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ABSTRACT 
The purpose of this project was to map the current method for decommissioning / disposing of the 
Nano-wire reactor at Sol Voltaics. Additionally, alternatives should be suggested based on the findings 
during the mapping processes and the subsequent analysis. The aim of the presented alternatives was 
to improve the current workflow for reactor decommissioning based on five identified areas; Rules 
and Regulations; Environmental aspects; Safety aspects; Economical aspects and Logistical aspects. 

The existing disposal procedure was divided into six steps. The first step involves a purging procedure 
to make sure no hazardous gases remain in the reactor. The second step is to dismantle and seal the 
reactor. The third step is to move the reactor to a loading dock. The fourth step is the transport 
between Active Biotech in Lund and Sydblästring AB in Malmö. The fifth step is the disassembly and 
cleaning process of the reactor parts, including waste management. The sixth and final step is to move 
the cleaned parts to SYSAV in Malmö for final disposal. 

Finally, Rules and Regulations as well as Safety aspects were identified as having partial improvement 
potential. Ideas for possible alternatives in these areas was devised and analyzed according to all five 
areas to make sure that the improvements in one area would not bring undesirable shortcomings in 
another.  
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Figures and tables declaration 

In this report a number of figures and tables are used and to get a better overview of these; a table 
listing them has been included. See table A: Figures and tables.  
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1 INTRODUCTION 

In this chapter the background, motivation and limitations to the project are described briefly. 

1.1 Problem statement 

Disposing of and the final decommissioning of Nano-wire reactors at the company Sol Voltaics in 
Lund was deemed to include grey-zones, by Head of safety officer Luke Hankin. It was unclear which 
regulations to apply during transportation and subsequently which preparations needed to be done 
beforehand. The aim is to present a thesis with recommendation on how to alleviate the situation and 
also to suggest other alternatives to potential improvement areas. 

1.2 General background 

It is important to everybody to satisfy the need for energy in a sustainable manner as it has a direct 
impact on all aspects of our everyday lives. Naturally, there are several routes to take to achieve this, 
with different promoters, as there are massive capital investments behind all major paradigm shifts. 
Some ways to refine energy see huge savings from scaling while others do not, nonetheless, it was 
decided that self-sustainability would be more interesting to research. For instance, huge leaps in solar 
panel efficiency and battery technology already allow fully functional systems to be built.  

By combining a passive house with improved solar technology it would be possible to cut the cord 
from the electrical companies. In practice, if the sun, for instance, would be blocked by thick clouds 
for several days, a small burner and fuel powered generator could be utilized. For moments such as 
that, it could also be good to maintain the cord from the power company as a redundancy.  

At this point in time, the technology has reached a grand milestone when it comes to financing. The 
cost of buying energy from a company compared to producing it using solar panels is now more or 
less equal. In some areas with good feed-in tariffs, it can in fact already be profitable to invest in solar 
panels. The problem with solar panels is that you have to pay up-front for a 20-year investment with 
all the risks involved whereas you only pay for what you currently need and use with the power 
companies. In reality, this means that solar panel solutions will have to be somewhat cheaper per 
energy unit to make up for the initial investment (net present value) and the risk of damage.  

Fortunately, with the quick developments in the solar technology field, the pivot point where solar 
panels will reach competitive prices may only be a few years away. One of the leading and most 
promising companies dedicated to solar power is called Sol Voltaics and is located in Lund in Sweden. 
They are working on technology which could potentially lower the cost per watt significantly by 
actually increasing the performance of each panel. As the total cost for installing solar panels include 
both the panels as well as the work needed to get them into place (often referred to as the balance of 
system); higher performance panels could mean that installation costs go down. By constructing new 
houses with solar panels in mind; it should also be possible to lower the total cost of installation 
considerably. 

Sol Voltaics is a Swedish Nano-tech company with head of operations based in Lund. The company is 
developing a process called Aerotaxy which involves growing Gallium Arsenide Nano-wires which in 
themselves act as solar cells, in a custom reactor. These Nano-wires are then used to coat surfaces to 
create solar panels. As the company does handle dangerous compounds and do research in Nano-
technology, they are rigorously controlled by Swedish agencies concerned with permits. They are fully 
licensed and have a well perceived safety culture and are active in their continuous safety work. 

The company has however identified a potential weak link in the rules regarding disposal of dangerous 
waste. It seems as if the rules regarding dangerous machines are much more lenient than for dangerous 
waste. This means that their Nano-wire reactor can be handled in a potentially unsafe way when it is 
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time for disposal. As long as the company delays classifying the reactor as waste until it reach the 
disposal facility, the transport can be largely uncontrolled.  

The aim of this project is to evaluate the situation and map out the problematics. To do this, Sol 
Voltaics Head of safety officer Luke Hankin will both assist and challenge the findings of the thesis 
work as he is both recipient and supervisor. Our thesis will mainly focus on improving the current 
workflow for reactor decommissioning. It should also formulate and evaluate alternatives for a more 
efficient or safer handling of the reactor. To do that in a holistic way it was decided that five main 
areas needed to be considered. These were: regulations, safety, environment, economy and logistics.  

The rules and regulations must be considered and all suggestion meets such standards; otherwise, the 
suggestions would not be legal and would not be implemented. The suggestions must naturally be able 
to be carried out without significant danger to the workers. The environmental aspects must also be 
measured as a risk factor which could be significant enough to merit a more expensive suggestion. As 
with all companies, economy and potential investments must be evaluated carefully to even be 
considered. Even though all sections are integral in logistical evaluations, the actual movement and 
storage of goods is considered logistical assessment in this case. 

1.3 Purpose and Goal 

The purpose of this project is to map the current method for decommissioning / disposing of the Nano-
wire reactor at Sol Voltaics and to suggest alternatives to this method. 

The goal is to improve safety and efficiency by identifying opportunities for improvement in the 
reactor disposal process. 

1.4 Questions 

 What rules exist for related hazardous waste management? 

 What environmental consequences would a reactor breach result in? 

 How should a healthy safety management system work? 

 What economic factors need to be considered? 

 How is the reactor currently being disposed of? 

 What advantages and disadvantages does the current situation hold? 

 Are there other ways to handle the reactor? 

 What advantages and disadvantages could those alternatives bring? 

 Are there any recommendations to be made? 
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1.5 Demarcations 

This project is only concerned with the actual waste handling of the reactor and will not take into 
consideration other aspects of the company’s waste management. However, it is possible that there 
could be benefits of doing a full evaluation of the logistics within Sol Voltaics. Additionally, only the 
current situation is observed and analyzed. Since the company is a high-tech development business, 
company strategies can change rapidly; potentially making the recommendations made obsolete. 

The type of development done at Sol Voltaics is very high-tech and not many similar businesses exist; 
so it is naturally difficult to get relevant second opinions based on practical experience. Due to that, it 
is hard to claim that our recommendations will improve the current situation in practice. 

This project will only aim to touch the five aspects: regulations, safety, environment, economics and 
logistics. There may be other significant aspects that could change the outcome of any 
recommendation. 

The report will not discuss other ways of cleaning the parts other than what is currently used. It is, 
however, reasonable to assume that, as the current cleaning method does not fully work, other cleaning 
processes will be evaluated.  
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2  METHOD 

In this chapter, the methods used when carrying out the project are presented. Additionally, a brief 
background to the project was included. 

2.1 Project background 

The purpose of this report was to identify the optimal way to handle the Aerotaxy reactor when it is 
time to dispose of or clean it. To do this, all  steps in the current method from disassembly, 
transportation and cleaning were mapped out. To get a better understanding of the subject, a literature 
study was also conducted to see if any similar projects had been carried out and also to gain 
knowledge on the surrounding factors. It was decided through a brainstorming session that the main 
aspects to look into and evaluate should be regulations, safety, environment, economy and logistics. 
Finally, alternatives were devised based on identified weaknesses in the decommissioning process.  

The existing disposal procedure when the reactor is to be replaced is described in detail in chapter 5 
(Current disposal procedure) but can be summed up in six steps. The first step involves a purging 
procedure to make sure no hazardous gases remain in the reactor. The second step is to dismantle and 
seal the reactor (as there will still be hazardous waste in solid form on the inside). The third step is to 
move the reactor in a special cart through the building to the loading dock. The fourth step is the 
transport between Active Biotech in Lund (where Sol Voltaics is renting labs) and Sydblästring AB in 
Malmö; this has already been identified by Sol Voltaics as a potential weakness regarding transport 
regulations. The fifth step is the disassembly and cleaning process of the reactor parts, including waste 
management. The sixth and final step is to move the cleaned parts to SYSAV in Malmö for final 
disposal. Sol Voltaics is interested in reusing some parts if the cleaning process can be improved. 

Presently, Sydblästring takes care of the transport from Active Biotech to their site. Employees from 
Sol Voltaics then go to Sydblästrings premises and disassemble the reactor. After this, employees at 
Sydblästring proceed to mechanically clean the parts using blasting solutions. Finally, people from 
Sydblästring will transport the hazardous waste to SYSAV.  

To conduct the project in a serious and reliable way it was decided that several approaches to collect 
necessary information should be used. In terms of the theory, only sources that were deemed 
trustworthy were used. This is mainly relevant for the literature study and the regulations and 
compound databases. Furthermore, it was decided that knowledge gained from courses taught at 
Linköping University should be utilized in some cases.  

Apart from theory, a major part is based on observations and subsequent discussions. The discussions 
could be called semi-unstructured interviews. The process was as rigorously documented as practically 
possible throughout the project. All information were carefully evaluated and used to avoid skewing or 
misinterpretation of any facts. The interviews were held at Sol Voltaics with people involved with the 
reactor handling and with the manager at Sydblästring AB. Subjective methods and assessments is a 
part of this report due to the nature of the project.  

The progress and direction of the project was influenced to some extent by the Head of Safety Luke 
Hankin which naturally had a subjective interest in parts of the project as the initiator. 

2.1.1 Literature study 

Since Sol Voltaics are developing advanced technology with new approaches to chemistry and 
physics, and, therefore, it is rare to find other studies conducted that are comparable to this project. 
The different aspects of the project were bricked in by researching the same aspects that were 
evaluated for the different solutions. Hence, the literature study was divided into five different areas 
that connect with the project and could be useful for reaching the goal.  
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These areas include regulations, safety, environment, economy and logistics. All the studies were 
carefully selected to connect with the areas in terms of the topic while maintaining a high level of 
credibility. The intention was to find literature based in Europe and most preferably from Sweden; 
however, this was not easily accomplished. In a few instances, literature which has more connection to 
China and the United States than the main target area was used. 

