
 

  

SAMINT-MILI - 22030 

Master’s Thesis 30 credits 

05-2022 

Digitalization in Steel Supply Chain 

A Case Study on SaaS for Information Sharing 

Austin Johnson 

Master’s Programme in Industrial Management and Innovation 

Masterprogram i industriell ledning och innovation 



A | P a g e  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Austin Johnson 

 
Problem – While the phenomenon of information sharing of CO2 

emission within the field of SCM in steel sector has gained 

recognition, complexity gradually increases when information 

needs to be dispensed multiple levels ahead of the supply chain 

network. As information sharing within the supply chain is an 

inseparable part for interconnectivity and performance between 

steel supply chain collaborators, it is crucial to examine this 

phenomenon. This study will be conducted in the light of using a 

digital tool known as “Software as a Service” that can 

collaborate, connect to other legacy and advanced technologies, 

and influence information sharing across the supply chain tiers.  

Purpose – The purpose of this paper is to empirically explore the 

dimensions involved for sharing CO2 emission information across 

multiple tiers of steel supply chain. The secondary aim connected 

is to identify how the assessed dimensions interplay to enable 

organizations implement SaaS solution. 

Study Design/methodology/approach – In this paper, qualitative 

research study was conducted driven by 8 semi structured 

interviews directed towards 8 different firms spread across steel 

industrial segments. The constraints designed surround the 

managers, directors and head of quality and sustainability 

departments and specialists who are responsible for inter-

organizational interfaces. A multiple case study is employed for 

studying perceptions of organizational entities regarding benefits 

as well as risks in information exchange using SaaS throughout 

the supply chain. Data collected were then analysed using Gioia 

methodology of analysis. 

Findings – The results of the qualitative study analysed those 

organizational entities perceived numerous types of uncertainties 

associated with sharing CO2 emission related information across 

the external interfaces of their organizations collaborating in a 

supply chain. On contrary, it is also identified that they approach 

to adopt digital SaaS in different ways to handle these 

uncertainties. The analysis revealed 6 aggregate socio-technical 

dimensions emerging that act as SaaS-enabled mediators to  
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influence emission information sharing across supply chain of 

steel.The dimensions identified were Technology utilization, 

Information utilization, People, Power Decentralization, 

Competitive value proposition and Bureaucratic Influence. 

The research revealed that People as well as Technology act as 

vital enablers for implementing SaaS for CO2 emission 

information sharing. 

Originality/value – Perceived difficulties and uncertainties 

regarding CO2 emission information sharing across steel supply 

chain network needs to be mitigated by conceptualizing and 

explaining how digital technologies such as SaaS help developing 

collaboration and interconnectivity throughout the network. This 

study is among the first known to examine SaaS adoption 

intention within steel supply chain management using qualitative 

research methods. 

Practical implications – The grounded theory can be put to 

practice by real industry professionals inorder to evaluate the 

dynamics of supply chain transformation that can share emission 

information multiple tiers ahead using SaaS solution. 

Limitations – The limitation identified is that the analysis done is 

bounded by constraints due to the limiting number of previous 

research conducted within the area of information sharing in steel 

industry using SaaS. 

Keywords: Supply chain management, Emission information 

sharing, Software as a Service 
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Popular Scientific Summary 

When studying information sharing across organizational tiers in steel supply chain, one of 

the major forms of studies have revolved around existing information trends and information 

sharing across the supply chain of steel. Studies conducted within this area bear witness to 

understanding methodologies utilized for governing information sharing having defined 

boundaries. One of the solutions identified was to deploy Total Quality Management Systems 

on top of organization’s independent systems.  One specific example to point out and studied 

is TQM according to ISO 9001. 

The standard ISO 9001 sets out principles in quality management processes and enables the 

identification of product and material along with its composition through documents a.k.a 

certificates that show conformance.  The purpose of the certificate is to improve the quality of 

product throughout the supply chain and ensure that the same standard is maintained 

throughout the production cycle. This certificate has various names in different countries i.e., 

TC (Trading Certificates), QT (Quality Certificates) or CT (Compliance Certificates). The 

certificates provide ability to track the components of a product to their material origin which 

is essential to achieve a high standard of the product. Further, the importance of documenting 

data is to achieve consistent traceability and accurate information regarding products. This 

certificate helps in providing verification evidence. Organizations are now widely 

understanding whether such certificates can also showcase CO2 emission which can be traced 

in similar digital format. 

When reflecting on these studies, it was identified that technology is continuously improving 

in accordance to supply chain requirements. Software as a service (SaaS) is gaining wide 

dominance within the area of CO2 emission information sharing due to its state-of-the-art 

solutions. With the continuous change of technology for CO2 emission information sharing 

especially across supply chain tiers, the study argues that it should not necessarily change 

supply chain dynamics towards its approach on sharing CO2 emission information. Due to 

this, the study tries to identify the social and technical dimensions interplaying and proposes 

how this can influence organization to implement digital technology such as SaaS for 

obtaining multiple tier supply chain information sharing.  
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Introduction 

1.1 Background 

The Iron and Steel industry is one of the largest consumers of energy within the 

manufacturing sectors existing in the world. The present Iron and Steel industry consume 

fossil fuels which are leading to increased release of fossil fuel emissions that contain CO2. 

As per Holappa, the production processes utilized within the Iron and Steel industry are 

releasing 7% of global anthropogenic emissions, and based on global steel produced, the 

specific emissions of “world steel” production are at 1.8 t.CO2/t of steel produced (Holappa, 

2020). It is accounted that within the period from 1900-2015, global steel production alone 

has led to total emission of ~147 billion tonnes (Gt) CO2-eq (Wang et al., 2021).  

Global demand for steel is rising due to the growing needs of the people. It is considered as a 

necessity due to its abundant availability and it marks its presence everywhere within the 

world. The growing demands of steel production is thereby resulting in growing CO2 

emissions within the Iron and Steel industry. This means that the emissions, if not controlled 

accordingly will also drastically rise which can lead to adverse climate changes.  

Multiple initiatives have thus been taken up by the government to address the following 

climate issues as the situation seems to be changing continuously. Sustainable development 

as a concept began appearing between the period of 1970-1980 that focused on maintaining a 

synergy between economic growth of organization, social welfare improvements and 

environmental preservation. Environmental taxes started getting levied on organizations 

working within specific countries e.g., Scandinavian countries, which started getting world-

wide recognition leading to adoption of such counter-active measures to prevent 

environmental pollution (du Pisani, 2006). By the beginning of 1992, United nations 

framework convention on climate change started gaining recognition when the participants 

involved in affecting the climate by their production and manufacturing processes, realized 

their process implications and began taking measurements to reduce greenhouse gas 

emissions (Gao et al., 2017). By 1997, the first “Kyoto protocol” was signed which 

documented specific quantitative obligations that were to be followed by countries to reduce 

their greenhouse gases. In 2015, the “Paris agreement” was created and signed which had a 

purposeful approach towards restraining the temperature of the planet by 2°c when compared 

to pre-industrial era with ideal goal to reduce the growth to 1.5°c (Glushchenko, 2020).  

These initiatives undertaken led to creation of a need for climate safe future and inorder to 

reach this future, there arises a need to reach zero emissions by around 2050 in energy 

intensive sectors which includes steel industry if “Paris agreement” is to be followed. 

However, this is at present, perceived as a challenge for steel industry players due to global 

demands arising based on growing population and energy consumptions using fossil driven 

fuels within which limits the transformation of the traditional operations, into CO2 free steel 

industry (Wang et al., 2021). Due to these specific factors, the steel industry is estimated to 

lack the pace for adopting innovative solutions or practices. This has now created a 

worldwide emergency and need for new methods and technologies that can both from 
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physical process optimisation level reduce CO2 emissions and from system specific level 

track and evaluate which processes are leading to greater CO2 emissions in energy intensive 

steel industry. 

Presently all the major strategies to decarbonize steel has focused on improvement of 

efficiently operating production process that include energy efficiency (Fais et al., 2016; He 

& Wang, 2017; van Ruijven et al., 2016), bringing forward technological innovations on 

production processes (Hasanbeigi et al., 2014; Vogl et al., 2018) and addressing and 

implementing use of different available fuels for production processes (Rehfeldt et al., 2020; 

Zhang et al., 2017).This way of evaluating the effectiveness and analysing whether 

decarbonization strategies implemented just on production innovation and process 

improvements are now being questioned on a credible forefront (Åhman et al., 2017; 

Rissman et al., 2020). This has led to identifying new digitalized system-based innovations or 

Industry 4.0 implementation to help make better decisions regarding global GHG emissions 

mitigation measures as the previous studies conducted have only focused on improvement of 

production specific technologies (Wang et al., 2021). 

Industry 4.0 is an alternative term generalized for forth industrial revolution that on a wider 

picture looks on the future industrial trends being developed to help achieve intelligent 

manufacturing processes that can provide active decision-making capabilities by relying on 

cloud computing for e.g., SaaS (Software-as-a-Service) platforms which is just one 

technological aspect of Industry 4.0 (Zhou et al., 2016). Its aim is to establish intelligent, self-

regulating industrial value chain that are interconnected (Liao et al., 2017). Software as a 

Service (SaaS) is considered to help share emission information between stakeholders i.e., 

between suppliers and its customers which will help in facilitating performances in business 

and increase the level of trust in manufacturing as well as service industries (Ghouri & Mani, 

2019). This type of advanced system-targeted technologies is considered to provide aid in 

connecting multiple stakeholders within the steel value chain.  

Information and Communication Technologies (ICT) are advancing at a fast pace which is 

leading to creation of increased opportunities for steel organizations to quickly integrate them 

into the supply chain (León-Duarte & de La Re-Iñiguez, 2021). ICTs are creating new 

possibilities for steel organizations and increasing their competencies to respond quickly 

through collection of data in real time making them competitive against other industrial 

players within the steel industry (Musa, 2000). It is now becoming a growing need within the 

steel industry sector to achieve agile and efficient collection of CO2 emissions data along 

with information about inventory levels and orders within the supply chain. This has led to a 

purposeful developments of new information systems that can identify and provide product 

information and CO2 emission data within the steel supply chain.  

1.2 Problematization  

Competition between organizations within the global economy is becoming fierce now as 

manufacturers and suppliers are being challenged to continuously provide improved quality 

products and materials that comply within industrial and governmental mandates 

(Gopalakrishnan et al., 2012) . Original Equipment Manufacturers (OEM’s) are increasing 
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their dependencies on suppliers for complex, best quality, environmentally friendly products, 

assemblies, operations, and processes. Emphasis made on requirement of reporting and 

sharing information regarding CO2 emissions from decades, have now become a burden for 

manufacturers and suppliers within the steel value chain. This is now developing an upward 

push for quality driven products and services that operate with efficiency focusing on 

environmentally friendly production processes offered on a competitive price scale. 

Many authors have conducted vast studies providing explanation about a terminology 

commonly understood as the ‘Bullwhip effect’. (H. L. Lee et al., 1997) within his articles 

written, further adds insights into this effect by pointing out that even small variations within 

the demands made by end- consumers representing extreme end of the supply chain can lead 

to fluctuations that are of bigger scale within the demand created by upstream manufactures 

towards its suppliers further up the supply chain. Thus, even small changes in amplitude of 

demand created between actors contributing to steel industry can finally end up creating a 

very large demand on the primary suppliers who act as the topmost entities within the steel 

supply chain that provide products to meet those demands. This leads to very large variations 

within the supply chain regarding the demand. The end effect of such large variations is 

creation of greenhouse gas emission in excessive amounts (Plambeck, 2012). The “Bullwhip 

effect” is considered to account for a very large share in using up the energy resources and 

creating emissions of greenhouse gases. It is identified that out of ¼ of the global energy 

produced, 85% of that energy is used for manufacturing operation of basic materials that 

include metals, fertilizers, chemicals, minerals, papers, petroleum, and cement (Barker et al., 

2009). The manufacturing of these basic materials as stated occurs at the starting stage in the 

supply chain thus they are presumably the highest affected actors who are subjected to 

experiencing the bullwhip effect at its maximum variation and uncertainty.  

Studies conducted suggest that one of the remedies of reducing this bullwhip effect is to share 

information in real-time with entities directly demanding products (Plambeck, 2012). This 

real-time information includes inventory-levels, product environmental performance data and 

demand of products needed by end-consumer throughout the supply chain. By having this 

real-time detailed information about the inventory level and environmental performance of 

product available at the downstream of supply chain helps the manufacturers to forecast the 

demands more clearly about the intermediate products that are needed to create the final 

processed product thus helping them to order only those needed intermediate products 

without demanding for large (Lee et al., 1997). This method of disposing information 

throughout the supply chain helps organizations within the industry to reduce variabilities and 

thus all in all also reduce greenhouse gas emissions. 

Nevertheless, with the increase in frequency of managing and co-ordinating operations 

between supply chain, the requirement to sharing wide range of data throughout supply chain 

increases (Shore, 2001). This requirement of sharing information then turns to gradually 

become a complex task for entities at a technical and social perspective when organizations 

are spread across the geographic regions of the world. Supply chain of steel consists of 

complex network of actors that are connected not only domestically but across countries 

internationally. Steel industry actors who collaborate and share information requires active 



 

4 | P a g e  
 

co-ordinations and effective relationship that traverses across boundaries. Present 

methodologies and technologies implemented across industries affect the information flow 

between customers and suppliers which include variables such as market, industry, the 

competition created, cultural plays between nation and IT infrastructures implemented 

(Shore, 2001). This poses the threat of data inhomogeneity across the steel supply chain 

leading to every actor collecting and sharing information in their own specific formats thus 

posing as a threat to transparency of data resulting in issues to trace accurate information and 

inability to identify emission intensive actors and operations within supply chain of steel 

(Mangan & Lalwani, 2016). 

Supply chain visibility is known to be a complex issue that deals with people, processes, 

technologies with emphasis also on flow of information (Goh et al., 2009). From an IT 

perspective, supply chain visibility is the organization’s ability to and collect and analyse the 

data distributed among actors within a supply chain which help in generating 

recommendations or make informed decisions that provides insights to strategize the 

organizations (Tohamy et al., 2003). It was found that out of 150 company surveys 

conducted, 79% of the organizations associated with the survey were greatly affected by the 

lack of process visibility within the supply chain (Goh et al., 2009). It was also found that 

most of the research conducted within this area only focused on information systems that 

accounted for excellence within transactions conducted between organizations to create 

visibility of demand or flow of materials (Huo & Jiang, 2007).  

There are a wide range of articles, papers, journals, reports as well as case studies published 

addressing positive impacts of implementing information systems within specific industrial 

supply chain considering it to be the next growing trend to obtain transparency and 

traceability. Nevertheless, there is very less research conducted on understanding underlying 

factors affected for enabling deployment of digital systems that can help obtain real time 

connection between networks specially in steel industry and how such solutions will track 

CO2 emissions within the entire teel value chain. Additionally, concerns regarding how 

secure and trustworthy innovative digital based systems are when offered by a Third-party 

service provider and how they offer traceability and transparency for flow of information 

within the value chain of steel Industry is also not studied.  

1.3. Purpose and Research Question 

To obtain credible responses to assumptions denoted within the problematization segment, 

the research tries to empirically explore the features that synergises sustainability transitions 

within a traditional industry like steel and wants to investigate the factors that will be 

involved to empower CO2 emission information sharing across steel supply chain. The 

purpose of this research is to evaluate how coaction occurs between the factors to enable 

organizational entities commit to implementing digital technological solutions to effectively 

share CO2 emissions information across supply chain tiers. The research question that is 

framed is  

How do SaaS enable CO2 emissions information sharing across multiple tiers in steel supply 

chain? 
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To answer the following main questions, two sub-research questions have been formulated  

1. What dimensions will be impacted for sharing information on CO2 emissions?  

2. How the impacted dimensions in information sharing of CO2 emissions enable 

organization to implement SaaS? 

Inorder to answer the research questions formulated, the study will look on present supply 

chain and how CO2 emissions are being tracked in steel Industry supply chain. The research 

question will try to answer the influencing constituents for interconnected digital systems to 

share CO2 emission data digitally from producers to end-users and will hopefully provide 

valuable contribution to players within steel Industry regarding the need for new available 

innovative information sharing systems such as SaaS. It will also provide insights for other 

CO2 traceability solution providers with an overview regarding challenges and opportunities 

within the steel Industry supply chain. 

1.4. Delimitations 

The thesis study conducted focuses on the information sharing phenomenon within the supply 

chain dynamics of the steel Industry. The research study conducted is in collaboration with an 

external organization called ChainTraced AB and the technology chosen to study within this 

research is Software as a Service (SaaS) based platform solution. This study is done by 

investigating the company’s SaaS based solution which is presently within the 

implementation phase of the project with different industrial stakeholders from steel Sector. 

Besides, this thesis mainly focuses on CO2 emission information sharing which is one out of 

other features presently being used and deployed by the company to its clients. 

1.5. Thesis Structure 

The thesis is organized into seven sections. The structure of the thesis follows the framework 

proposed by (Bell, 2022) on qualitative research. In accordance to following the introduction 

in Chapter 1, Chapter 2 comprises of the literature review, which selects information 

sharing and SaaS as the subjects of relevance which are studied extensively. Within Chapter 

3, the methodological approach selected for the research study is described. Chapters 4 & 5 

include presenting the results identified from conducting the empirical studies as well as 

analysing the findings obtained from the study. Chapter 6 comprises of discussing and 

reflecting on the findings identified. This chapter also presents the grounded theory model 

developed by researcher, which outlines the dynamic relationship between the data seen to be 

emerging. Finally, Chapter 7 accounts to provide summary of the research study while the 

final chapter i.e., Chapter 8 lists the limitations of the research study and suggest areas for 

future research. 
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2. Literature Review 

2.1 Introduction 

Within the literature review conducted, it is crucial to point out that the paper applies an 

approach of grounded theory for analysing the data. Due to this, the study maintains distance 

to the literature exploration conducted. The literature review researched is primarily used to 

refine the articulation of emerging grounded theory model (Gioia et al., 2013).  Keeping this 

in mind, the literature study presented here is for broader utilization to refine the data analysis 

presented within the study (Willig, 2013) 

The first chapter focuses studying the background of steel supply chain and the CO2 

emissions as well as mitigation measures presently employed within organizational 

paradigms that promotes emission information sharing. The second chapter tries to evaluate 

and understand the information sharing in detail with context to the steel supply chain and 

identifies the need for sharing emission information using digital technologies across the 

supply chain network of steel. The third chapter involves studying regarding transformation 

of steel industry to incorporate digital technologies and the opportunities it can bring to 

effectively obtain transparency and traceability for sharing information across supply chain of 

steel. In the final chapter, we try to investigate and showcase one of the digital technologies 

i.e., SaaS and the research the need for steel industry supply chain to adopt such 

technologically advanced systems along with discussing regarding plausible opportunities 

and challenges it will have within the traditional steel industry 

2.2. Steel Industry supply chain 

The steel industry supply chain involves actors from the mining industry, steel material 

processors, part-manufacturers, distributors, transport organizations as well as end customers. 

