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Abstract 
There is an increasing number of construction products that are manufactured globally 
through complex supply chains. The results of this is that quality requirements are increasing 
and the construction industry look towards ways to reassure the sustainability of the materials 
in their supply chains. The aim of this study is to explore how the new blockchain technology 
may be used to meet today´s and future requirements of the construction industry and analyze 
the potential consequences of using the technology. Our work examine how the blockchain 
technology can support supply chain transparency and material traceability. 

To explore and analyze how the technology may affect the supply chain of a specific material 
a case study has been carried out. The task has been focused on how a specific material is 
handled throughout a suppliers supply chain, from where it originates until final use by a 
contractor. A hypothetical supply chain has been set-up and analyzed in terms of 
transparency, traceability and the potential consequences of using the blockchain technology. 
We have specifically focused on how the blockchain system could be set-up, who should own 
the blockchain system and what are the sustainable aspects of using blockchain.  

The conclusion is that blockchain technology can improve the transparency throughout the 
entire supply chain. However the need for a complementary technology is needed in order to 
handle all the problems with traceability. One example of this complementary technology is 
RFID tagging. Furthermore, some of the consequences that has been identified are; it 
improves the way to handle supply chain documentation, the reputation of the industry 
improves, the possibility to remove third party organs increases.  

  



 

II 

 

Examensarbete 
 

  

  Titel Blockkedjeteknik i byggindustrin – Transparens 
och spårbarhet i leverantörsledet.  

Författare Michael Hultgren och Fredrik Pajala 
Institution 
Examensarbete Master nivå 

Fastigheter och Byggande 
TRITA-ABE-MBT-18241 

Handledare Tina Karrbom Gustavsson 
Nyckelord Leverantörsleden, byggindustrin, 

blockkedjeteknik, transparens, spårbarhet, 
kvalitetshantering, digitala hjälpmedel 

   
 
Sammanfattning 
 
Med ökat antal byggmaterial som tillverkas genom globala komplexa försörjningskedjor ökar 
kvalitetskraven inom byggbranschen samt behovet att säkerställa hållbarheten hos dessa 
material. Syftet med denna studie är att bedöma hur blockkedjeteknik kan användas för att 
säkerställa dagens och framtidens krav på byggindustrin och analysera dess potentiella 
konsekvenser vid ett användande av tekniken. Detta arbete undersöker följaktligen hur 
blockkedjeteknik kan stödja transparens och spårbarhet i leverantörsledet. 

För att analysera hur tekniken kan påverka en typ av byggmaterial har en fallstudie utförts i 
syfte att kartlägga ett leverantörsled. Fallstudien har fokuserat på hur materialet hanteras, från 
dess ursprung tills att det anländer till byggarbetsplatsen. En hypotetisk leverantörskedja har 
konstruerats och analyserats i termer av transparens, spårbarhet och vilka olika konsekvenser 
det kan medföra. Vi har speciellt fokuserat på hur blockkedjesystemet kan konstrueras, vem 
som ska äga systemet och hållbara aspekter.  

Slutsatsen är att blockkedjeteknik kan öka transparensen genom hela leverantörsledet. Det 
finns emellertid ett behov av komplimenterande teknik att lösa spårbarhet. Ett exempel på 
denna komplimenterande teknik är RFID taggning. Slutligen har ett antal konsekvenser 
fastställts vid ett användande som är; hanteringen av dokumentationen förbättras, ryktet inom 
industrin förbättras och möjligheten att ersätta tredjepartsorgan ökar.  
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1 Introduction 

This first chapter will give the background information about the research question in order 
to give a deeper insight into the subject. A purpose has been formulated with its main and 
submain research questions in order to get a greater understanding of the study. Along with 
these points an outline is formulated and an explanation of the delimitations of the study is 
found in this section.   

 

1.1 Background 
There are a large number of construction products that are manufactured globally through 
complex supply chains that extend to all parts of the world (Koren, 2010). It varies how, when 
and from where these products originate and are used in different projects. With increasing 
complex construction projects along with increasing quality demands the industry look 
towards ways to reassure the sustainability of the materials throughout the supply-chain 
(Pryke, 2009). The way to achieve these parameters could be supported by digital tools. The 
focus of these tools would mainly need to improve the traceability and transparency in order 
to verify the quality of the materials (Čuš-Babič et al, 2014). By using new developed 
technologies one could find ways to meet the requirements that the construction industry 
have.   

A relatively new technology that might meet these criteria is the blockchain technology 
(Loop, 2018). This technology is essentially a distributed database of records, digital events or 
public ledger of several transactions that are executed and shared among the current 
participants (Crosby et al, 2016). The idea of using blockchain is to relinquish the need for a 
third party in any type of transactions. Instead each transaction in a public ledger is verified 
by the majority of the participants or nodes in the system. The beneficial aspect of the 
blockchain technology is that once the transactions have been verified the content cannot be 
modified (Turk et al, 2017). In order to make sure that the system is secure all of the history 
of the data is recorded and protected with a cryptographically strong digital signature 
(Abeyratne et al, 2016). This makes it difficult to tamper data and generates a higher 
transparency level with the verification system (Turk et al, 2017). 

The blockchains technology of increasing traceability and making it difficult to falsify 
information could be a digitalized way to help ensure sustainability in the complex supply-
chains. By using this technology one could verify where materials originate, are manufactured 
and how they are handled. The verification system of a public ledger could increase the 
transparency which could counteract e.g. corruption, child labor, falsified certifications etc. 
This could in turn help each purchaser in the construction industry to identify proper 
suppliers. Therefore, the aim of this study is to examine if the blockchain technology can 
support supply chain transparency and material traceability along with its possible 
consequences.  
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1.2 Purpose 
The purpose of this research is to investigate how blockchain as a new developed technology 
can support the transparency and traceability requirements that the construction industry have. 
The idea of carrying out the research is to set-up a potential supply chain with the blockchain 
technology in order to analyze it in terms of transparency and traceability.  

	

1.3 Research questions  
In this section the research question is verbalized and certain sub questions that the study also 
answers. 

Main question:  

How can the blockchain technology support supply chain transparency and material 
traceability and what are the possible consequences?  

 

Sub-questions:  

How can a hypothetical supply chain be set-up with the help of blockchain technology?  

 

What consequences or effects could the technology have in a social, economic and ecological 
sustainable perspective?  

 

1.4 Delimitations 
In any type of construction project there are a lot of materials handled and purchased for the 
entire project. In this study we have chosen to narrow down the study to one material and 
examine if blockchain technology could be applied for that specific materials supply chain. 
One delimitation in this study is that we have chosen to view the supply chain from the 
contractors perspective. The main idea of this study is not to create a pilot program but rather 
to give some conditions for future pilot studies on the topic.  

Moreover, this study have not been focused on explaining how the blockchain technology 
works in detail but rather to give a fundamental understanding of the technology in order to 
combine it with a specific supply chain. There are a lot of different aspects to analyze when it 
comes to problems in supply chains in the construction industry. However, in order to avoid 
drifting away from the main question the study has been delimited to focusing on the 
transparency and traceability problems in the supply chains. 
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1.5 Outline 
 

Chapter Topic Description 

1 Introduction The first chapter contains the 
background to our research 
question, purpose and 
delimitations in the study.  

2 Literature review  The second chapter explains 
previous research and articles 
related to supply chain 
management and what other 
industries have found in 
regards of blockchain in 
supply chains.  

3 Theoretical framework The third chapter explains 
the three concepts 
transparency, traceability and 
blockchain. The idea of this 
chapter is to give the reader 
an understanding of how to 
view these concepts 
throughout the study. 

4 Method The fourth chapter includes 
the research methodology 
and the approaches that have 
been used in the study. 

5 Case study The fifth chapter describes 
the two companies that we 
have founded our case study 
on.  

6 Findings The sixth chapter contains 
the findings in the case study. 
Describing the supply chain 
for wood in windows along 
with requirements for the 
product throughout the 
supply chain.  

7  Analysis  The seventh chapter consists 
of two parts. The first part 
combines the blockchain 
theory with the existing 
supply chain for wood in 
windows. It explains our 
created supply chain that 
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includes blockchain 
technology. The second part 
is an analysation and 
discussion of the set-up 
supply chain in terms of 
transparency, traceability and 
potential consequences.  

8  Conclusion The eighth chapter presents 
the conclusions and answers 
to the research question. 
Along with these conclusions 
a suggestion for future 
studies is provided. 
 

9 Appendix Appendix A provides an 
explanation of RFID tagging 
which is a complementary 
technology to blockchain in 
order to handle traceability 
issues.  

10 References A list of the references that 
have been used in the study.  
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2 Literature review  

The idea of this section is to give the readers an understanding of what previous research and 
articles have found in regards of supply chain management and supply chains that includes 
blockchain in other industries. In this section we have firstly reviewed literature that explains 
different concepts regarding supply chain management in construction industry. This in turn 
will act as the context for our entire study.  

Secondly, we have reviewed research papers and articles regarding blockchain technology in 
supply chains of other industries. By understanding previous research in other industries for 
this topic it will give an understanding if the technology could help the construction industry 
in a similar way.  

 

2.1 Supply chains in construction industry 
The main idea within a construction project is to have a team of various actors come together 
in order to build a specific object for a specific client. For this specific project the typical 
supply chain include architects, engineers, main contractors, subcontractors, consultants and 
material suppliers. It is important to understand that except for the architect, engineers or 
other construction professionals whose fees are negotiated, the “low bid wins” which is the 
pricing model that repeats itself in each link of the supply chain (Behera et al, 2015).  

The construction industry is a project-based industry where the end customers have different 
preferences and requirements regarding products (Vrijhoef, 2005). This creates a demand for 
quality control from the beginning to the end. This means that the specific project 
organization may have the opportunity to choose its own resources and materials, which in 
turn creates unique supply chains that need to be reorganized for each project (Pryke, 2009).  

The combination of a new project and a competitive bidding process for each material 
supplier creates short-term relationships, poor information exchange and no motivation for 
common learning. However, the industry has recently changed its strategies and attempts to 
adopt models in supply chain management from the process industry. The parameters for 
procuring new suppliers have been focused more on value-creating sourcing, common 
innovative solutions, common learning and efficiency, measurement of supplier performances 
and their own ability to develop innovative solutions. This transition has generated the 
Construction Supply Chain Management revolution (CSCM), which allows significant 
improvements in customer and stakeholder value and/or reductions in the total cost of the 
project (Behera et al, 2015). 

