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Sammanfattning 

Denna studie handlar att om att hitta metoder för återanvändning av emballagen från Elektas 
produkt ”Leksell Gamma Knife ICON” med Cirkulär ekonomi som fokus. Det finns ingen 
process för detta i dagsläget. Den viktiga är analysen av hela försörjningskedjan från leverantör 
till kund och sedan tillbaka till leverantörer för att få generella uppfattningar om vad problemen 
befinner sig och där ifrån dra slutsatser för möjligheterna som finns. 
 
De metoder som används är analyser om det är kostnads-och miljöeffektivt att transportera 
tillbaka emballage till de leverantörer som hanterar dessa emballage. Kostnader för 
returprocessen har beräknats vilket är leverantörsarbete, emballagekostnader, arbetskostnader 
och transportkostnader. Transportutsläpp i form av koldioxidekvivalenter har beräknats i 
returprocessen. Koldioxidekvivalenter har beräknats för tillverkning av nya emballage samt 
transport med lastbil och fartyg. De beräknade värden i returprocessen jämförs med hur Elekta 
gör idag under processen att packa LGK samt leverera till kund för att identifiera om det är 
effektivt att implementera en ny returprocess. 
 
Ett lösningsförslag där kraven uppfylls ur ett miljömässigt och ekonomiskperspektiv redovisas. 
Miljömässigt minskas det med 459 CO2eq antal koldioxidekvivalenter med transport från USA, 
457 CO2eq från Kina och 1185 CO2eq från Europa. Ekonomiskt sparar företaget på 17 190 SEK 
med transport från USA, 19327 SEK från Kina och 18 126 SEK från Europa. 

Nyckelord 
Cirkulär ekonomi, hållbarhet, återanvändning,emballage & kostnadskalkyl
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Abstract 
This study is about finding methods for reusing of packaging from Elekta's product "Leksell 
Gamma Knife ICON" with Circular Economy as the focus. There is no process for this today. 
The important thing is the analysis of the entire supply chain from Suppliers to customer and 
then back to Suppliers to get general ideas about what the problems are and then to draw 
conclusions for the opportunities that exists. 
 
The methods used are analyzes if it is cost-effective and environmentally efficient to transport 
back packaging to the Suppliers who handle these packaging. Costs for the return process have 
been calculated, which is Supplier work, packaging costs, packaging costs and transport costs. 
Transport emission in the form of carbon dioxide equivalents have been calculated in the return 
process. Carbon dioxide equivalents have been calculated for the manufacturing of new 
packaging and transport by road and ship. The calculated values in the return process are 
compared with how Elekta is doing today during the process of packing LGK as well as 
delivering to customers to identify if it is effective to implement a new return process. 
 
A solution proposal that fulfils the requirements from an environmental and economic 
perspective is reported. Environmentally, it is reduced by 459 CO2eq number of carbon dioxide 
equivalents with transport from the US, 457 CO2eq from China and 1185 CO2eq from Europe. 
Financially, the company saves 17 190 SEK with transport from the USA, 19327 SEK from 
China and 18 126 SEK from Europe. 
 
Key-words 
Circular economy, sustainability, reusing, packaging & economical calculations 
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1.Introduction 

In this chapter, an introduction of the company Elekta and their product is presented. A goal, 

delimitations and methods are shown. 

1.1 Background 

 

Companies today are aiming for a better sustainable society. By utilizing environmental 

perspectives, they combine ecological and economical sustainability. EU has a vision they 

hopefully want to achieve in 2050: 

 ” Our prosperity and healthy environment stem from an innovative, circular economy where 

nothing is wasted and where natural resources are managed sustainably.” (EU, 2019) 

Being able to reach that goal, all materials need to be reused. Why should packages be an 

exception? Demonstrating that this is economically profitable with an environmental mind, 

increased amount of companies will pursue this. By utilizing reusing/recycling of supplies 

guarantees a positive environmental impact since nothing gets scrapped. These are the 

pathways that Elekta wants to achieve. 

Elekta is a company founded by Laurent Leksell, son of the inventor of radiosurgery and the 

Leksell Gamma Knife (LGK), Lars Leksell. Elekta is a global company who has more than 4000 

employees over the world. The focus for the company is to develop and help clinics with 

advanced radio surgical products that treats patients that have cancer. Their vision is” to protect 

the moments that matter” for their patients. Elekta also focuses on sustainability. 

An important area for Elekta is Circular economy. They reuse materials and components from 

their products. For example, cobalt 60 is reused in gamma sterilization of other Elekta products. 

Moreover, other components from an old Leksell Gamma Knife cannot be resold because their 

longevity has passed. Instead, they are sold as scrap to recycling companies or to their suppliers 

who can reuse materials as tungsten collimator, heavy iron and computers. However, 3200 kg 

packaging is not reused after delivery to customer. 
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1.2 Goal 
 

Present an analysis and recommendation for one option of reusing packaging material. 

The analysis will include: 

• Packaging specifications 

• Carbon dioxide equivalents for packaging material and transport 

• Packaging and transport costs 

• A complete mapping for the supply chain 

1.3 Delimitations 
 

• Only ship- and road transports are included.  

• Packages that will not be analyzed are cardboard boxes (except RU-Accessories), 

pallets and the earthquake kit. 

• The focus will only be on three suppliers which are Supplier A, Supplier B and 

Supplier C. 

• The focus will only be on the transports back from customer site to Supplier A and 

further to Supplier B & C.  

• There are different types of Leksell gamma knife, but the focus will only be on the 

ICON model. 

1.4 Methods  
 

To study this process, information that Elekta shared was used. 

1.4.1. Documents from Elekta 
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Multiple documents that include all parts of LGK were shared. They also include the packaging 

process, the suppliers that produce these parts and specifications for the packages. 

1.4.2 Interviews/e-mails with employees 
 

Interviews with the logistic department and installation engineers were done to get a deeper 

understanding about then Leksell Gamma Knife’s packaging process and transport. 

1.4.3 Solutions  
 

To solve the problem a couple of methods will be used. Majority of these methods are 

calculations and comparison to see if it is beneficial to return the packaging. Environmental and 

economic aspects will be the focus for these calculations. 

1.4.3.1 Material and carbon dioxide comparison 
 

A calculation will be made to determine the most emission of carbon dioxide between: 

• Making new packaging from raw material until delivered to supplier. 