Based on supply chain’s extent and complexity, there isn’t yet a model created in real life that 

can cover all the aspects of supply chain’s process (Soltany et al., 2013) let alone for steel 

supply chain. This required compromises to be made between complexities of supply chain 

model’s considering the real-world situations leaving a critical task in the hands of the 

designer to make the decision to define the extent of supply chain model’s that can be 

visualized. (Lambert & Cooper, 2000) articulated that the scope of the supply chain should be 

descriptive enough to create a capability to solve real problems based on identification of 

issues through these models. This has driven the researcher to visualize and depict a simple 

model to better understand the working of Steel supply chain. This supply chain is further 

explained through the diagram represented in Figure (1). The steel industry supply chain 

consists of multiple actors that collaborate with each other to provide value added steel 

products that are quality driven and meet the standards requested by end customers. The 

chain follows a conventional process where products or materials flow in forward direction 

whereas information flows in backward direction.  



 

7 | P a g e  
 

Steel Industry Supply chain

Tier-2 Suppliers Tier-1 Suppliers Manufacturers Engineering Industry Tier-1 Customers Tier-2 Customers Tier-3 Customers

Mining

Scrap Metal

Steel Makers Manufacturer Fabricatiors Distributors Resellers

End-Customer

Waste 

Transport

Transport Transport Transport Transport Transport Transport

TransportRecyclable Scrap

Product Flow

Information Flow

Figure. 1 - Supply Chain Model 

a) Miners  

The mining companies are the players who hold a very important positions within the steel 

supply chain as these industries are the primary contributors who discover, extract, evaluate 

and process varieties of minerals such as iron, coal and precious metals that not only 

increases the physical properties of steel but also act as contributors to produce steel. The 

precious metals and minerals extracted from mining industries make steel as a product 

durable possessing very high strength (Spitz & Trudinger, 2019). Small amounts of extracts 

from these minerals are also utilized within steel to make them corrosion and rust resistant. 

These actors are considered as the Tier-2 suppliers and are placed at the extreme left of 

Figure. (1)  

b) Steel Makers 

The actors representing the following industry are players that obtain minerals from mines 

and ore deposits and internally process them at very high temperatures to produce steel as 

shown in Figure. (1). Steelmaking process is method to produce steel from iron and scrap. 

They involve activities that use very high energy intensive operations that involve production 

of molten steel which is further treated to convert into billets, Ingots, slabs, and sheets (Price 

et al., 2002). To form these shapes, the steel as a liquid product goes through processing 

treatments and requires arc furnaces and blast furnaces that run on coal and other sources of 

energy which then goes through cooling and forming operations in the latter stages. This 

plant is also known as the steel works or steel mill who create steel and convert them into 

semi-finished steel products. 

 It is accounted within the article by (Cullen et al., 2012) that majority of the CO2 emissions 

associated with steel are resulting from the processes used in steel making as well as mines 

for extracting ore. This has resulted in major incentives and programmes being focused on 

reducing CO2 emissions and implementing stricter regulations on upstream processes within 

the steel supply chain when compared to downstream activities which just involve fabrication 

and assembling operations (Cullen et al., 2012). 
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c) Manufacturers 

Nowadays, it is considered as a norm to be followed by steel companies around the world to 

produce and provide an increasing number of processed products. These products handled by 

organizations within this segment are commonly denoted as finished steel products. They are 

considered as products that can be tailored to acquire a form that is well suited for immediate 

customers within the steel supply chain. Organizations under this segment buy, store and 

process semi-finished steel products into more refined products such as plate, rod, strip, wire, 

tube, and profiles as is denoted as manufacturers shown in Figure. (1).  

d) Engineering Industries 

A large share of finished steel products needs more processing and fabrications to turn them 

into end-products that can be used by customers for intended applications. These activities to 

further re-engineer the steel products to fit customers need are activities conducted by 

Engineering industries. Steels that are engineered and further processed are mainly applied 

due to its increased strength, ductility. etc. These products are carefully tailored so that they 

can meet the specific user requirements so that the properties and performance will fit the 

needs of the user. product e.g., for such type of materials are Screws, nuts, bolts etc. 

e) Distributor 

Entities or actors within this segment are considered as intermediaries that are providing 

services between upstream as well as downstream supply chain entities. They are centres that 

provide services, stock bulk amount of steel products, act as manufacturers that work on a 

contract or suppliers that provide critical components (Hugos, 2018). Distributors within the 

steel industry supply chain majorly hold prominence as they add value to the steel product by 

holding bulk amounts of stocks. They are also considered as actors within the steel supply 

chain who procure materials in bulk amounts and store them within their inventories so that 

they can provide it to customers efficiently. 

f) Resellers 

Resellers comprises of organizations that procure or buy steel materials in quantities to sell it 

in smaller proportions based on needs of the customer. These actors work as entities that have 

a sole motive to sell more to make -more profit. They are considered as middlemen acting 

within the steel industry supply chain without stocking up or increasing inventory. 

g) Transport 

The transportation sector is a category denoted for group of companies that are providing 

their services to move people or goods from point one to another. They account for being an 

active player within the steel industry supply chain from the beginning of the steel product 

life cycle that is from being mined up until the end i.e., to ultimately redistribute steel to steel 

scrapping companies after life of product has ended. Hence, they are also considered to be a 

continuous entity that are affecting the climate by playing a role in emitting CO2 emissions 

throughout the steel supply chain. 
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h) Customers or Original Equipment Manufacturers (OEMs) 

Entities represented within this paradigm are considered as companies that manufacture other 

products that can be used by common man in his day-to-day activities. These organization are 

mainly present so that they can provide products based on customer demands and needs thus 

increasing the supply chain further down.  

i) Scrap Metal Industry 

Steel Recycling has been in business since old ages and it is witnessed that many parts of the 

world are already embracing the new system of involving scrap collectors, scrap processing 

and plants that utilize steel scrap (Björkman & Samuelsson, 2014).For the companies that 

treat steel scrap, this product is very valuable resource. Organizations mainly account to re-

using steel scrap to produce new steel as the melting of the scrap steel requires much less 

energy thereby also reducing the CO2 emissions into the environment when compared to 

traditional ore-based steel making process.  

2.2.1. CO2 emissions in steel Industry 

The total anthropogenic emissions of Green House Gases (GHG’s) comprise mainly of 

carbon di-oxide, methane, nitrous oxide, and fluorinated gases is continuously increasing, and 

this is foreseen from the trend visible between 1970 to 2010. The latter half is considered to 

have witnessed the largest number of releases. The carbon di-oxide alone contributed to 76% 

GHG emissions which was polluting the environment at an increasing rate of 49.3 gigatonnes 

in CO2 equivalent (Gt CO2-eq)(Olivier et al., 2017) . It was identified that 78% percent of the 

global GHG emissions increase were mainly due to the combustion of fossil fuels and other 

industrial processes (Huisingh et al., 2015). It was also identified that the factors that led to 

increase of this fossil fuel combustion globally was the economic and population growths that 

occurred which indirectly also led to increase of CO2 Into the environment (Pachauri et al., 

2014). The year of 2015 ended with assessing the iron and steel industry as the second largest 

user of industrial energy that had an overall consumption of 25.8 EJ, thus also leading to 

them being pronounced as the largest source of producing direct industrial CO2 emissions 

which was 2.87 Mt CO2/tonne crude steel (Todorut et al., 2017). The production of crude 

steel is continuously growing due to demand for steel products and major associations such as 

IEA are forecasting that the production will increase by 2% on a yearly basis until 2025 (IEA, 

2011). The demand for steel is thus assumed to see a growth from 1410 million tonnes (Mt) 

that was accounted in 2010 (Papp, 2003) to almost 2200 million tonnes (Mt) within 2050 
(Bellevrat & Menanteau, 2009). It contributes to 22% of consumption of overall energy 

within the manufacturing process conducted for production of steel and out of this, it has 

been documented that the industry accounts to 30% of its contribution to direct CO2 

emissions (IEA, 2011) as displayed on Figure. (2) which leads up to determining that 

steelmaking alone accounts to 6-7% of the global anthropogenic emissions of CO2.  
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Figure. 2- CO2 emission contribution as per (IEA, 2011) 

The emissions emitted from 1 tonne of steel have considerable variations nowadays due to 

improvements made with new industrial processes that are technologically advanced that also 

differ within production conducted in different countries (Carpenter, 2012). These variations 

might be due to different routes used for production, mixes used within product, energy 

efficiency within production, fuel mix, intensity of carbon within fuel mixes and carbon 

intensity within the electricity used (Carpenter, 2012). Consumption of energy is having 

direct relation to population and growth of the economy. The studies conducted within this 

area have also showcased a correlation occurring with the way the economy growth has i.e., 

Gross Domestic Product (GDP) produced per capita to the production of crude steel. This 

relation between factors is from the development being witnessed within infrastructural 

activities within the industries along with increased consumption of goods to meet growing 

demands (Dobrotă & Căruntu, 2013).This has greatly seen a need for steel industries to 

involve in production of cleaner steel and its making processes due to strong pressure acting 

behind it. 

2.2.2. CO2 mitigation measures in steel Industry 

As witnessed in 2.2.1, The emission of CO2 is expected to be increasing continuously due 

population growth and economical activities that are involved in the present world thus 

creating a growing need for additional efforts to reduce it (Pachauri et al., 2014). CO2 

emissions are projected to be providing the largest contribution to GHG emissions globally 

without any changes (OECD, 2016). The mitigation measures thus implemented within the 

steel industry sector involves rapid advancements in wide range of areas that are affecting 

technological, socio-economical, and institutional trajectories. Policy driven tools include 

instruments based on prices, instruments which can control and command regulations and 

support new technologies which can provide CO2 emission information along with involving 

approaches that are voluntarily taken up by parent organizations (OECD, 2016). Organization 

for Economic Co-operation and Development (OECD) identified that the cheapest way to 
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reduce CO2 emissions as of now for actors within traditional industry such as steel is to be 

levied with carbon taxes and trading schemes and other solutions. Enlisted below are the 

mitigation methods presently utilized which are active instruments that have been initiated by 

the legislations, organizations and third-party entities that want to enforce tracking CO2 

emissions within organizational boundaries for steel Industry to help the traditional sector 

reduce CO2 emissions within upcoming years. 

Emission Trading System  

The following instrument mentioned is a system that follows “Cap and Trade” scheme. It sets 

allowances within emissions as a cap with defined boundaries and these allowances are 

tradable which, if not abided by, can lead to organizations being levied with high fines (Laing 

et al., 2013). The emission trading system that is being researched upon here is the EU-ETS 

(European GHG Emission Trading System) which is the largest and the most important cap-

and-trade system presently in place that is helping europe mitigate climate change (Demailly 

& Quirion, 2008). The iron and steel industry and its members associated that are within the 

European trade are the major actors who play a vital role within EU-ETS due to their role of 

being highly intensive with not only CO2 emissions but also their open international trading 

relations with organizations from other countries (Quirion & Hourcade, 2004).The emission 

trading scheme covers gases such as carbon-dioxide (CO2) , nitrous oxide (N2O) and also 

perfluorocarbons (PFC’s) . The main motto with regards to implementing EU-ETS is to see a 

gradual reduction within the way materials are produced or procured, by setting cap 

allowances that can decline over time. It is estimated that by the of phase IV (2021-2030) the 

emissions will have seen a 43% decrease overall when compared to the phase III (2013-2020) 

which saw a decrease in emissions by 21% (Teixidó et al., 2019). 

Carbon Taxes 

Carbon taxes as the name suggests, are taxes that are levied on the content of carbon that is 

available in fuels. The carbon taxes act as a powerful disincentive that involves monetory 

compensations to be paid if they are set high thus motivating organizations to switch to 

cleaner energy (Metcalf, 2019). These types of taxes are presently used by countries such as 

Sweden, Norway, Denmark, Finland, United Kingdom, and the Netherlands and this was 

implemented as early as in 1990’s (Lin & Li, 2011). Carbon tax however vary from country to 

country based on their production, products processed, or methods conducted thus creating a 

non-normal but an effective way to reduce the amount of CO2 emissions. 

Environmental Product Declaration (EPD) 

In recent years, globalization has created an influenced effect on steel industry sector which 

led to the beginning of new advanced strategies and policy formulations. This also led to 

development of new tools to measure sustainability which were to name a few, environmental 

methodologies, trademarks, and certificates (Palmieri et al., 2017) that certified the 

importance of environment by effectively contributing to developing quantitative and 

qualitative exchange of emission information which focused on efforts and investments made 

in line within the environmental needs (Lavallée & Plouffe, 2004). 
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Environmental Product Declaration (EPD) as a document is used as a mode for 

communicating information about the life cycle of the product, that can be compared and 

shared to organizations that demand transparency regarding the impacts the product creates to 

the environment which later can be verified and appropriately registered (Martines et al., 

2018). Out of the three voluntary eco-labels created for the environment, EPD is one of the 

processes that help collecting product emission information and estimating the impacts that 

products potentially have with their overall life cycle i.e., design, production, use, and 

disposal. The information shared within EPD document is credible, comparable, objective 

and related to environmental performance of the life cycle or products and services. In 

present circumstances, the EPD system is a progressive and effective tool that can be utilized 

by organizations to share certified information regarding the organization’s sustainable 

products and environmental performance (Martines et al., 2018).  However, a limit identified 

within present existing EPD implementations is its ability to only evaluate partially the cycle 

of life of the product and the market in which it will be valuated which concerns only from a 

single organization’s point of view i.e., the company’s finished product (Westkämper et al., 

2001). 

Through evaluations of the mitigation and information sharing measures, it was assessed that 

gathering information regarding emissions within the ultimate life cycle of steel from the 

beginning is a complex task in hand for the steel industry segment as the collaboration 

between actors is crucial and every entity acting within the steel supply chain share 

information in their own industrial formats thus leading to a wide lack in harmonisation and 

consistency within the data (Nangini et al., 2019; Pulles, 2017). The methodologies used by 

organizations can also differ consistently as there is no specific framework still regulated or 

framed through agencies and associations that articulate the need for eradicating information 

inhomogeneity within the supply chain of steel (Kennedy et al., 2010). Steel companies have 

a very complex structure consisting of several networks (Choi & Hong, 2002) where each 

respective organizations providing its products or services have multiple suppliers and 

customers as showcased in Figure. (3) listed below.  

 

 
Figure. 3- Supply Chain Network 

Inability to share real time CO2 emissions information that consistently flows throughout the 

supply chain of steel raises concerns regarding the validity and reliability of data (Porzio et 

al., 2013). This can even result in creating more problems rather than reducing the problems 
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for upstream supply chain partners which ultimately will lead to inefficiencies in processes 

having undeniable implications on increasing costs for producing and transporting (Lee & 

Whang, 2000; Li et al., 2006; Monczka et al., 1998) thus seeing a direct emergence of the 

“Bull whip effect” 

2.3. Information Sharing in steel supply chain 

The world nowadays is being exposed to various types of tools that are made for sharing 

product related information and controlling quality of products but there are still complaints 

being noted by customers with regards to quality errors and misaligned emission information. 

It was identified that the major causes of these errors are materials, humans, and machine 

operations (Backman et al., 2019).  As the competitions arises within the market that requires 

an undeniable need to meet the growing demand of the purchasers with top quality products, 

enterprises are being forced to implement fail safe product quality management systems that 

are according to ISO 9001 standards. ISO 9001 is defined as the standard by international 

Organization for Standardization (ISO) which designed a criterion for organizations to follow 

if they are implementing a Quality Management system (QMS) within their internal 

operations conducted. The standard sets out principles in quality management processes and 

enables the identification of competitive advantages for organizations, but also economic 

benefits in the form of savings (Rusjan & Alič, 2010).  

Here as well, each organizations have their own specific format of operating a quality 

management system (L. J. Porter & Parker, 1993). These systems mainly help to collect and 

bundle accurate information regarding quality, emissions and ultimate product which helps in 

building effectiveness and provides efficient operations within the organizations. Within steel 

industry, the product information data that is exchanged between different actors within steel 

Industry supply chain is mainly describing the properties of the product. These properties are 

embedded or framed into a concise document called certificate which each actor within the 

steel supply chain distribute to the respective immediate counterparty along with the product 

created at their independent production facility. This certificate acts as a conformance 

document to ensure product’s characteristics and provenance. 

These certificates showcase descriptive information of the materials used to produce the 

product within steel Industry, its physical and chemical properties and includes organization 

specific Batch information which helps to locate the product within the supply chain. The 

important properties within the steel product are the mechanical and chemical composition 

that it contains (Rossi, 2014). Steel industry players mainly use or share these certificates to 

trace the origin of product along with obtaining traceability in case there are quality 

mismatches in product to make it easier to trace the causes of errors. These certificates issued 

by respective organizations help to establish compliance along with helping in liability 

determination. An unclear connection between results documented by organizations 

regarding the quality, CO2 emissions and prominence of the steel products offered is leading 

to time consuming tracking thus increasing complexities. Furthermore, it is common for all 

types of certifications of industrial components to be issued manually being a traditional 

industry, which is also time-consuming and unreliable, see Figure (4). 
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Figure. 4- Current certificate information flow 

The lack of visibility in supply chains raises critical questions in sustainability (Busse et al., 

2017). An increase in traceability and transparency gives a higher level of confidence to 

players who have contributed to the value chain. Ethical and accurate information can be 

difficult to present, but the need for it is great. Consumers want to be informed about the 

origin, methods and emission from operations produced during the creation of a product. To 

be able to provide that information from raw materials to consumption is an assignment that 

the business sector needs to undertake seriously (da Cruz et al., 2020). Within the context of 

sharing information across supply chain, traceability as a concept has also witnessed its 

emergence and it is seen as the best viable solution that can be easily implemented within 

current practices carried between Supplier, manufacturers, and distributors (Kumar et al., 

2017) of steel products.  

