
http://www.diva-portal.org

This is the published version of a paper presented at 26th EurOMA Conference, Helsinki,
Finland,.

Citation for the original published paper:

Berlin, D., Feldmann, A., Nuur, C., Tilliander, A. (2019)
Supply chain collaboration in circular supply chains: The example of Swedish steel
recycling
In: Gyöngyi Kovács and Markku Kuula (ed.), Operations adding value to society (pp.
1657-1666). Helsinki

N.B. When citing this work, cite the original published paper.

Permanent link to this version:
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-258426



 
 

1 

Supply chain collaboration in circular supply chains:  
The example of Swedish steel recycling 

 
 

Daniel Berlin (daniel.berlin@indek.kth.se),  
Department of Industrial Economics and Management,  
KTH Royal Institute of Technology, Stockholm, Sweden 

 
Andreas Feldmann (andreas.feldmann@indek.kth.se) 

Department of Industrial Economics and Management,  
KTH Royal Institute of Technology, Stockholm, Sweden 

 
Cali Nuur (cali.nuur@indek.kth.se) 

Department of Industrial Economics and Management,  
KTH Royal Institute of Technology, Stockholm, Sweden 

 
Anders Tilliander (anderst@kth.se) 

Department of Material Science and Engineering,  
KTH Royal Institute of Technology, Stockholm, Sweden 

 
 
 
 
Abstract 
The aim of this paper is to investigate the role of supply chain collaboration between 
buyers and suppliers in the reverse flow of a system of circular supply chains. The 
empirical context is Swedish unalloyed steel recycling, i.e. recycling of steel with a low 
proportion of additional components. The paper applies a framework on mechanisms of 
coordination and supply chain flows to discuss the underlying rationale for how the 
Swedish steel recycling industry organizes coordination. At the activity level, it is shown 
how the inherent uncertainty of reverse flows is handled through voluntary cross-
industrial cooperation and standardization. 
 
Keywords: Supply chain collaboration, circular supply chain, steel recycling 
 
 
Introduction 
In recent years, a number of studies in different research fields have identified 
underutilized value in the materials of end-of-life products (see e.g. waste electric and 
electronic equipment (Cucchiella et al., 2015), spent lithium-ion batteries (Ku et al., 
2016), and textile waste (Leal Filho et al., 2019). A recurring problem with utilizing the 
material value in these end-of life products is to get the right material to the right place at 
the right volume in an efficient way, as exemplified by plastic waste (Geyer et al., 2017). 

The end-of-life product domain is a complex issue involving a plethora of actors who 
collaborate outside typical supply chain boundaries (De Angelis et al., 2018). As 
discussed by Batista et al. (2018) and De Angelis et al. (2018) this kind of flow can be 
termed as circular supply chains, that is, a circular economy approach applied to supply 
chain operations. Conversely,  a circular supply chain is similar to a closed-loop supply 
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chain (Guide and van Wassenhove,  2009) with focus on coordination of forward and 
reverse supply chain flows. On the other hand, the circular supply chain takes a more 
holistic approach to value creation with focus on the triple bottom line rather than the 
financial bottom line. The integration of the supply chain is commonly recognized as 
positively and directly linked to supply chain performance (Prajogo and Olhager, 2012). 
Although this link is questioned by Fabbe-Costes and Jahre (2007) at a general level, it is 
confirmed by Gimenez et al. (2012) for buyer-supplier relationships and the forward flow 
of the supply chain when characterized by high supply complexity. 

Today, the comprehensive approach to sustainability expands the scope of circular 
supply chain operations with added supply complexity of circular supply chains (Batista 
et al., 2018). A particular characteristic of this is that supply complexity and uncertainty 
in the reverse flow is inherently higher than in the forward flow. The supply complexity 
is due partly to the additional activities in reverse flows compared to forward flows, e.g. 
acquisition, reverse logistics, sorting, and testing (Guide et al., 2003), and partly related 
to various differences between reverse and forward flows, e.g. difficulties in forecasting, 
transport from several different locations to one, and variations in quality of supply 
(Tibben-Lembke & Rogers, 2002). 