• Transporting back the old packaging from customer site to supplier. 

1.4.3.2 Transport cost comparison 
 

Comparison will be made between the costs of transport packaging with creating new packaging.  
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2.Theory   

In this chapter, there are theories from the core of the analysis, implementation and results. 

2.1 Circular Economy 

 

"Circular economy is a vision of an economic system that is designed to recreate resources, 

over and over again.” (Tobias Jansson, 2015) 

Within a thorough perspective, circular economy is a process which waste is nourished to a new 

process. Reusing and recycling are key concepts in circular economy. The reusing process 

eliminates the need to invest in new material, which in the long run leads to gains in capital and 

environmental perspectives because the overall emission of environmental toxins decreases. 

(Tobias Jansson, 2015) Ellen McArthur Foundation has created this picture of the circular 

economy cycle as shown below. This image is a visualization of the process in both technical and 

biological perspectives as shown in the larger circles, ("Technical nutrients" and "Biological 

nutrients). 

 

 

 

Figure 1 Circular Economy Biological and Technical Cycles 
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For example, on the right side, the technical perspective of economics is shown. As “fuel” for 

industrial processes, technical materials such as metals and polymers are used, to a greater 

degree, tools and machinery. Materials that do not lose their quality after a recycling process are 

those that fit in the category “Recycle” (the outermost circle in the technical process). These are 

used repeatedly. (Tobias Jansson, 2015) 

2.2 Carbon dioxide emission 
 

Carbon dioxide is a colorless gas that is necessary in the atmosphere and which is part of the 

carbon cycle. It is formed when coal, oil, trees and fossil fuels are burned. Every year, studies are 

performed on how much carbon dioxide is emitted globally.  From 2017 to 2018, carbon dioxide 

emissions have risen globally by 2.7 per cent but in Europe, emissions have fallen by 0.7 per 

cent. (Nyteknik.se, 2018) 

Carbon dioxide emissions from industries and transport have the greatest impact in terms of 

carbon dioxide emission. These emissions correspond to 6.11 billion tons and 7.87 billion tons of 

carbon dioxide emissions per year in the world. (Illvet.se, 2019) 

Many companies strive to reduce emissions because it negatively affects the balance of the 

Earth's natural ecosystem. The global average temperature increases which also increases the 

risk of natural disasters such as earthquakes, floods and volcanic eruptions. 

(Naturskyddsforeningen.se, 2019) 

 

2.2.1 Carbon dioxide equivalent 
 

Carbon dioxide equivalent is a calculation method used to compare the impact of different gases 

to global warming and is termed CO2eq. Depending on the gas emitted, the greenhouse effect is 

affected in different ways. For example, one kilogram of methane can affect the greenhouse 

effect as much as 23 kg CO2. (Petter Lydén, 2016) 
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2.3 Well to wheel  
 

Well to Wheel is a model that the EU has developed. The model visualizes carbon dioxide 

emissions from fuel generation to the fuel consumption of the vehicle (Wheels).  Well to Tank 

(WTT), according to the figure, visualizes the fuel's life cycle. Tank to Wheels (TTW) is the fuel 

consumption of the vehicle. The tool differs from the Life Cycle Analysis (LCA) because it does 

not count on energy losses and the aspects of vehicle production. (EU SCIENCE HUB, 2016) 

 

Figure 2 Well to Wheels process from EU SCIENCE HUB 
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2.4 Socio-economic analysis 
 

The factors in a socio-economic analysis are these 

• Define and delimitate  

• Identify priced or non-priced effects 

• Quantifying and valuing 

• Compilation of calculation and interpretation of results 

• Make sensitivity analyses 

 

Define and delimitate 

The first step in this type of analysis is to delimitate parts of the project. There should be more 

than one alternative execution of measures to be taken from. Comparisons between these 

options are an example. Usually, it is comparisons with "zero option" which is an option where 

no further action is implemented. The benefits and costs between these options are calculated 

and compared in terms of the state of today. (Trafikverket, 2018) 

 

Identify priced or non-priced effects 

In this part, all relevant costs and effects are identified. These are compared to the zero option. 

In this case, consideration is taken on whether the occurring effects is due to the new action or 

whether it would occur anyway. These values are used in the analysis parts.  (Trafikverket, 2018) 

Quantifying and valuing: 

In this moment, the positive and negative impact of an action is compared. Factors such as 

environmental impact, costs, process times and accidents are examples of effects that can be 

compared and analyzed. (Trafikverket, 2018) 
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Compilation of calculation and interpretation of results 

Costs and effects that occur after a measure appears in the future. What people value more is 

what is happening today compared to what happens after a few years, therefore it is difficult to 

value future costs as it is nowadays. To be able to compare these changes, the values must be 

discounted. 

A summary of all costs is gathered in a calculation and the result is calculated. If it is positive, 

the new process is profitable. 

There are factors that have information that is difficult to obtain or that is based on assumed 

values. These types of factors make the project more difficult to assess. (Trafikverket, 2018) 

 

Sensitivity analyses 

By doing sensitivity analysis, it is possible to determine how sensitive the result is if changes in 

input are made. What happens to the results in about two years? Is it positive or negative? 

(Trafikverket, 2018) 
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3. Current situation  

Leksell Gamma Knife is a medical product created by Elekta. It is used to treat cancer tumors in 

the brain by radiation with the isotope cobalt 60 as a source. There are 192 radiation sources 

located in the LGK. When the radiation is started, a breakpoint is aimed at where the cancer 

tumor is located. The radiation burns away the tumor while existing tissues in the brain remain 

healthy.1 

There are two different models of LGK that is sold today: 

• Perfexion  

• Icon 

Icon is the latest model, launched in 2015.1  

 

Figure 3 Leksell Gamma Knife Icon 

 

The main components of the LGK1 

• Gantry (1): Contains parts for a CBCT-Scan which is an X-ray with high 

quality that is used for complicated treatments. 

 
1 Serkar Salih, Elekta. Interview 2019-04-15 
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• PPS (2): A bed that sits together with the LGK to be able to place the 

patient in the right position before the treatment. 

• Covers (3): Covers made of casted hard plastic and the function is to 

protect LGK. There are covers for Radiation Unit, PPS and Gantry. 

• Radiation Unit (4): It is located inside the doors. Radiation Unit is the 

heaviest part of the LGK. It protects the radiation sources and manages the 

radiation process. 