 

2.1.1 The need of digitalization in construction projects 
The construction industry can improve immensely when it comes to digitalization. One 
example of lack of digitalization was found in a case study at a larger construction company. 
The findings indicated that there are insufficiencies in traceability and communication 
through the supply-chain. This coordination was basically managed by telephone, mail and 
documentation on paper. By consolidating project documentation and integrating it into the 
supply-chain, the coordination for this process would improve the efficiency of logistics and 
overall project tracking (Čuš-Babič et al, 2014). This resulted in two specific goals in the 
short term: 
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(1) Project progress monitoring should be improved within a new system, and (2) the building 
components’ statuses should cover the prefabrication processes. The conclusion was that this 
contributes to better transparency in the flow of information and adds value to the supply-
chain in construction projects (Čuš-Babič et al, 2014). One way of trying to solve these issues 
could be through using new technologies such as blockchain technology. 

 

2.1.2 Supply Chain Management 
The term Supply Chain Management (SCM) refers to the process of all stages from raw 
material to final product. This includes procurement, production planning, ordering, 
inventory, transportation, storage and customer service. It is usually an ongoing process for 
products that are manufactured or purchased repeatedly. At the same time, the concepts of 
logistics and SCM can be confusing when viewed as overlapping and defined differently 
within organizations (Pryke, 2009). 

Martin Christopher (2011) clarifies that SCM is a broader concept that includes elements that 
are not typically included in a definition of logistics, such as information systems as well as 
the integration and coordination of planning and control activities. The two different concepts 
can be described as;  

1) Logistics is a planning orientation and framework that seeks to create a single plan for 
the flow of products and information through business with an intra-organizational 
perspective.  

2) Supply chain management is built upon this framework and seeks to achieve linkage 
and coordination between the processes of other entities in the pipeline with an inter-
organizational perspective (Christopher, 2011).  
 

2.1.3 Supplier-buyer relationships and supplier evaluation 
Inter-organizational relationships and their impact on corporate performance have been 
studied for a long time in various literatures, showing that strong exchange relationships, 
provide better performance for both parties. It's not just about meeting the current material 
and service requirements (Autry, 2009). Suppliers become more important in organizations 
business chains and there is an increasing need to objectively assess the supplier’s 
capabilities. The purchaser wants to know if the supplier can meet the needs of the company 
in a longer and larger perspective (Weele, 2014). To evaluate the potential of a probable 
supplier, Weele (2014) states that the supplier assesses on four levels: 

1. Product Level. Perform arrival checks and quality checks to determine that the 
incoming goods meet the requirements of the product. 

2. Process level. This is not about the specific product, but the supplier's production 
process is evaluated in detail. The reason is that the product's quality is strongly linked 
to the supplier's production processes and if the supplier uses regular quality 
procedures, the product will be manufactured according to the standards and 
specifications determined. 

3. Level of quality assurance. Checking the quality control procedures. 
4. Company level. Economic aspects of the supplier as a company for how competitive 

the supplier can be in the future. 
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2.1.4 Supply Quality Management 
Supplier Quality Management (SQM) is an important function in the construction industry. 
Many construction organizations spend a lot of resources on using quantitative analysis in 
order to choose effective SQM methods that ensure that materials for the construction project 
are within quality specifications (Almaian, 2015). When assessing suppliers, consideration is 
often given to qualitative conditions. However, the question is how quality actually is 
defined? There are several different definitions but according to Weele (2014) the definitions 
is: 

"Quality is based on the extent to which the buyer requirements are met. You can talk about a 
quality product when the buyer agrees with the requirements and when these requirements are 
met” (Weele, 2014, p.374).  

The requirements of this definition may relate to the technical or sustainable characteristics of 
a product or service. Most major companies establish quality programs in order to change 
how people think of quality, including quality management focused on ensuring that 
requirements are met and they are verified objectively. In the transaction between buyer and 
supplier, Weele (2014) states that one must agree on: 

• The basic conditions of the transaction  
• The way in which the requirements are met  
• How to check that the requirements have been met 
• What to do if the requirements or expectations are not met 

 

2.1.5 Purchasing strategies with Kraljic matrix 
In order to understand the complexity of material supply chains in the construction industry 
one have to understand that every material can be viewed differently in a strategic aspect. 
This section explains how products are viewed from a strategic aspect and how the aspect 
could vary depending on the circumstances.  

Kraljic matrix is a model that classifies purchasing strategies for different types of products. 
In the matrix, products are divided into four different categories, which are non-critical, 
leverage, bottleneck and strategic products see figure 1. below. These four categories are 
placed in a matrix consisting of two dimensions: Profit Impact (cost) and Supply Risk. 
Higher-cost products have a higher Profit Impact, which is characterized by their core 
products or direct production materials. Higher risk products have higher Supply Risk, these 
are characterized by the fact that there are few suppliers, high complexity and high logistics 
costs for the product. 

Since Kraljic introduced this theory, purchasers have changed focus from lowest purchase 
cost to lowest total cost throughout the buyer-supplier relationship (Bildsten, 2014). 
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 Figure 1. Kraljic matrix, Inspired by: (Bildsten, 2014) 

 

Non-critical Items have low profit impact and low risk impact. A problem with this category 
is that the handling of the products can cost more than the product itself (Bildsten et al, 2010). 
In a construction project, this refers to project-unique products where the choice of materials 
is decided at an early stage between architects and project developers, products are for 
example kitchen shutters (Bildsten, 2014). 

Bottleneck items have low profit impact but high risk impact. This category is characterized 
by the fact that an unnecessary balance of power can arise at the advantage of the supplier, 
therefore companies should avoid buying from this category (Bildsten et al, 2010). In 
construction projects, service and assembly of various products at the construction site belong 
to this category. Therefore, it can usually be difficult to know in advance how much material 
is needed for the project. In order to provide the project with this material these purchasing 
decisions are taken mainly on-site (Bildsten, 2014). 

Leverage items have high profit Impact but low risk impact. They are characterized by the 
fact that they are often bought in larger volumes and that there are several suppliers to choose 
from. This means that the price of the product and the logistics of how the goods are handled 
are important (Bildsten et al, 2010). In a construction project, this does not include project-
unique products; examples of these products are plasterboards or insulation. The material is 
purchased in a decentralized manner and directly when the projects need it. The products 
come from established suppliers through centrally negotiated agreements (Bildsten, 2014). 

Strategic items have high profit impact and high risk impact. This category is characterized by 
high complexity and that there are few suppliers to choose from based on long-term 
relationships between the contractor and the supplier. This is due to the fact that the products 
are often customized; require a comprehensive claim and well-written contract between the 
parties (Bildsten et al, 2010). This category is characterized by the fact that the supplier can 
add value to the project by changing the profit impact. In construction projects, this category 
is characterized by windows, electrical installations and supporting structure elements 
(Bildsten, 2014). 
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2.2 Supply chains with blockchain technology in other industries  
Abeyratne and Monfared (2016) made a fictitious study scenario on the blockchain 
technology of the manufacturing supply chain for a cardboard box. This supply chain 
consisted of seven stages: Forestry, Paper Manufacturer, Box Manufacturer, Product Filler, 
Distributor, Retailer and Waste Recycling. At each stage, approval of at least one actor was 
required, as well as information about ownership, time, location and product data. For 
example, in the first step, you should specify the date of harvesting the trees, where it is 
harvested and what type of wood. The harvesting is then certified by an organization to make 
sure it meets the right rules and conditions. Before the next step, the raw material is sold 
further when a digital contract is established and signed on the blockchain. 

The benefits of the implementation were that the data became clear to what the product 
consisted of, which simplified the purchasing decision. The database also enabled 
organizations in the supply chain to develop their own technology, an overview of material 
supply costs, and improved marketing and sales. The technology made it possible to allow 
everyone to view the information and thereby save money. One of the challenges was the 
need of internet access, which was impractical because of some remote providers of raw 
material (Abeyratne et al, 2016). 

In other industries different start-up companies have been testing the blockchain technology 
as well. Bocek (2017) did a study on the company Modum.io, which is a start-up in the 
pharmaceutical industry. This industry consists of complex and strict controls. The blockchain 
technology would consequently reduce operational costs through smoother verifications and 
the product data regarding temperature would be automatically recorded and added to the 
blockchain. This makes it possible to get records that are stored, readable, validated and most 
of all information that is impossible to alter. Along with all these positive aspects it was also 
possible for every person connected to the system to view the information making it more 
transparent. (Bocek et al, 2017)  

One major company that investigates and examines this technology is IBM. This company is 
partnering with a number of major companies in the food and beverage industry, where a 
common platform is created for the development and application of the blockchain 
technology to verify quality and traceability. The first studies and evaluations show a great 
success in efficiency and profit (Hopping, C. 2017). 

Another study was carried out by the food industry in Sweden. The idea was to identify 
whether or not the blockchain technology would be able to support problems such as food 
fraud, ensuring that sustainability claims are true, regulate demands and legal requirements 
etc. The question was if the blockchain technology would be able to support this through an 
increase in traceability and transparency. The study shows that if the technology was applied 
in the supply chains for the food industry it would be easier to store data and still being able to 
keep the privacy strong in the supply chains. It also stated that a blockchain solution would be 
substantial when it comes to traceability and control in the food industry. However due do the 
fragmented industry blockchain solutions could be difficult and time-consuming to implement 
(Axfoundation et al, 2017). 
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3 Theoretical Framework 

The knowledge gap in this study is that there are insufficiencies when it comes to 
transparency and traceability in the supply chains within the construction industry. The 
question is whether the blockchain technology can support and reduce these insufficiencies in 
the supply chain or not. This section will describe the various concepts in the study and 
provide an understanding of how the concepts of traceability, transparency and blockchain 
are defined. This section can be described as glasses one wear in order to see the concepts 
and understand the research problem in a more clear way.  

 

3.1 Transparency 
The construction industry is trying to change into integrating processes between clients and 
executive parties, where transparency is of great importance (Nijhof, 2009). In this study, 
transparency aims to provide insights into questions that are relevant for the parties involved. 
This insight will help the parties to facilitate their decision and making process to perform 
certain transactions. The supply chain includes many different parties such as suppliers, 
manufacturers, distributors and buyers. This becomes a network of companies that influence 
each other from raw materials to finished products (Bartlett et al, 2007). According to 
Lamming et al (2001) a business case was carried out studying how information was shared 
between two organizations. The finding between these two organizations is Lammings 
definition of transparency. He states that between these two organizations information is 
shared on a selective and justified basis and that development of information leads to shared 
knowledge and collaborative abilities. When clients and other parties in the supply chain 
create a higher transparency degree the collaboration and verification of parameters can 
improve.  

