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Abstract 

Implementation & Sustainability of Returnable 

Packaging in the Global Manufacturing Industry 

Carl Palmqvist & Oscar Karlsson 

 

Organizations across the world have seen increasing pressure to become 

more sustainable through their operations from governmental bodies and 

consumers. The study focused on the role of packaging within global 

manufacturing companies, as packaging has been seen to play a large role 

GHG emissions for global manufacturing supply chains and although 

returnable packaging is widely used in the industry, packaging for large & low 

volume goods continues to utilize single-use packaging. Volvo GTO IM has 

designed but not yet implemented a type of returnable packaging for truck 

cabs, named cab-skids, sent to international assembly plants. The study takes 

an inductive case-study approach, in which the supply chain factors impacting 

the implementation of returnable cab-skids were identified, along with a 

calculation framework for assessing the GHG impact of a potential 

implementation. A gap in academic knowledge has been identified regarding 

the GHG effects of primary heavy industrial returnable packaging for both 

implementation and calculation methods. The calculation framework includes 

methods for calculating the production emissions of the cab skids (Category 

1), the upstream transportation & distribution activities (Category 4), and the 

downstream transportation & distribution activities (Category 9). The study 

identified 10 critical supply chain factors to consider when implementing 

heavy returnable packaging through 7 interviews, categorized into three main 

themes, applicability, availability, and variability. The calculation framework 

was based upon the Greenhouse Gas Protocol which provided calculation 

methods for category 1, category 4, and category 9 GHG emissions. The 

associated activities were identified through interviews with respective 

stakeholders. An analysis of the critical supply chain factors indicated direct 

and in-direct relationships between the major themes and subsequent sub-

factors. An analysis of the calculation framework indicated that the emissions 

of returnable packaging would potentially be higher than the current state of 

single-use cab skids, as the category 1 & 4 emissions from single-use skids 

needed to be higher than the added category 9 emissions due to the reverse 

flow to emit less GHG than single-use packaging. A redistribution of 

emissions was identified from category 1 & 4 to category 9 in the case of 

returnable packaging. The study sheds light on the true sustainability of heavy 

returnable packaging across global industrial supply chains. 
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Popular Scientific Summary  

The notion of sustainability and efficient utilization of resources has become increasingly 

important over recent years. Governmental institutions and researchers alike have shown that 

the earth cannot sustain the level of consumption that the world currently has. Drastic 

measures must be taken in order to restrain and reduce resource usage and as well reduce the 

heating of the planet. Major steps have been taken to achieve this goal, with international 

treaties such as the Paris Agreement setting goals for a maximum temperature compared to 

pre-industrialized times. Studies have shown that packaging has a large potential when it 

comes to reductions in emissions. Furthermore, returnable packaging has seen widespread 

use to reduce environmental impact, especially apparent in retail settings.  However, there is 

a lack of studies that investigates the use of primary industrial-returnable packaging.  

Therefore, this study focuses on the sustainability of packaging at Volvo Trucks, and how a 

potential switch to returnable packaging could reduce the emissions from their operations. 

Volvo Trucks operates assembly plants across the world, in which components are sent from 

Sweden to the respective plants abroad. This study focused on the packaging used for 

shipping the truck cabs to the South African assembly plant, which is one of the largest 

Volvo owned assembly plants outside of Europe. When producing a truck abroad, trucks are 

shipped in kits that only require assembly at the destination. The truck cabs are the part of the 

cab that the driver sits in. Currently, all cabs are shipped on wooden frames, called cab-skids 

which are discarded once the cabs arrive at the destination. Volvo has developed a steel-

frame that can be reused, which would reduce the amount of wood used for packaging by 490 

tons per year. 

The study aimed to identify what supply chain factors affected the implementation of 

returnable cab-skids, as well as to create a calculation guideline to report the greenhouse gas 

(GHG) emissions from using returnable cab-skids. The study was conducted as a case study, 

which means that a specific organization and context were explored in depth. By interviewing 

7 different participants from different positions within the organizations, 10 critical supply 

chain factors that affected the introduction of cab-skids were identified, which were 

categorized into three main themes which included applicability, availability, and variability. 

An analysis of the supply chain factors identified relationships between the factors that 

affected the performance and viability of a returnable cab-skid system and were shown to be 

heavily dependent on each other. Furthermore, a large initial inventory was found to be 

crucial in order to maintain a closed-loop system. This means that before a packaging frame 

was returned to the sending site upstream, a large inventory was needed to fill the demand 

downstream. This would mean that additional skids would need to be produced, thus 

increasing the GHG emissions.  

Furthermore, the study set out to provide a calculation guideline for the emissions from the 

production of the cab-skids, and transportation of cab skids from the supplier to Volvo as 

well as the transportation from Volvo Sweden to Volvo Durban in South Africa. The study 

utilized the existing framework of the Greenhouse Gas Protocol, as the methodology allows 

different categories of emissions to be calculated. The study does not include any numerical 

calculations of the emissions for the categories but provided a framework for organizations to 

evaluate the GHG emissions of a returnable packaging system. The relevant categories for the 

study were category 1 (Purchased goods and Services), category 4 (Upstream transportation 



 

 

and Distribution), and category 9 (Downstream Transportation and Distribution). To calculate 

the emissions, all activities that emit GHG emissions had to be mapped, in which a total of 14 

activities were found through 7 interviews with Volvo and the relevant suppliers.  The 

framework used the average-industry calculation approach for category 1 emissions, which 

uses average-industry data to calculate the emissions that occur from the production of cab-

skids. For the transportation emissions, the distance-based calculation method was used as it 

allowed easier access to data for organizations, as the alternative approach of the fuel-based 

method meant that fuel-consumption data was required, which was found to be difficult to 

ascertain. An analysis of the framework indicated that in order for returnable cab-skids to 

emit less GHG than the current wooden skids, the production and supplier transport 

emissions of wooden skids had to be higher than the reverse flow of transportation and 

distribution emissions from returnable cab-skids. The study concluded that a returnable cab-

skid system would shift emissions from the production of cab-skids to the transportation of 

cab-skids, in which the increased transportation emissions could potentially outweigh the 

reduction in production emissions. 
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1. Introduction  
 

This section introduces the background of the study, alongside the problem description. The 

purpose and aim will be defined as well the research questions that the study aims to answer, 

followed by the empirical case and the scope & limitations of the study. 

 

1.1 Background   

 

With increased sustainability awareness, governments and organizations across the world are 

focusing more on reducing their environmental impact. Conferences such as COP26 and the 

Paris agreement have prompted countries to act at an accelerated rate, reducing carbon 

dioxide emissions by 45% until 2050, to reach net-zero carbon emissions and in turn halt 

rising temperatures (UN, 2021). With increased governmental regulation, low greenhouse gas 

(GHG) emissions have become a competitive advantage, as shareholders are less likely to 

invest in ill-positioned organizations with respect to emissions (Lash & Wellington, 2007; 

Pålsson & Kovács, 2014). Hence, a reduction in GHG emissions for organizations is vital for 

continued growth and sustained operations. 

 

Over the last 100 years, supply chains have become increasingly global. In the early 1900’s, 

supply chains were mostly local or regional which quickly expanded to global trade as a 

result of technical innovation within logistical methods such as standardized containers and 

shipping vessels, as well as communication methods such as the telegraph to facilitate easier 

financial and commercial communication (Zieger, 2018). This rapid growth of global 

logistics created complex supplier networks, with inter-continental logistics primarily based 

on cost-effective solutions such as cheaper and more accessible labor (Kawashima, 2017). 

The decision-making process of logistical flows has thus been primarily based on cost-

effectiveness as opposed to environmental impact, which has only recently become widely 

debated. As argued by Prof. Sheffi of MIT, sustainability is only of the priority factors in 

global companies, and generally only prioritize sustainability in the case it also stimulates 

cost-reductions (Sheffi, 2018). Essentially, financial incentives motivate environmental 

sustainability. With increasing governmental and consumer demands, perhaps this financial 

incentive is met. 

 

The CO2 emissions emitted by sector depict an overwhelming skew towards energy 

production. 73.2% of the worlds greenhouse emissions are produced by the energy sector 

(Ritchie & Roser, 2016). Within the energy sector, transportation of goods and services 

accounts for 16.2% of the overall greenhouse gas emissions from all sectors, which does not 

take the manufacturing and production of logistics vehicles into consideration. Hence, the 

aggregate emission for logistics is amongst the highest emitters of greenhouse gas emissions. 

As shown through numerous studies, the indirect GHG emissions from the value chain of an 

organization, referred to as scope 3 emissions, represents the greatest source of emissions for 

organizations (Downie & Stubbs, 2012). Essentially, scope 3 emissions are all the indirect 

emissions that are emitted outside the control of the organization but directly impacted by the 

organization’s operations, such as logistical activities (Downie & Stubbs, 2012). With 
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increased competition between globalized organizations, and consumer demands for low 

prices and faster delivery times, complex and global logistical flows have become the norm 

(Hans et al., 2008). Complexity within supply chains increases when more factors need to be 

accounted for, such as reverse logistics, inventory management, and increased digital data 

management (Funke & Becker, 2020; Isik, 2010; CIPS, 2022).  

 

Packaging plays a vital role in the world of global logistics, with many consumer products 

switching from plastics to paper products. Berg & Lingqvist (2019) argued that the shift in 

packaging in consumer products is due to consumer demands, and a shift in demographics. 

On the other hand, industrial packaging has the largest potential for improvement (Berg & 

Lingqvist, 2019). A returnable packaging system can be a solution for efficient use of 

packaging. Many global manufacturing companies utilize international assembly plants to 

produce goods and before implementing a returnable system, impacting factors in the supply 

chain needs to be evaluated in order to ensure the capability of a specific flow. The 

environmental impact of a returnable system is also essential to evaluate. Based on the 

evaluation of impacting factors in the supply chain and environmental impact, a decision can 

be made to implement a returnable system.  

 

1.2 Problem statement  

 

As previously introduced, one issue experienced by global manufacturing companies is 

determining if returnable packaging is a sustainable option. Small returnable packaging, such 

as plastic boxes and pallets are in use in the industry today, however larger & heavier, low 

volume types of packaging for large goods continue to utilize single-use packaging. As 

shown by the literature review further down in chapter 3, previous decision making has been 

primarily based on economic viability, however, there is a gap of knowledge when it comes 

to the environmental impacts of such a system. Hence, in this study it was chosen to 

investigate which supply chain factors need to be considered when implementing a heavy 

returnable packaging system in order to make informed decisions on which assembly plants 

could sustain such a solution in global manufacturing companies. Additionally, the lack of a 

standardized framework to calculate the GHG emissions of a reverse logistical packaging 

system complicates a transition to sustainable packaging. As many industrial vehicle 

manufacturers have similar manufacturing methods, the results of the project will contribute 

to industry wide knowledge on how packaging value chains can be improved. 

 

This issue is relevant to address for global manufacturing companies due to increased 

regulations from governments where they aim to reduce the environmental impact from the 

manufacturing industry. In turn, companies have implemented sustainable development 

strategies. It is also relevant to take into consideration the change in consumer demand, and 

how customers expect sustainable business models (Sheffi, 2018).  

 

1.3 Purpose & aim 

 

Packaging material is an essential part of the logistical process for global manufacturing 

companies and has a widespread environmental impact based on the packaging solution 
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utilized. The implementation of heavy returnable packaging for one assembly plant does not 

constitute that it is viable for another assembly plant. Different contextual settings such as 

geographical location affect the feasibility of having a heavy returnable packaging system. 

Furthermore, there are several evaluations methods of GHG emissions (Wang et al., 2018). 

Thus, comparisons between different packaging alternatives have been difficult to ascertain 

in relation to GHG emissions. The purpose of the study is therefore to explore the feasibility 

for implementing of returnable packaging for global manufacturing plants and how such a 

system would perform in terms of GHG emissions through providing a standardized 

calculation method.  

 

Hence, the study aims to identify the critical supply chain factors affecting a returnable 

packaging implementation as well as how the identified factors affect each other. A supply 

chain factor is defined as a factor impacting the performance of the supply chain for a 

specified context. The criticality of the supply chain factors is determined as factors that 

make-or-break an implementation of heavy returnable packaging. Furthermore, the study 

aims to provide a standardized framework for calculating GHG emissions based on the 

identified activities within the defined categories which include production emissions, as well 

as upstream and downstream transportation & distribution emissions, as explained further 

down in the scope and limitations. 

 

1.4 Research Question 

 

The aim of the project is to identify the critical supply chain factors to consider when 

assessing heavy returnable packaging as well as how they affect each other and to provide a 

framework to calculate the GHG impact of the implementation of returnable packaging. 

Hence, the overarching goal of the study is: 

 

Identifying the critical supply chain factors when assessing the implementation of 

returnable packaging and how to calculate the emissions of a potential 

implementation of returnable packaging. 

 

To reach the aim and purpose, two research questions have been formulated: 

 

RQ1: What are the critical supply chain factors to consider when assessing a heavy 

returnable packaging system for global manufacturing companies and how do the 

identified supply chain factors affect each other? 

 

This question aims to provide clarity into which supply chain factors are affected when 

implementing a returnable packaging system. This question is imperative to answer as it 

allows distinctions to be made between different assembly plants, as each assembly plant 

operates under different conditions, and the implementation cannot be allowed to cause 

production stops at the assembly plant. Furthermore, the relationships between the identified 

factors will allow organizations to understand which factors affect each other. A relationship 

mapping has been produced as it shows the interrelationships and effects of each factor upon 

each other, found in section 6.1. The possibility of implementation for returnable packaging 



4 

 

is essential to identify before any calculations can be done. Research Question 1 was 

answered through qualitative interviews and thematic analysis, as well as the theoretical 

framework & literature review. 

 

RQ 2: How can a framework be developed to calculate Greenhouse Gas emissions 

for Purchased Goods and Services as well as Upstream & Downstream 

Transportation and Distribution activities for returnable packaging in a 

global manufacturing company? 

 

This question aims to identify the main activities included in the aforementioned categories 

and how the GHG emissions from these activities can be calculated. The categories are 

explored in the theoretical framework. It will serve as a framework for global manufacturing 

companies in which they can apply their own figures to their own activities with regard to 

returnable packaging. RQ 2 is answered through qualitative interviews and subsequently 

creating an activity mapping, followed by a secondary data analysis of the GHG Protocol to 

provide a calculation framework.  

 

1.5 Empirical case  

 

The research questions presented in this study have been addressed through the organization 

Volvo Group, under the division of Global Trucks Operation (GTO) in Gothenburg. Volvo 

Group is one of the leading manufacturers of heavy-duty trucks & equipment in the world 

and includes brands such as Volvo trucks, Renault trucks, Mack, and Volvo Penta. The thesis 

project was done within the International Manufacturing (IM) department at Volvo GTO. The 

role of IM is to manage the supply and delivery of goods to the different global 

manufacturing plants. The applied strategy for IM is to produce complete knocked-down 

(CKD) modules and parts of a complete truck and deliver them to assembly plants around the 

world in order to be assembled. Volvo Group wants to increase its sustainability work, with 

organizational goals such as becoming landfill free and reducing transportation emissions by 

30%. Volvo GTOs strives toward net-zero GHG emissions by 2040 and increase circularity 

within the organization. Previous evaluations of GHG emissions at the organization have 

been done through self-made, rough calculations. 

 

The empirical case for the project is related to returnable cab-skids, a packaging type for pre-

built cabs of trucks in which the cab of the truck is placed upon a structure to allow the cab to 

be moved. Currently, cab-skids are delivered using single-use wooden packaging, and high 

demand of cabs entails a large usage of wood to produce packaging. The amount of wood 

used for this single-use packaging is currently estimated to be 490 tons per year. A returnable 

cab-skid built from steel has been developed but not yet implemented. It was developed with 

the purpose to reduce resource usage throughout Volvo’s value chains. However, using 

returnable packaging creates an additional impact on the environment through additional 

logistical flows and management, which Volvo GTO wanted to investigate.  
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1.6 Scope & Limitations 

 

The study focused on Volvo IMs South African flow and used this flow as a reference point 

when determining which supply chain factors affect a returnable cab-skid flow. The results 

from the study allowed generalizability across all the different international assembly plants 

and allow external organizations to apply to their own specific flows. The critical supply 

chain factors identified throughout the study were applicable for all flows, as well as the 

calculation framework when assessing the scope 3 emissions of a specific flow. 

 

Furthermore, the framework was defined by the GHG Protocol scope 3 categories, see figure 

1. Scope 3 encompasses upstream and downstream activities, where upstream activities relate 

to activities that revolve around suppliers, and downstream activities revolve around end-

users in relation to the focal company (GHG Protocol, 2013). With Volvo GTO as the focal 

company, the upstream suppliers of category 1, which include the extraction, production and 

transportation of returnable cab-skids that are purchased by suppliers were included. 

Category 4 included the upstream transportation and distribution of the steel cab-skids 

purchased from category 1. Lastly, category 9, which includes downstream transportation and 

distribution of steel cab-skids are included, where the downstream customer was Volvo 

Durban. A thorough exploration of the Greenhouse Gas Protocol and Scope 3 emission & 

relevant categories is presented in the theoretical framework. 

 

These categories were chosen as they were deemed as the driving forces behind the emissions 

of the proposed implementation from Volvo. The disposal of packaging material is 

disregarded due to the following reasons: 

 

• Returnable steel cab-skids have a lifespan of 20 years, making the disposal over its 

entire lifespan negligible (Magnusson, 2022). Furthermore, Volvo wished to explore 

the production and logistical emissions of a potential implementation.  

 

 
Figure 1  - Boundaries of GHG Protocol Scope 3 emissions 

The project utilized and assessed concepts and theories within supply chain and GHG 

calculation methods. The project was conducted at Volvo Trucks Gothenburg headquarters, 

with the aid of Volvo Tuve, Volvo Production Logistics, Volvo Durban assembly plant and 

Volvo joint venture with AVI (Arabian Vehicle Industry). 
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The project was limited to returnable cab-skids. Furthermore, the calculation framework 

limited itself to a single factory abroad, where an in-depth analysis was performed. The 

project did not focus on the economic cost of implementing returnable packaging. The study 

did not calculate the emissions, but solely provided a framework that enables the calculation 

of GHG emissions. The reason for this is that Volvo are currently compiling emission figures 

from their operations in effort to map their GHG emissions. Thus, the identified figures can 

be applied to the developed framework in the future. Lastly, the study is limited to qualitative 

methods and data. 

 

1.7 Disposition 

 

The study begins with an introduction, where background of the study, alongside the 

company were introduced. Scope and limitations, as well as the research questions were 

introduced and defined. The report then delves into a theoretical framework, in order to 

explain current concepts and theories within the field of study, as well as identify previous 

studies. Further on, the gaps in knowledge were explored regarding the topic, which served as 

an incentive for the purpose of the study. The study then continues to define and explain the 

methodology, where research design, data collection and execution. Empirics and Results are 

presented to provide results for research question 1 & 2 followed by an analysis of the 

findings where relationships of the identified supply chain factors are mapped, leading to a 

discussion. Lastly, a conclusion was formulated to allow closure for the study.  
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2. Theoretical Framework 
 

The theoretical framework aims to identify and provide a theoretical basis for the study, in 

which concepts and definitions are explored, alongside previous studies within the subject. 

The theoretical framework will delve into what sustainability entails, logistical concepts and 

factors affecting returnable packaging and reverse logistics, as well as frameworks to 

calculate GHG emissions from returnable packaging.  

 

2.1 Background Theory 

 

Background theory is reviewed in order to recognize fundamental concepts regarding 

returnable packaging, including sustainability, transport methods and intermodal logistics. 

 

2.1.1 Sustainability & Circular Economy 

 

The rise of sustainability was due to the negative effects of environmental problems such as 

air pollution, global warming, and climate change. Both national and international 

governments have adopted the concept of sustainability in programs for organizations to 

transform into a more sustainable business (Goni et al., 2021). The definition of sustainability 

that the Brundtland Commission established in 1987 was “meet the needs of the present 

without compromising the ability of future generations to meet their own needs” 

(Imperatives, 1987). 

 

According to Tate & Bals (2018), the concept of sustainable business refers to the perspective 

of an economy that incorporates different levels of corporate social responsibility measures 

including reuse, recycling, and minimizing CO2 emissions. Tate & Bals (2018) claims that a 

small portion of the world’s sustainability issues are addressed by businesses who have taken 

this perspective of sustainability. The triple bottom line (TBL) was introduced as a way for 

companies to operationalize corporate social responsibility (Kuhlman & Farrington, 2010). 

The fundamental idea of TBL is that companies should not only account for their success 

from economic performance, but also in terms of social and environmental performance 

(Norman & MacDonald, 2004). It is recognized that sustainability, in terms of TBL, has an 

essential impact on business performance and it is a source of competitive advantage. 

Stakeholders of different kinds are putting pressure on companies to adopt sustainable 

strategies (Azevedo & Barros, 2017). The author argues that success cannot be maintained in 

the long run if companies repeatedly ignore the interest of crucial stakeholders to act 

responsibly (Norman & MacDonald, 2004). 

 

Circular economy (CE) has gained a lot of attention in recent years by practitioners and 

scholars. Kirchherr et al. (2017) defines the CE as “an economic system that replaces the 

‘end-of-life’ concept with reducing, alternatively reusing, recycling and recovering materials 

in production/distribution and consumption processes”. The CE model intends to keep 

natural resources that enter the economy as long as it has an economic value, and it also 

promotes the use of renewable energy. The economic system that has created the global 

sustainability issues is the linear economy (LE). Korhonen et al. (2018) mention that the 
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dominating economic system LE operates by extracting resources-produce-use-dispose and it 

is causing significant environmental damage. Suchek et al. (2021) state that the annually 

produced waste will reach approximately 2.59 billion tons by the year 2030 and by 2050 it 

will reach 3.4 billion tons.    

 

Domenech & Bahn-Walkowiak (2019) discuss that the driver for CE is partly due to 

changing markets. Changes in the market for commodities and fluctuation in price for 

resources over the last ten years have heightened the awareness of resource challenges and 

their implications for competitiveness and security of supply (Domenech & Bahn-

Walkowiak, 2019). Additional sustainability issues connected to the rise of CE is the 

extraction of materials that has grown globally, as the extraction between 1970 and 2010 

increased from 22 billion to 70 billion tons. The effects of resource extraction on the 

environment have shown to cause land degradation, pollution, and loss of biodiversity (Ekins 

et al., 2021).  

 

Suchek et al. (2021) discuss that a transition towards CE is a systematic development that 

aims to build long-term resilience and will provide opportunities within business and 

economics while at the same time reducing the negative effects of the linear economy. It is 

not possible at the individual level to implement CE. However, fundamental adjustments in 

cultural values in companies, industries, and economics allow CE to be obtained (Suchek et 

al., 2021). 

 

2.1.2 Transportation Methods 

 

Different transportation methods have a large impact on how well a logistical flow performs 

in terms of GHG emissions (Ritchie, 2020). Ocean freight shipping as a mode of transport 

allows long-distance, cost-effective logistics for a large amount of goods (Y.V.H et al., 

2010). Historically, ocean freight shipping has been vital for economic growth, and for 

consumer prices to be kept low. It is estimated that 90% of the world’s trade is conducted via 

ocean routes (OECD, 2021). Shipping costs are based on a mix of weight and volume, where 

both factors are considered when pricing is set. Furthermore, the CO2 emissions of ocean 

freight are lower than other alternatives due to the number of goods able to be placed on a 

carrier (Merk, 2014). 

 

Trucking is a mode of transport that allows quick and straightforward delivery of goods. 

Trucking is utilized from a distribution center, which can be in the form of a harbor, 

warehouse or other establishment that houses goods. As a result of the limited load a truck 

can have, trucking is usually used when delivering goods to a retailer or end-user (VICO, 

2021). Furthermore, trucking is a cost-effective transportation mode that offers flexible 

routes. The CO2 emissions from trucking is amongst the highest of the three modes of 

transport (shipping, rail, and truck) (EAA, 2021). 

 

Railway is a mode of transport that allows larger quantities of goods to be transported over 

land where seaports are not available. Railway is a cost-effective solution for transportation, 

as it offers long-distance, low manpower and electricity powered transportation (DSV, 2022). 
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Furthermore, as presented by Ritchie (2020), it is also the most effective solution with 

regards to CO2 emissions.  

 

Lastly, containerization is an important notion to explore. Containerization is an intermodal 

transportation method of moving goods in a standardized container, which can be used within 

many modes of transport (Watada et al., 2019). The use of standardized containers allows 

multiple uses of transport to be used, which reduces the repacking time and cost when 

changing mode of transport.  