 

 

3.1 Supply chain for LGK 

 

 

Supplier A stock packaging and equipment for Elekta. All parts for LGK are held in Supplier A 

and packed in containers to be transported to the customer. Supplier A is also used as a receiver 

for the return transport of packaging, which later is delivered to the rest of the suppliers.1  

Supplier A is the last supplier where LGK is located before it is transported to the customer site. 

Figure 4 Supply chain for LGK 
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Supplier B and Supplier C are two additional suppliers that manufacture larger parts of the LGK 

and then sending them to Supplier A. These suppliers also have subcontractors where they get 

their packaging and components from.1  

Supplier B is a system supplier to Elekta, and they are in Sweden. They send their products to 

Supplier A. When the return package has been transported to Supplier A from the customer site, 

the packaging is sent from Supplier B to be reused for a new delivery.1  

Supplier C manufactures the covers after the customer's (Elekta’s) specifications. The 

production is in Switzerland and is delivered from there. Like Supplier B, the packaging will 

return to Supplier C from Supplier A for reusing purposes.1  

3.2 Packaging material review 

 

 

Table 1 Specifications for the packaging 

The tables above are descriptions of the parts that one LGK consists of. They include 

dimensions, weight and supplier for the packaging. These tables are in this case divided into two 

because there are two containers that all packaging is packed in, which is presented in the next 

chapter. 
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Covers: 

 

 

 

 

 

 

 

The packaging for covers consists of two wooden boxes made of the material spruce. Inside the 

box is the wooden boards consisting of OSB (oriented standard board) and its function is to 

stabilize the caps in a system of shelves.2 

 

 

 

 

 

 

 

The packaging parts are fixed and needs to be opened with a screwdriver or crowbar to reach the 

products which is what the installation team are doing. This is not a sustainable way for the 

return process.3 

 
2 Kristijan, Supplier C. Mail 2019-06-13 
3 Installation specialist & installation manager, Elekta AB, Interview 2019-05-06 
 

Figure 5 Packaging for Covers-RU Figure 6 Packaging for Covers 
PPS/Gantry 

Figure 7 Inside Covers-RU packaging 
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Covers are sent in two different wooden boxes. These are "Covers Ru" and "Covers PPS & 

Gantry". (Packaging instructions, LGK ICON (SHIP), 2019) 

Radiation Unit packaging: RU is on a steel frame which consists of the material S235JR. 

The frame is the most durable and expensive packaging compared to all other packaging.  

 

 

The image above shows when RU-frame has been used and returned from different customer 

sites. The returned frames cannot be reused due to its appearance and rust. The frames must be 

surface treated by blasting and varnishing, then it is possible to use the frame for a new 

transport.4 

RU is strapped with chains of steel to allow a steady placement and wrapped in a blue plastic 

cover that protects the RU from moisture. (Packaging instructions, LGK ICON (SHIP), 2019) 

 
4 Per, Supplier A. Interview 2019-05-06 
 

Figure 8 RU-Frame stacked 
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Figure 9 RU-Packaging 

 

PPS: The packaging consists of a thick layer of plywood and is attached to a pallet that is held 

together with metal brackets. In the packaging, the bed stands on a metal rack that is welded in 

the bottom of the packaging to provide a steady support for the bed. (PPS packing instruction, 

2019) 

The durability for the PPS packaging is good enough to re-use and the reason is that unscrewing, 

or breaking is unnecessary to open it. However, there are probabilities that sensitive parts of the 

packaging are damaged and worn out after an installation on the customer site. Parts that break 

can be purchased separately (see Appendix 7). Therefore, an assumption is made that there are 

possibilities that this packaging can be reused around three times. 
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Figure 10 Packaging for PPS 

 

However, there are accessories that will need to be supplemented since these are disposable 

consumption (see Appendix 7) as well as damages to it on customer site. The durability is good 

enough to be reused however, there are great probabilities that the packaging is damaged and 

torn after a few returns.5 

Gantry: Like a PPS box: The gantry packaging is the same as the PPS packaging but is 

dimensioned for a Gantry. (Packaging instructions, LGK ICON (SHIP), 2019) 

 
5 Ingvar, Supplier B. 2019-05-22 
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Figure 11 Packaging for Gantry 

 

Accessories: The packaging for accessories consists of thinner plywood compared to the 

rest of the boxes and costs less. Accessories are add-on products for the LGK that are used 

for extra equipment. It has a shelf system with several cartons that are packed and placed 

into the shelves. This packaging also does not have a system for opening and closing 

without being screwed or broken up.3  

This box is not made for reuse purposes and requires a manufacture that makes it more 

durable. However, the cost and dimensions will increase if manufactured to a new box.6 

 
6 Niklas, BEA. Mail 2019-06-19 
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Figure 12 Accessories box 

 

RU-Plates & RU-Bars: These are accessories that help with transporting the RU on customer 

site. The dimensions of RU-Plates are 100 × 40 × 10 × 4 (l × W × h [cm]) and 300 × 40 × 10 × 4. 

RU-Bars have the dimensions 154× 200× 535. (The Packaging instructions, LGK ICON (SHIP), 

2019). 

Others: Other packaging that are included in an LGK transport are:  

• EU pallets  

• Accessories (Extra equipment’s) 

• Two package of control systems 

• A wooden box for the X-ray generator  
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• A cardboard box for the Collimator cap. (Packaging instructions, LGK ICON (SHIP), 

2019) 

 

20-fot container: Containers are used for the transport of LGK with shipping.  The 

dimensions are 589 × 235 × 239 [cm], weight of about 2300 kg and a volume of 33.1 cubic 

meters. (Containertjanst.se, 2019) 

The price of a container (Shippers-Own) is approximately 18 000 SEK/piece.7 

 

Figure 13  20-fot container (containertjanst.se, 2019) 

3.3 Packaging overview  

 

Below is a standard review of the packaging process for one LGK ICON unit in two 20-foot 

containers.  The packaging can differ depending on customer needs. Extra pallets and 

accessories may be added in different orders. The containers include all sub-assemblies for LGK 

ICON which is transported by ship to customer site. Many parts have different origins and made 

by different suppliers. They are sent in different packaging boxes which is approved by Elekta. 

The suppliers choose different boxes based on the customers products and the availability of 

packaging material. Elekta is buying new packaging materials including container every time 

they sell an LGK.8 

 
7 Mats Törnå, Container trade. Mail 2019-05-12 
8 Tomas Eknor, Elekta AB. Interview 2019-05-16 
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3.3.1 Packaging of a complete LKG for shipment 

 

Two completed sets of containers before delivery to customer. 

