies they require, companies can decide 

on whether they are capable of manufacturing/logistics activities or outsource them. By focusing on 

the competitive advantage activities, companies can reduce complexity and cost while at the same 

time increase customer service level. 

 

4.1.3 The analysis of the determinants 

The Figure 4.4. provides an overview of the determinants and which strategy is a better fit for different 

variables. This analysis is performed in two stages: 1) selecting supply chain determinants and 2) 

profiling products based on the chosen determinants to choose the best fit generic strategy. (Pagh and 

Cooper 1998). Choosing the appropriate number of determinants presents a challenge, as an extensive 

selection blurs the importance of the essential determinants while a sufficient selection might not 

reflect the complete supply chain requirements, resulting in a mismatch between needs and strategy 

(Pagh and Cooper 1998). 
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Product profile analysis is performed by putting a dot on the corresponsive decision variable such as 

selecting the stage of product lifecycle (see Figure 4.4.). According to Pagh and Cooper (1998), the 

straighter the line of the corresponsive variable is, the better the fit of strategy is for a given product. 

The importance of this analysis should not be overlooked as it sets the main strategy of the firm. 

Consequently, the outcome guides the global logistics strategy determination, which then leads to the 

configuration of distribution network design.  

 

4.2 Global Logistics Strategy 
The main determinants affecting the overall strategy have been described above shifting the focus to 

the global logistics strategy. The two presented models in this part of the theory are proposed by 

Cooper (1993) and are selected to guide the choice of global strategy formulation. The first 

framework presents the main logistics systems affected by two primary product characteristics: the 

price as a driver in the marketplace and product value density. The second framework is not 

necessarily sequential to the first one, however, it provides a complementary understanding of the 

secondary product characteristics. 

The rationale and objectives behind this selection are twofold: 

1) Present conceptual knowledge and orientation on the best global logistics strategies based on 

cost and customer service level. 

2) Selecting the plant and stage in the supply chain that postponement or speculation activities 

occur, based on secondary product characteristics. 

The first model and the different strategies/goals assigned to the specific relationship of these two 

important variables are presented in Figure 4.5 below.  

 

Minimum cost and regional logistics systems are a better fit when product value density is low and 

product price is a high driver in the marketplace. Such configuration aligns with the full speculation 

strategy as it distribution system is decentralised and production should be made following the make-

to-inventory logic in order to achieve economies of scale and cost-cutting opportunities. However 

keeping inventory in the neutral stage after logistical differentiation can further decrease cost levels 

and increase efficiency, as the stock is kept in minimum levels. This strategy can be facilitated by 

modularisation concept, initially introduced by Starr (1965), implying that different assembly 
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combinations resulting in different end-product can be achieved from a set of standardised integral 

components. Such configuration aligns with manufacturing postponement strategy. 

 

Figure 4.5. Product Market Factor and Priorities in Logistics Formulation Strategy. Source: Cooper, 1993:page 16. 

Global Centralization of production and distribution is a better fit when product value density is high 

and product price is a high driver in the marketplace. Such products are expensive to stock, thus 

production and logistics are made to order which is the core concept of full postponement strategy. 

However, to decrease the lead time and increase efficiency, early stages of manufacturing can be 

make-to-inventory by using modularisation. Such configuration aligns with logistics postponement 

strategy. 

 

High level of Customer Service in Regional theatres of operations is a better fit when product value 

density is high and product price is a low driver in the marketplace. Such products are highly 

customised, and the added value occurs in the later stages of the stream, hence, this configuration 

aligns with full postponement strategy. 

 

However, Cooper (1993) argues that in order to formulate the best logistics strategy, secondary 

products characteristics should be taken into consideration. These strategies are mainly related to 

postponement strategies and can be overlooked if the overall strategy analysis results to be full 

speculation, however, most of the products and market/demand patterns require some degree of 

postponement. There are four main global logistics strategies derived from answering these questions 
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1) Is the brand global, or is it country specific? 2) Is the formulation common to all markets?  3) Are 

peripherals common to all markets? 

 

Bundled manufacturing occurs when the brand is global, and peripherals are common to all markets, 

but the formulation of the products is not the same in different markets due to either technical 

requirements or customers preferences. The product/inventory is neutrality until the latest possible 

production process and it the postponement strategy that happens the furthest upstream in the supply 

chain. Reduction in inbound logistics planning complexities and improved product quality resulting 

from the rationalisation of the range of components are among key benefits of this strategy (Cooper, 

1993). 

 

The unicentric strategy occurs when the brand is global, and both formulation and peripherals are 

common to all market. The distribution allocation postponement here happens further downstream 

when the products reach a central warehouse, as there is no differentiation in the formulation or 

packaging requirements among markets. The main benefit of this strategy is economy of scale in both 

manufacturing and logistics (Cooper, 1993). 

 

Deferred assembly occurs when both formulation and peripherals of a global brand and are not 

common to all market. The production/configuration postponement happens closest to the customer, 

in regional warehouse serving a specific region or market (Cooper, 1993). 

 

Deferred packaging occurs when peripherals and the brand are global and are not common to all 

market, while formulation is. The packing postponement happens in the regional warehouse as well. 

The main benefits of these deferred strategies are economies of scale, low inventory levels and high 

level of customer service (Cooper, 1993). 

 

Figure 4.6 illustrates the stages when each of the following activities occurs in a supply chain.   
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Figure 4.6. Postponements Points in Supply Chain. Source: Cooper, 1993:p17. 

 

4.3 Distribution Network 
Since the unit of analysis is the distribution network, it is imperative to understand its components 

and their relationships to each other. This section provides an in-depth description of distribution 

networks based on a traditional theoretical approach. Structures,  facility types and functions, 

strategic importance and design options are discussed in order to develop a stronger theoretical 

foundation when considering and designing the optimal distribution configuration.  

 

4.3.1 Structure, facility types and functions 

Distribution involves all the activities responsible for the movement of goods from the point of 

production to the point of sale and consumption, making it a key factor in profitability as it highly 

affects supply chain performance in terms of cost and customer experience (Chopra, 2003). Two of 

the main elements of a distribution network are storage and flow of products/orders which are 

performed by warehousing, DC and transportation activities. The Warehouse is one of the most 

important nodes and plays a crucial role in the distribution system and the modern supply chain. The 

main goal of warehouses is to facilitate the movement of goods throughout the chain to the end 

consumer, by being involved in various stages of the sourcing, production and distribution of goods 

(Rushton, 2010). The functions that facilitate the movement of goods can be categorised as storing 

both temporarily and longer periods, de-aggregating and consolidating loads, creating SKU 

assortments, processing products such as light manufacturing or deferred packing (Higginson and 

Bookbinder, 1994). According to Rushton (2010), the warehouse classification is as follows based 

on where the activities are performed such as stage in the supply chain (inbound, work-in-progress 
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or outbound of finished goods); geographic area (central, regional, country specific or a local 

warehouse). The classification expands based on the function of the warehouse (inventory holding, 

sortation and consolidation) and the product type (spare parts, large machines, specific product line) 

and the ownership (owned in-house by the manufacturer or retailer or by a third-party logistics 

company). 

 

Distribution Center is a type of warehouse, focusing purely on the distribution of the goods rather 

than storage. While warehouses are located in both inbound and outbound logistics, DC are located 

only in the outbound logistics, receiving shipments either from production plant or warehouses and 

sending consolidated shipments out to customers.   With the increasing number of activities 

performed by the outbound logistics, the difference between these types of facilities has increased as 

well. According to Higginson and Bookbinder (1994), the Distribution Centers are categorised as 

follows: 

 

Break-bulk/Make-bulk/ consolidation centre: the main function of this DC as the name suggests is to 

“break” large incoming shipments into small quantities or loading units to later “make a bulk” 

consolidated larger shipment consisting of different products. One of the main uses of this DC occurs 

further upstream just before the production plant, where it breaks large shipments from a different 

supplier to consolidate large shipments of many different materials to production plant (Higginson 

and Bookbinder, 1994). 

 

The distribution centre as cross-dock: the main function of this DC is to match the received products 

that have a common final destination in the same load, and ship them at the earliest possible time 

(Luton, 1999). The usual time for cross dock items is 48 hours, shifting the focus from storage to flow 

of products. There are two main strategies that can be applied, customer focus which has the main 

goal of fast delivery of products and carrier focus which has the main goal of truck and transportation 

utilisation. As the focus of this type of DC is on products flows, the main benefits experienced are: 

decrease in inventory, elimination of storage, and improved customer service. However, information 

sharing is very important because of the complexity to coordinate the flow of products (Higginson 

and Bookbinder, 1994). The best use of such DC occurs in Just-In-Time manufacturing as a result of 

tight schedule control it provides (Frazelle, 2002; Luton 1999) 
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Transhipment facility: can be considered the “greenest” type of DC as it has the main goal to reduce 

the transportation effects on the environment. The main process of transhipment is to relocate units 

from usually a larger track to a smaller one, and in case of no shipment consolidation, it can also be 

referred as transloading (Daganzo, 2005). However, due to the insufficient volumes and high 

operating costs, this kind of facility has not been widely used.  

 

Assembly facility: the importance of such facility depends on the overall strategy and global logistics 

strategy. In postponement strategy, this DC closes the link between distribution and production. 

Especially in manufacturing postponement, activities such as packaging, labelling or even light 

assembling can be performed. Postponement strategy highly affects product allocation to reflect the 

needs and characteristics of a market better. Cost cutting opportunities can be realised while also 

increasing customer levels. (Higginson and Bookbinder, 1994). 

 

Product-fulfilment centre: the main goal of this DC is to fulfil orders and deliver directly to the final 

consumer (Higginson and Bookbinder, 1994). Customer service is the one of the most important KPI 

of this DC, thus, high emphasis is given to fast deliveries. However, the transport modes that are 

chosen for fast deliveries are neither environmental friendly nor cost-efficient.  

 

Depot for returned goods: the main goal of this DC is cost minimisation when handling with reverse 

distribution flow. The returned products need different handling such as sending back to the supplier 

if the goods are damaged, repairing and replacement back in the forward flow distribution or 

destroying them in special cases. In either case, these activities are usually outsourced to decrease 

complexity (Higginson and Bookbinder, 1994). 

 

4.3.2 Strategic Importance of Warehouse and Distribution Centres 

One of the main goals of warehouses is to balance the fluctuation on the demand and supply side, 

which can usually result either from sessional demand or cyclical supply (Ackerman, 1997). In 

seasonal demand affected market or products, it is close to impossible to satisfy the high demand due 

to capacity issues and space differentials that exist between producers and consumers. In such cases, 

supply can be continuous, and products can be accumulated in the warehouse, ready to meet high 

sessional demand. Cyclical supply occurs when manufacturing processes are interrupted due to 

factors such as holidays, periodical raw material shortage and growing season for agricultural 
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products. In this cases make to stock strategies are used, and products are stored in warehouses in 

order to be able to satisfy the demand in the supply shortage periods (Ackerman, 1997; Ballou, 2004). 

However, even in the markets where the above situations are not evident, supply and demand can 

never be fully matched. Having inventories stored in warehouses enables stable production rate and 

stable transportation schedules which are important in achieving economies of scale, and cost-cutting 

opportunities.  Balancing demand and supply helps with risk management policies as well. Risk of 

fluctuations can happen on either side, which can result in either out of stock of overstock situation 

(Ballou, 2004). Thus, having the optimal levels of stocked products is a very sensitive and challenging 

issue in the supply chain. 

 

Customer service level is one of the main considerations when formulating a strategy, where service 

levels are experienced by short response time. Different markets and products demand different 

customers’ levels. Some of the main parameters considered when assessing service levels of 

distribution are availability of stocked products/ raw materials, delivery time and accuracy (Gallmann 

and Belvedere 2010; Lutz et al. 2003).  Increasing service levels require a higher level of decentralised 

inventory, located closer to the final customer. However, this strategy has negative effects on cost. 

The willingness to increase customer satisfaction has been the major reason for distribution network 

reconfiguration (Ackerman, 1997). Increasing availability and shortening delivery time are the main 

considerations in highly competitive markets (Greis, 1994). The unavailability of stocked products 

affects the ability to fulfil the demand, resulting in costs of shortage. Thus, the service levels do not 

only affect customer satisfaction but costs levels as well. Traditional studies are based on calculating 

the requisite inventory level in order to reach the desired service level. Recently, the relevant research 

is focusing on increasing service level by maintaining efficient inventory levels. To support such 

objectives, fluency of the product and the information flow should exist in the entire supply chain. 

This emphasizes the argument that decision making related to distribution network should not be 

isolated (Gallmann and Belvedere 2010; Lutz et al. 2003). 

 

Spare part business is a significantly important segment of any manufacturing firm and highly affects 

the customer service levels. The demand for spare parts is either due to the need for repairing, or the 

need for periodical service (Fortuin and Martin, 1999). The spare parts can further be categorised as 

critical or non-critical parts. Such categorisation is important when considering inventory levels. Non-

critical parts are mostly needed for machine maintenance thus the demand is more predictable. 
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Critical parts are mostly ordered in cases of emergency, such as sudden failure of the equipment or 

the machine. The demand for critical spare parts is highly unpredictable, increasing the complexity 

of forecasting and inventory level consideration. (Huiskonen, 2001). Spare parts inventory 

management should take a different approach than traditional inventory management due to a large 

variety and the unpredictability of demand.  (Wang, 2012; Boone et al, 2008). As spare parts are not 

products to be sold to a final customer, this segment can be seen as seen as a service business with 

three main activities: procurement, warehousing and sales (Wood et al, 2002; Suomala et al, 2002; 

Kennedy et al, 2002). The service levels, availability and lead time, offered by this business can affect 

the firms overall competitive advantage. In order to decrease lead time, supplier selection must be 

affected by the location proximity with final customer or company’s warehouses. The most efficient 

inventories location of spare parts is further upstream, creating a further need for close proximity 

suppliers. 

 

4.3.3 Number of Stages (Echelon) and Design Options 

Determining the number of stages is another crucial characteristic of distribution network design and 

supply chain (Mangiaracina et al, 2015). Based on the overall strategy and level of vertical/horizontal 

integration, stages can be added, eliminated or separated in the network. (Beamon 1998), and consist 

of plans, central warehouse, regional/transhipment warehouse/DC and customer (Ambrosino and 

Scutella 2005). The major configuration classification is presented in figure 4.7. 

 

Figure 4.7 Number of Stages in Supply Chain 
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Chopra and Meindl (2007) provide a classification of six generic distribution st rategies from 

manufacturer to the end consumer by considering the product delivery and product flow 

decisions. Shipments can either be delivered directly to the customer or picked up by a customer 

at a predetermined location. The delivered products can flow through an intermediary, such as 

warehouse/DCs or shipped directly from manufacturing plant to the final destination. The main 

design options are presented below, and each of these options falls into one of the three major 

classifications 

Manufacturer storage with direct shipping – Orders are received at local offices and goods are 

shipped from the manufacturing plant to the final customer without going through 

intermediaries. Production is following make to order strategies and inventory is centralised at 

manufacturing plant. Such configuration of distribution networks aligns with full postponement 

strategy and global centralisation of distribution (Chopra and Meindl, 2007).   

Manufacturer storage with direct shipping and in-transit merge - Goods are shipped from the 

manufacturing plant to the final customer going through a transhipment facility where it is 

consolidated with goods coming from a different location. Production and the inventory 

strategies are similar to the previous configuration. (Chopra and Meindl, 2007).  This design 

option aligns with full postponement strategy and global centralisation of distribution   

Manufacturer/distributor storage with customer pickup- goods are shipped from the 

manufacturer or a distributor to a pick-up location upon the order request. The inventories are 

also stored at the manufacturer or distributor. (Chopra and Meindl, 2007).  This design option 

aligns with full postponement strategy and global centralisation of distribution  

Distributor storage with package carrier delivery - goods are shipped from the manufacturing 

plant to a distribution centre, and then to the final customer by using package carrier. The 

inventory is held at intermediaries’ plants of the distributors (Chopra and Meindl, 2007). 

Depending on the number of DCs, this design option aligns with regional distribution system or 

global centralisation of distribution  

 

Distributor storage with last mile delivery- goods are shipped from the manufacturing plant to a 

distribution centre, and then delivered to the final customers’ home instead of using package 
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carrier (Chopra and Meindl, 2007). This design option aligns with full postponement strategy 

and regional distribution system  

Retail storage with customer pickup- goods are shipped from the manufacturing plant to a 

distribution centre, and then to local warehouses. Goods picked locally by the customer (Chopra 

and Meindl, 2007).  This design option aligns with full speculation strategy and regional 

distribution system.  

 

4.4 Sustainable Distribution Network Configuration 
This section provides a theoretical foundation of the case study, “Sustainable Distribution Network”, 

of the research. The first part present the current sustainability theories and the second part focuses 

on the factors affecting the design of sustainable networks. 

 

The attention of sustainability literature is based on three main factors; environment, society and 

economy. However, as logistics does not pose a green and environmentally friendly set of activities 

due to the pollution and waste that it creates, paradoxes of applying these theories in supply chain 

management arise. The goals and aims of traditional logistics versus sustainable logistics differ from 

each other, causing inconsistencies and trade-offs when companies try to implement the later one. 

These paradoxes and trade-offs are presented below in terms of cost, time and flexibility, network 

configuration and reliability. 

 

4.4.1 Paradoxes 

One of the main goals of logistics management is cost reduction, and the low hanging fruit is 

transportation which accounts for roughly 30% of overall logistics costs. As a result of the highly 

competitive forces, businesses are finding and applying different methods to decrease freight 

distribution cost. However, these methods differ from environmental and social considerations, and 

the costs on the environment and society are externalised.  (Chopra & Sodhi, 2012). Application of 

environment-friendly energy sources and transport modes is not cost efficient, thus is not widely used.    

 

Time and flexibility can offer a great competitive advantage to businesses, as customers are 

demanding more from the market. Being flexible and able to satisfy these demands in a short time, 
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offer significant economic gains for the companies and can only be possible by fast transportation 

modes and flexible production systems. However, the decrease transport time is achieved through the 

use of the most environmentally polluting transport modes, which can be seen in the remarkable rise 

in air freight (Rodriguez et al, 2001). The need to increase integration in the modern supply chain 

requires flexible physical distribution systems such as Just-in-Time, resulting in higher production 

and higher distribution traffic. These strategies negatively affect environment and society, in terms 

of increase in energy consumption and higher traffic congestions. (Saroha, 2014). 

 

The configuration and the number of Warehouses and DC on a logistics architecture is a highly 

discussed topic among researcher and practitioners on whether it is better to have a centralised or the 

decentralized system. Both configurations have their effects on environment and society. A reduced 

number of DC distributes the inventories to the transport system to a certain degree, contributing to 

traffic congestion and pollution (Saroha, 2014). On the other hand, a multiple number of DCs require 

more space and higher energy consumption. This configuration increases flexibility, however, it 

increases complexity as well, which can result in an increase in intra-DC transportation and 

inefficiencies in route optimisations, further increasing environmental pollution and traffic 

congestion. 

 

Reliability is an important performance measurement in logistics activities and is one of the core 

advantages of the logistics service providers. According to Chopra and Sodhi (2012), it can be 

measured by the ability to provide freight with the least risk of damages or breakages. The paradox 

prompts that the modes of transport causing the least pollution and environmental effects, such as rail 

and sea, are also considered to have the lowest reliability and customer satisfaction (Rodriguez et al., 

2001). As customer satisfaction is a key factor in firm’s economic gains, such transport modes are 

not preferred. 