 

The CO2 emissions from the three modes of transport vary greatly, as seen in table 1 (Ritchie, 

2020): 

 
Table 1- Emissions based on Transport Mode (Ritchie, 2020) 

Transportation Mode CO2 emitted as a percentage of total 

transport emissions (2018) 

Trucking (Trucks and Lorries) 29.4% 

Shipping  10.6% 

Rail 1% 

Aggregate Emissions for Transport 41% of all transport emissions 

 

It is important to note that table 1 shows aggregate emissions of each mode, disregarding 

distance, and weight. As presented by the European Environment Agency (EEA) (2021) in 

table 2, the CO2 emissions per ton kilometer indicates the following: 

 
 Table 2- Grams of emissions per 1000KG/KM (EAA, 2021) 

Transportation Mode Grams of CO2e per KM for 1000 KG in 

Europe (2018) 

Trucking (Trucks and Lorries) 137 

Shipping  7 

Rail 24 

 

Table 2 indicates the GHG emission per mode of transport, in which the emission from 

shipping is significantly lower than other alternatives. In order to maintain low GHG 

emissions, shipping remains that go-to alternative when expediting goods, as it also offers 

low-cost alternatives to other modes of transport. Shipping is also vital for globalized supply 

chains, as described by (Petersson et al., 2019). It would not be feasible to implement global 

supply chains through alternatives other than shipping. The tables 1 and 2 illustrate the 

differences in modes of transport and its effects on the aggregate emissions of a supply chain.  

 

2.1.3 Intermodal Logistics  

 

With ever-increasing complex supply chains, cross-platform logistics methods have become a 

norm. Intermodal logistics entails the use of two or more different modes of transport within 

a certain flow of goods (Ishfaq & Sox, 2011). Historically, modern intermodal transportation 

with standard sized containers was first introduced in the 1960’s, to allow quick 

transportation of goods by transferring containers rather than individual goods between 
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different modes of transport (Donavan, 2000). By streamlining the process of intermodal 

transportation, efficiency could be increased to reduce cost and lead times within the flow of 

goods. However, as argued by Donavon (2020), intermodal transports generated two major 

questions. The first issue was how to determine the mode of transport for a certain flow and 

the second was how to reduce the amount of time between shifts in modes (Donavan, 2000).  

 

Reverse flows incur economical costs while at the same time produce more CO2 emissions 

through expanded logistical flows (Twede, 2003). While a direct flow from manufacturer to 

customer may be in place, the same cannot be said for a reverse flow over the same 

destination. The destination nation must also be factored in when it comes to shipping routes. 

For example, South Africa had an export/import ratio of $109 billion/$88 billion for 2019. 

However, when looking at the statistics, the majority of exports were destined for Asia (OEC, 

2019). Hence, logistical flow between South Africa and Europe may be difficult to facilitate 

effectively. The distance a product needs to be transported plays a large role in what type of 

logistical mode is utilized.  

 

According to Zgonc et al. (2019), the distance of travel will greatly impact the mode of 

transportation. Furthermore, the report showed several breakeven points where rail 

transportation was more effective than trucking (Zgonc et al., 2019). However, Zgonc et al. 

(2019) mentions that multiple factors affect the breakeven point, which makes it difficult to 

standardize modes of transportation. These breakeven points identified show the difficult 

relationship between distance and GHG emissions. A longer distance by train can in fact 

release less GHG than a short distance by truck.  

 

2.2 Value Chains for Returnable Packaging 

 

In order to identify the value chain factors affecting returnable packaging, the logistical 

processes, packaging, and packaging material theory are examined.  

 

2.2.1 Forward Logistics 

 

Forwards logistics (FL) is a traditional logistical system in which a product internal life cycle 

ends once the consumer receives the product (Sangwan, 2017). Essentially, it is a one-way 

flow of material from manufacturer to end-customer. The FL system, according to Sangwan 

(2017), only focuses on a conversion of raw material to final product scenario, in which no 

value is retained after the products lifecycle (Sangwan, 2017). Historically, FL has been the 

standard within the industry when it comes to logistical flow with the usage of single-use 

packaging. This type of packaging solution allows distinct benefits over reverse logistics, 

which include (Cook, 2022): 

 

• A lower cost of packaging material. The packaging material does not have to retain 

the same life cycle as returnable packaging due to its short life cycle. 

• Less inventory management. By using single-use packaging, the return of the 

packaging does not need to be considered. This entails less inventory management, as 

well as inventory space. Furthermore, a large amount of returnable packages must be 

in the loop to ensure packaging is available at all times. 
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• Flexibility of packaging design. Single-use packaging, as a result of its low cost, can 

be changed quickly and effectively in the case of new dimension demands, unlike the 

solid packaging designs of returnable packaging.  

 

While FL reduces the complexity of a supply chain, it also increases waste and lacks value 

retention. Within many organizations, FL is a vital part of operations in order to maintain low 

inventory values and ensure availability of packaging material at the sender site.   

 

2.2.2 Reverse Logistics 

 

Reverse logistics (RL) has gained a vast amount of traction over recent years, with demands 

for more sustainable logistical flows (Gardas et al., 2018). RL is currently popular within E-

commerce, as customer returns are common within the industry (Dutta et al., 2020). RL is the 

process in which material is sent back to the original source after use in order to retain value 

or allow for proper disposal of material (Govindan et al., 2015). The retention of value in 

returned materials include recycling, remanufacturing, repairing, and disposing. RL aims to 

manage the end-of-life of material based on the aforementioned factors. Although reusing 

material is not mentioned by Govindan et al. (2015), it can also be seen as a way of 

recapturing value through reduced costs (Silva et al., 2013).  

 

Reverse logistics concerns itself with the concept of closed loop supply chain management 

(CLSCM). CLSCM is a form of logistical system in which FL and RL are combined to create 

a closed loop system in which goods can flow and the extraction of value from used goods 

can be regained (Kumar & Kumar, 2013). As explained in study conducted by Kumar & 

Kumar (2013), the definition of CLSCM is “the design, control and operation of a system to 

maximize value creation over the entire life cycle of a product with dynamic recovery of 

value from different types and volumes of returns over time.”. The definition coincides with 

Govindan et al. (2015) explanation of value recovery of goods. Coincidently, Govindan et al. 

(2015), Silva et al. (2013) and Kumar & Kumar (2013) do not mention RL and CLSCM 

within packaging materials, but rather focuses on extraction of value from goods after the end 

customer. Essentially, the RL mentioned by the authors above only refer to packaging as a 

way of minimizing waste, rather than retaining value in the packaging material. 

 

A RL flow of packaging materials could be encompassed within CLSCM through reusing the 

packaging material/container/crates that material is shipped in, see figure 2.  

 

 
Figure 2- Reverse Logistics in a Packaging Flow. Adapted from Agrawal et al. (2015) 
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The type of reverse logistics that organization use depends on which type of value the 

organization is trying to capture. Packaging suppliers can take advantage of RL through 

recycling, which focuses on the extracting of raw material from pre-existing products in order 

to capture value (Agrawal et al., 2015). Depending on the context industry, the source 

organization of material can act as a manufacturer, distributor, and retailer when it comes to 

internal flows. The remanufacturing of material sent back through reverse logistics is then 

handled by the manufacturing department, the reusable material is handled by the distribution 

department and the repair is handled by the retail department (Agrawal et al., 2015).  

 

A study presented by Silva et al. (2013) identified distinct differences of RL as opposed to 

FL, which include: 

 

1 The product life cycle will be complex to manage. A reverse logistical flow will add 

additional layers to a products life cycle, entailing more management of specified 

material. 

 

2 Reverse logistics can incur uneven and inconsistent inventory management at 

preestablished forward logistics organizations. By returning material to the original 

source, more inventory and handling management must take place, incurring additional 

resource utilization. 

 

3 Reverse routing can be difficult. Routing containers containing relatively low-value 

goods can be difficult to justify, from an economic and environmental perspective. 

Furthermore, current container routing may not allow reverse logistics  

 

4 Supply chain management complexity. Implementing reverse logistics on certain flows 

can be viable, however as more flows implement reverse logistics, the logistical 

complexity can become overwhelming. Additionally, resources must be used to manage 

the complexity.  

 

In order to overcome the barriers of RL, organizations must have adequate logistical control 

systems, initial funding, and infrastructure (Waqas et al., 2018). It is vital for organizations 

that implement RL to grasp the scope of the operations, and to handle the additional flows 

incurred by RL. Furthermore, initial investments within RL can be high, as a result of 

increase logistical flows and handling of these flows. Lastly, the infrastructure for RL must 

be in place. The ability to send material back to the source through feasible means is vital for 

an effective RL system (Demajorovic et al., 2016).  

 

For a CLSCM system, it is important to note that a large inventory stock is needed to fulfil 

the system (Girot & Kopf, 2018). In order to implement a returnable packaging system, a 

considerable amount of packaging must be produced and kept in inventory in order to 

account for the lead times between destinations. The inventory stock must also consider 

possible fluctuations in demand and potential supply chain interruption. However, for just-in-

time systems it is crucial that low levels of inventory should be maintained as well as 

shipping in small batches (Babbar & Prasad, 1998). 
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RL is deeply connected with supply chain concepts such as lead time, inventory management 

and distance. Lead time reduction is imperative to achieve to improve the performance of a 

closed loop logistical system with RL (Canella et al., 2016). Increased lead time is argued to 

reduce the stability of the order quantity of the customer as well as the inventory needed for 

the closed loop system. Similarly, Silva et al. (2013), mentions that inventory volatility is 

destructive for a closed-loop system. It adds inventory needed for the supplier, which in turn 

lead to an increase in products produced, eliminating the benefits from a RL system (Silva et 

al., 2013).   

 

Volume also impacts the viability of a reverse logistical system. As described by Johnson 

(1998), volume played a vital role in the value recovery of goods in a RL flow. The lack of 

economies of scale within low volume goods in RL systems meant that the benefits of 

implementing RL diminished. Furthermore, a continuous reverse shipment could not exist 

when low volumes were present, meaning that the lead time would increase as the reverse 

shipments were sent as batches, as opposed to a continuous flow with higher volumes 

(Johnson, 1998). Although the study was performed with regards to scrap metal, the concepts 

hold true in the greater extent of a reverse logistical flow. The importance of maintaining low 

inventory in order to reduce costs, and to ensure that products were delivered just-in-time was 

identified in a study provided by Gardas et al. (2019) and Babbar & Prasad (1998). The 

studies concluded that smaller volumes and more continuous deliveries would alleviate the 

inventory needed for maintaining the system as the inventory would not be tied up in large 

shipments, thus eliminating the risk that a vast amount of inventory would be tied up in the 

case of a disruption.  

 

A RL flow that is dependent on a functioning and stable reverse flow of goods is susceptible 

to supply chain disruptions. There are two main types of disruptions within supply chains 

(Hatefi & Jolai, 2014). The first disruption in supply chains occurs from the misalignment of 

supply and demand between supplier and customer. This type of disruption is caused when 

either the supply of an essential good is low, or the demand for an essential good is high 

(Hatefi & Jolai, 2014). This can be caused by variation in demand from the customers as an 

effect of seasons. The other type of supply chain disruption is when physical disruptions in 

the chain cause wide-spread challenges. An example of this is the Suez Canal blockage, or 

the COVID pandemic. Supply chain disruptions have long-lasting effects on flows in 

globalized transport routes (Attinasi et al., 2021).  

 

Regulations and rules regarding import and export between different nations can have a wide 

impact on the performance of a RL system. As presented by Yang (2011), the customs 

regulations within a flow between the United States and Taiwan was deeply affected by 

certain regulations and rules that were implemented as a result of the attacks on 9/11. The 

study identified that regulations that were imposed after the event lead to an overall increase 

in lead time of outbound goods. The implications of such regulations were that the inventory 

and overall transportation time was increased for companies shipping goods (Yang, 2011). 

The study concluded that the regulations in place lead to the lead time doubling in duration. 

Furthermore, additional administrative work needed to be completed in order to maintain and 

organize the correct shipping documentation needed as a result of regulatory instances. 
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Furthermore, a study presented by Grainger (2007) illustrates customs and regulations as 

being unpredictable. The study focused on the import regulations of goods to the United 

Kingdom, in which different ports oversaw the customs regulation differently (Grainger, 

2007). The study identified that discrepancies within the administrative documents needed 

were not aligned with the procedures in place. Although submitting electronic waybills was 

an option, the default method for administration was physical paper copies, which increased 

the complexity for shipping suppliers (Grainger, 2007).  Lastly, the study also identifies 

multiple different regulations based on the global regions. The study found that complexity 

and differences between global, European and US regulations did not align with one another 

(Grainger, 2007). Hence, the distance increase of shipping goods would be impact as with 

further distances travelled, more border crossings and custom regulations would be imposed. 

 

2.2.3 Packaging  

 

There are different levels of packaging, and these are called primary, secondary, tertiary. The 

primary packaging is to a greater extent spread into households and often contaminated, 

damaged, and more material variation, thus posing difficulties in reuse and recycling. Bigger 

quantities and less material variation characterize the secondary and tertiary packaging levels. 

These characterizations enable easier sorting, reuse, and recycling (Muthu, 2016). The three 

levels are explained below: 

 

• The primary type of packaging is in direct contact with goods and surrounds them. 

This packaging separates one good from another and has the function to protect and 

conserve (Emblem & Emblem, 2012). Primary packaging is commonly made of 

paper, metal, plastic, and glass. Examples of primary packaging are carton boxes, 

bags, cups, corrugated cardboard, and wrapping paper (Muthu, 2016). 

 

• The secondary type of packaging is external and has the function to group primary 

packaging, which enables easier handling. Corrugated cardboard and shrink-wrap film 

is typical secondary packaging (Emblem & Emblem, 2012).  

 

• The tertiary type of packaging has the function to group the secondary packaging to 

enable easier transport. Pallets are a common tertiary packaging (Emblem & Emblem, 

2012). 

 

There are various types of packaging types for the industry, e.g., pallets, cardboard boxes, 

bottles, plastic, paper, containers, crates, returnable transport items, cartons. The variable that 

determines which type of packaging depends on the properties of the product, environmental 

sustainability, application, and marketing needs (Tanksale et al., 2021). The role of packaging 

is to enable transport, protect and preserve the product (Emblem & Emblem, 2012).  
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2.2.4 Ownership of Packaging 

 

Returnable packaging has been widely adopted throughout the retail and wholesale industries 

in efforts to reduce cost and in turn increase sustainability of supply chains. However 

returnable packaging is rarely returned to the origin site (McKerrow, 1996). As the packaging 

moves throughout the supply chain, the cost of returning the packaging to the supplier 

increases, thus eliminating the incentive to return the packaging. However, within 

manufacturing companies, the use of standardized packaging specific to organizations has 

prompted a shift in the status quo, increasing the efficiency of a reverse flow, allowing more 

packaging to return to the origin site. Furthermore, McKerrow (1996) argues that the disposal 

of returnable packaging is no longer viable for manufacturing companies, due to the 

introduction of streamline manufacturing operations. The driving component in returnable 

packaging is hence the increase of utilization rate of the packaging material to increase the 

value of the packaging. The study identifies different types of ownership when it comes to 

returnable packaging. They include (McKerrow, 1996): 

 

• Customer Owned 

The customed owned packaging entails that the owner of the packaging is the customer that 

receives the goods. In the case of manufacturing companies, the receiving plant owns the 

material that is sent to the facility and ensures the reuse of the packaging. This type of 

packaging is usually specialized for certain applications. 

 

• Jointly Owned 

The jointly owned packaging revolves around the use of standardized packaging material, in 

which both the supplier produces packaging according to a set standard. The standardized 

EU-pallet is an example of such ownership. This type of packaging is owned by a packaging 

pool, which then sells or leases the packaging to customers. 

 

• Commonly Owned 

This type of ownership includes packaging that is owned by various companies in order to 

streamline operations.  An example of such a situation would be fish-crates in which the 

multiple companies standardize their packaging solutions. 

 

• Third Party Owned 

Third party ownership entails that a third party outside the organizations owns and operates 

the packaging material and ensures the quality as well as a constant supply of packaging is 

available.  

 

The study identifies that the responsibility of ensuring quality and supply is often unclear 

when packaging pools are utilized. This applies to all different types of ownership, as 

management across all stakeholders must be involves in maintaining the pool. When such 

management is eroded, the packaging pool fails (McKerrow, 1996). Furthermore, the 

packaging pool must effectively manage the supply and demand of packaging for its users. 
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The packaging pool is dependent on the return flow of packaging material; hence the 

management of the packaging pool must control and manage the return flow from the users. 

This is further hampered by the goal to keep inventory as low as possible, in order to 

minimize bound-capital and environmental impact. As mentioned by Johnson (1998), the 

utilization rate of returnable packaging must be kept high in order to maintain the value of the 

packaging, but the supply of packaging must be kept low to increase the overall effectiveness 

of the system. Hence, McKerrow (1996) suggests that in order to maintain and operate a 

returnable packaging system the system must be managed and overseen by a stakeholder with 

incentives to continue the returnable packaging system. Furthermore, the packaging pool 

must be maintained, and availability of goods must always be ensured.  

 

2.2.5 Maintenance of Packaging 

 

Gardas et al. (2019) presents a study detailing the success factors to consider in order to 

facilitate returnable plastic packaging. The study aimed to identify which critical success 

factors existed when establishing returnable plastic packaging. The study identified 14 critical 

success factors that impacted the success rate of returnable plastic packaging, in which 2 

major factors relating to maintenance impacted the success rate of the system (Gardas et al., 

2019): 

 

• Top Management Commitment 

The commitment of the top management was found to be imperative for the success of a 

returnable packaging system. The commitment of top management impacted the stakeholders 

throughout the organization and has the responsibility to ensure that the necessary training 

and knowledge was in place to maintain the system. Management commitment involves the 

roles of ensuring that maintenance of the packaging functions in order to prolong the lifetime 

of the packaging. 

 

• Lean Support 

The standardized packaging allowed the operations of the organization to maintain lean 

operations within the production as the packaging including its content could be directly 

deposited into the manufacturing line. Thus, eliminating additional handling activities 

potentially increasing the lifetime of the packaging. 

 

As mentioned by Gardas et al. (2019) and McKerrow (1996), the management commitment is 

imperative in implementing returnable packaging. Without the management on board to 

motivate, the system could never function. The maintenance was identified to be a crucial 

factor to consider, in order to maintain the life-time of the packaging material. Gardas et al. 

(2019) states that the resources needed for maintaining the packaging was less than using 

single-use packaging. Maintaining the packaging is essential to benefit from RL, as value is 

kept by prolonging the functional lifetime of the material (Agrawal et al., 2015). The longer a 

returnable packaging can exist in the flow, the longer it can provide value to the organization. 

Hence, the maintenance of packaging is crucial to reap the benefits of reverse logistics and 

returnable packaging. 
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2.2.6 Emissions from Packaging Material Production 

 

The emissions from the production of different types of material for packaging is important to 

consider when assessing which type of packaging solution an organization should implement.  

 

Steel 

 

Steel production has become a highly innovative industry over the last years, with increasing 

investments in CO2-free steel production. In 2021 did SSAB, a Swedish steel manufacturer, 

produce the first fossil-free steel vehicle together with Volvo Trucks (SSAB, 2021). 

However, steel production is still one of the most energy intensive industries in the world, 

accounting for 7.2% of the worlds GHG emissions (Ritchie & Roser, 2016). The production 

of fossil-free steel is driven by three major factors (Hoffmann et al., 2020): 

 

1. Customer demand – Customers are increasingly demanding sustainable products, 

which has been seen in various industries.  

2. Environmental Regulation – Regulations within the industry as well as governmental 

regulation force companies to transform industries to increase sustainability.  

3. Investment Incentives – Investors have started to invest in sustainable organizations, 

which drive commitment for industry change.  

 

This change in the steel industry should be considered when estimating the CO2 emissions as 

a result of production. According to a study conducted by Hasanbeigi et al. (2016), the CO2 

emissions of steel production from different nations can vastly differ, see table 3. 
 

Table 3 - CO2 emissions from Steel Production (Hasanbeigi et al., 2016)  

Country CO2 Emissions from Steel  

(KG of CO2 per 1000KG of Steel) 

China 2148 

United States 1736 

Germany 1708 

Mexico 1080 

  

The variation in the data is due to the different manufacturing techniques used within the 

steel production. The vast number of emissions from steel production are created from energy 

usage, in order to heat the furnaces melting the ore (Bataille, 2019). Mexico uses a technique 

named electric arc furnace, which vastly decreases the emission intensity for heating the 

furnace (Hasanbeigi et al., 2016). The Swedish iron and steel industry accounts for 38% of 

national emissions (Naturvårdverket, 2020). In total, the iron and steel industry are 

responsible for 5,429,200 tons of CO2 in Sweden 2020. Furthermore, according to the iron 

and steel organization, 4,400,000 tons of steel was produced in Sweden 2020 which equates 

to 1.23 KG of CO2e per KG of steel produced. 
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Wood 

Wood production has been seeing an increased interest over the last decades as sustainability 

has become increasingly sought after. Roundwood production, which encompasses all wood 

removed from forests for a specific use, has increased with 25% since 1980 (FAO, 2020). 

Wood has a lower environmental impact than other materials such as steel and plastic. The 

only direct CO2 impact of wood is when the material is combusted or decayed (Bergman et 

al., 2014). However, the creation of wood products does contribute to CO2 emissions, as do 

the production methods and harvesting of the material. It is however important to note that 

wood products generally contain other forms for materials in order to complement the good, 

such as plastics, iron nails or cardboard (Deviatkin & Horttanainen, 2020).  

 

The pallet it-self stores CO2, which entails a negative CO2 emission of -34 KG CO2. 

However, the disposal of the pallet would eventually release the CO2 that is stored in the 

material. The sum of emissions for producing one EU sized wooden pallet is 5KG/CO2 per 

pallet, from natural resource to final product (Deviatkin & Horttanainen, 2020).  

 

2.3 Calculation framework for selected upstream and downstream categories 

 

In order to create a calculation framework to complete research question 2, different methods 

and approaches to calculate GHG emissions have been explored for the defined categories 

 

2.3.1 Existing Calculation Methods 

In order to identify applicable calculation frameworks for upstream and downstream 

categories, literature and previous studies have been identified and explored. Different 

frameworks were identified, including ISO 14064/7 (LCA), GHG Protocol, and PAS2050. 

The framework choice depends on goals of the case. The goals of framework are as follows 

(Wang et al., 2018): 

 

• PAS2050 

Provides standardized specifications for GHG accounting of goods and services purchased by 

an organization. The scope of the framework includes both cradles-to-grave and cradle-to-

gate depending on the context. 

 

• GHG Protocol 

Provides a guideline for calculating, account and report GHG emissions based on identified 

categories of the protocol. The scope of the framework includes both cradle-to-grave and 

cradle-to-gate depending on the context. 

 

• LCA - ISO 14064/67 

Provides a standardized process for the process of quantifying and expressing GHG 

emissions. The framework scope of the framework can include full life cycle and partial life 

cycle depending on the context. 

 

As the study is defined by the GHG Protocol category 1, 4 & 9 activities, Gao & Wang 

(2013) present the GHG Protocol to be the most valid approach, as most organizations follow 
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the approach when calculating the emissions as well as the operability of the framework. The 

GHG Protocol allows an expansion of scope compared with the ISO 14064 which solely 

focuses on a single product, hence not considering the implications of applying the 

framework to returnable packaging. The PAS2050 framework is similar to the GHG Protocol, 

as both frameworks rely on cradle-to-gate boundaries and calculate emissions in a similar 

way. The study presented by Wang et al. (2018) observing emissions from fiberboard 

production indicates the PAS2050 functions well when including carbon storage or delayed 

emissions is essential. However, the similarities between PAS2050 and GHG Protocol 

identified by Wang et al. (2018) indicate that in applications where carbon storage or delayed 

emissions are excluded, the GHG Protocol is a valid approach.   

 

The GHG protocol relies on distinguishing between direct and indirect emissions. Direct 

emissions refer to the emissions that are emitted as a result of the focal companies own 

operations. This can include production, transport within the company and the energy used 

within production. Indirect emissions are caused by activities that are outside of the focal 

company, by still within the value chain. This can include emissions from 3PL, the creation 

of the energy for production and waste. The GHG Protocol framework consists of three 

different scopes that categorize the emissions based on where it is emitted in the value chain 

(Andrew & Cortese, 2011): 

 

• Scope 1:  

Scope 1 emissions include all the direct emissions from the focal company. This can include 

company production emissions and the inhouse transport of goods. These emissions are 

always categorized as direct emissions and are always focused on the focal company.  

 

• Scope 2:  

Scope 2 emissions include the indirect emissions because of the energy purchased for 

operations at the focal company. This type of emissions can be hard to influence, as the only 

way to reduce these emissions is through reduced consumption of electricity.  