According to Nijhof et al (2009) one aspect that is of great need for increased transparency in 
the construction industry is the importance to assess quality. The industry needs to focus on 
finding ways to assess quality in a more robust and transparent way in the early stages 
(Muskat et al, 2012).  

The focus in this study is mainly on the transparency before the building process. In order to 
improve the operation of the market in this industry, the reputation mechanism is of great 
importance. It can be improved by increasing the transparency and the ability to prove one's 
quality controls from previous projects (Nijhof et al, 2009). In order to improve the reputation 
mechanism, one has to keep in mind that it is difficult to measure quality, especially in 
between projects due to the uniqueness of each project (Vrijhoef, 2005). However, general 
requirements of transparency may be used to keep away rotten apples during a pre-selection 
of open data from previous result. This might help to improve the image of construction 
industry (Nijhof et al, 2009). 

3.2 Traceability 
Along with transparency the possibility of trace specific material is of major importance. This 
can be carried out through a traceability system (Čuš-Babič et al, 2014). This system should 
keep records of products and chain parties in a way that each unit of a product is traceable in 
the supply chain. This type of system is important for quality control, product recall, reverse 
logistics etc. in supply chain management. Today, these types of traceability systems are not 
very common in supply chains (Dai et al, 2015). Some attempts have been made in other 
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industries, with the system called RFID tagging. This system was created to replace previous 
barcode scanning and enables more efficient tracking of the products (Won-Suk et al, 2009). 
But the implementation has been without any greater success. Most of the suppliers rejected 
the system since they had to pay for the tags and the benefits did not outweigh the costs. In 
order to implement a new system in the supply chain one has to increase the benefits for all 
participants which in reality can be very difficult (Dai et al, 2015). 

Dai et al. (2015) states that there are two major issues in order to implement a traceability 
system in any type of supply chain. Firstly, it is difficult for chain parties to understand and 
quantify the costs and benefits of a traceability system due to the complexity of the systems. 
The way to handle this issue one need to analytically identify critical decision variables, 
clarify costs and clarify benefits for each party. Secondly, the design, implementation, and 
maintenance of a traceability system are often decentralized. The particulate participants need 
to be motivated to fulfill their commitments, in order to maintain the effectiveness and the 
efficiency of the traceability system (Dai et al, 2015). 

 

3.3 Blockchain technology 

3.3.1 Short history of the blockchain technology: 
One of the ground-breaking innovations in the decentralized information technology is the 
blockchain technology (Abeyratne et al, 2016). The idea of this technology can be traced back 
to 1991 when Stuart Haber and Scott Stornetta described the first work on a cryptographically 
secured chain of blocks. Even though the idea behind the technology was brought to light the 
technology did not gain momentum until 2008 (Crosby et al, 2016). The technology was 
introduced along with the well-known cryptocurrency Bitcoin. In 2008 a paper entitled 
“Bitcoin: A Peer-To-Peer Electronic Cash System” was published by an unknown author by 
the name of Satoshi Nakamoto. The author wanted to remain anonymous and therefore this 
paper was published under the author alias Satoshi Nakamoto. Still to this day no one knows 
who the author is since he wanted to remain anonymous (Lemieux, 2015). The released paper 
explained a peer-to-peer version of electronic cash that would allow online payments to be 
sent directly from one party to another without going through a financial institution. The idea 
was to relinquish the need of a third party in every financial transaction. (Crosby et al, 2016). 
Satoshi gave a practical use of the blockchain technology and managed to solve the big 
problem of avoiding double spending and described this in the paper that was released in 2008 
(Söhne, 2015). In order to explain the double spending problem one could say that the system 
avoids a situation where a party can transfer an asset twice (Drescher, 2017 A). 

Since 2008, the blockchain technology has been strongly associated with Bitcoin and people 
say that it was invented as a part of the Bitcoin’s underlying infrastructure. However the 
technology reaches far beyond digital currencies and financial assets. As the technology 
gained wider recognition in recent years, there have been major advancements, new cases to 
use and applications for the technology (Abeyratne et al., 2016).  
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3.3.2 What is a blockchain? 
A blockchain can be seen as a technology which uses a distributed ledger, meaning it is a 
consensus of shared and synchronized digital data geographically spread across multiple sites, 
countries or institutions. In other words, there is no central administrator or centralized data 
storage (Wu et al., 2017).  

The reason behind the name blockchain is that this distributed ledger has a chronological 
chain of “blocks” where each block contains a record of valid network activity, documents or 
transactions (Abeyratne et al, 2016). The idea is to have the majority of the participants in the 
system verify the content of each block. Once a block has been entered and verified the 
information cannot be erased or modified (Wang et al, 2017). Each block could be defined as 
an encrypted piece of information. In theory anyone within the system can add data to the 
chain of blocks, review the data at any time but no one can change the data without adequate 
authorization (Abeyratne et al, 2016). As a result all of the “blocks” generates a complete and 
immutable history of the networks activities which is shared with all participants in the 
system.    

Whenever a block has been verified this block is added to a chain of other blocks 
chronological, thereof the name blockchain. This makes the blockchain a chain that contains 
verifiable records of every single transaction, documents etc. ever made in the system (Nofer 
et al, 2017).    

 

 

Figure 2. Explains a simple example of how the blockchain technology were to work with a 
transaction of money. Inspired by: (Crosby, 2016).  
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3.3.3 How does the technology work?  
The blockchain technology essentially establishes a distributed public ledger that contains 
every transaction history in circulation (Crosby, 2016). Using the bitcoin as an example, the 
blockchain technology contain payment history of every bitcoin, providing proof of who owns 
what at any given time (Wang et al, 2017). According to Wu (2017) the technology can be 
explained in short through three different parts 

(1) recording any type of transaction 
(2) validating the transactions 
(3) updating a public ledger and authenticating transactions  

 

3.3.3.1 Recording and hashing 
Before the information is recorded by the blockchain technology, the information or the 
blocks with information is cryptographically “hashed”. The meaning of hashed it that the 
blocks are used as input to an algorithm that converts them into a fixed size alphanumeric 
string which is called a hash value (Lemieux, 2015).  

This is carried out through various hash functions that are small computer programs that 
transform any kind of data into a number of fixed lengths from the input data. One of the 
useful and important group of hash function is the one mentioned earlier namely the 
cryptographic hash function. These are the hash functions that create digital fingerprints for 
any type of data. The problem with the cryptographic hash values which are created is that 
they are rather long which makes it difficult to compare or even read for the human eye 
(Drescher, 2017 A). 

 

 

 

 

Figure 3. Shows the calculated hash value of a short text. Inspired by: (Drescher, 2017 A)  
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When you create a cryptographically hash value of some kind of data, the hash value are 
supposed to stay unchanged. The way this technology can show if the data has been tampered 
with or not is through digital footprints (Wang et al, 2017). For instances, to check whether 
the data has been tampered with or not, all one have to do is to create the cryptographic hash 
value once again and compare the newly created one with the one from the past. If these two 
hash values are identical, the data has not been changed after the first hash value was created 
(Drescher, 2017 B).  

This type of technology is also applicable when it comes to sending data to someone. If the 
sender creates a hash value before sending the data the receiver can easily create a hash value 
of the data the he or she receives making sure that the data has not been altered in the course 
of the transfer (Drescher, 2017 B).   

Another important thing in the blockchain technology is hash references (Crosby, 2016). Hash 
references are a specific kind of reference that utilizes the power of cryptographic hash values 
(Drescher, 2017 A). These references to data can be explained by comparing it with 
cloakroom tickets. A cloakroom ticket gives a representation of a physical location to which 
your jacket is stored. Through the cloakroom ticket you will be able to get your jacket later 
on. One could think of the hash reference as a cloakroom ticket that displays hash values 
instead of regular numbers. The hash reference verifies that the data being referred to have not 
been changed since the reference was created. If the data being referred have been changed 
the reference is deemed broken or invalid. This is similar to having a cloakroom ticket for a 
specific hook that no longer holds your jacket. In other words, the cloakroom attendant can no 
longer hand over your jacket (Drescher, 2017 B).  

The whole idea of creating hash references is to protect users to retrieve data that has been 
intentionally changed by someone without informing the receiver about it or changed it 
without one's consent (Wu et al, 2017). They are also created to protect its users from data 
that have been changed unintentionally due to technical errors. The hash references are 
therefore used and created whenever the users need to make sure that the data will stay 
unchanged once created and that users won't be able to retrieve changed data (Drescher, 2017 
B).  

 

 

  

Figure 4. Illustrates a symbolic example of an invalid hash reference. Inspired by: (Drescher, 
2017 B) 
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When a block has been recorded, validated (see next section) and then later added to a chain 
of blocks it will contain some of the hashes of the proceeding blocks. The chain of blocks will 
then contain a larger amount of work or hashes (Abeyratne et al, 2016). If one are to change a 
block in the chain (which can only be done by making a new block containing the same 
predecessor) one have to regenerate all successors and redo the work the blocks contain. By 
connecting all blocks in a chain and integrate the work from each block it protects the 
blockchain from being tampered with (Drescher, 2017 B). 

 

3.3.3.2 Validating transactions 
Taking the example of bitcoin once again, one of the main issues is the problem of double- 
spending or in other words avoiding a situation where a party can transfer an asset twice. The 
way this is handled in the blockchain technology is through the verification or validation 
process (Crosby, 2016).  

First of all it is important to understand that being part of a distributed network does not mean 
that you have to share personal information with everyone in the system. This problem is 
solved by creating a secure digital identity. The idea behind the blockchain technology is that 
each participant has a public- and a private cryptographic key in the system (Bauerle, 2017 
A).  

 

 

Figure 5. Every member of the system holds two different cryptographic keys. Inspired by: 
(Bauerle, 2017 A). 

 

The public key is the one who access the distributed system and the private one provides a 
powerful ownership tool that fulfills authentication requirements (Wang et al, 2017). The 
reason for having these to separate is to reduce the risks of hackers. However it is the 
combination of these keys that can be seen as form of consent or in other words a useful 
digital signature (Bauerle, 2017 A).   
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Figure 6. The public- and the private key creates the digital signature. Inspired by: (Bauerle, 
2017 A). 