 

4.4.2 Sustainability Concepts 

According to (Montabon, 2016), the existing logic that is framing the sustainability research is 

instrumental logic. This logic treats the social and environmental aspects discretely and separately, 

as its foundation is the stakeholder theory, where stakeholders are considered as either enablers or 

inhibitors of the firm’s primary goal of creating wealth. (Gao and Bansal 2013). Thus the main goal 

of instrumental logic is that of economic performance, not being sustainable. However, to date, most 
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of the sustainability theories belong to Instrumental Logic, and one of the dominant concepts in this 

research has been The Triple Bottom Line (TBL) (Montabon 2016).  A review from (Walker et al, 

2014), found that the social aspect was not addressed on the majority of sustainable supply chain 

management research from 2002 to 2014. The main reason behind these findings can be argued to be 

typical disagreement between stakeholder issues and societal issues, resulting in TBL not to be as 

inclusive of all stakeholders as previous research has presented (Clarkson, 1995). While there is no 

institution to enforce equal treatment to all factors, supply chains tend to focus and shift towards 

emphasising economic factor of TBL (Montabon, 2016). Many researchers argue the limitations of 

the concepts, that give equal importance to the three aspects of sustainability, economic, social and 

environmental, as the economic aspect in practice has won over the others. The section below will 

first present TBL and some of the main the main theories belonging to instrumental logic, and then 

the newest sustainability theory presented by Montabon (2016). 

 

Instrumental Logic 

Triple Bottom Line (TPL) has been the main concept leading the sustainable practice implementation 

received broad recognition term in 1998 after the publication of Elkington’s book (Montabon, 2016). 

The concept of TBL is the incorporation of equally important: social, environmental and economic 

factors, from a microeconomic standpoint. (Elkington, 1998). The intersection of these factors lead 

to sustainability, and the practitioners have to find activities that at the same time result in long-term 

economic gains as well as being environmentally and socially friendly. 

 

 The Natural Resource Based View (NRBV) is an integrative sustainability theory considering the 

natural environment as a key constraint (Hart, 1995). However, the research and practice was mainly 

framed by instrumental logic and focusing on short-term economic gains in a single firm or single 

supply chain from being green, resulting in less sustainable results (Hart and Dowell, 2011; Gair and 

Bansal 2013; Pagell and Shevchenko, 2014). 

 

Win-Win Perspectives is another widely noticed theory in the sustainable business research literature 

and a recurring theme (Montabon, 2016). The concept behind this perspective is that supply chains 

can simultaneously be environmentally friendly and profitable, and as Porter (1991) states: “The 

conflict between environmental protection and economic competitiveness is a false dichotomy. It 

stems from a narrow view of the sources of prosperity and a static view of competition.” (p.168). 
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Reducing pollution while increasing profits can be archived by embodying principles of quality 

management into pollution elimination process and using inputs more efficiently, eliminating 

unneeded process steps and hazardous materials. (Porter and van der Linde; 1995). 

 

Another similar newer concept is Creating shared value (CSV), which Porter & Kramer (2011) define 

as “policies and operating practices that enhance the competitiveness of a company while 

simultaneously advancing the economic and social conditions in the communities in which it 

operates” (p. 66). As Montabon (2016) shows in his paper, one of the main critiques of this concept 

is of greenwashing, as firms publicise their “sustainability” efforts, while generating economic value 

is their primary goal (Hamblin, 2015). 

 

SSCM Framework is one of the first and main research to introduce the concept of sustainability to 

the field of supply chain management, proposed by Carter and Rogers (2008). The authors define the 

framework as “the strategic, transparent integration and achievement of an organisation’s social, 

environmental, and economic goals in the systemic coordination of key inter-organisational business 

processes for improving the long-term economic performance of the individual company and its 

supply chains” (p.368). The goal of this study resembles the goal of this research, as it used the current 

literature at the time, to build a conceptual theory to present the use of a sustainability concept in 

SCM. The result was the introduction of the “Sustainable Supply Chain Management” framework 

that incorporates four supporting facets to TBL: Risk Management, Transparency, Organizational 

Strategy and Culture (Carter and Rogers, 2008):  

 

Ecological Dominant Logic  

According to (Montabon, 2016), instrumental logic has two main weaknesses, which creates the need 

for a new logic, Ecological Dominant. First, the instrument logic is backward looking as it addresses 

the question of what can the existing firm do to reduce their harm while maintaining or increasing 

profits. The complexity of social and environmental issues create trade-offs, which must be prioritised 

over profits to lead to truly sustainable supply chains. Second, even though the research aims to 

include all the stakeholders and all members of a supply chain, the perspective of only a focal firm 

has been dominant in reality (Montabon, 2016). 
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The main rationale behind ED logic is that the economic aspect of the TBL is subservient to the social 

aspect, which is itself subservient to the environmental aspect. Thus the environment is central to this 

logic.  Montabon argues that all environmental issues have direct or indirect social consequences, but 

not all social issues affect the environment. The functioning of the social system is supported by the 

environment. The economic system should contribute to increasing the quality of people’s life. 

However, if economic factors have negative direct on the environment, the whole system is negatively 

affected in the long term.   

 

4.4.3 Designing Sustainable Distribution Network 

This section provides the main considerations on designing a sustainable network in three stages. The 

first part presents the overall environmental and social factors as argued by the sustainability theories 

chosen. The second part presents the optimal configuration theory by Chopra and Meindl (2007). 

The last stage provides location theories based on the centre of gravity, logistics performance 

and other factors. 

 

Factors affecting design 

The requirements of the overall supply chain and global logistics strategy provide a strategic 

orientation on distribution network design decisions, however, these considerations only take 

into account economic factors. The current literature offers additional environmental and social 

factors, derived by sustainability theories that potentially influence the final configuration of 

distribution networks.  

Environmental Factor 

As mentioned above, logistics have a significant impact on the environment, directly or indirectly. 

The application of these activities is largely relying on transport and warehousing, thus, the choice of 

environmentally friendly transport modes and distribution channel is highly important. The 

movement of goods mainly has a direct impact, due to the continuous flow of freight creating a need 

for environmentally friendly modes of transport.  The indirect effects can be understood as the ability 

of distribution channel to minimise waste.  A finite set of environmental factors to consider when 

designing the distribution network is lacking, however, energy consumption and CO2 emissions have 

been the general focus of the current research on environmental effects caused by these logistics 

activities. Most of the logistics network of CO2 emissions result from transportation, thus, research 
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on warehousing environmental effect has received low attention so far. However, energy 

consumption presents a more valid measurement on the impact by warehousing activities. Emission 

levels heavily depend on the type of fuel, and mode of transport used. The figure 4.8 provides an 

overview of CO2 emissions of different modes of transportation. This figure supports the argument 

that faster and more flexible delivery modes have a higher negative impact on the environment.  

 

Figure 4.8. Average emission factors for freight transport modes within Europe. Source: IFEU (2008) 

The first step towards sustainable business is running and managing operations that do not jeopardise 

the environment. The overall effect on the environment is provided by carbon footprint, as a measure 

of the total energy consumption and CO2 emission of business processes. (Defra 2008). External 

stakeholder such as customers, governments, and associations are pressuring businesses towards 

lowering carbon footprint. Compliance with such pressures is based on standards that can be 

categorised as mandatory requirements, voluntary efforts and environmental certification. 2020 

climate & energy package is a mandatory requirement in EU market ensuring compliance with 

climate and energy target. This legislation was enacted in 2009 by EU leaders with the main targets 

in reducing CO2 emission by 20%, improving energy efficiency and renewable energy sources by 

20%. 
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Voluntary standards in European market differ among countries, however, Eco-Management and 

Audit Scheme (EMAS) is the most recognised one. This standard was initially introduced in 1995 

with the aim to reward additional efforts towards environmental performance, beyond minimum legal 

compliance (IEMA, 2008). Some of the most recognised environmental certifications are ISO 14000 

and 14001. These certifications provide a set of voluntary international standard and guidelines for 

creating an environmentally friendly management system.  

 

Social Factors 

To achieve sustainability, in addition to being environmentally friendly, organisation should also 

operate in a socially responsible manner. There are no commonly agreed and finite set of social factors 

to ensure ethical and transparent practices when designing the distribution network. However, Carter 

et al comprised a comprehensive framework that companies should follow in order to comply with 

social corporate responsibility in logistics (Carter et al, 2002). The framework splits logistics into 3 

logistics functions - (1) Purchasing, (2) Transportation and (3) Warehousing. 

 

Transportation activities have a direct effect on traffic congestion. Higher levels of traffic and truck 

accidents present a significant public concern. Human health problems caused by transportation 

emitted pollution (air, water, noise) are becoming a more frequent occurrence.  Some of the main 

warehousing social responsible activities include safety training, work equality and workforce 

diversity. Measuring and assigning values on social factors present a challenge. The result of socially 

responsible implementation activities can be measured by the relationship between cost levels and 

the non-financial benefits (Carter et al, 2002). Socially responsible activities increase costs to the 

company, however, benefits of increased performance and better relationships with stakeholders, 

including the customers can arise are realised. (Carter et al, 2002). 

 

Socially responsible practices such as working conditions and driving hours are strictly regulated by 

EU legislation. Regarding voluntary efforts, ISO 26000 presents the most internationally recognised 

socially responsible standards.  This certificate provides a set of guidelines on understanding and 

applying social responsibility practices in business operations. 
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Economic Factors 

Based on the overall strategy, distribution network can meet market demand by focusing on cost 

minimisation or high responsiveness. According to Chopra and Meindl (2007), the main cost factors 

are storage of inventory, transportation, facility and system operations. A decentralised 

distribution network results in higher cost of inventory holding, facility operations and system 

complexities. However, the transportation cost decreases. The main customer service factors 

considered are response time, product variety, product availability, customer experience, order 

visibility and returnability. An increase in a number of facilities will increase responsiveness 

levels, as the product gets much closer to the final customer. The figure 4.9 shows the conceptual 

relation between the number of facilities response time and total logistics cost  

 

Figure 4.9. Variation in logistics cost and response time with a number of facilities. Source: Chopra and Meindl, 2007:p 29. 

 

4.4.4 Optimal Configuration  

The main six design options for distribution network was presented in the previous part of this 

chapter.  According to Chopra and Meindl (2007), decisions on optimal network design need to 

consider cost/responsiveness factors and product/customer characteristics. These various network 

options have different strengths and weaknesses, and an optimal delivery network is configured based 

on a combination of such options. Chopra and Mendel provide one main framework for the 

suitability of different network designs in terms of cost/responsiveness factors which is shown in 

figure 4.10 where the lower score represents higher suitability. An addition framework for the 

suitability of different network designs in terms of product/customer characteristics is shown in 

figure 4.11 where the “++” score represents the highest.  
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Figure 4.10. Comparative performance of delivery network design. Source: Chopra and Meindl, 2007:p41. 

 

 

Figure 4.11. Performance of delivery networks for different product/customer characteristics. Source: Chopra and Meindl, 2007:p42. 
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4.4.5 Location Theories 

Center of Gravity (CoG) is a tool for supporting the decision making in selecting a location for a 

single facility (Krajewski et al, 2013). The very first iteration of the concept assumed that there is a 

need for only one distribution facility to serve many customers or shops and was calculated by finding 

a geographical centre of all the destinations. The initial model assumed that the volumes shipped to 

different locations were the same. In further studies, the weight-adjusted CoG model was proposed 

to adjust for the inconsistent volumes being delivered at different locations. This model supported 

decision making in solving a real-world problem and minimise the total costs of transportation 

(Murphy et al, 2015). Several arguments suggest that the CoG will not produce an optimal outcome, 

however, it serves a purpose of a very simple and informative starting point to find an approximate 

location which can later be adjusted by introducing more factors (Krajewski et al, 2013; Murphy et 

al, 2015). This paper will use this model as a strategic “close-enough” option for determining the 

location of the facilities, leaving the exact address to be determined in the future tactical research 

efforts. The mathematical outcome of the model can be explained as the pair of x and y coordinates 

denoted in the following formulas: 

and  

where xi and yi are the longitude and latitude of the shop respectively, and li is the weight (volume) 

delivered to each specific location. x* and y* are the longitude and latitude of the suggested weight 

centre of gravity for the destinations used in the input. 

 

Another important factor in the facility location decision is the logistical capabilities of the host 

country. Logistics performance, cost and reliability can be highly affected by the quality of logistics 

infrastructure. Arvis et al (2007) proposed the first worldwide Logistics Performance Index. LPI 

calculates country logistics performance using survey methods on international freight forwarders, 

based on the following factors: efficiency of the clearance process by customs and other border 

agencies; quality of transport and IT infrastructure for logistics; ease and affordability of arranging 

international shipments; competence of the local logistics industry; ability to track and trace 

65 of 156

Sustainable Distribution Networks



international shipments; domestic logistics costs and timeliness of shipments. The World Bank Group 

(2015) is publishing LPI every two years. 

 

4.4.6 Decision-Making Tool AHP 

Analytic Hierarchy Process is one of the most used methods for multi-criteria decisions making, 

originally developed by Prof. Thomas L. Saaty (1987). The decision criteria usually consist of both 

qualitative and quantitative factors which can also be contradicting and very complex to analyse. 

AHP is a heuristic model used to optimise decision making by prioritising, ranking and evaluating 

such factors (Saaty 1987). Network configuration decisions consider several qualitative and 

quantitative factors and criteria. Applying sustainability concept to these configuration decisions 

further increases the complexity, trade-offs and factors that need to be analysed. Thus, AHP is 

considered an appropriate tool to support network configuration decisions making process. 

 

The first step of construction this model is to create a problem hierarchy consisting of the criteria and 

sub-criteria that need to be considered in the decision-making process. The second step is to make a 

pairwise comparison between the criteria to assign a raking of importance. This comparison is based 

on a scale from 1 to 9, where 1 means equal importance and 9 means extremely more important. Such 

comparison is based on the subjective choice of decision makers. This step is performed to calculate 

the weight of importance for each criterion. The calculation of the pairwise comparisons is performed 

using matrix configuration, and values are normalised so the summation of weight importance is 

equal to one.  The third step is measuring the decision candidate on each of the criteria using the same 

ranking scale.  The highest scoring candidate is the suggested decision of the model. As the process 

of pairwise comparisons is subjective, inconsistency in measurement can lead to an illogical or 

inaccurate decision. However, the model offers a consistency check to ensure a valid decision-making 

process. An acceptable consistency ratio is considered to be lower than 0.1 Saaty (1987). 

 

A computer package¸ Expert Choice can perform calculations, however, if the decision makers have 

knowledge on setting the formulas, excel software can support the calculations. 
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5. Conceptual framework 
 

This chapter introduces the conceptual framework to determine the configuration of the sustainable 

distribution network for any firm. The creation of this framework is based on the well-established 

theories and is not bound to be applicable to the case company alone.  The first step is to determine 

the overall SCM strategy for the focal company, followed by the global logistics strategy decision.  

The first two stages conclude in strategic considerations that will affect the configuration of 

distribution networks. In the third stage, two rival sustainability logic will guide the configuration of 

two parallel sustainable networks. In the fourth stage, several scenarios are constructed for each of 

the two parallel sustainable distribution networks. The final decision is guided by the AHP model in 

Stage 5.The figure 5.1 presents the overall conceptual framework. 

 

Figure 5.1, Overall Conceptual Framework 

 

In the first stage, the choice of the overall SC strategy is based on the profile analysis framework 

provided by Pagh. (Figure 4.4) The process of selecting the SC strategy starts by measuring the 

determinant factors on the criteria presented in table (table 5.1). The possible strategies are as 

following: Full Speculation (FS), Full Postponement (FP), Manufacturing Postponement (MP) or 

Logistics Postponement (LP). Once the manufacturing/logistics strategy has been chosen, the global 

logistics factors need to be considered in the second stage. 

 

The choice of global logistics strategy is based on the theory of product primary and secondary 

characteristics provided by Cooper (2000). The criteria to measure these factors are shown in the 
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table (See table xxx4).  The product primary and secondary characteristics decision are not necessarily 

integrated or direct substitutes. Rather, this technique adds an additional measure in understanding 

the decision of global logistics strategy through more comprehensive approach. 

 

 

Table 5.1, Sustainable Distribution Network Framework Part 1 

 

In the third stage, the framework requires a merge between distribution network and sustainability 

theories.  The intersection of business operations with sustainability concept can have three 

approaches: integrated strategy, alignment strategy or replacement strategy (Haldorsson et al, 2009).  

Integrated strategy considers sustainability to be fully consistent with SCM. Alignment strategy is 

one the most common strategies employed by businesses around the world and treats sustainability 

as a complimentary additive to the traditional economic focus of SCM. Replacement strategy replaces 

the traditional SCM with an alternative approach which considers both environmental and social 

aspects prior to economic factors. (Haldorsson et al, 2009). The two rival sustainability concepts, 

Ecologically Dominant logic and Triple Bottom Line, apply different intersection strategies with 

business operations, replacement strategy and integrated strategy respectively.  These theories 

consider the same environmental social and economic factors (table 5.2) but prioritise the importance 

of certain decisions differently. The figures 5.2 and 5.3 provide the intersection strategy of each of 

the sustainability concept. 

Part 1. Analysis Factor Criteria

Stage

Volume

Cost/service strategy

Product type

Product range

Value profile

Monetary density

Relative delivery time

Delivery frequency

Uncertainty of demand

Economies of scale

Special capabilities

Price as a driver

Value density

Brand

Formulation

Peripherals

STAGE 1

PRODUCT

MARKET AND DEMAND

MANUFACTURING AND LOGISTICS

STAGE 2

PRODUCT PRIMARY 

CHARACTERISTICS

PRODUCT SECONDARY 

CHARACTERISTICS
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Figure 5.2 Ecologically Dominant Sustainable Distribution Network  

 

Figure 5.2 TBL Sustainable Distribution Network  

 

In the fourth stage, scenarios are constructed for the parallel distribution networks. The considered 

activities are warehousing and transportation which are initially discussed in relation to the criteria 

presented in the third stage of the table 5.2. The final configuration is based on the choice of optimal 

design options framework proposed by Chopra and Mendil (2007). In addition to finding the most 

suitable network design, location theories are considered. Demand centre of gravity suggests an 

approximate location, however, country logistics performance based on LPI, and other specific focal 

company constraints are used to determine the location of facilities. In the ED logic distribution 
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network design the above steps are performed only if the environment and society factors are 

satisfied. In the TBL distribution network design the conclusion of the above steps analysis is the 

formulation of different scenarios.  

 

Table 5.1, Sustainable Distribution Network Framework Part 2 

 

In stage 5, The AHP model is used in the decision-making process of the most suitable scenario. This 

model accounts for the effects of factor weights as well as it has been used extensively in location 

selection and other business decisions (Atthirawong et al, 2014; Saaty, T.L, 2000.) 

  

Part 2. Analysis Factor Criteria

CO2 emission

Energy consumption

Working Enviroment

Traffic Congestions

Cost

Responsiveness

Optimal Design 

Center of Gravity

LPI Ranking

Other Factors

STAGE 4

SCENARIO CONSTRUCTION ON 

SUSTAINABLE DISTRIBUTION 

NETWORK

ENVIRONMENT

SOCIETY

ECONOMIC

STAGE 3

SELECTION OF THE SUSTAINABLE 

DISTRIBUTION NETWORK 
STAGE 5 AHP Multi-Criteria Decision Tool
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6. Case Company 

6.1 Nilfisk background 
To understand how Nilfisk suits this research, a deeper observation into the company’s supply chain 

setup is provided, which consist of five levels: suppliers, manufacturing plants, distribution centres, 

sales offices and customers. Raw materials and parts are sourced from external supplier and 

manufacturing activities are performed in-house. Based on the categories the manufactured products 

are distributed either to the regional sales office thought DCs or directly shipped to the final customer. 