3.3.1.1 Container one 
 

The packaging in container one is listed in the table below which shows the supplier, the parts 

for LGK and what kind of box the part is in. 

 

Table 2 Packing list for container one 

 

The main part of the LGK (the Radiation Unit) is the heaviest product compared to the other 

parts of the LGK. This makes the design if the packaging more critical due to its weight and size. 

 
 

Figure 14  RU-Frame 
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This frame is where the RU is placed. It gives the RU a steady placement and it is also used for 

lifting purposes. The RU is covered with a special plastic material to protect it from moisture. 

The plastic itself is not reusable because it is a disposable consumption. The effect of moisture 

protection is weakened after a transport.3  

 
 

Figure 15 Packaging for RU in container one 

 

 

After the RU is placed in the first container, the remaining packaging is placed in the container 

as shown below. Container One is Elekta's own container. To increase safety when transporting 

the RU, four anchor-eyes are welded in the bottom of the container. They are used to fasten the 

RU with straps. After wrapping the frame, these boxes are placed as shown below. After this 

process, the first container is finished. (Packaging instructions, LGK ICON (SHIP), 2019). 
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Figure 16  Packing in a container 

 

3.3.1.2 Container two 
 

 

Table 3 Packing list for container two 

Container two contains the larger wooden packaging, which is the packaging for Covers, PPs, 

Gantry and Accessories. These are rectangular-shaped wooden boxes that are packed as below to 

fit all the boxes. The weight and quantity of the packaging for "accessories" is highlighted in red 

because the quantity varies depending on the customer’s needs. 
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Figure 17 Packing in container two 

 

It is possible to transport the LGK to the customer after this process. 

 

3.4 Logistics 

 

Elekta is using a couple of methods when transporting the LGK. 

3.4.1 Transportation 
 

Elekta's Logistics team monitors the entire process of the components from other suppliers to 

Supplier A and thereafter to the customer. They ensure that all components are transported on 

time and they also manage the transport processes. Elekta uses three different methods for 

shipments of LGK to customer site (customer).8 

Case 1: Transport by truck only takes place if the customer site is located within Europe or 

countries within Asia bordering Europe. Supplier A loads all boxes that Elekta has placed orders 

on a truck before the transport.9 

 
9 David Zetterberg, Elekta AB, Interview 2019-04-16 



 

 

25 

 

Case 2: The second case is transport by ship. All packaging is packed in two 20-foot containers, 

one of which is Shippers-Own (owned container) and then shipped to the customer site. 

Container is driven by truck to and from port. They are then transported by ship and only to 

customers outside Europe.9 

Case 3: Transport by airplane is only used if there are smaller parts that need to be transported 

in a short period of time. They do not transport RU or covers with this transport method 

because they are too heavy for carriage. This method will not be studied because an entire LGK 

is not transported in this way.9 

3.4.2 Transporting conditions  
 

Elekta uses three different transport companies to transport LGK between different countries. 

These companies have different conditions in terms of costs and rules.8 

 

3.4.2.3 Carrier A 
 

Carrier A transports the LGK to countries in Europe by truck. A complete truck is always used 

when transporting an LGK. Elekta receives a total price for door-to-door carriage using this 

transport method.10 

3.4.2.1 Carrier B 
 

Carrier B transports LGK by ship to North America and South America. Their offers are 

primarily based on country, the weight and volume of the containers. This applies only to ship 

transport. Moreover, they reconcile with the current market situation and assess which shipping 

company has the best price in relation to transit time, departure reliability and whether they can 

deliver to the door at destination. Costs increases further if Carrier B is to handle door-to-door 

transport by truck, customs and documentation on Origin.11 

 
10 Hans, Carrier A. Mail 2019-05-13  
11 Agneta , Carrier B. Mail 2019-05-10  
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3.4.2.2 Carrier C 
 

Carrier C transports LGK both by truck and boat to the rest of the world.  Their offers are based 

on land and the highest shipping weight. If the volume weight is higher than the current weight, 

the price will be for the volume weight.12 

3.4.2.4 Customs regulations rules 
 

The transport of goods between countries requires a payment of customs duties. This fee differs 

depending on the goods and countries. Priority for this study will be the duty costs for the return 

transport of packaging. (Vismaspcs.se, 2018) 

All countries have different rules for customs clearance, import and export. It is less strict to 

transport, for example, in the EU compared to other continents. 

Return packaging complies with all the requirements of the Swedish Customs Agency's rules, 

which means that no customs cost will apply. (Tullverket, 2018)  

3.5 Installation on customer site 
 

When the LGK has arrived at the customer site together with the cobalt and the loading 

machine, it will be installed. It is installed by Elekta's own installation team, which consists of 

two installers and local rigging staff. This is an example of an installation process in Nanjing 

(China).3 installation process can be divided into two different phases: 

Phase one: phase one is called "Loading" and begins with the closure of nearby obstructing 

roads so that the project can begin. During this phase the packaging is opened, and the parts are 

taken out. The RU, which is the heaviest product is lifted out with a forklift from the container 

and therefore transported by a local crane operator.3  

 
12Customer service, Carrier C. Mail 2019-05-10  
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Figure 18 Closed roads before installation 

 

All packaging is taken out and placed in the possible areas that are available. Not all hospitals 

have prerequisites for loading packaging, which results in placing on parking or inside the 

hospital among patients.3 

 

Figure 19 Unpacking visualization 
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When all parts are taken out, the packaging is scrapped or recycled locally. The containers are 

scrapped or sent to shipping companies. 

Phase Two: 

This phase is the actual installation of the LGK where the cobalt and electronics are to be 

installed in the hospital. Test runs are performed to check the condition of the new machine. 

Elekta's goal is to have short installation times. Phase one and phase two takes about 14 days to 

perform.3 

Figure 21 Packaging position Figure 20 Packaging position 
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Figure 22 Installing the LGK 
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4. Implementation and analysis 

The packaging that are included in the study are from Supplier A, Supplier B and Supplier C. 

The implementation comes after an installation on the customer site. The goal is to reuse the 

packaging. The one to be reused is highlighted with green (Included), and what is not to be 

reused is highlighted in red (Excluded). 