2.3.1. Need for Information sharing  

Information sharing is a mandatory requirement for implementing traceability within steel 

supply chain. “Traceability” as a term means the ability to track the product, batches or 

components produced throughout the supply chain from its initial stage until it reaches the 

customer with additional ability to locate them (Hockenberger, 2014).It frames unique and 

different objectives for different stakeholders collaborating within the supply chain of steel. 

Gathering authentic information across supply chain about the product’s CO2 emissions from 

the product owners and its relevant distributors helps to identify and pin-point actors within 

the steel supply chain along with providing additional ability to manage the execution of 

recalling products or containing products at the right stage. This visualization and 

identification of CO2 emissions is only possible when organizations across the supply chain 

of steel can standardise and share relevant information across which develops the ability to be 

traced-back to the flow of information upstream which assists in identifying which products 

need to be recalled or highlighted (Alves et al., 2013). Hence identifying and implementing 

digital technologies that can facilitate information sharing is turning out to be a new practice 

employed by organization to decapitate the challenges perceived with regards to sharing 

emission information across supply chain (George et al., 2021).  

2.3.2. Factors Affecting information sharing 

Although sharing of emission information across the supply chain is considered to be 

important, (Chizzo, 1998; Holmberg, 2000) have presented that the significant impact that 

information sharing has on performance of the supply chain mainly depends on the type of 
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information shared (S. Li & Lin, 2006), when it is shared and how it has been shared along 

with also determining with whom it should be shared. The quality of information being 

shared across supply chain suffers when partners collaborating portray interests that are 

dissimilar and when they only seek to obtain benefit along with employing asymmetrical 

measures for sharing information within internal operations (Feldmann & Müller, 2003). 

Studies conducted by (Mason‐Jones & Towill, 1997) suggested that organizations 

deliberately falsify and twist information to meet their economic, social, and environmental 

performance when they become aware that it can potentially reach not only their competitors 

but also their collaborating organizations which are its suppliers and customers. This 

showcases that there is unwillingness stemming internally within organizational management 

to dispose more than minimal information regarding CO2 emissions (Berry et al., 1994) as 

disclosing more than needed information can lead to losing power within the supply chain 

and fear starts gripping regarding potential leakages of credible data to rivals (S. Li & Lin, 

2006) 

To further facilitate quality emission information sharing across the supply chain of steel, 

factors underplaying within to influence information sharing is considered integral to develop 

strategies that can act as positive reinforcements to overcoming the barriers preventing 

sharing information regarding CO2 emissions and encouraging collaborators. (Alvarez, 1994; 

Chandra & Kumar, 2000; Lambe & Spekman, 1997) identified that environmental 

uncertainty act as crucial drivers for sharing information and organizations strive to develop 

strategic partnerships with their partners involved in trade to reduce risk when the 

environmental uncertainties are high. On an organizational level, (J.-N. Lee & Kim, 1999) 

speculated that top management involvement is needed to foster and develop aligning 

visions, active guidance, and support for sharing quality information. The other factor 

investigated and articulated by (Lim & Palvia, 2001; White, 1996) is that advanced 

information technology systems is needed to be implemented that can assist organizations to 

enable efficient and secure information sharing across supply chain networks. Additionally, 

to obtain performance driven inter-organizational collaboration, companies need to build 

relationships that are based out of trust, commitment and shared vision which will further 

encourage emission information sharing and help surpass the fear regarding disclosures of 

information and power loss (Boddy et al., 2000; Sheridan, 1997)  

(Epperly & Lee, 2015) studied that entitling the monitoring responsibility to customers as 

well as organizations within the supply chain regarding the level of information to be shared 

can create worst outcomes rather than positive solutions. This can lead to uprising of scandals 

such as inducing green washing strategies regarding emissions within operations and 

misleading organization’s by sharing wrong information to stay in business (Nezakati et al., 

2016) . This arises when there is lack supervision from the government on the chain of 

supply. Governments are thus one of the most powerful stakeholders who can implement 

laws and enforcements which in turn needs to be followed by organizations. Providing 

governmental incentives to organizations for producing greener environmentally friendly 

products as well as ability to showcase CO2 emission information regarding the greener 

operations needs to be deployed to better promote and enforce emission information sharing 

across the steel supply chain (Madani & Rasti-Barzoki, 2017). 
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The impact that information sharing fosters within supply chains has witnessed growing 

significance in recent years due to technological advancements made within IT (Lotfi et al., 

2013). Digital traceability systems that are tailored and effective help in providing managerial 

insights to decision-makers that highlight the process criticalities and also help in evaluating 

alternative strategies for distribution within supply chain with regards to sustainability 

(Manzini & Accorsi, 2013). Furthermore, organizations within supply chain are now focusing 

on implementing such digital advanced solutions to raise product quality and account for 

sustainability by collecting information regarding emissions. However, further studies are yet 

to be made that can give clarification of how exactly the information should be collected 

from the steel industry players and what specific information needs to be shared to achieve 

improvement in environmental performance and quality (Tsung, 2000).  

2.4. Transformation in steel supply chain 

The steel industry contributing to the supply chain have displayed relevant transformations in 

recent years. The initial phase of the transformation has witnessed restructuring and 

consolidation happening within organization’s management level and the latter phase has 

focused on implementing highly advanced technological processes for production of new 

products. When focusing particularly on the latter aspect, it is seen that digital transformation 

and Industry 4.0 has actively contributed to the need for reducing physical, tedious, and 

repetitive operations along with the lookout to increasing better visibility of information 

across steel supply chain.  

Industry 4.0 mainly directs its focus in the enhancement of automation and strong 

connectivity between Cyber Physical Systems (CPS) which include smart machines, storage 

systems and facilities that conduct production that are capable of exchanging information 

autonomously, trigger actions or mitigation measures and trigger independent control over 

each other acting within the steel supply chain (Dafflon et al., 2021). This information can 

finally be stored, reported, or captured through digital information systems working through 

cloud servers which influences managing quality of products throughout the entire production 

chain. Additionally, it helps in early detection and forecasting of abnormalities in the 

processes, report environmental performance and predict lifetime of critical components by 

providing means of tools to exploit information captured using Big Data analysis throughout 

the supply chain (Branca et al., 2020).  

The steel sector is becoming aware of the CO2 emissions challenges along with the 

advantages that Industry 4.0 offer to mitigate or impact these challenges on a positive 

forefront. The industries have identified that the advantages of integrating the concept of 

digitalization into its production not only improves their ability to better track and account 

CO2 emissions but also makes them more competitive in the context of globalization. The 

application of these digital technologies helps in identifying and implementing new processes 

along the entire value chain of networks within steel that is from Manufacturing and sales till 

providing efficient services. This helps in approaching digitalization from a more refined 

holistic viewpoint which identifies that digitalization concept is not just about converting 

analog data to digital data but also better networking and interaction between business 

processes with a firm view to create efficient interconnected interfaces that would lead to 
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better integrated exchange of data across every level of management and operations  (Bogner 

et al., 2016). One of the enabling technologies to be focused on is cloud computing. (Xu, 

2012) articulated that Cloud Computing is a technology that can give on-demand computing 

services through internet offering high reliability, scalability and availability in an 

environment that is distributed across organizations.  

Cloud computing is a brand-new solution for managing mass data regarding emissions and 

streamlining the information with an additional ability to share this information within steel 

manufacturing and supply chain (Chieu et al., 2010; Zhao & Liu, 2009). The system 

framework of cloud computing works as being a service-oriented system which has high 

agility and scalability for providing or re-providing real time information and resources 

across large of number of divergent users (Damodaram & Ravindranath, 2010; Marston et al., 

2011; Tsao et al., 2010). It is also widely considered as a best suitable information system 

that can be applied for obtaining cross-organizational collaboration within supply chains 

(Cegielski et al., 2012; Demirkan & Delen, 2013; Jun & Wei, 2011). Recent researches 

carried out by (Bruque-Cámara et al., 2016; Graham et al., 2013; Yan et al., 2014) have 

claimed that using systems that are cloud based within supply chain management of steel 

leads to enhancing the integration of information and physical processes of the supply chain 

which in overall, results not only in improving environmental performance of the 

organization, but also improves the financial and operational performance of the 

organizations involved within the supply chain. Cloud computing systems is used extensively 

to improve the capacity of sharing computing services, ICT resources and using data storage 

options where you pay on a subscription basis for the number of transactions being done or 

usage of data storage spaces accounted (Celesti et al., 2010; Marston et al., 2011; Scale, 

2009).  

It allows end-users to obtain necessary functions and performance at ease without needing the 

knowledge about configuring such systems or locations of other ICT devices and 

infrastructures used by different organizations across supply chain of steel. Applications, CO2 

emission information data, resources and equipment’s that are dispersed across cyberspace 

can be pooled together and managed on demand basis using web browsers, Application 

Programming Interfaces (API) and with unlimited access to internet (Demirkan & Delen, 

2013; Scale, 2009). 

Cloud computing is considered to have gained and will continue gaining more popularity 

amongst steel industry players involved within the supply chain of steel who can foresee a 

new industrial phase of diffusion with traditional operations regarding sharing information 

regarding CO2 emissions. Applications that work on cloud computing are claimed to assist in 

making better decisions and reduce carbon emissions in transportation and activities carried 

out within the steel supply chain. Cloud computing technology provides itself as a service (i.e 

XaaS), for e.g., SaaS (Software as a Service), PaaS (Platform as a Service), and IaaS 

(Infrastructure as a Service)(Xu, 2012).  
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Figure. 5-Cloud computing layer (Xu, 2012) 

The beneath most layer showcased in Figure. (5) above comprises of Infrastructure as a 

Service (IaaS) where processing, storage, networks, and other standardised services that are 

fundamental for network are organized. The clients provided with these cloud services can 

define, deploy, and run their operating systems that act in a collaborative way with these 

layers. The middle layer which is the Platform as a Service (PaaS) provides abstractions and 

services needed for developing, testing, hosting, deploying, and maintaining applications 

(Xu, 2012). The next layer known as the Software as a Service layer provides access to 

business information or functionalities remotely usually over the internet as a service (Sun et 

al., 2007). Software as a Service can also be referred to as Application as a Service (AaaS) 

that offers a platform which is multi-tenanted that share common resources across 

organization’s databases and can support multiple customers simultaneously. The major 

consideration with utilizing SaaS is the feasibility with which it integrates with different 

types of applications and resource planning systems.  

2.5. Software as a Service (SaaS) 

SaaS works on a model developed for delivering a software to customers who access the 

functionalities of business remotely via internet in the form of a service (Knorr, 2006).The 

customer that uses the software does not have to purchase any special software licence. 

Infrastructural cost, usage rights of the software along with all its hosting’s, maintenance and 

support are given as a bundle to customer who pay for it either monthly, yearly or based on 

the per-usage they conduct i.e., the amount of transactions done within the software for a 

required service (Sun et al., 2007). This kind of services offered to clients helps in reducing 

the Total Cost of Ownership (TCO) and helps in achieving better Return on Investment (ROI) 

(Torbacki, 2008). Thus, gaining the ability to widely be developed and scaled efficiently that 

can cover almost every area of application i.e., from Customer Relationship management 

(CRM), Human Resource Management (HRM), Enterprise Resource Planning (ERP) and 

offers interesting new insights to being also applied for encountering issues with 

Sustainability Management (SM) across supply chains which is the area being right now 

focused upon within this study. The need it creates is to integrate several services together 
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that focus on specific functionalities like CO2 emissions data sharing which can help achieve 

desired results that would be better traceability, transparency, and visibility of CO2 emissions 

across steel supply chain.  

SaaS systems are being represented as the future of transforming software’s in steel industry 

and they are visualized as an upcoming technological innovation that is replacing legacy 

solution packages deployed by steel industry players because of their high flexibility and 

overall low implementation as well as operation costs. As per (Saltan, 2021), due to SaaS 

being a subscription -based solution, the advantage it offers is to easily start or deprecate 

usage of its services. Benefits to using such SaaS solutions to legacy ERP tools is that it has 

low subscription charges, low upgrade costs, eradication of installation of new software’s into 

computer systems, constant access to services and upgrade functionalities via internet and 

reduced overall cost due to the standardisation potential it offers (Mäkilä et al., 2010). Figure. 

(6) quickly help in giving a visual aid of the cost involved for having a traditional package of 

software to a SaaS solution and this was visualized by (Torbacki, 2008) 

 

Figure. 6- Cost-structure comparison of SaaS and ERP (Torbacki,2008) 

The major difference, however, not pointed out by (Torbacki, 2008) is that the SaaS as a 

service is having the lowest overall cost for hardware and service when compared to an 

equivalent legacy software that uses traditional ERP’s. The major cost it accounts is only the 

cost of the software. This makes the cost of the system more predictable as the need for major 

upgrades within the hardware isn’t necessary and the services are conducted through the 

internet. Another major impact it creates is the outsourcing of servers thus making the system 

easy to use where customer focuses on the using the system software to get required 

functionalities like obtain CO2 emission information, sharing CO2 information across its 

supply chain partners or reporting the CO2 information’s for better accountability either 

manually or automatically using Integrations.    



 

20 | P a g e  
 

2.5.1. CO2 Data sharing through SaaS 

Complex steel supply chains have resulted in lengthy lead times and difficulty in visualizing 

how much CO2 emissions are being emitted by each independent actors working within the 

chain thus making it difficult to track the ultimate amount of CO2 created when final product 

is delivered to end customer. This issue becomes more and more prominent when the 

complexity within the chain of supply increases since the steel products are processed in and 

transported to different facilities. Hence information sharing i.e., CO2 emission data are 

important nowadays. Collaboration with different industrial steel suppliers operating within a 

particular chain can help reduce the gap regarding identifying CO2 emissions which will also 

lead to reduction of inventory levels, cost bourn to pay to the regulatory agencies and reduce 

lead times. This would require interconnectivity also between technological systems to share 

information seamlessly. 

The requirement to integrate different services to a SaaS platform for easy traceability of CO2 

emissions have been studied by researching various markets and the efforts taken by these 

markets to implement SaaS platforms. According to surveys conducted of around 639 

companies working with AMR research, it was identified that more that 70% of these 

companies had expectation that SaaS provided applications can integrate with On-premises 

legacy solutions pre-running within their organizational framework or other SaaS 

applications with ease (Sun et al., 2007). The International Data Corporation (IDC) also 

conducted a survey to visualize and document the trend for adopting SaaS solution in 2004 

and confirmed that more than 50% of the respondents selected the option of "Better 

Integration with in-house application” as one of the 3 major drivers thus making SaaS 

solution capable and an interesting prospect for enterprises (Guo, 2009). 

Better information sharing requires multiple technological systems deployed from 

organizations within a particular supply chain to interconnect and obtain seamless flow of 

information i.e., regarding CO2 emissions created within processes carried out by its own 

operations. For SaaS services to be more relevant between the actors within the steel supply 

chain which comprises of both medium and large enterprises require interconnection to their 

traditional applications pre-deployed on their premises (Sun et al., 2007). This defines those 

services provided through applications as a hybrid running model as illustrated in the Figure. 

(7). Services within the SaaS as mentioned in 2.5 is a web application that customers usually 

access through the internet. The interaction between enterprises across the supply chain 

happens on a give and receive basis both forwards and backwords. Subscribes accessing SaaS 

services mainly leverage the solution to fulfil specific functions that are carried within the 

business which can be maintaining relationship with customers, gather CO2 emissions from 

multiple systems that are stored as repository within the SaaS solutions etc. This makes SaaS 

services to rely on each other hence avoiding isolations from other SaaS services. For e.g., 

LCA Calculation of the amount of CO2 emitted by an organization will be supported by the 

performance of the respective Client database maintained within an CRM application. This 

creates a seamless connection between multiple applications and services that is deployed by 

organizations and creates an invisible integration that witnesses absolute data sharing 

possibilities for achieving desired functions. 
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Figure. 7- SaaS hybrid model diagram 

The integration of such systems along with legacy software’s deployed happens within three 

layers of SaaS which is denoted by (Sun et al., 2007) 

A. Integration of User Interface (UI): Applications that are deployed independently across a 

SaaS platform have their own user interfaces and access controls as shown in Figure. (7). 

This allow steel industry subscribers that are using a SaaS system to easily switch their 

interfaces using a different username or identity and its password to access a needed 

SaaS application or functionality.  

 

B. Integration of Processes: Process carried out by businesses to perform specific operation 

using SaaS services without hindrances can trigger another activity required by the 

business within another software solution which can be a SaaS or legacy systems which 

is visible in Figure. (7). An example to consider would be, a process of requesting an 

order of steel product within the CRM system should trigger a process for fulfilling the 

order managed by the ERP system. This order when being fulfilled by the steel industry 

supplier can add CO2 information of the energy intensive operations carried within his 

production process within his independent ERP system. The ERP system can then trigger 

CO2 emissions data of all the energy related activities conducted within its operations 

into the LCA SaaS system shown in Figure. (7) which helps to efficiently capture and 

handle only the necessary CO2 emission information. The process integration thus can 

lead to automation of the entire end-to-end transactions of the business processes that are 

laying across multiple SaaS systems.  

 

C. Integration of Data: Organizations can also migrate or transfer information in bulk from 

their on-premises systems into SaaS in the form of templates or excel created thus 

reducing time needed to transfer information into a SaaS solution. It is a requirement that 

a single type of data should have only a single source within the environment of an 

application run by the organization. An example that can be considered if a company that 

has a CRM subscription will account for the customer information and store it in the 
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form of a master data within its SaaS system and this will be maintained by the CRM 

SaaS system. For the ERP application to create an order fulfilment process which can be 

scheduling of delivering and supplying steel products, shipping, and invoicing the 

amount of steel materials shipped etc. The information regarding the clients to be shipped 

to needs to have synchronization. Similarly, would be the case for LCA SaaS as well to 

gather CO2 emission information and accurately pinpoint emissions within the chain of 

supply, the transactional information and the material information would become the 

source of master data which will be maintained within the ERP system thus needing 

constant sync between each other.  

The relationship that SaaS services fosters is better visual traceability of the supply chain of 

steel to quickly identify and contain the products received from emission driven suppliers. 