 

• Scope 3:  

Scope 3 emissions include the indirect emissions from all other activities caused by the 

organization that are not included in scope 2. These include the emissions from transport 

(3PL), procurement, disposal etc. 

 

2.3.2 Framework for calculating emissions purchased goods and services 

The GHG emissions caused by Purchased goods and Services fall under category 1 of the 

GHG Protocol (Lignl et al. 2020). Category 1 emissions constitute the GHG emitted from 

producing a good that is purchased by the focal company. In order to calculate the emissions 

from purchased goods and services, the activities included in the process of producing the 

goods and services must be identified. An activity is defined as an activity that generates 

GHG emissions (Lingl et al., 2010). These activities include the extraction and procurement 

of raw material, including the transport to the production facility. Furthermore, it includes the 

energy usage needed to produce the specific goods (Gao et al., 2013).  There are different 



20 

 

ways to approach category 1 emissions, based on the scope of the application (Wiedmann & 

Barett, 2011):  

 

• Direct Supplier Emissions 

 

Direct supplier emissions entail scope 1 and 2 emissions from tier 1 suppliers of the focal 

company. This type of approach only encompasses the emissions that the supplier directly 

emits, thus excluding the procurement of the raw material. 

 

• Cradle-to-Gate Emissions 

 

Cradle-to-gate emissions entail the scope 1, 2 & 3 emissions from tier 1 suppliers of the focal 

company. Thus, the emissions from extraction of raw material and transport of raw material 

to tier 1 suppliers are included.  

 

The different approaches yield different results, as the including and exclusion of certain 

activities is important to identify in order to avoid double counting (Lingl et al., 2010). 

Double counting entails that multiple organizations account for the same emissions of a value 

chain. This can occur in situations where an organization accounts for cradle-to-gate 

emissions of purchased goods including extraction and transportation of raw material, while 

at the same time a supplier accounts for these emissions as purchased goods and services. The 

difficulty in maintaining separation between GHG accounting is highlighted by Schneider et 

al. (2015) who claims that it is difficult to avoid double counting due to coordination 

difficulties between organizations. 

 

The calculation approach to quantify GHG emissions from purchased goods and services 

follows the activity-based approach in which GHG emitting activities are mapped and 

multiplied by the respective emissions factor (Gao et al., 2013). As defined in the GHG 

Protocol, numerous approaches based on the activity-based approach exist depending on the 

available data (Erhard et al., 2017).  

 

• Supplier Specific Approach 

 

The supplier-specific approach entails that the supplier has emissions values for the specific 

product in question, in which exact calculations can be done to ensure the validity of the 

results. This approach requires suppliers to be transparent in how the data was ascertained, as 

well as how the emissions were calculated. 

 

• Average-Data Approach 

 

The average-data approach relies on measuring the weight or amount of goods purchased and 

multiplying the figure with the relevant emissions factor. This can include the GHG 

emissions from producing 1kg of steel multiplied by the weight of a steel good. This method 

allows data to be gathered on an industry-average level, entailing lower accuracy. 
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• Hybrid Approach 

 

The hybrid approach relies on combining the supplier-specific and average-data approach to 

fill the gaps with average-industry data where supplier-specific data is unavailable.  

 

The approaches should be chosen based on the type of data that is available for the 

organization. Suppliers have been seen to have poor data on the emissions, as well as the 

immense spread of data due to the number of suppliers creates complexity when assessing 

overall GHG emissions (Spiller, 2021). 

 

2.3.3 Framework for calculating transportation emissions 

 

The transportation emissions of the supply chain must be considered when assessing the 

GHG emissions of an organization. The emissions from transportation activities fall under 

category 4 & 9 of the GHG Protocol (Zadek & Schulz, 2010). The transportation GHG 

emissions can be divided into upstream and downstream emissions, which differentiates the 

origin of the emissions. Upstream emissions are caused by transportation activities that occur 

between tier 1 suppliers and the focal company. Downstream emissions are cause by 

transportation activities that occur between the focal company and the end customer (Lingl et 

al., 2010). Zadek & Schulz (2010) present two different types of calculation methods to 

evaluate the GHG emissions from transportation of both upstream and downstream activities, 

which include the fuel-based approach and the distance-based approach.  

 

• Fuel-based approach 

 

The fuel-based calculation method, based on the activity-based approach mentioned by 

Erhard et al. (2017), utilizes the fuel-consumption of a certain activity multiplied by the 

emissions factor of the fuel consumed (Zadek & Schulz, 2010). The fuel-based calculation 

method is however limited by the data availability of fuel consumption from transport 

suppliers. Real-world fuel consumption is often overlooked by stated consumption, which 

reduces the credibility of the data. Furthermore, deception within industry hampers the ability 

to get accurate data, as seen with the 2015 emissions scandal (Frey, 2018). 

 

• Distance-based approach 

 

The distance-based calculation method presents an alternative method for calculating 

transport emissions (Zadek & Schulz, 2010). This method utilizes the distance travelled and 

the emissions factor of the mode of transport. The calculation method is derived from the 

activity-based method, which identifies specific activities and the associated emissions of that 

activity. The distance-based method, which includes the weight of goods transported, 

distance travelled and emissions factor from the applied mode of transport, as provided by the 

GHG Protocol (Zadek & Schulz, 2010). 

 

The choice of calculation method depends on the availability of data. The distance-based 

calculation method should be utilized when the average fuel-consumption of transportation 
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modes is unknown (Zadek & Schulz, 2010). As stated by Frey (2018), consumption data is 

often difficult to ascertain, which is further complicated as more transportation activities are 

identified. Hence, the distance-based calculation method is applicable when the distance is 

known of the transport activities. 

 

The distance-based calculation method derived from the GHG Protocol is however limited by 

the accuracy of data (Davison et al., 2020). The method generalizes and averages the 

emissions factor across the entire transportation route. Hence, the distance-based calculation 

method does not use tail-pipe emissions of vehicles, but rather averages the emissions of the 

mode of transport (Davison et al., 2020). Similar to the limitations presented by Frey (2018), 

the real-world emissions values are not reflected in the emission factors utilized. An emission 

factor for the mode of transport is not equal across the world, as different models and ages of 

transportation modes can influence the end results  

 

2.3.4 Framework for calculating distribution emissions 

 

The distribution emissions of the supply chain must also be calculated and falls under the 

category 4 & 9 emissions of the GHG Protocol, as stated by Zadek & Schulz (2010). 

According to a study presented by Rüdiger et al. (2016), the distribution and storage 

emissions can equal 25% of the total transportation emissions. It is claimed that the logistical 

network only functions as a result of having storage and distribution facilities that allow 

logistical activities to take place. Past studies and GHG calculations have often disregarded 

the emissions from storage and distribution, as stated by Ries et al. (2016). Increased 

complexity and automation within distribution and storage have prompted calculation 

frameworks to consider the impact of distribution. Rüdiger et al. (2016) claims that defining a 

distribution and storage center is difficult, as there is not accepted standard into how to define 

such activities. In an attempt to organize different types of distribution and storage activities, 

Higgins et al. (2012) classifies the activities as following in table 4. 

  
Table 4 – classification of distribution & storage activities (Higgins et al., 2012) 

Classification 1 Classification 2 Classification 3 

- Warehouse and 

Distribution Facilities 

- Container Yards & 

depots 

- Inland train/flight 

terminals and shipping 

ports 

- Freight villages 

- Mainland train/flight 

terminals and shipping 

ports 

 

Table 4 distinguishes between “pure” storage and distribution and other types of distribution 

that occur along the supply chain. It is mentioned by Rüdiger et al. (2016) that the 

warehousing and distribution of goods must also be differentiated by ambient and refrigerated 

products. The emission from ambient products is far lower than refrigerated products.  

 

In order to calculate the emissions, Rüdiger et al. (2016) claims that the total emissions from 

warehousing and distribution, based on the scope and boundaries set by the user, is the 

resource consumption multiplied by the emissions factor of the activity. The emissions factor 

in the case of storing ambient goods is transport emissions within the facility and electricity 
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consumption. The emissions factor depends on the type of good that is stored. As mentioned 

by Rüdiger et al. (2016), for ambient goods with certain storage activities require the number 

of outgoing logistical items and the storage time of the goods. Hence, the calculation method 

provided in the study is based on the GHG Protocol, as Rüdiger et al. (2016) states that the 

standardized nature of the GHG protocol allows this method to be effective in calculating the 

GHG emissions. 

 

The study provided by Rüdinger et al. (2016) concludes that the emissions factor associated 

with distribution emissions is difficult to ascertain due to limited standardization and 

measurements of emissions for these activities, as well as a lack of identification of high 

energy activities within the distribution process. Lastly, the study claims that a lack 

cooperation between organizations further complicates the emission accounting process. 

 

2.3.5 Emissions Factor  

 

The emission factor (EF) refers to the emissions produced based on a specific activity, and 

the relationship between the activity and the associated emission of the activity (Rotz, 2018). 

Examples of emissions factors are CO2 per KG of Coal and CO2 emitted per liter of fuel 

consumed. The EF helps calculate the amount of CO2 emitted from certain activities, such as 

logistical processes, by multiplying the EF by the amount of consumption of the energy 

source. The emissions factors provided by McKinnon & Piecyk (2010) also mentioned that 

the load capacity of containers must be considered. The load factor is an important measure 

when it comes to reverse logistics, as it allows the container volume utilization to be factored 

into the emission calculation. However, this can also be achieved through using weight in 

place of volume utilization, assuming known weight of a full container.  

 

As explained in the study, a heavier truck reduces less CO2 per KM/KG compared to a lighter 

truck, where a truck with a 4-ton payload emits 4-5 times less CO2 emissions than a truck 

loaded with 1 ton (McKinnon & Piecyk, 2010). However, it is important to note that the CO2 

emission reduction for heavier loads plateaus after 4 tons, where an increase from 4 tons to 

29 tons yields a CO2 reduction from ≈ 170 gCO2/TonKM to ≈ 40 gCO2/TonKM, in 

comparison to 710 gCO2/TonKM for 1 ton, see figure 3 (McKinnon & Piecyk, 2010).  

 
Figure 3- Carbon emissions factor and payload (McKinnon & Piecyk, 2010) 
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2.3.6 The Greenhouse Gas Protocol 

 

Previous studies have shown that the use of the GHG protocol to calculate the selected 

upstream and downstream activities is a viable option. The GHG Protocol is a standardized, 

international recognized framework that allows organizations to identify and report the 

emissions from operations and value chains connected to the organization. The initiative to 

develop this protocol was made in 1998 by several stakeholders, including non-governmental 

organizations, businesses, governments, and World Business Council for Sustainable 

Development. Since the first edition of the protocol was published in the year 2001, it 

experienced a broad adoption and acceptance from several governments and industries 

(Green, 2010). The GHG Protocol aims to standardize the praxis in the accounting of GHG 

for organizations, minimize the costs for inventory development, provide managers with 

support to make informed decisions regarding GHG risks. Organizations employing the GHG 

Protocol will receive more credibility and reliability from external stakeholders in the process 

of reporting GHG emissions. The development process that the GHG Protocol has been 

through strengthen the credibility of the practice, which is guided by previous existing work 

and agreements that have been made between a wide range of stakeholders. The GHG 

Protocol advocates organizations to be transparent in reporting GHG emissions from their 

operations as well operations outside the scope of the operations but caused by the focal 

company, such as 3PL. The GHG Protocol was developed so that it could be applied in 

different business sectors and the area of accounting of GHG should be manageable for both 

professionals and beginners (Sundin & Ranganathan, 2002). 

 

The framework includes the GHGs’ CO2, CH4, N2O, HCFs, PFCs, and SF6, which can be 

translated into Global Warming Potential (GWP). GWP illustrates the respective amount of 

CO2 each GHG has. For instance, 1KG of methane is equivalent to 25KG of CO2. Table 5 

shows the GWP and CO2e for all GHG included in the GHG Protocol (IPCC, 2014). 
 

Table 5 - GWP of GHG (IPCC, 2014) 

Greenhouse Gas GWP (CO2e per KG) 

Carbon Dioxide (CO2) 1 

Methane (CH4) 25 

Nitrous Oxide (N2O) 298 

Hydrofluorocarbons (HFCs) 124-14,800 

Perfluorocarbons (PFCs) 7,390 – 12,200 

Sulfur Hexafluoride (SF6) 22,800 

 

 

 

 

 

 

 

 



25 

 

2.3.7 Greenhouse Gas Protocol Scope 3 methodology 

 

Ranganathan & Bhatia (2004) describes four general steps in the process of accounting for 

the scope 3 emissions: 

 

1. Define the value chain 

 

The value chain should be described generally and highlight the activities that emit GHG. 

This step is considered essential for the GHG Protocol as it will showcase transparency. The 

categories within scope 3 can act as a guide to define the value chain. The upstream and 

downstream activities to include within scope 3 emissions is generally determined by 

companies, based on the criteria set by the GHG Protocol. The selection of which activities to 

be included will be guided by business goals of the organization and by applicability of the 

different categories of scope 3. 

 

2. Decide the scope 3 categories   

 

The company should consider the relevancy of the upstream and downstream emission 

categories in scope 3. The relevancy for a company to explore the upstream and downstream 

emissions can vary, as the emissions in scope 1 and 2 can be smaller compared to the 

emissions in scope 3. 

 

3. Partners in the value chain 

 

Analyze how partners are affecting the value chain in terms of GHG emissions. Partners in a 

value chain can be providers of energy, logistics providers, manufacturers, customers, and 

users. This will be identified when the activities are mapped and is considered a crucial step 

in the scope 3 process. 

 

4. Quantify scope 3 emissions 

 

This step includes the calculation of the scope 3 emissions. Reliability and availability of 

information could influence the choice of which activities should be included within scope 3 

emissions. Estimations are accepted in the process of quantifying the emissions, however, the 

estimations approach should be transparent and used information should be relevant and 

adequate based on existing industry data. 

 

Within Upstream and downstream scope 3 emissions, different categories are identified 

through the framework to provide guidance with regards to quantifying emissions in the 

selected value chain. 
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3. Literature Review  
 

The literature review aims to identify similarities and differences in existing knowledge, as 

well as comparing previous studies. Gaps in knowledge will be presented within the subject 

field through a thorough literature screening. 

 

3.1 Gaps analysis of reverse logistics 

 

RL provides widespread economic advantages within industrial applications (Dowlatshahi, 

2000). Furthermore, Dowlatshahi (2000) claims that RL can provide environmental benefits, 

he only argues this from a life cycle perspective, and does not consider the additional 

logistical flows associated with RL in regard to environmental impact. As shown by Ritchie 

and Roser (2016), the emission from logistical flows is amongst the largest within the total 

CO2 emissions. This lack of consideration to logistical flows illustrates a gap in knowledge 

when it comes to RL. By disregarding the logistical impact of a reverse flow, the complete 

environmental impact of RL cannot be measured, hence the argument that Dowlatshahi 

(2000) presents that RL is sustainable is one-sided. However, as seen by the date of the 

literature, Dowlatshahi (2000) mentions that the concept of RL is fairly new, which implies a 

lack of knowledge within the subject at the time. Furthermore, Dowlatshahi (2000) mainly 

considers the economic benefits of RL, rather than environmental aspects. This line of 

thought continues in another study presented by Dowlatshahi in 2010, where economic 

factors are once again the primary driving force of the study (Dowlatshahi, 2010). The study 

presents a thorough cost-benefit analysis of RL, and mentions environmental aspects briefly 

based on potential legislation that could impact the economic viability of RL. 

 

Similar arguments are presented by Kulwiec (2006), who describes that RL can provide both 

economic and environmental advantages. The environmental benefits presented by Kulwiec 

(2006) coincide with Dowlatshahi (2000; 2010), claiming that an extension of a products 

lifecycle is beneficial for the environment through reduced resource usage. While this is a 

valid point, Kulwiec (2006), along with Dowlatshahi (2000; 2010), does not consider the 

logistical impact of returnable packaging. In order to implement a RL flow, the system must 

function within a closed loop. This raises the question, how many returnable packages must 

be produced to fulfil a closed loop system, and what CO2 impact does the production of these 

packages produce?  

 

According to a study conducted at Utrecht University exploring Reusable and Single-use 

packaging, the production of returnable packaging could be “less relevant” due to the number 

of additional trips the packaging material would have over single-use packaging (Coelho et 

al., 2020). However, this claim is based on returnable plastics, which does not reflect other 

returnable materials such as steel. Furthermore, Coelho et al. (2020) has investigated the 

break-even points for crates within returnable packaging. The crates explored in the study are 

produced in wood and compared to cardboard packaging. By improving the quality of 

wooden crates to ensure they are reusable, the crates would require approximately 3-15 to 

break-even with the CO2 emissions compared to single-use packaging (Coelho et al., 2020). 

The authors do not however suggest that the results are generalizable, as each individual case 
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requires its own investigation. Furthermore, the packaging applied in the study is secondary 

and tertiary packaging, unlike the primary packaging used in the empirical case. The majority 

of the CO2 impact of reusable crates, according to Coelho et al. (2020), is during the transport 

phase of the packaging life cycle, which contrasts the conclusions of Kulwiec (2006) and 

Dowlatshahi (2000; 2010). While literature thoroughly investigates RL in a retail 

environment, the same cannot be said for industrial applications within internal supply 

chains.  

 

Coelho et al. (2020) mentions that since the logistical process of packaging is the largest 

emitter of CO2, a reduction in distance and a change in transport mode was needed to reduce 

logistical emissions. A study provided by Becker et al. (2020) utilizing the GHG Protocol 

shows that the emissions due to transportation are the highest out of all emitters in the supply 

chain when assessing the emissions occurring from wine production and distribution. This is 

further confirmed by studies provided by Point et al. (2012) and Weiser et al. (2010). 

Although the studies are focused on the wine-industry, the results show overwhelming 

support that transport emissions are a large contributor to emissions.  

This logic also presents single-use packaging as an alternative, as it reduces distance of 

travel. Furthermore, Coelho et al. (2020) does not consider packaging in an industrial 

environment, but rather focuses on retail packaging solutions. The only industrial application 

the study presents are reusable wooden pallets, which are already in use as well as they are 

considered tertiary packaging, unlike the primary packaging in the case. Hence, the claim that 

returnable packaging is always more sustainable is not applicable to all types of packaging 

materials or circumstances.   

 

Hence, a screening of literature identifies a gap in knowledge regarding heaving industrial 

packaging operating in reverse logistics. A lack of studies identifying which supply chain 

factors are critical for maintaining primary returnable packaging for industrial applications as 

well as the environmental impacts of such an implementation motivate the purpose of this 

study. 

 

Lastly, a lack of standardized GHG calculating methods has been identified throughout the 

literature review when it comes to calculating reverse logistics of packaging. Although 

numerous studies calculating the emissions from cradle-to-grave of products, such as studies 

provided by Becker et al. (2020), Point et al. (2012) & Weiser et al. (2010). These studies 

focus on products rather than packaging which means they only need to account for 

emissions from each GHG Protocol category once. Unlike the identified studies, cradle-to-

grave packaging emissions occur in a non-linear process, meaning that emissions from 

certain categories occur more than once over its entire lifespan. This can be seen in category 

9, in which transportation to customer occurs more than once as the packaging is re-used. 

Thus, a lack of knowledge when calculating non-linear emissions of returnable packaging has 

been identified.  
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3.2 Limitations with the Greenhouse Gas Protocol 

 

Patchell (2018) mentions a survey conducted in order to assess the scope 3 standard. The 

survey examined emissions reporting by suppliers in value-chains of multinational 

cooperation. The survey involved 7879 suppliers from 75 corporations. Between 25% to 63% 

suppliers were engaged in emissions management and about 33% of the suppliers were 

reducing emissions. Furthermore, the survey showed that only 25% of first-tier suppliers 

participated with the next level suppliers in work for reducing emissions. Patchell (2018) 

suggests that the complexity of scope 3 emissions lies in how companies are required to 

measure emissions in the up and downstream value chain. In practice, it entails that a 

business has to collect data from other companies, consumers, and institutions that the focal 

company does not have any influence or control over. This demands considerable resources 

for businesses to perform (Patchell, 2018). Patchell (2018) further describes how the 

measuring process can be a great challenge for multinational corporations as their supply 

chains are often composed of tens of thousands of suppliers on different levels. Downie and 

Stubbs (2012) confirm the difficulty for corporations to access scope 3 emission data from 

their supply chains. Patchell (2018) states that even if it is possible in theory to map out 

emissions in a value chain does not guarantee it can be measured in practice.  

 

Patchell (2018) highlights that the challenge with scope 3 is not just connected to the first-tier 

supplier, scope 3 also consist of reporting emissions for 14 other categories in the up-and 

downstream value chain. These 14 categories are more distant from the reporting company’s 

influence. Patchell (2018) discuss that the scope 3 reporting requirements presuppose that 

companies are capable to coordinate emission reporting within their value chains. Although, 

no supplementary evidence connected to such broad coordination is presented in the 

sustainable supply chain management (SSCM) literature. Furthermore, the SSCM literature 

indicates that there is no apparent method for fulfilling the scope 3 requirements.  

 

Downie and Stubbs (2012) claim advantages with the scope 3 standard, such as it offers the 

possibility to identify critical sources of GHG emission in the value chain. Organizations are 

then able to take informed decisions on where to put their focus in order to reduce GHG 

emissions. However, according to Downie and Stubbs (2012), scope 3 lacks in providing 

guidance on how to assess the scope 3 emissions and the same goes for the emission factor. 

The literature is lacking in supporting this guidance as well. Huang et al. (2009) confirm that 

the accuracy could be improved if sector-specific guidelines for scope 3 were available. 

Downie and Stubbs (2012) emphasize the source of data and where data for emission is not 

available affects the accuracy of scope 3 emissions assessment. The use of inaccurate scope 3 

emissions data could imply implications for organizational strategies such as resources being 

misallocated between different tiers in the value chain (Downie & Stubbs, 2012). 
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4. Methodology 
 

This section provides a detailed explanation of the methodological approach used for 

conducting the research. The following steps are explained in the methodological section: 

research strategy, research design, qualitative approach, sampling, data collection, data 

analysis, and finally ethics and quality of data. This section aims to provide legitimacy for the 

study, in which the research approach is explained and allows replicability.  

 

4.1 Research Strategy 

 

The research strategy covers the approach that is adopted for the study. The study engages in 

the philosophy of social science by relating to ontology and epistemology. Ontology is 

referred to as “theorizing about the nature of reality” (Bell et al., 2019) and epistemology is 

referred to as “the theory of knowledge” and considers reality and how knowledge can be 

extracted from it (Saunders et al., 2012) 

 

Constructionism is a concept of ontology and describes the reality that is constructed by 

social interactions Bell et al. (2019), which implies that there are multiple interpretations of a 

single phenomenon (Saunders et al., 2012). Given the empirical context of an organization 

and how it relies on social interactions to collect data, it is appropriate to adopt 

constructionism for this study. As mentioned by Bell et al. (2019), organizations should be 

considered as constructed by social interactions between people, and the decisions behind 

organizations are social in nature. Hence, the study takes a constructionist approach as the 

organization would not exist outside of social interactions, and as stated by Bell et al. (2019) 

organizations are “socially constructed entities”. 

  

Interpretivism is a concept of epistemology that refers to a social world of complexity, and 

several interpretations can be made of one phenomenon or situation (Saunders et al., 2012). 

Considering the complexity of the issue that the study is addressing and how it is affected by 

several elements, it is appropriate to adopt this concept in the study. The complexity and 

magnitude of factors affecting decision making for returnable packaging warrant the use of 

interpretivism. Furthermore, Saunders et al. (2012) also argues that it is relevant to adopt this 

concept in research areas such as business and management, of which the study is concerned.  

  

The study embraces the inductive approach which begins by constructing research questions 

and aims for a clear purpose which subsequently follows the process of collection of 

empirical data. Based on the research questions and collection of empirical data, theories are 

generated. In an inductive approach, it is essential to not have predetermined theories or 

hypotheses (Saunders et al., 2012).  Considering that the study will develop a theory based on 

the collected data, it is highly relevant to utilize an inductive approach.  
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4.2 Research Design 

 

Bell et al. (2019) define research design as “a framework for generating evidence that is 

suited both to a certain set of criteria and to the research question that is being addressed”.  

 

The aim of the study is to explore the critical supply chain factors affecting the 

implementation of returnable cab-skids and provide a standardized framework for calculating 

the GHG impact of returnable cab-skids. In essence, the literature review has provided a 

fundamental understanding of the research topic, delving into logistical concepts, defining 

sustainability and provide guidance for calculating emissions while also identifying previous 

studies. The selection of research methodology depends on the character of the problem, 

hence a case study is an appropriate design for the study (Noor, 2008).  