 

Table 4 Included/Excluded 

 

4.1 Analyzing current situation 
 

This is an analysis of the current situation. The weaknesses and strengths of the packaging and 

the processes are discussed. 

4.1.1 Supply chain 
 

The most ideal, in an environmental view, is that the packaging is sent directly from the 

customer site to the suppliers. However, it is not possible to fulfill, because it requires more 

work. This, in turn, leads to higher costs and higher risk of the packaging sustaining damage, 
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than to send with the FLC (Full Load Container). At customer site, it is important that 

everything is packed in a short time. Therefore, it is better to collect everything in one container 

and send it back to the Supplier A. 

 

Figure 23 Map over the suppliers 

Supplier A is in Motala and approximately 2 miles from Supplier B and 5 miles from the harbor 

in Norrköping which the containers are loaded on ships, to be transported to the nearest harbor 

to customer site. The red dot is Supplier A, the blue is Supplier B and the brown is Norrköping's 

harbor. All destinations are close together and the transport distances are short compared to 

how far the container is transported when delivered to different customer sites. Supplier C, 

located in Switzerland, is 1645 km from Supplier A and is much further away compared to 

Supplier B’s 18 km.  

 

4.1.2 Packaging material review 

 

Every time a packaging is to be reused; an inspection is required. These differ according to each 

return shipment. The same type of packaging can be differently worn out, depending on how the 
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packaging process and the transport process has taken place. The more worn a packaging has 

become, the longer it will take to repair it resulting in cost differences. All parts of a packaging 

cannot be reused, which means that an investment in new parts is required. 

Covers 

For reuse, there are divided sentences if the packaging can be reused or not. After interviews 

with the installation team, you can say that it is not possible to reuse the packaging as they are. 

According to them, new packaging needs to be implemented because the OSB boards are 

sensitive and break with high probability, and it has no functionality to close and open the 

packaging in a sustainable way.3 Supplier C considers that reuse of current packaging may work 

if the packing instructions are followed. If the recommendations and instructions from Supplier 

C are correct, it is assumed that the packaging can be reused about three times as long as the 

packaging is of adequate quality. 

RU-frame 

RU-Frame has the potential to transport RU several times because it can handle vibrations from 

any means of transport and collisions. It is assumed that the frame can be transported 

approximately ten times if it is maintained and controlled. 

PPS & Gantry 

Durability is good enough to reuse because you do not have to screw up or break the packaging 

to open it. However, there are probabilities that sensitive parts of the packaging are damaged 

and worn after an installation on customer site. Parts that break can be purchased separately 

(see Appendix 7). Therefore, an assumption is made that these packaging can be reused about 

three times. There are accessories that need to be supplemented since these are disposable 

consumption. Even if the durability is good enough to be reused there are possibilities that the 

packaging is damaged and torn after a few returns.  
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Accessories 

This packaging is not made to be reused and has lower conditions compared to the remaining 

packaging. The plywood boards are very thin, which increases the likelihood that the packaging 

breaks after a delivery. 

Upgrades (for reuse purposes) for the Covers and Supplier B packaging have been investigated, 

however, the companies have wanted to change the dimensions, but it is not possible because 

the packing instructions excludes any margin for the packaging. Creating new packaging is a 

more sustainable way to streamline this process and increase safety for reuse. 

4.1.3 Packaging overview 

 

The entire LGK fits in two containers (see chapter 3.3). The Shippers-Own container has four 

anchor eyes (see Figure 23), these are welded in the container. This limits the space for loading 

the packaging.  

 

Figure 24 RU in a container 

The packaging should be whole and assembled to reduce the risk of damaged to the transport. 

Therefore, the volume will be the same for all packaging except RU-frame. The packaging had 

taken less space if, for example, the wooden crates are dismantled, but increases the risk of 

damage to the packaging and the packaging is not made for transport in that condition. 

It must be ergonomic for the installation team to pack the packaging and with margins. (section 

3. 3) can you see the figures that the packaging is packed with small margins, and this will apply 

the same for packing the return transport. 
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It is not possible to place the package on the sides or vertically because the wooden boxes are 

restrained on pallets. 

4.1.4 Logistics 

 

The transport from the customer back to the suppliers distinguishes between different 

countries. Some transport routes are more energy intensive, which can be for instance, 

mountain roads compared to ordinary straight highway. This affects transport costs. 

Different countries have different conditions regarding what is required to return the packaging. 

(According to 3.4.2.4), the rules in some countries are more stringent regarding customs, 

transport rules and the local help required from the customer compared to others. Russia is, for 

example, a country where the rules are very strict and customs clearance, import and export are 

more difficult to perform. 

4.1.5 Installation on customer site 
 

Different hospitals have different conditions for how long the packaging can stand in place and 

wait for return transport. This makes installation projects and the possibilities for return 

transport limited. Valuable surface is taken up from the hospital which limits its functionality. 

Packaging is taken into the hospital's parking spaces, which makes them blocked. Traffic is 

hampered around the hospital due to blocked roads during installation. Because of these 

consequences, customers require that the installation be hasted and may become skeptical of 

execution as reuse, as they are not affected by the use of Elekta to reuse packaging that they do 

not need. 

The installation team aims to shorten installation time from 14 days and if an implementation of 

repackaging is to be introduced, the time will increase with an extra day. The costs of tools and 

work will also be added and new instructions that workers must follow. 

In some cases, you need to "break" the packaging to install an LGK with the customer. A 

common example might be that you saw down the RU-front to be able to hoist up RU as shown 

in the image below. 
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Figure 25 Hoisting up a RU-Frame 

 

The installation team cuts a part of the RU-Frame for it to fit in a situation like the picture 

above. A scenario like this needs to be avoided to reuse packaging, therefore, a solution is 

needed other than to cut the frame. 
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4.2. Environmental calculations  

 

To investigate if it is more environmentally friendly to return the packaging 

compared the current situation, a calculation for quantity carbon dioxide equivalent 

to transport back the packaging compared the carbon dioxide equivalent to produce 

new packaging. (see chapter 1.4.3.1). If the difference is positive, the results fulfills 

the environmental criteria for circular economy (see chapter 2.1). 

4.2.1 Calculations of CO2eq 

 

 
 

Table 5 Calculations to CO2eq /kg 

 

In table Five, the CO2eq was calculated for each material.CO2eq for Steel has been calculated by 

using the CO2eq-value for steel from four different sources and then, a mean value was 

calculated which is 1.83 CO2eq/kg produced steel. 