 

By combining the cryptographic keys with the distributed system digital interactions emerges 
(Crosby, 2016). If we use bitcoin as an example, the process begins with A taking their 
private key and make an announcement in the system. If A announces that he or she will be 
sending a sum of Bitcoin to B he or she will simply just attach it to B’s public key. When this 
is carried out the time will be recorded and added to the the block (which already had been 
hashed) in the form of a time stamp (Bauerle, 2017 B). 

 

 

Figure 7. Shows an example of what the block contains when broadcasted to the distributed 
system. Source: (Bauerle, 2017 A). 

 

The block is then broadcasted out to the distributed network where the members in the system 
need to agree and approve the order of the block. In order for the block to be approved the 
majority of the members or nodes in the system need to come to the same conclusion 
(Heiskanen, 2017). Since every member in the system updates the record or validation 
independently they also create their own updated version (Lemieux, 2015). The most 
“popular” record becomes the de-facto official record and the master copy. It is through this 
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type of validation and technology that the blockchain technology eliminates the need for a 
trusted party to facilitate digital relationships (Bauerle, 2017 B). 

In order to create incentives to validate these types of blocks there are various ways to do so 
depending on if the system is public or private (the differences will be explained in the next 
section). For public blockchains this involves mining (Bauerle, 2017 A). Mining involves a 
form of payment when someone verifies or validates a block. Looking at the example of 
Bitcoin again, whoever validates a block will be rewarded with a specific amount of Bitcoins. 
This type of work is often times referred to as “proof of work” meaning to prove that the 
algorithm is true and that the transaction is legitimate (Wu et al, 2017). In a sense this can be 
seen as offering ones computer processing power to service the network. The reward is there 
to create incentives for a person's self-interest to help service the public need (Bauerle, 2017 
A). 

 

3.3.4 What is the difference between public and permissioned blockchains?  
As mentioned in the earlier section there is various ways to build up the distributed system. In 
short there are two different approaches or systems for the blockchain technology, namely a 
public or a permissioned (private) (Bauerle, 2017 C).  

 

3.3.4.1 Public system 
In the public system anyone can join the network. As mentioned earlier the incentives to 
validate the blocks in the system are carried out by miners. In the public system anyone can 
become a miner and seek out the reward. It also gives the opportunity for a miner to walk 
away from being a node in the system and the later return if they have a change of mind and 
get the full account of all network activity again (Wu et al, 2017).  

Basically, anyone with a computer can join the system, read the chain, verify new blocks and 
make legitimate changes as long as they follow the rules of the system. By having these 
features the system will be completely decentralized (Bauerle, 2017 C). 

 

3.3.4.2 Permissioned (private) system 
The idea of this system is to create a feature of permission to read the information in the 
blockchain. It also limits the parties who can make changes on the blockchain and restrict 
who can serve the network by verifying blocks and writing new blocks in the chain (Lemieux, 
2015).  

One example of this is the cryptocurrency Ripple; this one runs a permissioned blockchain. 
The difference from any public system is that the startup determines who may act as a 
validator in their network. For this specific cryptocurrency some of these validators are CGI, 
MIT and Microsoft. Beyond these examples of validators the startup also builds its own nodes 
in different locations around the world. Sometimes these permissioned blockchains may or 
may not involve the “proof of work” meaning the mining process. Among blockchain 
developers there is a dispute whether private blockchains that does not use proof of work 
(blockchains without mining) should be called and viewed as blockchains at all but rather as 
simple shared ledgers (Bauerle, 2017 C). 
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3.3.4.3 Combined systems (semi-private) 
Recently there have been different blockchain developers who are experimenting with the two 
systems above. In short this could mean that a developer can make the system available for 
everyone to read, however they may restrict who is allowed to be a node, validating blocks or 
mining in the system. Through this the blockchain can be tailored in various ways making it 
more applicable in new industries and ways (Bauerle, 2017 C).  
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4 Method 

This following section will give a detailed description of the methods used to carry out this 
study. It will describe the research problem, what type of research approach that has been 
used and most importantly how the data has been collected. The task will be focused on how 
this material is handled throughout the supplier’s supply chain leading up to the purchaser. 
The idea is to set-up a hypothetical supply chain that includes blockchain and then analyze it 
in regards of transparency, traceability and the potential consequences. In order to achieve 
these specifications various research methods have been chosen. 

 

4.1 Research approach 
According to Bhattacherje (2012, p.12) “scientific research operates at two levels: a 
theoretical level and an empirical level. The theoretical level focuses on building concepts (i.e 
build “theories”) while the empirical focuses on testing the concepts to see how they reflect 
observations of reality”.  

 

4.1.1 Exploratory approach 
This study will have an exploratory study approach. The main idea of an exploratory study is 
to find out what is happening; to seek new insights; to ask questions and to assess phenomena 
in a new light (Robson, 2002). In this study, this will be particularly useful since we are 
striving to clarify the understanding of a problem even if it is difficult to specify the problem 
(Saunders et al, 2009). According to Saunders (2009) there are three different ways to carry 
out an exploratory research namely: 1. a search of the literature 2. interviewing “experts” in 
the subject and 3. conducting focus group interviews. In this study we will be focusing on the 
first two. 

The greatest advantage of this research approach is that it is very flexible and adaptable to 
change. Due to the limited number of studies for this topic in the construction industry this 
approach will be effective and manageable as the findings might generate a need for the study 
to be adaptable. Even if it is flexible an exploratory research does not mean absence of 
direction but rather creating a necessity of willingness to change one's direction as results or 
new insights occur during the work process (Adams et al, 1991). One of the most common 
ways of carrying out an exploratory research is through a case study (Saunders et al, 2009). 

	

4.1.2 Case study  
According to Robson (2002, p.150) the definition of case study is: “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”. Therefore, a case study is 
advisable to answer the questions “why, “what”, and “how” regarding a research question. 
This strategy will help us to understand the context of the research and also the process being 
enacted (Saunders et al, 2009). The reason for this approach in this study is to be able to 
answer in what way blockchain can be used and how it could affect a specific supply chain.  

In order to get a relevant supply chain to study we have been focusing on a major Swedish 
construction company and their suppliers (subcontractors) supply chain for a specific 
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material. The aim was to distinguish characteristics in one materials supply chain and how it 
is set-up. This would not necessarily give us an understanding if the blockchain technology 
can improve the supply chain for every material but rather the possibilities and consequences. 
Therefore, to get an accurate understanding of the strengths and weaknesses in regards of 
traceability and transparency in a current supply chain system, we have decided to carry out a 
case study.  

In this case the supplier that was chosen was a window manufacturer. This company supplies 
the construction company with windows for the majority of their construction projects. More 
specifically, the material wood was chosen as a component in the windows. The first aim was 
to identify the existing requirements for wood as a product in the supply chain of windows. 
The second one was to identify the current outline for how the supply chain for wood in 
windows is set up.  

With this information we created a hypothetical supply chain including blockchain 
technology. The reason for this was to create a possibility to analyze a supply chain that 
includes blockchain in terms of traceability and transparency. Due to the lack of research on 
blockchain in the construction industry this solution gave us an opportunity have an actual 
case to analyze.  

The findings from the interviews, literature study and the external/internal documents has 
been used as information to create the supply chain for windows with blockchain technology. 
There have been successful studies in other industries when it comes using the blockchain 
technology in supply chains. By having these studies as references we have been able to 
determine the credibility of our own results. 

	

4.2 Data collection  
 

4.2.1 Interviews 
To gather and collect knowledge regarding the chosen material´s supply chain, semi-
structured interviews have been held with various experts. These experts come from the 
purchasing department and the sustainability manager at the construction company along with 
the construction company´s suppliers for windows. The way to carry out a semi-structured 
interview is that the researcher has a list of themes and questions that are to be asked during 
an interview (Saunders et al, 2009). Even though the questions are prepared the essence of a 
semi-structured interview is that the questions may vary from interview to interview (Clifford 
et al, 2016). Miles et al (2005) mean that by being able to adapt to change in the research 
question one will be able to narrow down the specific problems, potential outcomes and being 
able to understand the research question better. Our interviews was held for about 1 hour with 
each interviewee either over the phone or in person. In total 6 interviews were held and they 
consisted of the following people:  

• 1 interview with the sustainability manager  
• 2 interviews with the managers for the purchasing department 
• 1 interview with the category manager for windows 
• 1 interview with the CEO of the window supplier company 
• 1 interview with the product development manager of the window supplier company  
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This material and knowledge has been the foundation in the findings chapter for how the 
supply chain for wood is set-up along with the requirements throughout the supply chain.   

The aim with the interviews with the purchasing department was to identify a specific 
material where the construction company has a strong collaborative relationship with their 
supplier. More specifically the material wood was chosen in the window product. The reason 
for choosing a supplier who works closely with the construction company was to make sure 
that we would be able to schedule interviews. Moreover we wanted to get relevant 
information in order to determine the weaknesses and the strengths of the supply chain. It also 
gave us the opportunity to determine if it was possible to strengthen an already functioning 
business relationship due to new findings with the blockchain technology. This in turn could 
be used and viewed as an example for future business relationships with other suppliers. The 
interviews at the purchasing department was also carried out and intended to give us an 
understanding of the challenges they are experiencing in the supply chain when it comes to 
transparency and traceability. 

The interviews with the sustainability manager was held in order to strengthen our thesis that 
the attributes of traceability and transparency are of great importance to the construction 
industry. Another aspect by having the interview was to understand the vision of how to solve 
the lack of support when it comes to these attributes.  

The interviews with the suppliers was mainly held in order to get an understanding of how the 
supply chain is set-up today along with the requirements that exists today throughout the 
supply chain. The idea of these interviews was also to understand every step in the supply 
chain all the way down to where the material originate. By doing so we were be able to 
combine the findings from interviews from the construction company and their supplier with 
the knowledge found about the blockchain technology. The crucial point was to find a 
supplier who had a high degree of maturity in cooperation with the construction company.  

 

4.2.2 Documents, external and internal 
In addition to interviews, internal and external documentation has been obtained to support 
our case study. The internal documentation has contained technical specification for the 
selected wood material. These requirements have been between the material and component 
manufacturers. These internal documents were provided by the window manufacturer. The 
external documentation is traceability requirements from an organization called PEFC, 
through these documents we were able to get an idea of what requirements and action plans 
suppliers have today selling wood products with their certificates. These external documents 
were found online on the PEFC website. 