However, the distribution of spare parts differs due to the higher service required by the costumes. 

Occasionally, to decrease lead time spare parts are delivered directly from the external suppliers to 

sales offices or the customers.  

As suggested in the introduction the major revenues of Nilfisk are realised in the European market. 

The figure 6.1 presents how the business is spread in this market based on revenues. 

 

Figure 6.1, Premium Sales per country. Source: Nilfisk Fact Pact, slide 4 

 

On the highest level, the segments of the offered products are differentiated in two categories: 

Consumer and Professional. The European consumer goods business accounts for around 15% of 
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Nilfisk revenue. Due to the different market characteristics and customers’ requirement, the top 

management team has designed a separate supply chain to serve this segment by opening a new DC 

in Hamburg in 2017. The supply chain and the distribution network of the professional business, 

which is also referred as a premium segment, will be the focal point of the analysis. This segment 

typically serves business to business market by a wide range of product offering which are further 

divided into four main products categories: vacuum cleaners, high-pressure washers, floor care and 

outdoor. Besides these categories, another important segment in revenue generation is spare parts, 

comprising a major share of total sales.   

 

6.2 Suppliers and manufacturing plants.  
Nilfisk is a global company with more than 1000 suppliers. The location of suppliers is often close to 

the manufacturing plants and DCs in order to decrease lead times and transportation cost. The 

production volume comes mainly from Mexico and China. Hungary server higher-end, while China 

is known to be the production centre for cheaper products. Larger dimension products, like floor care, 

are produced in both Italy and Hungary. The largest machines in dimensions are outdoors and made 

in Italy and are usually shipped directly from the factory. 

 

6.3 Distribution Network 
The main distribution centre is located in Denmark, holding around 12.000 AB stock and around 

5.000 C stock. It is the oldest and the closest DC to the company headquarters.  Second main DC is 

located in Neu- Ulm and serves the largest European markets, France and Germany. The other two 

important distribution centres are in Belgium, Antwerp and Gent specifically. All distribution centres 

have smaller or bigger internal workshops that serve final customisation of the products 

Antwerp centre, opened in 2010, is used for the products manufactured in China. The close location 

to a deep sea port provides the easiest and fastest way to get the products from China to Europe. 

Private label products are stored in Antwerp as well. Gent centre, which is close to the German border, 

is specifically built to serve spare parts and was opened in 2016. The opening of the new distribution 

centre was necessary due to the high competition and relatively long lead time for spare parts. 

Customers expect to receive spare parts in 48 hours after placing the order. The location point of Gent 

was chosen as a result of the center of gravity and volume investigation. Some of the criteria included 

in location decision making were cost and infrastructure development. There is a specific triangle in 

Europe that can serve EU market within 48h due to high logistics infrastructure, and trade facilitation 
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policies. This DC ships the order (if it is in stock) on the same day if the order is placed before 3 pm, 

or the next day if the order is placed after 3 pm. The other distribution centres ship the orders the next 

day if ordered before 3 pm and the day after if ordered after 3 pm. Nilfisk strives to ensure same day 

ship out for parts and 24-hour ship out for machines. However, after opening two new distribution 

centres in Gent and Hamburg, and solving the lead times challenges, Nilfisk faced another problem - 

two other DCs lost their volumes by up to 90%. 

 

6.4 Transportation and Shipments 
Inbound transportation and shipment system varies for each distribution centre. Some shipments go 

through multiple DCs, instead of all factories serving all distribution centres. Logistics activities are 

done internally for the Danish distribution centre, while other centres are served by third parties. The 

scope of outbound transportation is mainly EU market, however Danish distribution centre ships 

goods internationally as well. Choosing the transportation mode depends on three factors: priority of 

the delivery destination and volume or weight of the shipment.  

 

 

Table 6.1 Transport Modes 

 

Sea transportation is used for products manufactured in China (vacuum clears) that have the 

predictable demand or outdoor machines with longer lead time and high volumes. Rail freight is not 

used due to inflexibility it offers. For urgent deliveries, such as spare parts, air freight or courier 

services are used. In the European market road freight is the most common mode of transportation. 

The terms of delivery vary from customer, sale order, product category and mode of transportation. 

Nilfisk provides an option for the customers to choose multiple items to be delivered in one shipment. 

Such strategy decreases customers shipping costs, but it increases the lead time.  

73 of 156

Sustainable Distribution Networks



EDCs typically serve 1.3-1.7 million order lines annually, and the longest part of a process is the 

transportation. To reduce complexity and achieve economies of scale all transport activities are 

outsourced to a third-party logistics provider. 

 

6.5 Sales offices and local warehouses 
To increase customer responsiveness, Nilfisk has sales offices in the following countries: Austria, 

Denmark, Finland, France, Finland, Germany, Italy, Netherlands, Norway, Spain, Sweden, 

Switzerland, and the United Kingdom. These sales offices are located in the bigger markets and are 

responsible for serving end customers in neighbouring markets as well. Most order lines are shipped 

directly to customers from DCs, however, most of the customer interaction and repair services are 

offered by these local offices. Local sales offices run their own smaller scale warehouses, where 

different products are kept in stock and later distributes within the served region. The management 

team is actively working on solutions to eliminate the need for local warehouses. 
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7. Framework Analysis 

The structure of this chapter follows the theoretical framework to arrive at two different sustainable 

distribution configurations, guided by the rival sustainability logics presented earlier. As the theories 

suggest, distribution design is highly affected by strategic factors, and thus related decision making 

should not be isolated. The five stages of the conceptual framework are analysed in two parts. First, 

the overall supply chain strategy and the global logistics strategy are determined. As decision making 

is absent, sustainability theories are not considered at this stage.  Resulting strategies present 

important factors and constraints that need to be considered in the second part of the analysis, the 

sustainable distribution network configuration. 

 

Nilfisk serves the purpose of a case company in analysing the conceptual framework. As introduced 

in the company description revenues are generated by spare parts and machines which are further 

categorised as vacuum cleaners, high-pressure washers, floor care and outdoor cleaning solutions. 

Such machine categories have different supply and demand characteristics, thus different supply 

chain requirements. Spare parts create additional constraints on supply chain and therefore will be 

analysed as a fifth category.  

 

In Part 1 of the analysis, each category will be evaluated individually to have a better understanding 

of the specific requirement. However, Part 2 takes a holistic view by considering all category 

requirements, with the aim of configuring a unified distribution network. This approach on the 

analysis avoids generalisation of certain parameters, which measurements differ significantly among 

the aforementioned product categories and spare parts.   In addition, modifying the conceptual 

framework for the specific case of Nilfisk confirms the potential of the initial framework to be 

generalised for other companies. Furthermore, this analysis is a practical example of flexibility and 

customizability of the framework.  

 

7.1 Part 1. Overall Supply Chain and Global Logistics Strategy 
In this part, five parallel analysis streams will be conducted for the first two stages of the framework 

which will later merge in a combined distribution network. The figure 7.1 offers a visual 

representation of the analysis process for the Nilfisk case.  
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Figure 7.1, Overview of Part 1 Analysis 

 

Prior to the analysis process, the theory on the overall SC strategy requires a selection of the decision 

determinants that will be considered. Following the selection and analysis of these determinants, the 

framework prompts to analyse the products’ primary and secondary characteristics affecting the 

global logistics strategy. This part of the analysis will provide a deeper understanding of criteria and 

constraints affecting the distribution network configuration, for each of the product categories  

 

 

7.1.1 Vacuum Cleaners 

Stage 1. Overall SC strategy  

Vacuum cleaner business, according to the Executive Director for Supply Chain at Nilfisk, has 

reached maturity stage together with the rest of the product categories. While individual SKUs are 

updated over time with minimal design or cosmetic improvements, as a vacuum cleaning solutions, 

the products in this category have not changed fundamentally. This category presents the highest 
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volume shipped with 94.560 order lines in 2017. Nilfisk engages in B2B transactions where the cost 

of the product is more important than the service level. According to Jesper, in many cases, there is 

no opportunity for business if the cost of the product is not right. Although the need for high customer 

service cannot be underestimated, the nature of the demand for this product category favours price 

levels. This category is the least customised and in relative terms, products can be defined as 

standardised, mainly because customers have only predefined models of vacuum cleaners to choose 

from. The range, however, offered to the customers is considerably wide in this category. Given the 

fact that the customisation is not available for the end customer, most of the value is realised upstream, 

during initial production activities. Finally, the monetary density of this product category is relatively 

low.  

 

Following the interview with Jesper, and the data provided by the BI system, the relative delivery 

time for such product category was found to be low with high delivery frequency. The uncertainty of 

the demand was indicated to be relatively low as well. Economies of scale and special capabilities for 

manufacturing and logistics are important factors considered in strategy formulation. At first, the 

understanding of the importance of economies of scale on a product is necessary, then the capability 

of the company to achieve them. If the company is equipped and capable of achieving these 

economies of scale in manufacturing and logistics operations, such activities should be performed in-

house. In case economies of scale cannot be achieved and/or special capabilities are inexistent, 

companies can choose to outsource these activities. Nilfisk possesses the capabilities to achieve 

manufacturing economies of scale which are of high importance for this product category due to the 

high production volumes and cost preference by the customer.  

 

Regarding the special capabilities, Nilfisk strives to control the quality of all product categories, 

therefore, the company has developed special manufacturing capabilities. All the product categories 

are produced at Nilfisk-owned factories. For such category, to realise further cost-cutting 

opportunities, Nilfisk partially offshores manufacturing to the Americas, Asia and China. It becomes 

a significant factor later in the analysis of distribution network that the shipments from offshore 

factories need to be received through a deep-sea port.  Logistics capabilities, on the other hand, are 

not well developed and economies of scale cannot be achieved in-house. Thus, the company 

outsources all of the transportation activities.  
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Stage 2. Global Logistics strategy  

As the theory suggest the product primary variables are value density and price as a market driver. 

According to Jesper, vacuum cleaners have relatively low value density and their price is a significant 

drive in a market. The combination of such variable differs among the product categories. However, 

the secondary product characteristics are shared among all product categories except spare parts. 

While Nilfisk has multiple brands (Viper, Nilfisk Blue, and Nilfisk Grey), the brands are global and 

peripherals are common to all markets. However, the formulation is not uniform across markets, due 

to certain regional specifications, such as different power plugs or specific  

 

Conclusion 

As suggested by the theoretical foundation, product profile analysis might not completely align every 

product with a specific strategy. The analysis on vacuum cleaner category resulted in 8/12 

determinants hinting towards the full speculation, with few exceptions. Most notable outliers are the 

cost preference and the wide product range. Maturation stage and high volumes do not completely 

align with full speculation strategy. These outliers might provide valuable insight into constraints and 

possibilities that can be addressed later in the analysis. The full speculation strategy is a clear starting 

point for the development of the distribution network. Following Cooper’s theory, global logistics 

analysis suggest minimum cost and regional logistics systems. Secondary product characteristics 

suggest that bundled manufacturing should be considered as a feature of the final distribution network 

design. 

 

7.1.2 High-pressure washers 

Stage 1. Overall SC strategy  

High-pressure washers present an important category of Nilfisk product offering. Regarding product 

stage, synonymous logic to vacuum cleaners applies, where the devices experience minimal 

refinements over time, however, as the cleaning solution has reached the maturity stage. Professional 

high pressure washers experience medium volumes with 23.400 order lines in 2017, and attention 

shifts towards customer service. However, cost considerations still present the dominant factors. The 

professional-level high-pressure washer machines experience a slight degree of customisation 

occurring in the distribution centres. However, in special cases, high-end products are made-to-order, 

due to the different need and requirement of the customers. Such products are mostly installed in 

large factories as part of conveyor systems. Nilfisk offers a narrower range of machines for this 

78 of 156

Sustainable Distribution Networks



category compared to vacuum cleaners, however, customisation options further expand the products 

offering. The value delivery differs among products for this category - standard and slightly 

customised machines realise the most value in initial stages of production with some value added 

activities performed in DCs, while make-to-order machines realise value in later stages or even during 

installation. Monetary density increases, compared to vacuum cleaners, as stocking products of this 

category is more expensive.  

 

Jesper indicated the delivery time for most of the machines in this category to be longer than vacuum 

cleaners, with lower delivery frequency. For the standard/slightly customised machines the demand 

uncertainty is low. The situation is quite different for highly customised high-end machines which 

are made to order resulting in longer delivery time. However, due to the small demand for such 

machines, this segment does not affect the overall production and distribution strategy formulation 

for high-pressure washers. Economies of scale are quite important in any of the product categories 

for Nilfisk. However, the economies of scale are achieved for the slightly customised solutions only 

in the initial stages of production. Similar to other product categories, Nilfisk maintains the special 

manufacturing capabilities in-house while outsourcing the logistics services.  

 

Stage 2. Global Logistics strategy  

High-pressure washers present a challenge according to the product primary characteristics analysis. 

The evaluation of price as a driver variable is difficult to evaluate, due to a wide range of product 

offerings. In the first stage of the analysis, a shift towards service levels can be seen, slightly 

decreasing the importance of the price as a driver in marketplace. The product value density differs 

among offerings in this category. Standard and light customised machines present low to medium 

value densities and highly customised products present medium to high-value densities. This product 

category does not differ in secondary product characteristics from the vacuum cleaners. High-pressure 

washers, present a category of global brands with common peripherals in the market and ranging 

formulations. Bundled Manufacturing is the recommend complimentary tactic of logistics system to 

this category. 

 

Conclusion 

High-pressure washers’ product profile analysis does not provide a clear recommendation regarding 

the overall SC strategy. Most of the determinants measurements rest in between the logistics and 
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manufacturing postponement strategies. 7/12 determinants are aligned with the manufacturing 

postponement strategy while the rest are aligned with logistics postponement strategy. Three 

contrasting determinants between these strategies are “monetary density”, “economies of scale” and 

“special capabilities”.  The latter two determinants are the outliers pulling the recommendation 

towards the logistics postponement strategy. However, as a clear suggestion cannot be offered by the 

product profile analysis, the generic strategy selection will be made according to the compatibility 

with global logistics strategy requirements. Based on product primary characteristics, global logistics 

strategy positions into the upper left quadrant of the matrix requiring minimum cost and regional 

logistics systems. The theoretical foundation suggests that such logistics configuration aligns with 

manufacturing postponement strategy.   

 

7.1.3 Floor Care 

Stage 1. Overall SC strategy  

The argument that the life cycle has reached maturity stage persists in this product category as well. 

Floor care machines do not attract high demand and, according to BI data, experience medium 

volumes with 43.963 order lines in 2017. Within the category offerings, customised solutions have 

smaller shipping volumes, while standard machines show larger deliveries. Similar to previous 

categories, cost presents a more important factor than service levels. Limited customizability is 

available in this group of products, which reduces the price sensitivity on particular SKUs, however, 

the overall sentiment towards price persists. The product range is relatively medium compared to the 

previous categories, with several further configuration options. Nilfisk follows the same strategy 

regarding the value profile determinant as the rest of their product categories where the value-added 

activities occur in the initial production stages for standard products and during the late assembly or 

even after installation for the customised products. Monetary density is relatively higher compared to 

the previous categories. 

This category experiences longer delivery time with lower delivery frequencies compared to the 

previous categories. Demand uncertainty remains low for standardised products and increases for the 

customised solutions. The continuous trend can be detected, regarding manufacturing and logistics 

activities. According to Jesper, the company can obtain economies of scale for this category as well. 

The special manufacturing capabilities extend across the product categories as Nilfisk manufactures 

the SKUs themselves and outsources the logistics services. 
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Stage 2. Global Logistics strategy  

Regarding primary product characteristics, the floor care category presents a higher value density 

variable than the previous categories.  Product price is also a relatively stronger driver than in high-

pressure washers’ category suggesting the optimal point in the right upper quadrant of the global 

logistics strategy matrix. At the concern of secondary product characteristics, this category shares 

equal results with the two previous categories. The brand is global with common peripherals and 

different formulation depending on the market 

 

Conclusion 

In contrast to the high-pressure washers, floor care category profile analysis suggests the logistics 

postponement strategy. 9 out of 12 determinants were strongly indicating this strategy. Product 

volume, type and value profile present the only soft outliers, and the results on these determinants are 

not contrasting. Based on the relatively higher value density and price as a high driver in marketplace, 

the global logistics strategy is positioned in the upper right quadrant and global logistics 

centralisation is required. 

 

 

7.1.4 Outdoor Machines 

Stage 1. Overall SC strategy  

Outdoor machines is a unique product category for Nilfisk. While the product lifecycle stage is - 

maturity - the rest of the factors reveal to be contrasting with the other categories. The volumes 

shipped are low, encompassing 716 order lines in 2017. In this category, customers prefer the quality 

and reliability of the machines coupled with the ability to customise the products to their preferred 

specifications, therefore diminishing the cost of the machine as a factor. According to Jesper, the 

prices must retain reasonable level regardless, although cost is not a dominant purchasing factor. This 

category offers a relatively standard base of products due to the fact that machine components are 

standardised across multiple SKUs. However the availability of modular options highly increases 

customisation levels. A substantial connection can be issued between the requirement for 

customisation and the rest of the factors. The value-added activities shifts downstream as the final 

assembly activities such as a battery, DVD players, front light installations, are performed in DCs. 

Even though the size and weight of the machines are significant, the high value of the products in this 

category results in relatively high-value density. 
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The delivery time for this category is long, mainly due to the process of customisation. The frequency 

of delivery is significantly lower compared to other categories. The nature of this product category 

also increases the uncertainty of the demand, resulting in make-to-order production strategies.  

According to Jesper, the concept of modularisation can increase the opportunities to archive 

economies of scale for this category, as the initial stages of production can follow speculation 

strategies. The research and development department is working on new product design to enable the 

modular manufacturing as the current design prevents Nilfisk from recognising the benefits of 

economies of scale. However, capabilities remain adequate to the rest of categories where Nilfisk 

produces the machines in-house and uses third-party logistics providers to deliver their products. 

 

Stage 2. Global Logistics strategy  

Outdoor machines propose unique primary characteristics due to the size and cost of the machines 

produced. Product value density is high compared to other categories. As prompted earlier, the price 

significance also diminishes. Based on secondary characteristics, outdoor machines are uniform to 

the previous categories as the brand and peripherals are global, and the formulation is different across 

markets.  Additionally, the formulation differs more substantially in this category due to the high 

customizability of the machines. 