SaaS offering strengthen these traceability relationships across the entire supply chain of steel 

help in sharing valuable insights from a system. These implicit relationships thus contribute 

to the attractiveness of implementing SaaS platforms within the supply chain of steel that can 

offer efficient traceability, visibility of CO2 emissions flowing through the supply chain and 

transparency across the steel actors. The Figure. (8) showcased beneath is one of the 

examples of how ChainTraced as a SaaS based service is helping connect and gather CO2 

emissions across the supply chain of steel industry. 

 

Figure. 8- Example of ChainTraced's SaaS solution 

In context of acquiring on the go connection between multiple stakeholders acting within the 

supply chain of steel, SaaS platforms works at its best as it helps to integrate multiple 

technologically advanced systems together and keep them in constant sync so that 

information can be widely shared and dispersed on the general thumb rule of “request and 

receive”. SaaS systems in accordance to sharing and reporting CO2 emissions helps in 

analysing and gathering production specific emissions obtained within organizational 

boundaries and aids with automating this form of data collection with minimum human 

involvement involved. Sharing of real time and accurate information through interconnected 

systems for e.g., product selling data, can make the suppliers better aware of the emissions 

occurring within their own organizations production domains and help with making better 

accountable decisions to be taken to reduce those emissions from their organization’s 

perspective. This ultimately would lead to reduction of huge amount of inventory to be stored 

as well and only producing products that are much needed by the customers in a sustainable 

and efficient way thus helping to reduce the bull whip effect (Yao et al., 2007).  
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The logic it follows given in Figure (9) showcases a flow diagram, how interconnection of 

multiple systems to an SaaS platform can help achieve the possibility of sharing real time 

information based on every operation conducted across the actors and how the SaaS platform 

will help collect data and store the CO2 information as a repository which can be accessed 

anytime and anywhere by just using remote web services that run on the internet. 
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Figure. 9- Flow diagram of SaaS 

Companies from sectors designated for SME (Small and Medium) enterprises are displaying 

less and less willingness to spend more financial resources for licences that work on legacy 

solutions. The development time needed as well as the ability to simultaneously carry-on 

integration with multiple IT software’s at once are making SaaS services more reliable and 

attractive for decapitalizing cost (Torbacki, 2008). Models built on SaaS ensure unhindered 

access to newest ERP or MRP solution thus helping to keep the costs low. The platform of 

SaaS is not only for development but also for handling resources. The scheme that SaaS 

works on is providing all data, software’s, and its applications as services. The effectiveness 

it offers is interconnected supply chain collaboration across different types of organizations 

handling distinct specific activities with effective ability to share information regarding CO2 

emissions across the chain of supply rather than immediate suppliers and customers. 
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2.5. Final Remarks in Literature Review 

Literature review conducted within this thesis has mainly focused it emphasize on helping 

readers familiarize themselves regarding the complexity of managing steel supply chain, the 

current trends within the steel supply chain to gather and share CO2 emissions, selection of 

appropriate digital technologies that can better enforce the purpose of sharing information 

across the supply chain of steel. These were the criteria that were mainly used for conducting 

the research of literature review as well. The selection process of identifying critical 

literatures that can shed light on the problem to be studied was conducted by searching for 

keywords within the internet through educational and free platforms such as Google and 

Uppsala Library. The key words to identify the literature articles as well as journals are steel 

supply chain, information sharing in steel supply chain, CO2 technologies in steel supply 

chain, traceability, Cloud Computing, Software as a Service (SaaS) and Information sharing 

using SaaS. The question to answer, literature review study on using SaaS for sharing CO2 

information in steel supply chain is presented. The part mentioned within the final set is 

chosen to further support the analysis conducted of the study. 
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3.Methodology 

3.1 Research Paradigm 

The research carried out is assessed to be a qualitative based multiple-case study which is 

inductive in nature. As the aim of the report is to increase our in-depth understanding 

regarding CO2 emission information sharing across supply chain tiers in context of using 

SaaS platform, an interpretivism based epistemological bearing approach is the most 

appropriate basis for the research.  From ontological, epistemological and methodological 

foundations, the interpretivism paradigm adopts a relativist approach when it comes to 

ontology (i.e., there is no perception of having an independent reality), portrays subjectivism 

epistemology (i.e., knowledge which is gathered is constructed through social interactions 

and are subjective) and embraces an idiographic methodology (i.e., individual cases studied 

are mainly focused) (Coe, 2012; Markula & Silk, 2011; Sparkes, 1992). When comparing 

with positivism, interpretivism won’t measure reality using definite construct terms however 

will try to gain deeper understanding and interpretation of a phenomenon that is seen 

(McGregor & Murnane, 2010). Similarly, within the study conducted, the researcher’s aim is 

to understand the nature of information sharing across supply chain and how SaaS can affect 

the operations and its development. It is also identified that concept of inductivism is well 

supported to the nature of interpretative studies. In concise words, inductivism concept puts 

forth a proposal that theory developed should engage the researchers to further understand 

and interpret the intentions of the people that are being studied (Slevitch, 2011).  

However, in this study, a varying form of inductivism known as abductivism is employed 

(Gioia et al., 2013). The proposition of abductivism is like inductivism in a way that it 

utilizes theories to interpret the gathered data. But along with this, abductivism further arrives 

to a conjecture that theories that are used for interpretation of constructs based out of reality 

is provisional and needs revision to be done continuously while conducting research (Sokele 

& Moutinho, 2018). The study conducted implements the usage of Gioia’s methodologies for 

analysing the data and makes use of abductivism as an approach for building new theories. 

This means that the theory and the research conducted previously is applied later to refine the 

data structure created in data analysis. Studies that are conducted can be based on inductive 

approach, however the analysis of data transgresses towards an abductive approach which 

implies that the research and the findings are constantly visited back and forth to identify new 

possibilities of emerging theories or concepts.   

3.2 Research Design 

For achieving the aim created within the approach conducted for multiple case study, the 

research design that has been presented here within the covers three building blocks that has 

been developed from the study (Yin, 1994). In the First level, a research question has been 

formulated which presents a question in the form of “How” and “Why” (Yin, 1994) which 

has been segmented accordingly in this study. The questions that initiate as “how” clearly 

tries to explain the links which are relevantly operational and requires thorough analysis (Yin, 

1994). Secondly, the unit of analysis has been identified and studied extensively which is 

important enveloping the details presented within the case. This unit of analysis has found its 
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definition based on the research question formulated. Reflecting on the research question, 

CO2 information sharing throughout the steel supply chain using SaaS (Software as a 

Service) is the case study and the unit of analysis chosen are individuals and organizational 

entities having experiences and knowledge within the related field.  

This has helped in also identifying a relevant method for conducting sampling which will be 

purposive based. The details regarding the sampling are discussed elaborately within. Data 

collection tools that are used within this study are semi-structured interviews, innovation 

seminar’s, innovation calls taken by the organization with whom the study is being conducted 

and assessing official reports. For analysing the data’s collected, grounded theory is used as 

the most common research framework that is used for qualitative research (Bell, 2022). 

(Bryant, 2017) in his article highlighted grounded theory encompass characteristics of being 

systematic and comparative. The steps followed for studying the analysis of data findings is 

adapted from (Corley & Gioia, 2004) and (Gioia et al., 2013).  

3.3. Sampling 

The conducted sampling method used is generic purposive sampling as we need to 

subjectively choose the interview questions that will align with the study purpose (Bell, 

2022). The reason of choosing purposive sampling approach is because it allows to fit in 

multiple diversities within the sample (Ritchie et al., 2013). The population that will be 

considered are managers that are in line with identifying quality, sustainability as well as 

innovation within the steel manufacturing industry using digital technologies. This sampling 

method is mainly chosen to fit different target groups that are divided across departments 

irrespective of their age, gender, ethnicity etc.  

Generic purposive sampling is the relevant sampling method identified to study the 

population for answering the research question as it chooses individuals to be studied and 

assessed based on their qualities, knowledge, and experience related to the phenomenon in 

the case (Etikan et al., 2016). In addition, the technique that purposive sampling follows is 

related to non-random sampling which puts its emphasis on individuals who portray 

availability and the willingness to participate and share their opinions and experiences in a 

manner that is expressive and reflective (Etikan et al., 2016). Therefore, the population 

chosen for this study are those who work within the steel industry that are responsible in 

implementing new digital solutions that can gather CO2 emission data within the steel 

operations conducted. To further impact the enhancement of the findings, this study aims 

participants who are mainly working in companies that sell or request product to its suppliers 

or customers and those entities carry forward the supply chain further up or down. As the 

supply chain of steel industry is widespread and doesn’t operate in one specific country, the 

interviews conducted are of organizations (mainly in Europe and some parts of Asia) that are 

perceived to play a major role in emitting CO2 emissions with their production specific 

operations.  

3.4. Interview Design 

The interviews conducted were semi-structured interviews which allowed flexibility that 

depended on processes and solutions implemented within different companies that were to be 
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studied. In addition, it is considered best apt to conduct a semi-structured interview because 

of the open ended natured of the questions formulated targeted personnel’s working within 

different departments (Bell, 2022). The semi-structured interview process helped in asking 

follow-up questions which helped to better understand the complex processes carried within 

steel industry to trace product errors presently and identify quality driven suppliers. The list 

of questions framed is considered to help in answering questions regarding the positive as 

well as the negative feelings with having a SaaS platform that is owned by third party service 

bring advantageous benefit to organizations dealing with steel products trace CO2 emissions 

easily and identifying quality driven suppliers efficiently.  

Taking into consideration that semi structured interview has an interview guide as the 

protocol to be followed for the interview, the researcher can propose, and use follow up 

questions to gain better interpretation on responses provided by the interviewees. Based on 

responses received from additional interviews conducted, the interview guide will be further 

be improved and assessed thoroughly to encompass new findings obtained from interviews 

conducted and ultimately try to align to the objectives set for the research. As the context of 

this study is the CO2 emission information sharing throughout steel supply chain, the target 

group for the sample is professionals from quality and sustainability field who have worked 

in the steel companies to implement new solutions for optimizing their organizations 

sustainability initiatives. Organizations that are chosen to be evaluated and studied are based 

on their likelihood of implementing new technologies to further make better decision and 

improve their internal operations based on the amount of steel products they produce, sell, 

distribute, or buy. 

3.5. Data Collection  

Two sources of data are utilized within the data collection part for the study. Data sources 

collected from the primary set are derived by conducting semi-structured interview with 

quality and sustainability managers that are integral to implementing a technological solution 

and integrate them within their current existing practices. As illustrated in Table 1, the 

interviewees of whom the interview was conducted were stakeholders from distinct areas of 

the supply chain who had varying experiences and interpretations regarding CO2 emission 

information sharing using SaaS in relation to supply chain management. The segments are 

further categorized based on the nature of operation that they conduct within the chain of 

supply for steel products. The interviewees were contacted initially via email, LinkedIn, 

HubSpot and if none of these worked, researcher also conducted cold calls to capture 

perspectives and feelings and evaluate whether they would be interested in participating for 

the research being conducted. Researcher has conducted at-least 1 interview from each of the 

respective categories identified and represented in Figure. (1) to gain an understanding and 

interpret the perspectives and feelings that they have regarding sharing CO2 emission 

information across supply chain to reach a convergence. The interviews conducted are based 

out of Europe and Asia to get a generalized information along with also obtaining more 

information regarding the interpretation differences if any can be seen from global 

perspective. All interviews were audio recorded as verbally agreed by participants. 

Participant’s consent was gained whether their organizational position and their year of 
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experience can be disclosed for research purposes as disclosed in Table. (1) however, names 

of the company and the participants isn’t disclosed due to sensitivity. 

The period between the first and the second interview is used to extensively familiarize with 

the data, generating initial code, searching for themes, and reviewing the themes. These 

activities follow the first four steps of establishing trustworthiness as illustrated in the next 

sub chapter. By performing these steps within the gap period, the author expected to find the 

most important and interesting feature that this study may be able to develop more for 

collection of next sets of data. The table. (1) below displays the participants list and 

information’s pertaining to the interviews conducted.   

 

# 

Company 

Name 

Company Sector Profession Years of 

experience 

Duratio

n 

Method of 

interview 

1 Company 1 Engineering Industry Quality Manager 12-15 30 Online 

2 Company 2 Steel Making Industry Quality Director 5-10 40 Online 

3 Company 3 Steel Making Industry Environment Head 10-15 30 On-phone 

4 Company 4 Manufacturing Industry DGM Quality: Projects 1-5 30 On-phone 

5 Company 5 Part-Manufacturer Environmental Specialist 1-5 30 Online 

6 Company 6 Manufacturing Industry  Quality Head 10-15 20 On-phone 

7 Company 7 Distributors Quality Manager 5-10 35 Online 

8 Company 8 OEM Quality Manager 1-5 45 Face-to-Face 

Table. 1- Semi-structured interview participants 

The second set of data gathered are insights derived from the organization called 

ChainTraced AB. The details and insights of the empirical studies conducted on ChainTraced 

AB are presented within the section called secondary data in analysis segment. The data 

derived are used for providence of concrete application of SaaS for CO2 information sharing 

across supply chain of steel and to justify the findings derived from primary data sources. 

Response derived from generating insights and understanding the utility of using SaaS to 

tackle the problem of sharing CO2 information is studied on ChainTraced AB through a set of 

discussion calls taken with the management, technical and sales team. Multiple meetings that 

were for brief period were conducted so that it doesn’t deviate the organization from 

achieving its true goals was looked with high regard. As the start-up company mainly works 

with SaaS, the meetings conducted were highly flexible as it allowed questioning and cross 

interaction that identified new possibilities and helped in capturing insights which were 

valuable for the findings to further assist researcher in his analysis. Field notes were used to 

capture insights (Bell, 2022) which incorporated to briefly note down insights and aspects 

spoken about in written format. As some of the data gathered are intellectual property of 

ChainTraced AB, these data should not be published and only used for researcher’s learning 

process. The structure of the meeting is represented in table (2).  

No Date Meeting Topic 

1    17th Jan 2022 Online meeting Kick-off meeting 

2    20th Feb 2022 Face-to-Face Discussion on Technical and practical uses of SaaS 

3    1st March 2022 Online meeting Discussion regarding Interview guide 

4    15th April 2022 Online Teams Discussion on Findings from Interviews 

5 27TH April 2022 Face-to-Face Discussion on Technical and practical uses of SaaS 

6    09th May 2022 Online Teams Technological advantages of using SaaS 

7    20th May 2022 Face-to-Face Presentation and Final Review 

Table. 2- Secondary data collection from ChainTraced AB 
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3.6. Data Analysis 

The methodology begins with formulating well-articulated research question which further 

transgresses into the questions framed for semi-structured interview. Notes are constantly 

transcribed and documented by understanding and interpreting the terms used by the 

interviewees within the interview and analysis of data is coherently conducted as soon as first 

interview is conducted to further align and re-alter questions to answer the research questions 

(Corbin & Strauss, 1990).The concept that is considered as building base of grounded theory 

is effectively carrying out interpretation of the meaning and capturing perspectives and tones 

of the interviewees  that respond to the interview questions for the subject being studied 

(Eisenhardt & Graebner, 2007; Strauss & Corbin, 1994).It also accounts for continuously 

analysing the interactions and data collected by regressively comparing the analysis done 

(Strauss & Corbin, 1994).In contrast to the data collected, the interview guide undergoes 

continuous refinement based on the progress the research is making as there might rise a need 

to change the way data is collected,  analysed,  or might even lead to reframing of interview 

questions. The analysis part covers constant comparative analysis, logical coding procedures, 

and the conceptualization of theory development (Strauss & Corbin, 1994).  

Transcribed data were analysed using thematic analysis which involved “…discovering, 

interpreting, and reporting patterns and clusters of meaning within the data” which involved 

thematic coding (Ritchie et al., 2013). The journey of analytics here follows two major steps 

which were suggested by (Ritchie et al., 2013);. “Data management” involves getting 

familiarized with data after reading the transcriptions before carrying on with coding and 

segregating data to themes and sub-themes. “Abstraction” and “Interpretation” is then 

conducted in-order to evaluate the identified themes and understand what various actors had 

said and recognize both similarities and differences. As this study uses grounded theory as 

the research framework, identifying codes and themes is the central element for data analysis 

(Bell, 2022).Codes are constructed and the findings identified by interview responses 

received are compared constantly with each other and this activity is carried out at each phase 

of data collection and data analysis (Bell, 2022; Bryant, 2017). Ensuring trustworthiness 

within the data analysis is one of the key drivers within the grounded theory approach hence 

to align to the same, six main procedures are carried out which is defined as thematic analysis 

as adopted by (Braun & Clarke, 2006) and (Nowell et al., 2017). 

Thematic analysis   

This is one of the most used approaches for qualitative studies that helps in identifying, 

analysing, and interpreting patterns that has meanings obtained from field notes and 

transcripts (Bell, 2022; Braun & Clarke, 2006). The means to establish trustworthiness 

follows  

1. Data familiarization 

Data’s that are qualitative based sees its origination from distinct sources that helps 

the researcher to get accustomed with the phenomenon being studied. Sources that are 

interactive in nature helps in providing aid to researcher to establish and develop 

knowledge in determining beforehand conceptions that would guide the researcher 
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during data collection and data analysis. The requirement for this is to carry out 

repetitive reading text that are from scientific journal searching for meanings, 

patterns, and concepts (Braun & Clarke, 2006).   

2. Initial Code generation 

Initial codes are generated when the researcher has completely read and familiarized 

the data along with also actively contributing to listing initial ideas related to the 

phenomenon identified (Braun & Clarke, 2006). Quotes from interviews which seem 

relevant are chosen and open coding is used to construct a flowing interpretation. The 

open coding process helps in identifying initial stages of code which are emerging 

within the early stages of the research based on interpretation of documentations 

collected from responses (Corley & Gioia, 2004; Gioia et al., 2013). 

3. Theme identification 

The identification of themes is done after coding and collection all the required data. 
Axial Coding will be used the themes identification. The procedure Axial coding will 

follow is to establish and connect the categories based on identification of interaction 

patterns (Bell, 2022).While the phase of identifying theme is continuous, more 

specific map showcasing the thematic diagram will be displayed to witness logic 

flowing between codes and themes. 

This stage represents the researcher as agents with high knowledge who can easily 

identify and engage his thinking to capture the 1st order concepts which is nothing but 

the terminologies or commonly referred to as “jargons” and the deduce 2nd order 

themes or categories to identify dimension levels and new theories. This leads to 

reducing the number of categories identified in a more manageable way (Gioia et al., 

2013). It is also proposed by (Gioia et al., 2013) that even though the categories 

identified within 2nd order must be grounded in the realm of theoretical concepts, the 

particular focus in this study is placed by the researcher on concepts that “nascent” in 

nature which do not have adequate theoretical references within the existing 

literatures studied. 