 

4.2.3 Literature study 
In order to gain the needed knowledge for the blockchain technology a literature study was 
carried out. This literature study have acted as the foundation as to how the blockchain 
technology could be applied on the supply chain and also to support the characteristics of 
transparency, traceability and potential consequences. The databases that were used for the 
literature study were KTH Primo and Google scholar. The keywords for searching the 
database were for instance; Blockchain, Bitcoin, Distributed ledger, Hashing, Validating data, 
Security in ledgers etc. In order to get a scientific understanding of the topic we tried to limit 
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our literature to academic articles. However in order to get accurate and wider perspective of 
the use of blockchain we also included internet websites.  

Along with the blockchain technology further literature studies have taken place in order to 
find solutions that could compensate for the blockchains shortcomings. In this case a smaller 
literature study was carried out on asset tracking possibilities. The main keywords for 
searching the same databases were RFID. 
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5 The buyer-supplier in the case study 

The case study will focus on the supply chain for windows and its raw material wood. In this 
section the contractor in the supply chain will be described along with their main supplier, 
which is a window manufacturer. Therefore, the case study is from the buyer-supplier 
perspective.  

 

5.1 The contractor as a company 
The contractor is one of the leading construction- and property development companies in 
northern Europe with a revenue of 53 billion Swedish crowns and have 17 000 employees. 
The company develops and build housing, commercial properties, industrial premises, public 
buildings and all types of various infrastructures. Since the company is one of the larger 
construction companies in Sweden, this will give a pointer for what the rest of the 
construction industry looks like for other large construction companies in Sweden.  

In an average construction project the purchasing of materials stands for about 75 % of the 
total construction cost. The purchasing of material has a decisive impact not only on the 
project total economy but also affects the environmental and social sustainability (NCC, 
2018).    

 

5.2 The window manufacturer as a company 
The window manufacturer is a leading player in the development, production and delivery of 
windows and doors with wood as the main raw material. They have a strategic partnership 
and long term collaboration with the contractor. Today the contractor is using the window 
manufacturer as their only supplier for windows in various construction projects. The window 
manufacturer is a company with 1,600 employees and sales of 2.3 billion SEK. Their main 
markets are in Norway, Sweden, Great Britain and Ireland, but they also export products to 
other countries. They have factories in Sweden, Norway and Poland. The window 
manufacturer buys wood products, mostly laminated wood, from their component 
manufacturers, which in turn buy wood from the Nordic and Baltic countries. The company is 
focusing on improving their environmental solutions and becoming the leading actor in this 
aspect. They cooperate with several state and international institutions for certification and 
product development in order to verify that their products meet the required standards 
(NorDan, 2018). 
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6 Findings of the case study 

In this section the supply chain for windows and the requirements for the wood in the window 
product throughout the supply chain are presented. The traceability requirements come from 
the current PEFC certification. These findings are results from the interviews, 
documentations and literature. 

 

6.1 Windows 
In the construction industry, like other industries, companies buy a variety of materials that 
require different strategies in the buyer-supplier relationship. Windows is a technically 
straightforward product. The manufacturing can be standardized, but it is classified as a 
strategic product due to high quality requirements on the product and delivery to the project is 
very important (Bildsten, 2014).  

It is common with established, individual and long-term buyer-supplier relationships for 
windows. The main reason for this is because windows require a high logistic level, because 
the lead time for windows is relatively long. The supplier must be well-chosen to maintain 
high levels of energy efficiency and waterproofness. In addition, windows are fragile and 
require careful transportation from nearby providers (Bildsten, 2014). In a study by Bildsten 
et al (2010) of a Swedish prefab housing factory, windows accounted for 18% of the total 
purchasing volume, which was second highest after isolation of 21%.  

The window manufacturer uses raw materials such as glass, wood, aluminum and composite 
in their products, where the main raw materials are glass and wood. To ensure that their 
products meet certain requirements, the window manufacturer is affiliated with several 
certification organizations that control self-monitoring, building product declaration, 
environment and energy use as well as traceability regarding wood raw materials (Interview 
1, 2018). There is a developed certification organization, the Program for the Endorsement of 
Forest Certification, hereinafter referred to as PEFC, which ensures that wood products are 
already traceable controlled (Svenska PEFC, 2015).  

The windows are installed in the window manufacturer factories after the material has been 
sent from their component manufacturers. The business relationship between the window 
manufacturer and the respective component manufacturers is of great importance (Interview 
1, 2018). 
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6.2 The supply chain for windows 
 

6.2.1 The design of the supply chain 
The supply chain for wood in a window product is shown in figure 8. This supply chain 
process was received from the interviews with the contractor and the window manufacturer.

 

Figure 8. Shows the supply chain for the material wood as a window product. 

1. Harvest 
The first step is to harvest the tree. During harvesting, different types of methods can be used 
that may affect the quality of the wood material. Most of the harvesting is concentrated to the 
Nordic and the Baltic countries (Interview 2, 2018). One reason why it may be important to 
ensure those locations of the harvest is that illegal harvesting have been located in some 
specific regions and countries. This illegal logging consists of organized crime with leagues 
of sellers and intermediaries. About 80% in parts of Asia, South America and Africa are 
deemed to be illegally managed. Other countries such as Russia, China and the Baltic States 
are also included to regions were illegal harvesting occurs. According to World Wide Fund 
for nature (WWF) this is considered to be a widespread issue (WWF, 2014). 

2. Sawmill: 

After harvest, the wood is sent to a sawmill. In the sawmills, the timber becomes plank and 
boards. One of the important things to ensure at this phase is the health, safety and working 
conditions at the sawmill. This can for example be carried out through unannounced 
inspections. The sawmills are often found in the region where the trees are harvested 
(Interview 2, 2018). 

3. Component manufacturer: 

After the sawmill, the wood material is sent to the component manufacturer. In this case, it is 
a factory that transforms the boards into glued wood and makes ready-made products for use 
in windows or other products. In this case, technical requirements from the window 
manufacturer are important when the wood material is compounded with glue to become a 
useful product in their windows. Quality checks are performed continuously during 
production to ensure that the material receives the performance demanded by the window 
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manufacturer. Since the window manufacturer buys the majority of their wood components 
from these suppliers they have good insight and knowledge of the conditions at the 
component manufacturer. They also have a very strict control over how and where this 
production takes place. In regards of the PEFC certificate, the window manufacturer is trading 
its certified component manufacturer's woodwork, which means that the component 
manufacturer are responsible for ensuring that their processes meet the requirements of the 
certificate (Interview 2, 2018). 

4. Window manufacturer 

The wood material comes to the window manufacturer in large packages, where the windows 
are then assembled with glass and other components. When the windows are assembled, these 
products will be distributed to the construction site or to manufacturers of prefabricated wall 
elements (Interview 2, 2018). 

 5. Contractor 

A critical part of this supply chain is the distribution between the window manufacturer and 
the contractor, as the window is a fragile product. It is also critical to have the windows 
delivered in a correct manner, just-in-time to the workplace since delays may affect the 
construction project's schedule (Interview 3, 2018). The quality requirements from the clients 
are increasing immensely and therefore it is important for the contractor to be able to show 
that the quality requirements have been met (Interview 3, 2018). 

6.2.2 The requirements from the window manufacturer 
The majority, estimated around 90%, of the requirements from the window manufacturer lies 
on their nearest suppliers of finished components, hereinafter referred to as component 
manufacturer. The components are then distributed to the window manufacturer factories for 
assembly to finished window product (Interview 2, 2018). 

The requirement from the window manufacturer on their component manufacturers refers to 
technical parameters of the wood material. A significant requirement parameter, for example, 
is the moisture ratio; the wood material should have a moisture ratio between 9 and 16% 
during the whole production process. The finished component, which is to be delivered to the 
window manufacturer, also sets demands on the requirements based on the type of wood, 
surface, rate of growth (annual grain), (slope of grain) twisted grain, glue and the quality of 
glue. The window manufacturer also requires verification of the technical requirements 
throughout component manufacturing; these checks must be signed and logged for four 
months after component production (Interview 2, 2018). It is extremely important that these 
requirements are met specifically in the phase between component manufacturer and window 
manufacturer (Interview 2, 2018).  

 

6.2.3 PEFC certificate of traceability 
In addition to the technical requirements specification, the window manufacturer is associated 
with a number of certification and standard organizations. In this case, the window 
manufacturer buys its wood components from suppliers that fulfil the PEFC certification 
standard requirements. This means that they have a traceability certification documented 
throughout the chain from harvesting of trees to users and that the raw materials in the 
products are based on sustainable forestry (Svenska PEFC, 2015). 
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PEFC certificate of traceability is a way for companies that trade in wood products to provide 
their customers with information about where the wood raw material in the products 
originates from. In order for a company to get this certification, all stages in the supply chain 
must be traceable or that the company needs to work actively to check the product if the 
presence is unknown. Nearly 16,000 global companies are affiliated with PEFC traceability 
certificates (Svenska PEFC, 2015).   
According to Svenska PEFC (2013), the company that is certified shall attach a document to 
each buyer at each shipment of raw material / product: 

● The name of the organization as the buyer of the delivery 
● Identification of the supplier 
● Identification of product 
● The size of each product covered by the documentation 
● Delivery Date / delivery period / accounting period 

 
The certificate uses a risk assessment to classify the product's risk as high or negligible. This 
risk assessment is performed at each delivery. If the risk appears to be high, the certified 
organization must actively work to reduce the risk from high into negligible. If the supplier is 
classified as high risk, it meets or is uncertain in regards of the following parameters 
according to Svenska PEFC (2013):  

● Any supplier in the supply chain exists in a country with actual corruption index 
below 50. Corruption index (CPI) is a scale of 0 to 100 which ranks 180 countries  
where 0 is highly corrupt and 100 is very clean 

● Any supplier in the supply chain exists in a country that has an armed conflict 
● Any supplier in the supply chain exists in a country that is known to obtain a low level 

of forest management and application of laws 
● The tree contained in the raw material / product is known as species in which there are 

activities covered by the term controversial origin (forestry with question marks 
regarding compliance with laws and regulations) 

● Unknown actors appear in the supply chain 
● Tree species in the product are unknown 
● Evidence of illegal activities by any company in the supply chain 

 

The organization that joins the PEFC certificate should also ensure that compliance with the 
requirements is with the supplier regarding social security, health and safety in traceability. 
According to Svenska PEFC (2013), this includes the following parameters: 

● That workers are not prevented from organizing freely, choosing their agents and 
collecting bargaining with their employer 

● There is no forced labor 
● The fact that workers are not used under statutory minimum age, under 15 years or age 

of compulsory schooling, whichever is the higher 
● That workers are not denied equal employment opportunities and equal treatment 
● Working conditions do not put safety or health at risk 

6.2.3.1 Managing high-risk deliveries 
In the case of high-risk deliveries, the organization should, if possible, request more 
information in order to determine whether the delivery can be classified as negligible or still 
classified as high-risk delivery. If the product cannot be classified as negligible risk, a second 
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party or third party verification program must be established. According to the requirement 
specification from Svenska PEFC (2013) the program should contain the following steps: 

Identification of the supply chain 
This is done by the organization requesting detailed documentation from the supplier and 
identifying the entire supply chain that is linked to the product. The information obtained will 
enable planning and carry out inspections on-site (Svenska PEFC, 2013). 
 