 

Conclusion 

The outdoor machines category has shown a tendency to prefer an opposite strategy from the vacuum 

cleaners - the full postponement strategy. 9 out of 12 determinants were strongly indicating this 

strategy with only three slight outliers. Product life cycle stage could be one of the characteristics that 

may need exclusion from influencing recommendations for Nilfisk as it belongs to all product 

categories and has been argued according to the relative market and not in SKUs level. The cost and 

special capabilities, while outliers, do not pose a significant contradiction. Rather, these determinants 

should be interpreted as extra considerations when designing the distribution network. Global 

Logistics strategy positions into the lower right quadrant of the framework and high level of customer 

service needs to be considered when designing the optimal distribution system. The bundled 

manufacturing tactic is suggested.  
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7.1.5 Spare parts 

Stage 1. Overall SC strategy  

Henry Ford once said “A business absolutely devoted to service will have only one worry about 

profits. They will be embarrassingly large.” (Ford Media, 2013). The spare parts category is a unique 

category of Nilfisk business and possesses distinctive characteristics. The availability and quick 

responsiveness of this parts affect the customers’ service levels significantly. The stage of a life cycle 

of the spare part depends on the product category, and since all product categories at Nilfisk have 

reached mature stages, it is arguably applicable to spare parts as well. The volumes of this category 

are exceptionally high and predominantly standardised with minimal exceptions. The product range 

in this category is extremely wide compared to the previously analysed categories. Multiple spare 

parts are assembled together to constitute any SKU, therefore the magnitude of the range for this 

category is a combination of all products ranges almost directly multiplied by the number of parts 

those products are constructed of. The value profile is recognised at initial stages during the 

manufacturing. Monetary density, although it differs based on the server product category, remains 

low.  

 

Spare parts business account for 1.221.057 of total order lines in 2017. This figure clearly shows the 

significance of this category. Spare parts are either ordered directly by customers or by Nilfisk sale 

offices after technicians investigate the problem and determine what spare parts are required to fix 

the machine. The delivery time of parts is requested by the clients to be as short as possible and it 

mostly depends on the importance of the part. The speed of delivery is significantly important for 

critical parts as the customer is unable to use the machine. As a result of short requested delivery 

time, the delivery frequency increases as well. However, the demand uncertainty is relatively low, 

due to the fact that several parts need periodical replacement. As all the previously analysed product 

categories, the spare parts would potentially benefit from the economies of scale. However, Nilfisk 

does not produce the spare and source them from different supplier across the world. Logistics 

activities are outsourced for this category as well. 

 

Stage 2. Global Logistics strategy  

Spare parts is a unique category. The low price sensitivity, especially for critical parts, coupled with 

low product density creates a rare combination. Product secondary characteristics are not applicable 

to this category because Nilfisk neither performs manufacturing activities nor offers spare part as a 

final product. 
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Conclusion 

Based on determinants analysis, the spare parts category align with 9/12 determinants for the 

suggestive full speculation strategy. Disregarding the life cycle stage, volume and range present the 

only outliers. The global logistics strategy require a regional distribution system with high level of 

customers’ service, which present a rare combination.  

 

The table 7.1 and 7.2 presents an overall summary of the Part 1 analysis. 

 

Table 7.1, Summary of Overall Supply Chain Strategy 

 

 

Table 7.2, Summary of Global Logistics Strategy 

Vacuum Cleaners

High Pressure Washers

Floor Care

Outdoor

Spare Parts
High 

Low

Low High

Product value density

Product price 

as a driver in 

the market 

place

A rare combination in most 

business

High level of customer service 

in regional theatres of 

operation 

Minimum Cost, regional 

logistics systems

Global centralozatoin of 

production and distribution 

84 of 156

Sustainable Distribution Networks



7.2 Part.2. Sustainable Distribution Network Configuration 
In this part of the analysis, two parallel sustainable distribution networks will be configured based on 

the two rival theories of sustainability.  The main factors considered are the environment, social and 

economic, based on the variables suggested in the theoretical framework. However, the importance 

of each factor differs depending on the sustainability theory applied. The impacts of these factors are 

discussed in relation to warehousing and transportation activities. After the factor considerations, 

optimal design option is analysed followed by location decisions. Such decisions are based on demand 

centre of gravity, LPI performance, and other constraints of the focal company. The conclusion of 

this analysis is the formulation of 4 different scenarios, and the decision on the optimal distribution 

network is made using AHP model.   

 

7.2.1 Stage 3. Ecologically Dominant Logic 

Ecologically Dominant Logic prioritise the environmental, social and economic factors in the 

presented order (figure 5.2). Before the optimal distribution network design can be proposed, each of 

the factors must be satisfied. 

 

Environmental factors 

When designing the sustainable distribution network, the number of factors that the company needs 

to undertake can be substantial and overwhelming. Following the theoretical framework, the main 

factors to be considered are levels of energy consumption and CO2 emission. In order to satisfy the 

first measurement, the company must use energy only from the renewable sources (wind, water or 

sun), must not emit CO2, must not damage soil or water reservoirs (lakes, rivers, etc) and must not 

contribute to deforestation. The renewable energy can be fully utilised in the warehouses and other 

buildings. Many countries in Europe have already started producing significant amounts of renewable 

energy, and it is widely available, although at a higher cost. To take a step further, Nilfisk could 

choose to have their own private supply of energy for every warehouse, plant and DC such as a small 

solar power plant or a wind farm. The locations for those facilities should be chosen on the plain 

fields where no forest degradation activities are performed during construction of buildings, power 

source or the road leading to the facility. 

 

The CO2-free operations, on the other hand, are almost impossible with the current technology. Any 

mode of transportation used today to move products, unfortunately, emits a certain amount of CO2 

and other particles as the by-products of the internal combustion engine that provides power for 
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propulsion. Electric cars are available in the market, however, mostly for the enthusiastic consumer 

segment and not for businesses to use as large transport vehicles. Recently, electric car company 

Tesla has introduced a new all-electric truck recently, however, the vehicle is not expected to start 

the production before 2019 (recode.com, 2017). Unfortunately,  

 

Conclusion 

The ED logic prohibits any business operations that harm the environment and, unfortunately, the use 

of the available transportation modes today would contradict this logic. Therefore, the first dominant 

factor is not entirely satisfied, and further social and economic factor analysis is not conducted.  The 

current technology contains the application of ED logic in distribution network design.   

 

7.2.2 Stage 3. Triple Bottom Line 

Triple Bottom Line considers environmental, social and economic factors of the distribution network 

equally, not prioritising one element (figure 5.3). Prior to proposing the optimal distribution network 

design, the trade-offs between factors groups as well as the trade-offs within factor groups need to be 

analysed. 

 

Environmental factors 

As suggested by the theoretical framework, the environmental factors to be considered are CO2 

emissions and the energy consumption. The impacts of these factors are discussed based on the trade-

offs between warehousing and transportation activities.  

 

The centralised network would have one primary distribution centre with a vast number of inflows 

and outflows. Having fewer warehouses/DCs decreases the energy consumed by these buildings, 

however, the energy consumption is therefore transferred to the transportation activities which emits 

large quantities of the CO2. On the contrary, the efforts to decentralise the network would increase 

the energy consumption through the use of more warehouses/DCs. By consolidating shipment sizes 

between the warehouses and placing them closer to the customer, the load on transportation system 

is decreased, resulting in less total mileage in the system. In turn, this decreases the CO2 emission. 

Governmental laws create binding constraints for companies, and compliance with voluntary standard 

and certificates further decrease the negative impacts. However, additional efforts such as the use of 

renewable energy should be highly considered. If the warehouses are built on non-forest land and use 

clean energy, the total system environmental impact would decrease. 
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Different accounts of environmental impact affect the costs of the system. Increased usage of 

transportation, raise the variable costs on fuel and maintenance of trucks but decreases the personnel 

costs in warehouses and the facility energy consumption. If increased decentralisation is chosen, the 

energy costs increase, but the transportation costs decrease. The use of clean energy significantly 

lowers the environmental impact, but the costs of implementing such system are considerably high.  

 

Social factors 

Logistics impact on society, even though significant, is often neglected in strategy formulation. The 

main social impacts of transportation and warehouse activities are discussed based on traffic 

congestions and working environment factors (Walker et al, 2014).  

 

Transportation is one of the main elements of the logistics network that creates negative social impact. 

The increased flow of goods accelerates public roads congestion, resulting in increased time to reach 

the destination and negatively affecting the energy level of the drivers. Decreased energy and focus 

contribute to the hazard of accidents, putting both the drivers and the surroundings in danger. The 

road congestion can be mitigated by the use of night deliveries when public roads are less used. 

However, the increased difficulty of driving at night further increases the chances of accidents on the 

road. Performing transportation activities during the night to prevent road congestion leads to 

increased costs due to the remuneration to the drivers for working night hours.  

 

Warehousing activities especially affect the working environment factor.  Centralized network 

increases the size of the primary DC which in turn increases the complexity of the working 

environment for the workers. Increased sizes of the DCs also negatively affect the responsiveness and 

time needed to fetch the required item inside the facility. It may require larger distances that the 

employees need to travel within the facility. On the other hand, in the more decentralised network, 

the inter-DC activities negatively affect hazards related to loading and unloading large shipments.  

Government laws strictly constrain activities that affect these factors, such as travel duration and time 

limitations, equal pay, limited working hours and workforce diversity. However voluntary efforts and 

certificates can realise higher social responsible practices. Automation of loading and unloading can 

decrease the risk of accidents and exploitation of workforce, but the application of such systems 

significantly increase the fixed costs.  
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Economic factors 

The main economic factors that influence the choice of the appropriate distribution network are cost 

and responsiveness of the operations. First, the impacts of these factors are discussed based on the 

trade-offs between warehousing and transportation activities.  In addition, the framework proposed 

by Mandel and Chopra is used to rank each factor based on the considerations suggested in the 

theoretical foundation (figure 4.10) 

 

Centralization of the logistics activities has a negative effect on transportation in terms of complexity 

and costs, resulting from an increase in lines and distance from manufacturing plants or central DCs 

to the final customer. Cutting costs of the transportation means using slower and cheaper modes 

which negatively affects the responsiveness of the system. The slower modes of transportation 

(except railway) also increase the risks associated with transporting goods as products spend more 

time in this activity. However, benefits such as centralised inventory, are realised in warehouse 

operations. Decentralized network increases costs of operating the additional facilities, but the 

consolidation of shipments to local warehouses decrease the use and cost of transportation. However, 

decentralisation of inventories have positive effects on demand responsiveness, and the use of faster 

transportation mode further decreases the lead time.  

 

Cost minimisation negatively affects the efforts to decrease environmental and social impact from 

distribution activities. Cheaper modes of transport increase the road congestions while faster modes 

increase the environmental pollution. Cheaper energy sources in warehouse facilities have a much 

higher impact on the environment than renewable energy sources. Techniques to reduce costs such 

as lower wages, preserving heating consumption and extended work hours, negatively affects the 

workforce. Such techniques result in degraded work performance and higher chances of accidents.  

 

 

 

7.2.3 Stage 4. Scenario Construction on Sustainable Distribution Network 

Optimal Network Design Options 

Knowing the inter/intra trade-offs between factors and the constraints realised in the analysis stage 

1,2 and 3, the next step is to propose optimal distribution network options. This part analyses the 
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criteria affecting responsiveness and cost based on Meindl and Chopra work. The main framework, 

as presented in the theoretical foundation, ranks the cost (inventory, transportation, facilities, and 

information) and responsiveness (response time, variety, availability, customer experience, order 

visibility and returnability) criteria based on the suitability with different design options, where lower 

number presents higher suitability (figure 4.10).  The additional framework selects the suitable 

configuration options based on product characteristics and demand requirements (figure 4.11). 

 

The first step of optimal network design analysis is the summation of the aforementioned factors’ 

criteria to present the following table, where the logic that lower number presents high suitability, 

holds (table 7.3). The three strategies on the left side of the table are variations of centralised 

distribution networks while the options in the right side are regarded as decentralised configuration. 

However, distributor storage with package carrier delivery option can also be used in a centralised 

network, if inventory is stored in one main DC. Based on these rankings and the requirements 

suggested by the Part 1 of the analysis, the optimal distribution design is selected for each of the 

product categories. 

 

 

 

Table 7.3, Factors summation rank on design options 

 

In vacuum cleaners category, the full speculation strategy was suggested that requires minimisation 

of the costs with decentralised regional distribution networks. The cost for this category has a higher 

significance over the responsiveness, however, it should not be achieved at the expense of total 

unresponsiveness. The “Distributor storage with package carrier delivery” configuration is the 

optimal fit for this segment because the cost factors are minimized and while the responsiveness 
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levels present acceptable score. Moreover, three elements of the additional framework on suitability 

score for this configuration, are relatively well aligned to vacuum cleaners segment - high product 

variety, high availability and lowest customer effort.  

 

High-pressure washers profile analysis on overall supply chain and global logistics strategy 

suggested the use a decentralised regional distribution system where costs are minimized and 

manufacturing is postponed in highly customised products. However, similarly to the vacuum 

cleaners, for the standard machines in this category the “Distributor storage with package carrier 

delivery” is the optimal configuration. For machines that require high levels of customisation, and in 

special cases a customised installation at the customer’s facilities, an additional supplementary 

distribution configuration should be employed. “Manufacturer storage with direct shipping” accounts 

for an increased variety, value and very low demand of such machines. Such configuration does not 

require the fastest response since the customisation is involved. 

 

Floor Care category analysis in Part.1 suggested logistics postponement and the use of a centralised 

distribution system where costs considerations remain more important than responsiveness. These 

machines have high-value density and low levels of customisation.  Distributor storage with package 

carrier delivery and Manufacturer storage with Transit Merge are the optimal design configurations 

for this category. Further analysis on the additional framework offered by Mandel and Chopra 

suggests that Distributor storage with package carrier delivery aligns better with demand level, 

product value and variety characteristics of floor care category.  

 

Outdoor machines is the unique category of Nilfisk’s product portfolio. Regarding the earlier 

analysis, it requires a full postponement strategy due to high value of the products, unpredictable and 

low demand as well as the high level of customisation. This category also requires high customer 

service and the distribution configuration should reflect such consideration. These requirements 

propose a centralised distribution network. The manufacturer storage with direct shipping is the 

optimal configuration for the very-low demand products with high variety and value. However, the 

manufacturer storage with in-transit merge configuration accounts for the customer experience and 

effort relatively better. Furthermore, given the fact that Nilfisk needs to install batteries at the latest 

possible stage of distribution in outdoor machines, the in-transit merge strategy where these light 
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assembly activities are performed should prove to serve this category better and hence should be 

selected. 

 

Spare parts category of Nilfisk’s business accounts for the largest share of the distribution volumes 

and should receive the highest degree of attention to be optimised. Due to the requirements such as 

fast delivery times and high availability, the full speculation strategy with high customer service was 

suggested after the first two stages of analysis. Following on such constraints, the decentralised 

distribution network configuration is the suggested configuration. Due to the variety of products and 

large volumes it is not expected that a single configuration will serve this category sufficiently. The 

inventories must be as close to the customer as possible, requiring the distributor or the retailer to 

perform storage activity. Regarding the delivery, depending on the specific case, both customer pick-

up and the last mile delivery configurations should be employed. Customer pick-up option is 

suggested for the parts that have the lowest delivery time desired by the customer, assuming the 

customer is willing to exchange the increased effort to acquire the product to the reduced lead time. 

For less time-sensitive case, the inventory should remain at the closest location to the customer with 

the last mile delivery option to increase the customer service level.  

 

 

Location Selection 

A facility location, for the various networks options considered earlier, is analysed based on 

demand centre of gravity, logistics performance of the EU countries and specific constraints of the 

focal company.    

 

Following the theoretical framework, the Center of Gravity is used to find the demand centre and was 

conducted on all 5 product categories. The rationale of this separation is the understanding of 

individual demand centre of each category to support the previous steps of the analysis which is also 

conducted on separate categories. As noted by the data preparation, in the methodology chapter, the 

demand centres for each country were taken as geographical centres due to the large total count for 

unique postal codes. The software used to geocode the coordinates of the postal code destinations 

produced multiple errors during the process, as a result of a large number of shipments. The only 

exception is Russian Federation, because of the large geographical size of the country the actual 

demand centre can significantly differ with the geographical one. The low number of unique postal 
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codes that the order lines were shipped made it possible to conduct a separate CoG analysis for the 

Russian market. The demand centre resulted closer to EU market than the geographical one.  

 

Figure 7.2 visualises the demand centre and the number of lines by category for each European 

country. 

 

Figure 7.2, Demand center on order lines by product category 

 

As the figure 7.2 suggests, spare parts present the largest share of Nilfisk operations with Germany 

and France as the biggest market. The second step of GoC analysis uses the number of order lines as 

the weight for finding the centre of gravity. These findings are presented in figure 7.3.  

 

Figure 7.2, Center of gravity by product category 
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All five categories have weighted centres of demand gravity in Germany. Due to the fact that CoG 

analysis only considers 2 variables to find the optimal location, it is argued that the actual coordinates 

should not be taken as definitive optimal locations for distribution centres. To account for factors 

such as preferred logistics service providers or accessibility to major highways as well as the 

inaccuracy caused by using geographic centres for country demands, the proposed radius of 200km 

surrounding the 5 Centers of Gravity is shown in figure 7.3. The radius includes a large area of 

western Germany and some border territories of the Netherlands and Belgium. As the highest share 

of the demand originates in France and Germany, the suggested area fits Nilfisk requirements. 

 

Knowing the relative location options of the DCs and also considering the neighbouring countries of 

France and Luxembourg in the south, it is beneficial to learn the logistic capabilities of these 

countries. The World Bank provides LPI index every two years and ranks countries according to their 

customs and border authorities efficiencies, quality of infrastructure related to logistics, ease of 

pricing international shipments, the general level of quality and competence of logistics services, 

track and trace abilities and the reliability of shipments in regards to time. The figure 7.4 below shows 

the individual scores of the countries that are within the optimal location circle or very close to it. 

Germany has a top score in four out of six categories, only surpassed by Luxembourg in international 

shipments and timeliness. All five countries are among the top in the world in LPI score and would 

suit as a general recommendation, however, specific constraints of the focal company need to be 

further considered. 
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Figure 7.4, LPI score 2016, Source: World Bank 

In Nilfisks case, manufacturing activities for several categories such as vacuum cleaners, non-critical 

spare parts and standard high-pressure washers are offshored to China and Mexico. Sea freight is the 

most optimal transportation mode for such products, however, it requires a deep sea port for the 

unloading process. The main five deep-sea ports in Europe are located in Antwerp, Rotterdam, 

Hamburg, Bremen and Valencia. However, the closest port to the demand centre of gravity and the 

main European markets, Germany and France, is the Antwerp port. A location of a DC in this area is 

required.  As an integrated solution, the optimal distribution network should comply with all 

configuration requirements for all product categories. The summary of the different requirements that 

each product category poses on a final design is presented in table 7.4. Due to the high complexity of 

the network requirements, four design options will be proposed that take into account all restrictions. 

The optimal design is selected using AHP method. 

94 of 156

Sustainable Distribution Networks



 

Table 7.4, Summary of distribution network requirement on product category 

 

Scenario Construction  

Design Option No.1 

The first configuration option proposes consists of the 3 main components: a large DC in Belgium 

close to a deep-sea port for incoming shipments outside of Europe (spare parts, vacuum cleaners and 

standard high pressure washers), a large DC in Germany for critical spare parts from European 

suppliers as well as shipments of vacuum cleaners and high-pressure washers from the Belgium DC. 

A distribution and assembly facility in Germany for floor care, high-pressure washers and outdoor 

machines to centralise their distribution. 