4. Themes reviewal 

Constant refinement and reviewing activities are conducted here that will account for 

two specific types of analysis (Braun & Clarke, 2006).  The first analysis is reviewing 

the 1st order concepts which is nothing, but the jargons and terminologies used by 

informants within responding to interview guides and follow up questions. Thus 1st 

order concept will them encompass itself into the 2nd order themes. If the codes show 

a form of coherence pattern and fit properly into the themes, then analysis is 

conducted to the themes to recheck whether they account for some problem or not. 

5. Theme naming 

The map showcasing the thematic analyses is refined on an ongoing basis as the 

phases continue to transgress. This will be done to assist the researcher is further 

refining the themes created. ‘Define’ and ‘Refine’ means that the researcher will be 

capable to recognize the gist of the themes created and what quantifiable values can it 
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capture (Braun & Clarke, 2006). To ensure the data quality within the findings, the 

preconceptions created regarding the themes will further guide to identifying 

dimensions for them 

6. Generating report 

Constant iteration of the results through coding leads to constructing structure of the 

data. Deriving new concepts, themes and dimensions occur when 1st order concepts 

and 2nd order themes are rightfully identified and presented. The analysis of the data is 

conducted in the form of a diagram where interpretation of interview quotes is placed 

within 1st order concepts, then the concepts identified are moved to themes of 2nd 

order. This dynamic placement of all concepts that have relationships between 1st and 

2nd order form a data structure thus helping us to establish a dynamic model of 

grounded theory 

3.7. Research Quality 

The quality of research building the grounded theory witnesses’ further enrichment by 

collecting empirical data systematically and comparing them constantly to theory and data 

analysis (Eisenhardt & Graebner, 2007).Primary criterial for evaluating a qualitative study is 

its trustworthiness (Bell, 2022). Trustworthiness is accounted based on the following six steps 

as explained by (Nowell et al., 2017) in the above chapter. According to (Guba, 1981), 

trustworthiness consists of four criteria:  

Credibility displays a similar understanding to the internal validity which is nothing but 

being accepted by others (Bell, 2022; Guba, 1981). For the study, triangulation is performed 

by comparing data from interviews addressing the possibility of sharing information using 

SaaS and gathering insights from the company i.e., ChainTraced AB which further helps in 

aligning with peers to enlighten and understand the pain witnessed and the problem being 

solved using the SaaS service. Critiques and improvement reviews received creates 

opportunity for researcher to further improve the studies. Transferability is seen as a next 

step which helps with external validity (Guba, 1981). For this reason, the study selectively 

chooses participants who have the knowledge in implementing sustainability and identifying 

quality of steel products to lower CO2 emissions within production processes of steel (e.g., 

quality Managers, sustainability managers etc. Dependability is related to reliability that 

accounts for maintaining data stability (Guba, 1981). The criteria showcase its references to 

the possibility of being audited or reviewed which requires researcher to keep records of data 

collected within each phase in the form of a document, audio recordings or video recording 

from every phase carried within the process of research. This will be from formulating a 

problem statement, sampling, transcripts of interviews, analysis conducted for data collected 

and other important records (Bell, 2022). The collected documents have interview notes 

collected from interviews and transcripts or findings of data that can be confidential to a 

company to not disclose its industry players and respective entities considered key for the 

company. Confirmability is closely aligned with the objectivity concept that poses a general 

meaning to avoid biases that are out of personal motivation or inclination of theoretical 

references which can lead to manipulation of the theoretical findings (Bell, 2022; Guba, 

1981). 



 

32 | P a g e  
 

 

4. Empirical Results  

This chapter is comprised of results. The first chapter deals with providing results of data 

collected using Primary sources which are from conducting semi-structured interviews which 

is immediately followed by analysing the data collected. Following analysis is the 

identification of findings from screening and generating 1st order concepts. This was done by 

applying cross- analysis method as mentioned by (Visnjic et al., 2017). To avoid the 

possibility of obtaining biases in relation to the informant’s statuses, two interview cases 

were selected appropriately and reviewed together so that similarities and differences could 

be identified. This same procedure was followed for all the interviews that were conducted 

and the 1st order concepts that occurred in recurrences were documented.  

4.1. Primary Data from Semi-Structured Interviews  

The collection of primary data sees its initiations from semi-structured interviews conducted 

with 8 specific organizations from 5 distinct industry segments within the steel sector and the 

professions of these informants were mainly working within quality and sustainability 

departments. The transcription and analysis of the interviews are conducted using the six-step 

procedure utilized form thematic analysis as explained in previous chapter and this directed 

the researcher to generate theories and identify possible dimensions.  

After gathering 1st order concepts dominantly visible through semi-structured interviews 

conducted based on quotes and terminologies used by informants, researcher was able to 

identify the distinctive themes in the form of 2nd order categories. Based on evaluations, the 

researcher was able to identify six aggregate dimensions emerging based on collected data 

that showcased quite dissimilar and unique patterns which were seen to interplay with each 

other to answer the sub-research question formulated on “What dimensions will be impacted 

for sharing information on CO2 emissions” especially directing the focus towards steel 

Industry.  

When the data collected through semi-structured interviews were revisited multiple times 

inorder to further distil the concepts and evaluate the emergent themes, it was identified that 

there were certain domains or variables within the theories constructed which weren’t 

adequately researched and investigated by authors in existing literatures. Those theories are 

also presented within the report and investigated on with greater extent in the analysis 

chapter. The dimensions identified were resembled to the framework presented by (Kembro 

et al., 2017) within his paper of “Information sharing across multiple supply chain tiers – A 

Delphi study on antecedents.”  These dimensions were technology, information utilization, 

people, power decentralization, competitive value proposition and ultimately bureaucratic 

influence. The illustration of the clusters created from the quotes grouped into 1st order 

concepts and 2nd order themes is shown in Table (3). 
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4.2. Result of Interviews 

Illustration of the Interpretation conducted of Data collected 

Quotes 1st order Concepts 2nd order 

Themes 

Aggregate Dimensions: Technology Utilization 

“Still developing and considered to have gained 

very limited traction between steel organization”  
• Technology maturity 

and recognition  

 

Technology 

Limitation “Difficulty we face is with present technologies or 

solutions is accurately pin-pointing emissions on 

product level” 

• Inefficient precision 

or inadequate 

accuracy 

“Technology which is measurable, or which can 

be measured across the supply chain” 
• Measurability  

Technology 

Capabilities “An agreed platform to share data would be a 

great benefit to share the data 
• Agreeableness 

“Do not have such facilities or technologies 

available that can suitably capture data and 

information and share across the supply chain 

actors” 

• Difficulty in 

realizing or agreeing 

 

 

Technology 

Awareness 

“If it exists it may not be precise, it may be kind of 

approximation they maybe reporting per tonne or 

per kg that will be coming but on a minute level. 

But that level they can showcase and share across 

supply chain players in steel sector, I have my 

doubts” 

• Doubts regarding 

existence of digital 

solutions 

Aggregate Dimension: Information Utilization 

“Organizations have to follow a single standard 

and to see emissions regarding operations 

performed within as well as in other organizations 

across supply chain” 

• Have specific 

generalization of 

emissions for better 

tracking 

Data 

Standardisation 

“It’s all estimations that we are thriving on rather 

than actual data” 
• Estimations and 

Approximations 

Data Quality 

“I need to know how much CO2 is produced 

within the previous organization’s operations so 

that I have necessary information if asked by my 

customers” 

• Requirement of 

information 

Information 

Need 

“it’s the future money “so having all of this data, 

will help to understand more, your processes, 

your impact, identify opportunities to improve, 

you could have new ideas new projects just by 

visualizing the data” 

 

• Visualization and 

uses 

Data as a 

resource 

Aggregate Dimension: People 

“I think they will always act in their own interest, 

but I think it is in their own interest to share it 

openly. I do believe that there should be open 

exchange of data within the steel supply chain 

very much for the company’s own interest and all 

our interest” 

• Influenced due to its 

ease 

Personal 

Motivation 

“I think people or businesses on their own make 

effort to avail such platform but whether they will 

do, it’s a question because it’s a rat race which 

• Own Effort and feel 

the Need for sharing 

CO2 emission 

Free will 
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you aware of so to stay competitive and capture 

your customers, it can benefit” 

 

information 

“Public sentiments or regulations are seen to be 

playing a bigger role. When organizations come 

under a screening or they are being actively 

judged by other organizations as well as people 

around using the product, they themselves start 

feeling the need to showcase that their products 

are super-efficient, so invisible policing is what it 

can be said” 

• Good in the eyes of 

Others  

Social Influence 

Aggregate Dimensions: Power Decentralization 

“For us able to present better numbers to our 

customers, we need to be able to know where the 

emission come from in the supply chain and how 

we best can help our suppliers to reduce that” 

• Customers drive the 

chain 

Upper hand 

“If every organization agrees to have the same 

solution to report and share CO2 emissions 

information it is a good thing to have in the 

company so that the traceability is not limited and 

active collaboration between actors will be 

present” 

• Involvement when 

others are involved 

Dependency on 

Firms  

Aggregate Dimensions: Competitive Value Proposition 

“First thing that comes to my mind is cost, unless 

and until you are cost -competitive, you are not 

going to be sustaining in the steel market,  

• Cost and quality 

driven market 

Cost 

competitiveness 

“That really matters on what drives the cost or 

how cost effective the solution is to me but 

otherwise job-to-job, definitely yes, when I buy 

products from my supplier that’s where we see a 

major difference.”  

• Solution cost 

flexibility for small 

enterprises promotes 

participation 

“There may be a scenario which may occur that if 

you do not have a set carbon emission, for a 

particular industry, and if you do not maintain 

that criteria then you cannot participate in a 

business so when you cannot participate in 

business” 

• Need for such 

solutions for 

participation and 

bidding of a project 

Business 

Participation 

Aggregate Dimensions: Bureaucratic Influence 

“When it becomes necessary, when it becomes 

regulation then I am forced to like have this data 

with me so when I am forced to have this data, I 

need to have such solution to abide to those 

regulations so those maybe government or any 

organizations that will control my business, so 

definitely not me but everyone will run for such a 

solution” 

• Governmental 

pressures  

Regulations 

Table. 3-Illustration of interpretations 

The interviews conducted guided the researcher to select main distinctive concepts and 

themes to develop the grounded theories which was related to SaaS for sharing CO2 emission 

information across supply chain entities. As a conclusion it was identified that six major 

dimensional influences are to be satisfied by the digital solution that creates a need to share 

information regarding CO2 emissions across supply chains within the steel industry sector: 
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Certain dimensions identified were not dependent on technology or any tangible concept but 

on the way, entities think, perceive, and respond by portraying emotions, sentiments, and fear 

which play as factors which referred social acreage. The entire analysis can be seen 

summarized within the structure seen in Figure (10) 

 

• Measurable technologies is the need
• Absence of Technology agreed by all

• No such technology available in market
• Fail to see that new technologies exist
• Technology hasn t been recognized by Steel 

organizations

• Technology still developing
• Present technologies aren t precise

• Lack of accuracy
Technology Limitations

SaaS Capabilities

Technology Awareness

Technology 
Utilization

• Information needs to be in standardised format
• Information obtained can be generalised Information Standardisation

• Present emission related information are all 
estimations

• Inability to share quality information across steel 
supply chain by organizations

Information Quality

• Need of information to know how much emissions 
produced.

• Need of information to identify emission driven 
organization within my supply chain

Information Need

• Visualize the flow of emissions across the chain of 
supply

• Customers can themselves see what emission 
intensive products received

Information as a Resource

Information 
Utilization

• Go to single place to obtain data regarding 
emissions

• Less effort to obtain emissions from other 
organizations

Personal Motivation

• Make own effort and act involuntarily to benefit 
others

• Feel that this is a challenges
• Not forced by others

Free will

• Social sentiments act in response
• Being judged by other organzations and people 

using products

Social influence

People

• Perception of lesser cost and better quality for 
steels products purchased

• Quality products supplied by suppliers
• Cost competitive digital solution needs 

Cost-Competitiveness

• Ultimate motto to satisfy customers requirements
• Better present numbers to our customers to stay 

in the business as they decide

Upper Hand

• Involvement if other organizations are involved.
Dependency on Firms

Power 
Decentralization

• Digital solution needed to participate and receive 
business from organizations

• Set criteria for obtaining a business

Business Participation

Competitive value 
proposition

• Force from the government to share CO2 emission 
information.

• Regulations incorporaion
Governmental Pressures

Bureaucratic 
Influence

Figure. 10- Thematic Analysis structure 
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5. Analysis of Results 

5.1. Analysis of Primary Data Source 

The following section showcases the analysis of the structured data which was present within 

the previous sections. All the quotes presented within the table as well as other responses 

captured are utilized to conduct the analysis study. The analysis structure follows the same 

linear path as arranged within previous section focusing on dimensions identified as 

technology utilization, information utilization, people, decentralization of power, value 

proposition of the technology offering competitive advantage and bureaucratic influence 

A. Technology Utilization 

The main component identified for a digital transformation is technology and how it is used 

to share CO2 emissions information across supply chain entities. Based on the responses 

gathered from the interviews, the hesitation to adopting SaaS within the steel supply chain for 

sharing information was due to the underdeveloped methodologies utilized by previous 

technologies and inadequate precisions presently foreseen creating a sense of unwillingness 

and reluctance to adopt a new solution as it involves revamping certain implementation 

processes within the industry and training of individuals to utilize a new solution. The 

concerns and impressions with using a new solution deployed by Software as a Service based 

platform is identified into three separate sub-categories which were technology limitation, 

capabilities of SaaS, and awareness 

 A.1. Technology Limitations 

Within the first theme identified, the importance of precisive data is brought up by 

importance who spoke that the technology to capture and showcase accurate CO2 emission 

information and share this information to other entities is not possible using current 

technologies. On the contrary, for a new solution such as SaaS, it still needs to be first 

implemented and then studied so they are in a nascent stage and recognized as a concept 

which needs to be first utilized to gain appropriate understanding and learning   

 “I feel it is still developing and considered to have gained very limited traction 

 between steel  organization. Maybe because they do not have such facilities or 

 technologies available, or they aren’t yet used in steel industry appropriately to 

 suitably capture data and information and share across the supply chain actors” 

Along with this , the other limitation identified by informants to utilize a SaaS platform 

implemented to share information was that the technology can be misused by organizations 

or used in a wrong way as it provides options to be pin-point other organizations within 

business about how emission driven operations are being conducted thus creating a 

competitive and unhealthy relationship between actors working within the steel supply chain 

to ultimately satisfy the end customer. 

 “Data provided by such digital solution can be misused by the companies like pin-

 pointing each other and see how good I am compared to my competitors while the 

 data might not be comparable due to the difficulties to allocate emissions “ 
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The interviewees perspective about the applications with regards to sharing CO2 emission 

information using SaaS technology were related to the possibility of still having errors and 

not able to transfer accurate data across the supply chain as organizational player could still 

tamper with the data and provide wrong values of emission information to be shared showing 

that they are performing well even though emissions occurring from their end would be more. 

This poses as a challenge for the other organizations collaborating with the respective 

company. 

 A.2. Technology Capabilities 

On the positive side, it was also identified that informants do visualize the use of SaaS for 

sharing CO2 emission information and they describe it as opening new opportunities in regard 

to better forecasting and identifying emission driven organizations and the information will 

be digitally available that can be accessed from anywhere thus encouraging easiness as the 

organizational players just have to use the SaaS solution to see the amount of CO2 emissions 

flowing through the chain of supply without needing to ask their respective collaborating 

company to provide the information 

 “With this it offers the possibility of witnessing a new revolution or norm is what I 

 feel as  each, and every actor will then just be able to display their emissions at a 

 single place and we don’t have to ask them twice or ask them for specific reports.” 

In addition, the use of SaaS for sharing CO2 emission information promotes transparency 

across supply chain as an achievable objective as every organization’s CO2 emission 

information will be visible at a single place. This in turn also opens doors to trace the flow of 

emissions thus opening possibilities to trace and emissions across supply chain and quickly 

identify emission driven organizations which can be seen as a possible strength of using SaaS 

technology for sharing CO2 emission information. 

 A.3. Technology Awareness 

The other noticeable theme through the following interviews conducted was the level of 

awareness that organizational entities displayed regarding a digital solution was available 

within the current world. Informants seemed to be less aware regarding a technology that 

could share information and thus were a bit doubtful and unsure regarding how it would work 

to share CO2 emission information across the supply chain. Various instances were brought 

up within interviews as to  

 “How does the allocation of emissions happen?” and  

 “How will it be integrated to present current operations and technologies used?”  

This showcase that the steel industry actors were less aware regarding a digital technology 

that can share CO2 emission information across supply chain which denoted that the industry 

would take possibly some more time to mature and identify the use and ways in which SaaS 

technology could be adopted to share CO2 emission information which will be visible across 

the steel supply chain. This is also revealed within the literature presented by (Yigitbasioglu, 

2015) which states organizations lack the depth of understanding about the influences that 
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SaaS can have as much focus regarding the aspects is not studied institutionally. Thus, 

adoptions of SaaS technology are further restricted due to lacking knowledge related to how 

it works. (Benlian & Hess, 2011) 

B. Information Utilization 

Another dimension that was seen interplaying with technology was the utilization benefits it 

brings for sharing information across the supply chain of steel. Hence, the researcher has 

made further investigation on this dimension to further analyse the pros and cons that the 

organizational entities spoke during the interviews conducted were asked regarding how the 

CO2 emission related information would assist or limit them within their organization’s 

paradigm. In response to the following, four major themes were identified which were 

Information Standardisation, Information Quality, the need for Information and ultimately 

how Information can act as a resource. 