To find this literature, searches were performed using “Unisearch”, “Google scholar” and 
“ScienceDirect”. Out of these, Google scholar was the preferred search engine as it was especially 
user-friendly. Upon finding suitable publications, Unisearch was then utilized to get full access to the 
contents since the logins via Linköping University (LiU) grants this. ScienceDirect is another well-
known site which host many scientific articles; direct access was accepted using LiU credentials.  

Keywords used in various combinations in these searches were: Hazardous, Dangerous, Harmful, 
Waste, Scrap, Incineration, Transportation, Logistics, Management, Investment, Safety, Regulations, 
Rules, Guidelines, Protocols, Environment, Environmental, and Impact.  

The articles were chosen by first selecting only published articles and then by reading the abstract to 
see if the content was relevant. After this, the article was read and summarized and its content was 
confirmed, when possible, by reading another article in close content and the same topic. The same 
method was used for the books. It was decided, after a lecture at LiU on source credibility, to mainly 
aim for published articles. When it was not possible to find a suitable paper, books written by credible 
writers with many citations would be used. 

2.1.2 Courses 

The education at LiU as a whole was very relevant for this project; however, a few courses are directly 
pertinent. These courses are: TKMJ24 – Environmental Engineering, TNFL05 – Accident Prevention, 
TNG018 – Basics of logistic and profitability analysis and TEIE53 – Industrial Economics.  

TKMJ24 deals with the basic knowledge of how the environmental aspects of the society has evolved 
and potential outcomes for the future generations. It also gives an insight of how to work with 
environmental issues within a company and how to develop an understanding of how to formulate 
criticizing questions. Additionally, the course focuses on how to develop new tools and devices for 
solving perceived environmental challenges.  

TNFL05 describes how to analyze and predict potential accidents and furthermore to give suggestions 
on how to work in a proactive way to prevent accidents in advanced technical systems. It also gives 
the basic knowledge needed for understanding and identifying potential weaknesses in safety systems. 

TNG018 teaches the basic components in most logistical systems and their relations. Furthermore, it 
put a major focus on how to quantify and analyze different suggested alternative logistical solutions. 
This course also built upon the knowledge gained in TEIE53 described below. 

TEIE53 deals with the analysis of economic systems and the basics of economy. For this project, the 
course was especially relevant as it discussed how a company and its market are conducted and how 
investment calculations should be performed. 

2.1.3 Observations 

The mapping of the current situation during all of the stages of the reactor handling and the 
development of alternative solutions was heavily influenced by observations. These observations were 
conducted at Sol Voltaics within the laboratory of the reactor and its surrounding facilities. 
Observations were also carried out at the premises of Sydblästring AB. All observations were 
documented and supported by pictures when applicable. Many of these pictures was however not 
included in this report in original form due to a non-disclosure agreement. This did not influence the 
contents of the report in any significant way as almost nothing of what this project deals with is secret; 
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it was, however, hard to not include secret things when taking photos inside narrow labs. To avoid 
potential breaches of the contract, schematic images have been included instead as often as possible. 

2.1.4 Interviews 

Data-collection was also planned to be conducted via different forms of interviews with staff at Sol 
Voltaics and Sydblästring AB. The respondents were scientists working with the reactor and others 
with a connection to the reactor as well as Head of safety Luke Hankin. Due to the wide nature of this 
project, we would often conduct normal discussions which revealed relevant information which we 
would then return to for reference.  

From these interviews we got detailed information about how the reactor functions and how it is 
handled today. We attained knowledge on how the reactor is constructed and how the entire facility 
functions in regards to peripherals and safety systems. Furthermore, we got detailed information about 
all six steps of the disposal process mentioned in the method background. We were also interested in 
understanding how the peripheral waste during the cleaning process was dealt with. Additionally, we 
wanted to collect opinions from the employees on the perceived safety during reactor handling. 

To better understand the factors deciding the conditions for handling the waste in-house we 
interviewed Luke Hankin. It was not possible to find anyone to verify all collected information but the 
CEO attested that he had full confidence in his safety officer and would act on his recommendations. 
These interviews were conducted in accordance with Lantz (2007) models for direct open interviews 
and semi-structured interviews (as described below). 

The direct open interviews consist of one wide question, divided into question areas. The interviewer 
follows up within these areas and the respondent concentrates into what the interviewer finds 
meaningful. In this interview, we search for the respondents experiences of a phenomenon’s qualities 
and context determined knowledge of the qualities that is defined. Part of the interviews consists of 
free descriptions of opinions from the respondents or context that he or she considers to be of value for 
the phenomenon. Part of the interviews consists of follow-up questions from the interviewer within the 
defined areas. The expected results from this type of interview are a deeper understanding of a 
phenomenon in relation to the respondent experience. The interview should be open to allow 
ambiguity and changes and is beneficial to define the phenomena to be able to concentrate the work. 

The semi-structured interview consists of several key questions in a specific order and sequent follow-
up questions. This leads to a combination of open and set answers and allows the participants to 
diverge in order to pursue an idea or response in more detail. The respondent gives his or her 
perspective on what the interviewer finds meaningful and the interviewer gets an idea of the values of 
the different questions for the respondent. In this interview type, the interviewer searches for the 
respondents experiences both in terms of quantitative- as well as qualitative knowledge. The 
interviewer wants to seek knowledge of relations between different concepts. 

Interviews was prepared by formulating relevant questions, question areas accordingly with the chosen 
model and with the data needed or desired. Additionally, directed or guided questions have been 
actively attempted to be avoided as far as possible. Due to the topic of this project, no deeper 
interpretations have had to be made and hence the source material will not be included. 

The respondents were met in person for all formal interviews and it was documented with notes. It was 
attempted to reduce the potential level of nervousness in the respondents. However, due to ethics, it 
was necessary to inform everyone that total anonymity could not be guaranteed in a smaller company 
such as Sol Voltaics where all scientists have special areas of expertise. All documentation has been 
reviewed after writing the relevant parts in the report to avoid misunderstandings and errors as far as 
possible.  
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3 LITERATURE STUDY 

In this chapter, the literature study connected to the issues in the report is presented. This chapter also 
includes a source discussion. 

3.1 Literature study on hazardous waste aspects 

The articles and books described in this chapter were along with the select courses, previously 
mentioned, at LiU the theoretical backbone of this thesis. The education at LiU provided a cohesive 
context and basic knowledge to carry out any logistical analysis, in the wider definition. The articles 
and books described in this chapter, on the other hand, were instrumental for understanding the 
processes closely connected with the particular field of hazardous waste management. 

As previously described; it was decided that it would be best to conduct a literature study around the 
five main aspects that will be especially considered in this project. These main aspects are:  

 Rules and regulations related to hazardous waste  Environmental aspects of hazardous waste contamination  Safety aspects of hazardous waste handling and management  Economical aspects regarding potential investments including risk analysis  Logistical aspects regarding the storage and transport of hazardous waste 

See table 3.1 for a list of the literature that was studied more closely for this thesis. 

Table 3.1: List of studied material. 

Aspect Title 

Regulations Recommendations on chemicals management policy and legislation in the framework of the Egyptian–German twinning 
project on hazardous substances and waste management 

Safety Hazardous Waste Compliance 

Safety Building Safety Culture, Three Practical Strategies 

Environment Incineration of Hazardous Waste: A Sustainable Process 

Environment Management and combustion of hazardous wastes 

Economy Capital Investment Analysis and Project Assessment 

Logistics The logistics of managing hazardous waste: a case study analysis in the UK retail sector 

Logistics A Reverse Logistics Optimization Model for Hazardous Waste in the Perspective of Fuzzy Multi-Objective Programming 
Theory 

3.2 General source discussion 

To be able to trust a source on the level for use in a university thesis, the claims need to be reasonable 
and the authors trustworthy. The sources were ranked on format in the following order from most to 
least reliable: Peer-reviewed, published and cited articles; published articles and finally published 
technical books. It can be argued that published material have been reviewed and will largely be 
reliable even though it might not have been reviewed by a specialist in that particular field. It is 
however even less likely that errors seep through peer-reviewed material as it have been examined by 
someone within the same field which is familiar with all the inherent terms and conditions.  
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Obviously biased or subjectively written works have been discarded as sources. This does not 
necessarily mean that the sources in fact are completely objectively written; the writers of this thesis 
do not claim to be experts in the field of hazardous waste management. Harder to detect skewing’s of 
the nuanced truth could for instance have been missed. As much of the information as practically 
possible has however been verified via secondary sources. It was also confirmed that these secondary 
sources did not use the primary sources as references. Many of the sources overlap and since they 
match in their claims it was concluded that the information was reasonably reliable. 

3.3 Summary of literature study 

In this subchapter, the studies deemed most relevant for this thesis is presented briefly. 

3.3.1 Rules and regulations study 

Title: Recommendations on chemicals management policy and legislation in the framework of the 
Egyptian–German twinning project on hazardous substances and waste management 

Type: Published article 

Authors: Burkhard O. Wagner, Elham Refaat Abdel Aziz, Anja Schwetje, Fatma Abou Shouk, 
Juliane Koch-Jug, Michael Braedt, Keya Choudhury, Roland Weber. Wagner is a former member of 
the German Federal Environment Agency (retired)  

Published: Springer-Verlag Berlin Heidelberg, 2013. 

Summary: This paper explains why a developing country, at present, is unable to maintain sustainable 
management of hazardous chemicals and their associated waste. The paper illustrates the difficulties 
and obstacles preventing it and also includes recommendations on how a sustainable waste 
management should be composed. The article goes on to describes the differences between 
economically less developed countries and well developed ones in terms of current management and 
regulatory framework. Egyptian legal and administration system are compared with United Nations 
and European Union Legislation.  

The paper also states in detail the underlying conventions and conferences with their 
recommendations. One recommendation stated in the article is to have a close connection between the 
regulatory bodies within the countries, where there is the possibility to share information of good 
regulatory practices. It also describes industrial experts visiting developing countries to offer training 
on chemical- and risk assessment methodologies.  

Source discussion: Since this article was published and has been cited several times it is likely to 
have some merit. This article was written interdisciplinary by many authors from different fields, some 
of which obviously seem trustworthy based on employment and history. The article seems to be 
written objectively and does not angle the truth in any obvious way. Furthermore, the contents appear 
reasonable in comparison with previous knowledge attained at LiU. The contents were also partly 
confirmed by scanning related abstracts on google scholar. In conclusion, this study is deemed 
generally reliable. 

3.3.2 Safety aspects study 1 

Title: Hazardous Waste Compliance 

Type: Book ISBN: 978-0-7506-7436-2 

Authors: Clifford M. Florczak, James E. Roughton 

Published: Butterworth Heinemann, 2001 
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Summary: This book describes the governmental regulations for hazardous waste and how to comply 
with the requirements. Corresponding documents are used for organizing, planning and controlling 
hazardous waste and material. The book is also discussing best management practices with focus on 
federal Occupational Safety and Health Administration (OSHA), Department of Energy (DOE) and 
the Army Corps of Engineers operations. For example, the book includes guidance for a Job Hazard 
Analysis (JHA) and its procedures. A JHA consists of methods for revealing risks that may exist at a 
workplace.  