Steel: 

S235JR  
(1,9 + 1,7 + 1,9 + 1,83)

4
≈ 𝟏, 𝟖𝟑 𝐂𝐎𝟐𝐞𝐪/ 𝒌𝒈 

 

The values from plywood, OSB and Spruce were taken from a thesis by VTT TECHNOLOGY written 

by Antti Ruuska, 2013. 
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4.2.2 CO2eq for the packaging 

 

 

Table 6 Total emission from the packaging (Truck) 

The purpose of table six is that the total CO2eq is listed for each packaging when it is transported 

back by truck. The packaging consists of wood and structural steel and is presented in the 

second column Covers RU as well as Covers PPS & Gantry contains two different types of 

materials (Spruce and OSB) which means that they contain two values which is presented in 

column two and four. Smaller components that the packaging is built of (e.g. screws and nuts) 

are not included.  

Total CO2eq emitted from all packaging when returned for reuse will be 3547 kg. It is a value of 

how much CO2eq is formed in the production of the packaging together. 

   

Table 7 Total emission from the packaging (Ship) 

Table seven is the emissions where the packaging is transported back with shipping. The 

difference between table six and table seven is that the packaging for covers is excluded in table 

seven. 
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4.2.3 Transport emission (WTW) 
 

Selection has been made in three continents for a general idea of transport emissions. This 

applies to the carriage of a container with parts assumed to fit in the container.  These are 

transported from the chosen parts of the world to Supplier A and from there to the rest of 

suppliers. The continents that have been investigated are Europe, Asia (China) and North 

America (USA). There is a large market for LGK in these continents and therefore, these have 

been chosen. What has been calculated is the transport distance, the weight of the transport 

goods and the amount of CO2eq emitted after the destination reached. Transport to ports has 

been considered. The values are reported in the table below. Distance and emissions are outputs 

that have been calculated using the DHL’s” Carbon calculator”. (https://www.dhl-

carboncalculator.com)  

The choice of emission process is according to the WTW-process (see chapter 2.3). This means 

that the calculator is using the factors from fuel production to vehicle fuel consumption.  

Table 8 Transport emission 

https://www.dhl-carboncalculator.com/
https://www.dhl-carboncalculator.com/
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4.3 Economical calculations 

 

These are transport costs, supplier costs and costs for the work carried out. These are divided 

into additional parts, as presented in this chapter. If the results are positive, it fulfills the 

economic criteria of circular economy (see chapter 2.1). These calculations are from a Socio-

economical structure where these calculations will be compared with new processes (see chapter 

2.4) 

4.3.1 Transport costs 
 

Example costs (table 9) are used, which is obtained from transport companies after a transport 

back from customer site to Supplier A. This is an example cost that the transport companies 

figured out according to the needs to transport a Shippers-Own container with empty 

packaging to Supplier A. 

  

Table 9 Transport costs from customer site 

Table ten shows transportation costs of empty packaging to be sent from Supplier A 

back to the respective supplier by truck. The transport " Supplier A to Supplier C" is 

zero if the packaging has been transported back to Supplier A with a container. 

 

 

Table 10 Transport costs to from Supplier A 
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4.3.2 Supplier costs 
 

The table below is costs that Elekta pays each supplier today, partly for the product they 

manufacture and for the work done. The green mark is the packaging Elekta pays for today. If 

reused, Elekta will save these costs. 

  

Table 11  Supplier Costs 

Elekta buys a container and rents a container. The purchased containers are welded which is a 

cost of 20 000 SEK. If the packaging is reused, Elekta does not need to pay for the new 

container and the weld, which gives a saving of 20 000 SEK. 

 4.3.2.1 Accessories 
 

All components of the packaging will not be reusable because they are disposable consumption. 

These need to be bought in again. Accessories are assumed costs of these repairs. 
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4.3.2.2 Labor Costs 

 

Labor costs are assumed values that Elekta pays each supplier and worker during the entire 

process from customer site to when the packaging is reused. The costs from Supplier A, Supplier 

B and Supplier C are the same as in table eleven. 

• Expected working hours are how many hours the work takes in total. 

• Number of workers are how many people that are required for the work. 

• Rate/hour is how much a worker gets paid each hour. 

• Additional supplements are extra cost in addition to those listed in table 12, these 

are: 

➢ Customer site: The installation team needs help from customers, which are 

expensive treatments. Local crane hire and rigging staff are required for assistance 

with the packing process. Crane rental costs 10 000 to 50 000 SEK depending on the 

customer. An average of this has been calculated which is 30 000 SEK.13 

➢ Installation team: For a return transport, an extra day is required resulting in hotel costs 

for two people. 

  

 
13 Installation manager, Mail, 2019-07-11 

Table 12 Labor costs 
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4.3.3 Return process to suppliers 

 

  

Table 13 Return process to suppliers 

Supplier C delivers their products in sets of three (one set contains Covers RU, Covers PPS & 

Gantry) to Supplier A. It is then assumed that return transport from Supplier A to Supplier C 

should be returned in the same way, sets of three. The volume of a set is 11.82 cubic meters and 

for three sets 35.46 cubic meters. 

The same process should be applied to Supplier B but for six sets (one set contains a PPS and a 

Gantry). It is unknown how many sets are sent at a time from Supplier B. Therefore, an 

assumption was made that the delivery should be the same volume as the packaging from 

Supplier C. The volume will be 34.44 cubic meters (six sets). 

 

Figure 26 Return process to suppliers 
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4.3.4 Packaging costs 

 

 

Table 14 Packaging costs 

RU-Accessories and RU-frame are the packaging that Elekta pay Supplier A to protect RU-

during transport. Supplier A manufactures RU-frame and invests in parts of RU-accessories. 

The packaging for Covers Ru and Cover PPS & Gantry costs 2333 euros (from Supplier C). The 

packaging for PPS and Gantry (from Supplier B) costs 15 014 SEK and 11 000 SEK. 
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5. Results  

Results that are comparisons between throwing the packaging and reusing the 

packaging. These comparisons are about economic and environmental calculations. 