 B.1. Information Standardisation 

The advantage that was brought up by informants with regards to using SaaS for sharing CO2 

emission information was the technology would foster and enforce standardisation 

throughout the supply chain. As per current practices and also within the literatures reviewed, 

it has been identified that due to variation in size , activity conducted and managerial 

difference within the organizations working within steel industry segment, each and every 

independent organization’s uses best-suited digital technologies and computer systems for 

them and this technologies within the present world has diversified in such higher extent, that 

there is no standard digital system to be used and every organization uses their own self 

decided beneficial computer systems to monitor and conduct operations within their 

independent organizations. This poses a challenge to obtain standardised information 

throughout the supply chain and SaaS is seen to develop uniformity if organizations are 

willing to utilize such technological systems which can be disposed within their 

organizational limits. Informants showcase that this uniformity in regards to now only 

considering CO2 emission information would be to have a common calculation methodology 

as well as unit measurements along with providing a facility to create a system available 

database for organization’s who don’t have the necessary knowledge or facilities disposed 

within their organization to calculate CO2 emissions themselves, such organizations can use a 

values for the operations conducted from the common database that provides emission 

information with almost similar accuracy which is still comparable and effective.  

 “for steel industry , if you have a plate ingredients, if you know the plate tonnage , 

 if you know the processes which it goes through , you know the timing of each 

 processes and then you feed it somewhere ,then you have standard norms for that 

 particular process how much carbon emissions that  particular process is doing and 

 then on that basis you will calculate, in that level if you calculate you will definitely 

 get although it will not be that accurate but it will definitely equal to what actually 

 happened so it may be realistic.” 

 This denotes those informants do perceive the benefits with regards to the finding a solution 

to the one of the difficult challenging aspects within supply chain dynamics which is 
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standardising the information shared across supply chain, but it is also justified that this is 

totally dependent on the organization’s ability to utilize shared information (Baihaqi & 

Beaumont, 2006). 

 B.2. Information Quality 

As per (Monczka et al., 1998) information quality includes the aspects of adequacy, accurate 

information, Information at the right time along with accounting credibility regarding the 

information. Information quality within supply chain thus directly relates to what information 

is shared across the supply chain and these are the similar insights brought up by the 

informants which led to identifying the following theme. Presently, the way in which 

information is shared within steel industry is generic and unprecise overall CO2 emission 

information, this information does ease the steel supply chain partners problems to a little 

extent however there is still a general understanding between the organization that the 

accuracy of this information is also not to be taken seriously as they are considered general 

estimates. This similar interpretation is also witnessed regarding Implementing SaaS solution 

for sharing CO2 emission information across supply chain. Informants bring in the insights 

regarding the quality of information shared matters and if similar generic quality data is 

shared through the SaaS solution, it brings no strategic advantage to organization as they feel 

similar set of information is provided from technologies or solutions deployed.  

“It’s all estimations that we are thriving on rather than actual data as no one has any 

data available and is just using information freely available on digital databases. If 

similar information is also shared through a digital solution, then why should it be 

brought in at first place?” 

This brings forth the critical insight that quality information that is credible and gives more 

in-depth insight regarding the changes related to operations to calculate emissions need 

reformation before identifying the need to report emissions using a common digital platform 

such as a SaaS so that it can be shared across the supply chain actors. This showcases that the 

present ways of working within the steel industry would have to undergo changes and that 

would better promote the ability of sharing quality information that is accurate and credible. 

 B.3. Information Need 

The next theme which was identified from interviews conducted denoted the need for having 

CO2 emission information for organizational entities. Informants stressed on the reason why 

they required CO2 emission information to be shared and the researcher documented the 

interpretation with regards to how it benefits the overall concept regarding sharing 

information. 

 “If I want a right product at right place, I need to know how much CO2 is produced 

 within the previous organization’s operations so that I have necessary 

 information if asked by my customers” 

According to the mentioned quote, entities felt that CO2 emission information was needed 

when organizational actors within their supply chain with whom they are collaborating 

denoted challenges and reverted to the supplying company posing questions to see the quality 
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of products shared. This information if to be provided to the respective organization asking 

for it, had to be obtained from other organizations as well as that would enforce visibility for 

the organizations and quickly showcase how CO2 emissions is flowing from other 

organizations as well as them so that appropriate identification regarding carbon intensity and 

quality of product could be determined. 

 B.4. Information as a Resource 

The above theme was seen to be pave way for another corresponding theme to utilize the 

information as a resource. Informants interviewed mentioned that regarding how the 

information shared regarding CO2 emission received from collaborating companies can better 

benefit them as well as other organizations down the line to determine emissions occurring 

within the chain of supply and foster better collaboration and sense of trust between 

organizational entities.  

 “Other companies can gather, and report data as they have technologies available. If 

 they use these technologies to showcase and report data, then it will always be 

 good for me as a customer directly in relation to see how much CO2 emissions do 

 they produce for their product and sell to my direct supplier’s” 

This showcased the plausible advantages that CO2 emission information sharing could foster 

better reliability of resources that are being shared across supply chain which can further 

improvise operations and productivity for the organization along with reducing time to obtain 

information from the organizations collaborating within the chain of supply. 

C. People 

The context of relationship was explored within this dimension of people. Within this study 

conducted, the relationship building aspects of SaaS within sharing CO2 emission information 

across supply chain of steel were explored. Findings within this study indicated that there was 

significant uncertainty between organizational players due to geography being covered and 

responses to how a tailored solution should be utilized throughout the supply chain. It 

appeared that the concept of sharing information across supply chain was sparse and 

witnessed very high reliability on personal relationship and ideologies pertaining to content 

and perceptions regarding how information should be shared. Themes determined within this 

study were segmented within three specific criterions identified as Personal Motivation, Free 

will and Social Influence. 

 C.1. Personal Motivation 

As the access of technology keeps improving, people determine explicit opportunities 

regarding sharing information. Due to the nature about the concept of information sharing 

being advanced, they are witnessed to derive along with quantifiable measures, vignette-

based measures that are highly dependent on attitude, emotions, and personal benefit. 

Through the interviews conducted of the informants, it was identified that the difficulty in 

implementing and digital solution across organizations within supply chain depend upon the 

benefit it creates for the business.  As the steel supply chain consist of organization’s that are 

diversely segmented, ranging from highly polluting organizational sectors such as Mines, 
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steelmaking as well as manufacturing industry to the lowest contributors of CO2 emission 

within the supply chain, which is Fabrication, retailer, Distributor etc. Each organizations 

visualizes the need for implementing a digital solution based on the profit or benefit they feel 

they can gain from having such a digital solution deployed. 

 “Everybody only thinks to improve their own personal production processes and 

 share  quality data as well as CO2 information between their direct suppliers and 

 direct customers. I feel it is very difficult to get them believing regarding the 

 need to share information without being under the dilemma of just sharing 

 information with whom I work with, no-one thinks or even cares what other 

 organization’s do with their products.”  

It was identified that this poses a barrier as SaaS solution requires every organizational entity 

to utilize such digital solution and requires both big as well as small organization 

collaborating directly or indirectly to an end customer within the chain to reap benefits with 

its use to trace CO2 emission across supply chain. 

 C.2. Free Will 

The term of sharing information is seen to have multiple definitions that have been 

interpreted in different ways (Cao et al., 2010; Mentzer et al., 2001; Mohr & Spekman, 1994; 

Wadhwa & Saxena, 2007). The definition by (Mohr & Spekman, 1994, p.139) states that 

information sharing is “The extent to which critical, often proprietary information is 

communicated to one’s partner.” On the other hand, (Mentzer et al., 2001, p.8) defined 

information sharing as “The willingness to make strategic and tactical data available to other 

members of the supply chain.” Within the interviews conducted, this interpretation of theme 

was also brought to researcher’s mind based on the exploration of previous theme. Personal 

motivation was seen to be strongly driven by Free will where informants commented that,   

 “Until the need is not realized by each and every organizational player from within 

 regarding the harm their organizational operations within the supply chain is the 

 cause to increasing environmental damages, there will be difficulties in seeing a need 

 to implement a digital solution to sharing information” 

Most people are seen to consider free will as the extent of choices that they can make to fulfil 

long -lost desires that are constraint free. Hence this poses a limitation to completely 

implementing a digital Software as a service solution until organizational players within the 

chain of supply enact and independently feel that such CO2 emission information is required 

to be shared if in case the emissions need to be reduced to subsidize environmental damages. 

 C.3. Social Influence 

(Grant & Preston, 2019)mentioned within his article that along with supporting information 

sharing, supply chain should also support knowledge sharing practices which can further lead 

to building a tighter co-ordination among the member organization and this would improve 

the capability of innovating than the supply chain network of less effective knowledge. 

Although many integrated software systems are being presently utilized by organizations to 

formalize and share generalized data (e.g. CRM, ERP, e-SCM and even email) which is 
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limiting the enablement of knowledge exchange (Kembro et al., 2014). Such digital systems 

collectively present minimalistic possibilities or rather limited opportunities for capture of 

qualitative information such as insights, experience, tips and opinions, ideas etc (Desouza et 

al., 2003). There were also resemblances within the interviewee responses received in this 

regard when spoken about providing a digital solution such as SaaS for sharing CO2 emission 

information. Ideology presented was 

 “Achieve is learning to realize what is the reality and where are the hotspots and so 

 on. and start an investigation to research around these challenges what can be done 

 about it. So, using a platform that can be used as fact gathering and from  there 

 identify where to put efforts to reduce the emissions.”  

 I think we will come to that, that will get the big numbers instead of a small 

 emission company that is working hard to reduce their small emission, instead he can 

 put his effort in helping another company in the supply chain.” 

This showcases that informant are trying to evaluate not only tangible benefits from 

deploying SaaS to share CO2 emission information across supply chain, but also intangible 

benefits are perceived such as gaining more knowledge and learning to better help 

collaborating companies to reduce emission by providing knowledgeable resources and 

assistance. 

D. Power Decentralization 

Another dimension was seen to emerge through the collected interviews which focused on 

company’s role to influence business partners for sharing CO2 emission information across 

supply chain entities collaborating. It was identified that organizations to a great extent fear 

about dependencies that are unbalanced and forced to share information rather than acting 

voluntarily based on higher need identified. Informants interviewed spoke to a great extent 

about how they are dependent on other firms for better information communication and 

visibility and there were two criterions identified which were Dependency on Firms and 

Upper hand. 

 D.1. Dependency on Firms  

The emergent theme within the following dimension witnessed that inorder to gain the ability 

of seamless information sharing across supply chain, there was a dependency on other firms 

to also take part and share emission related information and that would reap benefits rather 

than only having one specific organization take initiation to implementing a digital solution. 

This poses as a challenge to implement SaaS throughout the organizations working within 

supply chain as it requires each actor to be an active member contributing to obtain 

information sharing across supply chain.  

  “If every organization agrees to have the same solution to report and share CO2 

 emissions information, then I am willing to provide my emission related information 

 from my operation, then only I see a transparent flow being created. This would 

 require that my supplier’s supplier as well as customer’s customer is also using the 
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 digital platform to share CO2 emission information. So, if they are a part of the 

 platform then I will also use the platform otherwise I don’t see any need for it” 

This showcases those organizational entities are willing to utilize a digital solution, but it 

introduces a constraint that other organizations that are being collaborated with needs to also 

implement the digital solution thus creating an “Initiator paradox” within the supply chain. 

“Initiator paradox” is self-made terminology trying to explain the concept that organizations 

tend to handover the responsibility to other organizations to start implementing a digital 

solution before the focused organization implements. 

 D.2. Upper Hand 

As per (Kembro et al., 2017), certain organizations consider that sharing information can lead 

to losing power within their chain of supply which can ultimately lead to competitiveness 

within the market. This might ultimately lead to them not investing in resources that can 

benefit information sharing to help others working within the chain of supply. This emergent 

theme was witnessed through a response that was captured 

“In-order to identify how much emissions are they adding and sending it to my 

suppliers will help me have higher upper hand, when future requests occur with 

regards to gaining CO2 free steel products. Organizations are doing just because they 

are forced to do it whereas other organizations don’t do it. The organizations are 

forced by customers to do it. But if my supplier’s and their suppliers are able to 

transparently showcase emission occurring, this would in fact act as a benefit 

promoting visibility and transparency”  

As per the responses, a constraint that first needs to be satisfied by organization before 

implementing a digital solution that could report and share CO2 emission information across 

supply chain entities was identified. However, was also justified that although power 

asymmetry may create unwillingness across supply chain, an interpretation seen from this 

response that such mismatch can act as a pre-condition for organizations to implement digital 

solution to share CO2 emission information across supply chain. 

E. Competitive value proposition 

This dimension displayed its emergence from the semi-structured interviews when 

organizational sizes and their operations were distinguished. As all small, medium as well as 

large organization’s entities in a mixed format were interviewed, there were patterns that 

were revealed through interviews conducted with the informants. This showcased that the 

informants mainly explored the constraints of first performing within the market before 

deciding to implement a digital solution to share CO2 emission information as they felt that 

there would be no specific advantage if their organization is not able to perform and sustain 

within the market even if a digital solution is implemented and deployed within the 

organization. They assumed that, implementing a digital solution would further increase their 

development cost and impact their economic performance. Therefore, researcher was able to 

identify two specific themes emerging from the following which were Cost Competitiveness 

and Business Participation 
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 E.1. Cost Competitiveness 

From the interviews conducted, it appears that organization searches for both cost-

competitive steel products that are sold by suppliers within their supply chain as well as a 

cost competitive digital solution that can help them capture, share, and visualize CO2 

emissions throughout the supply chain. This showcases a negative relation to information 

sharing across supply chain. One of the informants focused on why they weren’t keen to 

implement a digital solution as they felt that implementing such a digital solution will pose as 

a threat for them to buy steel products as it can lead to a reduced list of vendors that are 

providing less carbon intensive products which may be of higher prices.  

“I am not that interested regarding what my supplier is emitting to produce a product 

and what his suppliers are doing up the supply chain. This way of looking  into the 

situation is this will lead to increase in my cost to procure better products that are 

less carbon intensive, and this will reduce the number of suppliers for me that is one 

of the biggest reasons” 

This poses a problem to implement a digital solution as organizational motive is to make 

business and increase its organizations economy which can be hindered if a digital solution 

that can capture not only organization’s CO2 emissions but its respective suppliers and their 

supplier’s emissions and if this information is shared to the customer, the customer might 

take stringent actions to procure from other suppliers. Another important variable identified 

within the theme was the requirement of a cost-effective digital solution. Organizational 

entities also felt that implementing such digital solution will be very costly for them and they 

feared that this would lead to increasing their operation cost within the company if they aren’t 

making much business. 

 “really matters on what drives the cost or how cost effective the solution is to me but 

 otherwise job-to-job , definitely yes , when I buy products from my supplier that’s 

 where we see a major difference because we adding it , there is very few CO2 

 emission that is being added by our operations but the amount of CO2 emissions we 

 are receiving from our suppliers and his suppliers is really helpful to us. So, for us a 

 cost-competitive solution needs to be provided for us to use a digital solution like  this 

 otherwise, it doesn’t make sense to have it as it in turn increases my expenses” 

 Seemingly, the challenging requirement of both less cost consuming steel products from 

suppliers as well as perception of presuming a digital solution that can share CO2 emissions 

throughout the supply chain will be expensive in turn hinders the effective visualization and 

implementation of a digital solution that can help in sharing CO2 emission across supply 

chain. On contrast , when organizations showcase commitment with collaborating with 

everyone within the supply chain without being afraid to share information transparently , 

there is a possibility of implementing a digital solution such as the SaaS to share CO2 

emission across supply chain thereby creating value for all collaborating companies to better 

make decision and prepare for fluctuations occurring within the supply chain due to 

unwanted circumstances for e.g. in case of another Pandemic or similar to the issue 

experienced with Russian invasion . A positive advantage of using such SaaS solution in 



 

45 | P a g e  
 

present circumstances would be intimations received within the digital solution when another 

country’s production operations carried can be visualized and foreseen to identify the 

intensity of emissions occurring from that country or from the organizations operating in 

specific country. 

 E.2. Business Participation 

The following theme is also interpreted based on the information obtained from semi-

structured interviews conducted where certain informants determined that SaaS as a digital 

solution will better foster them to acquire businesses as well if in case, they are able to 

showcase Emissions from their suppliers and other collaborating suppliers upstream. 

 “There may be a scenario which may occur that if you do not have a set carbon 

 emission, for a particular industry, and if you do not maintain that criteria then you 

 cannot participate in a business so when you cannot participate in business. So 

 having a digital solution such as this can also internally benefit us to acquire business 

 bids when we can confidently state that we have CO2 emission traceability to our 

 upstream supplier’s emissions” 

This suggests that organizational entities do visualize a positive impact that can be created on 

the supply chain which can lead them to obtaining better accountability and visibility along 

with increasing its brand value when they are able to showcase emissions. This can lead to 

examining a requirement to implement a digital solution such as the Software as a Service to 

share CO2 emission information transparently across supply chain within the steel industry. 

F. Bureaucratic Influence 

Through the interviews conducted, it has been identified from the responses of informants 

that information sharing occurs both vertically within the organization and horizontally 

across organizational entities involved within the supply chain thus disseminating 

information across network of business relationships. This vast divergence of sharing 

information possibly makes it difficult to be controlled appropriately regarding which type of 

information and data should be shared and with whom to share it. Therefore, organizational 

entities fear that accurate information sharing could be hampered but see a positive influence 

on sharing CO2 emission information if regulated by governmental authorities who enforce 

rules and regulations to share CO2 emission information across supply chain. The model 

represented by Porter declared as Porter’s diamond model (PDM) also describes the role that 

country’s government can create on the competitiveness of that country to trade 

internationally. It was identified by Porter within his model that the government of a country 

can create not only direct but also indirect influence on the company’s conducting businesses 

within the country (E. Porter, 1990). When evaluating the direct influence on business, it is 

identified that the government can impact strategy of the firm, its structure as well as the 

competitive advantage of the company (M. E. Porter, 2008). When relating it to sharing 

information in the SCM of steel industry across the supply chain, this strategic mindset of the 

organization can create a positive motivation pressurizing organizations to adopt policies or 

regulations which can govern requirement of showcasing CO2 emissions (Seman et al., 2012) 



 

46 | P a g e  
 

. The resemblance within the literature was also obtained through the interview conducted on 

one of the informants who stated that 

 “if my government wants me to do business with a particular industry with particular 

 limitations with carbon emissions or particular specific requirements of carbon 

 emissions so in this case, then I am forced to ask that data so it becomes kind of a 

 necessary requirement for me along with whatever requirements I have and with 

 whatever costs I need to maintain and quality I need to maintain and these 

 regulations become mandatory , so definitely those things become essential parts. 