Part of the book provides information on how to obtain a health and safety plan for the workplace and 
how to implement and further develop it. One chapter covers the requirements for education of the 
workers and how to train them into reaching the requirements. Another chapter covers the 
requirements for personal protective equipment at the workplace. Another chapter covers 
contamination control, how to apply it and procedures for minimizing the risks of contamination. It 
also deals with how to proactively work with emergencies and how to choose contractors for 
outsourced work.  

References for hazardous waste and material compliance in this book is, despite DOE and OSHA, also 
from other public domain documents from National Institute for Occupational Safety and Health 
(NIOSH), U.S. Coast Guard (USCG), and the U.S. Environmental Protection Agency (EPA). Other 
frequently referred documents are Occupational Safety and Health Guidance Manual for Hazardous 
Waste Sites Activities, and the U.S. Introduction 3 Department of Energy Office of Environment 
Safety and Health Office of Environmental Management, Handbook for Occupational Health and 
Safety during Hazardous Waste Activities. The referred documents are summarized into a more easily 
readable text in this book. It is however stated in the book that there are too many regulatory agencies 
that has jurisdiction over hazardous materials, so therefore not all of them are included in this book. 

Source discussion: Since this book was published and has been cited several times it is likely to have 
some merit. The apparent reliability of the authors was unfortunately not easily established. The article 
does, however, seem to be written objectively and does not angle the truth in any obvious way. 
Furthermore, the content appears reasonable in comparison with previous knowledge attained at LiU. 
The contents were also partly confirmed by scanning related abstracts on google scholar. In 
conclusion, this book is deemed generally reliable. 

3.3.3 Safety aspects study 2 

Title: Building Safety Culture, Three Practical Strategies 

Type: Published Article 

Author: Earl H. Blair, working at the Indiana University 

Published: American Society of Safety Engineers, 2013 

Summary: The article includes strategies for developing a healthy safety culture within an 
organization. It includes examples from disasters where cultural issues was a contributing factor and 
relates them to the strategies. Strategy number 1 brings up the importance of working toward a 
reporting culture. That means that all accidents, near accidents or minor incidents, should be reported. 
This is, however, hard to accomplish because of the more widespread blame culture which prevents 
people from reporting because of the fear of getting blamed. Within many organizations, focus lay on 
having as few reports as possible to improve the overall safety record. However, this is a very poor 
and misleading method which can easily lead to underreporting behavior. Furthermore, it could be the 
case where staffs are avoiding the extra work and, therefore, hesitate to report. Due to that, the 
organization should establish a system that encourages reporting and also follows up on reports. Not 
following up and responding to the reports could also lead to the feeling that the reports are redundant 
or unnecessary. 
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Blair is pointing out four factors that encourage a reporting culture whereas the first one is that you 
should strive for having a feeling of security from disciplinary action when reporting. The second is 
that the incident report should be confidential and the person’s identity should not be revealed. The 
third factor is to make the actual reporting process easier and the last factor is that all reports should 
receive meaningful and practical feedback.  

Strategy number 2 describes the importance of having meaningful safety rules. The writer explains an 
example of an accident where the investigation revealed that the organization had impractical rules. In 
this specific case, the rules were written in a complex language and each covering several pages. Some 
rules were also very difficult to interpret for use in the practical work. Due to this impractical shaping, 
few rules were enforced. 

The writer brings up several suggestions for enhancing the safety rules. The safety rules should for 
instance, be dynamic and developed using input from end users. They should furthermore be practical, 
relevant and frequently updated and improved. 

Strategy number 3 consists of advice and recommendations for how a leader should act within an 
organization to support the development of a safety culture. It states specific guidelines and general 
checklists and explains why these could be an effective approach. Management by walking around is 
described as an effective way for a leader to enhance the safety culture within an organization. This 
means monitoring and talking with the employees and listen to their concerns and to take action where 
needed. 

Source discussion: Since this peer-reviewed article was published and has been cited several times it 
is likely to have some merit. The author seems trustworthy based on employment and history. The 
article seems to be written objectively and does not angle the truth in any obvious way. Furthermore, 
the contents appear reasonable in comparison with previous knowledge attained at LiU. The contents 
were also partly confirmed by scanning related abstracts on google scholar. In conclusion, this 
study is deemed generally very reliable. 

3.3.4 Environmental aspects study 1 

Title: Incineration of Hazardous Waste: A Sustainable Process 

Type: Published article 

Authors: Block, C; Vandecasteele, C; Van Caneghem, J, working at the Department of Chemical 
Engineering, University of Leuven. Van Brecht, A; Wauters, G, at Indaver 

Published: Kluwer Academic Publishers, 2015 

Summary: The article shows statistics for hazardous waste in Europe and how it is processed. The 
article also brings up the objective of that a waste policy should be to minimize the negative impact on 
human health and the environment. Presently, reuse and recycling is a high priority but not always the 
best solution where incineration could achieve better results. This is shown in the article especially for 
hazardous waste where the toxic components like heavy metals and PCBs could be treated more 
sustainable and cost effective with thermal treatment and energy recovery. The article also describes 
different incineration methods and statistics of how they are used in Europe. Additionally, the article 
describes the process of a hazardous waste incinerator, at the Indaver site in Antwerp, Belgium. The 
process is described in detail and shows the result in areas of destruction, minimization, recycling and 
energy recovery. The energy recovered is used both to power the electricity of the plant´s own facility 
and heating the office building. 

Roughly 15 % of the waste incinerated in Indaver kilns is hazardous waste. The waste is stored 
according to the different shapes (solid, semi-solid, pasty or liquid). This waste is fed into the 
incinerator in different ways depending on form. Toxic or reactive waste is fed into the incinerator 
without emptying the container due to health and safety risks. The waste is incinerated at a 
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temperature of 1,000-1,200 °C. The waste is then further post-processed in a chamber combusting flue 
gases leaving the kiln at a temperature of 1,100-1,200 °C. The temperature in the chambers is 
maintained by combustions of high calorific waste and if needed, extra fossil fuel is added. 

To ensure low emissions, different treatments and filters are used throughout the process. For instance, 
flue gas from the chambers is treated in three stages. The first stage contains an electro filter that 
removes dust particles. The second step includes a four stage wet flue gas scrubbing installation, 
containing quench, acid scrubbing and two alkaline scrubbings. Thirdly, a Dixon filter filled with 
brown coal coke absorbent is utilized. The last step is used as a final safety precaution to ensure low 
emissions of potential incomplete combustion. To reach a high standard of recycling and recovery, 
iron is recovered from the ashes, waste water is recycled and process energy is transformed and used 
in plant and neighborhood industries. 

Through the process of an incinerator, there are three potential sources for the discharge of possible 
dangerous substances. These sources are emissions into the air, solid ash remains and the water used in 
the flue gas treatment. To prevent this from contaminating the environment, the ashes from all 
processes are collected and treated through solidification. The output of this process is then stored at a 
special landfill. 

The article brings up three different ways to investigate health effects of waste incinerators. So-called 
biological markers are measured on people working in or living close to a plant. The biomarkers could 
be substances of PCDD/F, PCB, PAH and heavy metal. These biological markers are measured in 
tissue, blood, breast milk and urine. Secondly, it could be measured by distribution and exposure 
models, calculating the increasing exposure to the pollutants due to flue gas emissions. Thirdly, the 
exposure/effect relationship is calculated through models based on data over disease incidents from 
direct or indirect exposure to pollutant. In a modern incinerator for hazardous waste, the actual 
pollutants released to the air, water and soil is far below the European limit values. 

Source discussion: Since this article was published and has been cited several times it is likely to 
have some merit. The authors seem trustworthy based on employment and history. The article seems 
to be written objectively and does not angle the truth in any obvious way. Furthermore, the contents 
appear reasonable in comparison with previous knowledge attained at LiU. The contents were also 
partly confirmed by scanning related abstracts on google scholar. In conclusion, this study is 
deemed generally reliable. 

3.3.5 Environmental aspects study 2 

Title: Management and combustion of hazardous wastes 

Type: Published Article 

Authors: S. C. Saxena and C. K. Jotshi at the Department of Chemical Engineering, the University of 
Illinois at Chicago 

Published: Elsevier Ltd., 1997 

Summary: This paper covers a brief overview of the definition of hazardous waste and different 
methods on how to designate waste as hazardous. It also contains a brief description of the regulatory 
acts associated with hazardous waste and its history in the United States. Different aspects of 
hazardous waste combustions and its associated management are also described in the article. In more 
detail, the paper covers area of treatment for hazardous waste for making it less toxic or nonhazardous. 
Different methods such as incineration, biological and chemical treatment are also described 
thoroughly. Disposal techniques for hazardous waste are stated in the article with its impacts and risk 
assessment for the various techniques. Presented are also six options for hazardous waste management 
from The United States Environmental Protection Agency and areas where effort needed is outlined. 
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Several management practices are presented for minimizing the waste whereas waste separation is 
recommended as a good solution. Separation and concentration of hazardous waste do not necessaril y 
result in a reduction of the quantity of hazardous components but could result in a volume reduction. 
Mixing hazardous waste with non-hazardous waste makes the entire volume hazardous; dilution is not 
efficient, especially not cost-efficient, in many cases in other words. Dewatering via filtration or 
evaporation is good techniques to implement for volume reduction. The ultimate cost of both 
transportation and disposal is mostly related to the volume of the waste and not the amount of 
hazardous components; therefore, cost-reduction is the main potential outcome from this approach. 

Another reduction technique described is the use of waste incineration. Incineration is a waste 
treatment process, also known as a thermal treatment. It is a high-temperature process whose primary 
objective is to convert the waste to ash acceptable enough for deposition on land and gas that could be 
disposed into the atmosphere without any harm. This process can often reduce the volume and 
potentially destroy the hazardous component to as large an extent as 80-95%.  Waste treatment 
technologies can be used on many forms of waste such as chemical, physical and biological. These 
steps, including incineration, are referred to as the last step before the ultimate disposal. Incinerations 
have however turned some communities against it because of the concern over harmful emissions. To 
implement this as an acceptable method, one of the three following ways to handle these air emissions 
should be implemented: 

Electrostatic precipitator followed by either a wet scrubber, a semi-dry scrubber wherein lime is 
atomized with the flue gas followed by a bag filter or dry scrubbing using calcium hydroxide. One 
always has to weigh the risk against the reward in the case of concentrating hazardous goods. During 
the process, there is always a potential risk for a leak somewhere in the system which might be locally 
devastating. 