On-site inspections 
The Verification Program shall include on-site inspections with high-risk suppliers. The 
inspections shall be carried out by the organization itself (other parties) or a third party on 
behalf of the organization. During the inspection, which will be carried out on suppliers 
throughout the chain, suppliers compliance will be ensured with regard to their competence 
and legal requirements. One should also ensure that the included raw materials have known 
origins that meet the requirements of PEFC (Svenska PEFC, 2013). 
Inspections may, however, be replaced if the first step documentation is deemed to be 
sufficiently credible (Svenska PEFC, 2013).  

Corrective actions 
In cases where the supplier is found to have a non-compliance through the organization's 
verification program, corrective action procedures should be established. The scope of these 
should be based on how serious the non-compliance is. This may involve providers 
demonstrating measures to reduce the risk of failure to comply with the contract completely 
with suppliers who do not comply with compliance (Svenska PEFC, 2013). 
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7 Analysis 

The blockchain technology can be applied in many various aspects in the construction 
industry. In this section the findings from the supply chain observation, requirements of 
traceability and the blockchain theory have been combined. These findings have acted as 
foundation to set-up the hypothetical supply chain for windows with the blockchain 
technology. In other words one can describe it as placing the blockchain technology as a 
filter over the existing supply chain for windows.  

This hypothetical supply chain have then been analyzed and discussed in order to answer the 
research question, how can the blockchain technology support transparency and material 
traceability in the supply chain and what are the potential consequences.   

 

7.1 The hypothetical supply chain for wood with blockchain technology 

 

Figure 8. Shows how the supply chain for the material wood is designed today.  

 

7.1.1 Existing criteria are to form the basis for the created supply chain 
The investigated supply chain for wood in windows will be the core foundation for our 
hypothetical blockchain for a supply chain in the construction industry. As mentioned earlier 
in the study the supply chain for windows can be divided into various steps, see figure 8. In 
order to understand how the blockchain technology could be applied it is important to 
establish the requirements that need to be ensured in the system. In this hypothetical case the 
certificate from PEFC and other requirements are ways to ensure that the raw material fulfills 
the right quality of the product requirements. These requirements for the wood material are 
mostly found in the first 3 steps in the supply chain.  

Having the conditions from the already existing requirements in the supply chain as 
parameters, it will provide a simple structure for what data that needs to be “inserted” into the 
blocks of the system. The idea is to have the already existing criteria from the PEFC as the 
main points that need to be verified without having to go through the organ that creates the 
PEFC certificates. To get a better understanding of what the criteria is in each step in the 
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supply chain, one could simply say that it would be the data for every specific work process 
and material documentation submitted from each subcontractor.  

7.1.2 The choice of type for the blockchain system  
To begin with it is important to establish what type of system the blockchain will use in the 
supply chain. The main reason for this is to make sure that the right person at the right time 
will be able to perform a validation that the certificates along with the criteria are correctly 
performed. For this case the best suited system would be a combined distributed system or so 
called semi-private system. This gives the opportunity for everyone involved in the supply 
chain from the major construction company all the way down to the harvesting company to 
read the various blocks with information and criteria that need to be met in the process. The 
reason for this is to increase the transparency throughout the entire supply chain. At the same 
time it gives the owner of the system the possibility to control and give access to certain 
parties at a certain time to validate or create new blocks in the system. The reason for ignoring 
the public alternative is that actors does not want to share their business models with the 
whole world and therefore is not an option. The private system is not relevant either due to the 
lack of transparency in the system. The private system builds on that the owner of the system 
choose who will have access to view the blockchain. Therefore the private system was not 
chosen for this set-up supply chain. 

 

7.1.3 Inserting data into the blockchain 
In the same manner as explained in the blockchain theory, any type of data can be submitted 
into a blockchain system through hash functions creating hash values. The way this would be 
carried out in this hypothetical case is through the so called hash programs that can handle 
any type of data that are to be transformed into hash values. For example, one of the 
parameters in the PEFC is that the tree species needs to be specified. Simply by taking a 
picture of the tree in combination with documents showing the specie of the tree this data can 
be converted into a hash value. This type of information for each of the needed parameters 
that are required for a specific phase of the supply chain will then be packed into a block 
filled with information from multiple hash values. This block will then have to be verified as 
always in a regular blockchain technology process. In the best case scenario there should be 
the permissioned actors in the system that validate these hash values for example the 
harvesting company. Otherwise the owner of the system might have to turn to an independent 
third person to verify the blocks. This however could be argued to go against the idea of using 
blockchain since its main idea is to remove third parties in different processes. 

As mentioned earlier the validation process will always be performed by someone who is 
authorized by the owner of the system since the distributed system will be a combined semi-
private one. By using the public and private keys, as mentioned in the blockchain theory, the 
first supplier will send out this block with information from their private key to the system 
and then after the validation process it will be moved to the next supplier through their public 
key.  
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Figure 9. Shows the idea of using the private key from one supplier to send the block to the 
next supplier through their public key. 

 

This specific block will then be validated by a validator “approving” that all the data needed 
is included in the block before it can move to the next phase in the supply chain. As the 
process continues throughout the supply chain more blocks from each phase will be added to 
the blockchain making sure that it will be more difficult to tamper with the blockchain since 
they are dependent of each other. This makes sure that the data is “pure” and avoid being 
corrupted throughout the supply chain. Through this the already existing criteria’s that serves 
as requirements in the blockchain system will be checked, ensured and the information in the 
blocks will be relatively easy to review.  

Since everyone is able to read the blocks with information it also generates a possibility to 
trace material throughout the chain, knowing where, how and when the material is located and 
handled. Since a block with information cannot move to the next phase without being verified 
it is possible for everyone else in the system to view where the material is located in the 
supply chain. The reason for this is that there will always be a timestamp recorded in the 
blocks whenever a block is verified. This gives everyone a clear understanding when a 
validation took place and in what phase. 

 

7.1.4 Tracking of material in the supply chain 
Since the validation of any block in the system will be recorded with a time stamp it will give 
an indication of the location of the material. However, in order to improve traceability it 
would be possible to add phases in the supply chain called “distribution” and these phases 
would be located between each phase, see figure 8. This would in turn give a blockchain with 
information about when certain products of materials shipped out from i.e. the sawmill and all 
the other phases in the supply chain. The benefit of this would be that the timestamp 
information would be readable in the blockchain for everyone with access. Giving everyone 
the information of when certain products are leaving or arriving to the next phase. 
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Figure 8. Shows the supply chain for the wood material. Each distribution point would be a 
validation process in itself in order to locate where the material is. 

 

The problem with this would be that one cannot track the material in real time only when it 
arrives or leaves a certain supplier. One of the main problems in construction supply chains is 
the lack of possibilities to trace materials and products in real time. The traceability problem 
is one of the main concerns that the industry wants to solve today in the supply chains. The 
blockchain can help out with this problem to a certain extent but not solve the problem 
completely. The blockchain technology cannot give an exact location where the material is at 
all times. If someone wants to know where the material is in between the sawmill and the 
component manufacturer the blockchain technology would not be able provide this 
information. It is for this reason that the blockchain technology needs to be combined with 
some sort of tracking technology to truly increase and improve the real time traceability 
characteristics.  

Since the whole idea with blockchain is to digitalize the records it is important to make sure 
that the building material can be integrated, in a automatized way, into a blockchain. This in 
turn would give everyone the information needed when it comes to exact location of the 
shipment. The solution could be found through RFID tagging on finished products. See 
appendix A for more information about RFID tagging.  

 

7.2 Analyzing the hypothetical supply chain  
 

Due to the several actors in the supply chain for windows the entire supply chain becomes 
fragmented. By increasing the traceability in the supply chains with the help of blockchain it 
will give some advantageous outcomes. For example, with the technology it will be possible 
to ensure the origin of the raw material and to know how, when and where the material have 
been handled throughout the supply chain. The reason for this is the blockchains ability to 
link the blocks from the beginning to the end along with the timestamp that gives the location 
of a material at a certain time.  
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Along with the increase in traceability the blockchain technology also affects the transparency 
in the supply chain. The technology gives the opportunity for actors in the blockchain system 
to view data and information that are relevant in the specific supply chain. Since the 
blockchain technology is able to gather all the information from each step in a simple manner 
it generates a greater opportunity for everyone to access the information in a digital form. 
Along with this the blockchain technology also makes it difficult to manipulate the data in the 
supple chain creating the situation where the data is not corrupted ensuring that the material 
meets the quality requirements for which it is certified. .    

With the combination of increased transparency and traceability, one could get more efficient 
quality management and simplify the processes of choosing suppliers. It could also lead to 
better purchasing decisions of strategic products along with the possibility to reduced 
administration work. However there are difficulties with the technology as well. This 
technology cannot solve all of the problems of traceability and transparency within the 
construction industry. In the following sections consequences of using the blockchain system 
is presented.   

 

7.2.1 Ownership of the blockchain system 
The organization who owns the blockchain will have the power to decide who will have 
access to view the blockchain, make changes and being able to validate that the criteria are 
met according to the requirement of the blockchain. Two main incentives for owning the 
blockchain are firstly the one will have the power to decide actors’ rights in the semi-private 
system and secondly it will give the owner a complete insight and increased transparency in 
the supply chain.  

As mentioned earlier, larger companies establish programs to ensure that transactions with 
products between customers and suppliers meet the quality requirements. Companies are 
especially accurate when it comes to a customer’s quality request in order to secure future 
business. It would therefore be logical for the owner of the blockchain to be close to the end 
user or client since they set the requirements for the product. In our case study, the product is 
ready when it leaves the window factory, and the ownership should, therefore be limited to 
the window manufacturer, contractor or end user. The reason for this is that they will most 
likely have the knowledge of the product's requirements.  