 This positively enforces the implementation of digital traceability solution for all the 

 organizations collaborating with each other within the chain of supply as there is a 

 regulation maintained from government then to do the business which forces  

 companies to abide by it” 

This interpretation provides us with an explanation that governmental regulations can 

positively enforce implementation of digital solution across supply chain and that would 

create a requirement on organizations who collaborate to implement digital traceability 

solution within their existing operations. 

5.2. Analysis from Secondary Data Source  

ChainTraced AB is a start-up organization founded in 2019 at Stockholm. ChainTraced AB 

works extensively with providing a SaaS based platform for steel industry players. 

ChainTraced AB’s core product offering is mainly to interconnect organizational operations 

and provide end-to-end traceability matrix throughout the supply chain of steel. This core 

product is mainly used for easing the administrative burden that organizational entities face 

with regards to recall when inefficient quality of steel products are being transferred down the 

supply chain which can help management make better decisions regarding the future 

procurement of such products with appropriate Data intelligence and analytics. As per the 

CEO of the company who stated that 

  “Our vision is to digitalize the product information and automate its quality 

 compliance validations as steel industry are presently handling certificates manually 

 which creates a limitation for obtaining traceability. This is also the case for 

 visualizing CO2 emissions. The utility that is provided by using this solution is to 

 eradicate the above challenge along with ability to capture and share CO2 

 emissions occurring for per product procured, processed, assembled, or sold.”  

Within this study, the application discussed is feature used within the platform that helps to 

track sustainability related information regarding product as well as processes. This feature is 

used for tracking and reporting CO2 emissions when steel products in specific quantities 

obtained in lots or small batches, are processed or a value adding service is done to convert 

steel products and then sell further down the supply chain stream as illustrated in Figure. 

(11). This is an application that supports capturing information in real time across 

organization’s i.e., as soon as an order for the product is created from customer to supplier, an 

internal request within the platform is also created that requests product information in digital 

format or as a certificate.  
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Figure. 11- Supply chain stream 

5.2.1. CO2 data capturing method 

It is considered to begin with obtaining Digital certificates (i.e product information regarding 

emissions) that are submitted by organizational entities within the ChainTraced platform and 

then the information about the product number, description, quantity, emission information, 

manufacturing lot information are extracted and stored within the system. The information 

from these documents is then utilized when the focal organization produces a new product 

using the manufacturing lot obtained from the previous certificate, which then transfers the 

emission information as Upstream emissions and then the focal company can add its emission 

occurring from processes within the SaaS platform. Post addition of their own emissions, the 

entities can then generate a certificate in requested formats for its next in-line customers and 

send them down the supply chain. The same operations are then carried forward within the 

chain. A diagrammatical flowchart as shown in Figure. (12) has also been added within the 

following report which provides a visual aid representation. 
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5.2.2. Architecture 

SaaS solution possess integration attribute which provides the ability to integrate with other 

applications (Godse & Mulik, 2009). This has also been identified from evaluating the 

product offered by ChainTraced that the system also can automate the process of sending and 

receiving digital certificate containing emission information by integrating the corresponding 

organization’s ERP systems to the SaaS platform using Application Programming Interface 

(API) which is mainly a pathway for computer systems to interact with each other.  The CTO 

within ChainTraced AB stated that  

 “The unique aspect regarding ChainTraced systems is its flexibility to seamlessly 

 interconnect with other systems available in the market and receive and send 

 information in any format of coding logic. This provides the possibility to obtain 

 better real time information sharing and reduces manual administration 

 involvement as systems communicate with each other in sync thus eradicating 

 requirement of intervention.” 

The automatization of system also supports automated compliances assessments and updating 

information within the platform without manual intervention. The results retrieved can then 

be used by organizations to identify maximum emission occurrences within their supply 

chain and evaluate the flow of CO2 emissions from different organizational players within the 

platform. 
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6. Discussion 

This chapter mainly focuses on discussing the main findings identified with the dimensions 

regarding limitations and opportunities which SaaS can impart on sharing information 

regarding CO2 emissions across supply chain of steel if implemented within the 

organizational boundaries. The following chapter connects the structure of data presented 

within the previous chapter into a representative inductive model. This model contains the 

summary of the key findings and conducts discussion of the theoretical and practical 

implications of the achieved results  

6.1. Contribution to Theory 

In addition to the specific nature of using SaaS solution to mediate and enable CO2 emission 

information sharing across supply chain, (Gioia et al., 2013) identified that it is critical and 

important to study how each dimensions identified interplay with each other so that the 

broader phenomenon of the research can be addressed. To be more specific, the interplay of 

dimension mainly tries to answer the sub-research question formulated which is “How the 

impacted dimensions in information sharing of CO2 emissions enable organizations to 

implement SaaS” 

Within this chapter researcher mainly try to transform the data structure that has been 

interpreted into a theory that can be grounded based on understanding the dimensions seen to 

be interplaying with each other (Gioia et al., 2013). Within this section, researcher first 

discusses the research’s conducted in relation to the findings extracted by using inductive 

processes which follows the analysis methodology articulated by Gioia. Primary attention, 

however, is placed on the findings gathered and the literature related to the subject is utilized 

for refinement of concepts that are seen to be emerging from the grounded theory (Gioia et 

al., 2013) as showcased in Figure (10). Based on the iterative analysis conducted aggressively 

of the concepts derived as 1st order concepts which are presented within the previous Chapter, 

researcher was able to derive that enablement of sharing CO2 emission information across 

supply chain using digital solution which focuses on satisfying six broadly identified 

dimensions. The dimensions identified are regarded to be fundamentally connected to the 

ability of SaaS for sharing CO2 emission information across supply chain of steel. 

The first dimension is the Utilization of Technology. This dimension comprises of the 

organization’s ability to determine whether SaaS solution offers advantages if integrated and 

utilized for sharing information across the supply chain. One of the findings discusses that 

SaaS is so underdeveloped that its newness and possibly an unnoticed and not discussed 

emergence into the supply chain dynamics of steel sector affects its ability to be implemented 

and utilized immediately. Issues further instigated by informants is the ability to misuse the 

data shared thus hampering the actual effectivity of using SaaS to share information across 

supply chain. On contrary, previous research conducted by (J.-N. Lee & Kim, 1999) within 

subject of Factors affecting information sharing within the report articulated that, proper 

management and leadership who interpret possible advantages foreseen should guide 

implementation of a digital solution such as SaaS. Doing organization can single handily 

avert the biggest challenges which is data visualization and ability to trace information 

accurately and obtain visibility (J.-N. Lee & Kim, 1999). Accordingly, from the results it was 
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found that CO2 emission visibility within supply chain was increasingly important for 

companies collaborating to deliver the efficient product at right place within right time. It 

concerns with gaining a possibility to know every touchpoint within the supply chain through 

which the product has traversed through to reach customers at the end of the supply chain 

(Bovet & Martha, 2000). This assisted the researcher to conclude that organization’s 

implementing digital technologies such as SaaS need to understand importance and 

requirement to share emission related information across supply chain and generate needed 

technological awareness to obtain maximum efficiency and operability. 

The next dimension deduced mainly focuses on the sharing of information and the way it can 

be utilized to promote sharing across multiple tiers of supply chain. The main concerns 

brought forward through the interviews conducted and analysed in previous chapter is the 

difficulty involved in evaluating the forecasting demand if the information isn’t obtained 

from supply chain collaborators. The research’s conducted previously has also shown that 

lacking the ability to forecast and plan competence driven operations and emissions occurring 

from processes can result from information quality that is shared being low (Kembro et al., 

2017). Inorder to better determine the information quality, the need for such information 

needs to be evaluated by the organization’s working within the steel industry as they must 

identify the corresponding benefits and limitations for sharing CO2 emission information. But 

from the results obtained from the informant’s responses have showcased that companies 

tend to consider information as a determinant with very high value and regard thus ultimately 

depicting and bringing us to view information as a resource. Information sharing can be 

evaluated as a resource which helps organizations to achieve a sustainable competitive 

advantage (S. Li et al., 2006). These benefits can be enjoyed by both individual 

organization’s as well as by organizations collaborating with each other thus entirely 

dependent on their willingness to share information by actors and individuals working within 

the chain of supply. Therefore, it can be concluded that, the utilization of information and its 

need, use and ways to share should be clearly understood and appropriately guided to create 

willingness to accept digital technology such as SaaS to share information across the supply 

chain. 

This briefly also contributes to the next dimension which identifies that people are the 

deciders to assess what information should be shared and when. Due to the power that 

information can possess, it also creates an alternate disadvantage where individuals feel that 

sharing excess information regarding their organization’s emissions can lead them to 

witnessing a competitive disadvantage within the supply chain (Fawcett et al., 2007). 

Foregoing research within this dimension by other researchers identified that Personal 

motivations play a vital role in sharing information as it motivates intrinsic capabilities for a 

firm to seek active collaboration and compromise information sharing (Raweewan & Ferrell 

Jr, 2018). The findings identified also visualizes these implications. It is studied that 

organizations can benefit tremendously by potentially sharing useful information which can 

enhance better decision-making ability within the supply chain however if not accurately 

determined, it can also lead to limiting organizations from making accurate and estimated 

decisions. An organization’s willingness to share information with regards to its openness of 

sharing honest and frequent information accounts for final decisions to determine the extent 
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of sharing (H. L. Lee et al., 2000; Mendelson, 2000). When unwillingness is portrayed by 

organizational entities, this can lead to also negating the need to invest in technologies to 

share needed information. Thus, to justify and influence the organizations to make 

investments requires collaborations and trustworthy relationships to exist between entities 

working within the steel supply chain that can affect performance and ability to share 

information. Therefore, it can be concluded that, people need to feel the need to share 

emission related information thus fostering the effective implementation of SaaS to showcase 

its advantages and opportunities to share information of emissions across the supply chain. 

The next dimension, power decentralization connects to (Eisenhardt & Bourgeois III, 1988) 

idea of power centralization where they state that centralization of power can trigger politics 

within an organization. The structure of power is closely dependant to the interactions 

between the firms and a company’s power or its ability to create an influential dominance to 

change the behaviour of its partners closely tied to conducting the business (Webster, 1995). 

Companies generally are forced to coming into an arrangement with their more dominant 

counterparties to share information. This might account or be considered by the respective 

companies as feeling the loss of power thus reducing their competitiveness within the market 

(Kembro et al., 2017). This will create reluctancy in investing within resources such as a 

digital solution which in present case, considering the SaaS that can possibly help others. 

Even though, the play of power can develop effects which are adversely negative to the 

organization’s personal willingness to share information, the findings obtained showcased the 

possibility that this can also on contrary, act as pre-condition to implement sharing across 

multiple tiers within the supply chain. Having a dominant player, making the decision to 

implement a strategic solution can easily bring other collaborating organizations within the 

supply chain together and in turn also enforce an incremental transformation within the 

activities and operations to implement sharing information across current organizational 

boundaries (Gawer & Cusumano, 2002). To back it with an example, considering the case of 

a dominant player such as Apple can dictate product requirements including material 

composition, characteristics as well as required standard formats and request its supply chain 

to abide by it and lead to establish mitigation measures as well as information sharing 

benefits and risk between the suppliers and partners involved. This guides the researcher to 

sum up that influence of power by dominant players such as ultimate customer can create an 

indirect need for organizations to indulge and share information by developing a need to 

implement technological solutions such as SaaS that can effectively impart abidance to pre-

standardized requirement for sharing information that traverses across the chain of supply. 

 

Within the next dimension identified, organizational performance and their need for a cost 

competitive solution to withstand within the market has been captured. The findings 

portrayed that inorder for implementing and using a digital information within the steel 

industry to share information regarding emission across the supply chain require evaluating 

the overarching purpose and processes for the entire collaborators within the chain of supply 

to work towards a common goal. Each organizations have its own business economies to 

withstand for as not all organizations are able to obtain financial performance to the level as 

that of big independent industries that are running since decades making profits. Sharing 
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information just across immediate organization collaborators is a noncomplex process even if 

it is done manually. However, bringing in an additional collaborator within the chain 

increases complexities by tenfold as multiple factors need to be assessed such as standard 

formats, standard business processes to order and sell products (Chase, 2013). On the 

contrary, the findings conducted also was able to capture that with effective involvement of 

three or more participants within the supply chain creates emergence of an automized and 

standardised solution such as a SaaS. It, however, appears to introduce within itself other 

challenges for implementing solution for measuring and sharing CO2 emission information as 

organization’s role play in the chain of supply within the steel differs immensely when 

compared by segmentation. Mining and steel making organizations might be the largest 

producers of emissions making such a solution relevant to be implemented, whereas for 

organizations such as a Trading company, Fabrication industry or a distributor, implementing 

such digital solution to share emission information would hold no relevance as their 

emissions occurrence might be drastically less leading to them paying up more for the digital 

solution such as the SaaS and not reaping benefits out of it personally. These implications 

have also been brought up within the findings studied, where organizations with high interest 

only account for cost-effective solution that doesn’t hamper their current business 

performance. This issue thus emphasizes importance of determining collaborating 

organization’s performance metrics and visualizing the benefits for all the partners alike 

(Kembro et al., 2017). To sum it up, having a blurred structure of financing a digital solution 

only means that the partner with the most emission occurrence reaps the most benefits thus 

enjoying the bigger benefit from implementing SaaS technology whereas other organization 

reaping less benefits feels no relevance to implementation of digital solution to share 

information thus increasing the likelihood of not willing to implement and share CO2 

emission information.  

The final dimension includes regulatory compliance and importance of evaluating how 

bureaucratic influence can further promote implementation of SaaS to share information 

across the chain of supply within the steel industry. Previous studies conducted have 

identified that due to the complex network of organizations collaborating directly and 

indirectly to provide a product to customer, the increased multitude of interactions poses 

difficulties to control what information to be shared and not shared (Batt & Purchase, 2004). 

Also, according to (Millar, 2015) it was studied that Sharing information regarding emissions 

multiple tiers ahead of supply chain poses the risk of exposing confidential information 

regarding processes utilized etc. thus leading to decrease in competencies within the future to 

negotiate and acquire further businesses to build profits. Along with this (Nezakati et al., 

2016) articulated that organizations, presently fail to identify the overarching need to share 

emission information as they require an intermediary partner to initiate the process. The 

results obtained showcased that if relationships are not built on trust between its partners will 

further engages in developing fear within the actors sharing emission information as they feel 

it can be used against their organization performing to satisfy the end customer. Giving 

importance and evaluating all these issues, findings reflected those informants felt more 

comfortable to sharing emission related information across supply chain when government is 

also involved. They justify that if government has its contribution to developing a legal 
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framework that imparts organizations to abide by it strictly as it affects their business 

performance and in fact its existence within the country. Thus, they require regulatory 

framework to decide variables such as which type of emission information to be shared and 

with whom to share the information. This acts as a variable to be also fulfilled for sharing 

information across supply chain using SaaS.  

To finally conclude and streamline the result, researcher made use of the findings to build a 

grounded theory as showcased in Figure (12) that illustrates the SaaS enabled mediator for 

sharing CO2 emission information across multiple tiers in supply chain.  

 

Information Sharing 
Using SaaS

 
Figure. 13- SaaS enabled mediators for sharing information across supply chain 

The model designed acknowledges that information sharing exists based on interpretations 

related to the behaviours captured from the supply chain actors. Within the model identified, 

the dimensions of People and Technology are regarded to vitally contribute with to provide 

emergence of achievable possibility of sharing CO2 emission information across multiple 

tiers within steel supply chain using SaaS. The complete set of dimensions summarize the 

influence they create on sharing CO2 emission information across the supply chain by using 

SaaS. 
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6.2. Implications for Practice 

The study tries to bring to light how firms can integrate digital technological models such as 

SaaS to enable information sharing across multiple tiers within steel supply chain. It has been 

identified that it implementing new solutions depends on the capability of the firms to adjust 

and identify optimal benefits in comparison to limitations as well as adjust appropriate 

resources and activities to gain advantage of it. To lay our findings and approach the study 

more academically, researcher has analysed that the model of grounded theory deduced from 

the findings can be put to practice by real industry professionals inorder to evaluate the 

dynamics of supply chain transformation that can share emission information multiple tiers 

across with the introduction of SaaS solution.  With the development of the following model, 

the prime motive of the researcher is to catch the attention of academics and practitioners to 

further study the potential benefits and limitations of introducing SaaS solution within SCM 

for sharing emission information. Although, more detailed research is needed for developing 

a further extensive identification regarding limitations resulting from implementation of SaaS 

tools on sharing information, the following study, however, is a major leap in the forward 

direction.  

In further addition, the researcher hopes that the work will create more awareness for 

companies about the quantifiable and unquantifiable dimensions that play in constant 

harmony to application of SaaS for sharing emission information across organizations in 

SCM and henceforth, providing encouragement to the industrial actors to take conscious and 

appropriate action to manage and realize SaaS enabled mediators for better information 

sharing across supply chain. At last, the researcher’s study conducted hopes to help industry 

professionals understand the challenges they might encounter when trying to extract 

competitive advantage from using SaaS in sharing information thereby preventing firm’s 

from wasting their precious dime on solutions and technologies that do not provide any 

advantage with regards to being competitive in the market segment with their use  due to the 

possibility of creating supply chain dominance which can further affect information sharing 

and collaboration between organizations.  
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7. Conclusion 

The primary intention of conducting this thesis study was to scrutinize the implication of 

introducing a new digital technology within steel industry for sharing emission information 

across multiple tiers of supply chain. Although a supressed topic within the supply chain 

management literature , the researcher has argued that to improve the sustainability driven 

supply chain dynamics, there is a need to recognize information sharing and effective 

collaboration through digital technologies such as SaaS to be integral inorder to improve 

reduction strategies and mitigation measures for curbing CO2 emissions within organization 

specific operations by helping entities to make better decisions and in turn perceive to be the 

source for obtaining competitive advantage. In response to this, the researcher wanted to 

bring to notice that studies conducted on emission information sharing across supply chain 

have tended to be a disregarded topic considered important for supply chain interactions. 

Studying the various concepts of the interest identified within the problematization stage, 

researcher has explored the socio-technical dimensions dimension for information sharing 

using collaborative technologies such as SaaS which guided to answer the research question 

“How can SaaS enable CO2 emissions information sharing across steel supply chain?”  