Source discussion: Since this article was published and has been cited several times it is likely to 
have some merit. The authors seem trustworthy based on employment and history. The article seems 
to be written objectively and does not angle the truth in any obvious way. Furthermore, the contents 
appear reasonable in comparison with previous knowledge attained at LiU. The contents were also 
partly confirmed by scanning related abstracts on google scholar. In conclusion, this study is 
deemed generally reliable. 

3.3.6 Economical aspects study 

Title: Capital Investment Analysis and Project Assessment 

Type: Article 

Authors: Michael Boehlje, Department of Agricultural Economics, Cole Ehmke Department of 
Agricultural Economics 

Published: Agriculture Innovation & Commercialization Center, 2005 

Summary: The article brings up procedures for evaluating a decision of a projected investment within 
an organization. The two fundamental analyses that are discussed throughout this article are economic 
profitability analysis and financial feasibility analysis. The economic profitability analysis shows how 
much the investment will contribute to the company in terms of profit. In this article the technique 
used to calculate this is Net Present Value (NPV).  

NPV is the difference between the present value of benefits and the present value of cash outflows. 
The article brings up six different steps to complete an NPV analysis. Step 1 is to choose a discount 
rate to value future profits into present value. This rate is the least acceptable rate of return for an 
investment. Step 2 is to calculate the expense of the investment. This includes the purchase price as 
well as expected additional expenses for installations and repairs. Step 3 is to calculate the annual 
benefits that the investment will generate during its lifetime. Step 4 is to calculate the present value of 
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the annual benefits in step 3. Step 5 is calculating the NPV with subtracting the present value of cash 
from the present value of net cash flows. Step 6 is to judge if the investment is acceptable which 
should simply be that the NPV is positive. Following is an example where the article goes through all 
these six steps.  

The second fundamental analysis is the financial feasibility of the investment. This analysis will 
calculate if the investment will generate enough to cover borrowed funds. It is done by using the 
annual net cash-flow and comparing it with the annual interest payments on the loan. An example of 
this analysis is also presented in the article. 

Source discussion: This expert reviewed article was not published but has been cited several times. 
The authors seem trustworthy based on employment and history. The article seems to be written 
objectively and does not angle the truth in any obvious way. Furthermore, the contents appear 
reasonable in comparison with previous knowledge attained at LiU. The contents were also partly 
confirmed by scanning related abstracts on google scholar. In conclusion, this study is deemed 
generally reliable. 

3.3.7 Logistic aspects study 1 

Title: The logistics of managing hazardous waste: a case study analysis in the UK retail sector 

Type: Published Article 

Authors: Maria K. Triantafyllou, Tom J. Cherrett at the Transportation Research Group, University 
of Southampton, Highfield, Southampton 

Published: Taylor & Francis, 2010 

Summary: Increasing use of hazardous materials has resulted in strengthened environmental 
legislation, putting more responsibility on the producers and distributors. This study is based on the 
five hazardous waste streams of a shopping center in the UK to investigate if the current waste 
management operations are optimal. 

A case study is presented in the report where the hazardous waste is divided into 5 main categories. 
Each of these categories is first presented with general statistics, legislation and how the waste is 
processed. This is then compared with how the hazardous waste was handled on the shopping center. 
It was found that the retailers in the shopping center had different approaches for hazardous waste 
management. Some of the retailers had a centralized body who managed the hazardous goods whereas 
some of them had individual contracts with companies.  

The study concluded that there are big potential benefits for retailers to be made by coordinating the 
hazardous waste management, in this case through a third-party controller. The third-party controller 
could then coordinate the waste streams to optimize the logistic handling and reduce the number of 
contractors. 

Source discussion: Since this article was published and has been cited several times it is likely to 
have some merit. The authors seem trustworthy based on employment and history. The article seems 
to be written objectively and does not angle the truth in any obvious way. Furthermore, the contents 
appear reasonable in comparison with previous knowledge attained at LiU. The contents were also 
partly confirmed by scanning related abstracts on google scholar. In conclusion, this study is 
deemed generally reliable. 

3.3.8 Logistic aspects study 2 

Title: A Reverse Logistics Optimization Model for Hazardous Waste in the Perspective of Fuzzy 
Multi-Objective Programming Theory 
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Type: Published article 

Authors: Zhaohua WANG, Sch. of Manage. & Econ, Beijing Inst. of Technology, Beijing. Jianhua 
YIN, Weimin MA  

Published: Evolutionary Computation, 2008 

Summary: The paper presents a mathematical model for determining the position of transfer- and 
treatment stations for hazardous waste. Choosing the location of landfills and treatment facilities for 
hazardous waste is normally a complex and quite a difficult problem. Costs and risks are highly 
influencing aspects but are usually also conflicting. Most hazardous waste is produced close to urban 
areas which, naturally, are conflicting with not wanting a treatment facility close to an urban area. This 
is of course due to the risk of pollution but also in a large extent for the resident’s desire of perceived 
safety. This means that transportation cost increase which in turn has led to this mathematical location 
model for undesirable facilities. 

A fuzzy multi-objective function with several constraints is formulated in this paper. The model 
identifies the critical activities and related basic requirements involved in the logistic operations for 
hazardous waste. Presented in the paper is also a case study where the model is applied on a 
development area in Tianjin city in China with about 3000 companies. 

Source discussion: This article was published and has been cited several times and does likely have 
some merit. The apparent reliability of the authors was unfortunately not easily established. The article 
seems to be written in an objective way and does not angle the truth in any obvious way. Furthermore, 
the contents appear reasonable in comparison to previous knowledge attained at LiU. The contents 
were also partly confirmed by scanning related abstracts on google scholar. In conclusion, this 
study is deemed generally reliable. 
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4 THEORY OF WASTE MANAGEMENT 

This chapter briefly presents the theory of waste management with a close connection to the synthesis 
of chapter 3. It also includes other necessary data needed for the project. 

4.1 Rules and regulations 

Management of hazardous waste in Sweden is summarized in the regulation “Avfallsförordningen” 
(SFS 2011:927). Notification and permission in accordance with this regulation is obtained through 
the county administrative board (Länsstyrelsen) for each separate county (Länsstyrelsen, 2015). 
Transportation of hazardous goods and hazardous waste are further regulated in the law “Lag om 
transport av farligt gods” (SFS 2006:263) and the regulation “förordning om transport av farligt gods” 
(SFS 2006:311). 

All over the world, regulations for transportation of dangerous goods are based on United Nations 
Model Regulations, stated in a document called ADR, (ADR, 2015). These regulations are then further 
specified in each country and according to the transportation method. The previously mentioned 
legislation for Sweden are based on the European ADR-agreement which are translated into Swedish 
in the document ADR-S “Myndigheten för samhällsskydd och beredskap:s föreskrifter om transport av 
farligt gods på väg och i terräng” (DGM, 2015). 

There are different classifications of dangerous materials, these are usually quite comprehensive. In 
this report, the materials are only divided into three main categories, commonly done by MSB. 
Dangerous goods require fewer precautions than hazardous goods and which category any given 
material should be described as is described in general guidelines as acceptable amounts of specific 
compounds. However, in practice it is decided by the administrative official contacted prior to the 
transport as there are several exceptions to the rules. Dangerous/Hazardous goods are objects that are 
fully sealed and/or are still functional (and are scheduled for possible further usage). Hazardous waste 
is the most strictly controlled category and requires an advisor prior to each new transport. (ADR, 
2015) 

4.1.1 Reactor specified / specified regulation 

Gallium arsenide, which is a compound of the elements Gallium and Arsenic, is classified within UN 
1557 as a solid Arsenic compound. Anything which contains this compound should be declared as 
dangerous goods during transport; additionally, it should be packaged in an UN-approved container. 
However, if the substance is sealed within a container (for instance a reactor) during the 
transportation, it could go under the exemption 1.1.3.1b in ADR; “The carriage of machinery or 
equipment not specified in the Annex and which happen to contain dangerous goods in their internal 
or operational equipment, provided that measures have been taken to prevent any leakage of contents 
in normal conditions of carriage” (ADR, p.6, 2015). 

For transportation of hazardous material, there are two different regulations which could apply. If the 
hazardous material is classified as hazardous goods: rules should be applied from the waste regulation 
“Avfallsförordningen” (SFS 2006:263), the law on transportation of dangerous goods “Lag om 
transport av farligt gods” (SFS 2006:263) and regulation on transportation of dangerous goods 
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“förordning om transport av farligt gods” (SFS 2006:311). If the hazardous material instead is 
classified as hazardous waste: only the more lenient regulation “Avfallsförordningen” applies. 1 

The most important difference between hazardous waste and hazardous goods is that organizations 
that are carrying dangerous goods, or outsource transportation of dangerous goods, needs to have a 
safety advisor (SFS 2006:263). Exemptions can still be made as described in §3 in MSB code of 
statutes 2015:9 (MSB Författningssamling) (MSBFS 2015:9). 

4.1.2 Conclusion 

There is a potential risk that the rules specified for reactors could change. As mentioned, these rules 
are stated in the ADR-document which is updated and modified from decisions taken by WP15 (a UN 
workgroup responsible for regulations regarding road-transportation of dangerous goods). According 
to Bo Zetterström (Official administrator at MSB), it is, however, not likely that these rules would 
earlier than mid-2017. By that time, it is estimated that the first industrial grade model generation of 
the reactor at Sol Voltaics is designed and constructed. When it is time to start using this reactor on a 
more industrial level, there will be a need to hire a safety advisor anyway. (MSB, 2015) 

4.2 Environmental aspects 

This subsection aims to summarize the theory of the deemed relevant environmental aspects; and, to 
further highlight the recommendations that could be considered for this project. It also introduces 
Registration, Evaluation, Authorization and restrictions of Chemicals (REACH) which is instrumental 
for simplified chemical handling. 

4.2.1 Incineration 

It is relevant to minimize the impact of hazardous waste on the environment. Incineration is proven to 
be a good solution in many cases. As described by Vandecasteele et al (2015), re-use and recycling is 
currently a high priority in most areas; but, it might not always the best method, especially for 
treatment of hazardous waste. This is due to the observation that the dangerous components in many 
cases can be treated more sustainable and cost effective utilizing incineration. Incineration should, 
therefore, be considered in this project as a potential treatment for the hazardous waste from the 
cleaning process of the reactor. 

4.2.2 Waste separation 

Waste separation should also be considered in this project. It would not result in a reduction of the 
quantity of hazardous waste, but it could bring a substantial reduction of its volume. Since the cost for 
disposal, involving transportation; storage and disposal fees is directly linked with volume it is 
therefore often a very cost effective approach. Saxena et al (1997) show that dewatering via filtration 
or evaporation is a good technique to implement for achieving reduced volumes of hazardous waste. It 
should be mentioned, however, that hazardous waste in a more concentrated form normally poses a 
greater risk if a leak would occur somewhere in the system. For this project, the most suitable solution 
would be to implement the waste separation in the last segment which is actually taken care of by the 
subcontractor Sydblästring. 