It is important to understand who the owner of the system is since there might be different 
consequences depending on who owns the system. There are three main possible solutions to 
the question, the first one would be that the contractor will own the system, secondly the 
window manufacturer will own the entire system and just deliver the blockchain to the 
contractor and the last solution is a co-owning system between the contractor and the window 
manufacturer. These solutions will be described in more detail in the following section. 
However the ownership problem is not just limited to these three solutions therefore an 
alternative summarized solution will also be presented in the following section. 

 

7.2.1.1 If the contractor owns the system 
The first option would be that a main contractor owns the entire system on their own. With 
this they would be able to control that their specific criteria are met when it comes to technical 
characteristics and social sustainability conducts throughout the supply chain for specific 
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materials or products. It would also generate the opportunity for complete transparency and 
material traceability throughout the entire supply chain. The negative aspect of this solution is 
that it generates an immense workload for the contractor since they would have to set up all of 
these criteria and blockchain systems for each and every product in a construction project.  

Due to the increase of workload of owning the system construction companies would be 
forced to hire a lot more people just to handle the blockchain systems, making sure that there 
will be a system for each product and to establish who will carry out the verifying process.  

However they would be given the full insight in the supply chain knowing everything about 
the materials handling process. Even though this would give a business advantage for the 
contractor against other competitors it would most likely create a monitoring feeling towards 
the suppliers. Since suppliers have their own business they will most likely have agendas of 
their own as well, having someone monitoring and controlling them will do more harm than 
good. In extreme cases it could potentially lead to a termination of business between the 
companies. 

 

 

 

Figure 10. Shows the end of the supply chain with the contractor as the owner of the 
blockchain system.   

7.2.1.2 If the window manufacturer owns the system 
The second option would imply that the responsibility will be shifted over to the window 
manufacturer to make sure that the credentials for the PEFC will be met. Compared to the first 
option the workload would also be shifted to the window manufacturer. This in turn would 
create the situation where a window manufacturer will have to deliver a finished blockchain 
to the contractor.  

With the shift of responsibility and workload moved to the supplier the contractor would be 
able to set up a requirement during the procurement process to have a blockchain in order to 
make a tender. This would help construction companies to choose a supplier in social 
sustainability aspects for each specific construction project. This in turn would still give 
transparency and material traceability opportunities for the contractor since they would have 
to be given access to the blockchain for the specific material in order to approve a tender from 
the supplier. 

However this development might affect the market depending on the ability to adapt to the 
requirement of having a blockchain in one’s tender. This could either increase or reduce the 
ability for actors to compete for projects in the industry. In the perspective of an 
implementation, the knowledge barrier would have to be overcome by any type of supplier, 
whether they are small or established. The main concern that could affect suppliers on the 
market would rather be the cost to implement the technology. 

Actors who do have the opportunity to start using this technology will be able to compete for 



 

40 

 

services in the construction industry whether they are new or existing in the industry. Along 
with inviting new suppliers to the market the blockchain requirements in the procurement 
process will provide a stronger feeling of “courage” for construction companies to test new 
suppliers due to the accessibility to their blockchains. The topic of having courage to try new 
solutions is often discussed in the construction industry. It occurs long-term relationships in 
the construction industry. These relationships are often viewed as advantages and these 
relationships are difficult to break. This solution of ownership could be that security some 
companies need in order to have the courage to try a new supplier and perhaps develop a new 
business relationship.  

 

 

 

Figure 11. Shows the end of the supply chain with the window manufacturer as the owner of 
the blockchain system.   

 

7.2.1.3 The contractor and window manufacturer own the system jointly 
The third solution would imply a closer collaboration between the contractor and the window 
manufacturer. This in turn would create a stronger relationship between the two parties 
creating a new strength to the construction company where they are able to effect and 
influence how the materials and the products are to be audited. The reason for this is that the 
system would give them a common ground to stand on even while being two separate 
companies. If the two companies were to have a well-developed collaboration today it would 
make a transition into a blockchain system a lot easier, due to the heavy agreement process 
that would have to be carried out when collaboration agreements are to be formed. Along with 
the earlier options this solution would also benefit from the transparency and traceability 
aspects in the entire supply chain.  

The idea of connecting suppliers with construction companies could potentially help to create 
similar relationships with other suppliers in the industry. This would in turn give construction 
companies a way to develop their businesses and collaboration opportunities with more of 
their suppliers. The potential drawback with that type of development would be a smaller 
market, making it difficult for new suppliers to get a fair chance on the market since major 
construction companies would probably not consider new suppliers if their collaboration with 
all their current ones are fruitful.   
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Figure 12. Shows the end of the supply chain with the window manufacturer and the 
contractor as co-owners of the blockchain system. However, the arrow shows the sequence in 
the supply chain.    

 

7.2.1.4 Alternative solution of ownerships 
Another type of solutions would be if an organizational institution owns the blockchain that is 
not directly linked to the supply chain. This constellation would go against the purpose of 
blockchain to refrain from the need for a third party. The way to use blockchain in this 
purpose would rather be to improve the documentation throughout the supply chain rather 
than improving transparency and traceability in the way the blockchain technology is intended 
to do. 

As mentioned earlier in the analysis, the benefit of blockchain exists if the owner is close to 
the end user to know what to require in the blockchain. In our case, there is an individual 
certification organization for traceability and the disadvantage with that, for example, is that it 
prevents the ability to develop the blockchain with other types of certification requirements 
outside of this organization's field of knowledge.  

  

 

Figure 13. Shows the end of the supply chain with a third party owning the blockchain system.  
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7.2.2 The potential consequences for using blockchain  
 

7.2.2.1 Blockchain can replace certification bodies. 
Today the PEFC certificate is there to support and give assurance that the material purchased 
is trustworthy when it comes to social sustainability. Even if the certificate states that the 
material can be traced all the way down to where it was harvested, companies might not have 
the resources to request and review all the paperwork showing the supply chain for the 
material. For example, every window manufacturer has most likely not reviewed the wood 
PEFC certifications from previous phases in the supply chain before the wood enters their 
window factories.   

However, it is important to understand that when a window manufacturer, buys PEFC 
classified material from a component manufacturer it states that the wood material is 
classified as PEFC material to a certain percentage, for example 80%. This percentage does 
not give any information about what measures the component manufacturer has carried out. 
The idea of the PEFC certificates is to ensure that the material fulfill sustainable requirements. 
However, due to the heavy documentation which is carried out in paper format, most 
suppliers avoid reviewing where the material is harvested, which measures have been carried 
out etc. 

By using the technology of blockchain and developing a system as mentioned earlier, it would 
give companies the opportunity to get more information from every phase of the supply chain. 
With suppliers such as the window manufacturer, they would be given the opportunity to 
continue to just accept the percentage of PEFC wood material but also be able to study the 
material in more detail finding out why the material only is classified to 80% instead of 100%. 
It will also give suppliers in general the opportunity to know exactly where the material 
comes from instead of just accepting that it is PEFC certified.  

Another aspect that the blockchain technology can have a huge impact on is through its ability 
to remove third parties. In other words, it would be able replace certifications organs, for 
example, traceability certification such as PEFC. Due to the possibility to create specific 
criteria for each block in a blockchain system, it could automatically replace the PEFC criteria 
by simply creating a system where those criteria’s are checked. Not only can it replace the 
PEFC certifications but also other certifications in the industry since the technology can 
function as a digital independent certification body.  

 

7.2.2.2 Digitalized documentation and strengthened reputation 
By being able to review the information or rather the requirements from PEFC in a more 
digitalized way it will reduce the unnecessary documentation work that is needed today. By 
being able to go into a block and review if all the requirements have been filled out it will 
reduce the amount of time and cost to review the materials dealings in every step of the 
supply chain. The reason for this is that all the information needed will be gathered in one 
single platform as a combined database. At the same time that it reduces the workload for 
documentation work, it also enables the opportunity to generate more transparency and to 
reduce or eliminate risks of corrupted data and corrupted working conditions. 

This type of reasoning will be able to help every company in the supply chain not just the end 
users. For example, if a harvesting company wants to strengthen their brand and reputation 
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the way to do this is by being more transparent. A company that is able to show that they are 
following procedures in a simple manner will automatically let their actions increase their 
reputation in their industry. By being able to show exactly what measures that has been 
carried out the relationships between companies and suppliers will increase and create new 
business opportunities due to the strengthened relationships.  

 

7.2.2.3 Blockchain cannot ensure that input data is correct 
However, it is important to remember that even if the blockchain would improve the 
transparency for each phase this might not be desirable for every supplier. One reason for this 
could be that they might have to improve their ambient actions to deliver better material when 
it comes to the PEFC criteria. This could in turn lead to falsified information that is inserted 
as input to the blockchain system. The blockchain technology cannot diversify between the 
data input whether it is falsified or not but rather make sure that the information is not altered 
throughout the supply chain.  

 

7.2.3 Different outcomes depending on the material  
In our case study, we have chosen windows as a specific item to investigate. Windows is 
classified as a strategic item according to Kraljic matrix. Like other items from this category, 
it consists of a variety of components, making it harder today when tracing the origin of all 
the components in the product. For these strategic items the blockchain technology would be 
able to support and possibly solve that issue. Another important aspect is that blockchain also 
could support buyers and suppliers when there is a need for close collaboration. Due to the 
products technically complicated set up and high profit impact the blockchain technology 
would be able to strengthen the relationship between the buyer and supplier and reduce 
possible setbacks. 

Leverage items refer to products that, unlike windows, are not technically complicated and 
customized. A typical product is planks, which may have the same source of raw material as 
the wood in windows but not as complex supply chain. Blockchain could meet the need for 
planks as it does in the same way as windows, especially when the goods are purchased in 
larger volumes and thus becoming harder to control the overall purchasing. 

The opposite of strategic products regarding supplier risk and cost impact are non-critical 
items where the handling tends to cost more than the material itself. For these types of items 
the blockchain technology could mainly support and give simplicity in form of automation in 
management especially through the documentation process and still increase the transparency. 

Bottleneck items are items that a purchaser usually try to avoid since there is not a lot of 
suppliers or different companies to choose from. With these items the blockchain could 
increase transparency in a sense that one would get a clear understanding of what one actually 
bought. However there is not a lot of incentives for purchasers to develop or implement new 
technologies for these products since they often times try to avoid these items.  

In a generalized context, it is important to understand that the need for blockchain will vary 
depending on to which category the material or product relates. In this case the wood material 
in the window product is viewed as a strategic item.  
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7.3 Sustainable development  
Due to globalization, products appear in various construction projects from all part of the 
world. This creates problems in sustainable aspects. In this section the three aspects of social-, 
economical- and ecological sustainability related to this study are discussed. 