 

Furthermore, a case study is grounded on how the approach is focused on a delimited system 

or situation (Bell et al., 2019), which the empirical case does by considering packaging 

within a defined logistic flow. Additionally, Crowe et al. (2011), Flyvbjerg (2006), and Noor 

(2008) highlight the usefulness of a case study when it is required to comprehend a situation 

or problem on a deeper level and allows for an understanding of complex cases. The 

formulation of the research questions in a case study has the nature of being formulated in an 

explanatory way by including what, how, and why questions (Crowe et al., 2011). The 

research questions constructed in this study embraces these types of formulations mentioned 

by Crowe et al. (2011). 

 

This research design is not meant to be used to study an organization as a whole but rather 

shall be employed to study a phenomenon within an organization (Noor, 2008). A case study 

allows the researcher to collect data in several forms, such as observations, interviews, and 

documents (Creswell et al., 2007). Generalization is made possible through a case study 

design (Noor, 2008), which enables the research to generalize the result based on the 

empirical case and relate to other global manufacturing companies. However, Noor (2008) 

also highlights the criticism of case studies, such as lack of reliability and scientific accuracy. 

Flyvbjerg (2006) argues that it is a misunderstanding that a case study cannot be generalized 

and that contribution to science development can be made through empirical case studies.  

 

4.3 Research approach  

 

Bell et al. (2019) distinguishes between qualitative and quantitative methods based on the 

type of the collected data. The qualitative approach is associated with written and spoken 

words, theory emergence, point of view of participants, compared to the quantitative 

approach which is associated with numerical data, theory testing, and behavior of data (Bell 

et al., 2019). The nature of this study embraces the qualitative research approach through the 

collection of qualitative data, as the data collected is purely through interviews and secondary 

data from a global sustainability protocol, and no numerical data is used throughout the study. 

 

Baskarada (2014) strengthens the choice further by describing the central point of qualitative 

research as to comprehend the character of the research issue and turns to the social world to 
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examine and interpret the interactions people make. The critique that the qualitative research 

method has been given is being too subjective, which implies that it is too dependent on the 

researcher’s judgement on what is essential and significant. Furthermore, studies employing 

the qualitative method has also been given the critique of being difficult to replicate (Bell et 

al., 2019).  Saunders et al. (2012) highlights that qualitative approach is a common technique 

used for data collection in the concept of interpretivism, which motivates the adoption of the 

qualitative method to the study.   

  

 
Figure 4 - Qualitative Research Approach 

 

This study will follow a qualitative research approach as presented by Bryman & Bell (2019), 

in which research questions are formulated and a defined sampling group is identified, see 

figure 4. The sampling group will then allow data collection to take place after which the data 

has been analyzed. The analysis of the data will then provide empirical results and analysis of 

the research question which will lead to a discussion and conclusion of the study.  

 

4.4 Sampling 

 

In the qualitative research method, the next step after defining research questions is to 

identify a relevant sample group (Bell et al., 2019).  

 

In order to answer the questions presented in the case study, snowball sampling was utilized. 

Snowball sampling is a type of sampling in which the researcher contacts an individual or a 

group of individuals with insight into the project and refers the researcher to others that may 

have knowledge within the field (Bell et al., 2019). The initial participant of the snowball 

sampling was the director of Order and Delivery within IM at Volvo Truck Global 

Operations. From this contact, the director provided relevant participants for the researchers 

to contact and interview. Based on the information gained from these interviews, further 

individuals were identified in order to gain more in-depth knowledge to enable the 

completion of the research questions. This led to further interviews within the Volvo GTO 

organization & external suppliers. A full list of participants can be found in table 6. 

 

For research question 1, an initial participant from Volvo IM, the company supervisor, 

referred the researchers to contacts related to supply chain functions in Sweden. The 

participants in Sweden then referred the researchers to individuals located in Sweden, South 

Africa and Saudi Arabia which had insights into research question 1. This allowed data 

collection to be ascertained from different stakeholders in the logistical flow. Research 

question 1 is not strictly aimed at the South African flow but rather as a strategic research 

question, hence participants from others flows also participated in the study. A referral to the 
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environmental function located in France was also done. The participants worked in different 

functions across Volvo GTO, including Volvo IM, Volvo Durban, Volvo Production 

Logistics, Volvo AVI and Volvo Sustainability. As participants worked in different functions 

of the organization, the results from the interviews provided a good oversight into which 

critical supply chain factors were important for each different function.  

 

For research questions 2, snowball sampling was utilized. The original participant from 

Volvo IM referred to procurement officers, who in turn referred to the researchers to specific 

individuals at the suppliers of category 1, 4 and 9 activities. The suppliers had insight into 

which activities were involved within their own value chains. Hence, two packaging suppliers 

were interviewed, and one 3PL was interviewed which specifically worked with the South 

African flow. It is assumed that the data that the 3PL provided regarding routing can be 

generalized across the industry, as it is highly competitive and numerous 3PL providers 

utilize similar routes and transportation methods. Furthermore, the major ports and hubs used 

are employed by various 3PL providers, which indicate that they face similar challenges with 

regards to logistical processes. The identified activities were also verified by Volvo GTO 

participants, including V1, V2, V5 and A1. 

 

The applied sampling frame for the completion of Research Question 2 will include the 

following the sample size, derived from the total population, see figure 5. 

 
Figure 5 - Sampling Frame 

The sampling frame in figure 5 illustrates the total population, the sampling frame, and the 

sample in which the study has conducted with. The total population relates to all the 3PL 

provides and packaging suppliers within the industry. This section encompasses the sampling 

frame, which includes all the 3PL and packaging suppliers utilized by IM at Volvo GTO. The 

sample group used for the study will include those suppliers that are direct stakeholders in 

packaging production, as well as the 3PL providers currently used for shipping goods 

between Volvo Tuve, Sweden and Volvo Durban, South Africa.  
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4.5 Data Collection 

The next step in the qualitative research approach is data collection which is presented in the 

following section.  

 

Interviews 

 

Semi-structured interviews were conducted with Volvo GTO employees, packaging supplier 

and 3PL providers. Semi-structured interviews provide the study with primary data, which is 

necessary in order to answer the research questions. Semi-structured interviews are conducted 

through with the aid of an interview guide, which includes a set number of questions to be 

answered, albeit in any order and in an open conversation setting (Bell et al., 2019). 

Furthermore, follow-up questions outside the interview guide were utilized in order to collect 

data outside of the initial scope of the researcher. The interviews were transcribed with the 

relevant information recorded, alongside any questions that arose during the interview that 

were not initially intended to be asked. As the researchers conducted all the interviews, error 

related to interviewer variability was eliminated (Lavrakas, 2008). By eliminating the 

interviewer variance, it is possible to remove the variance in responses. Hence, the variation 

in responses was a result of interpretation from the respondent, rather than an external factor. 

This reduction in error will also aid the validity of the study, as true variation was the 

majority variation within the results. 

 

The interview guides aim to guide the interviews in order to ascertain the required 

information. It creates a framework required to maintain a relevant scope during the interview 

process. The interview guides are formed according to the research questions, see appendix 1 

& 2. 

 

There are however limitations with regards to qualitative interviews. According to Bell et al. 

(2019), qualitative interviews can provide an unnatural setting for the participant and 

researcher. Since the participant is aware that they are being interviewed, the responses may 

not reflect the full reality of the situation. For example, an organization would be unwilling to 

portray itself in a bad light or provide information that would implicate the participant.  

A complete list of respondents, respondent company, research question and duration for the 

study is illustrated in table 6. 
Table 6 - List of Participants 
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The number of respondents for each research question was dependent on how much of the 

data was repeated throughout the interviews. Once 7 interviews were conducted for research 

questions 1, sub-themes were continuously repeated indicating the completion of the research 

question. The interviews for research question 2 were deemed complete when all the main 

activities for categories 1, 4 and 9 were mapped and identified, as well as repetition arose.  

 

Secondary data 

 

Secondary data represents data that has been collected through previous studies which has 

been analyzed and discussed (Bell et al., 2019). This type of data is primarily found in the 

theoretical framework. The secondary data is primarily collected through scientific forums 

and libraries. Secondary research allows the researcher to understand what previous studies 

have found, and in this specific empirical case, allows for comparison of primary data and 

previously collected secondary data. 

 

In order to complete research question 2, secondary data was collected by examining the 

technical guidance framework of the GHG Protocol (GHG Protocol, 2013) in order to 

identify the correct methods of calculation for the study. The use of the GHG Protocol was 

chosen as previous studies identified in the theoretical framework showed success in applying 

the approach as well as it allowed the use of the chosen emission categories. The secondary 

data analysis of the GHG Protocol framework and applied methodology followed can be 

found in appendix 3. 

 

4.6 Theoretical framework and literature review 

 

To grasp the existing knowledge within the fields of sustainability, logistical processes and 

CO2e calculation a thorough literature study has been conducted. This literature study allows 

the researchers to understand what previous studies have concluded, and what different 

authors argue within the specified fields. Furthermore, the literature review aims to 

understand what is already known, which theories have been applied, methodologies, 

limitations, and key authors within the subject (Bell et al., 2019). The literature review was 

primarily identified through the Uppsala University Library, alongside Google Scholar, 

which allowed numerous different studies to be analyzed and scrutinized. Examples of 

keywords when searching for relevant literature included “Returnable Packaging, Industrial 

Packaging, Reverse Logistical Systems, Calculating reverse logistical emissions, 

Implementation of returnable packaging, challenges/opportunities of returnable packaging”. 

The purpose of the literature review is to ensure that previous and existing knowledge is not 

recapped, but rather new knowledge is ascertained. This allows for the knowledge pool to 

expand and aims to fill the gaps in knowledge for the future. It was noted during the literature 

review that those studies concerning reverse logistics were primarily economic in nature, 

disregarding the environmental factors as well as catered to retail and consumer markets, as 

opposed to industrial applications.  
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4.7 Data Analysis 

 

The next step in the qualitative research approach is data analysis, which will be presented in 

the following section. The analysis has been done through thematic analysis, as well as a 

SWOT analysis to consolidate the results and present practical implications of a returnable 

packaging implementation. 

 

Thematic analysis  

A thematic analysis was utilized for analyzing the collected data. It is a commonly used 

method for qualitative data analysis (Bell et al., 2019), where qualitative information is 

encoded, and themes identified. A theme is also referred to as a pattern, which can be found in 

the collected data directly or at a latent level. There are several purposes for employing 

thematic analysis, such as visualization, concretize the collected data, transform the 

qualitative data to quantitative data, or to analyze the qualitative data. The thematic analysis 

method can manage several types of data in a systematic manner (Boyatzis, 1998). It can 

utilize both an inductive approach, identifying themes through codes, and deductive approach, 

predefining themes which are expected to arise throughout the interviews. Furthermore, 

thematic analysis can take a latent or semantic approach, in which a latent approach involves 

understanding what is being said on a deeper level and understanding the underlying ideas 

that are expressed and the semantic approach approaches the data for face value (Boyatzis, 

1998). Braun & Clarke (2006) describes the six steps for thematic analysis in table 7. 

 
Table 7 - Thematic Analysis Approach (Braun & Clarke, 2006) 

 
 



36 

 

The latent approach was employed in order to identify the supply chain factors that are 

affected when implementing a returnable packaging system. This approach made it possible to 

identify and gain a greater understanding of the supply chain factors and determine the 

relationship between the factors based on the collected data through a relationship matrix, 

presented in section 6.1.  

 

Activity Mapping 

 

An activity mapping was done through a semantic approach of the thematic analysis to 

identify the activities within the categories purchased goods and services and upstream 

transportation and distribution as well as downstream transportation and distribution. In 

practice, the activities that occurred in each category was identified directly from the collected 

data and mapped out and sorted under each category. The respective calculation methods 

based on the identified activities were then used in order to produce the calculation 

framework. As the activities were mapped out and transportation modes and distance between 

gates identified, it was possible to form the GHG calculation framework according to the 

GHG Protocol to enable Volvo to report emissions of a returnable packaging system. 

 

SWOT Analysis 

 

Lastly, the analytical tool SWOT (Strength, Weaknesses, Opportunities and Threats) was 

utilized to compile the empirical results and analysis. A SWOT analysis allows the data to be 

categorized in a 2x2 matrix in order to find internal and external strengths and weaknesses of 

a potential implementation (Sarsby, 2016). As described by Sarsby (2016), strengths and 

weaknesses relate to the internal & controllable forces, while opportunities and threats relate 

to external forces. The SWOT analysis was utilized to grasp the strategic feasibility of 

implementing a returnable packaging flow based on the results and analysis. The SWOT 

analysis presented in section 6.4 aims to consolidate the overall strategic viability of 

implementing returnable packaging in an industrial setting.  

 

4.8 Quality of Data 

 

In order to maintain the integrity of the results, the quality of the data must be analyzed. 

According to Lincoln & Guba (1985; 1994), in order to evaluate the trustworthiness of 

qualitative research, the following factors must be considered: credibility, transferability, 

dependability and confirmability (Lincoln & Guba, 1985; 1994) as referenced in (Bell et al., 

2019). 

 

Credibility refers to how information can be interpreted differently depending on who the data 

is collected from (Bell et al., 2019). If a there is a possibility for different realities within the 

information, such as different views or opinions, the credibility of the data must be confirmed. 

In this empirical case, different actors within the organization had different views upon the 

same concept of returnable packaging. Some functions can solely focus on economic aspects, 

and give their accounts through this point of view, while others had a sustainability point of 

view. Respondent validation was utilized to verify the information, through presenting the 
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results of the interview with participant in order to find validation and agreement (Bell et al., 

2019). 

 

Transferability refers to how well the study can be transferred into a different empirical 

context (Bell et al., 2019). As all data collected throughout the study was qualitative for a 

specific empirical context, the transferability of the results of the study was lacking. However, 

the methodology and conclusion of the study may serve as guidance for other industrial 

companies seeking similar undertakings with regards to heavy returnable packaging.  

 

Dependability refers to the systematic documentation of approaches in all steps of the study, 

as presented by Guba & Lincoln (1994) & Bell et al. (2019). This is done in order to ensure 

that other researchers can scrutinize and verify the dependability of the study. The 

methodology of this empirical context has been described in detail in order to ensure the 

dependability of the study.  

 

Confirmability is connected to dependability, in the way that other researchers should also 

examine the objectivity of the study, in such a way that the researchers own opinions and 

inclinations does not interfere with the validity of the study (Bell et al., 2019). Thus, the 

empirical context should be kept objective, and presumptions and predispositions should be 

kept to a minimum and rely fully on the data and information collected in order to maintain 

confirmability of the study. This was achieved through the use of respondent validation at the 

end of the project, in which the supervisor examined the results and confirmed the quality of 

the data. 

 

4.9 Limitations and Ethical Implications 

 

It is vital when conducting an empirical study to follow the code of ethics for researchers, as 

well as the organizational code of ethics. The ethical principles presented by Bell et al. (2019) 

include four major factors to consider when conducting a study. They include the following 

(Bell et al., 2019): 

 

• Avoidance of Harm 

 

Harm can manifest in numerous forms, including physical, emotional, stress and career 

related harm. Hence, it is vital for the study to completely remove the risk for any form of 

harm for any respondent or information provider. In order to ensure this, no names were used 

throughout the interview process, and all respondents were given codenames (Bell et al., 

2019). Furthermore, the participants that were contacted were asked if they wanted to take 

part in the study beforehand, and if the information that was mentioned during the interview 

could be used for the study. This was also done in order to comply with NDA’s and sensitive 

information that may have been said. The data collection has actively collected data that is not 

covered by NDA, in order to maintain transparency in throughout the study.  
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• Informed Consent 

 

Informed consent concerns itself with allowing the participants of the study to understand as 

much as possible regarding the study in order to make an informed choice of whether the 

participant wishes to take part. Any type of recording or note taking that was done during the 

interviews was mentioned to the participant, and the participant was asked if these data 

collection tools were acceptable. Although no forms were sent out to the participants to sign 

in order to participate in the study, a verbal agreement before each interview was done in 

order to ensure the participant contributed in their own free-will. 

 

• Privacy 

 

To address privacy concerns for participants, were anonymous throughout the study. By 

remaining anonymous, participants could feel comfortable giving credible accounts of 

operations, and ensures the credibility of the data. Furthermore, remaining anonymous 

reduced stress and anxiety that participants may experience as a result of the information they 

provided. Furthermore, in order for participants to prepare for the interviews, the interview 

guide was sent beforehand and allowed to be reviewed. This allows the participant to exclude 

any questions that they may not feel comfortable answering, as well as provide a framework 

for the scope of the interview.  

 

• Deception 

 

Deception entails that the research actively hides the true intentions of the study, and thus 

misleads and deceives the respondent. In order to eliminate deception from the study, as 

mentioned with Avoidance of Harm and Informed Consent, the true intentions of the study 

will always be communicated to the participant. Any questions the respondent had were 

answered truthfully by the interviewee, and without intent to mislead the respondent in order 

to gain knowledge that otherwise would not be attainable.  
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5. Empirics and Results 
 

This chapter aims to identify the empirical findings from the execution of the methodology. 

The results of the research questions will be presented, by providing an overview of the 

functions within the company, a current state explanation and identification of critical supply 

chain factors to consider when implementing returnable. Furthermore, the mapping of the 

activities involved in the categories 1, 4 and 9 scope 3 emissions will provide a calculation 

framework for organizations to calculate the emissions of a future state returnable packaging 

system. 

 

5.1 Volvo Group Truck Operations 

 

Volvo GTO is under the Volvo Group umbrella responsible for the manufacturing of trucks, 

including assembly, production of powertrains, logistics and service & maintenance. It acts as 

its own function within the organization, with 64% of Volvo Group sales derived from Volvo 

GTO (Participant A1). The function consists of numerous sub-divisions, which are 

responsible for different operational and logistical areas within Volvo GTO. The empirical 

case was developed by the IM Division, as a response to improving its sustainability work. IM 

is responsible for the operational and logistical functions of Volvos international assembly 

plants. Due to high import taxes of pre-built vehicles in different markets, Volvo GTO 

provides international assembly plants with CBU (Complete Build Units) that are assembled 

within the country, thus avoiding import taxes or other regulations. Currently, IM has 6 major 

assembly plants, which include South Africa, India, Algeria, Australia, Taiwan, and Saudi 

Arabia. The responsibilities of Volvo GTO IM include the order & delivery, initiation of 

factories, and product implementation of international factories. It should be noted that Volvo 

GTO has other international assembly plants, however these are organized by other functions 

within the group. 

 

The study delves into a specific flow of goods within Volvo GTO IM, namely the flow 

between the manufacturing plant in Gothenburg, Volvo Tuve and the assembly plant in South 

Africa, Volvo Durban. Volvo Durban is the largest international assembly plant within the 

Volvo GTO IM function, with a weekly capacity of 70 trucks on average. The complete 

process of the manufacturing a vehicle includes the order & delivery of goods from Volvo 

Tuve, which acts as a central warehouse for international plants, the transportation of goods to 

Volvo Durban and lastly the assembly of the CBU. Volvo GTO IM is responsible that the 

necessary goods arrive at Volvo Durban, whilst Volvo Durban is responsible for the assembly 

of the vehicle.  

 

The truck cabs are produced as individual entities in Volvos Cab factory located in Umeå, 

Sweden, which are then sent to Volvo Tuve, Gothenburg for manufacturing or shipping. 

Hence, several of the produced cabs are used for domestic production in Sweden, whilst 

others are shipped to overseas assembly plants. The flow of cabs between Umeå and Volvo 

Tuve currently uses returnable cab-skids, however these cab-skids are exclusively used for 

this route. When cabs arrive at Volvo Tuve, they are processed in a process called kitting, in 

which they are fitted with interior components, such as dashboards, seats and windows. This 
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alters the dimensions of the cabs, which means that the cab-skids used between Umeå, and 

Volvo Tuve can no longer be used.  As cabs are an essential component of assembly, it is 

crucial that no disruptions occur during the logistical process of the cabs.  

 

The international factories overseen by Volvo IM assume different roles, see table 8 for an 

overview. 

 
Table 8 - Volvo Partnerships 

 
 

The empirical case focuses on the Volvo owned process of Volvo Durban, which operates 

through a KD (Knocked Down) flow in which the shipped batches are broken down into 

component, sequence, and regular part shipments. The case will focus on the component 

shipping, which includes the shipment of the cabs for each shipment. The logistical process of 

a KD plant follows a traditional structure, with suppliers sending to a sending plant, later 

shipped to international assembly plants, see figure 6.  

 

 
Figure 6 - Logistical Process of Volvo KD 

Within the Volvo organization, packaging is handled by a separate entity called production 

logistics (PL). PL is responsible for the transport of packaging between different international 
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assembly plants, the distribution and maintenance of packaging material as well as support for 

outbound and inbound materials within Volvo GTO. PL acts as a warehouse for packaging 

material within the group and is responsible for the distribution of packaging material based 

on a demand-based system, in which packaging is sent where it is needed for operations.  

 

5.2 Current State Analysis 

 

Currently, Volvo GTO do not have returnable cab-skids for any flow within Volvo CKD. The 

South African flow currently uses wooden cab-skids, build from massive wood with a weight 

of 133KG per skid, for each cab sent to Volvo Durban. The capacity of the Durban plant 

averages 70 trucks a week, which entails roughly 3000 cabs per year. There are weekly 

shipments from Volvo Tuve to Volvo Durban, which included all 70 cabs as well as the 

necessary components to complete the CKD. No environmental analysis has been done on the 

current state system with regards to GHG emissions, as this solution has been used purely as a 

less-complex solution in comparison with returnable packaging. Furthermore, it has been 

stated through the interviews that the material is purchased from suppliers in Durban, hence 

the material is not going to waste (Participant V5). Essentially, Volvo Durban acts as a wood-

supplier for other firms in South Africa. As the wood is not disposed when leaving the Volvo 

value chain, the wood enters a new life cycle when Volvo is done using the material. 

However, it has also been mentioned that the cost of raw material is increasing, thus 

prompting Volvo to investigate returnable packaging (Participant S2).  

 

The interviews have identified that the fundamental issue of changing packaging material is 

based on an economic level, however the environmental benefits are now also considered. 

Volvo wants to investigate if this cost-cutting solution would also benefit the carbon-footprint 

of the organization. It has been noted that multiple different reasons arise when prompting the 

question of why returnable packaging should be used, and different assembly plants have 

different prioritizations. 

 

The current system starts with providing a forecast of demand to packaging suppliers, in 

which 3 different suppliers bid on the amount of skids that can be delivered. Prior to the 

bidding system, each supplier has individual contracts with Volvo, in which inventory was 

kept by the supplier in order to ensure quick delivery (Participant S2). However, as stated by 

participant V2 and V4, currently all the packaging is made-to-order, which eliminates the 

inventory costs for suppliers, however, increases the lead time for Volvo. Once the packaging 

is produced, it is sent to Volvo Tuve where it is used as “end-of-line” packaging, meaning that 

the cab is placed on the skid after pre-production is done. The cab is then loaded into 

containers, where 4 cabs fit into one 40” container, to be shipped to the respective assemble 

plants (Participant V1). When the container arrives in Volvo Durban, it is processed at the 

Volvo Cross dock, a Volvo sorting facility, and eventually distributes the cab for production. 

Once the cab enters production in South Africa the cab-skid is free from operations and sold 

to Volvo’s waste-handling partner (Participant V5). 
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5.3 Supply Chain Factors  

This section aims to present the identified supply chain factors for research question 1. The 

supply chain factors identified through the interviews will be presented and elaborated upon. 

 

As mentioned in the current-state analysis, the reasons for implementing returnable cab-skids 

are different depending on the assembly plants goals. Furthermore, the feasibility of 

implementing returnable packaging differs between assembly plants. Hence, in order to assess 

the feasibility of a returnable packaging system, the critical supply chain factors that influence 

the decision making must be identified, and through interviews and inductive and latent 

thematic analysis, three major categories have been identified. The results of the thematic 

analysis can be seen in table 9. 
 

Table 9 - Thematic Analysis for Research Question 1 

Theme Definition Sub-Themes Codes 

Applicability Applicability relates to 

the applicability of the 

assembly plant to 

implement returnable 

packaging. 