                                                      

 

 
1 Bo Zetterström, MSB, email-conversation November 25, 2015 – December 14, 2015 
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4.2.3 Gallium arsenide 

The main hazardous waste component to consider during the cleaning of the reactor is Gallium 
Arsenide (GaAs). When the reactor is operating, the precursors of GaAs (AsH3 and tri-Methyl-
Gallium, both dosed in a nitrogen carrier gas) are dispensed into the reactor in gaseous form and when 
not operating the substances is found as residues in the reactor in solid form. 2 

This means, that during the transportation of the reactor, the elements are in solid form and would 
most likely not pose such a high threat level as when in gas form. It should, however, be noted that Sol 
Voltaics cannot be completely sure of the stability of the waste compounds, the solid waste can under 
certain circumstances react or de-gas to release hydrides such as AsH3 which is then again very 
dangerous. Additionally, GaAs is actually soluble in fluids with the same pH as the body.3  

4.2.4 Exposure to Gallium Arsenide 

A working group at WHO (World Health Organization) found that Gallium Arsenide could be 
carcinogenic through two separate mechanisms. The first one is when Gallium Arsenide was inside the 
body, releasing small amounts of Arsenic. The second was observed in a study using female rats 
where it was found that the Gallium particle could be responsible for lung cancer. However, those 
findings could be a result of a combination of the two particles. The only way to currently monitor the 
exposure to Gallium Arsenide is to determine the concentration of Arsenic in the blood stream. (World 
Health Organization, 2006) 

4.2.5 Exposure to Gallium and Arsenic 

H.-W. Chen brings up how exposure to the elements Gallium (Ga) and Arsenic (As), separately, can 
affect the human body. Exposure to these metals has several toxic effects on humans, as well as 
animals. Within 30 minutes of ingestion, symptoms could include discomfort, vomiting, coma and 
sometimes death depending on dosage. Exposure can result in long-term chronical diseases like 
leucopenia, anemia, skin cancer and other internal cancers. (H.-W. Chen, 2007) 

4.2.6 REACH 

REACH is an EU-regulation with the main purpose of protecting human health as well as the 
environment from the dangers of chemicals. Furthermore, it aims to increase the competitiveness and 
innovation within the industry sector in the EU (European Union). REACH has divided dangerous 
substances into three categories: The first category lists substances that are allowed to be used with a 
permit, called the candidate list; the second category lists restrictively allowed substances that are 
allowed to be used with a permit if no viable alternatives exist (and with the goal of phasing it out over 
time4), this is referred to as the authorization list; the third category lists the substances that are 
forbidden to be used, known as the prohibited list. (Kemikalieinspektionen, 2015). It should also be 
noted that AsH3 is a substance which is included in the Swedish PRIO database meaning that it is 
targeted for reduction.  

In Sol Voltaics permit application, it was discussed that the use of GaAs Nano-wires represents a 
significant reduction of the use of AsH3 when compared to the normal continuous film GaAs solar 

                                                      

 

 
2 Luke Hankin, Sol Voltaics, email-conversation November 25, 2015 – December 10, 2015 
3 Luke Hankin, Sol Voltaics, email-conversation December 10, 2015 – December 15, 2015 
4 Luke Hankin, Sol Voltaics, email-conversation December 10, 2015 – December 15, 2015 
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cells. 5 Sol Voltaics further state that they only use approved substances and have also been granted 
authorization for all substances used within their processes. All substances used by Sol Voltaics that 
are considered hazardous or potentially hazardous are listed, including full material data sheets, in a 
cover. All employees must read and sign both the material data sheets as well as the established 
working routines for each task before commencing any work or even getting lab access.  

  

                                                      

 

 
5 Luke Hankin, Sol Voltaics, email-conversation November 25, 2015 – December 10, 2015 
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4.3 Safety aspects 

This chapter deals with safety culture and what strategies could be utilized to develop this area. It will 
also define risk management and explain a method for how to perform a risk analysis. 

4.3.1 Safety culture 

Blair (2013) points out several practical strategies for developing a safety culture within an 
organization. The most prominent learnings include the importance of establishing a reporting culture 
together with a no-blame culture and to have meaningful safety rules which can be related to the 
everyday tasks. 

4.3.2 Risk management 

Risk management means the process of identifying, assess and prioritize risks. These risks contain 
uncertainties in different areas, for example financial, developmental, accidents et cetera. The 
objective is to ensure that the uncertainty does not diverge from the goals set by the company. The 
process builds upon identifying the uncertainties and to evaluate the probability and consequence for 
these. Different methods can be applied to calculate and to define the probability and consequences 
into numbers. This allows the company to define a numerical border value for risk which must not be 
exceeded. The calculated values for risk/consequence is then used to determine if the analyzed activity 
is at an acceptable level or needs to be reworked (US Particle Accelerator School, 2012) 

To calculate the risk for an activity, one must first choose a method and define what an acceptable 
level is. One example of an often used risk classification is the grading method; in this, the risk is 
considered on a 4-grade scale (sometimes a 5-grade scale is used, or a percentage but it works in the 
same way). On a 4-grade scale; 1 would indicate that it is unacceptable; 2 that it is highly undesirable 
and needs revision; 3would mean that an action is required; 4 would usually be considered acceptable. 
The consequence of the risk is similarly evaluated and defined into a number depending on the 
negative impact. Then the probability of each possible uncertainty is estimated. Evaluating the product 
of the probability and the consequence supplies a number which can be compared with the risk 
classification to be able to take a decision on the matter (US Particle Accelerator School, 2012). 
Naturally, this is not a purely theoretical exercise and all results should be evaluated by an appointed 
experienced safety officer. 

4.4 Economical aspects 

To analyze the profitability of an investment in a company, different methods could apply depending 
in the type of investment. NPV (Net Present Value) is a reliable method which compares the present 
value of cash inflow and the present value of cash outflow. This is a great method for investments that 
are predicted to be depreciated over many years.  

However, since the reactor is updated frequently and the initial development work is likely to continue 
for about two more years, the Pay-Off method could also be used. This method only calculates how 
long time it will take to regain the invested money. For shorter time spans, the Pay-Off method 
sufficiently reflects the soundness of an investment in comparison to operational expenditures.   

4.4.1 NPV 

To analyze the profitability of an investment in a company, NPV will usually provide reliable results. 
The basic principle of NPV is to calculate the present value of cash inflow and the present value of 
cash outflow, which will follow with the investment. A positive NPV means that the investment is 
profitable (profit is higher than the rate of interest). This instance of NPV structure will follow the 
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configuration learned in the course TEIE53 at Linköping University; it differs slightly from the way 
Boehlje (2015) explained it which is mainly due to differences in the tax system. However, the end 
results should be directly comparable.  

NPV-formula: 

NPV = -G + a * NUS (n, r) + R * NUV (n, r) 

NUS (Now sum factor):  
1−岫1+�岻−��   

NUV (Present value factor):  
1岫1+�岻� 

G: Present value of the cash required to purchase the asset.  

a: Sales revenue due to the investment, minus the costs associated with using the investment. (Cash inflow – Cash 
outflow) 

n: Number of years that the investment is anticipated to last, with normal maintenance. 

R: Residual value 

r: Discount rate 

(Moberg, 2013) 

4.4.2 Pay-off 

Even though NPV usually gives a much better result, it is much work to obtain those results. 
Additionally, the result from an NPV-calculation is primarily interesting for long-term investments. 
Pay-Off on the other hand totally ignores how value change over time and the discount rate within a 
company; but, it is very easy and quick to use. It is, in fact, a rather good tool for investments over a 
period of only a couple of years, as the accumulated interests and the inflation will be minimal and 
difficult approximations can be avoided. 

Pay-off formula:  

T = G / a 
T: Time until the investment has earned back its cost. 

G: Present value of the cash required to purchase the asset. 

a: Sales revenue due to the investment, minus the costs associated with using the investment. Cash inflow – Cash 
outflow  

(Moberg, 2013) 

4.5  Logistic aspects 

The logistical aspects are naturally important, but mainly as they are included in all other areas or 
aspect of this thesis. For this project, it is merely of interest to examine and evaluate the transportation 
and storage methods to highlight areas in need of improvement. Triantafyllou et al (2010) write in 
their paper, that it could be interesting to coordinate the hazardous waste management through a third-
party controller. This is actually already the case at Sol Voltaics as they use Sydblästring to take care 
of the hazardous waste.  

Furthermore, the logistical handling of the waste could be optimized and a reduction of the number of 
subcontractors could be possible as described by Triantafyllou et al (2010). Regarding the storage of 
parts, Sol Voltaics has during the process of this thesis taken the decision not to store the parts 
anymore. Other logistical aspects as production logistics, material supply and logistical strategies are 
not examined.  
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5 CURRENT DISPOSAL PROCEDURE 

In this chapter, the current reactor disposal procedure is described in detail. An analysis of the current 
procedure is also included in the following subsections. 

5.1 Detailed description of current procedure 

In this subsection, the reader will be presented with the six steps from disposal decision to final 
disposal at SYSAV. A background to the need for disposal as well as a description of the facilities is 
also included to give the reader a better overview. See table 5.1 for an overview of the different steps 
of the disposal procedure. 

Table 5.1: Steps included in the disposal procedure. 

Step Description 

1 Initially, a purging procedure is performed to make sure no hazardous gases remains in the reactor. 

2 The dismantling and sealing of the reactor (as there will still be hazardous waste in solid form on the inside). 

3 Moving the reactor in a special cart through the building at Sol Voltaics to the loading dock. 

4 Transportation between Active Biotech in Lund (where Sol Voltaics is renting labs) and Sydblästring AB in Malmö. 

5 Disassembling and performing a cleaning process on the reactor parts, including waste management. 

6 Moving the cleaned parts to SYSAV in Malmö for final disposal and to Sol Voltaics for storage. 

 

5.1.1 Reactor disposal background 

The Nano-wire reactor will be replaced due to one of two main reasons. The first one is if the design 
team has made any breakthroughs in functionality which motivates a new iteration ahead of schedule; 
this is usually not done due to the cost of each reactor. The second one, which is the common one, is 
that the reactor has been worn out which usually occurs after a few months of usage. Depending on 
usage and development, the Aerotaxy team will cycle through two to five minor or major new reactor 
designs per year.  

Once the reactor reaches the set goals for throughput and efficiency these relatively short cycles will 
naturally change. When that time comes there will be some development for durability and then the 
reactor will be utilized for much greater Nano-wire production; both in terms of time but also when it 
comes to volume. A good guess is that there will be at least two or three years of further development 
needed to produce an optimized and durable reactor. This would indicate that approximately 10 more 
reactors will be built before a final (first generation) production ready device will be constructed. 
Hence, it is interesting for Sol Voltaics that this evaluation is done. 