 

The DC in Belgium has a major purpose of receiving shipments from overseas manufacturing plants 

and these include non-crucial spare parts as well as vacuum cleaners and standard high-pressure 

washers. This DC breaks bulk shipments incoming from China and distributes the products to 

Western Europe. Another purpose of this DC is to consolidate shipments for further transport to the 

German DC. German DC receives shipments from Belgian DC as well as the suppliers that 

manufacture crucial and time-sensitive spare parts. This centre distributes the vacuum cleaners, high-

pressure washers and non-crucial/crucial spare parts to Center, Northern and Eastern Europe. The last 

major component of this network is the distribution and assembly facility in Germany. This facility 
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serves three product categories - customised high-pressure washers, floor care products and outdoor 

machines.This facility serves a triple purpose - it provides manufacturing postponement activities for 

high-pressure washers, final light assembly and packaging for outdoor machines if necessary and 

serves as the logistics postponement central warehouse for floor care products. This configuration 

provides a decentralised distribution for spare parts, vacuum cleaners and standard high-pressure 

washers, with Distribution Storage and Carrier delivery. The centralisation of floor care, outdoor and 

high customised high-pressure washer is also satisfied by the distribution and assembly facility plant 

in Germany. The local sales offices provide service for floor care customers and spare parts, satisfying 

the requirement for high-level customer care. Direct shipping from production plants for the most 

expensive and largest outdoor machines as well direct parcel shipping from suppliers of time-sensitive 

crucial spare parts ought to be retained.  

 

Design Option No.2 

The second design option elaborates on the first option by expanding the distribution decentralisation 

of spare parts, vacuum cleaners and standard high-pressure washers. This option retains the DC in 

Belgium to account for the deep-sea port requirement. Instead of consolidating shipments for 

transport to only one German DC, in this option, the distribution is split into 3 additional DCs - one 

in France, Germany and Denmark. The DC in Belgium will also serve its domestic market together 

with the Netherlands, Luxembourg and British Islands. French DC would serve the domestic market 

as it accounts for a large share of Nilfisk sales as well as Spain, Portugal, Italy and Switzerland. The 

German DC serves the domestic market as well as the rest of Southern and Eastern Europe. Danish 

DC will serve domestic market together with other Scandinavian countries. All these distribution 

centres will distribute non-critical spare parts, vacuum cleaners and standardised high-pressure 

washers by package carrier or last mile delivery according to customers’ requests. The final 

component of this option is the transhipment/assembly facility in Germany and is identical to the one 

described in Option No.1. 

 

To summarise, the Distribution Network Option No.2 consists of 4 DCs in four different countries 

serving their domestic, as well as surrounding markets. Belgian DC is unique to receive products 

from overseas and distribute to the other 3 DCs. German DC is also unique because it is responsible 

for the critical spare parts from European suppliers. The final facility in Germany serves to align 

outdoor machines, customised high-pressure washers and floor care products to their respective 
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constraints revealed from SC and Global logistics strategies analysis. The local sales offices provide 

service for floor care customers and spare parts, satisfying the requirement for high-level customer 

care. 

 

Design Option No.3 and No.4 

Design options No.3 and No.4 are the carbon copies of No.1 and No.2 options respectively, in terms 

of the number of facilities and the functions they serve. The first two options are based mostly on 

economic factors with option 2 addressing social issues of traffic congestions and overall use of 

transportation. Moreover, those two options do not consider the environmental factors, primarily 

energy consumption and CO2 emissions. Therefore, design options No.3 takes the same network 

configuration as No.1 while No.4 takes No.2 and proposes that all the facilities use only renewable 

energy. Also, the 3rd party logistics providers chosen to perform transportation activities should be 

selected on the basis of the age and Euro standard of their trucks, as well as, focus should be shifted 

towards hybrid propulsion system-using trucks if available. Also, aircraft usage should be minimized. 

Since this paper does not provide consultancy for the case company, the selection of third-party 

logistics provider is not analysed.  

 

7.2.4 Stage 5. Selection of the Sustainable Distribution Network 

In order to decide the best option of distribution configurations provided in the previous section, 

several factors need to be considered. As suggested by the theoretical framework, the last stage of the 

analysis is decision-making process supported by AHP model. The first step of the AHP process is 

to construct a hierarchy of the factors and criteria considered on the decisions making process.  The 

main factors, environment, social and economic are suggested by the sustainability theory. The 

criteria to measure these factors as CO2 Emission, energy consumption, working environment, traffic 

congestions, cost and responsiveness as suggested by the theoretical framework of this research. 

Figure 7.1 presents the decision hierarchy. 

 

As there are four decision options, the performance of every design candidates on each decision 

criteria should be evaluated in the next step. However, due to the complexity of measuring the 

numerical performance, subjective values were assigned based on the tradeoffs and the earlier 

considerations of each criterion.   The values (low, medium, high and very high) should only be 
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understood in terms of the decision candidates’ performance on a single criterion in relation to the 

rest of the candidates table 7.5. 

 

  

Table 7.5, Design performance on the considered criteria 

 

CO2 Emission is mostly resulting from transportation activities. Thus a value high is assigned for 

Design 1 due to the higher distribution centralisation resulting in higher transportation lines to the 

final costumers. The medium value is assigned to Design 2, as the higher decentralisation results in 

fewer transportation lines and less CO2 emissions. Since Design 3 and 4 are carbon copies of Design 

1 and 2 respectively, with the only difference of using clean energy sources. However, this factors is 

only considered based on warehousing activities. Thus the resulting values for CO2 emission remain 

the same for Design 3 and 4 as Design 1 and 2. 

 

Energy Consumption is considered based on the number of warehouses and energy source. Thus the 

values are: Design 1 (high) Design 2 (very high), Design 3 and 4 (Low). Even though Design 4 

operates more facilities and requires more energy, it makes no difference in environmental impact 

comparing to Design 3 as the energy used is renewable. 

 

Working Environment Quality: All designs are given equal value as EU laws strictly enforce 

companies to provide the high-quality working environment. 

 

Traffic Congestion: The values assessment follow the same logic as in CO2 emission, as more 

transportation lines negatively affect traffic congestion.  

 

Cost: The calculation of cost based on the centralised design and decentralises design is very complex 

due to the tradeoffs between inventory holding cost and transportation cost. The values in this 

criterion are based only on the use of energy sources. Thus a value low value is assigned to Design 1 

due to the centralised distribution resulting in fewer facilities consuming energy from cheap sources.  

Design 1 Design 2 Design 3 Design 4

CO2 Emission High Medium High Medium

Energy Consumption High Very High Low Low

Working Enviroment Quality High High High High

Traffic Congestions High Medium High Medium

Cost Low Medium Medium High

Responsiveness Medium High Medium High
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The medium value is assigned to Design 2, as the higher decentralisation results in more facilities 

thus higher energy consumption. The clean energy used in Design 3 is more expensive, however, due 

to the higher level of centralisation, less energy is required to run the lower number of facilities. 

Hence it is argued that the cost of energy used is similar to Design 2. Design 4 has the higher cost, 

due to the expensive clean energy source and higher consumption from the decentralised network. 

 

Responsiveness: the values assessment follows the logic that higher decentralisation increases the 

responsiveness.  

 

This range of values is used (1) to measure the possible performance levels of each decision candidate 

on certain criteria and (2) provide objective guidance of step 3.The second step of AHP model is 

making a pairwise comparison between criteria to asses, evaluate and rank according to importance. 

To comply with TBL, equal importance should be assigned to the main factors. Thus the pairwise 

comparison process, assigned a neutral score of preference between environmental, social and 

economic factors. However, the intra-factor criteria comparison were assigned different scores as the 

table 7.6 presents. 

 

 

Table 7.6, Pairwise comparison of criteria of each factor 

 

The improvement in CO2 Emission is more moderately important than energy consumption due to 

the much higher negative effects of transportation than warehousing activities (score 3).  The traffic 

congestion improvement is also moderately more important than Working Environment criteria 

(score 3). The rationale behind this score is due to the fact that EU has strict laws ensuring high-

quality working environment. Thus, every company operating in EU market satisfies this criterion of 

Enviromental

CO2 Emission Energy Consumption Weights

CO2 Emission 1 3 0.750

Energy Consumption 1/3 1 0.250

Social

Working Enviroment Quality Traffic Congestions Weights

Working Enviroment Quality 1 1/3 0.250

Traffic Congestions 3 1 0.750

Economic

Cost Responsiveness Weights

Cost 1 7 0.875

Responsiveness 1/7 1 0.125
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social factors. However voluntarily efforts towards improvement in traffic congestions can realise 

higher benefits on social factor. Cost is strongly more important for the focal company thus is given 

a score 7 over responsiveness. This step provides the importance weights on each criterion, however 

the sum of environmental criteria equals the social and economic criteria. In order to continue with 

next step, a judgment consistency test should be performed. This test measures the consistency of 

preferences in the criteria pairwise comparison. However as only two criteria represent each 

sustainability factor, the judgment is completely consistent. 

 

Figure 7.5 Analytic Hierarchy Process 

 

The third step is a pairwise comparison between the design candidates on each of the criteria. To 

maintain an objective evaluation, the scores are assigned based Table 7.5 values following the logic 

below. Score 3 is assigned for the difference in performance as low to medium, medium to high and 

high to very high. Score 5 is assigned for medium to very high. Score 7 is assigned for low to high 

and score 9 for low to very high. The necessary calculations are done using excel, and it was found 

that Design Option Number 2 has the highest score, thus, it is the suggested decision in Figure 7.5 
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8. Conclusion 

This paper set out to answer the question of how a company should design a sustainable distribution 

network. After the theoretical research, the framework for answering the question was constructed. 

The company ought to start with realising the overall supply chain strategy. In order to complete this 

stage, the company needs to analyse their products in terms of product, market, demand and internal 

capabilities for manufacturing and logistics activities. There are 12 determinants, including the stage 

of product life cycle, shipping volumes, cost/service strategy, product type and range, value profile 

with monetary density, relative delivery time and delivery frequency, the level of demand uncertainty, 

the importance of the economies of scale and the manufacturing and logistical special capabilities. 

The outcomes are varying between full speculation and full postponements strategies, having either 

manufacturing or logistics postponement strategies in between. The empirical analysis supported the 

theory arguments that it is neither simple nor straightforward on how to determine such strategy. The 

Nilfisk analysis, evidently could not produce a straight, clear answer and a combination of 

approximation and argumentation had to lead the outcome of this stage. Furthermore, the overall 

strategy varies not only among the product category, but the determinants within a product category 

can present varying results.  

 

Knowing the overall SC strategy, the company then determines primary and secondary product 

characteristics. The key outcomes in this part are the understanding of how the price acts as a driver 

in the market and how the value density of the product shape the logistics strategy required. Secondary 

product characteristics further shape the configuration of the distribution network based on the brand 

globality, product formulation and the attached peripherals. The paper has produced a link between 

all these theories and showed how they interconnect and can be used in tandem to narrow the 

requirements for the distribution network. By this stage, the paper has finalised the answer to the 

research question RQ2. 

 

To finalise the sustainable distribution strategy, the paper selected two rivalling theories to shape the 

network design - Ecologically Dominant logic and Triple Bottom Line. It was argued that following 

the Ecologically Dominant Logic, a sustainable distribution network is possible, however, not in the 

short run. Multiple determinants have been argued and included in the third stage of the framework. 

The same determinants were applied following the TBL concept. Thus, stage 3 of the theoretical 

framework answers the research question RQ3. The conceptual framework as a product of this thesis 
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also serves as an answer to the main research question of how to design a sustainable distribution 

network. 

 

The paper continued to analyse the empirical example of the case company in an attempt to design 

the sustainable distribution network for Nilfisk in Europe. However, if the ED logic is followed, based 

on empirical example, the truly sustainable distribution network is impossible for large manufacturing 

companies such as Nilfisk. The technologies available to address the issues of the movement of goods 

are the key barriers in the implementation of the otherwise very promising framework. 

Triple Bottom Line has been chosen to advocate for a less strict definition of the sustainability and in 

an attempt to provide a short-term solution for the problem that needs future research to eliminate the 

barriers. Four distribution network designs have been proposed to address the various possibilities in 

the six key determinants among environmental, social and economic factors. The score values of each 

of the design options on all determinants were assigned in a relative manner and used during AHP 

decision-making process. The option varied in terms of both the configuration of the network and the 

methods to address the determinants. The AHP decision analysis concluded that the optimal 

configuration, according to the TBL’s equal weight to each of three factors, for Nilfisk is Design NO. 

2. This configuration comprised of 4 large DCs for Spare Parts, Vacuum Cleaners and standardised 

High-Pressure Washers in Belgium, France, Germany and Denmark as well as another DC in 

Germany that will serve Floor Care products and will act as a late assembly facility for customised 

High-Pressure Washers and Outdoor Machines.  

This configuration is not the highest environmental friendly options, as it does not use clean energy 

due to substantial costs increase. The CO2 emissions could not be eliminated, however, the traffic 

congestion should be minimized by the choice of this configuration which in turn lowers the costs 

and pollution of transportation activities. The response time is also relatively lower in this option, due 

to the decentralised distribution and close proximity to customers.  

To conclude, this research answered the main research question by creating a conceptual framework 

to design a sustainable distribution network. The second and third research questions were answered 

during the construction of the theoretical foundation. The study also provided an empirical analysis 

of how to design a European distribution network for the case company Nilfisk. The thesis then was 

concluded with the managerial implications and the need for further research. 
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9. Limitations 

Understanding the limitations of the study provides criticisms for this research, as well as a starting 

point for further and deeper research. One of the first limitations of this study is realized in the last 

steps of the analysis. The research was unable to numerically evaluate the performance of every 

criteria and therefore only a relative performance was indicated to arrive in a conclusion. The relative 

performance measures are assigned based on the depth of knowledge in the corresponding factors 

and might suffer from judgment subjectivity of the authors. A deeper inquiry to collect further data 

and perform an operational analysis would yield objective performance measures, and the outcomes 

may vary. The analysis performed is limited by monetary and time resources, but also by the 

strategical reach of this study.  

 

Another limitation of this study lays in the choice of only a single case company to provide the 

empirical example. The data needed to understand the complexity of the company’s distribution 

operations is sensitive, creating a constraint in finding companies that are willing to corporate. The 

empirical evidence from a larger sample of companies may provide deeper insights that could have 

been lost in this study. Another significant limitation arises from the constraint of having limited 

number of interviews and the use of only qualitative data for certain analysis measures. While such 

data collection method is appropriate for only single case company analysis, if a larger study was to 

be performed, a range of other data collection methods should be considered.  

 

AHP, as a decision making method may deliver further limitations. While the model is widely 

accepted among business managers, it could be argued that since the sustainability requires new 

approaches of how to conduct businesses, the decision making process should be re-approached as 

well. This study does not claim that the AHP yield wrong results, rather it suggests research on how 

different decision making models would affect the choice of sustainable practices in business. To add 

to the choice of theories and methods, additional concepts could be combined to further perfect the 

framework.  
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10. Discussion and Implications for Further Research 

This study has conducted deep theoretical research into a topic of sustainable distribution networks, 

has created a framework for companies to apply when designing a new distribution network and has 

performed an exemplary empirical analysis of the case company. Such comprehensive process has 

enriched the understanding of the complexity to align business operations with sustainability 

concepts. Attempting to connect sustainability ideology to the business processes has proved to be 

challenging. Following the ED logic, the case company analysis had to be terminated before a 

definitive solution could be found. The first reason for this failure lies in the unavailability of 

sustainable technologies to support the vast operations of today’s global businesses. While the ED 

logic analysis was performed on a single company, the fact that the current transportation modes 

cannot eliminate the negative impacts on the environment prompts a logic that any business that 

requires the use of traditional transportation modes cannot be made sustainable.  

 

In attempting to recognise the complexities of establishing a sustainable business, a rival theory, TBL, 

was introduced. Unfortunately, clear differences between the outcomes of two theories could not be 

drawn, because of the inability to construct a sustainable DN following ED logic. From the TBL 

theory lenses, the framework was successful in determining a network design. However, while theory 

suggests that all three components have to be treated equally, the clear answer on what and how to 

measure environmental and social impact has yet to be provided. A lack of clear criteria created 

another challenge, as various sources had to be examined to account for the environmental and social 

impact of distribution network designs. A noteworthy finding of this process is the lack of commonly 

agreed standard guiding companies on achieving sustainability. ISO 14000 and 26000 provide 

guidelines and standards for environmental and social responsibility respectively. However, while 

acting as standards issuing organisation, ISO, does not recognise the ability of the company to be 

compliant with such standards.  

 

Authors believe that, for the world to move towards sustainability, there is a need for higher awareness 

of sustainability concepts and clear guidelines. So far, the concepts have been described too vaguely. 

If clear standards, designs, techniques, processes and technologies are developed or at least described, 

it will clear the horizon for companies and other members of society to reach for. While one can argue 

that there is no correct answer on how to address environmental or social issues, even a preliminary 

option would serve as a good reference. The focus of research should shift toward real solutions for 
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sustainable practices, rather than discussing the negative effects of current practices. Transportation 

should be a starting point, as such activities have a significant impact on environment and society. As 

mentioned in the analysis, Tesla has introduced a potentially revolutionary product, but to overhaul 

the system, further research needs to be conducted. On another note, enforceable standards need to 

be established instead of the guidelines and recommendations. The change needs to happen 

unanimously, across all organisations, including businesses operations and academic research. 

 

Viewing sustainability from a different angle, the authors emphasise an interesting revelation. 

Following the analysis, the importance of spare part segment on Nilfisk operation is evident. In 

today’s world where consumerism is taking over the society and goods are being produced without 

the considerations of reparability, Nilfisk’s support for their products to be used for an extended 

period of time should be appreciated. Maintaining the product instead of discarding it and buying a 

new one can be viewed as an effort of attempting to be sustainable. 

 

The conceptual framework and the empirical analysis of Nilfisk takes a strategic approach with the 

starting point on overall strategy formulation, however only incorporates sustainability concepts in 

the later stages. The purpose of such conceptualisation is the focus of the research question in the 

distribution network. Authors believe, that further research should be conducted on how sustainability 

could be applied to the earlier stages of this framework and if such application could produce a new 

range of possibilities for companies to become more sustainable. ED logic has a potential to be 

applied in the future, however, there is a need for further research on how sustainable logic can be 

implemented in the earlier stages and throughout the supply chain. While this study did not succeed 

to give a recommendation of how Nilfisk should construct the distribution network according to ED 

logic, due to the technological limitations, a more disruptive inquiry could be undertaken. The authors 

suggest that academics should turn their attention to developing theories and practices that discard 

unsustainable processes, tactics, configurations and only reason the sustainable ones. A more valiant 

stance, of refusal to develop inherently unsustainable solutions, could be initiated in the academic 

world. 

 

For the managers, this study shows that while sustainability can be addressed in decision making, it 

proves to be challenging to outweigh the economic factors. When sustainability concepts are only 

applied on the distribution network stage, it may not be possible to truly design sustainable practices. 
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If companies seek to eliminate the environmental and social damages, sustainability concepts 

integration with business operations should start from product design and span throughout the supply 

chain and beyond organisation’s boundaries. Moreover, decision making should weight the 

importance of environmental and social factors over economic considerations.  