While there is agreement in the literature on the importance of supply chain 
collaboration in circular supply chains amongst many actors across several industries, 
there is limited empirical evidence on the nature of these collaborations.  So far research 
on coordination mechanisms in reverse flows has been focusing on contracts (Guo et al., 
2017) even though mathematical models of contract arrangements do not fully capture 
the evident complexities and uncertainties. However, the interest in social capital theory 
in operations and supply chain management literature has enriched our understanding 
(e.g. Min et al. (2008), and Matthews and Marzec (2012)). Especially of micro-processes 
as drivers for relationship building to uncover the informal dimension of buyer-supplier 
relationships. Regardless, it may still be argued that there are limitations to the literature 
and that the existence of complexities and uncertainties in regards to the organization of 
coordination activities has not been fully grasped. 

Against this background, the aim of this paper is to analyze the role of supply chain 
collaboration between buyers and suppliers in the reverse flow of a system of circular 
supply chains. Building on the definition by Tsou (2013) on supply chain collaboration 
and applying a conceptual framework on the mechanisms of coordination (Martinez and 
Jarillo, 1990), and supply chain flows (Mentzer et al., 2001), we empirically investigate 
coordination at the activity level between buyers and suppliers involved in Swedish 
unalloyed steel recycling. This industry is global and an example of an integrated system 
of supply chains working circular for a long time, which has also succeeded in reaching 
high supply chain performance. The use rate of recycled steel is close to 90% (Material 
Economics, 2018) because of the ability to satisfy special requirements applying to high 
quality steel production. Thus, this industry provides a good illustration of supply 
complexity and uncertainty of the reverse flow in circular supply chains. 
 
Research design and framework 
This study is phenomenon-driven (Eisenhardt & Graebner, 2007) since the research 
question has a broad scope and is motivated by a lack of previous empirical studies of 
the phenomenon of circular supply chains applying supply chain collaboration. We use 
an explorative qualitative case study method to capture the complexity of the reverse 
flow for the context of Swedish unalloyed steel recycling. Thus, we strive to develop 
theory on supply chain collaboration through studies of coordination at the activity-level 
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between buyers and suppliers in the reverse flow of circular supply chains. The case 
study design is holistic, in accordance with Yin (2009), examining the global nature of 
organization within the context of Swedish unalloyed steel recycling. In addition, the 
procurement intermediary is of particular focus in this study, since it is the central node 
for coordination in Swedish unalloyed steel recycling. Thus, in this study we start with 
the procurement intermediary and continue with studies of the other parts of the system. 
Figure 1 shows a simplified system schematic and the delimitation of this study to 
exclude small scrap dealers. The organizations involved in the studied system are five 
Swedish steel producers, a procurement intermediary, and eight scrap dealers. 

 

 
Figure 1 – Simplified system schematic of flows in Swedish unalloyed steel recycling and the 

scope of this study. Note: SSDs – small scrap dealers; LSDs – large scrap dealers; PI – 
procurement intermediary; and SPs - steel producers. 

 
Data collection 
The primary data source is semi-structured interviews with company representatives from 
the Swedish steel industry, scrap dealers and the procurement intermediary. We chose the 
interviewees with knowledge of the organization of the studied activities with support of 
previous interviewees. In addition, we use secondary data such as company and industry 
reports, company webpages, and observations (see Table 1). Furthermore, experts with 
long experience from working in or with the system provide data for the study and check 
the study’s rigor. 