Lead Time Speed of return flow 

Maintaining delivery 

time  

Empty Containers as 

fast as possible 

Container turnover time 

Time before reuse 

Distance Long distance flows  

Return flow for long 

distance difficult 

Risk of packaging 

deficit 

Reduced viability with 

long distance 

Transport modes 

Capacity Time to fill container 

Time between 

shipments 

Low capacity – Low 

viability 

Low Volume assembly 

plants 

Inventory Packaging Deficit 

Packaging Surplus 

Packaging Rotation 

Closed Loop system 

Availability These codes were 

grouped in availability 

as they concerned the 

practical 

implementation of 

returnable cab-skids, 

and how well a 

functioning reverse 

logistical flow could 

function depending on 

the assembly plant’s 

location 

Return Flow Availability Vessel Schedule 

Schedule Integrity 

Stability of flow 

Container 

Repositioning 

Space/Resource Availability Existing Systems 

Land-use 

Functional Availability 

Processing of 

packaging 

Maintenance & Ownership Damage and Lifespan 

Responsibility of 

maintenance 

Plant and 

organizational 

ownership 

Ownership of 

packaging 
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Variability Variability was a major 

theme identified through 

the thematic analysis 

which entails how the 

variability of external 

forces impacts the 

feasibility of returnable 

packaging 

implementation. 

Regulations Quarantine rules 

Export/Import 

Customs 

Detention fee 

Variation in Volume Demand Vacation variation 

Production Stop 

Container Fill rate 

Demand Forecasts 

Supply Chain Disruptions Container Deficits 

Suez Canal / Ukraine 

war 

External forces 

Stability of supply 

chain 

 

5.3.1 Applicability 

 

The results of the thematic analysis identified applicability as a major category when 

assessing the supply chain factors. Applicability relates to the how well the assembly plant 

can implement returnable packaging in terms of certain identified sub-themes, which include 

distance, lead time, capacity, and inventory 

 

Distance 

 

Distance was commonly mentioned throughout the interviews. When the distance increases, 

the risk of a disruption also increases, which impacts the overall lead time of the returnable 

cab-skid (Participant V2). This would mean that a large inventory would be needed to account 

for the unforeseen risks associated with long-distance flows. Furthermore, it was identified 

that the risk of no-resupply would be greater when the distance increased (Participant A1). 

This implies that the risk of a cab-skid deficit would be high if the distance is large, since the 

aggregated lead time of the cab-skid would be increased. A deficit would lead to a production 

stop in the case that all packaging was returnable, which would not be acceptable. The 

increased distance directly increased the risk of supply chain disruptions, which would have a 

major impact on the performance of the system. This coincided with another sub-theme 

identified in the theme variability, namely supply chain disruptions. Essentially, the 

interviewees stated that increased distance entails a larger risk for the transportation 

operations to be affected by disruptions in the global supply chain network as well as an 

increased lead time, which potentially would impact the environmental sustainability as a 

result of increase inventory. 

 

Another important aspect to consider was that increased distance meant increase 

transportation, which directly impacted the GHG emissions of the entire system (Participant 

S1). Participant S1 claimed that the transportation emissions were the largest emitter 

according to their data. Hence, it was claimed that returnable packaging for longer distance 

flows need to be carefully analyzed, as the transportation of the returnable cab-skids would 

effectively double. Furthermore, it was stated that during the lifetime of the returnable cab-

skid the production emissions can be neglected, as over 20 years the emissions from 
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transportation are greatly going to overrule the emissions from production (Participant S1). 

This further shows that the transportation is important to reduce, and through implementing 

returnable cab-skids, the distance of transportation essentially doubles. This will have large 

ramifications on the sustainability of the proposed solution of returnable cab-skids.   

 

Lead Time 

 

Like distance, lead time from point of origin to destination was mentioned numerous times. 

Lead time is impacted by multiple sub-themes identified throughout the thematic analysis; 

however, the average lead time was mentioned as a critical factor to consider. It was 

mentioned by participant V2 that lead time refers to the time of the closed loop system 

making a complete cycle. The higher the lead time for a specific flow, the larger the inventory 

of cab-skids needed from the origin plant. This would entail a larger GHG investment from 

category 1 emissions which would impact the environmental footprint of the returnable 

packaging system. Hence, lead time is essential to consider when assessing the assembly 

plants capability. 

 

It was mentioned by participant V1 that Volvo only considers the lead times between Volvo 

Tuve packing and until it arrives at the plant. Hence, the lead time within the organization 

currently only looked at the time between packaging at Volvo Tuve and the arrival at the 

destination assembly plant. This does not account for the lead time of cab-skids from 

suppliers, nor does it take into account the return lead time or the lead time until the cab-skid 

is free from production and able to be sent back. Furthermore, as stated by participant V2, the 

lead time for filling a container with returnable cab-skids is also imperative to consider, as it 

greatly impacts the lead time of the return flow. It was mentioned that it was important to fill 

the container with cab-skids before sending it, in order to maintain profitability and reduce the 

carbon footprint. This was further corroborated by participant A2, who mentioned that a low 

capacity would mean that the plant would need to wait a long time to fill containers for return 

shipments. Hence, the assembly plant would need to store the material in their yard until they 

could order a container to fill. Longer average lead times also entail difficulties with the 

management of goods at both the origin plant and the receiver plant in terms of space, 

resources, and additional organizational functions.  

 

Lead time is imperative to consider when assessing which plants are viable for a returnable 

cab-skid solution. As mentioned by the interviewee participants, the lead time influences the 

inventory needed for initial start-up of a returnable cab-skid system, influencing how many 

cab-skids are needed before a closed loop system can be reached. Furthermore, depending on 

the lead time to the receiving plant, the capacity of the plant will also need to be higher in 

order to maintain environmental feasibility in terms of the added transport routes that arise 

from higher lead times, directly impacted by distance.  

 

Capacity 

 

Capacity was mentioned by multiple participants as a critical factor to consider. As mentioned 

by participant A1, for a market that is further away, the capacity would need to be larger. In 

the case of Volvo Durban, with a capacity of 70 trucks per week, the plant would have a 
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return container once per week, as a container can fit 70 cab-skids in one shipment, as 

mentioned by V1. Hence, Volvo Durban would be an optimal case for returnable skids, as it 

would be possible to have a relatively low lead time between arrival and departure of the cab-

skid. However, for flows where the plant capacity is lower, the lead time would increase 

dramatically. This was mentioned by V3, who claimed that Volvo cannot have such a flow for 

certain flows as it would take too long time to fill the containers with cab-skids. Furthermore, 

it was mentioned that for certain flows Volvo might only have 1 container shipped back to 

Sweden. This means that plants with a low volume of capacity would have a difficult time to 

fill a return container. The return flow from these overseas assembly plants would potentially 

only use one container, in which the returnable cab-skids would not fit, as other returnable 

packaging is being loaded in the containers.  

 

The fill rate time of containers has been mentioned numerous times during the interviews, 

where A2 claimed that capacity is essential as the time it takes to fill a container would be 

impacted by the production volume. The fill rate influences the other factors identified in the 

applicability theme, in which a slower fill rate would increase the lead time, thus increasing 

the necessary inventory level needed for a closed loop system. Since fill rate is directly 

affected by the weekly capacity of an assembly plant, the capacity must be considered. One 

notion that was identified through the interviews was that a low-lead time and low volume 

plant would be viable, but so would a large volume long distance flow. This shows the 

relationship between lead time, capacity, and distance. Long distance flows would entail 

longer lead times, which would require larger volume capacities of the international assembly 

plants. Hence, certain flows with low volume, such as Iraq or Taiwan would most likely not 

be feasible for returnable packaging.  

 

Inventory 

 

The last factor mentioned within applicability of the plants is the inventory needed for a 

closed loop system. As mentioned in distance, lead time and capacity, all factors directly 

impact the inventory needed from the origin site. Preliminary calculations made by participant 

V1 stated indicated that between 1164 and 1636 cab-skids would be needed for ensure a 

closed loop system of cab-skids for the South African flow. The calculation does not consider 

any safety margin, nor does it consider any fluctuation in transportation lead time or supply 

chain risks. Hence Volvo would most likely need to fill the gaps caused by disruptions with 

single-use skids. This statement shows that importance of a large inventory from the origin 

plant in order to avoid a deficit of cab-skids. It was mentioned that sometimes they would 

have a surplus of inventory and sometimes a deficit. Participant A2 mentions that maintaining 

a stable balance of inventory is difficult to achieve, as it is important to not have a surplus of 

returnable cab-skids, as it adds to costs and environmental impact. However, have a deficit of 

returnable cab-skids could lead to a situation in which single-use skids would be needed to fill 

the eventual gaps. 

 

Another important aspect to consider with inventory is the season-differences between 

different continents, as well as holidays and vacation. As stated by V1, “We also need to 

consider the holiday in Sweden for 1 month, which means we need an additional month of 

inventory”.  In Sweden the summer holidays occur during weeks 29-32, however during this 
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time the South African assembly plant is operational. During the summer holidays in Sweden 

the packaging function at Volvo Tuve is non-operational, meaning that Volvo would have to 

pre-pack all necessary components and goods for the South African flow beforehand. This 

entails an additional 4 weeks of cab-skids inventory, as the return flow would not be handled 

for 4 weeks. Furthermore, the return flow may be impacted by potential holidays in South 

Africa that are not in-line with Sweden’s holidays. Since the monthly capacity is relatively 

high, the returnable cab-skids affected by such a closure would be around 280 cabs per month. 

This would mean that an additional inventory of returnable cab-skids would be needed at both 

the origin site and the receiver plant, depending on the planned closures.  

 

5.3.2 Availability 

 

The theme availability can be broken down into the sub-themes as they concerned the 

practical implementation of returnable cab-skids, and how well a functioning reverse 

logistical flow could function depending on the assembly plant’s location and context.  

 

Return Flow Availability 

 

Return flow availability refers the how well a reverse logistical flow could exist for the target 

assembly plant. Within the case study, the South African assembly plant showed a viable 

return flow availability for cab-skids, as shipping routes exist between Europe and Durban 

both ways. It was imperative to consider how the infrastructure in the country impacts the 

reverse logistics flow of goods and whether there is the possibility of a return flow in terms of 

shipping routes, as well as availability of shipping containers. For certain countries it was 

identified that the accessibility of containers and reverse flows was difficult to achieve, such 

as with the Kenyan Volvo plant. A1 also mentioned that “containers in always mean 

containers out, however the lead time of the containers may differ greatly between countries”. 

Hence, the turnover time of containers in certain countries can vary, however an inflow of 

containers always means an outflow of containers, as container build-ups are rare outside 

heavy export nations.  

 

Furthermore, shortages of available shipping vessels could cause major problems. Vessel 

shortages can cause major ramifications with returnable packaging in terms of lead time and 

surplus/deficits of cab-skids in assembly plants. Hence, the scheduling of return vessels for 

different assembly plants is crucial to consider when implementing returnable cab-skids.  

 

A solution to a surplus of cab-skids was to send returnable cab-skids within other flows of the 

organization, allowing 100% utilization of all available cab-skids. However, this was also 

faced with challenges, as it would entail that the skids would be bound in the flow for that 

specific flow, so if the demand increased for the original flow Volvo would need single-use 

skids again. Participant V1 states that each individual flow would need its own returnable cab-

skid inventory in order to maintain the return flow availability. Hence, mitigating a surplus of 

cab-skids would be difficult as the skids would be pre-destined for a certain flow in order to 

avoid deficits of cab-skids.  
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Container repositioning was mentioned in numerous interviews, with different points of view 

of the effect it would have on the reverse flow. Both participants from AVI (A1 and A2) 

mentioned that accessibility of containers may be limited and are not constant. This was 

considered a major issue within the Saudi Arabian flow, as booking, and getting access to 

containers could be difficult in their region. Furthermore, the variation in accessibility of 

containers would increase the risk of cab-skid deficits at Volvo Tuve, as it wouldn’t receive 

regular shipments of skids. However, participant V5 mentioned that a stable flow of 

returnable cab-skids could exist with the current operations between South Africa and 

Sweden. Hence, within the South African flow it would be feasible to have a reverse flow of 

goods, however within the Saudi Arabian flow it would not be as accessible and entail 

increased risks.  

 

Space and Resource Availability  

Space and resource availability were mentioned in numerous interviews. It was mentioned 

that returnable packaging requires the facility to incorporate a function within the factory that 

takes care of all the returnable packaging. This indicates that a specified plant must create or 

have existing functions that handle returnable packaging. This includes handling of the cab-

skids, as well as reloading and distribution from the assembly plant back to Sweden. The 

resources needed for this type of function may not be available at every plant, as mentioned 

by A2. Every plant has different priorities and work as individual entities, depending on the 

type of partnership the plant has with Volvo. Some plants would not want to spend the 

resources on such a handling system.  

 

Furthermore, it was said that the assembly plant would need a lot of space to fit all the 

packaging, so facilities with limited space may have a hard time implementing returnable 

packaging (Participant V3). As stated by A1, the Saudi Arabian facility has the space needed 

for returnable packaging; hence it is a viable option for this specific plant. However other 

international assembly plants may be limited by the physical space, as well as storage and 

distribution facilities.  

 

Maintenance & Ownership 

 

The last factor to consider under availability is maintenance and ownership of the packaging. 

It was mentioned numerous times that maintenance of the returnable cab-skids was vital in 

order to maintain the stated lifetime of the packaging. Ownership and organizational barriers 

were also mentioned as potential challenges to consider when implementing returnable cab-

skids.  

 

It was noted by participant V5 that the skids can be damaged and in turn need to be repaired. 

There needs to be a standardized function somewhere in the value chain to perform this task. 

This was of importance as Maintenance is also a factor to consider when dealing with 

returnable packaging as without it a returnable system would not work (Participant A2). It 

becomes clear that maintenance is a crucial part of the process, however it is also clear that 

clear guidance into which function is ultimately responsible for the maintenance of the 

packaging is uncertain. It was mentioned that the owner of the packaging was responsible for 

the maintenance of the cab-skids by participant A2, however participant V4 mentioned that 



48 

 

the owner of the packaging could vary depending on a set of different factors, hence a clear 

maintenance owner could not be identified. For other packaging material Volvo PL was 

responsible for the maintenance of the material, but that was as a result of the packaging not 

being specified or tied to a specific plant, but rather as an asset for the entire Volvo Group, as 

mentioned by V4. The lifetime of returnable packaging was also mentioned to vary, as stated 

by V1 where returnable packaging that was 60 years old was still in use today. This sheds 

light on another important aspect to consider, who the true owner of the packaging is. 

 

“The ownership varies depending on how many sites use the packaging. For example, our 

blue boxes [Standard Returnable Packaging] is owned by Volvo PL, however specialty 

packaging for a specific factory would be the responsibility of the specific plant, hence the 

ownership would also fall under this category.” – Participant V4 

 

This meant that implementing a returnable cab-skid for a specific plant would also entail 

ownership to the specific plant. This complicates the maintenance function, as the owners of 

the material would be responsible for maintaining the goods. Furthermore, the procurement 

and distribution of the returnable cab-skids would also ultimately fall under owners’ 

responsibility. It was also mentioned by A1 that convincing different stakeholders in the 

organization to use their allocated resources can be difficult to achieve. Every function as a 

set amount of resources to utilize, and to tell another function to implement something that 

doesn’t directly benefit them economically can be extremely difficult. This highlights the 

difficulty of implementing a change across different functions, in which sustainability 

demands from the organization differ from the monetary driven operations of assembly plants.  

 

5.3.3 Variability 

 

Lastly, variability was a major theme identified through the thematic analysis which entails 

how the variability of external forces impact the feasibility of returnable packaging 

implementation. Variability entails the possible variations that affect the other two categories 

and occur externally from Volvo IM’s value chain. 

 

Variations in Demand 

 

Variations in demand were claimed to be of importance when considering a returnable cab-

skid flow. The yearly variation in truck demand can fluctuate, as stated by participant V1. The 

demand for cabs is not stable over the year. Hence, Volvo would need to have enough cab-

skids to fill the maximum peak of demand, which would leave a large surplus of skids when 

the demand is low. This variation could deeply impact the environmental sustainability of 

returnable cab-skids. Similar to the notion of wanting to eliminate tied-up capital, a surplus of 

cab-skids would also entail tied-up carbon emissions, for goods that aren’t being utilized. 

Essentially, the utilization rate of cab-skids would be decreased for a period of the year as 

demand varies. 

 

Supply Chain Disruptions 

One major difficulty with returnable cab-skids that was identified throughout the interviews 

was supply chain disruptions.  
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Lead times and inventory were greatly affected by supply chain disruptions. As stated by V1, 

“We would need a large inventory. We also need to consider the lead time for long distance 

flows, as it can greatly vary as a result of supply chain disruptions”. The interviews identified 

that supply chain disruptions have massive implications on all other factors mentioned above. 

Participant V1 claimed that the vulnerability of the shipping routes between countries have 

become a liability over recent years, which has been further strained by make-to-order and 

just-in-time delivery methods. In efforts to reduce the tied-up capital of goods, Volvo Group 

has reduced the lead time between delivery of goods and assembly of goods, as stated by A2. 

This entails that any fluctuation in lead time between the sending plant [Volvo Tuve] and 

receiving plant [Volvo Durban] can lead to production stops. This in turn leads to implications 

with operations and sales.  

 

Participant V5 argued that supply chain disruptions were one of the main hurtles to overcome 

when implementing a returnable packaging system. It was stated that maintaining a delivery 

schedule for long-distance flows is difficult as supply chain disruptions often disrupt the flow. 

South Africa specifically has seen numerous supply chain disruptions over the last year, 

including COVID, riots in Durban (Summer 2021) and now major flooding affecting Durban, 

as stated by participant V5. These factors have made it difficult for regular operations to take 

place. Furthermore, it was mentioned by V2 that the 3PL providers occasionally make 

mistakes, entailing increased lead times between Sweden and South Africa.  

 

Regulatory Instances 

 

Regulatory instances were identified as crucial when implementing a returnable cab-skid. 

Regulatory instances relate to the governmental policies and regulations that dictate the 

import/export policies of a specific country or region. This can have a major impact on the 

viability of returnable packaging for a specific assembly plant, and in certain cases, as 

identified through interviews, can be a major reason why an implementation of returnable 

cab-skids would be the only alternative. 

 

Participant V4 argued that the regulations regarding import and export were vital to consider 

when implementing returnable cab-skids. It was mentioned that for a few assembly plants, it 

is impossible to export any goods from the country. It was claimed that implementing a 

returnable cab-skid flow for such an assembly plant would be pointless, as goods can only 

travel one way to some countries. An example that was mentioned was the assembly plant in 

Baghdad, Iraq, in which no exports could take place. Instead, everything that was imported to 

the plant had to be destroyed after use and confirmed by a third party. It was mentioned that 

the complex supply chain of the packaging entails a less cost overall, as well as the 

environment as using the same type of packaging for every flow is more beneficial and less 

resource intensive than using specific packaging for specific flows. However, it was also 

claimed that this was only applied to large-volume boxes and crates (plastic), and not for 

specialty packaging.  

 

Another instance of regulation that needed to be considered was import and customs. 

Participant A1 stated that for certain countries, certain rules must be followed when it comes 
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to what type of material can be imported. An example of this was for the Australian market, in 

which quarantine rules dictated which materials could be imported to the country. The 

participant stated: 

 

“When we used to own UD-trucks, we exported cabs to the Australian market for both UD and 

Volvo, however they would not accept single-use wooden pallets. This was due to the strict 

quarantine rules in Australia that said that any wood that was imported to Australia needed to be 

heavily processed. Hence, we decided to implement returnable cab-skids for this flow to avoid 

having to process the wood. This decision was made purely on a complexity level, as we wanted to 

make the flow as easy as possible.” – Participant A1 

 

This statement goes to show the weight of each individual factor, as even one factor can 

influence the entire decision-making process of which type of packaging system to 

implement.  

 

It was also mentioned that future regulations must be considered. Participant V4 mentioned 

that it is impossible know what new rules are going to exist in the future. Hence, there is need 

to have a long-term plan for such situations. 

 

 If we decide to implement returnable cab-skids for a flow, and all of a sudden, a change in 

leadership happens within the country which limits the export flow, we would need to go back 

to single-use” – Participant V4 

 

Essentially, the future is untold and cannot be predicted, as seen with current world events. It 

was mentioned by participant V5 that the Russia-Ukraine crisis had unprecedented effects on 

the flow to South Africa, through late shipping routes and lack of material, which could not be 

predicted. Hence, V5 said that returnable cab-skids also entail a risk for Volvo, due to the 

instability in global supply chains.  

 

5.4 Activity Mapping of Empirical Case 

 

This section aims to complete research question 2. An activity mapping has been performed 

in-order to grasp all emissions adding activities to be included in the applied framework 

presented in chapter 5.5. 

 

The activities of category 1, 4 and 9 have been mapped out according to the framework 

provided by GHG Protocol (2013), see table 10. Furthermore, the guidelines identified 

through the secondary data analysis (appendix 3) provided clarity upon which activities 

should be included and which should not. Identifying the activities enables the formation of a 

framework for calculating GHG emissions specifically for returnable packaging. The data has 

been collected through semi-structured interviews and analyzed through a deductive semantic 

thematic analysis, in which the categories were identified beforehand through secondary data, 

specifically the GHG Protocol technical guidance (Appendix 3). The activities were defined 

as GHG emitting activities, as mentioned by Gao et al. (2013). 
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Table 10 – Activity Mapping for Research Question 2 

Category Description Activity 

Category 1 Category 1 includes the emission-

related activities in extraction, 

transport and production outside 

Volvo’s value chain for the returnable 

cab-skids. 

Purchasing 

Processing 

Category 4 Category 4 involves the emissions 

related to the transportation of 

purchased goods and services from the 

supplier to the Volvo facility.   

Suppler Facility to Gdansk Harbor 

Gdansk Harbor to Karlskrona 

Karlskrona to Volvo Tuve 

Category 9 Category 9 involves the emission-

related activities in downstream 

transportation and distribution.    

Transport to Gothenburg Harbor 

Gothenburg Harbor to Antwerp 

Antwerp to Durban 

Durban port to Volvo Cross Dock 

Storage and Distribution at Cross 

Dock 

Volvo Durban to Durban harbor 

Durban Harbor to Antwerp Harbor 

Antwerp Harbor to Gothenburg 

Harbor 

Gothenburg Harbor to Volvo Tuve  

Redistribution of packaging  

 

5.4.1 Activity Mapping – Category 1 

 

The category purchased goods and services for the empirical case concerns the upstream 

supplier of the returnable cab-skids. As mentioned earlier, activities within this category 

concerns the emissions from production of packaging. The interviewed supplier S1 has its 

production facility located in Poland and has provided Volvo GTO with returnable cab-skids 

in earlier projects. The returnable cab-skids that this supplier provided is used for the flow 

between Volvo’s production facility in Umeå and Tuve. Hence, this supplier is a potential 

candidate for this empirical case. It is important to note that another supplier may be selected 

by Volvo. As mentioned by participant V1, suppliers in India are being considered. 

 

Activity 1 – Purchasing of goods 

 

Purchasing was identified as an important activity throughout the data collection. Purchasing 

entails how the supplier obtains the material for the returnable cab-skids and the related GHG 

emissions. Detailed calculations can be made when this information is available.    

 

According to the supplier S1 does the production facility in Gdansk purchase material from a 

wholesaler for the manufacturing of returnable cab-skids. Furthermore, S1 provides with the 

information that the material is transported by a truck to the production facility. As Ritchie 

(2020) describe, the mode of transportation is essential to know as the different transportation 

modes emit different amounts of emissions. The location of the wholesaler was not revealed 

due to confidentiality. Moreover, the supplier S1 also mentions “the origin of the raw 
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material from the wholesaler is unknown”. The origin of the raw material from the wholesaler 

is relevant to know due to the amount of GHG emissions produced during extraction varies 

depending on the country and the producer, as stated by Hasanbeigi et al. (2016). Due to the 

lack of data regarding origin of raw material, estimation of CO2 e emissions will have to be 

made in the process of calculating the emissions in category one. 

 

Processing 

The activity processing was identified through the interviews, see figure 7. Processing entails 

the production activities involved in the manufacturing process of returnable cab-skids. 

 

According to the supplier S1, the processing involved in manufacturing of the returnable cab 

skids are cutting, bending, drilling, welding, and pickling. The processing is of interest due to 

the emissions caused from this activity. As mentioned, a large amount of returnable cab-skids 

will be needed for a closed loop system and the total environmental impact from the 

production activities will be considerable. The supplier S1 has not made any measurements of 

emissions from the processing. Furthermore, the supplier did not know who their suppliers 

were nor where the raw material was extracted. However, based on the types of production 

processes used, estimation of GHG emissions for this activity can be made in the calculation. 

The lead time for activity 1 according to participant S1 is 6-8 weeks. The accuracy of data for 

cradle-to-gate in category 1, as mentioned by Wiedmann & Barett (2011), will be 

questionable, as the supplier did not have knowledge regarding upstream activities of their 

value chain. Spiller (2021) claimed that spread of data and complex value chains cause 

discrepancies and inaccuracies in data, which is prevalent in this empirical context. Thus, the 

activities for category 1 were compiled into one activity, which encompass the cradle-to-gate 

GHG emissions mentioned by Wiedmann & Barett (2011).  