 

7.3.1 Social sustainability 
One major problem in the world when it comes to wood material is the illegal tree harvesting. 
It is a global growth problem that could be solved by combining the supply chain for wood 
products with the blockchain technology. With the help of the technology it becomes possible 
to trace and verify that every action has been carried out correctly. The idea is to have the 
blockchain technology help with tracing material down to where it originates and how it is 
handled throughout different supply chains.  

This in turn could also help to deal with other different social sustainability aspects in general 
throughout the supply chains. For example, actors who do not comply with legal 
requirements, contravenes fees, taxes and duties and are linked to organized crime would be 
more easily exposed. The blockchain has the potential to support the reduction of the amount 
of "rotten apples" on the market and helping the reputation of the construction industry to 
improve through increasing transparency. 

Along with introducing the new technology of blockchain into the construction industry there 
might occur certain ethical issues. By increasing the ability to trace materials throughout 
supply chains it also increases the ability to find faults and who made them. This in turn could 
cause an incitement for blaming people and avoid taking the consequences for the mistake 
instead of fixing the problems. However, this problem is not just limited to blockchain but 
rather in all situations when improvements of information take place. In short, any type of 
information can be used for the better or worse. It all comes down to in what way the keeper 
of the information will choose to focus on.    

 

7.3.2 Economical sustainability 
There are various ways to view the use of blockchain technology in an economical 
sustainability aspect. One of the main contributions this technology can provide would be to 
invite new actors into the industry, who are experts in new technologies or willing to adapt to 
new technologies. Along with these experts of technology it could also help other actors 
within the industry whether they are small or established to get a fair chance to win a tender 
due to the possibility of using blockchain as a business advantage in the procurement process. 
The reason for this is that a contractor could feel more confident in trying new suppliers due 
to the ability to review the process and quality of products in a more time efficient manner.  

However, an increase in transparency does not automatically give an increase in financial 
aspects. Sometimes it is easier to see the benefits in the traceability aspect since it most of the 
time generate efficiencies which in turn results in an economic profit. Most of the times 
companies needs to understand the long term perspective in order to carry out certain 
investments. Even if an investment would cause a slightly higher workload for individuals it 
could benefit the company in the long run. In this case the complementary technology 
(RFID), in terms of traceability, could be difficult to implement due to the high investment 
cost compared to the low return. However the traceability aspect might give a greater effect 
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on the business since it would give the company a business advantage in terms ecological 
aspects. The reason for this could be that some clients have requirements for a contractor to 
show that they follow sustainable building procedures.  

 

7.3.3 Ecological sustainability 
This aspect goes hand in hand with the social sustainability aspect. By being able to trace 
down the materials to where it originates, it will be possible to know in detail the content of 
each product. For example, one would know exactly what chemicals and other substances that 
have been used throughout the supply chain, making it possible to change or demand a change 
in the way materials is handled in an ecological aspect. However this will only work given 
that the information is not falsified. The use of blockchain could potentially improve the 
quality of the products in an ecological way due to the simplicity to follow up the process 
throughout the entire supply chain.  
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8 Conclusion  

The research question for this study was to examine how the blockchain technology can 
support supply chain transparency and material traceability in the construction industry along 
with identifying its potential consequences. 

The result that was found in this study from the hypothetical supply chain for wood material 
clearly states that the ability to increase the transparency in the supply chain on a product 
level can be improved through the use of blockchain. The main reason for this is that 
everyone connected to the system would be able to view the documentation and actions taken 
in the supply chain. Making it difficult to conceal information from everyone else given that 
the inserted information is not falsified. In a sense one could say that the blockchain will 
improve the transparency and also the traceability on a process level of handling the material 
throughout the supply chain. 

The traceability problem in the construction industries supply chains can be viewed in two 
different aspects. The first one is the possibility to trace materials to where they originate. The 
blockchain technology will be able to support this problem to a certain extent. Even if the 
origin of the material is located it is impossible to ensure that the data inserted is correct. For 
example; if a harvesting company enters in data that the trees were harvested in one location 
they could in reality been harvested somewhere else. The only way to ensure this is by 
carrying out visits on site.  

The second part to the traceability problem is the tracking of material throughout the supply 
chain. This can also partially be improved through the use of blockchain. Due to the 
possibility to locate materials from each supplier block of information that is validated. It is 
the timestamps that makes it possible to view and locate the materials in the supply chain. It 
will make it possible to trace a material all the way back to where it originates due to the 
blockchains unchangeable records. However, the blockchain technology cannot fulfill the 
need of real-time tracking. For this reason this technology needs to be combined with some 
other sort of complementary technology to solve that issue. Therefore one could say that 
blockchain partially can support the traceability problem. 

In articles and popular science, blockchain is called a technique. With cryptocurrencies it has 
been used and proven to work for several years and is considered as a well-developed 
technique. On the other hand, especially in terms of purchasing, today blockchain should be 
considered as an idea not a developed technique. To develop blockchain on an industrial 
scale, much more cooperation is necessary between research, industry and certification 
institutions. 

Even Though the blockchain technology can support the two attributes of traceability and 
transparency there are certain consequences that comes with using the technology, positive 
and negative. Below is a list of potential consequences from using the technology: 

● The market will be affected depending on who owns the blockchain system. 
 

● The administrative work to review certificates can be simplified.  
 
● The possibility of removing third party organs increases  

 
● The blockchain technology can not verify that all data entered is correct  
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● The reputation of the construction industry will improve  
 
● Possibility to combine different supply chains for various materials improves  

 
● Various materials will have different outcomes due to supply risk and profit impact. 

 
● The blockchain technology will remain an idea in the construction industry unless 

anchored through pilot studies. 
 

8.1 Further studies 
In order to continue the process of studying blockchain in the construction industry there is a 
need for closer collaboration between contractors, suppliers, institutions and developers.  
However, the results and the conclusions in this study is mainly formed from a theoretical set-
up supply chain that uses blockchain. As mentioned this result needs to be anchored in some 
sort of pilot study in order to be properly evaluated. By doing so it would be possible to 
determine the actual consequences for using the blockchain technology in the construction 
industries supply chains. Below is a suggestion in form of a timeline for future studies. The 
figure below is based from a contractor’s perspective.  

In this study the supply chain for windows was chosen. For further studies it would be more 
beneficial to analyze a more simple supply chain such as planks or another leveraged item. 
The reason for carrying out a pilot study on a leveraged item is due to the difference in supply 
risk compared to a strategic item. This is also a reason why we think a contractor should 
collaborate with a supplier with a high buyer-supplier relationship. Along with decreasing the 
risks it is also important to know each other’s supply chain on a process level. By doing so the 
blockchain system that the two actors develop jointly will be implemented or tested in a more 
simple way. In other words, we have identified the first two steps in the figure below. These 
two steps focus on theoretical aspect, the next step would be to try the findings in a pilot 
program.  
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Figure 14. Shows a suggestion inform of a timeline for future studies 
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9 APPENDIX A 

Asset tracking possibilities 

The blockchain technology cannot take care of the traceability problem all by itself. Therefore 
this section has been added in order to serve as a complementary technology to the 
blockchain to support the traceability problem. 

Due to the complexity and size of construction projects, it has become harder to handle supply 
chains, just-in-time deliveries and traceability where the material is located. The reason is that 
there are a lot of resources needed to handle these through manual processes and therefore 
there is a growing need for automated management processes. Recently, it has become more 
practical to use automated tracking systems of production assets such as materials, equipment 
and personnel at the construction site (Won-Suk et al, 2009). In this context, Radio Frequency 
Identification (RFID) is a useful technology that provides real-time information and ensures 
traceability in the supply chain (Ustundag, 2013). 

 

RFID as a tracking system  

RFID was created to replace previous barcode scanning and enables more efficient tracking of 
the products (Won-Suk et al, 2009). The technology is growing due to its precise, robust and 
quick identification. A RFID system consists of a transceiver (reader) that connects to an 
antenna in order to read different tags using radio frequency reading. The transceiver then 
communicates with a database that manages stored data linked to the respective tags. 
Depending on the distance between the tag and the transceiver, radio waves can be 
transmitted at different frequencies. In logistics, Ultra-High-frequency signals are used as they 
have a longer range. These kinds of tags are categorized into active or passive tags. The active 
tag has a distance range up to 100m along with having the highest data transfer rate. The 
active tags are always powered by battery. The passive tag is activated by induction from the 
reader and can store a smaller amount of data and has a maximum distance of 15m (Valero et 
al, 2015). 

There is also a difference in investment cost between these two tags; the active tag is about 30 
times more expensive than the passive (Valero et al, 2015). RFID is growing in more 
industrial applications such as electronic motorway tolls, asset identification, retail 
management and access control. Together with position information from the Global 
Positioning System (GPS), RFID tags can provide further enhanced robustness and efficiency 
in real-time object identification. In such a combination, many attempts have been developed 
through hybrid terminal systems for real-time monitoring in transport and digital logistics 
management. An RFID reader combined with a GPS receiver enables a set of applications 
where localization of passive tags without the need for batteries. When the RFID reader 
searches the tags with radio waves, these backscatter to the stored information. Simultaneous, 
the tags positions can be identified by the GPS receiver (Ustundag, 2013). 

 

Potentials of asset tracking investments  

RFID can increase the value throughout the supply chain and increases the company's 
competitive advantage in an investment. It improves the business process into four 
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dimensions of efficiency, accuracy, visibility and security. As investment costs are high and 
sometimes the business processes need to be restructured, a RFID investment should be seen 
as a strategic business decision and not a technology. To ensure the success of the RFID 
project, the cost and practical use of the technology should be calculated accurately 
(Ustundag, 2013). 

To evaluate the cost benefits of RFID, a case study was carried out by Ustundag (2013) to 
model a prefabricated concrete panel supply chain (from prefabrication factory to construction 
site). The results of the simulation models in the case study showed that the integration of 
RFID in the investigated supply chain enabled an efficient material tracking. It was able to 
eliminate current inefficiencies with 93% due to time saved in operational activities just by 
integrating RFID into the investigated supply chain. According to the simulation model, total 
cost savings correspond to 3.1% of the total cost of the entire supply chain of all 3,500 panels 
(Ustundag, 2013). The main strength of radio frequency identification technology provides 
automation of existing work, improved efficiency and reduced associated costs (Won-Suk et 
al, 2009). 
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