Another aspect of this project is the evaluation of recycling reactor parts. Due to the steep price of 
each reactor, there is logically an interest in being able to recycle some of the parts for later use. Up to 
this point, the design changes from generation to generation, of the development model, have 
prevented parts from being reused in most cases. Another major challenge is that it has not been 
possible so far to clean the parts well enough for reuse. However, new cleaning methods are being 
evaluated (not as a part of this project). As the reactor reaches closer to finalization there will be a 
larger likelihood that parts will be able to be reused design wise if  only the cleaning can be solved. 
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5.1.2 The facilities 

Sol Voltaics has its main reactor located at its core facility in Lund. The company rents part of the 
Active Biotech building at Scheelevägen 22 in Lund in direct connection with Lund University, LTH. 
Although the company has other locations and has an older reactor at LTH as well, this project will 
only focus on the reactors located in the Active Biotech building. Active Biotech provides the 
foundation for the work with fully capable chemistry labs and the possibility to work with hazardous 
materials in a safe way.  

To actually conduct the dangerous work, the renting companies have to do a lot of work with 
designing installations and setting up safe routines. One of the key individuals in this process for 
Aerotaxy was and is safety officer Luke Hankin, who is also our supervisor for this project. It is also 
of interest to mention that Linda Johansson, project manager in the Aerotaxy team, will be reviewing 
and commenting our work as well. 

5.1.3 Step 1: Purging 

The first step before even attempting to remove the reactor from the Aerotaxy tool involves a series of 
procedures designed to purge and dilute the system. This is performed to make sure that no hazardous 
gases remain in the reactor when it is time to open it. By repeating the process several times in a 
sealed environment, it is possible to calculate the potential worst case scenario volume that can be left 
in the system. 

Once the potential worst case hazardous gas remaining is several factors lower than the defined safe 
limit values, the decision to move on to step 2 is made. Between these steps, other safety precautions 
are taken such as limiting access to the lab and making sure that everyone in the lab during 
maintenance is using gas masks and hazmat suits.  

See picture 5.1 for an overview of the Aerotaxy lab. Firstly, one enters via a small room (denoted 1 in 
the picture) where gas masks, lab coats and other protective equipment are located. From there it is 
possible to go to the gas room which also holds some general supplies (denoted 2) or to go into the 
Aerotaxy lab where the Aerotaxy tool is located. The reactor is located inside the tool (marked with 
red dot). Additionally, there is some furniture and equipment located inside the Aerotaxy tool room. 

5.1.4 Step 2: Reactor removal 

Once the purging is completed it is time to start dismantling and sealing the reactor (as there will still 
be hazardous waste in solid form on the inside). At this time, only essential staff in full protective 
clothing with sealed breathing apparatuses can be in the lab. Since the material in the reactor 
potentially could be lethal, several routines and devices are used during the removal process to keep 
track of all particle values. Additionally, there is under-pressure in the lab exiting via the Aerotaxy 
tool which would in all likeliness trap any escaping dangerous fumes or loose particles. If that should 
happen, an alarm placed in the ventilation system will go off to warn the workers inside the lab. But to 
further increase the safety the workers will use handheld sniffers during the removal process. 

When the reactor has been disconnected from the tool it can safely be removed using a roof-mounted 
crane. As the available space is quite narrow and there could be some sharp edges present it is 
important that all workers follow the routines carefully and keep a high level of focus. The reactor 
weighs several hundred kilos and could be dangerous if some part of the lifting procedure fails. 

As soon as the reactor has been removed from the tool, it will be closed off using special end caps 
which ensure a very good seal. In some instances, pipes will have to be cut manually. In those cases, a 
special type of seal using a form of very durable plastic foil will be utilized. These seals will not be as 
reliable as endcaps, as they are more sensitive to mechanical disruptions, but they will do the job when 
undisturbed. 
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5.1.5 Step 3: Internal transport 

The third step includes the mounting of the reactor to a special cart and the actual transit through the 
building from the Aerotaxy lab to the loading dock. The special cart is designed to reduce required 
lifting and includes a pivotal system that allows mounting directly from the lift. The cart is quite 
sturdy and relatively stable. A special backplate is also fitted to the reactor to further ensure the 
mechanical stability in case something happens and the cart falls over. 

When the reactor is secured to the cart, it is time for some final safety measures; the reactor is for 
instance cleaned using wipes and solvents. Then it is time to proceed with the transit, see picture 5.2 to 
see a schematic of the reactor transport within the building. The cart will exit the lab through the large 
double doors which seem suitable for the task. The rest of the transit on the second floor will be made 
through corridors and office spaces which do not seem especially suited for that type of activity. There 
are for instance furniture and narrow passages that do not seem optimal. Additionally, there are doors 
without openers and several raised thresholds which introduce the danger of bumping into something. 
Next the reactor will be taken into an elevator which does seem constructed for the task.  

Arriving at the first floor, there are first some bumps exiting the first corridor, but then there is ample 
space all the way until the exit by the loading dock. It is worth mentioning though that the main 
corridor house a cantina and a small library. This means that the transit is preferably done in the 
morning when there are not many people there. Turning left into the final corridor before the loading 
dock, there is usually nothing in the way, but it is where the janitor temporarily stores things and on 
occasion it can get partially blocked. With good communication, this is, however, not perceived as a 
problem. The loading dock is just outside the door.  

5.1.6 Step 4: External transport 

The fourth step is the transport between Active Biotech in Lund (where Sol Voltaics is renting labs) 
and Sydblästring AB in Malmö. This step was initially performed by Sol Voltaics but has now been 
outsourced to Sydblästring AB. The procedure is still the same but Sol Voltaics has through this 
method made sure that someone else is actually doing the part of the process which was initially 
marked as a grey-zone according to the regulations. Since this will not be done by Sol Voltaics 
anymore, this will not be analyzed deeper. 

As stated before, there are important differences in what precautions and routines must be adhered to 
depending on how a transport containing hazardous material is declared. A fully functional but 
hazardous device, such as a reactor that has been sealed, can be transported on the exception in the 
regulation, as long as it is still considered mainly functional and sealed correctly. If declared as 
hazardous waste, several practical precautions must be made and if declared as dangerous goods a 
safety advisor must be consulted before each transport.  

Reactors are in fact a bit special and according to the Bureau of society protection (Myndigheten för 
samhällsskydd och beredskap - MSB) there is some confusion on whether these should be allowed to 
be covered by the exception in the rules or not. It was not possible to get a final answer as different 
people gave different answers; this indicates that the rule is actually not completely set for reactors and 
that even the guidelines are somewhat floating. Instead, it seems as if it is up to the current 
administrative official to decide from case to case. This is likely also why Luke Hankin at Sol Voltaics 
felt that the current situation was in a form of grey-zone and wanted a clarification through this thesis. 

The actual procedure for this step includes loading the special cart with the reactor onto a truck. Since 
the cart weighs several hundred kilos, a truck with a tail lift is used. During this part, it is essential to 
keep everything stable which can be difficult during the entire routine. It really is a critical part and 
should the reactor fall off to the side of the tail lift, when almost raised to the highest level; it could 
potentially break and leak contaminants. Once inside the truck, the cart is very safely secured using 
ratchet straps. 
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The next part is the actual drive between the two facilities. As can be seen on the route overview (see 
picture 5.3) most parts of the transport are conducted on highways and in the event of an accident the 
risk of exposure is still very small. Blue route denotes “safe to crash” parts (no houses close to the 
road) and orange (only workplaces close to the road) shows the parts of the route which are potentially 
close to people (not likely though). None of the orange level danger roads is heavily trafficked and all 
have relatively low rated speeds. In conclusion, the actual transport taking about 20 minutes is deemed 
to be a low-risk part of the endeavor. See picture 5.4 for a detail of the transport close to the facilities. 

When the truck arrives at Sydblästring it is time to unload the cargo. This is done in a similar manner 
to the loading procedure with the same risky tailgate maneuver. However, once lowered onto the 
ground, it is just a matter of bringing the cart with the reactor in through a door.  

5.1.7 Step 5: Reactor disassembly 

The fifth step is the disassembly and cleaning process of the reactor parts, including waste 
management. Just inside the cargo door at Sydblästring, a special disassembly room which is fully 
sealed in plastic has been constructed. It is a simple room, about 4 by 4 meters, with a table in the 
middle. Once inside it is mandatory to use a full hazmat suit with particle- and gas filter to avoid being 
exposed to the hazardous particles. This first part is performed by Sol Voltaics. 

The work inside the room is rather straight forward; it revolves around disassembling the reactor and 
in the process trying to identify the weakest spots for future design improvements. The current method 
for disassembly takes about two to three days and is quite rudimentary; hammers are used to separate 
the parts. Using uncontrolled force is always a bad habit when working with dangerous materials as an 
accident is bound to happen. In fact, this could very well be considered the most dangerous part of the 
whole effort as the reactor has been opened and the hazardous particles are openly exposed. If, in that 
situation, one would miss a blow with the hammer and rip through the hazmat suit, potentially even 
tearing the skin on the reactor part; that could prove to have fatal consequences.  

After the reactor has been fully disassembled and all the parts have been carefully scrutinized and 
documented it is time to sort all of them. Since the reactor is very expensive, it is of great interest to 
try to reuse as many parts of it as possible. All  the parts are sandblasted, with the purpose of cleaning 
them, by Sydblästring. However, that process has not yet produced results well enough for reusing the 
parts and consequently other methods are under evaluation. For now, this does not really matter as the 
parts that are of interest is saved anyway in a special room at Sydblästring and the parts that are 
selected for disposal will be shipped on to SYSAV as described in the next step. At this point, the 
parts are almost clean and will only contain minuscule amounts of hazardous particles detectable using 
a SEM (Scanning Electron Microscope). Regardless, the parts are now classified as hazardous waste 
which does require datasheets, transport declarations and approved containers.  

5.1.8 Step 6: Final disposal 

The sixth and final step is to move the cleaned parts to SYSAV in Malmö for final disposal. As 
mentioned previously, some parts are moved to Sol Voltaics for storage in the hope that the engineers 
there will be able to devise a cleaning method sometime in the future. Sydblästring takes care of this 
transport as well. Even though practically clean, the parts are packed in appropriate containers before 
transported. As this is not the responsibility of Sol Voltaics this part will not be further analyzed. A 
brief description of the process will still be included for reference. 