 

 
Figure 7 - Category 1 Activities 

 

5.4.2 Activity Mapping – Category 4 

 

The activity in category 4 for this empirical case concerns the transportation of the returnable 

cab-skid from the supplier to Volvo Tuve.  
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Activity 2, 3, 4 – Supplier Transport 

The supplier transport has been identified as an important activity to consider as it is a large 

source of GHG emissions. By mapping out the locations and transport from the supplier, data 

can be obtained to calculate the CO2 e related emissions. 

 

As identified in category 1, the potential S1 supplier’s production facility is located in 

Gdansk. This entails that the distance from the supplier to Volvo Tuve facility can be 

measured by using maps. Moreover, the supplier S1 mentions “We do not book the freight for 

the returnable cab-skids. This is arranged by Volvo GTO”. This implies that Volvo GTO 

employ a 3PL provider to manage the transport from the supplier to Volvo Tuve. This was 

confirmed by A1 who stated that shipments were booked through Volvo’s systems but 

operated through 3PL partners. This is important to know in the process of mapping the 

activities, as Volvo cannot own or control the vehicles used in transportation between the 

supplier and Volvo Tuve according to the GHG Protocol (2013). This is done in order to 

avoid double counting, as explained by Schneider et al. (2015). Supplier S1 describes the 

supplier transport as goods are transported by truck from the production facility in Gdansk to 

the harbor in Gdansk. Furthermore, a ferry transports the truck from the harbor to Karlskrona 

in Sweden, and from there the truck head towards Volvo Tuve facility, see figure 8.   

 

Supplier S1 identifies transportation modes and locations which enables calculation of GHG 

emissions. 

 

 
Figure 8 - Category 4 Activities 

Figure 9 illustrates a map of transportation from the supplier to Volvo Tuve. The 

transportation distance, by truck, between supplier S1 and the harbor of Gdansk is 23 km 

according to maps. The transportation distance for the ferry is about 332 km and the 

transportation distance for the truck from Karlskrona to Volvo Tuve, is about 364 km. This 

entails that the total distance is about 719 km, see figure 9. Participant S1 specified the lead 

time activity 2,3, and 4 to 1-2 days. The lead time variable is identified by the supplier S1 for 

the category 4, which can be used for providing total lead time for all activities.    
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Figure 9 - Physical Flow of Goods of Category 4 

5.4.3 Activity Mapping – Category 9 

 

The activities in category 9 for the empirical case concerns the logistical flow of the 

returnable cab-skids used for the cab between Volvo Tuve facility to the Volvo Durban 

facility. As the participant V2 mentioned “currently all Volvo packaging [blue boxes] from 

Volvo Durban is sent back to Europe” and the participant V5 mentions that “it would be 

feasible to have a circulation of returnable cab-skids from Volvo Durban to Volvo Tuve”. 

Both the participants provided information that it would be possible to implement returnable 

cab-skids. The mapping was therefore made based on the packaging that was sent back to 

Volvo Tuve to illustrate the possible path a returnable cab-skid would take.              

 

The logistical flow from Volvo Tuve facility to Volvo Durban facility and back to Volvo 

Tuve contains of 10 activities, provided by participant S3, see figure 10. Furthermore, 

frequently mentioned locations by the interviewed participant V2 and S3 were Volvo Tuve 

facility, Gothenburg harbor, Antwerp harbor, and Durban harbor. As stated by participant V2: 

 

“All my shipments are loaded in a container and transported to Gothenburg harbor by truck. 

It then travels by ship from Gothenburg harbor to Antwerp harbor, where the goods are 

reloaded on an ocean boat and heads towards South Africa”.  
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Figure 10 - Category 9 Activities 

It is imperative to grasp the lead time of the entire flow in order to identify the needed 

inventory. As stated by S3, the average lead time for transportation from Volvo Tuve to 

Volvo Durban facility is about 36 days. The lead time is a critical variable when 

implementing a returnable packaging system. The total length of transport from Volvo Tuve 

to Volvo Durban facility is roughly 15470 km, see figure 11.   

  

 
Figure 11 - Physical flow of goods in Category 9 

5.5 GHG Protocol Framework Application 

 

This section aims to utilize the results from the activity mapping done in chapter 5.4 and 

provide an applied framework based on the GHG Protocol to complete research question 2.  
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Based on the activity mapping in the previous section a calculation framework been provided 

which will allow the total category 1, 4 and 9 emissions to be calculated. The formulas used 

for accounting the emissions are based on the GHG Protocol (2013) calculation framework 

for categories 1, 4, and 9. This section begin with a calculation framework for the first 

category then a combined calculation approach for category four and nine. At the end is a 

calculation guide presented specifically for the case study. The secondary data (GHG 

Protocol) can be found under appendix 3. 

 

5.5.1 Category 1 Calculation Framework 

 

The activities that are included in category 1 of the scope 3 emissions in the GHG Protocol 

(2013) are all upstream activities related to the production of a purchased good or service. 

These activities include the extraction, production, and transport of goods to the supplier in 

order to produce the purchased goods from the focal company.  

 

Deciding calculation method – Processing & purchasing 

 

GHG Protocol (2013) provides a decision framework for determining which calculation 

method is most suitable to use in category 1. The first step was to determine if the purchased 

goods contribute significantly to scope 3 emissions, which it does as a significant inventory of 

returnable cab-skids has to be produced. The second step was to determine if data is available 

on the physical quantity of the purchased goods. This data can be accessed by Volvo when 

calculating the emissions. The third step was to determine if the supplier can provide cradle-

to-gate GHG data for the purchased goods. It has been seen by S1 that the supplier is not able 

to provide this data. This was identified in the theoretical framework, as mentioned by Spiller 

(2021), ascertaining data from suppliers is often difficult and complex. The fourth step was to 

determine if the supplier can provide allocated data for scope 1 and 2 emissions related to the 

purchased goods. The same assumption as the previous step was made, as the supplier has not 

been determined yet. The decision framework thus concludes the use of the Average-data 

method. This is further motivated by Hasanbeigi et al. (2016) who identified large differences 

in emissions depending on geographical location of steel production. Hence, the average data 

method provides a regional average of emissions data for the applied framework.  

 

Data needed 

In order to perform category 1 average data calculation, the following data needed is 

presented below. A general guide in data sources for industry average emissions is to utilize 

data bases and governmental agencies. The data sources should be recognized and reliable in 

order to increase accuracy. 

 

• Units of returnable cab-skids 

purchased for the specific year 

o Measured in number of units 

• Industry average emission for the 

production of one unit 

o Measured in kgCO2e 
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Average-data method 

The average data collection method involves collecting data based on the number of units or 

kilograms of goods purchased and multiplied by the emissions from production based in 

industry average. This method allows calculations to be done in scenarios where data is 

difficult to access, or no data is available by the product suppliers as stated by Erhard et al. 

(2017). 

 

𝐶𝑂2𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑜𝑓 𝑝𝑢𝑟ℎ𝑐𝑎𝑠𝑒𝑑 𝑔𝑜𝑜𝑑𝑠

=  ∑(𝑈𝑛𝑖𝑡𝑠 𝑜𝑓 𝑟𝑒𝑡𝑢𝑟𝑛𝑎𝑏𝑙𝑒 𝑐𝑎𝑏 𝑠𝑘𝑖𝑑𝑠 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑

∗  𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑜𝑛𝑒 𝑢𝑛𝑖𝑡) [
𝐾𝑔𝐶𝑂2𝑒

𝑢𝑛𝑖𝑡
] 

 
Formula 1- Average-data method - Category 1.  

5.5.2 Category 4 and 9 Calculation Framework 

 

The activities that are included in categories 4 and 9 are all the emissions within upstream 

transportation and distribution of purchased goods and downstream transportation and 

distribution of a sold product. Category 4 does not consider the transportation of goods at the 

focal company, nor does it consider the transportation of raw material for suppliers (GHG 

Protocol, 2013; Lingl et al., 2010). Distribution emissions within Category 4 are not 

considered as it was not identified in activity mapping for this category. However, distribution 

emissions are considered within category 9.  

 

Deciding calculation method – Transport 

 

In order to motivate the choice of method to calculate transport emissions, the decision 

framework in the GHG Protocol (2013) for categories 4 & 9 was utilized. The first step was to 

determine if transportation of sold/purchased goods contributes to scope 3 emissions. A 

significant contribution from transport is considered for both categories as long transport 

distances are made, as seen identified through the activity mapping & mentioned by Gao et al. 

(2013). The second step in the framework was to determine the availability of data for the 

type of fuels used and quantities consumed during transport. Different suppliers would 

potentially be utilized complicating the availability of data as mentioned by Davison et al. 

(2020) & Spiller (2021). The fact that this data is difficult to ascertain entailed the 

identification of data such as mass, distance, and transport mode of each shipment. This data 

was identified in activity mapping, which leads to the use distance-based method, which was 

applied.  

 

 

Deciding calculation method – Distribution 

 

As mentioned by Rüdiger et al. (2016), the distribution emissions have become vital to 

consider when calculating total emissions. The distribution activities were defined as 

classification 1 mentioned Higgins et al. (2012), which include the core warehousing and 

distribution activities. In order to demonstrate the choice of method to calculate downstream 
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distribution emissions, the decision framework from the GHG Protocol (2013) was utilized. 

The first step of the framework was to determine if distribution contributes significantly to 

scope 3 emission which it was as the skids would be stored multiple times. The second step in 

was to determine if data is available on site-specific fuel or electricity emissions. This data 

was not available. This leads to the average-data method, which was applied.   

 

Data needed - Transport 

In order to perform emission calculations for the categories 4 and 9, the following data needed 

is presented below. The general consensus in data sources is to utilize data bases and 

governmental agencies for industry average emissions. The data sources should be recognized 

and reliable in order to increase accuracy. 

 

• Weight of purchased returnable cab-skids  

o Measured in kg 

• Distance travelled between gates 

o Measured in km 

• Industry Average emissions for a specific mode of transport 

o Measured in kgCO2

Data needed – Distribution 

In order to perform emission calculations for category 9, the following data is needed for the 

average-based method. Same sources can be utilized as presented for transport. 

 

• Amount of goods stored 

o Measured in units 

• Time of storage 

o Measured in days 

• Industry average emissions for the storage facility 

o Measured in kgCO2e  

Distance-based method 

This method calculates the transportation emissions based on the weight, distance, and mode 

of transport for each transportation route, and applies a mass-distance emissions factor to 

calculate the aggregated GHG emissions for the transportation route.  

 

 

𝐶𝑂2𝑒 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 4 / 9 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠

=  ∑ (𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑 𝑟𝑒𝑡𝑢𝑟𝑛𝑎𝑏𝑙𝑒 𝑐𝑎𝑏 𝑠𝑘𝑖𝑑𝑠 [𝑘𝑔]

∗  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑔𝑎𝑡𝑒𝑠 [𝑘𝑚]

∗ 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑚𝑜𝑑𝑒 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡[
𝐾𝑔𝐶𝑂2𝑒

𝑡𝑜𝑛𝑛𝑒 𝑘𝑚
]) 

 
Formula 2 - Distance-Based method - Category 4 & 9. 
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Distribution Average-data method 

This method estimates the emissions from distribution activities of purchased goods based on 

industry averages. This can be in the form of average CO2 emissions for storing a specific 

volume of goods per day. 

𝐶𝑂2𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛

=  ∑ 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑔𝑜𝑜𝑑𝑠 𝑠𝑡𝑜𝑟𝑒𝑑 (𝑈𝑛𝑖𝑡𝑠) ∗ 𝑇𝑖𝑚𝑒 𝑜𝑓 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 (𝑑𝑎𝑦𝑠)

∗ 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 (𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦) 

 
Formula 3 – Average-Data method - Category 9 

 

Calculation guide category 1,4, and 9 

 

If several transportation modes have been used in the transport of purchased good, it is required 

to perform separate calculations based on the distanced-based method. The results are then 

aggregated. The separation of calculation of GHG allows the identification of emission hot 

spots in the logistical flow. 

Calculation guide applied on case study - Category 1 

Based on the data collection it could be determined that implementing a returnable packaging 

system implies that an inventory has to be built up in order to be utilized. The number of cab-

skids required depends on the identified supply chain factors as well as production capacity 

of cabs. See figure 12 to calculate the purchased goods emissions for category 1.      

 

 
 

Figure 12 - Calculation Guidance Category 1 

Calculation guide applied on case study - Category 4 

The category 4 activities for this case study have been separated into three activities in order 

to utilize distance-based method, see figure 13. 
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Figure 13 - Calculation Guidance Category 4 

Calculation guide applied on case study - Category 9  

The category 9 activities for this case study have been separated into individual activities in 

order to make use of the distance-based method. See Figure 14 for the calculation guide for the 

logistical flow Tuve to Durban and see figure 15 for the reverse flow.    

 

Figure 14 - Calculation Guidance Category 9 (Forward Flow) 

 
Figure 15 - Calculation Guidance Category 9 (Reverse Flow) 



61 

 

6. Analysis 
 

This section aims to analyze findings from the empirical results. The inductive analysis will 

identify relationships between the supply-chain factors recognized in RQ1 and how these 

factors influence the decision-making process based on the theoretical framework, as well as 

assumptions from the empirical findings. Furthermore, the calculation framework will be 

scrutinized and analyzed through examining different activities in the framework and how 

they impact the emissions of the flow.  

 

6.1  Relationship Mapping of Supply Chain Factors 

 

This section aims to identify the relationships between the identified supply chain factors and 

how they affect each other to complete research question 1. The empirical findings identified 

10 different supply chain factors that were imperative to consider when implementing a 

returnable cab-skid system. Different stakeholders within the organization described different 

factors deemed as important. Based on the empirical findings, it is important to understand 

how these factors influence each other, and potentially how nuances of the factors can 

influence the decision-making process. 

 

It was identified throughout the literature that the inventory, distance, and lead time were 

closely linked in terms of influence on each other. As mentioned by Canella et al. (2016), the 

performance of a reverse logistical system, such as the one presented in the empirical case, is 

highly dependent on the lead time to ascertain the necessary performance. Furthermore, Silva 

et al. (2013) mentions that when the lead time increases, the inventory within the system must 

increase, in order to maintain the foundation of the closed loop system. As stated by Cook 

(2022), inventory management thus increases when utilizing a reverse logistical flow. The 

result of the empirical case showcase that the supply of returnable cab-skids must always be 

available in order to avoid any shortages in packaging, so it can be said that there is a close 

relationship between inventory and performance of the returnable system.  

The distance, as described by Canella et al. (2016) also deeply affects the lead time of the 

entire system. However, the results from the empirical case indicate that distance is 

independent of the other factors, as the distance between the origin plant and the receiving 

plant cannot be changed, without major implications.  

 

The volume of production was also imperative to consider through the data analysis. As 

stated by Johnson (1998), the volume of returnable packaging greatly impacts the viability of 

the entire system. In his study, Johnson (1998) compared three different scenarios in which 

different volumes were analyzed. The results showed that for lower volumes of goods in a 

reverse logistics system, the lead time of the reverse flow was drastically increased. This was 

as a result of not being able to utilize economies of scale within the logistical system, which 

entailed a longer waiting time between the shipments. This in turn increased the overall lead 

time of the entire system. However, the study claimed that the increased lead times were 

caused by the disruption of a continuous reverse flow, and instead relied on a batch system 

(Johnson, 1998). Gardas et al. (2019) also proposes that smaller volumes with more frequent 

shipping would improve the performance of the reverse logistical system. It was shown 
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through the empirical study that Volvo already utilize a batch system albeit a fixed volume. 

Thus, it can be said the for primary returnable packaging, the rate at which containers are 

shipped back to the sender site is controlled by the plant capacity. This is because lower 

volumes incur longer lead time, as the time to fill a batch increase with lower volumes. 

Depending on the volume of trucks produced, the time to fill a container would differ, thus 

increasing or decreasing the time to fill a return container. As Volvo utilizes just-in-time, 

theory states that inventory and shipping volumes should be kept low (Babbar & Prasad, 

1998). However, in the case of packaging, the volume of goods cannot easily be adjusted, as 

the goods sent must remain the same as before the implementation. Hence, having a just-in-

time system with accompanying returnable packaging essentially means that two goods are 

being shipped, in which the inventory of cab-skids is directly dependent on the number of 

trucks produced. Thus, the results of the empirical case argue that the concepts of inventory 

management and low inventory presented by Babbar & Prasad (1998) are difficult to achieve 

in the context of primary returnable cab-skids, as inventories must match the existing delivery 

schedule.  

 

Supply chain disruptions were also identified throughout the empirical results as well as the 

theoretical framework. As described by Hatefi & Jolai (2014), two different types of supply 

chain disruptions are present in logistical flows. The internal supply & demand of goods 

within the organization, and external supply chain disruptions that affect entire logistical 

flows. The empirical results identified these two types of disruptions as two different factors 

to consider, namely supply chain disruptions and variations in demand. External supply chain 

disruptions were found to be a large risk in long-distance reverse flows, and would incur 

implications with lead time, which in turn would incur implications on the inventory level 

needed, as described by Canella et al. (2016). Internal supply chain disruptions, called 

variations in demand in the empirical case, were explored through the variation in demand of 

goods across the year. As described by McKerrow (1996), returnable packaging should 

maintain as low of an inventory as possible in order to increase the utilization rate of the 

packaging. However, the implications of variation in demand across the year would mean 

that a surplus of returnable cab-skids would occur if the maximum demand was matched in 

inventory. Furthermore, as identified by Attinasi et al. (2021), supply chain disruptions do not 

only affect the immediate future but have long last effects on the physical flow of goods. As 

argued through the empirical case, this means that the disturbances caused by external forces 

will greatly impact the forward and reverse flow of goods from the receiving plant. This can 

cause a potential lag-effect of cab-skids in the flow, leading to requirement of a large 

inventory to cover the cab-skids locked in the flow with temporarily increased lead times.  

 

Alongside supply chain disruptions, regulations were identified to potentially have significant 

impacts on the implementation of returnable cab-skids. While not identified as external 

disruptions according to Hatefi & Jolai (2014), customs regulations posed additional barriers 

for implementing returnable cab-skids as regulatory instances could increase the resources 

needed for an organization, as well as the lead time for the reverse logistics system, as 

described by Yang (2011). Yang (2011) also identified that the increased lead time could 

cause inventory levels to increase drastically, as goods would be stuck in ports following 

customs checks. The discrepancies in executing regulatory work at ports was also identified 

through the literature, in which inconsistencies were common during customs regulations, 
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which further implicated the complexity and in turn the lead time of the flow, as described by 

Grainger (2007). Hence, more border regulations were seen to be impacted by the distance, as 

increased distance increased the risk for border crossings. Although shipping generally does 

not cross borders, assembly plants within a short distance requiring land-transport such as 

road or rail could be greatly impacted by border regulations. As identified in the empirical 

results, one such example was seen with the import regulation of Australia, were wood could 

not be imported, hence the only alternative for this market was to utilize returnable cab-skids. 

 

The resource and space availability were mentioned by the participants to be a vital part of 

returnable cab-skids. As presented in the theory, Silva et al. (2013) described the need for 

resources to be accessible in order to operate and maintain a reverse logistical system. This is 

further explained by Waqas et al. (2018) who mentions logistical control, funding and 

infrastructure must be in place to maintain reverse logistics. The empirical case showed that 

each individual assembly plant must have the resources, physical space, and infrastructure to 

handle the returnable goods, however the responsibility of ensuring the functional resources 

were in place were not clear cut. Thus, resources and space availability were heavily 

dependent on the owner of the packaging. Critical questions to ask is who is responsible for 

the maintenance of the packaging and who is responsible for ensure the resources are 

available to maintain a reverse flow. As presented by McKerrow (1996), the ownership of 

packaging material is extremely important to clarify early in the implementation process as it 

could potentially impact the resource and space availability of the specified assembly plant. 

There must be a clear distinction of who is responsible for which part of the process. It was 

shown in the result of the empirical case that Volvo Tuve, Volvo Durban or Production 

Logistics are responsible for the maintenance of the packaging depending on the scale of 

implementation. As described by McKerrow (1996), the main reason for failure of returnable 

packaging systems is a misalignment in who owns the packaging and ultimately responsible 

for managing and controlling the flow of packaging. This is further claimed by Gardas et al. 

(2019) who states that one of the most important success factors for returnable packaging is 

commitment from the top management. This was seen throughout the empirical case, as a 

clear owner for the maintenance of the packaging, as well as the system must be in place to 

allow returnable packaging to function. The packaging ownership tiers defined by McKerrow 

(1996) also indicate that the cab-skids would need to be customer owned in the empirical 

context, as the empirical case indicated that an individual implementation of returnable cab-

skids will entail that the assembly plant in question would own the packaging. However, the 

empirical case also indicated that different types of ownership could arise as more plants 

implemented returnable packaging.  

 

Return flow availability, as mentioned by Kumar & Kumar (2013), is essential when 

implementing CLSCM to regain the value of packaging. They describe the CLSCM as 

maximizing the value of a specific good over its entire lifespan. This is corroborated by 

Govindan et al. (2015) who states that the purpose of CLSCM is to maintain the value of the 

goods in the flow. The availability of good infrastructure and capability in return flows to the 

origin site is essential in CLSCM, and is a make-or-break factor, as described by Silva et al. 

(2013). The empirical results showcased that the return flow availability is affected by other 

factors, including the production volume and resource/space availability. Furthermore, the 

production volume is greatly dependent on the variation in demand of goods as the time to fill 



64 

 

a batch increase. In turn, this affects the return flow availability, as constant weekly 

shipments may be affected by the variation in demand, thus impacting how well the return 

flow can perform. The empirical case also identified that the resource and space availability 

also impacts the return flow availability through control of return goods, meaning that the 

resources must be available to maintain a control system for the process, as well as physical 

space at the assembly plant to facilitate the return flow. Without such control systems, and in 

turn necessary resources, the return flow availability would be greatly limited, as described 

by Silva et al. (2013) and Demajorovic et al. (2016).  

 

Lastly, literature touches upon the resource and space availability needed for returnable 

packaging. As identified throughout the empirical results, resource and space availability was 

mentioned in the sense that physical space at the assembly plant was needed to facilitate the 

temporary storage of cab-skids and included containers. It also entailed additional resources 

to perform the reverse logistics function. As mentioned by Silva et al. (2013), as the correct 

infrastructure and resources were needed to maintain the performance of reverse logistical 

flows. Waqas et al. (2018) further mentions that control systems are essential for reverse 

logistical flows. Furthermore, as described by McKerrow (1996), the utilization of packaging 

must be maintained. The empirical case indicated that the utilization of packaging would be 

halved as the packaging would only be used one way of the journey. Furthermore, the 

increased inventory needed to fill any potential disruptions or capacities would decrease the 

utilization of the packaging. Hence, it can be said that for primary returnable packaging in 

industrial settings, the utilization rate will be halved, thus lowering the performance of the 

system, as well as the value retained from the use of reverse logistics will diminish as the 

products in question are only used half of their expected lifetime.   

 

Based on a review of literature in conjunction with the empirical results, following table 11 

was produced to visualize the relationships between the different identified factors. The 

colors indicate the major themes: Blue – Availability, Green – Variability, Orange - 

Applicability. 
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Table 11 - Relationship Mapping based on Theoretical Framework 

 
 

From table 11, a relationship map was created to visualize the interrelations between the 

different identified factors from the results, see figure 16. 

 

 
Figure 16- Mapping of Direct Impact Relationships 
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The flow-map in figure 16 shows the intricate relationship between the identified factors 

from the empirical results. Maintenance and ownership, variation in demand and distance 

were identified to be independent factors, not being affected by any of the other identified 

factors. These factors are instead dependent on the context of the organization. Hence, for the 

empirical case the maintenance and ownership of the packaging was the responsibility Volvo 

Durban, and the distance was context dependent, in this case the distance between Volvo 

Tuve and Volvo Durban. Lastly, variation in demand of trucks also heavily influenced the 

other factors, which cannot be controlled or altered. These three factors in turn influence all 

other factors identified. 

 

The logic behind the directions of the arrows indicates direct impact relationships of the 

factors. The direction of the arrows indicates that the factor in which the arrow originates 

affects the factor that the arrow arrives at. An example of a direct impact relationship can be 

seen between supply chain disruptions and lead time. When the flow from Volvo Tuve and 

Volvo Durban is disrupted by external forces, such as disruptions in the physical flow of 

goods between the two assembly plants, the lead time for the entire system increases. This in 

turn leads to the need for a large inventory. Another example can be seen between the plant 

capacity and the return-flow availability, in which a lower production volume at the assembly 

plants affects how well a return-flow can perform, which in turn would impact the lead-time 

of the overall system.  