 
Table 1 – Empirical data overview 

Data collection 
method Type of data Number of data 

sources Details 

Semi-structured 
interviews 

Interviews in 
person and using 
Skype or telephone 

4 Notes, transcripts 

Document analysis Documents 5 
Webpages, project 
reports, 
presentations 

Other Expert meetings 5+ hours Meeting notes 
 
Framework 
The Swedish steel industry is global, competitive and has a long history. In the Swedish 
recycling sector for unalloyed steel there are five steel producers, one procurement 
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intermediary, and eight scrap dealers. Consequently, there exist supply chain flows and 
supply chain coordination mechanisms. Since the section of the circular supply chains in 
this study bears more resemblance with a network than a chain, we conceptually build on 
the framework by Martinez and Jarillo (1990). Especially, the framework is more 
comprehensive with regards to informal mechanisms than e.g., Arshinder et al. (2008) 
who specifically identifies coordination mechanisms within the supply chain, or the 
strategic elements of supply chain collaboration (Barrat, 2004). Indeed, Martinez and 
Jarillo (1990) divide the coordination mechanisms into structural and informal 
coordination mechanisms. The structural mechanisms include departmentalization, 
centralization or decentralization, formalization and standardization, planning, and output 
and behavioral control (see Table 2). Informal mechanisms consist of lateral relations, 
informal communication, and socialization. The second dimension of the framework is 
supply chain flows (Mentzer et al.,  2001). Information includes demand and forecasts, 
which are separate in the original work of  Mentzer et al. (2001). Further, products and 
services merge into one, since they follow the same pattern. The final framework thus 
includes the three main flows information, products and services, and financial resources. 

 
Table 2 – Framework 

Coordination mechanisms Information Products and 
services 

Financial 
resources 

Structural 
and formal 
mechanisms 

Departmentalization Grouping of activities following the principle of 
division of labor 

Centralization or 
decentralization 

Determines where and how decision-making is carried 
out 

Formalization and 
standardization 

The extent to which policies, rules, job descriptions, etc. 
are written down in manuals and other documents, and 
procedures are established through standard routines 

Planning 
Systems and processes like strategic planning, 
budgeting, establishment of schedules, goal setting, that 
intend to guide and channel the activities and actions 

Output and 
behavioral control 

Output control is based on the evaluation of files, 
records, and reports submitted by the organizations. 
Behavior control is based on direct, personal 
surveillance. 

Informal 
mechanisms 

Lateral relations 

Cut across the formal structure and includes direct 
contact among managers of different departments that 
share a problem, temporary or permanent task forces, 
teams, committees, integrating roles, integrative 
departments, etc. 

Informal 
communication 

The creation of a "network" of informal and personal 
contacts among managers across different units of the 
company, corporate meetings and conferences, 
management trips, personal visits, transfers of 
managers, etc. 

Socialization 

A process of socialization of individuals by 
communicating to them the way of doing things, the 
decision-making style, and the objectives and values of 
the company. Performed by training corporate and 
subsidiary managers, transferring them across different 
units, managing their career paths, measuring and 
rewarding them in appropriate ways, etc. 
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Findings 
In the organization of Swedish unalloyed steel recycling we identify a central node for 
coordination in the system, the procurement intermediary. The first part introduces this 
organization. In the second part, we analyze the findings from our empirical study at the 
activity-level with our framework. 
 

The procurement intermediary 
The procurement intermediary is a small organization with a long history of being a vital 
node in the recycling of Swedish unalloyed steel that was established over a century ago. 
The procurement intermediary is owned by some of the largest steel producers in 
Sweden and its goal is to provide the sector with unalloyed steel scrap. Further, the scrap 
procurement involves optimization of logistics to minimize transport expenses for the 
owners. Since actors in the Swedish steel industry compete on different niche markets, 
with high costs associated to a switch between niches, there is limited or no competition 
between the owners of the procurement intermediary. The limited competition and the 
small size of the procurement intermediary exempts the organization from EU-
regulation on cartels, while increasing the national competitiveness of Sweden and in 
particular the competitiveness of the entire Swedish steel industry. From its 
establishment in 1917 and until Sweden became a member of the European Union in 
1994, sourcing of unalloyed steel scrap was national. When Sweden joined the European 
Union export of unalloyed steel scrap became accepted, thus enabling the current 
practice of international sourcing of unalloyed steel scrap. 