The study conducted aims to conceive the contents of information sharing regarding CO2 

emissions for transfer of information multiple tiers ahead and evaluate the role of SaaS for 

enabling interorganizational information sharing, emphasizing in creating a contributed study 

to the SCM of steel industry. To reach a solution that answers the parent research question 

formulated, the researcher has conducted has 7 semi-structured interviews with different 

industry professionals segmented as per the industry segments of firms contributing to 

producing steel as a product i.e., steel making industry, fabrication industry, engineering 

industry, distributor and OEMs considered within the study as end customers. The findings 

obtained by the interviews were analysed by using inductive based analysis of data which is 

guided by the Gioia methodical analysis. Furthermore, based on analysis the researcher has 

identified six aggregate dimensions for SaaS diversified across technological and social 

implications which are justified to act as mediators for sharing CO2 emission information 

across supply chain of steel. Based on the important evaluations of the informant’s responses 

and interpretations to identify the following dimensions, researcher has developed a model of 

grounded theory which aims to fulfil the above introduced aim of the study (Figure. 15). The 

study of findings disclose that SaaS can enable information sharing across multiple tiers of 

steel supply chain when organizational entities foresee the interplay of Technology, 

Information utilization, people’s commitment, power play between organizations, 

performance improvement of business and legal aspects evaluated as a mandatory 

requirement, thereby, enabling information sharing across supply chain among the 

collaborating organizations within steel industry. 

The next step ahead suggested by researcher is to conduct in-depth studies focusing on SaaS 

in SCM implementation and explore the steel organization’s dynamic capabilities to 

investigate how it can adjust its assets, process, and structure for adopting SaaS technologies 

within their existing operations. The outcome perceived from this study will be to guide the 

practitioners and prepare them to respond and adjust with the technological changes. 
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Furthermore, after this study was conducted, researcher has reached an agreement to 

acknowledge that supply chain information sharing regarding CO2 emissions is a unique and 

novel area of application of SaaS and there is a need for more dedicated time-dependant 

study to assess the benefits and limitations of the technological solution. Precisely, it is 

suggested that a similar explorative study with involvement of more industrial professionals, 

that work directly with SaaS technologies and use them within the present steel industry 

operations to gather, report and share emission related information needs to be researched and 

investigated to reach a purposeful conclusions and gain usefulness. Additionally, researcher 

evaluated that that the studies conducted hereafter, should also poke around studying the 

differences that will exist within the extent of information sharing regarding emissions across 

verticals of industries as well as geographies. To further contribute, the studies should also 

focus on the longitudinal development of information sharing with passing time to visualize 

the refinement of information regarding CO2 emissions being shared by investigating a 

particular supply chain case working in the steel industry which can further additionally 

prove advantageous to come up with more detailed and precise insights about the long-term 

mediating effect of SaaS technologies. At last, studies targeting to characterize the 

competitive advantage that SaaS solution brings on sharing information across supply chain 

is required to catch the eye of organizational entities regarding this unique, innovative, and 

advanced technology. 
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8. Limitations 

There are certain limitations which were seen to emerge from the study conducted which 

requires future research to partake them with utmost consideration to improve and contribute 

further to the phenomenon of information sharing across supply chain regarding CO2 

emissions. The initial limitation identified is the inquiry of conducting qualitative research at 

first hand. Qualitative research shows an incremental tendency to be subjective in nature with 

developing difficulties to be replicated and poses a common problem of being a generalized 

study (Bell, 2022). The attribute of this qualitative study to be open-ended with the research 

conducted creates a possibility of being biased due to preconceived notions brought up within 

by informants within the semi-structured interviews conducted, thereby, lacking the ability to 

bring forth thoroughness within the research. Furthermore, as stated, qualitative based 

research study poses challenges to be replicated due to differences within the approaches that 

can be taken by different researchers to answer the following phenomena being studied. 

Additionally, the findings of the study conducted using qualitative methodology, specifically 

within case studies poses limitations to be generalized to wider populations as the study 

conducted using case study-based approach fail to represent the sample (Yin, 1994).  

The second limitation identified is on the analysis done which is bounded by constraints due 

to the limiting number of previous research conducted within the area of information sharing 

in steel industry using SaaS. To further specify, there isn’t much extensive literature studies 

conducted inorder to obtain references and understandings due to the uniqueness of the 

research subject chosen. Thus, to provide keen eye to this subject, the research has employed 

the Gioia methodology for analysing the data gathered. The following methodology 

motivates the researcher to embrace a blinded position to the literature existing on the subject 

and as an alternative, devote its focus on creating unrestrained models grounded in theory 

(Gioia et al., 2013).  

Lastly, attention is brought on the limitations to create an impact. This is due to the subjects 

that are considered within the study conducted consist of companies that have not 

implemented SaaS solution to share emission information across steel supply chain. Thus, in 

specific context, the study is largely dependent on researching individuals and organizations 

that are using SaaS solution within their steel supply chain. In alignment with only having a 

minimal amount of literature, it creates more challenges for researcher to depend on larger 

group of people having long term experience and depth-driven understanding regarding SaaS 

in relation to sharing emission information across supply chain. Although, the researcher has 

tried to support the study by consulting different scientific literatures presently available and 

gathering secondary information by collaborating with the start-up company ChainTraced. To 

further enhance the quality of research, the studies conducted in future should direct its aim 

towards studying organizations that have adopted SaaS solution to share information. This 

has led to recognition of requirement to collect more data when implementation of SaaS in 

steel supply chain becomes more elevated. Regardless, a diverse within the variety of 

interviewed informants as per industry segments within the steel sector provides a higher 

confidence and reliability that the results obtained are correct to an extent even if the study 

was carried with companies having different facilities. 
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10. Appendix 

Appendix 1 

Interview Guide 

Section 1: General  

 

1. What products do your suppliers provide and what products do you produce and give to 

customers? Or what is your role as an organization within the steel supply chain? Which 

industry segment are you supplying to? 
2. How well do you think you are prepared if there is a requirement of greener steel products 

from your customer? 
3. In terms of sharing information across supply chain, do you think it is actively or passively 

looked upon by organizations in Steel sector? Why? 
4. Would you like to know what carbon intensive products is your suppliers and their suppliers 

providing? Why? 
5. Do you think CO2 emission information should be shared multiple levels across supply chain 

to further visualize the Hotpot organizations with regards to CO2 emissions? Why? 
6. What is the most interesting thing that traceability of CO2 emissions can help achieve for 

you? 
 

Section 2: Current Technologies  
 

1. How is presently CO2 emission information reported and shared within your organization? 
2. What is the bottleneck/problem in present process to share CO2 information across the 

supply chain? i.e., ahead of immediate suppliers and Customers? 
3. How much time does it usually take to report and share CO2 emission information to your 

supplier and customer with present processes implemented? 
 

Section 3: Digital traceability solutions sharing CO2 emissions 

  

1. Do you have any kind of digital solution used for tracing CO2 emissions throughout the 

supply chain? Why/why not? 
2. What do you think about the idea of implementing and deploying digital solution that can 

capture and share CO2 emission data from all the industry segments in real time at a single 

place? 
3. Imagine that a digital solution is provided to you and your suppliers and customers to trace 

flow of CO2 emissions, would you participate and why? 
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Appendix 2 

SaaS-enabled mediators for CO2 emission information sharing across supply chain 

# Quotes 1st Order 

Concepts 

2nd Order 

Themes 

Aggregate 

Dimensions 

     

1 “Is difficult to have multiple systems to 

be used due to which we just focused on 

one form of technology and focused on 

it “ 

Mutliple system 

difficulty 

 

Technology 

limitations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Technology 

Utilization 

2 To sharing is even more troublesome 

through technologies presently 

available in market, the emissions from 

the processes conducted by your 

suppliers, we do have very limited 

insights 

Limited working 

insights 

 

Technology 

limitations 

3 Technology that shares data can be 

misused by the companies like 

pinpointing each other and see how 

good I am compared to my competitors 

while the data might not be comparable 

due to the difficulties to allocate 

emissions 

Data misusing 

ability 

 

 

Technology 

Limitations 

4 advantageous according to me as it will 

better promote sustainable decisions to 

be made when deciding which supplier 

or vendor to select for steel product. 

This will in-turn lead to better 

production in the facilities and also 

limit organizations thus able to control 

them invisibly 

 

Decision making 

ability 

 

 

Technology 

capability 

3 it will help in better transparency and 

visibility regarding how carbon 

intensive products are being provided 

 

Transparency 

promotion 

 

Technology 

Capability 

4 avoid the need for just accounting 

random estimated data as this will be 

real time data gathered from real time 

processes carried out 

 

Real time data 

capture 

 

Technology 

capability 

5 have to just go to a single place to see 

emissions regarding operations 

performed within organizations rather 

than going through various digital 

systems, reports and other sites 

provided by collaborating organizations 

 

Single system for 

information 

 

Technology 

capability 

6 no such technology as I know that can 

share CO2 emission on product level 

across the supply chain of steel 

 

Technology 

absences 

 

Technology 

awareness 

7 still doubt, if it exists it may not be 

precise, it may be kind of approximation 

they maybe reporting per tonne or per 

kg that will be coming but on a minute 

 

Precise data 

monitoring 

absence 

 

 

Technology 

awareness 
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level. But that level they can calculate 

or showcase I have my doubts 

8 seems like a far-fetched idea which will 

take long to implement 

Implementation 

challenges 

Technology 

awareness 

     

1 there isn’t certain standard that they 

can follow to do this. Always we have, 

we ask for certain request, then 

suppliers ask us how we should do it. 

What standards we should follow etc. 

also this makes it passively because I 

feel no one wants to take a lead and say 

ok we are doing it like this, and this but 

maybe the others are doing it wrong so 

that also something I feel in the air. it’s 

related to this 

 

 

Restraining from 

taking a lead 

 

 

Information 

Standardisation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Information 

Utilization 

2 “Organizations have to follow a single 

standard and to see emissions 

regarding operations performed within 

as well as in other organizations across 

supply chain” 

Following a 

standard format 

Information 

Standardisation 

3 for steel industry , if you have a plate 

ingredients, if you know the plate 

tonnage , if you know the processes 

which it goes through , you know the 

timing of each processes and then you 

feed it somewhere , then you have 

standard norms for that particular 

process how much carbon emissions 

that particular process is doing and 

then on that basis you will calculate, in 

that level if you calculate you will 

definitely get although it will not be that 

accurate but it will definitely equal to 

what actually happened so it may be 

realistic. 

 

Precise 

knowledge of 

processes and 

data standards to 

be used 

 

Information 

Standardisation 

4 It’s all estimations that we are thriving 

on rather than actual data. 

Estimation game Information 

Quality 

5 Carbon emissions are being reported at 

gross level. This will be a challenge, so 

if you ask, we have solutions that 

showcase gross, but if you say for a 

particular product, so we make so many 

products in that product, so for a 

particular product to that level not for 

me but it will be for different industries. 

The difference in quality of data is 

easily witnessed.  

 

Gross level 

reporting 

 

Information 

Quality 

6 If I want a right product at right place, I 

need to know how much CO2 is 

produced within the previous 

organization’s operations so that I have 

necessary information if asked by my 

Awareness of 

previous stage 

Information 

Need 
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customers 

7 information will be helpful it will be 

used somewhere, if I not able to use that 

information somewhere, if information 

is not providing me any intelligence, 

then that information will not be useful. 

If the information is providing me a 

value which will help my business, then 

that information will be helpful or 

necessary. So, organizations should 

first identify what is the need of such 

CO2 emission information 

Understand the 

use of 

information 

obtained 

Information 

Need 

8 data, “it’s the future money “so having 

all of this data, will help to understand 

more, your processes, your impact, 

identify opportunities to improve, you 

could have new ideas new projects just 

by visualizing the data, here emissions 

are more, we could do something here 

etc 

 

Benefits of data 

gathered 

 

Information as a 

Resource 

9 Other companies can gather, and report 

data as they have technologies 

available. If they use these technologies 

to showcase and report data, then it will 

always be good for me as a customer 

directly in relation to see how much 

CO2 emissions do they produce for their 

product and sell to my direct supplier’s 

 

Technologies 

supporting data 

gathering used 

right 

 

Information as a 

Resource 

10 not only to better obtain the CO2 

emissions but also help customers to see 

what emissions is produced by our 

suppliers so that they can visualize and 

trace how CO2 emissions is flowing to 

them 

Visualization of 

data gathered 

Information as a 

Resource 

     

1 I think they will always act in their own 

interest, but I think it is in their own 

interest to share it openly. I do believe 

that there should be open exchange of 

data within the steel supply chain very 

much for the company’s own interest 

and all our interest 

Acting in 

personal interest 

Personal 

Motivation 

 

2 Everybody only thinks to improve their 

own personal production processes and 

share quality data as well as CO2 

information between their direct 

suppliers and direct customers. I feel it 

is very difficult to get them believing 

regarding the need to share information 

without being under the dilemma of just 

sharing information with whom I work 

with, no-one thinks or even cares what 

other organization’s do with their 

products 

 

 

Personal gains 

 

 

Personal 

Motivation 
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3 think people or businesses on their own 

make effort to avail such platform but 

whether they will do, it’s a question 

because it’s a rat race which you aware 

of 

 

Should make 

own efforts 

 

Free will 

 

4 Until the need is not realized by each 

and every organizational player from 

within regarding the harm their 

organizational operations within the 

supply chain is the cause to increasing 

environmental damages, there will be 

difficulties in seeing a need to 

implement a digital solution to sharing 

information 

 

Realization of the 

need to share 

information 

 

 

Free will 

 

5 Achieve is learning to realize what is 

the reality and where are the hotspots 

and so on. and start an investigation to 

research around these challenges what 

can be done about it. So, using a 

platform that can be used as fact 

gathering and from there identify where 

to put efforts to reduce the emissions 

 

Learning and 

helping other 

organizations 

 

Social Influence 

 

6 I think we will come to that, that will get 

the big numbers instead of a small 

emission company that is working hard 

to reduce their small emission, instead 

he can put his effort in helping another 

company in the supply chain 

 

Appropriate 

Effort utilization 

 

Social Influence 

 

     

1 for us able to present better numbers to 

our customers, we need to be able to 

know where the emission come from in 

the supply chain and how we best can 

help our suppliers to reduce that 

Need to know 

emission 

occurrences 

 

Upper Hand 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Power 

Decentralizatio

n 

2 In-order to identify how much emissions 

are they adding and sending it to my 

suppliers will help me have higher 

upper hand, when future requests occur 

with regards to gaining CO2 free steel 

products. Organizations are doing just 

because they are forced to do it whereas 

other organizations don’t do it. The 

organizations are forced by customers 

to do it. But if my supplier’s and their 

suppliers can transparently showcase 

emission occurring, this would in fact 

act as a benefit promoting visibility and 

transparency 

 

 

Force from other 

organizations 

 

 

 

Upper Hand 

3 so, in general we are working our 

suppliers, we have open discussions 

with a lot of them regarding their CO2 

emissions how they can bring it down, 

how they can reduce it? In that sense 

we have good relationship and good 

 

 

Ability to 

influence 

suppliers 

 

 

 

Upper Hand 
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discussion with them but it’s not 

entirely up to us to reduce emission but 

of course we can influence that value 

chain by bringing up questions by 

asking questions from our steel 

suppliers, working with them ask them 

about their technology what they are 

doing, and we are influencing 

4 it requires every actor that are 

collaborating directly or indirectly to us 

to also use the same solution but if it 

can be achieved, I can visually see what 

advantages it might offer, and I strongly 

think it will be a very interesting and 

relevant technology to have to visualize 

each and every actor’s emission within 

the supply chain that we carry our 

products forward 

 

Collaboration 

from actors 

within the supply 

chain 

 

 

Dependency on 

Firms 

5 If every organization agrees to have the 

same solution to report and share CO2 

emissions information, it is a good thing 

to have in the company so that the 

traceability is not limited and active 

collaboration between actors will be 

present 

 

Agreeableness 

from suppliers 

and customers 

 

Dependency on 

Firms 

6 So presently, a digital technology 

available for all with active 

participation from us and customers, 

suppliers are also important because if 

we have architecture to support this 

solution but if my supplier doesn’t have 

it, then it will be the same, just 

reporting in a digital tool instead of 

sending the excel that’s the only change 

 

Digital 

technology 

supported by all 

systems 

 

Dependency on 

Firms 

     

1 That really matters on what drives the 

cost or how cost effective the solution is 

to me 

 

Cost effective 

solution need 

Cost 

Competitiveness 

 

 

 

 

 

 

 

 

 

Competitive 

Value 

Proposition 

2 we have to place orders on our 

suppliers because prices are also 

volatile 

Current trend 

volatility of price 

Cost 

Competitiveness 

3 mind is cost, unless and until you are 

cost -competitive, you are not going to 

be sustaining in the steel market, you 

may be very high-tech industry and you 

might be net zero on carbon emissions, 

so you are super. We will have respect 

for that industry. but with this data are 

you giving cost effective products. So, if 

these variables play in between, then I 

believe open exchange is possible but is 

difficult and needs to be used in 

business. 

 

Sustaining 

dilemma is cost 

effective product 

is not present 

 

 

Cost 

Competitiveness 
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4 stiff competition within industry for the 

delivery as well as cost. When we say 

stiff competition on delivery, it also 

means that we must work fast 

Stiff competition 

between 

competitors 

 

Business 

Performance 

5 there may be a scenario which may 

occur that if you do not have a set 

carbon emission, for a particular 

industry, and if you do not maintain that 

criteria then you cannot participate in a 

business so when you cannot participate 

in business 

 

Business 

participation 

failure 

 

Business 

Performance 

     

1 Unless and until are there any kind of 

regulations, like both from government 

Need of 

regulations 

Governmental 

Regulations 

 

 

 

 

 

Bureaucratic 

Influence 

2 When it becomes necessary, when it 

becomes regulation then I am forced to 

have this data with me so when I am 

forced to have this data, I need to have 

such solution to abide to those 

regulations so those maybe government 

or any organizations that will control 

my business, so definitely not me but 

everyone will run for such a solution. 

 

Force through 

regulatory 

agencies 

 

 

Governmental  

Regulations 

3 government provides incentives to 

companies as well when they maintain 

certain kind of emissions. In the same 

scenario if regulations, there are 

benefits when you report emissions, in 

this case it will be necessary and will be 

implemented so it is interested. In 

future, it may become a norm as well to 

visualize CO2 emissions across supply 

chain and considering that in mind if 

you start investing right now, then it 

will help. 

 

Incentives 

promote and 

influence co2 

emission sharing 

 

 

Governmental 

Regulations 

 