 

As TBL analysis suggested, if the environment is given the same weight as the economic factors, the 

costs outweigh the benefits of clean energy usage. This study emphasised the importance of lowering 

CO2 emission over the use of clean energy due to the higher environmental impact the transportation 

activities have over the warehouse energy consumption. Therefore, even though the environment has 

equal weight as economics, it was still possible to prioritise costs over clean energy due to the inherent 

activities of the distribution network. The CO2 emissions cannot be eliminated due to the use of fossil 

fuels in transportation. To conclude, while the study attempted to show how a company should 

configure the sustainable distribution network, lack of technologies and outdated sustainability 

theories created barriers that prevented satisfying results.  
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Appendix 1. The base of questions for Nilfisk interviews 
 

1. How many and what are the product categories? 
 

2. From those categories, which are standard products and which are customized? 
 

3. What is the total number of individual products in the European market? 
 

4. What is the maximum lead time to the customer? 
 

5. Is the brand global/single in the market? 
 

6. Is the product formulation common to all markets? 
 

7. In what stage of the life cycle are your products? 
 

8. What is more prefered from the two - customer service or cost? 
 

9. How big is the range of one product category? 
 

10. Where does most value creating activities occur for different products? 
 

11. What are different monetary density for different products? 
 

12. Are the peripherals common to all markets? 
 

13. What are the customer service level factors? 
 

14. Would you consider your target delivery time to be short or long? 
 

15. How would the uncertainty of the demand align to different product categories? 
 

16. How important are the economies of scales for certain product categories? 
 

17. Does Nilfisk have strong manufacturing capabilities? 
 

18. Does Nilfisk have strong logistical capabilities? 
 

19. What type of transportation modes does Nilfisk use and for what reasons? 
 

20. How is the return logistics done at Nilfisk? 
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Appendix 2A. Interview with Torben 
	

Interviewer	1:	The	purpose	of	this	interview	is	to	understand	the	data	collection,	data	reliability	

and	the	validity.	We	want	to	know	how	the	data	was	collected	and	what	the	verification	process	

was.	The	first	question,	were	you	collecting	the	data	for	the	project?	

	

Torben:	Yes	

	

Interviewer	1:	What	were	the	sources	of	that	data?		

	

Torben:	The	sources	of	the	data	were	basically	BI,	SAP,	the	business	intelligence	system	that	we	

use	on	top	of	our	SAP	system.		It	basically	collects	all	of	the	transactional	data	from	our	ERP	SAP	

system	on	daily	basis.	So	all	the	order	information	from	the	ERP	system	gets	into	the	BI	system	

every	night	and	then	we	can	pull	out	those	reports.	In	terms	of	data	validity,	it	has	gone	through	

several	filters	already	before	ending	up	in	the	BI	system.	There	we	have	obviously	a	lot	of	checks	

because	we	don't	pull	just	everything	into	the	BI,	but	once	we	set	up	the	process	we	make	sure	

to	put	in	the	right	data	into	the	BI.		

So	the	IT	personnel	have	looked	it	over	that	once	those	connections	were	established	that	we	

would	pull	out	the	right	data.	For	this	report	we	pulled	out	the	data	from	the	BI,	for	the	given	

period.		

	

Interviewer	2:	Okay,	Can	you	tell	us	a	little	bit	more	about	those	verification	methods	that	ensure	

the	right	data	is	collected?		

	

	

Torben:	Yes,	it	gets	rather	technical.		We	start	from	the	beginning	of	when	consent	order	comes	

in,	a	customer	types	in	his	order,	at	his	end	or	her	end,	then	we	receive	it	at	the	ERP	system	which	

can	be	manually	so	that	someone	in	the	customer	service	comes	in	and	types	in	the	customer	

order	in	our	ERP	system	or	if	it's	a	bigger	customer	of	the	two,	will	have	an	EDI	with	the	customer	
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so	 those	 orders	 will	 be	 linked	 directly	 from	 his	 system	 or	 her	 system,	 into	 our	 system	 and	

automatically	been	created.	There	is	a	validation	process	for	those	EDI	owners	actually	they	are	

not	just	created,	that	is	typically	created	with	the	block	so	that	someone	from	customer	service	

has	 to	go	 in	and	check	 the	order	 that's	been	received	 from	the	customer	and	check	whether	

everything	is	filled	out	correctly,	the	quantities	are	correct,	and	then	release	the	block	and	then	

the	order	can	first	be	really	created	in	the	SAP	as	such.		

	

Interviewer	2:	Okay.	

	

Torben:	And	then	it	sets	through	the	night	to	those	orders	are	transferred	from	the	ERP	system	

one	to	one,	 in	the	same	manner	and	the	same	values	from	the	ERP	system	in	to	the	business	

intelligence.	So	we	get	the	consent	document	number,	the	SKU,	the	maturity	order,	the	pieces,	

the	value	which	can	be	transferred	one	by	one	into	the	same	columns,	into	the	BI	system.	Uh,	

and	that	has	been	during,	I	mean	that's	not	going	to	be	checked	every	single	day,	but	it	has	been	

checked	once	these	connection	has	been	established,	and	that	those	links	they	work	and	that	

there	is	the	same	value	here	as	the	same	way	we	received	in	the	PBI	system.	

	

Interviewer	2:	Okay!	

	

Torben:	So,	that's,	technical	verification	wise,	that	is	as	good	as	it	is	in	terms	of	data	quality	in	

itself,	and	that	obviously	it	depends	on,	for	the	project	itself,	what	kind	of,	what	kind	of	tools	do	

we	look	at.	Are	all	others	relevant	for	the	project,	no	they	are	probably	not	all	relevant.	

	

So	we,	from	the	business	end,	may	check	what	kind	of	orders	do	we	really	want	to	look	at.	So	this	

is	real	customer	orders,	with	the	physical	stock	behind	because	anyone	could	have		a	credit	order	

or	 service	 orders	 for	 your	 insurance	 technicians	 for	 orders	we	 spell	 you	 don't	 get	 to	 have	 a	

physical	flow	linked	to	that.	So	in	this	one	it	is,	it	is	basically	based	on	an	invoiced	orders	sent	to	

us.	So	if	the	order	did	not	have	an	invoice	on	it,	it	would	not	be	included.		
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Interviewer	2:	I	understand,	okay.		

	

Torben:	 	And	 it	 is	 to	make	sure	that	you	grab	the	ones	with	 the	physical	 flow,	 looking	at	 the	

invoice	quantity	of	such.		

	

Interviewer	2:	OK,	then	what	data	was	collected	for	this	project?	

	

Torben:	Ok,	what	data.	 It's	basically	the	sales	order	data	that'd	be	put	out	for,	 it	was	actually	

myself	and	I	put	the	majority	out,	actually,	for	all	of	the	transaction	of	the	sales	orders	in	the	SAP	

system,	because	we	actually	have	several	ERP	systems.	So	it	is	only	the	sales	entities	that	place	

the	orders	while	the	SAP,	which	is	all	of	Europe	plus	actually	it's	actually	everyone	apart	from	US.	

And	so	those	sales	orders	were	collected	in	terms	of	scope.	Um,	and	then	again	for	the	period.	

All	of	the	sales	orders	for	all	the	customers,	again,	based	on	the	invoice	quantity	had	to	be	an	

invoice	behind,	has	been	pulled	out.	And	we	did	it	for,	and	we	didn’t	pull	out	all	orders.	There	are	

three	type	of	order	flows	that	can	happen	and	they	are	orders	between	the	end	customer	and	

the	distribution	center	where	we,	from	headquarter,	are	responsible	for	this	distribution	center,	

so	we	ship	the	order	from	the	distribution	center	to	the	end	customer,	its	one	flow.	Another	flow	

is	our	sales	entity	place	the	order	and	a	lot	of	our	sales	entities	still	have	replenishment	stock	

locally	 in	 the	 country,	 so	 example	 could	 be	 France,	 and	 this	 France	 headquarter	 ordered	 a	

machine,	from	our	distribution	center.	Then	we	shipped	with	the	French	headquarter,	they	do	

whatever	they	need	for	the	machine	there,	prior	to	sending	out	to	the	customer.	So	then	the	

second	flow	will	be	the	company	on	a	ship	through	the	French	warehouse.	And	the	last	flow	will	

be	from	the	French	warehouse	to	the,	if	we	take	the	first	example	to	the	French	end	customer,	

where	the	have	stock	in	the	local	warehouse,	and	then	they	sent	it	out	from	the	local	warehouse.		

	

It’s	all	3	flows,	flows	from	the	EDC	both	to	the	end	customer	or	from	or	to	our	sales	entity	or	if	

our	 sales	 entity	 has	 shipped	 something	 to	 our	 end	 customer	 directly,	 as	 part	 of	 their	

replenishment	stock	 that	 they	have	 there,	 those	orders	are	collected	as	well.	Um,	so	we	had	
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looked	at	all	the	shipping	points	there	were	in	Europe	as	well	as	the	local	orders,	recorded	all	

those	local	orders	from	France	towards	the	end	customer.		

	

Interviewer	2:	Have	you	called	any	data	for	flows	between	the	DCs	and	factories?		

	

Torben:	No,	we	only	looked	around	here	for	the	sales	orders,	in	one	file	for	you.	We	didn’t	pull	it	

for	this	project,	the	data	is	there,	but	we	just	pull	it	off	for,	for	specific	uses.	Only	sales	orders	

that	are	a	front	end	driven.	Why	I	am	hesitating	and	I	actually	think	we	did	pull	it	out	for	the	other	

project.	I'm	just	not	sure	that	you	actually	saw	those	posts.		

	

Interviewer	2:	None	of	the	inflows?	

	

Torben:	I	don't	think	so	and	I	don't	think	I	actually	pulled	it	out,	we	put	the	inventories	and	the	

sales	order,	but	we	didn’t	pull	the	POs.	Such	inventory	data,	I	remember	a	report	of,	as	well.		

	

Interviewer	1:	It	won't	be	a	problem	to	actually	pull	them	out	if	we	needed	it?	

	

Torben:	No,	we	can	show	you	how	to	do	it	and	then	you	can	do	it.		

	

Interviewer	2:	That's	great!	

	

Torben:	That	is	much	easier	because	it's	far	less	of	those	purchase	orders,	they	will	always	be	

typically	 in	effect	 to	one	to	 five.	So	maybe	one	million	sales	order,	but	 typically	only	200,000	

purchase	orders.	So	it's	much	less	data	to	work	with	than	on	the	sales	side.	

	

Interviewer	1:	What	sort	of	a	file	are	we	going	to	get	it,	as	a	CSV	or	something	else?		
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Torben:	 So,	 actually,	 it	 would	 be	 CSV	 probably	 be	 CSV	 as	 it	 was	 too	 big,	 probably	 too	 big,	

1.6million	records	or	something.	I	think	we	will	have	to	do	2	CSVs	and	to	be	honest	we	just	pulled	

it	out	the	other	day	for	another	external	company.	Uh,	they,	I	think	the	CSV	will	be	one	or	two.		

	

Interviewer	2:	Okay,	um,	I	think	I've	got	everything	we	needed.	If	you	can	answer	this,	do	you	

have	categories	for	the	products,	and	if	yes,	how	many	categories	is	there	for	the	products?		

	

Interviewer	1:	So,	the	idea	of	before	we	started	to	use	the	big	overall	strategy	and	then	moving	

into	the	global	logistics	as	this	will	effect	the	distribution	configuration.		

	

Interviewer	2:	We	want	to	know	what	type	of	products	there	are.	So	that	we	can	split	into	some	

sort	of	types,	one	of	them	can	be	made	to	stock	another	one	can	be	a	customizable	at	the	very	

end,	in	a	sense	of	postponement?	

	

Torben:	Yes,	I	think	I	can	give	you	some	hints	and	then	you	can	check	yourself	what	you	can	run	

with	yourselves.	Product	types,	it's	a	big	word,	it	depends	on	how	you	want	to	slice	and	dice	the	

cake.	One	very	good	point	you	 just	made	 is	 it	a	make	to	stock	or	make	to	order	a	product.	A	

majority	of	sales	value	is	obviously	coming	from	a	make	to	stock	orders.	Uh,	so	80	percent,	85	

percent	of	our	turnover	is	based	on	stocked	items	that	are	made	to	stock.	And	10,	15	percent	is	

based	on	make	to	order	items.	That’s	one	way	of	looking	at	it	and	for	the	make	to	order,	those	

would	be	either,	well,	because	we	have	them	as	the	product,	but	we	don't	keep	it	on	stock	or	it	

could	be	a	customizable	machine	that's	going	to	make	to	order.	So	it	could	be	both	machine	just	

kept	on	stock	or	it	could	be	really	customer	specific	ones	where	you	have	to	build	on	siren	alarm	

and	a	DVD,	actually	we	do	have	it	on	the	big	machines	as	well,	rear	camera	or	front	camera,	all	

those	kinds	of	things	you	can	order.	That	would	be	one	thing.	Logistically	another	way	of	looking	

at	it	can	be	sometimes	weather	that	it's	a	part	of	the	machine,	because	typically	for	the	parts,	

there's	a,	in	terms	of	service	to	the	customer,	there	is	delivery,	obviously	it	needs	to	be	delivered	

faster	than	the	machine.	Uh,	so	outbound-wise	parts	typically	can	go	with	the	package	service	or	

even	with	the	UPS	as	a	fast	delivery.	Machines	typically	go	with	a	groupage	flow,	very	slow,	so	
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from	transportation	logistics-wise,	they	more	look	whether	they	talking	machines	or	parts,	they	

don't	really	care	weather	it	is	stock	or	non-stocked	when	transported.	Um,	so	there	are	different	

rates	 of	 transporting,	 and	 there	 are	 different	 customer	 requirements	 and	 those	 are	 typically	

more	on	the,	if	you	look	from	the	customer's	perspective,	that	would	be	parts	of	the	machine	

will	be	separated	as	parts	having	a	shorter	lead	times	and	the	machines	and	then	on	the	machines	

you	can	then	again	look	into	whether	as	a	consumer	machine,	that	usually	would	have	a	faster	

response	time.	On	of	the	bigger	machines,	it	comes	back	to	if	whether	they	are	stocked	or	not,	

but	 still	 expectations	 from	 customers	 usually	 are	 always	 higher.	 Even	 with	 the	 stocked,	 big	

machine,	they	still	would	run	through	a	couple	of	inspections	before	we	really	send	them	out.	So	

the	process	is	slower.	

	

Interviewer	1:	Yes.	

	

Torben:	All	though	stocked,	but	will	still	need	to	fit	the	battery	in	a	sort	of	advanced	processing	

time,	 it'll	 be	 longer.	 So	 again,	 stock,	 non-stock,	 and	whether	 better,	 consumer	machine	 or	 a	

professional	machine	is	what	makes	differences	in	terms	of	how	we	handle	them	in	the	flow.	

	

Interviewer	1:	Ok.	What	is	the	maximum	lead	time	that	customers	expect	or	Nilfisk	expects?	

	

Torben:	There	is	if	again,	that's	the	difference	for	the	parts	it	is	48	hours,	two	days.	Remember	

it's	important	that	it	says	stock	parts	um,	or	actually	to	be	really	honest	with	you	it’s	what	we	call	

the	critical	parts,	those	are	48	hours,	not	even	stocked	items.	We	stock	more	than	the	critical	

ones,	but	the	critical,	we	call	 them	critical	because	they're	critical	machine	to	run,	so	 if	 those	

parts	break,	the	machine	probably	wouldn't	run	properly	anymore.	But	those	are,	those	are	not	

necessarily	all	of	the	parts	that	we	stock.		

	

We	do	have	some	other	parts	of	your	stock	as	well,	they're	not	considered	from	see	that	to	be	

critical	and	those	don't	need	to	be	delivered	in	a	48	hours.	So	it	is	system	driven	if	you	order	for	

a	critical	part	then	we	need	to	get	it	on	the	fastest	track,	expedited.	If	it's	normal	non-critical	part,	
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we’ll	probably	just	send	the	normal	parcel	service,	which	could	take	48	hours,	but	it	could	take	

three	or	four	days.	So,	that's	for	the	parts	and	for	the	machines	there's	no	promise.	There's	no	

official	promise	as	such,	typically	you	would	say	that	the	rule	of	thumb,	seven	days	 in	Europe	

between	seven	and	10	days	in	Europe,	probably	if	you	ask	someone	else	in	the	company	they	

would	give	you	a	different	answer,	but	the	old	promise	is	typically	between	7	and	10	days.	

	

Interviewer	2:	Okay,	one	question	for	the	critical	or	non-critical	parts.	Since	you	try	to	have	the	

critical	parts	for	48	hours,	the	suppliers	for	the	critical	parts,	do	you	have	them	locally	or?		

	

Torben:	 We	 have	 a	 different	 supplier	 strategy	 for	 critical	 or	 non-critical,	 to	 be	 honest,	 the	

majority	of	critical	parts	would	be	in	Europe,	a	European	distribution	center,	but	the	majority	

would	be	from	Europe.	I	probably	would	guess	70	percent	and	80	percent	would	be	probably	80	

percent	of	the	Europeans	and	20	percent	would	be	a	from	the	US	or	far	east.		

	

Interviewer	2:	Just	a	few	more	questions.	Are	the	products	branded	the	same	around	European	

market	or	have	different	labels	and	peripherals?		

	

Torben:	So	the	short	answer	yes	they	are	labeled	the	same.	So	in	France	we	would	label	them	

the	same	way	as	we	labeled	them	in	Germany.	So	those	are	the	same	labeling.	The	only	difference	

that	couldn't	be	 in	terms	of	private	 label	or	certain	private	 label	customers.	So	they	will	be	a	

different	brand,	its	not	the	same	brand	and	we	set	it	in	it	or	reduce	it	in	a	different	name,	but	the	

French	organization	would	use	the	same	labels	as	we	use	for	the	German	ones,	Private	labels	and	

even	parts	would	have	their	respective	labels,	but	we	would	have	our	own	part	number	on	the	

same	part,	so	it	comes	in	the	same,	in	the	same	envelope	on	the	same	back,	um,	but	with	the	

two	labels	on	it,	one	for	the	parallel	customer	if	you	are	a	parallel	customer,	use	this	part	of	the	

label,	and	if	you	are	Nilfisk	customer,	you	use	this	part	of	the	label.	This	is	for	the	parts.	But	that’s	

packaging,	not	branding.	

	

Interviewer	1:	The	last	question	since	we	don’t	want	to	keep	you	longer.		
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Torben:	It’s	interesting,	I	like	it.	

	

Interviewer	2:	Yes,so,	we	have	two	questions.	So,	peripherals,	it's	certain	add	ons	that	you	can	

offer	to	customers,	so	are	they	the	same	in	all	the	countries	or	you	have	regionalized	them	or	by	

country?	

	

Torben:	Which	is	a	good	question!	Yes,	I	think	I	can	answer	that	question,	I	mean	the,	it	can	be,	

it	can	be	localized.	I'm	saying	the	majority	probably	wouldn't	be	global,	but	then	again	especially	

with	the	example	of	England,	England	has	very	specific	machines.	So	some	of	the	machines	we	

only	sell	in	the	UK	due	to	the	fact	types.	They	are	only	known	for	the	English	market	or	they	have	

a	different	engine,	whether	there's	a	110	volts,	or	220	volts,	so	you	might	have	then	different	

accessories	to	different	customization	things	 for	that	specific	country.	 It	 is	globally…	But	then	

again	for	certain	countries	we	do	make	specific	country	varients	with	different	options.	I	guess	

maybe	if	you	are	in	Denmark	you	probably	run	rather	normal	set	up	of	Germany	or	under	the	

normal	set	up	a	same	in	France.	But	in	Switzerland	you	have	a	different	plug	type,	UK	is	a	different	

type,	Norwegian	is	different	one,	so	they	probably	see	different	machines	and	different	options.	