 

It should be noted that no ranking system can be used to evaluate which of the factors are 

most influential. Different stakeholders within the organizations have different prioritizations 

with regards to which factors are most important, hence the factors should be viewed as 

overarching supply chain factors to considered for the whole organization when 

implementing heavy returnable packaging. As stated by Agrawal et al. (2015), different 

functions within the organizations handle different operational areas. The different 

operational areas prioritize different factors as utmost important. An example of this would 

be the function of Volvo Durban, who would prioritize different factors from Volvo IM. 

Essentially, the goal of each individual function is different from each other, making it 

difficult to evaluate the factors through a ranking system. 

 

6.2 Carbon Emission impact of Supply Chain Factors 

 

The identified supply chain factors to consider when implementing a returnable cab-skid flow 

can have large implications on the environmental sustainability. 

 

As mentioned by Twede (2003), expanded logistical flows entail a higher emission of GHG 

in the flow. The transport emissions of product life cycle have been seen to be a driving force 

in overall emissions, as seen by Becker et al. (2020), Point et al. (2012) & Weiser et al. 

(2010). Based on the factors identified in the empirical results, distance plays a large role in 

the emissions of the overall flow. As presented by Zgonc et al. (2019), there are numerous 

break-even points across a logistical flow in which different modes of transportation are most 

viable and shown by the EAA (2021) the different modes of transport greatly differ in terms 

of emissions per KM/Ton. This means that an increase in transport distance does not 
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necessarily mean that the flow will emit more GHG over a short distance flow as the mode of 

transport heavily impacts the emissions generated. In essence, if a flow with a shorter 

distance utilizes trucking it may emit as much GHG as a long-distance flow utilizing 

shipping. Hence, the distinction between GHG and distance is not clear cut, as it depends on 

which mode of transport is utilized.  

 

The other factor heavily affecting the GHG emissions of the returnable packaging system is 

inventory level. As mentioned in the empirical results, the inventory level is vital to maintain 

a closed loop system. However, the inventory of returnable packaging must be produced 

before the system is operational, meaning heavy front-end emissions of the implementation. 

As mentioned by Girot & Kopf (2018), the inventory level must account for the lead time of 

the target destination, as well as any variations in lead time caused by supply chain 

disruptions or variations in demand. As seen in figure 17, the direct relationships between 

ownership and maintenance, lead time and production volume affect how much inventory is 

needed. As an inventory is needed to support a returnable packaging system, it is also 

required to store the returnable packaging in a facility. Distribution & storage is important to 

consider in the process of reporting emissions as it is an active contributor to GHG emissions. 

However, as mentioned by Rüdiger et al. (2016), ambient distribution & storage activities 

emit far less than refrigerated goods, hence emissions from these activities will not have a 

large impact on the results.  

 

While figure 18 illustrates the direct relationships between the identified supply chain factors, 

the indirect relationships of the factors are highly influential. All factors are indirectly 

influenced by one another, which in turn affect the environmental performance of the system. 

Hence, if one of the factors underperforms, the entire system is affected. Therefore, the 

identified factors can be viewed as critical supply chain factors affecting the implementation 

of a returnable packaging system.  

 

6.3 Further Results from Applied Framework 

 

The applied framework identifies the emissions from the different activities that were found 

throughout the empirical results. In the case of returnable packaging, it can be stated that 

category 1 and 4 activities only happen once, and category 9 is a continuous set of activities 

that occur throughout the lifetime of returnable packaging. Hence, the driving force behind 

the emissions of returnable packaging are downstream transportation and distribution. As 

stated by Twede (2003), the reverse flow of the category 9 emissions entails a large increase 

in the total GHG emitted. Furthermore, as stated by Ritchie and Roser (2016), the emissions 

from logistical flows are amongst the largest emitters of GHG in a products lifecycle. This is 

also corroborated through Coelho et al. (2020), in which the study claims that the logistical 

process of packaging is the largest emitter of GHG. Similarly, the studies provided by Becker 

et al. (2020) shows transportation as the main emissions contributor within wine-production 

without the addition of a reverse flow. Thus, the results from the empirical case argues that 

having returnable packaging for this specific flow entails that the GHG emissions will greatly 

increase. When comparing with single-use packaging, the emissions from category 1 and 4 

for single-use packaging must be higher than the reverse logistical flow of emissions from 
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returnable packaging in order for returnable packaging to emit less GHG than the current 

state. Based on the claims by Ritchie and Roser (2016) and Coelho et al. (2020), this is 

unlikely to occur. 

 

The production emissions from producing wood, according to Deviatkin & Horttaninen 

(2020) is far lower than steel as presented by Hasanbeigi et al. (2016) and Naturvårdsverket 

(2020). The differences in emissions provide insight into the potential results of the applied 

framework. For one single-use package as opposed to returnable package, category 1 & 4 

emissions from single-use packaging will be less. Furthermore, the category 9 emissions will 

be less due to the decreased transport distance. Over the entire life cycle of the returnable 

packaging, the category 1 & 4 emissions can be dispersed across the expected lifetime, in 

which category 9 emissions are the only re-occurring driving force of the emissions. As 

shown by Coelho et al. (2020), the logistical process of packaging is the largest emitter over 

its lifetime and presents single-use packaging as an option for reducing emissions. The 

production emissions are proved to be smaller compared to transportation emissions in the 

case of returnable packaging, however, it is worth considering the geographical origin of the 

steel. As presented by Hasanbeigi et al. (2016) in table 3, emissions from steel production in 

Mexico is about half compared to China. The empirical results showed that a large inventory 

of returnable packaging must be built up, production will contribute significantly to category 

1 emissions, and thus based on where the inventory is produced, the emissions can 

profoundly impact the carbon-footprint of the implementation. 

 

Furthermore, initial inventory identified in the critical supply chain factors needed sustain a 

returnable packaging system needs to be considered. This entails that category 1 & 4 

emissions will have a large initial impact on the emissions of the entire system, as a closed 

loop returnable packaging system cannot function without the sufficient inventory levels 

needed, as stated by Silva et al. (2013). This entails that the introduction returnable cab-skids 

will have a substantial front-end impact on category 1 and 4 emissions, which will affect the 

environmental performance of the entire flow. However, these front-end emissions will be 

diffused across the lifespan of the returnable packaging, which entail that the category 1 and 

4 emissions per cab-skid over its entire lifespan will be lower than that of single-use cab-

skids. Based on the assumptions stated, the following graph has been created to visualize the 

relationship between single-use and returnable cab-skids across category 1, 4 and 9 

emissions, see figure 17. No numerical data has been used, instead the graph aims to visualize 

the potential result from the framework.  
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Figure 17 - Returnable and Non-Returnable Total Emissions 

Figure 17 is an indication into the possible results from the applied framework identified in 

the empirical results based on the theoretical framework. The two curves the are derived from 

the applied GHG Protocol framework (2013). 

 

𝑻𝒐𝒕𝒂𝒍 𝑪𝑶𝟐𝒆 𝑬𝒎𝒊𝒔𝒔𝒊𝒐𝒏𝒔 𝒇𝒐𝒓  𝒐𝒏𝒆 𝑹𝒆𝒕𝒖𝒓𝒏𝒂𝒃𝒍𝒆 𝑪𝒂𝒃 − 𝒔𝒌𝒊𝒅 = 

 

(𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 9 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝑓𝑢𝑙𝑙 𝑐𝑦𝑐𝑙𝑒 ∗ 𝐶𝑦𝑐𝑙𝑒) +  
𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 1&4 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑖𝑛 𝐶𝑦𝑐𝑙𝑒𝑠
  

 

𝑻𝒐𝒕𝒂𝒍 𝑪𝑶𝟐𝒆 𝑬𝒎𝒊𝒔𝒔𝒊𝒐𝒏𝒔 𝒇𝒐𝒓 𝒐𝒏𝒆 𝑺𝒊𝒏𝒈𝒍𝒆 𝒖𝒔𝒆 𝑪𝒂𝒃 − 𝒔𝒌𝒊𝒅𝒔 = 

 

(𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 1 & 4 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝑜𝑛𝑒 𝑠𝑘𝑖𝑑 + 𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 9 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 1 𝐶𝑦𝑐𝑙𝑒) ∗

𝐶𝑦𝑐𝑙𝑒  

 

Figure 17 relates to the emission of one single cab-skid for both returnable and non-

returnable packaging, in which the emissions of the returnable cab-skid is divided across the 

entire life span. Hence, the category 1 & 4 emissions from returnable cab-skids are initially 

lower, however are distributed across the entire lifespan of the package. The relative 

relationships between category 1 & 4 and 9 between the packaging types can be seen in the 

table 12. 
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Table 12 - Respective GHG category allocation 

 
 

 

The transportation of the returnable packaging will be drastically higher for returnable skids, 

and as the distance-based method provided by GHG Protocol (2013) states that the emissions 

are calculated through CO2e/KG/KM, which indicates a double in transport emissions from 

category 9 in comparison with single-use packaging as the distance travelled doubles. 

Furthermore, the difference in weight will have a slight impact emission, as returnable cab-

skids weight than single-use skids (Participant V1), as the applied calculation method 

calculates based on weight (GHG Protocol, 2013).  

 

The equilibrium point provides an indication into when returnable packaging no longer viable 

in terms of GHG emissions. The cycles required to reach the equilibrium point will differ on 

the applicability factors identified for supply chain factors, such as the lead time of the 

packaging which affects how many cycle the packaging performs over time. If the 

equilibrium point occurs before the expected lifespan of the returnable packaging is reached, 

the returnable packaging becomes worse in terms of GHG emissions than single-use 

packaging.  

 

Furthermore, if the equilibrium point occurs after the expected lifetime, a decision must be 

made on how large of a difference the returnable packaging must have when compared with 

single-use packaging. Essentially, the implementation must exceed net-zero emissions in 

comparison with single-use, as additional resources and investments are needed when 

implementing the system. Hence, the goal of emission reduction must be clarified, as 

described by Ranganathan & Bhatia (2004). 

 

6.4 Practical Implications of Implementing Returnable Packaging  

 

Based on the empirical results and analysis, a SWOT analysis can be constructed to ascertain 

the strengths, weaknesses, opportunities, and threats with regards to returnable cab-skids to 

gain a broader analysis of returnable packaging, as stated by Sarsby (2016). The SWOT 

analysis aims to consolidate and provide an overall picture of the results & analysis for the 

case-organization of the strategic viability of implementing returnable packaging.  
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Table 13 - SWOT Analysis of Returnable Packaging 

 
 

Strengths: 

A returnable system allows the removal of continuous packaging acquisition and supplier 

transports, which reduces the overall emissions in the flow. Having returnable packaging also 

alleviates the risk from having a deficit of packaging as a result of increased global demand 

for raw material, as the returnable packaging remains within the Volvo value chain. 

Furthermore, the returnable cab-skids proposed can fill a container with high utilization rate, 

thus increasing the performance of the system. Lastly, the lifetime of the packaging could 

potentially outlive the stated lifetime, as seen by V1 who mentioned packaging from 1960’s 

was still in use today. 

 

Weaknesses: 

Returnable packaging would entail a doubling in transportation emissions as seen through the 

distance based-calculation formula (GHG Protocol, 2013). The product utilization rate would 

also decrease as the return flow does not transport any goods, defeating the benefits 

mentioned by Dowlatshahi (2000; 2010) and McKerrow (1996). Furthermore, in order to 

ascertain a CL supply chain, a considerable number of cab-skids would need to be produced, 

entailing heavy front-end emissions. The implementation of such system would also increase 

the handling activities included, where distribution and storage of packaging would need to 

be added. The control and maintenance of the system would also entail extra resources to be 

added, potentially increasing the emissions.  
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Opportunities: 

The proposed returnable packaging presented in the empirical case was said to be modular 

and applicable to all different flows within the Volvo group. This entails further 

expandability of returnable packaging in order to facilitate additional flows. This in turn 

would alleviate the risks of having sole assembly plants utilizing the solution with regards to 

inventory levels. Furthermore, this alleviates the organizational barriers presented through 

centralizing the ownership and maintenance responsibility of the packaging. As identified in 

the critical supply chain factors, lowering the lead time could increase the environmental 

performance of the system. Lastly, changes in mode of transportation could be useful to 

analyze as different activities within the identified flow that could be interchanged with train 

instead of truck, which is more efficient as stated by the EAA (2021). This is allowed by the 

use of intermodal operations, as mentioned by Donavan (2000), which allows the use of 

different transportation methods without the need for repacking through container utilization. 

Lastly, improvements in steel production, as seen by SSABs’ fossil-free steel could 

potentially reduce category 1 emissions in the future (SSAB, 2021). 

 

Threats:  

Lastly, threats include the supply chain disruptions of global transport flows which greatly 

impacts the performance of the system, in which extra inventory would be needed to account 

for unforeseen disruptions. This includes variations in demand, in which additional inventory 

levels would be needed. Furthermore, organizational barriers based on different 

prioritizations of stakeholders could hamper the ability to implement returnable cab-skids. 

The capacity of the plant also heavily influenced how viable an assembly plant is. The stable 

return-flow availability is also needed to maintain the system, alongside the physical space at 

the assembly plant to handle the additional activities.  

 

The SWOT analysis concludes that returnable packaging could have a positive effect on 

GHG emissions through implementing returnable packaging. However, the challenges and 

threats show that an implementation is both difficult, as well as potentially non-beneficial.     
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7. Discussion 
 

This chapter aims to discuss the results and analysis of the study in broader terms, and to 

identify what impacts a heavy industrial returnable packaging system can yield. The chapter 

will discuss what it means for an organization to implement heavy returnable packaging, the 

social and ethical implications of such an implementation and limitations of having such a 

system. The chapter will also discuss the limitations of the produced framework and discuss 

how a returnable system can perform in comparison with the current state solution of single-

use packaging. 

 

7.1 What does a Returnable Packaging System Entail? 

 

It has become clear throughout the results and analysis that implementing returnable 

packaging can be difficult, and extremely context dependent. The analysis showed that the 

identified supply chain factors that affect the performance and success of a heavy industrial 

returnable packaging solution are closely interlinked and heavily affects each other. 

Furthermore, the initial environmental impact of producing enough inventory to sustain a 

close loop system alongside the environmental impact of increased transports affect the 

performance in terms of environmental viability of such a system. This raises the question, is 

this type of returnable packaging better in terms of GHG emissions than the current single-

use system? It became clear through an analysis of the framework that a partial redistribution 

of emissions occurs. By changing from single-use- to returnable packaging, the emissions are 

moved from category 1 & 4 to category 9. The study suggests that the extent of added 

emissions from the transport outweighs the reduction in emissions of category 1 & 4. Hence, 

the circular economy defined by Kircherr et al. (2017) is not as straight forward as it seems. 

Re-using resources comes at the cost of increasing resource usage in another part of the value 

chain. Thus, implementing returnable packaging will essentially redistribute the emissions 

from production of packaging to the transportation of packaging. Although the extent of the 

redistribution of emissions cannot be stated in the study, this trade-off must be considered 

when considering implementing the system based on the contextual setting. Furthermore, 

Domenech & Bahn-Walkowiak (2019) describes the market for goods is constantly 

fluctuating in supply and price, which means that global manufacturing companies must take 

the challenges into account regarding the security of supply. This entails that single-use 

packaging may not be sustainable in the long run due to the availability of material as 

mentioned by suppliers. 

 

7.2 Social & Ethical Implications 

 

The implementation of returnable industrial packaging can also have unforeseen social and 

ethical implications. With the current system of single-use packaging, it was mentioned 

throughout the interviews that the packaging material was not disposed of, but rather 

distributed and sold to local wood suppliers. Hence, by implementing a returnable system for 

the South African market, the supply of quality, massive wood would decrease. This would 

be further exacerbated by other organizations following suite, thus decreasing the availability 

of wood for the local population. The symbiosis of social relationships that have been 
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developed over multiple years between Volvo Durban and the local population would be 

broken in the case of implementing this type of returnable packaging. Although small 

returnable packaging is already implemented in all of Volvos assembly plants, this type of 

packaging replaced paper boxes and plastic bags, often ending up in landfills. Hence, 

repercussions of a returnable packaging system could entail a larger import of massive wood 

to the country with uncontrolled sourcing, which otherwise could be ensured by Volvo to a 

certain degree.  

 

Returnable packaging also entails ethical dilemmas to consider. As stated by Sheffi (2018), 

organizations generally only prioritize environmental action when there is a profit/cost 

incentive to do so. Returnable packaging, as seen in other implementations at Volvo, has 

been primarily cost-based. The implementation of returnable packaging for the Australian 

flow was fully based on the regulatory difficulty of importing wood to Australia, and the 

additional cost of treating the wood entailed increase economic costs. As the analysis 

identified, the environmental benefit of heavy returnable packaging is questionable. Studies 

provided by Dowlatshahi (2000) and Dowlatshahi (2010) both mentioned the economic 

benefits of reverse logistics, while dismissing the environmental benefits as purely increased 

utilization of the goods. Hence, the intentions behind reverse logistical flows are not always 

aligned with increased environmental performance, as increasing the transportation network 

of goods, and producing a large inventory of returnable packaging will causes environmental 

damage. Thus, the true intentions behind implementing returnable packaging should be 

environmental in nature, in which a thorough investigation on the wider environmental 

impact must be done. Essentially, increasing the resource circularity within an organization 

can come at the cost of increasing the resource usage of the organizations through third party 

actors instead, partially redistributing emissions. This promotes the importance of this study.  

 

7.3 Organizational difficulties 

 

Implementing heavy returnable packaging can also have large organizational difficulties. The 

economic cost of implementing such a system would have to be justified through large 

environmental gains, which the analysis of the framework has shown may not be the case. In 

the case of Volvo GTO, the responsibility for investing in such a system would be unclear. 

As seen in the study by Gardas et al. (2019), this is crucial for implementing returnable 

packaging. As mentioned in the results, the ownership of the packaging and the responsibility 

of maintenance would differ depending on the scale of the operation. This causes internal 

organizational barriers into which investments should be done. The environmental benefits of 

a potential returnable packaging system must be weighed against the economical investment 

needed, and if other investments in other environmental projects would yield higher 

environmental returns. Although no numerical data was used or analyzed throughout the 

study, an analysis of the framework indicates that the emissions of a returnable packaging 

system is higher than that of a single-use system corroborated through supplier interviews. 

Furthermore, the factors that were identified throughout the empirical results could not be 

ranked against one another. This was due to the interconnectedness of the factors, and how 

they impacted each other, as well as different stakeholders within the organizations had 

different prioritizations when it came to which factors were most important.  
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Furthermore, discrepancies within Volvos own goals cause a misalignment in the purpose of 

returnable packaging. As mentioned in chapter 1, Volvo aims to have land fill free operations 

by 2030, while at the same time reducing transport emissions by 30% within their supply 

chain. Through the results of the study, these two goals cannot be achieved through 

returnable packaging. In order for Volvo to succeed in land fill free operations by 2030 they 

would need to implement returnable packaging, however as identified through the study, 

returnable packaging increases the transport needed within the supply chain. As opposed to 

other returnable supply chains where the returnable packaging is utilized both ways of the 

flow, the specific returnable packaging in this study is essentially “one-way use”, meaning 

the life-time utilization of the packaging is halved. Hence, the solution for Volvo to reach 

these two goals of less transport emission and landfill free operations may not be returnable 

packaging. The current state of operations with single-use wooden packaging allows Volvo to 

act as a supplier of wood in the local region. This in turn provides the opportunity of land fill 

free operations, while at the same time mitigating the additional transport emissions that 

would be caused by returnable packaging. Hence, the solution to Volvos own goals may, in 

fact, to maintain the current solution and supply highly quality wood with sustainable 

sourcing. 

 

7.4  Limitations of Applied Framework 

 

While the framework provided allows Volvo and other organizations to calculate their 

returnable packaging emissions of returnable packaging, it only accounts for the GHG 

emissions of the flow, thus disregarding other important environmental factors. Hence, if the 

framework concludes that returnable packaging is better in terms of GHG than single-use 

packaging, it does not consider other environmental factors. While single-use packaging 

allows for a more streamlined flow with less transportation, it also contributes to the 

deforestation and destruction of eco-systems. Furthermore, as stated by the suppliers in the 

interviews, the raw material costs have risen drastically over the last years due to increased 

demand and global events. The fact that Russian wood exports have effectively halted have 

led to a large increase in pressure from wood suppliers. In turn this leads to an increase in 

costs of wooden packaging for customers, which serves as an economic incentive for Volvo 

to switch over to returnable packaging.  

 

The framework is also limited by the data that can be collected by the users. As mentioned by 

Patchell (2018), organizations measure their GHG emissions differently, which includes 

suppliers that are needed for the applied framework. Hence, the lack of a standard in 

measuring emissions can cause discrepancies in the framework, as different suppliers 

measure and report their emissions differently. This difference in measurements cause 

inaccurate results, which could be misleading in justifying the implementation of a returnable 

packaging system. The framework is also limited in providing guidance for assessing the 

calculated emissions and the applied industrial average emissions in the formulas. As Huang 

et al. (2009) stated that accuracy could be enhanced if scope 3 would include sector specific 

guidelines. Furthermore, the limitations of the emissions factor, as mentioned by Davison et 

al. (2020) and Frey (2018) are going to affect the accuracy of the end result, as emission 
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factors are inherently flawed. This is due to the emission factor not reflecting the real 

emission values, e.g., the emission factor for transportation modes is not equal across the 

world according to Frey (2018). There is a risk with inaccurate results, as Downie and Stubbs 

(2012) claims that organizational resources can be misallocated between different tiers in the 

value chain. Thus, the data collection performed by Volvo to apply to the provided 

framework must attempt to acquire accurate figures in order to allow for proper decision 

making.  

 

7.5 Potential Solutions and Future Outlooks 

 

Heavy returnable packaging can be seen as difficult to implement due to the identified factors 

and the relative low volume of goods shipped. As opposed to reverse logistics in the 

consumer and retail industries, low-volume high-value reverse logistics does not yield the 

same benefits as high-volume low value goods. Implementing a fully heavy returnable 

packaging system would have a reverse effect on the environment, as breakeven point from 

producing the necessary inventory level and additional transportation networks would 

initially increase the emissions of the system. One solution to this would be to implement 

returnable packaging for all assembly plants across the world. Although this would incur 

limitations with regards to the identified supply chain factors, as certain assembly plants 

would not be able to sustain a reverse flow on its own, the returnable packaging could be 

centralized to a central function, solely working with packaging, such as Production 

Logistics. This could alleviate the urgency of returning the packaging, as higher inventory 

levels could be kept due to the overall increased volume.  

 

As a result of the difficulty to maintain inventory levels to avoid deficits as well as surpluses 

(leading to unnecessary emission), a solution could be to implement a mix of returnable and 

single-use packaging. This would work by having a fixed inventory level of returnable 

packaging, and when the variations in demand occur, the void could be filled with single-use 

packaging. By having such a solution, the complexity of the factors affecting the 

implementation of returnable packaging would be alleviated. The fixed volume of returnable 

packaging would then match the minimum production volume across the year, in which the 

peaks would be fulfilled by single-use packaging. This would allow the flow to be more 

resilient to supply chain disruptions, as well as the return-flow availability. Furthermore, a 

fixed amount of returnable packaging would simplify the resources and space needed to 

perform the reverse flow, as a fixed amount of returnable packaging would always be in the 

flow. Although no conclusions can be drawn based on the emissions of such a system, mixing 

returnable and single-use packaging could be a first step into implementing returnable 

packaging across all international assembly plants.  
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8. Conclusion 
 

This section will conclude the report by synthesizing the empirical results and analysis to 

answer the research questions and how the report can be generalized. Furthermore, the 

contribution to academic research will be stated and lastly the limitations of the study and 

future research will be presented. 

 

8.1 Completion of Research Questions 

 

The aim of the study is to identify the critical supply chain factors affecting a returnable cab-

skid implementation and how the identified factors affect each other. Furthermore, the study 

aims to provide a standardized framework for calculating GHG emissions based on the 

identified activities. The conclusions are made separately for each research question below.     

 

Research Question 1 

 

What are the critical supply chain factors to consider when assessing a heavy 

returnable packaging system for global manufacturing companies and how do the 

identified supply chain factors affect each other? 

 

Based on the data collection, ten critical supply chain factors were identified to have an 

impact on the implementation of a returnable packaging system which heavily impacted each 

other. The factors identified in data collection were divided into the following three 

categories, availability, applicability, and variability.  

 

Applicability related to the suitability of the assembly plant to implement returnable 

packaging and included the factors lead time, distance, capacity, and inventory. The factor 

lead time was essential to consider when assessing which plants are viable for implementing 

returnable packaging. Lead time was defined as the time of the closed-loop system making a 

complete cycle. The results showed that a high lead time in a flow entailed a larger inventory 

of returnable packaging. A larger inventory increases the category 1 emissions which 

increased the overall emissions of the solution. It was identified that lead time was influenced 

by return flow availability, inventory, regulations, supply chain disruptions, and distance. 