The procurement intermediary sets the price for unalloyed steel scrap on the last day 
of each month for the following month. However, prior to the price decision, steel 
producers capture the market trends from scrap dealers, use international contacts for 
information, and read trade publications to align with the international market price for 
unalloyed steel scrap. It is important for the steel producers that the assigned price is 
acceptable also for scrap dealers, since they will not sell nationally otherwise and the 
price then will need to be adjusted.  However, some unusual circumstances still occur 
that the steel producers and scrap dealers agree require price revisions. An example is 
sudden market disruptions causing the international price to increase or decrease by 8 
percent or more from the procurement intermediary’s assigned price calls for a revised 
price mid-month. The Swedish monthly unalloyed steel scrap price is unusual in Europe 
where a combination of a monthly average and a specific price for a specific deal is most 
common. The ultimate goal of this is for the procurement intermediary’s owners to 
procure national unalloyed steel scrap at a lower price than international unalloyed steel 
scrap. In this, they succeed through coordination of logistics among steel producers. 
 

Analysis 
We discuss the findings from our case study with our conceptual framework. The 
analysis follows the structure of the framework. In other words, the ‘structural and 
formal mechanisms’ comes first and ‘informal mechanisms’ thereafter. 
 
Structural and formal mechanisms 
The five structural and formal mechanisms of coordination are ‘departmentalization’, 
‘centralization or decentralization’, ‘formalization and standardization’, ‘planning’, and 
‘output and behavioral control’. We structure the analysis accordingly and include the 
three supply chain flows ‘information’, ‘products and services’, and ‘financial 
resources’, for each coordination mechanism. 
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Departmentalization 
The organizations involved in the studied system are five Swedish steel producers, a 
procurement intermediary, and eight scrap dealers. These actors handle unalloyed steel 
scrap sourcing activities both among themselves and externally. For information flows 
in the system, a procurer at the procurement intermediary is central to the everyday 
contact with both steel producers and scrap dealers. The procurer collects information 
on the desired upcoming monthly demand for unalloyed steel scrap from steel producers 
in the middle of each month. Thereafter, the procurer asks the scrap dealers how much 
unalloyed steel scrap is available in the upcoming month. The procurer with knowledge 
of both aggregate demand for and supply of unalloyed steel scrap then prepares a 
recommendation for how the unalloyed steel scrap should be divided among the steel 
producers in the upcoming month. Further, the procurer completes the recommendation 
with planning of logistics to minimize transport costs before presenting it for the 
procurement committee for final decision around the 22nd each month (see 
‘centralization or decentralization’ below). After a final decision on unalloyed steel 
scrap allocation among steel producers is taken, the procurer informs a third party 
logistician on what unalloyed steel scrap goes from where to where. The third part 
logistician is thus responsible for material flows in the system. Financial resources flow 
in the system directly between steel producers and scrap dealers. However, the 
procurement intermediary has an online portal for all bills of lading and thus support the 
scrap dealers with invoice data on a daily basis. 
 

Centralization or decentralization 
The central decision-making entity is the procurement committee. The committee 
consists of three representatives from the steel producer buying most unalloyed steel 
scrap, two representatives from the steel producer buying second most unalloyed steel 
scrap, and one representative each from the other three steel producers buying unalloyed 
steel scrap. Based on the procurement intermediary recommendation on allocation of 
unalloyed steel scrap among the steel producers, negotiations take place in a monthly 
meeting. Even though the unalloyed steel scrap demand is rather static, the supply of 
unalloyed steel scrap never perfectly matches the demand. Eventually the procurement 
committee decides whether unalloyed steel scrap needs to be imported by the 
procurement intermediary or not. However, this is both more timely and costly than 
national unalloyed steel scrap procurement due to longer transportation and a weaker 
bargaining position towards international scrap dealers. Further, since the unalloyed 
steel scrap demand remains the same, the transport flows are also predefined with 
preferred routes. Even so these transport flows are subject to disruptions by e.g. weather, 
which requires the procurement committee to decide if an increase in logistics cost is 
preferable to an increase in time for delivery. In essence, the central decision-making 
lies with the procurement committee where mutual decisions are taken. However, the 
procurement intermediary’s board of directors set the goals for the procurement 
intermediary, which the procurement committee work to fulfil. 
 