	

Interviewer	 1:	 But	 more	 like	 those	 like	 you	 said,	 the	 DVD	 players	 and	 cameras.	 Are	 those	

separated	by	markets	or	no?		

	

Torben:	I	don't	think	so.	I	think	they	are	globally.		

	

Interviewer	1:	Okay.	

	

Torben:	They	are,	you	usually	order	them	by	the	webpage.	So,	those	we	offer	as	we	don't	really	

care	where	the	French	customer,	 I	mean	those	on	the	production	side,	they	don't	care	who's	

ordering	it	and	there	should	be,	there	should	be	no	difference.	But	if	I'm	really	honest,	I	don't	

know	how	the	local	sales	entities	set	up	their	web	system	and	the	end	of	the	day	it	needs	to	be	
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available,	that	option	on	the	French	web	site	and	on	the	German	website	they	are	aligned.	And	

they	do	have	 the	 information	but	whether	 they	 locally	open	 it	 for	 the	 customer	 to	offer	 it,	 I	

actually	not	sure	about	to	be	honest,	because	from	Headquarters	we	don't	have	any	restrictions	

as	such.	But	I	believe	in	typically	up	to	this	sales	whether	to	offer	it	or	not.		

	

Interviewer	1:	Okay	which	leads	us	to	the	last	question.	All	the	sales	entities,	are	they	owned	by	

Nilfisk?		

	

Torben:	All	of	them.	What	we	call	sales	entities	they	are	all	owned	by	new	fees	hundred	percent.	

There	are	distributors,	but	they're	not	owned	by	Nilfik,	sales	entities,	we	have	46,	something	like	

that,	or	48	something	like	that.	We	own	those.	And	then	typically	you	have	the	distributors	which	

we	don't	own	and	there	are	certain	exceptions	I	mean;	there	are	a	handful,	something	like	10,	

somehow,	I	mean,	we	own	50%	of	them.	So,	they	are	some	distributors	we	have	that	we	partially	

own,	but	what	we	consider	as	a	sales	entity,	but	it's	been	owned	by	100%	by	the	mother	company	

as	such.		

	

Interviewer	1:	So	the	inventories	are	Nilfisk’s?	

	

Torben:	It’s	in	our	books,	or	group	books	at	the	end	of	the	day.		
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Appendix 2B. Interview with Jacob 
	

Interviewer:	How's	it	going	with	the	project?		

	

Jacob:	As	planned.	We’re	not	at	that	behind,	so	as	planned.	Yesterday	we	had	a	group	meeting.	

We	only	covered	the	easy	part	now.	Now	we	are	trying	to	build	some	scenarios	and	try	to	get	a	

bottom	up	approach.		

	

Interviewer:	What	has	been	done	in	the	project	now?	

	

Jacob:	We've	completed	what	we	call	the	wave	number	2,	understanding	the	business.	We	have	

visited	almost	all	the	countries,	get	feedback	on	what’s	good,	what’s	not	good	and	how	fast	the	

costumers	would	like	the	machine	and	parts	to	be	received	in	the	future.	That	has	been	mapped	

out.	First	of	April	we	moved	into	wave	number	3	and	this	where	we	start	to	build	business	cases,	

and	prepare	scenarios.		Ask	questions,	what	should	be	included	what	should	not	be	included.		

	

Interviewer:	Are	you	trying	to	build	some	scenarios	based	on	the	facilities	you	have	on	the	current	

network	or	complete	new	configurations?	

	

Jacob:	We've	built	6	scenarios	based	on	the	input	we	have	with	1	day	delivery,	3	day	delivery	and	

5	days	delivery	for	machines	and	1	day	delivery,	2	day	delivery	and	3	day	delivery	for	the	parts.	

So	 far	 the	 scenarios	 do	 not	 consider	 any	 mathematical	 calculations.	We	 have	 also	 hired	 an	

external	consulting	company.		

	

Interviewer:	Can	you	tell	us	more	about	the	current	configuration?	How	are	the	machines	and	

parts	ordered?	Do	you	have	a	specific	distribution	center	for	parts	or	do	you	have	inventories	all	

over	the	network?	
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Jacob:	We	have	4	DC	running	in	Europe.	In	the	Danish	DC	we	have	machines	and	parts,	we	have	

a	warehouse	in	Gent	with	100%	part.	Another	warehouse	in	Antwerp	with	machines	and	parts.	

The	forth	one	is	in	Neu	Ulm	which	store	machines	and	parts	as	well.		

	

Interviewer:	Which	are	the	main	markets	served	by	these	EDC?		

	

Jacob:	France	and	Germany	account	for	45%	of	total	order	lines.	Scandinavia	accounts	for	20%,	

UK	for	10%	and	Spain	for	8%.	

	

Interviewer:	Can	you	tell	us	more	about	the	machines	inflows	and	the	production	facilities?	

	

Jacob:	It	is	a	mix	of	Eastern	Europe,	Hungary,	Italy	China	and	the	US.	In	China,	vacuum	cleaner	

and	 mainly	 standardized	 products	 are	 manufactured.	 In	 Italy,	 premium	 machines	 and	 big	

machines	are	produced.	This	is	also	something	we	look	into	saying	we	want	to	suggest	a	future	

location	for	an	EDC.	We	need	to	consider	the	location,	does	it	need	to	near	a	harbor?	How	is	the	

customs	here?	Can	we	important	and	export?	Some	countries	are	stricter	regarding	imports	and	

exports.	In	Germany	you	need	to	have	a	license	in	order	to	be	an	importer	or	exporter	while	in	

the	others	we	find	a	solution.	Those	considerations	compared	to	the	cost	aspect.		

	

Interviewer:	As	you	know	we’re	trying	to	configure	a	distribution	centers	which	also	take	 into	

account	sustainability	issues.	Which	kind	of	social	and	environmental	factors	are	you	considering?		

	

Jacob:	 It	 is	not	our	main	factors,	main	drivers.	Our	main	drivers	are	customer	satisfaction	and	

cost	

	

Interviewer:	So	economical	drivers.		

	

Jacob:	Yes.	But	I’m	also	allowed	to	spend	more	money	today	if	we	can	prove	that	we	can	improve	

customer	service.	So	it’s	not	only	a	cost	related.		However,	I	would	say	probably	I	would	not	be	
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allowed	to	have	an	EDC	in	all	countries	fully	stocked	because	this	will	be	sky	high	costs.	Of	course	

cost	is	the	main	drive	

	

Interviewer:	Can	you	tell	us	more	about	the	lead	times?		Why	machines	and	part	have	different	

delivery	days?	

	

Jacob:	Because	parts	are	always	more	time	sensitive	than	machines.	For	parts	the	maximum	lead	

time	is	48	H.	So	if	you	order	on	a	Monday	you	should	have	it	Wednesday.		

For	machines	it	depends.	The	standard	machines	which	are	what	we	call	a	brown	box,	can	even	

be	delivered	in	one	day	and	highly	customized	machines	in	2	weeks	-	4	weeks.	It	also	depends	on	

the	machine	category.	Vacuum	cleaners	have	the	most	sensitive	delivery	time	requirements.		

	

Interviewer:	 Have	 you	 looked	 into	 warranty	 services?	 What	 kind	 of	 spare	 parts	 are	 mostly	

demanded?	

	

Jacob:	If	a	customer	has	broken	machines	or	parts	the	service	technician	drives	to	the	customer	

and	 maybe	 9/10	 is	 fixed	 on	 the	 customer	 side.	 It	 is	 very	 rare	 that	 you	 have	 the	 machine	

distributed	back	to	the	local	warehouse	or	site	and	then	you	get	it	fixed	there.	But	mostly	the	

higher	demand	is	for	non-critical	parts.	

	

Interviewer:	So	everything	would	be	done	locally.	There	would	be	no	movement	into	EDC.	

	

Jacob:	Yes	but	there	are	also	examples	such	as	a	service	guide	technicians	ordering	parts	that	are	

not	used	so	we	need	to	return	it.	Same	goes	for	the	machines.	This	is	also	what	we	handle	in	the	

local	warehouse,	returns	of	goods.		

	

Interviewer:	What	kind	of	data	can	you	provide	us?	

	

Jacob:	I	can	send	you	high	level	overview	that	I	prepared	using	the	data	collected	by	Torben.		
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Interviewer:	Thank	you.	It	would	also	be	great	to	have	your	fact	sheet.	However	we	will	also	have	

an	Interview	with	Jasper.		

	

Jacob:	That	is	an	extremely	powerful	source,	if	you	can	get	an	interview	from	the	CFO.		

	

Interviewer:	He	was	very	flexible.	I	believe	we	have	no	more	questions	at	the	moment.	We	would	

like	to	thank	you	for	your	time.		

	

Jacob:	You	are	welcome.	You	could	reach	me	again	if	you	need	further	information		
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Appendix 2C. Interview with Jasper 
	

Interviewer	1:	First	I	would	like	to	introduce	you	with	our	research.	Our	main	goal	is	to	create	a	

sustainable	distribution	network	using	Nilfisk	as	a	case	company.		

Our	framework	starts	with	the	main	overall	strategy	based	on	what	the	products	are,	production	

characteristic,	demand	characteristics	and	logistics	capabilities	and	move	to	the	global	logistics	

strategy	 formulation.	 Based	on	 the	 constraints	we	design	 a	distribution	network.	 So	 the	 first	

question	is	what	kind	of	categories	we	can	divide	the	products,	so	then	afterwards,	the	logistics	

can	be	altered	for	specific	product	types	instead	of	just	broad	a	considerations	on	all	of	them	

	

Interviewee:	Thank	you.	It	does	make	sense,	to	follow	such	framework	as	people	who	are	reading	

it	will	be	able	to	evaluate	and	understand	whether	you	guys	made	a	sensible	choice,	or	not.	You	

basically	have	fantastic	knowledge	of	how	we	operate	and	who	we	are	and	what	we	look	like,	

but	if	you	are	sitting	on	the	outside	reading	a	hundred	and	eighty	page	report	then	it’s	important	

that	you	know	a	little	bit	about,	well	how	does	the	company	look	like,	how	does	the	company	

unfold?	What	is	the	demands	and	the	requirements	that	they’re	supposed	to	deliver	to,	and	if	

those	are	the	demands	and	the	requirements,	do	we	then	think	that	what	you	have	suggested	

actually	makes	sense?	Would	it	actually	solve	the	problem	or	is	it	just	going	to	be	pulling	us	in	

the	wrong	direction	so	I	think	that	makes	a	lot	of	sense.	

	

Interviewer	2:	That’s	what	we	were	actually	discussing	about	how	to,	what	are	the	right	things	

to	consider	

	

Interviewee:	Yes!	

	

Interviewee:	And	the	thing	about	distribution,	depending	on	how	it	would	use	the	network.	 I	

mean	fundamentally,	distribution	for	us	is	basically	the	last	leg	of	the	journey	that	is	when	you	

go	from	the	distribution	centre,	transportation	to	the	customer.	So	it	is	not	really	related	around	
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the	planning	side	loosely,	because;	if	you	take	the	planning	side,	it	becomes	the	full	value	chain	

and	how	we	take	the	forecast.	

but	 if	 you	 kind	 of	 look	 at	 the	 distribution	 strategy,	 assuming	we	 have	 the	 product	 on	 hand,	

assuming	we	have	enough,	How	will	we	then	distribute	it	to	our	customers,	and	that’s	when	most	

of	what	you	will	be	looking	at	from	a	company	perspective	is	sent	around	very	few	metrics	and	

the	main	metrics	that	you	have	and	you	are	going	to	discuss	a	bit	further	down	is	what	is	your	

focus,	is	your	focus	based	on	doing	this	common	space	this	cost?		

	

It’s	not	a	matter	of	what	the	customer	wants	at	this	time,	example	what	we	deliver	oil	or	we	

deliver	grain	or	whatever	kind	of	commodity	product,	nobody	wants	to	pay	necessarily	for	getting	

it	one	day	faster,	nobody	wants	to	pay	for	having	it	in	a	special	truck,	so	you	just	need	to	make	it	

efficient.		

The	other	way	of	working	on	this	 is	a	big	difference	each	is	 looking	can	I	 fulfil	 the	customers’	

needs	even	more.	Not	only	do	they	want	machine,	it	is	fantastic	and	it’s	a	great	machine,	but	I	

can	also	actually	deliver	it	to	them	within	the	time	that	they	expect	it.	Amazon	is	the	US	best	

example,	they	are	delivering	products	faster	than	any	means,	 I	mean	why	you	would	need	to	

order	something	and	get	it	the	next	day,	I	mean	that’s	just	because;	you	are	a	bad	planner.		

	

I	also	have	good	example	I	me	a	guy	works	for	expresso,	they	asked	where	are	the	looks	where	

you	can	order	a	coffee	cup	before	10	in	the	morning	and	they	get	delivered	at	your	home	address	

before	12.	And	then	my	question	of	course	was	why?	Why	would	you	do	that?	Why	would	you	

basically	train	customers	for	that	aspiration?	Why	would	you	let	them	get	that	service?	

	

Interviewer	2:	The	framework	for	overall	strategy	formulation	(shared	on	the	meeting	screen)	

has	a	variation	on	the	answers	for	different	questions	and	we	can	commence	the	docile	here,	the	

straighter	the	line	for	questions,	the	more	inline	the	strategy	with	some	sort	of	formulation	of	it.		

And	the	first	question	 is	at	what	stage	your	products	that	you	are	offering,	are	they	 just	been	

introduced,	in	growth	stage,	maturation	or	decline	stage?	
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Interviewee:	Yeah,	I	think	the	difference	will	be	whether	you	are	asking	about	the	market	or	the	

product	because	our	products	go	through	the	life	size	all	the	time	and	we	have	products	in	all	life	

cycles.	But	if	you	are	looking	at	markets	perspective	if	you	can	look	at	our	main	markets	which	it	

Americas	then	it	may	lead	to	primary	western	Europe	and	then	some	parts	of	Asia,	we	add	the	

products	that	we	have	basically	in	a	mature	market,	It’s	not	new	technology	that	we	come	with	

its	slightly	enhanced	technology	but	its	many	years	since	we	invented	the	vacuum	cleaner,	many	

years	 since	we	 actually	 invented	 the	machine	 that	 can	 scrub	 floors,	 its	many	 years	 since	we	

basically	invented	the	burning	shot	in	that	sense.	

	

Interviewer	2:	So	we	thought	that,	maybe	we	can	split	here	into	four	distinctive	categories,	and	

see	one	of	the	volumes	for	each	category.		

	

Interviewee:	The	lowest	volume,	are	outdoor	machines,	basically	a	couple	of	hundred	machines	

a	year,	they	are	also	big	machines	so	they	are	not	shipping	a	lot.		

If	you	then	look	at	some	of	the	other	ones	here,	where	we	then	have	the	next	level	volume,	you	

can	consider	high	pressure	washers.		

Floor	 care	machines	 have	higher	 volumes	 than	high	 pressure	washers	 and	most	 our	 vacuum	

cleaners	 are	 high	 volume,	 industrial	 vacuum	 cleaners.	 But	 basically	 it	 depends	 on	 specific	

machines.	 Some	special	machines,	 are	basically	 installed	 in	an	 industrial	 system	 that	 you	can	

connect	to	a	production	line	

	

Interviewer	1:	Based	on	the	main	product	category	what	are	the	most	customized	or	standard	

product?	

	

Outdoor,	is	a	standard	platform	but	then	you	have	to	select	what	do	you	want	with	it,	the	large	

broom,	the	small	broom	small,	several	different	tools,	straight	broom	do	you	want	the	clear	the	

wheat’s	from	the	floor,	do	you	want	its	made	to	order,	its	more	or	less	made	to	order,	the	size,	

the	colour	and	wheels	you	want.	So	outdoor	machines	are	highly	customised.		
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For	some	high	pressure	washer	the	customization	is	difficult.	The	customized	ones	are	usually	

made	to	order	as	they	need	special	installation	is	customer’s	facility.		

Floor	care	machines	are	also	standard	with	different	ads-on	such	as	chemical	kits,	the	brooms,	

we	can	add	the	strobe	lights	and	different	things	that	the	customer	will	like.		

So,	the	basic	machines	are	the	vacuum	cleaners.	

	

Interviewer	1:	Based	on	the	main	product	category	in	which	stage	of	the	chain	the	value	added	

activities	are	performed.	

	

Interviewee:	Basically	we	 finalise	 the	products	 very	 early,	 for	most	 of	 our	 products	 and	 that	

means	we	have	to	plan	diligently,	what	to	sell,	what	to	do,	and	I	have	the	wrong	thing	I’m	stuck,	

what	we	are	looking	for	here	is	in	5	years;		

The	 lightly	 customised	 machines	 such	 as	 battery	 add	 on,	 lights	 or	 brushes	 instalment	 are	

performed	in	the	DC.	

Now	we	are	working	on	creating	modularized	systems,	but	the	process	is	long	as	it	has	to	start	

from	product	design.	

	

Interviewer	2:	Based	on	the	main	product	category	is	cost	minimization	or	service	levels	more	

important?	

	

Interviewee:	In	some	of	our	channels	for	example	vacuum	cleaners	and	most	of	pressure	washers	

the	focus	 is	on	the	 lower	cost,	but	that	doesn’t	mean	that	we	are	not	 interested	 in	customer	

service,	that	means	if	you’re	not	cost	competitive	you	will	not	be	able	to	compete	in	the	market.		

	

So	it’s	kind	of	if	you	think	about	it	in	poker	terms,	what	will	get	you	to	the	table,	that’s	one	price	

but	probably	to	win	is	another	price,	in	some	of	these	industries	just	being	allowed	to	play	is	a	

prerequisite	and	for	some	of	these	like	in	vacuum	cleaners	you	need	to	have	the	right	cost	and	if	

you	don’t	have	the	right	price	you	don’t	even	get	to	play,	even	if	you	have	the	right	cost	you	can	

still	be	thrown	out	if	you	don’t	deliver	the	right	service.	The	floor	care	machines	are	also	sensitive	

137 of 156

Sustainable Distribution Networks



    
 

to	cost	levels	and	the	price	in	the	market.	So	for	sure	cost	is	basically	number	one,	but	for	the	

outdoors	people	are	willing	to	buy	machines	that	are	100,	200	300	thousand	euros.		

	

So,	 it’s	 not	 necessarily	 a	 cost	 game	 they	 need	 a	machine	 that	 last	 for	 20	 years	 they	 need	 a	

machine	that	can	basically	clean	the	streets,	they	need	a	machine	that	is	effective	and	doesn’t	

spend	too	much	labour	hours	is	easy	assured	that	doesn’t	break	down	easily	on	the	second	day.		

It	is	course	important	for	us	to	satisfy	the	customer,	but	there	is	a	heightened	rule	that	we	cannot	

just	increase	cost,	we	cannot	just	make	it	more	expensive,	we	cannot	run	more	warehouses	and	

faster	transportation,.	

	

Interviewer	2:	Based	on	the	main	product	category	what	is	the	relative	delivery	time?	

	

Interviewee:	The	most	sensitive	items	are	spare	parts,	as	they	need	to	be	shipped	faster	to	the	

customer,	or	lower	the	cost	of	shipping	as	low	as	possible.	The	customers	don’t	necessarily	pay	

for	the	freight;	it’s	usually	paid	by	us.	So,	for	them,	it’s	not	even	a	consideration.	