Distance was found to be crucial as when distance increases the risk of disruptions increases, 

which may impact the performance of the system. This meant that there was a risk of a deficit 

of returnable packaging. However, an increased distance did not necessarily mean increased 

emissions, as the modes of transport were the driving force behind transportation emission. 

Furthermore, when assessing an assembly plant, it was important to consider the production 

capacity, as the greater the distance, the greater the capacity needed to maintain reverse 

logistics. A high-capacity flow would entail that the lead time would be lower as more 

frequent reverse shipments could occur which in turn required less inventory of returnable 

packaging. Lastly, inventory was a critical to consider for a closed-loop system as it directly 

impacted the emissions of the system. As mentioned, inventory was influenced by production 

volume, maintenance & ownership, and lead time. 

 



78 

 

The availability of the assembly plant related to how well the infrastructure and 

organizational parameter’s function and involves the supply chain factors return-flow 

availability, space/resource availability, and maintenance and ownership. It was found that 

return-flow availability is imperative to consider. This implied how well a country’s 

infrastructure could sustain a reverse logistics flow, the availability of shipping routes and 

containers. The return-flow availability was influenced by the factors of production volume 

and resource & space availability. Furthermore, space & resource availability was identified, 

as returnable packaging requires a function at the assembly plant that manages the returnable 

packaging. This also incorporates space for storage of returnable packaging as physical space 

may be limited for an assembly plant. This entailed that in order to implement returnable 

packaging it was imperative to have the resources, physical space, and infrastructure. The 

factor resource & space availability was heavily influenced by maintenance & ownership and 

variation in demand. Lastly, maintenance and ownership were identified as maintenance 

ensures that the expected lifetime of the returnable packaging is reached. Furthermore, 

ownership was important part of this factor as the owner needed to ensure that the resources 

were available to maintain a reverse flow as well as a maintenance function.  

 

Variability included the variation of external forces that impact the feasibility of a returnable 

cab-skid system for the specified assembly plant and includes regulations, variation in 

demand, and supply chain disruptions. It was identified that regulations are important to 

consider regarding import and export between different nations, as it could have a widescale 

impact on the performance of a reverse logistical system. The influencing factor for 

regulations is distance. Variation in demand also influenced a returnable packaging system as 

the demand for products fluctuates over the year. This meant that it is imperative to have 

enough returnable packaging to fill the maximum peak of demand, however, when there is a 

low demand, there would be a surplus of packaging. Lastly, supply chain disruptions were 

relevant to consider when assessing a flow. It was identified that supply chain disruption 

often negatively affected delivery schedules. Supply chain disruption is identified to be 

influenced by the distance. 

 

The interrelationships of the identified factors presented above indicate that no one of the 

factors is more important than another. Each factor must interplay with each other to maintain 

the performance of the entire system. The results and analysis conclude that implementing a 

returnable cab-skid system is more complex than considering the individual factors, as each 

identified factor must perform and coexist with one another. If one of the factors 

underperforms, it can heavily influence the performance of the entire system.  

 

Research Question 2 

 

How can a framework be developed to calculate Greenhouse Gas emissions for 

Purchased Goods and Services as well as Upstream & Downstream Transportation 

and Distribution activities for returnable packaging in a global manufacturing 

company? 

 

Based on the identified activities, different calculation methods could be utilized. In order to 

construct a framework for calculating emissions, the GHG Protocol framework was used, as 
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it provided a standardized and internationally recognized calculation framework for 

estimating scope 3 emissions. The framework was altered in order to apply it to the case in 

question, in which the category 9 emissions were included the reverse flow of goods back to 

Volvo Tuve. The emission adding activities for each category were identified, after which a 

calculation framework can be applied.  

 

The calculation framework provides the average-data method to report the category 1 

emissions, where units of returnable cab skids purchased are multiplied with industry average 

emissions for the production of one unit. The method was used as data could be difficult to 

access identified through literature & interviews. The calculation framework provides 

methods to report the category 4 and 9 emissions. In order to report the transport emissions, 

the distance-based method was used, where the weight of purchased returnable cab skids 

were multiplied with distance traveled and industry average emissions for specific mode of 

transport. The calculation framework considers distribution emissions in category 4 and 9 by 

estimating the emissions based on industry averages. The distribution emissions were to be 

calculated with the average-data method, where the amount of goods stored is multiplied with 

time of storage and industry average emissions for storage facility. However, as stated by 

theory, ambient goods did not significantly add to the overall emissions of a supply chain. 

 

An analysis of the framework concludes that in order for returnable packaging to be more 

efficient in terms of GHG emissions, the reverse category 9 emissions had to be lower than 

the combined category 1 & 4 emissions of single-use packaging. Furthermore, the 

equilibrium point in which returnable packaging exceeded the GHG emissions of single-use 

packaging needed to occur after the stated lifespan of the returnable packaging in order for 

returnable packaging to emit less GHG. The results shed light on the overall sustainability of 

returnable packaging, as the emissions essentially shift from category 1 & 4 to category 9 

when implementing returnable packaging, thus potentially negating the environmental 

benefits. 

 

8.2 Generalizability 

 

Since Volvo GTO is a world-leading manufacturing company, the results of the study can be 

generalized across other global manufacturing companies. Other organizations operate under 

similar conditions and utilize the knock-down structure that Volvo utilizes. The factors 

affecting the feasibility of heavy returnable packaging can be generalized and applied across 

all of Volvo GTO’s international factories, hence they can also be applied to other 

organizations operating in an international setting. Furthermore, the applied framework can 

be generalized through applying organizations own figures to the framework. The suppliers 

utilized to produce the returnable packaging can be based on any supplier using average-

industry data, which allows organizations to apply their own suppliers to the framework for 

category 1 & 4 emissions. The identified activities should be identified for the organizations 

specific flow to apply the framework. Furthermore, the values of category 4 and 9 can be 

altered according to the context which include the weight per unit, the applied emissions 

factor for the specific route and the distances in which the goods are transported.  
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8.3 Contribution to Academic Research 

 

The research and studies performed within heavy returnable packaging in manufacturing 

industries is lacking. Although extensive research has been done on reverse logistics and the 

obtention of circular economics, these studies have been done through B2C and retail 

environments, in which the context is vastly different as seen in the study by Coelho et al. 

(2019). The studies provided by Dowlatshahi (2000; 2010) and Dutta et al. (2020) solely 

focus on reverse logistics of goods, as opposed to packaging. Furthermore, the studies claim 

that increasing the lifetime of goods automatically increases the environmental sustainability 

of the goods due to reduced resource usage as well as focus on economic advantages. In the 

case of returnable packaging, this may not be the case. Although less resource usage implies 

less environmental impact, it also increases the other activities in the products lifecycle. As 

the study has shown, reduced resource usage in category 1 & 4 is replaced with increased 

transport usage in category 9. The extent of this increase was not identified, but through the 

aid of literature and empirical results the increased transport emissions could potentially 

outweigh the reduced production emissions of the packaging because of the extended lifetime 

of the packaging, which is missed through the study by previous studies. Furthermore, the 

exploration of primary returnable packaging as opposed to secondary, and tertiary is still 

lacking in academia. Studies provide insight into the effectiveness of returnable packaging in 

the form of crates and pallets, but not specialty primary packaging.  

 

Furthermore, the study provides an applied framework for assessing the GHG emissions from 

returnable packaging, which has not been found throughout literature. The standardized GHG 

Protocol provides an initial framework for calculating each category emission which has been 

customized to calculate emissions with regards to returnable packaging. By altering the 

framework to account for the return flow of category 9 emissions, the study fills a gap in 

literature in which a standardized framework did not exist for heavy industrial packaging for 

the selected categories. Through a thorough screening of literature, the use of the GHG 

Protocol has not been used when calculating the emissions from packaging that does not 

follow a linear trajectory, meaning that the product does not pass through each category of 

emissions once, but rather stays within a certain category over a period of time.  

 

8.4 Study Limitations and Future Research 

 

The study can be seen as a pre-study focused on which supply chain factors affected the 

implementation of a returnable packaging system and how to calculate the emissions from 

such a system. The study was limited by the amount of information that could be acquired 

from sources outside of the Volvo Organization, as access to such participants were difficult 

to facilitate. The activities identified in category 1 were limited, as only two suppliers could 

explain which activities were included in this category. However, this limitation was 

somewhat counteracted by the usage of the industry-average calculation method, which relies 

on average industry data from a region or country when determining the GHG impact of 

production of goods. 
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Furthermore, if more interviews were conducted more factors impacting the implementation 

of a returnable packaging system may have been identified. Interviewing to additional 

stakeholders within the value chain could provide further sub-themes. It should also be 

mentioned that all participants for research question 1 are employed by the case company, 

which means that the results are biased towards Volvos specific logistical flows, which 

impacts the generalizability of the results.  

 

The study promotes future research within the field of heavy returnable packaging. Applying 

numerical values to the framework will allow organizations to effectively evaluate the 

emissions in a transition from single use to returnable packaging. Furthermore, the study 

approached the case with an environmental focus, thus disregarding the economic aspects of 

implementing such a system. Future studies should evaluate how well such a system would 

work economically, which is equally important for organizations to consider. Additionally, 

the economic cost of such a system should be weighed against other potential sustainability 

projects in order to ascertain what solution provides the largest environmental benefits for the 

least amount of investment.    

 

Lastly, future studies could encompass more scope 3 category emissions, to provide a more 

detailed analysis of the environmental sustainability of returnable packaging. This could 

include the end-of-life emissions and potential investment emissions.   
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Appendix 
 

Appendix 1- Interview guide for Research question 1 

 

What is your current role at the organization you work at? 

Do you work with any returnable packaging, alternatively packaging generally? 

Which returnable flows do you work with at the moment?  

What is needed in order to implement and maintain a returnable packaging system? 

Are cab-skids affected by other criteria as opposed to current returnable packaging? 

What is the process for handling the returnable packaging?  

What is the reason for using returnable packaging?  

What would you assess as important when considering flows?  

What are the challenges with your current returnable packaging?  

What risks have you identified when it comes to returnable packaging? 

What happens when disruptions occur in the supply chain with regards to returnable 

packaging? 

Which stakeholders are affected when implementing a returnable packaging? 

 

 

Appendix 2 - Interview guide for Research question 2 

 

What is your current role at the organization you work at? 

Where is the production facility of packaging located? 

Where does the material for packaging come from? 

What production processes is included for a returnable packaging? 

How is the packaging from the supplier deliver to Volvo Tuve? 

How does the transportation flow look like between Volvo Tuve to Volvo Durban? 

(including all steps, transportation modes, and distances). 

What is the lead time for sending a batch from Volvo Tuve to Volvo Durban? 

How many truck cabs are sent from Volvo Tuve to Volvo Durban on average per month? 

Does it exist a return flow from the Volvo Durban assembly plant? 

If yes on previous question, what components are within this shipment?  

Who organizes this shipment of returnable packaging? 

 

 

Appendix 3 – Secondary Data Analysis of the Greenhouse Gas Protocol Technical Guidance 

Framework 

 

Depending on the availability of data, there are three different ways of calculating category 1 

emissions using the GHG Protocol. The supplier specific method collects data that is acquired 

directly from the supplier, in which extraction, production and processing is included in the 

data. If this data is not available, average data calculation method can be used which utilizes 

averages of industry in order to estimate the CO2 emissions of category 1 activities (GHG 

Protocol, 2013). A hybrid calculation method can also be utilized in the case that some data is 
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acquired from the supplier, and other data must be estimated through industry averages. The 

data that is collected will be in the form of cradle-to-gate data, which includes data from 

extraction of raw material until a specified gate, which in this case is the category 4, upstream 

transportation, and distribution. Spend-based calculation is also available through the GHG 

Protocol framework; however, this method delves into economic value of goods, which this 

project will delimit from. The GHG Protocol (2013) provides a decision framework for each 

category that enables an evaluation of which calculation method is most appropriate for the 

company to utilize. There are multiple factors impacting the decision on which method to 

utilize such as data availability and business goal. Different calculation methods may be 

applied for different goods or services, see figure 18.    

 
Figure 18 - Calculation Methods for Category 1 Emissions 

As GHG Protocol (2013) describes, the data collected must be analyzed in terms of 

specificity and accuracy. It is argued that the data collected from suppliers can, in some cases, 

be less accurate than that of an industry average, due to lack of insight into how suppliers 

measure their emissions (GHG Protocol, 2013). Furthermore, suppliers may allocate their 

aggregate emissions to products sold to the focal company. This may cause the data to be 

skewed based on the allocation methods done by the supplier company. For instance, if the 

supplier only has data on how much emissions they produce annually across all products, the 

percentage of products purchased by the focal company will be divided against the aggregate 

emissions, providing inaccurate results. However, it should also be noted that the accuracy of 

industry average data only provides an overarching depiction of CO2 emissions from the 

activities, which may differ greatly between different suppliers.  

 

When using the supplier specific calculation method, the quantity of goods purchased and the 

emissions as a result of production of the good. The method then calculates the emissions 

caused by the purchased goods using the following formula (GHG Protocol, 2013): 
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𝐶𝑂2𝑒 𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 1 = ∑
𝐾𝑖𝑙𝑜𝑔𝑟𝑎𝑚 𝑜𝑓 𝑔𝑜𝑜𝑑𝑠 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑 (𝐾𝐺) ∗

𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛(
𝐾𝐺 𝐶𝑂2𝑒

𝐾𝐺
) 

 

 
Formula 4- Supplier Specific Category 1 Emissions 

 

The equation yields an emissions result that is based on the amount of goods in kilograms 

purchased by the focal company from a supplier multiplied by the emissions produced by the 

supplier as a result of producing one kilogram of goods. The data needed in order to complete 

this calculation method includes the GHG emissions from the life cycle of the goods 

purchased and the quantity of goods purchased. The life-cycle emissions from the product 

should entail cradle-to-gate emissions, or from extraction of raw material to the purchased 

good. Depending on the availability of data, this method can prove difficult to execute due to 

lack of reliable data from suppliers, as there is no widely standardized method for calculating 

cradle-gate emissions (GHG Protocol, 2013). Hence, all data collected must be supported 

with the relevant framework of how the data was collected. 

 

The hybrid calculation method involves collecting data within scope 1 and 2 emissions for 

the supplier. This data is needed in order to estimate the GHG emissions from the production 

of goods, including energy and fuel usage. Furthermore, the materials of which the product is 

produced with must be identified, along with the amount of fuel used within transportation of 

tier 1 suppliers for the product supplier. The hybrid calculation method allows the usage of 

secondary data to fill the gaps in which supplier specific data is not available. Hence, based 

on the amount of goods purchased by the focal company, the emissions as a result of these 

goods will combine industry average data alongside supplier specific data. The hybrid 

calculation method utilizes the follow formula to calculate the emissions from cradle to gate 

(GHG Protocol, 2013): 

 

𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 1 𝐶𝑂2𝑒 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝐻𝑦𝑏𝑟𝑖𝑑 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛)

=  ∑ 𝑆𝑐𝑜𝑝𝑒 1 & 2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝑇𝑖𝑒𝑟 1 𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑟𝑠

+  ∑ 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐼𝑛𝑝𝑢𝑡 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝑇𝑖𝑒𝑟 1 𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑟𝑠

+  ∑ 𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝑇𝑖𝑒𝑟 1 𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑟𝑠

+  ∑ 𝑊𝑎𝑠𝑡𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝑇𝑖𝑒𝑟 1 𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑟 

+ 𝐴𝑛𝑦 𝑜𝑡ℎ𝑒𝑟 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑏𝑙𝑒 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑 𝑔𝑜𝑜𝑑𝑠 

 
Formula 5 - Hybrid Calculation Category 1 Emissions 

 

The calculation method combines the sum of emissions from each activity as a result of 

production of the purchased good to provide an aggregate CO2e emission figure. As 

mentioned previously, circumstances in which supplier specific data is not available, industry 

average figure can be utilized to estimate the CO2e emissions. 
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Lastly, the average data collection method involves collecting data based on the amount of 

units or kilograms of goods purchased and multiplied by the emissions from production based 

in industry average. This method allows calculations to be done in scenarios where data is 

difficult to access, or no data is available by the product suppliers. The secondary sources of 

data will provide an estimate for how much CO2e is emitted as a result of purchased goods. 

The formula for calculating CO2e emissions using the average data method is the following 

(GHG Protocol, 2013): 

 

𝐶𝑂2𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑜𝑓 𝑝𝑢𝑟ℎ𝑐𝑎𝑠𝑒𝑑 𝑔𝑜𝑜𝑑𝑠

=  ∑ 𝑈𝑛𝑖𝑡𝑠 𝑜𝑓 𝑔𝑜𝑜𝑑𝑠 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑

∗  𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑜𝑛𝑒 𝑢𝑛𝑖𝑡 

 
Formula 6- Average Data Calculation Category 1 Emissions 

 

The supplier specific, hybrid and average data calculation methods allow the category 1 

emissions to be calculated for a specific type of good purchased by an organization.  

 

Category 4 – Upstream Transportation and Distribution 

 

Upstream transportation and distribution can be calculated using three different methods, 

which include (GHG Protocol, 2013): 

 

• Fuel-based Method 

 

This method calculates the transportation emissions based on the fuel consumption of the 

transportation related activities. The amount of fuel consumed is then multiplied by the 

emissions factor of the fuel, yielding an aggregated CO2e emissions for the transportation 

route. 

 

• Distance-based Method 

 

This method calculates the transportation emissions based on the weight, distance, and mode 

of transport for each transportation route, and applies a mass-distance emissions factor to 

calculate the aggregated CO2e emissions for the transportation route.  

 

• Spend-based method 

 

This method calculates the emissions of transportation based on how much money that is 

spent on different transportation modes and multiplying by the relevant emissions factor. As 

this project delimits itself from economic factors, this method will not be applicable.  

 

Depending on which data is available, the fuel-based or distance-based method should be 

utilized. In the case of rich data availability and multiple products within the same shipment, 
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the fuel-based method should be utilized. In this case of lack of data, and single product 

shipments, the distance-based method should be applied (GHG Protocol, 2013).  

 

As the name suggests, the fuel-based calculation method involves calculating the fuel usage 

of all transportation within the category 4 emissions, and multiplying the specific fuel used 

by the emissions factor of the fuel (GHG Protocol, 2013). As specific data on fuel usage can 

vary, depending on model of truck or train, ship size etc., the fuel use can be found through 

secondary sources. This includes the distance travelled and the fuel efficiency of the 

transportation mode. Furthermore, different transportation vessels can be used for the same 

route, such as MSC (Mediterranean Shipping Company) using multiple ships for the same 

routes (MSC, 2022).  

 

It is also important to note that allocation of emissions must be done to accurately represent 

the goods purchased from supplier to the focal company. In the case of shipping, an 

allocation of mass must be done to divide the total emission of the vessel to the mass of 

goods within the focal value chain, as the ship also transports goods outside of the focal 

company. This should be done for all modes of transportation, as all modes of transport can 

carry goods for other organizations alongside the focal companies goods (GHG Protocol, 

2013). In order to calculate the emissions from category 4 emissions, the following formula is 

utilized: 

 

𝐶𝑂2𝑒 𝑓𝑟𝑜𝑚 𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛

=  ∑ 𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 (𝐿𝑖𝑡𝑟𝑒𝑠) ∗ 𝐸𝐹 𝑓𝑜𝑟 𝑓𝑢𝑒𝑙

+  ∑ 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 ∗ 𝐸𝐹 𝑓𝑜𝑟 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 

 
Formula 7 - Fuel-Based Calculation Category 4 

 

The formula combines the fuel usage of transportation from truck, ship and air and include 

the electricity usage of other modes of transportation such as train. The formula can also 

include the use of refrigerants and air conditioning of certain goods; however, this will not be 

applicable for the use case.  

 

If a lack of data exists when dealing with fuel consumption of certain modes of transport, the 

following formula can be used to enable estimations based on distance travelled and average 

fuel consumption of transport mode: 

 

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑓𝑢𝑒𝑙 𝑢𝑠𝑒𝑑

=  𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑

∗ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑢𝑒𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑓 𝑚𝑜𝑑𝑒 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 

 
Formula 8- Fuel-Based Calculation Category 4 (Lack of Data) 
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The allocation of goods can be calculated using the follow formula, which allows only 

emission form the target goods to be calculated from the total goods on the transportation 

mode: 

 

𝐹𝑢𝑒𝑙 𝑢𝑠𝑒𝑑 𝑏𝑦 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑 𝑔𝑜𝑜𝑑𝑠

= 𝐴𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒𝑑 𝐹𝑢𝑒𝑙 𝑈𝑠𝑒 ∗  
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑 𝑔𝑜𝑜𝑑𝑠

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑠ℎ𝑖𝑝𝑝𝑒𝑑 𝑔𝑜𝑜𝑑𝑠
 

 
Formula 9 - Purchased Good Allocation Category 4 

 

This calculation divides the weight of the purchased goods on a mode of transportation by the 

total weight of the goods on the vessel (including the goods for other companies) to provide 

fuel usage based on the focal companies’ category 4 emissions. The allocated fuel usage 

should be substituted into the main formula (CO2e from transportation). 

 

The other method available for transport and distribution emissions is the distance-based 

calculation.  This method allows emissions calculation to be done if data is sparse and allows 

emissions figures to be based on industry averages. This includes the fuel consumption of the 

transportation mode, utilization, and weight of the goods. This method utilizes the EF of 

CO2e per 1000kg/km (GHG Protocol, 2013). The industry standard of TEU-Kilometer can 

also be utilized, which encapsulates the emissions of transporting one 20 foot container 1 

kilometer.  

 

The formula to determine emissions based on the distance-based method is the following: 

 

 

𝐶𝑂2𝑒 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 4 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠

=  ∑ 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑 𝑔𝑜𝑜𝑑𝑠 ∗  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑔𝑎𝑡𝑒𝑠

∗ 𝐸𝐹 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑚𝑜𝑑𝑒 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 

 
Formula 10 - Distance-Based Calculation Category 4 

 

This formula can be used for all the different modes of transportation within the category 4 

emissions and should be calculated separately and then added together for each gate.  

 

The emissions from distribution must also be taken into consideration, which can be 

identified through two different methods (GHG Protocol, 2013): 

 

• Site-specific  

 

This method calculates the distribution emission based on specific figures from suppliers. 

This includes the emissions from fuel and electricity consumption from the storage facilities. 

This type of calculation is especially important when dealing with products that need 

refrigeration or air-conditioning, as these activities contribute greatly to CO2e emissions.  
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• Average data 

 

This method estimates the emissions from distribution activities of purchased goods based on 

industry averages. This can be in the form of average CO2 emissions for storing a specific 

volume of goods per day. 

 

The site-specific calculation method utilizes the following formula to identify distribution 

CO2e emissions: 

 

𝐶𝑂2𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛

= 𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 + (𝐹𝑢𝑒𝑙 𝑢𝑠𝑎𝑔𝑒 ∗ 𝐸𝐹 )

+ (𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑈𝑠𝑎𝑔𝑒 ∗ 𝐸𝐹) 

 
Formula 11 - Site-Specific Distribution Calculation Category 4 

 

The purchased goods will then be allocated as a fraction of the total goods stored: 

 

𝐴𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑 𝑔𝑜𝑜𝑑𝑠 =
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑 𝑔𝑜𝑜𝑑𝑠 𝑠𝑡𝑜𝑟𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑔𝑜𝑜𝑑𝑠 𝑠𝑡𝑜𝑟𝑒𝑑
  

 
Formula 12 - Allocation of Goods Distribution Category 4 

 

The average data calculation method utilizes the following formula to identify distribution of 

CO2e emissions: 

 

𝐶𝑂2𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛

=  ∑ 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑔𝑜𝑜𝑑𝑠 𝑠𝑡𝑜𝑟𝑒𝑑 (𝑇𝐸𝑈) ∗ 𝑇𝑖𝑚𝑒 𝑜𝑓 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 (𝑑𝑎𝑦𝑠)

∗ 𝐸𝐹 (𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦) 

 
Formula 13 - Average Data Calculation in Distribution Category 4 

 

As mentioned earlier, depending on the type of product purchased, the distribution and 

storage emissions will greatly differ. As the project explores packaging material, the storage 

and distribution of goods can be assumed to be low, as no additional cooling or refrigeration 

is needed to maintain the quality of the good. Hence, the only emission associated with the 

storage of packaging material will be handling and volume usage.  

 

Category 9 – Downstream Transportation and distribution 

 

The calculation methods for identifying the emissions of downstream transportation and 

distribution are the same as for category 4, albeit different perspectives. Hence, the fuel based 

and distance-based calculation method for calculating transportation emissions and the site-

specific/average data method can be used for category 9 (Formula 4-10).  