Formalization and standardization 
Documentation is essential to unalloyed steel scrap procurement in Sweden. ‘The 
Swedish Scrap Book 2012’ specifies unalloyed steel scrap grades and delivery 
conditions for the Swedish market. Published first in 1951, and updated regularly and 
jointly by the Swedish steel producers and scrap dealers together with the procurement 
intermediary, it currently contains 27 classification of different types of unalloyed steel 



 
 

7 

scrap, each of a volume which is considered satisfactory enough to be included. The 
procurement intermediary publishes ‘The Swedish Scrap Book’, which involves 
publication of revisions on their website. This is of importance since this is a kind of 
standard classification for sorting of unalloyed steel scrap in Sweden. Accordingly, the 
use of the document is widespread. Firstly, for financial resource flows in the system the 
document is the foundation. The monthly price of unalloyed steel scrap is assigned for 
each class separately. As previously mentioned, these prices apply for actors in the 
studied system. However, national actors outside the studied system use the same 
unalloyed steel scrap classifications and monthly prices for each class. Consequently, 
‘The Swedish Scrap Book’ is the price setter for Swedish unalloyed steel recycling both 
inside and outside of the studied system. Secondly, for material flows in the system the 
document is central in unalloyed steel scrap operations both for scrap dealers and for 
steel producers. ‘The Swedish Scrap Book’ states what steel producers permit and what 
they cannot allow for each class of unalloyed steel scrap and thus, everyone working in 
the scrapyard has a copy. Likewise, workers in the steel producers’ scrapyards control 
the incoming material to ensure its quality. If the quality is poor, the document also 
specifies repercussions for the scrap dealers. With this in mind, the procurement 
intermediary educates scrap dealers in unalloyed steel scrap classification for different 
mixed metal scrap. 
 

Planning 
The previously mentioned purchasing committee (see ‘centralization or decentralization 
above) plan allocation of unalloyed steel scrap for the upcoming month and if import of 
unalloyed steel scrap is necessary. Based on the procurement committee’s decisions, the 
procurer at the procurement intermediary (see ‘departmentalization above) finalizes 
logistics planning. Prior to allocation, each steel producer decides their need for 
unalloyed steel scrap. E.g., for one steel producer the logistics department is responsible 
for demand forecasting since it possesses knowledge of the current unalloyed steel scrap 
stock and planned production. The decision is then communicated to the purchasing 
manager who represents the organization in the procurement committee. 
 
Output and behavioral control 
Swedish scrap dealers have a historical legacy of scams and fraud, which has earned 
them the title of ‘dirty businesses’. In light of this, the consolidation of scrap dealers into 
large entities and thus creating a serious industry aligns well with increased transparency 
throughout the industry. Today the scrap dealers perform quality controls before 
transport of unalloyed steel scrap to avoid issues downstream and allow site audits from 
the procurement intermediary several times per year. ‘The Swedish Scrap Book’ (see 
‘formalization and standardization’ above) is the foundation for the quality audit at the 
scrapyard of the steel producer. Operators check the alloy grade, contamination, and 
radiation for the different classes of unalloyed steel scrap. Further, the steel producers 
perform rigorous quality controls in several steps of the steel production process. 
 

Informal mechanisms 
The three other informal mechanisms of coordination are ‘lateral relations’, informal 
communication’, and ‘socialization’. We structure the analysis accordingly and include 
the three supply chain flows, ‘information’, ‘products and services’, and ‘financial 
resources’, for each coordination mechanism. 
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Lateral relations 
The procurement committee (see ‘centralization or decentralization’ above) gathers 
primarily purchasing managers from the Swedish steel producers in a monthly meeting 
at the head office of the procurement agent. The meeting enables direct contact among 
managers who all represent their organization’s demand for unalloyed steel scrap, 
without any direct competition between the organizations in their final markets but with 
direct competition for the unalloyed steel scrap. Further, the procurement committee 
consists of sub-groups for supplier evaluation, for supplier site audits, and for unalloyed 
steel scrap quality through which these purchasing managers also meet. While the 
procurement intermediary and steel producer representatives meet on a monthly basis 
through the procurement committee, there is no such recurring meeting also including 
the scrap dealers. However, a temporary task force that includes the scrap dealers is the 
project team for development of ‘The Swedish Scrap Book’ (see ‘formalization and 
standardization’ above). In addition, the radiac collaboration includes both the Swedish 
steel industry and scrap dealers under the procurement intermediary’s leadership. 
 