	

However	we	were	 testing	 for	 example,	What	 if	 the	 costumer	 have	 to	 decide	what	mode	 of	

transport	to	use.	The	choices	were	postal	services,	or	ups/fed	ex	and	funny	enough	when	you	

just	have	the	choice	nobody	wants	postal,	everybody	wants	us	or	fed	e.	When	we	just	remove	

the	choice	and	say	we	are	just	going	to	do	US	postal,	we	didn’t	get	a	lot	more	complaints	because;	

people	didn’t	have	the	choice.		

So,	it	was	actually	a	possibility	then	we	did	the	third	test.	We	offer	again	postal	services	and	fed	

ex	but	an	extra	was	added.		The	fee	was	much	smaller	than	what	it	actually	cost	to	use	fed	ex.	

What	happened	of	course	is	that	more	of	our	customers	just	default	to	US	postal,	because	even	

with	the	small	fee,	7	or	10	euros,	they	still	believe	well	if	I’m	not	getting	it	for	free	then	I	can	wait	

another	day	for	the	postal	service.	
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If	you	consider	the	standard	machines,	they	are	delivered	in	one	or	two	days,	up	to	1	or	2	weeks	

for	some	of	our	medium	sized	machines	and	if	you	are	looking	for	an	outdoor	machine,	which	

are	made	to	order	then	we	are	talking	months.	

	

Interviewer	1:	Based	on	the	main	product	category	what	is	the	demand	uncertainty?	

	

Interviewee:	If	you	think	in	terms	of	products	categories	I	would	say	that	vacuum	cleaners	have	

the	most	 predictable	 demand.	 However	 it	 is	 kind	 of	 interesting	 to	 note	 that	 higher	 volumes	

product	such	as	floor	care	have	an	uncertain	demand.	If	you	look	at	our	ability	to	forecast	sales	

is	quite	 low.	 In	terms	of	high-pressure	washers	 it	really	depends	on	the	product	type	and	the	

customization	levels.	

For	lower	demand	products	market	itself	has	high	complexity	and	it’s	difficult	to	work	in	theory.	

	

Interviewee:	Yeah,	we	can	say	what	we	have	is	configuration	at	the	different	sites,	as	to	ask	the	

workshop	we	had	 in	 Brondy	 and	 the	workshop	we	have	 in	Arkansas	 but	 it’s	mostly	 on	 large	

machines,	and	that	will	do	with	lots	of	machines	we	don’t	configure	vacuums	we	don’t	configure	

what	is	basically	high	pressure	washers,	they	are	shipped	as	they	are.	

	

Interviewer	 1:	 Based	 on	 the	 main	 product	 category	 can	 high	 economies	 of	 scales	 in	

manufacturing	and	logistics	activities	be	achieved?	Does	Nilfisk	poses	special	capabilities	in	these	

activities?		

	

Interviewee:	 it’s	 always	 depends	 how	 what	 you	 consider	 high,	 We	 have	 capabilities	 for	

manufacturing	scale	in	our	plans	and	that	is	why	we	are	also	reorganising	our	production	food	

print	and	now	centralising	similar	products	at	same	factories	so	we	can	maximise	the	economies	

of	scale	products	that	are	similar.	

	

The	logistic	capabilities,	if	I	define	that	as	distribution	to	warehousing	and	transport	to	the	final	

costumers	 then,	 everything	 we	 have	 on	 transportation	 is	 outsourced.	 Everything	 is	 done	 by	
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external	partners	we	don’t	have	our	own	trucks,	we	are	not	experts	in	that	category	why	should	

we	have	that.		

	

Interviewer	1:	Are	other	logistics	activities	outsourced?	

	

If	you	are	talking	about	warehousing	it	is	a	mix	and	that’s	sometimes	it	is	a	matter	of	history,	so	

that’s	basically	that	we	always	have	it	and	it	works	well,	in	other	cases	it	is	basically	a	decision	we	

make.	 If	 we	 could	 establish	 a	 warehouse,	 first	 of	 all	 it	 was	 most	 appropriate	 to	 place	 it	 in	

Germany.	 German	 labour	 laws	 and	 regulations	 are	 not	 that	 flexible	 and	 that	 means	 that	

realistically	 we	 will	 not	 be	 having	 an	 advantage	 running	 our	 own	 site.	 So	 it	 such	 cases	 the	

warehouse	activities	are	also	outsourced.	At	the	end	of	the	day	it	comes	to	the	cost	sequence	

and	services.	Do	we	believe	that	you	can	do	a	better	service	than	we	can.		

	

Interviewer	1:	Our	last	questions	has	to	do	with	the	product	characteristics	of	each	category?	

(The	frameworks	presented	 in	the	screen).	From	the	previous	answers	and	the	BI	data	we	can	

answer	the	questions	of	the	first	matrix.	(primary	product	characteristics	matrix).	

	

Interviewee:	Yes,	basically	looking	at	those	three	questions	I	can	say	that	Nilfisk	is	a	global	brand.	

We	 have	 a	 wide	 range	 of	 products	 offering	 under	 different	 lines,	 but	 as	 a	 brand	 name	 and	

acknowledgement,	it	is	global.	The	peripherals,	if	you	are	considering	the	labelling	and	package,	

what	we	do	is	together	with	the	product	we	add	an	CD	or	stick	containing	manuals,	and	other	

information	necessary	for	the	clients.	We	basically	use	23	different	languages.	The	formulation,	

if	you	are	talking	about	power	plugs	or	engine	requirement,	they	differ	according	to	the	market	

the	machines	are	delivered.		

	

	

END	
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Appendix 3. Data preparation workflows
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Appendix 4. Location coordinates and weighted CoG analysis

Center of Gravity for Vacuum cleaners

Country Latitude Longitude
Orders 
count

Approx. distance to 
CoG (km)

Albania 41.153332 20.168331 1 5087
Andorra 42.506285 1.521801 13 4721
Austria 47.516231 14.550072 1972 5516
Belarus 53.709807 27.953389 17 6721
Belgium 50.503887 4.469936 2216 5628
Bosnia-Herz. 43.915886 17.679076 1 5255
Bulgaria 42.733883 25.48583 83 5523
Croatia 45.1 15.2 61 5283
Cyprus 35.126413 33.429859 1 5383
Czech Republic 49.817492 15.472962 1086 5790
Denmark 56.26392 9.501785 6122 6334
Estonia 58.595272 25.013607 144 7072
Faroe Islands 61.892635 -6.911806 34 6913
Finland 61.92411 25.748151 1958 7444
France 46.227638 2.213749 15324 5137
Germany 51.165691 10.451526 25509 5797
Greece 39.074208 21.824312 443 4968
Hungary 47.162494 19.503304 1118 5665
Iceland 64.963051 -19.020835 65 7514
Ireland 53.142367 -7.692054 635 5960
Italy 41.87194 12.56738 4364 4853
Kosovo 42.602636 20.902977 1 5267
Latvia 56.879635 24.603189 36 6879
Lithuania 55.169438 23.881275 86 6673
Luxembourg 49.815273 6.129583 205 5571
Macedonia 41.608635 21.745275 13 5211
Malta 35.937496 14.375416 2 4296
Moldova 47.411631 28.369885 10 6133
Monaco 43.738418 7.424616 2 4924
Montenegro 42.708678 19.37439 9 5206
Netherlands 52.132633 5.291266 4068 5816
Norway 60.472024 8.468946 3762 6778
Poland 51.919438 19.145136 2281 6142
Portugal 39.399872 -8.224454 1055 4468
Romania 45.943161 24.96676 20 5804
Russian Fed. 55.75935 39.35734 1080 7576
San Marino 43.94236 12.457777 5 5070
Serbia 44.016521 21.005859 39 5414
Slovakia 48.669026 19.699024 8 5828
Slovenia 46.151241 14.995463 105 5386
Spain 40.463667 -3.74922 4222 4511
Sweden 60.128161 18.643501 4455 6988
Switzerland 46.818188 8.227512 4087 5276
Turkey 38.963745 35.243322 327 5832
Ukraine 48.379433 31.16558 67 6388
United Kingdom 55.378051 -3.435973 7448 6159

Center of Gravity: 50.68876 9.03987 94560 5,763                     

<<--- Weighted 
Average Distance
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Center of Gravity for Vacuum cleaners

Country Latitude Longitude
Orders 
count

Approx. distance to 
CoG (km)

 107113Russia 55.79295 37.666146 8 188
 127015Russia 55.798781 37.581731 956 197
 141200Russia 55.995473 37.865711 22 168
 141580Russia 56.013428 37.348971 28 225
 199155Russia 59.952847 30.243251 16 1114
 236006Russia 54.709713 20.553812 5 2090
 350012Russia 45.079974 38.900043 5 1186
 610030Russia 58.647903 49.735442 5 1196
 620030Russia 56.816791 60.724427 5 2375
 660121Russia 55.966571 92.870106 6 5940
 664540Russia 52.438805 104.456676 24 7235

Center of Gravity: 55.7594 39.3573 427                        

<<--- Weighted 
Average Distance
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Center of Gravity for Floor care

Country Latitude Longitude
Orders 
count

Approx. distance to 
CoG (km)

Andorra 42.506285 1.521801 18 1128
Austria 47.516231 14.550072 718 803
Belarus 53.709807 27.953389 3 2254
Belgium 50.503887 4.469936 1667 383
Bulgaria 42.733883 25.48583 60 2128
Croatia 45.1 15.2 54 1000
Czech Republic 49.817492 15.472962 563 841
Denmark 56.26392 9.501785 2630 674
Estonia 58.595272 25.013607 34 2104
Faroe Islands 61.892635 -6.911806 5 2082
Finland 61.92411 25.748151 970 2357
France 46.227638 2.213749 10433 784
Germany 51.165691 10.451526 7010 294
Greece 39.074208 21.824312 316 1991
Hungary 47.162494 19.503304 643 1335
Iceland 64.963051 -19.020835 46 3399
Ireland 53.142367 -7.692054 413 1759
Italy 41.87194 12.56738 2079 1078
Latvia 56.879635 24.603189 27 1987
Lithuania 55.169438 23.881275 45 1849
Luxembourg 49.815273 6.129583 98 209
Macedonia 41.608635 21.745275 15 1819
Malta 35.937496 14.375416 2 1758
Moldova 47.411631 28.369885 3 2294
Monaco 43.738418 7.424616 1 742
Netherlands 52.132633 5.291266 1240 349
Norway 60.472024 8.468946 1968 1120
Poland 51.919438 19.145136 1473 1258
Portugal 39.399872 -8.224454 429 2168
Russian Fed. 55.80026 37.58012 724 3347
Serbia 44.016521 21.005859 21 1616
Slovenia 46.151241 14.995463 31 916
Spain 40.463667 -3.74922 2106 1701
Sweden 60.128161 18.643501 1978 1607
Switzerland 46.818188 8.227512 1027 399
Turkey 38.963745 35.243322 446 3288
Ukraine 48.379433 31.16558 14 2590
United Kingdom 55.378051 -3.435973 4653 1376

Center of Gravity: 50.40098 7.91704 43963 1,002                     

<<--- Weighted 
Average Distance

Center of Gravity for Floor care in Russia

Country Latitude Longitude
Orders 
count

Approx. distance to 
CoG (km)

 127015russia 55.798781 37.581731 719 0
 141580russia 56.013428 37.348971 5 35

Center of Gravity: 55.8003 37.5801 -                         

<<--- Weighted 
Average Distance
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Center of Gravity for High-pressure washers

Country Latitude Longitude
Orders 
count

Approx. distance to 
CoG (km)

Andorra 42.506285 1.521801 7 1246
Austria 47.516231 14.550072 451 792
Belarus 53.709807 27.953389 31 2176
Belgium 50.503887 4.469936 740 456
Bosnia-Herz. 43.915886 17.679076 3 1307
Bulgaria 42.733883 25.48583 25 2111
Croatia 45.1 15.2 36 1013
Czech Republic 49.817492 15.472962 418 791
Denmark 56.26392 9.501785 2075 563
Estonia 58.595272 25.013607 40 2004
Faroe Islands 61.892635 -6.911806 15 2076
Finland 61.92411 25.748151 383 2249
France 46.227638 2.213749 4523 897
Germany 51.165691 10.451526 4717 217
Greece 39.074208 21.824312 206 2007
Hungary 47.162494 19.503304 282 1304
Iceland 64.963051 -19.020835 15 3411
Ireland 53.142367 -7.692054 158 1809
Italy 41.87194 12.56738 367 1139
Latvia 56.879635 24.603189 12 1892
Lithuania 55.169438 23.881275 86 1760
Luxembourg 49.815273 6.129583 15 310
Macedonia 41.608635 21.745275 3 1821
Moldova 47.411631 28.369885 18 2247
Netherlands 52.132633 5.291266 806 368
Norway 60.472024 8.468946 1880 1019
Poland 51.919438 19.145136 401 1183
Portugal 39.399872 -8.224454 172 2278
Romania 45.943161 24.96676 52 1922
Russian Fed. 55.66806 53.56423 335 5025
Serbia 44.016521 21.005859 30 1606
Slovenia 46.151241 14.995463 43 919
Spain 40.463667 -3.74922 1027 1815
Sweden 60.128161 18.643501 1155 1493
Switzerland 46.818188 8.227512 1030 498
Turkey 38.963745 35.243322 14 3269
Ukraine 48.379433 31.16558 31 2536
United Kingdom 55.378051 -3.435973 1798 1401

Center of Gravity: 51.29542 8.50291 23400 935                        

<<--- Weighted 
Average Distance
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Center of Gravity for High-pressure washers in Russia

Country Latitude Longitude
Orders 
count

Approx. distance to 
CoG (km)

 107113Russia 55.79295 37.666146 49 1765
 127015Russia 55.798781 37.581731 110 1774
 141580Russia 56.013428 37.348971 6 1800
 199155Russia 59.952847 30.243251 22 2632
 236006Russia 54.709713 20.553812 7 3666
 350012Russia 45.079974 38.900043 8 2008
 610030Russia 58.647903 49.735442 43 539
 620030Russia 56.816791 60.724427 16 805
 660121Russia 55.966571 92.870106 19 4363
 664540Russia 52.438805 104.456676 55 5660

Center of Gravity: 55.6681 53.5642 2,455                     

<<--- Weighted 
Average Distance
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Center of Gravity for Outdoor machines

Country Latitude Longitude
Orders 
count

Approx. distance to 
CoG (km)

Austria 47.516231 14.550072 6 792
Belgium 50.503887 4.469936 7 532
Bulgaria 42.733883 25.48583 1 2099
Czech Republic 49.817492 15.472962 12 757
Denmark 56.26392 9.501785 131 474
Finland 61.92411 25.748151 11 2158
France 46.227638 2.213749 74 992
Germany 51.165691 10.451526 299 186
Greece 39.074208 21.824312 4 2021
Hungary 47.162494 19.503304 6 1283
Ireland 53.142367 -7.692054 1 1859
Italy 41.87194 12.56738 3 1193
Netherlands 52.132633 5.291266 13 413
Norway 60.472024 8.468946 29 940
Poland 51.919438 19.145136 9 1125
Portugal 39.399872 -8.224454 1 2371
Russian Fed. 55.79878 37.58173 3 3199
Spain 40.463667 -3.74922 26 1911
Sweden 60.128161 18.643501 28 1397
Switzerland 46.818188 8.227512 14 584
Turkey 38.963745 35.243322 1 3252
Ukraine 48.379433 31.16558 1 2492
United Kingdom 55.378051 -3.435973 36 1431

Center of Gravity: 52.01936 9.01469 716 649                        

<<--- Weighted 
Average Distance

Center of Gravity for Outdoor machines in Russia

Country Latitude Longitude
Orders 
count

Approx. distance to 
CoG (km)

127015 Russia 55.798781 37.581731 3 0

Center of Gravity: 55.7988 37.5817 -                         

<<--- Weighted 
Average Distance

147 of 156

Sustainable Distribution Networks



Center of Gravity for Spare parts

Country Latitude Longitude
Orders 
count

Approx. distance to 
CoG (km)

Albania 41.153332 20.168331 13 1613
Andorra 42.506285 1.521801 210 1191
Austria 47.516231 14.550072 27345 701
Belarus 53.709807 27.953389 634 2150
Belgium 50.503887 4.469936 33995 491
Bosnia-Herz. 43.915886 17.679076 90 1207
Bulgaria 42.733883 25.48583 1185 2025
Croatia 45.1 15.2 1782 909
Cyprus 35.126413 33.429859 67 3203
Czech Republic 49.817492 15.472962 23023 733
Denmark 56.26392 9.501785 79692 664
Estonia 58.595272 25.013607 2398 2012
Faroe Islands 61.892635 -6.911806 233 2174
Finland 61.92411 25.748151 17526 2272
France 46.227638 2.213749 224215 868
Germany 51.165691 10.451526 332943 198
Greece 39.074208 21.824312 9854 1902
Hungary 47.162494 19.503304 15105 1229
Iceland 64.963051 -19.020835 803 3499
Ireland 53.142367 -7.692054 7353 1867
Italy 41.87194 12.56738 52031 1022
Kosovo 42.602636 20.902977 16 1585
Latvia 56.879635 24.603189 879 1891
Liechtenstein 47.166 9.555373 54 357
Lithuania 55.169438 23.881275 3143 1749
Luxembourg 49.815273 6.129583 1837 311
Macedonia 41.608635 21.745275 377 1723
Malta 35.937496 14.375416 136 1708
Moldova 47.411631 28.369885 78 2186
Monaco 43.738418 7.424616 56 747
Montenegro 42.708678 19.37439 44 1438
Netherlands 52.132633 5.291266 54039 448
Norway 60.472024 8.468946 39224 1129
Poland 51.919438 19.145136 30375 1152
Portugal 39.399872 -8.224454 7134 2253
Romania 45.943161 24.96676 454 1849
Russian Fed. 55.68741 40.98255 14144 3612
San Marino 43.94236 12.457777 4 810
Serbia 44.016521 21.005859 573 1516
Slovakia 48.669026 19.699024 358 1214
Slovenia 46.151241 14.995463 2743 820
Spain 40.463667 -3.74922 53397 1778
Sweden 60.128161 18.643501 51695 1536
Switzerland 46.818188 8.227512 45672 395
Turkey 38.963745 35.243322 11339 3185
Ukraine 48.379433 31.16558 957 2482
United Kingdom 55.378051 -3.435973 71832 1479

Center of Gravity: 50.3108 8.88785 1221057 856                        

<<--- Weighted 
Average Distance

148 of 156

Sustainable Distribution Networks



Center of Gravity for Spare parts in Russia

Country Latitude Longitude
Orders 
count

Approx. distance to 
CoG (km)

 107113Russia 55.79295 37.666146 429 368
 127015Russia 55.798781 37.581731 11346 378
 141200Russia 55.995473 37.865711 36 348
 141580Russia 56.013428 37.348971 461 405
 142500Russia 55.786798 38.606017 4 264
 199155Russia 59.952847 30.243251 480 1283
 236006Russia 54.709713 20.553812 119 2270
 350012Russia 45.079974 38.900043 206 1200
 610030Russia 58.647903 49.735442 166 1026
 620030Russia 56.816791 60.724427 157 2195
 660121Russia 55.966571 92.870106 147 5760
 664540Russia 52.438805 104.456676 593 7055

Center of Gravity: 55.6874 40.9826 14144 801                        

<<--- Weighted 
Average Distance
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Appendix 5. Carter et al Social factors 

 

 

150 of 156

Sustainable Distribution Networks



Source: Carter et al, Journal of Business Logistics, Vol.23, No.1, 2002, pp. 155-156. 
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