5.1 Theoretical packaging return 
 

An applicable way to pack for a return transport, is to pack the following packaging in a 

Shippers-Own container for a return transport:  

 

Table 15 An example for a return transport 

This is possible theoretically because according to the dimensions for the packaging and the 

container they can fit in one container. Unfortunately, the packaging is not packed in a 

sustainable way because any packaging that is placed on the RU-Frame will take damage. This 

will happen because the whole surface is not flat (see Figure 27), therefore, it will cause damage 

to the packaging that is placed on the edge of the RU-Frame. The packaging has a width greater 

than the RU frame and may not fit even when rotating. The PPS and gantry fits because they 

have the dimensions to fit in the flat surface of the RU-Frame and also in front of it (close to the 

door of the container). 
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Figure 27 Edge and surface on the RU-Frame 

In a Shippers-Own container there are four "Anchor Eyes" welded inside the container which 

means that the surface of the floor in the container is not flat (see section 4.1.3). The packaging 

will not be able to stand firmly in the container. The packaging to be excluded in container 

transport are Covers RU and Cover PPS & Gantry since these packaging comes from the same 

supplier. Both are excluded because they are transported in the same set. Transport to Supplier 

C (Switzerland) will not be carried out in container transports. 

 

Table 16 Packaging returned with ship transport 
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The packaging for Accessories was excluded because it is not manufactured for reuse and is 

more likely to break during installation and a return transport compared to the other packaging. 

It has a lower cost compared to the remaining wooden boxes such as covers and PPS which 

results in lower cost impact. 

5.2 Economical and environmental results 
 

All calculations made regarding carbon dioxide emissions and costs provide an opportunity to 

compare them according to the description of the goal. An investigation was applied to see if it is 

economically and environmentally sustainable to carry out reuse process. In the economical 

aspect, the costs of buying new packaging and the costs for the process of transporting them 

back (including all the work required) were compared. In the environmental aspect, emissions 

from the production of new packaging were compared with the emission from the return 

transport. 

5.2.1 Environmental results. 
 

After collection of all the necessary carbon dioxide equivalents, these were compared as the goal 

is presented. The final values are presented in the table below: 

 

Table 17 Emission differences 

 

The column "Difference" shows the total difference between emissions to manufacture the 

packaging with emissions from all the transport. Transporting emissions are averages from 

three different locations in the US, China and Europe. The factors in the calculation are 

presented in chapter three. 
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The study shows positive results which is a reduction of carbon dioxide equivalent in all three 

investigated parts of the world. 

5.2.2 Economical results  
 

After calculating all the costs presented in the table below, total revenue is obtained for all three 

chosen continents. All factors in the cost calculation were presented in chapter four. A table 

including all the costs for the process is available in Appendix 5 & 6. The total results are 

presented in the table below 

 

 
Table 18 Cost results 

 

Return process with truck from Europe 

If the whole process is done with the factor of transporting home by truck from Europe, the 

result will become a positive sum of 18 126 SEK. It is economically viable to reuse the packaging. 

Return process with ship from China and the US 

For the ship transport from USA and China, there are positive results of 17 190 and 19 327 SEK, 

which is also an economical gain. It is economically viable to reuse the packaging when 

transporting back by ship. 

From the economic perspective, it is cost-efficient to carry out the reuse process from all three 

investigated areas. China, the USA and Europe. 

  



 

 

49 

 

5.3 Result of a complete mapping for the supply chain 
 

After an installation at the customer site, the packaging should be collected in a container and 

then transported to Supplier A. Hotels for the installation Team, local rigging staff and crane 

operators should be hired for one to two days to be able to collect all the packaging if necessary. 

The packaging should be transported back in the same condition as they were on the way to the 

customer site, whole and assembled. If the packaging is transported unassembled, it is an 

increased risk of damage to the packaging. They must be packed in the container as shown in 

figure 28. Since there is  space left in the container, smaller packaging and other materials such 

as RU-Accessories (like RU-plate & bars) pallets and cartons can be packed to be used additional 

times. The packaging must be transported back even if it is damaged. 

In Supplier A, the condition of the packaging will be checked by the workers using checklists. 

The lists are used as a survey template to control the return packaging, to control if they need to 

Figure 28 Return simulator (Pier2Pier.com) 
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be adjusted or repaired (see Appendix 8-12). The checklists contain checkboxes that represent 

the condition of the packaging, parts that need to be repaired and if parts are missing. If the 

packaging is in a condition to be reused (nothing is missing on the checklist), a green note is 

placed on them. If There is something missing on the lists, a red patch will be placed on the 

packaging. This is done with the purpose to discern the broken packaging from the undamaged 

packaging. When a box is marked with a red patch, the packaging from Supplier A should locally 

be fixed. If a packaging is not possible to repair, it should be dismantled. The purpose for 

dismantling is to save spare parts for future packaging that needs to be repaired or built.  

There will be two different checklists, one for Supplier C and one for Supplier B. The checklists 

for Supplier C will only apply to a return transport by truck, while the Supplier B checklist will 

apply to all return transports. The checklists should be duplicates, one of the lists should be 

saved by Supplier A for Elekta and the other list should be transported with the packaging to 

rest of the suppliers. 

It is the supplier’s task to have the packaging to be whole and fulfill its function. It is therefore 

possible to return the packaging, even if the screws or nuts are missing. The packaging will be 

reused, and it will be needed to attach the LGK parts to the packaging. 

RU accessories and RU-frame are from Supplier A and should only be checked and reused (RU-

Frame’s return process is described in chapter 3.2 under the heading Radiation Unit 

packaging). 

Since the Supplier C packaging comes in three sets at a time and from Supplier B in six sets, the 

Return packaging is sorted and transported back to the suppliers in the same way (see chapter 

4.3.3).  

To get a working return process an investment in twelve containers should be done, these are 

stocked at Supplier A. These containers will circulate along the reuse process and after twelve 

deliveries, the costs of the containers will take each other out because there is no need to invest 

in new Shippers-Own containers and welding costs. 
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5.4 Alternative result, two containers 
 

The second investigated case is if you prioritize to include all the packaging, Therefore, two 

containers is needed for the return process back to Supplier A. These are the results of the 

emissions, which have been calculated using the same methods. 

 

Table 19 Emission for two containers 

As weight increases by a large margin, the emissions result will be negative, which makes it non-

environmentally friendly and does not meet the requirements for the goal and circular economy. 

Cost survey has also been done using the same methods as presented chapter 4.3. For trucks, 

the result is the same as in Chapter 5.2 as truck transport does not include container. 