Informal communication 
The procurement intermediary collaborates with the recycling industry and the steel 
industry in general. In addition, the procurement intermediary takes part in research 
activities for the Swedish steel producers’ association. Further, the current CEO of the 
procurement intermediary was previously employed by the steel producer that purchases 
most unalloyed steel scrap of all steel producers in Sweden. This has provided the CEO 
with a large number of informal and personal contacts within the main buyer of 
unalloyed steel scrap in Sweden. In addition, the procurement intermediary is located in 
the same building as both the steel producer’s head office and the Swedish steel 
producers’ association. 
 

Socialization 
The CEO of the procurement intermediary brings experiences from his previous 
employer (see ‘informal communication’ above). With the significant influence of the 
steel producer on the procurement intermediary in mind, we see this as training for the 
position of CEO for the procurement intermediary. 
 
Discussion and conclusions 
This paper has empirically shown how coordination is organized in the Swedish 
unalloyed steel recycling. The analysis has been done at the activity-level with a 
conceptual framework on the mechanisms of coordination (Martinez and Jarillo, 1990), 
and on supply chain flows (Mentzer et al., 2001). However, the underlying rationale for 
how the coordination is organized has not yet been answered and is thus in this part the 
main point of discussion. 

The system of circular supply chains in this study involves five steel producers, one 
procurement intermediary, and eight scrap dealers. A primary reason for the 
organization of Swedish unalloyed steel recycling with a procurement intermediary as a 
central node for coordination is efficiency. Firstly, flows of information and financial 
resources are either steel producer to/from procurement intermediary or scrap dealer 
to/from procurement intermediary. Thus, the number of flows are lower than in a 
situation where each actor interacts with others individually. In Swedish unalloyed steel 
recycling, interaction between one steel producer and one scrap dealer is not sufficient 
due to limitations in available unalloyed steel scrap. Secondly, a monthly meeting 
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among steel producers is enough to decide on unalloyed steel scrap allocation for the 
upcoming month. Since the procurement intermediary acts upon what is decided in this 
meeting, the steel producers can dedicate little resources to procurement of unalloyed 
steel scrap. For instance the procurement intermediary arranges logistics for material 
transport from scrap dealers to the steel producers. Thirdly, the recurring monthly 
procedure of pricing and allocation of unalloyed steel scrap is efficient since it is well 
established. This brings stability to the system that the actors also work jointly to 
preserve. All in all, these three efficiency improvements align with Williamson’s 
transaction cost approach (1981). 

A different reason for why Swedish unalloyed steel recycling is close to circular is 
the continuous support from formalization and standardization. The five steel producers 
and eight scrap dealers join in voluntary cooperation for standardization with ‘The 
Swedish Scrap Book’ to handle the issue of economies of scale in unalloyed steel 
recycling, precisely as De Angelis et al. (2018, p. 433) suggests. The effects of an agreed 
standard on the system of circular supply chains exceed the system boundaries, e.g. 
classification and price used by other actors. Within the system boundaries, the standard 
creates formalization, e.g. use of ‘The Swedish Scrap Book’ in operations. In addition, 
the common standard enables lateral cross-industrial relations through recurring revision 
of the standard. 

In spite of the close connections cross-industry and among the Swedish steel 
producers through the procurement intermediary, the system of circular supply chains 
acts according to EU-regulation on cartel formation. There are three main reasons for 
why this specific supply chain collaboration between buyers and suppliers in the reverse 
flow of a system of circular supply chains is legal. First, the limited competition among 
the Swedish steel producers in their final markets. Second, discussions in the 
procurement committee only relate to allocation and not to price. Third, the small size 
of the procurement intermediary. 

To our knowledge, this study is one of the first to introduce the phenomenon of an 
existing system of circular supply chains applying supply chain collaboration. By 
studying how coordination is organized between buyers and suppliers involved in the 
reverse flow of the circular supply chain we systematically uncover the formal and 
informal mechanisms of coordination underlying supply chain collaboration. 
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