Arriving at SYSAV, the truck will first go through a declaration booth where all relevant papers are 
processed. Next stop is the chemistry deposit station where Sydblästring will hand over the hazardous 
waste to the recycling professionals at SYSAV. See picture 5.5 for an overview of the route from 
Sydblästring to SYSAV. Blue parts of the trip should be considered free from people and the orange 
part could potentially (with low risk) have people present. This trip is also considered safe in general. 
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At the chemistry station, at SYSAV, the different materials are sorted based on recycling potential. 
More aggressive methods are used to remove contaminants as the materials will be melted and recast 
anyway. The parts that are unsalvageable are instead incinerated in a special facility with several 
scrubbers and other similar fume capturing devices. From this, about 2% of what was input into the 
incinerator remains and this is deposited at a special sealed site inside SYSAVs property. See picture 
5.6 for a detail of the facility at SYSAV.  

  

Picture 5.6: Step 6, Overview of the transport between Sol Voltaics and Sydblästring. 
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5.2 Rules and regulations 

There are difficulties in determining which rules to apply for the external transport of the Aerotaxy 
reactor. It seems as if the outcome largely depends on what official administrator that gets assigned to 
the case. No indication has however been found that the procedure so far has been flawed. The 
company cannot really do anything else than follow the recommendation of the official administrator 
at MSB, which Sol Voltaics in all likeliness has done. 

Those rules apply to the handling today and can only be changed through a workgroup at the UN. This 
means that even if some of the rumors are true and that rules will be changed for reactors, this will not 
happen until mid-2017 at the earliest. In conclusion, there seems to be little need for making any 
changes to current procedures regarding external transport of the reactor due to regulations for now. 
(MSB, 2015) 

The transport from Sol Voltaics to Sydblästring should still include valid transport documentations 
and data sheets for the compounds. And when later transporting the waste from Sydblästring to 
SYSAV, that should still be considered hazardous waste which additionally require UN approved 
containers for all contaminated parts. This is, however, the procedure which has already been 
followed. It could also be a good idea to contact the assigned official at MSB once per year to make 
sure that the rules have not changed regarding reactors. (ADR, 2015) 

An additional, but more important, factor to consider is instead the safety regulations regarding the 
employees with a special focus on working conditions. A few especially dangerous situations have 
been identified that must be dealt with. If compared with the recommendations for a healthy safety 
culture made by Blair (2013), Sol Voltaics appear to have a well-functioning safety culture with 
defined routines and continuous safety evaluations, it is imperative that the most dangerous situations 
are specifically analyzed and handled. Single layer protection must be avoided when performing 
potentially lethal procedures. 

5.3 Environmental aspects 

Several hazardous compounds are used in the process when creating the Nano-wires. According to 
WHO (2006) and Chen (2007) these substances could have a negative impact on health and 
environment if a breach of the reactor would occur. Any potential gaseous form of the compounds is 
definitely trapped in the Aerotaxy lab which is equipped with a scrubber. Hence, unless an unforeseen 
chain reaction upon a breach occurs; only the solid matter will escape the reactor.  

These compounds in solid matter will naturally introduce negative consequences to the local 
environment if not attended; but, if something were to happen, with all documentation in place, the 
situation would be relatively easily contained. Even with rain or wet soil being exposed to the waste, it 
would not have dire consequences if swiftly removed as the waste particles are not extremely volatile. 

The biggest concern has to do with what potentially could happen if the reactor would breach during 
the worst possible part of the transport in the direct presence of people. It is possible to imagine an 
accident with nearby people running over to help, getting exposed doing so; yet unrealistic, it could 
happen. 

If exposed, the person or animal would likely not get a lethal dose; however, according to Chen 
(2007), exposure to arsenic can be very poisonous and lead to cancer in a longer perspective. 
Furthermore, it is not known to a full extent how the Nano-wires in question will affect living 
organisms. In conclusion, the environmental concerns are important but seem to be very unlikely to 
actually come into play. Sydblästring is fully responsible for the contaminated sand from the cleaning 
process; hence, the potential impact of their environmental issues has not been evaluated. 
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5.4 Safety aspects 

The safety protocols and the safety management seem very robust when it comes to lab safety and for 
general maintenance. Furthermore, for all normal operations there seem to be several layers of backup 
systems and protection in place. All in all, it seems as if the procedure in the lab is really well thought 
through, but perhaps not the rest of the steps. When it comes to complete disassembly, for instance, 
there are a number of more critical steps which might not be unsafe per se but which could go wrong 
with a single large error; the two most prominent being the loading and unloading of the assembled 
reactor into the truck and the disassembly of the reactor. There are also a number of less critical 
elements connected with the internal transport of the reactor at Sol Voltaics. These will all be included 
in the risk assessment chart, see table 5.2 and 5.3. The safety culture at Sol Voltaics seems to be well 
evolved as the management takes the matters seriously and the employees are encouraged to report all 
incidents. This seems to be in line with the recommendations made by Blair (2013). 

In this version of the chart, the probability of an occurrence (could also be considered as the 
frequency) is given a value from 1 to 4 based on experience and to some degree “gut-feeling”. The 
value 1 would mean very low probability, 2 would mean low probability, 3 would mean high 
probability and 4 would mean very high probability. On the other axis, the consequence if an accident 
would occur is graded similarly. As there normally are no formally defined border values, it is 
important that a safety officer with experience in the particular field is included in the evaluation. In 
this case, Luke Hankin was consulted.  

For each of the listed scenarios, one can imagine that anything from harmless incidents to major 
accidents can happen. If the reactor tips over, for instance, someone could get crushed under it; or 
someone standing next to it could be missed by just a few centimeters and be fine. Due to this 
variation in possible outcomes, the actually possible scenarios will not be described in greater depth.  

Table 5.2: Description of dangerous elements during the reactor disposal procedure. 

Annotation Description 

A Dismantling the reactor from the Aerotaxy tool. 

B Pushing the sealed reactor on the cart through narrow hallways and over raised sockets. 

C Loading the sealed complete reactor into the truck. 

D Driving the sealed up reactor to Sydblästring. 

E Disassembling the reactor using hammers. 

F Loading the sandblasted reactor parts into the truck. 

G Driving the contaminated parts as waste to SYSAV. 
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Table 5.3: Risk assessment chart. 

Probability      

4      

3      

2 F  B, C E  

1   D, G A  

 1 2 3 4 Consequence 

 

Some simple guidance on assessment can be given through locally established rules. It is often the 
case that the value 1 on the probability axis would indicate close to zero (or almost never) and the 
value 4 would be something like close to one (or one or a few times per week). For consequence, a 
value of 1 would be something like a rash or small bruise which will not interrupt the on-going work; 
whereas a value of 4 could indicate death or permanent injury.  

The product of probability and consequence is then evaluated and it is usually defined that certain 
values require certain actions; this will vary from place to place depending on risk acceptance. In this 
case, the values have been replaced with colors for easier overview. If an action falls within the red 
area, a new solution is required as the potential risk is not acceptable. If the result is within the orange 
field, a new solution and/or improved secondary safety should be implemented. In the yellow field, 
increased vigilance in combination with optimized routines or extra layers of security should be 
considered. When falling in the green zone, it is often enough to increase vigilance. All actions should 
also include updated safety protocols and local education. 

5.5 Economical aspects 

A reasonable estimation of the economic aspects of the decommissioning process has been calculated 
and is presented in this subsection.  

5.5.1 Working hours 

Regarding the working hours, it can be cautiously estimated that the involved engineers put 
approximately 24 hours into transportation which is not value-adding. Additionally, they would spend 
about 48 hours on the disassembly procedure6. This would surmise that the cost in salaries for the 
operation would amount to about 21,600 SEK. Since the total cost for the disassembly procedure 
relative to the cost of a new reactor is comparatively small, closer examinations, such as meaningful 
tasks suited for any small slice of unproductive time, has been omitted. 

The estimation is based on 3 persons working 3 days off-site. The transportation would claim about 1 
hour for a single trip per person. Furthermore, since lunches are not offered at Sydblästring, about one 
extra half-hour per person and day was added. Besides that, 0.5 hours per person and 3-day period was 
added to make up for miscellaneous unexpected travel related trouble. [((3 persons * 3 days * (1hours 

                                                      

 

 
6 Linda Johansson, Sol Voltaics, interview, November 5, 2015 
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+ 0.5hours + 1hours) + (3 persons * 0.5 hours) = 24 hours.)]. Working time is calculated by taking 
total working time for 3 people for 3 days and subtracting the time used for transportation. ((3 persons 
* 3 days * 8 hours) – 24 hours = 48 hours). A normal employee will cost between 250 and 350 SEK 
per hour depending on salary (30,000 – 40,000 SEK per month salary). In this case, 300 SEK per 
hours has been used (72 hours * 300 SEK = 21,600 SEK). (Tillväxtverket, 2015) 

5.5.2 Sydblästring AB’s services 

Sydblästring charged 16,700 SEK for the last reactor which was disposed of. That price included the 
transportation in a truck between Sol Voltaics and Sydblästring, cleaning of the parts (using a sand 
blaster) as well as the final scrapping of all unwanted parts7. SYSAV’s applicable rates for hazardous 
waste times several hundred kilos for the reactor would amount to about 11,000 SEK and the truck 
would cost about 800 SEK to rent. This indicates that the services for sandblasting offered by 
Sydblästring are rather inexpensive. 

It could also mean that Sydblästring considers the parts clean after the sandblasting process and that 
they, therefore, submit the reactor parts to SYSAV as normal stainless steel for recycling. Considering 
the fact that the responsibility of the ownership remains with Sol Voltaics even if it is Sydblästring 
that actually submits the reactor parts, it is very interesting to establish exactly how the parts are 
submitted and if they are considered clean enough by SYSAV for normal disposal. This has, however, 
not been able to be confirmed as the people at Sydblästring was vague on the matter. Furthermore, the 
people at SYSAV were unwilling to discuss matters in general and only wanted to decide when the 
actual waste was delivered on site, they were also vague regarding if they test each delivery or if they 
only look at the paperwork. 

5.5.3 Total cost 

Open charge financing of services can on one hand lead to slightly higher rates measured over time; 
but, on the other hand, it often permits better overview and higher liquidity. Due to quick changes in 
strategy, especially for development companies, it can often be considered favorable to minimize 
holdings.  

The disposal of each reactor costs approximately 38,300 SEK (21,600 SEK + 16,700 SEK) 8. Of that 
sum, the worker cost can vary quite much and the charge by Sydblästring can change somewhat. Due 
to that, it is fairly safe to suggest that the actual cost will be somewhere between 30,000 SEK and 
45,000 SEK per reactor. The company has usually cycled through about 3-4 reactors per year and the 
reactor development will most likely continue for another 2 years or so9. Should that historical track 
record continue, that suggests a yearly cost between 90,000 SEK and 180,000 SEK. In other words, 
the disposal cost the two coming years will likely exceed 180,000 SEK. 