 

Table 20 Costs for two containers 

 
 

The results will be negative as the transport cost of two containers is almost doubled, making 

this method inefficient. 
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6. Source errors, recommendations and further studies 

This type of study takes out general selection from different phases for the entire reuse process 

which is a major factor to the precision of data that is collected. One example, the selection in 

the three specific areas, which is China, USA and Europe, Evidently, regarding the study of 

which packaging to reuse and not. In practice, there are many comparisons and studies that can 

be performed on how the packaging can be reused and each situation has its own process, cost 

and environmental impact which can increase the data precision. 

 

6.1 Source errors 

 

In this study there are some source errors. They are presented in this chapter. 

6.1.1 Carbon dioxide equivalent. 
 

Regarding carbon dioxide emissions, there are many different studies on how much a material 

emits, such as plywood. Different studies have different results on how much carbon dioxide 

equivalent is emitted during a life cycle of a material. The production process and the tools used 

are major factors that make differences in emissions, which differs depending on the company 

that manages these processes. There are different types of plywood, OSB, spruce. The exact 

wood types have not been considered. Not all parts of the material have been considered, but 

only the parts made of wood. 

Related to transport emissions. Depending on the chosen model of trucks and ships, the 

emission varies because the vehicles burns different amounts of petrol. This makes it difficult to 

set a general conclusion on what a truck emits since there are many variants of the same type of 

vehicle. These factors can make differences in emission performance in this study. 

6.1.2 Carbon calculator 

 

According to the DHL Carbon Calculator, the US and China have equal emissions even though 

the transport routes differ. 



 

 

54 

 

 

Table 21 Emission argument 

The distance from San Francisco and Beijing to Sweden is 19 872 km and 26 475 km 

respectively. Theoretically, transport from Beijing should have a higher carbon dioxide emission 

than transport from San Francisco but according to the Carbon calculator, the emission 

difference is 1070 CO2eq higher which is questionable because the distance is shorter. The fuel 

consumption per Km from China has an average of 0.1207 L/CO2eq compared to the US with an 

average of 0.2069 L/CO2eq. This may be because shipping ships from China are more fuel 

efficient than those from the United States. Another theory is that the ships are in different sizes 

with different loads, but this is only assumptions and there is no explanation for it. 

6.1.3 Carriers 
 

Elekta uses Carrier B when transporting from Supplier A to customer site in China. However, 

calculations have been done for the return transport with Carrier C which is not the same 

transport company which lowers the accuracy of the emission values. 

In this study, assumptions have been made that most applicable transport companies are those 

that Elekta uses. The environmental and cost aspects have not been considered for other 

transport companies. 

6.1.4 Values 
 

A safety margin should be included. A reduction by 20% from the result values. This is an 

assumption for the whole process as large differences in costs occur depending on where the 

packaging is sent and its condition after a shipment of LGK. 
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6.2 Recommendations 
 

Circular economy is the goal of this study, which means that the result should be 

environmentally friendly and economically durable. If any of these criteria are not met, the goal 

is not reached. 

What is recommended is to put the packaging in a container and transport it back to the 

Supplier A. Then the corresponding packaging back to the suppliers. 

When it comes to ship transport, these are the packaging that are recommended to be returned: 

• PPS 

• Gantry 

• RU 

This process is according to the investigation of circular economy, because it is an improvement 

over the previous process, economically and environmentally. There is a lot of room left when 

the boxes from Supplier C are not transported, therefore extra packaging such as pallets and 

cartons can be included in the return transport. 

Regarding truck transport, there is enough space to transport: 

• PPS 

•  Gantry 

•  Covers-PPS/Gantry and Covers RU, like container transports, extra pallets and 

undamaged materials. 

6.3 Recommendations in future 

 

With the situation today, it is most efficient to return the packaging according to the 

recommendations (chapter 6.2). If all packaging is to be reused, a solution is needed for 

container packaging in the future. An example is to buy packaging that can be folded to save 
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space, invest in larger containers or transport the packaging without container. All these options 

have pros and cons and that need to be analyzed in the future. 

Design changes on the packaging for covers-PPS/Gantry and covers RU and Accessories box is a 

possibility. Covers-packaging metal brackets like the PPS box and the Gantry box has. It is not 

sustainable to use screwdrivers to open and close the packaging repeatedly. However, the 

Accessories box needs a completely new change in design to be reused. 

6.4 Further studies  
 

Transport train 

One example cost of train transport was given from Kuehne-Nagel. The costs are 

about twice the cost compared to the return transport buy truck and ship. Two 20-

foot containers are needed because they fill one 40- foot container when they 

transport by train.  

Is it needed to weld Anchor Eyes in the container? 

The RU is welded in the container for increased safety. There are possibilities that the 

welding process is unnecessary. Some containers have their own” Anchor eyes” built 

in to be able to attach chains. Tests need to be done to see if it is a safe method and if 

the RU can sustain shaking transports. The RU is a heavy product and is unlikely to 

fall on the side due to the mass holding it on place. If this method is possible, the 

welding process is unnecessary. It is possible to lease a container instead which 

results is decreased costs.  

Transporting multiple RU-Frames back 

By stacking RU-Frames from multiple countries and transporting them back in one 

container is a possibility. By putting around four-five frames on each other should be 

able to fit in one container. The weight increases which increases the cost and 

emission by transporting these frames, but the number of return transports 

decreases. 

Is RU-Bar & RU-Plate needed?  



 

 

57 

 

In multiple transports, RU-Bar & RU-Plates are not used. They are put aside 

throughout the installation of the Leksell Gamma Knife. A reduction of the costs will 

occur if they are not implemented in the process 
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Interviews: 

Interviews were made with five employees. Four are from Elekta which are from the installation 

team and logistic team. One from Supplier A which is from the purchasing department.   
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Appendix 

Appendix 1: Container packaging description 1 
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Appendix 2: Container packaging description 2  
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Appendix 3: Transport emission 1 container 
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Appendix 4: Emission 2 container 
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Appendix 5: process cost for ship transport 
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Appendix 6: process cost for truck transport 
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Appendix 7: Costs for PPS parts 
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Appendix 8: Checklist Supplier B 1/3 
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Appendix 9: Checklist Supplier B 2/3 
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Appendix 10: Checklist Supplier C 1/3 
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Appendix 11: Checklist Supplier C 2/3 
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Appendix 12: Sign by worker.  

 

Placed in the end of the checklists (for Supplier B and Supplier C). 
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