Since the cost of the current solution with Sydblästring is relatively low and set up as an open charge 
agreement, the current cost will most likely be hard to improve in a significant way. Hence, cost 
minimization should not be a primary objective when devising alternatives. 

  

                                                      

 

 
7 Luke Hankin, Sol Voltaics, interview, email-conversation, November 11, 2015 
8 Luke Hankin, Sol Voltaics, email-conversation, November 11, 2015 
9 Luke Hankin, Sol Voltaics, interview, October 12, 2015 
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5.5.4 Risk/Cost assessment 

There is one other important component when it comes to the economy of the reactor disposal: risk 
assessment. This will not be weighted into the cost calculation, but it should be used as an additional 
factor for later decisions. The risk assessment chart depicted in table 5.3 is the foundation of these 
calculations. All of the figures presented are approximations of a normal bad case scenario. In reality, 
incidents occur on a scale from nothing to the worst case scenario (extending to force majeure level 
disasters). The aim is to indicate the order of magnitude for costs entailed by an accident. 

The main scenario to examine, where Sol Voltaics would be accountable, is the cost related to an 
accident while removing or disassembling the reactor. For now, the two important factors in such an 
event would be the injured people and the possible contamination of the lab. In the future, when the 
reactor should be reused after the cleaning process, the cost of a damaged reactor would also have to 
be factored in.  

The cost of decontaminating a lab from Nano-particles would be very steep. For starters, the actual 
cleaning process would take quite some time and likely involve rather invasive techniques to remove 
the surfaces in the lab. The process would most likely take several weeks if not months. During all that 
time, the lab would not be usable; leaving necessary development work behind schedule. 

On the other hand, if properly insured, the company would not directly lose much financially from a 
serious bodily injury of one of the employees. To be crude, not even a death would be directly 
expensive. Indirectly, however, it would cost a great deal as it would draw much time from the other 
employees that would be wasted in different ways. Besides from emotional issues which would be 
necessary to deal with, other practical issues would rise due to the fact that everyone at Sol Voltaics 
has unique competencies and are involved in several projects. It is hard to determine if the time lost is 
important or not, but usually, it is.  

In this case, a month of decontamination and sick leave for a rather serious accident has been 
considered. A serious incident such as that could easily cost the company more than 1.4 million SEK 
where about one third would be external costs and about two-thirds would be time lost internally.  

The estimation is based on the following: Sick leave, 80% of 13 days salary (Försäkringskassan, 2015) 
((13 days * 300 SEK/hour * 8 hours) * 80% = 25,000 SEK); 20 people wasting 15 days (20 people * 
15 days * 300 SEK/hour * 8 hours = 720,000 SEK); 30 days sanitation by 3 people with disposal costs 
and material costs ((30 days * 3 people * 8 hours * 500 SEK/hour) + 100,000 SEK disposal fee + 
200,000 SEK = 660,000 SEK). In total: 25,000 + 720,000 + 660,000 = 1,405,000 SEK. 

5.6 Logistic aspects 

The aspect of moving the reactor, and the uncertainty regarding the regulations controlling it, was the 
main reason behind the initiation of this thesis. As it turns out, the actual logistics in this project when 
defined as storage and transportation really seems to be of periphery importance. Nevertheless, it is 
actually of great importance due to closely connected factors. The actual cost for transportation and 
the potential danger during those parts of the process are not deciding factors. However, due to the 
choice of disposal method, a few of the identified dangerous elements of the disposal process will be 
difficult to separate in a cost-effective way. 

5.7 Summary 

It was rather clear, after performing the mapping of the current reactor disposal process, that there 
were two areas which were worth examining closer. The first one was rules and regulations which are 
important to regularly review by contacting the appropriate official administrators. For now, all seems 
to be in order when it comes to permits and procedures; however, things can change rapidly when it 
comes to matters which in some ways are closely connected with politics. The second area was the 
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safety aspects of the project; it was also singled out as the most critical piece to work with and to 
suggest alternative solutions for. 

When it comes to environmental aspects, economical aspects and logistical aspects: it was similarly 
evident that those areas already were acceptable in their current state. Naturally, all suggestion should 
be compared (if significantly changed) with the current state to ensure that these are not considerably 
affected.   
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6 ON SITE DISASSEMBLY 

This chapter presents the idea of disassembling the reactor directly in the Aerotaxy lab or a closely 
placed room. Furthermore, it presents ideas concerning safety and regulations. Besides from that, short 
comments on the deemed secondary areas are included. 

6.1 Suggested options 

In this subsection, the ideas derived from the mapping process are described. Briefly, the idea is to 
conduct the disassembly in a room closely placed to the Aerotaxy lab. Doing so will remove the step 
where the heavy assembled reactor is loaded onto a truck. By using a special cart and an improved 
disassembly procedure, the dangerous current disassembly routine using hammers can be avoided. 
Finally, to handle the responsibility issues, a draft for a transport document has been suggested. 

6.1.1 Transport document  

A transportation document including part history, also known as a “transporter” was created. This 
document shall follow all of the reactor parts from initial installation to final disposal; or if possible, 
until Sydblästring accepts responsibility for them. The transporter is attached as Appendix A. 

6.1.2 Using second layers of protection 

A second layer of protection could possibly be advantageous in some of the stages. By removing as 
many instances, when easily done, where a single but critical error directly can have big consequences, 
overall safety is increased. For instance, the crane used for lifting the reactor inside the laboratory 
consists only of one chain. A second layer of protection, in this case, could be to install a second safety 
chain which would catch the reactor should the primary chain break. Further work is needed to 
identify more instances where secondary security would be inexpensive but effective. 

6.1.3 Disassembly cart 

It could be beneficial to develop a disassembly cart for easy dismantling of the reactor while still 
inside the laboratory. The disassembly cart should have a mechanical venting system mounted in the 
top to trap any hazardous waste coming loose during disassembly. The cart must be moveable and 
cannot be too space consuming; if possible, if should be foldable. The cart must, however, be stable 
enough to handle the loads exerted during the disassembly process. For the estimations in subsection 
6.5, it was guessed that engineering and building a suitable cart would cost about 100,000 SEK.  

6.1.4 Disassembly room 

By using a room at Sol Voltaics to disassemble the reactor in, close to the Aerotaxy lab, several 
important conditions could improve. On-site disassembly would, for instance, remove the need to load 
a heavy and dangerous reactor onto a truck. Additionally, all transports would definitively fulfil the 
regular legal requirements since UN-approved crates could be used. This new approach would also 
save time for the employees, which so far have had to commute back and forth between Sydblästring 
and Sol Voltaics during disassembly. Sydblästring would still handle the cleaning process. 

See picture 6.1 for a schematic overview of the new suggested layout for an on-site disassembly 
station. By clearing up the lab from all the easily movable items (light-weight or having wheels) it is 
possible to create a fairly large square (bright green in the picture) which could be suited for initial 
disassembly with minimal preparations. The continued disassembly would then continue in the 
adjacent room (darker green rectangle in the picture) while still on the disassembly cart. The room 
would need upgraded ventilation, connected to the Aerotaxy lab, and to be fully wrapped in plastic.  
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6.1.5 Disassembly without hammer 

Currently, the procedure for the reactor disassembly, as described earlier, if performed in a potential 
unsafe way. It is encouraged that the disassembly process should use directed and controlled force. 
This could be achieved using an extractor pulley constructed utilizing the existing parts. By adding 
another bolt and washed, as shown in picture 6.3, it would be possible to dislodge the parts from each 
other with minimal risks of injury. 

 
Picture 6.2: Pulley extractor made from existing parts. 

6.1.6 Package in UN-containers 

If the reactor is disassembled at Sol Voltaics it would be beneficial to transport all the parts in UN 
approved containers and drive directly to SYSAV. Even if Sol Voltaics would choose to continue 
using Sydblästring for cleaning, or just as a disposal contractor, it would still be beneficial to ship 
everything as hazardous waste according to the regulation rather than using an exception to the rule 
which is only granted by some official administrators.  

In conclusion, using UN approved crates could avoid a few points of uncertainty in the system as the 
reactor parts are easier to deal with. The loading of one heavy dangerous reactor is substituted with the 
loading of about 10 smaller boxes which are less harmful in terms of weight and size should an 
accident occur.  
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6.2 Rules and regulations 

The main procedure has not been changed or introduced any completely new steps. The presented 
suggestions have merely attempted to make some of the current ones more efficient. Hence, all  the 
rules which apply to the current solution will still be relevant for the suggestions. In essence, a 
completely sealed system is needed which can then be packed up and thrown as hazardous waste; or in 
the case of a permanent solution, be cleaned and fully re-used. 

During the process of writing this thesis, Mr. Hankin was informed of the possibility of him being 
responsible for the reactor/reactor parts all the way until final disposal. This would include the time 
when the reactor/reactor parts are left with Sydblästring when nobody from Sol Voltaics is there to 
supervise how they are handled. Mr. Hankin therefore suggested that a transport document which 
follows the item should be developed. Mr. Hankin wanted the document to fulfill two purposes. 
Firstly, it should inform the receiver exactly of what is being received; this should include a list of 
materials and compounds submitted to the part as well as what procedures the part has been through. 
Secondly, the document should have a place where the receiver signs it and thereby confirming 
knowledge of all above mentioned information; preferably also taking legal responsibility over it.  

Since we do not possess the necessary skill to design a legal document such as that, we have only 
produced a document which outlines the request. That document, which is attached to this thesis as 
Appendix A, will have to be submitted to a legal advisor for final changes before implementation. 

6.3 Environmental aspects 

Since there are fewer steps between initial disassembly and the actual disposal; the risk of failures are 
reduced. It is also a big advantage to keep the whole process inside a clean-room as all potential leaks 
are contained within a controlled environment. On-site disassembly will also have the added benefit of 
allowing all external transports to be made in UN-approved crates which can be considered slightly 
safer if an accident should occur. (ADR, 2015) 

The ideas presented in this chapter do not introduce any new steps for the reactor decommission, 
instead it actually reduces steps; hence, it is reasonable to assume that the suggestions at least will not 
pose a greater risk for the environment than the current solutions. 

6.4 Safety aspects 

The suggestions presented in subsection 6.1 could potentially realize some instances of improved 
safety. Naturally, as it is still necessary to transport the parts from Sol Voltaics, the general safety 
during transport for instance have not changed much. Safety work is an ongoing process and further 
ideas for improvements are necessary. By taking separate actions to add additional layers of protection 
further safety gains could be made. 

6.5 Economical aspects 

As it was difficult to exactly quantify the cost of the current disposal arrangement, the suggested 
alternatives will be evaluated in comparison with the current solution. The calculated estimation is 
only to be considered in relation to the current solution and is not a guarantee for the actual final cost 
if  would be implemented. 
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6.5.1 Working hours 

Regarding the working hours, it can be cautiously estimated that the involved engineers would need 
approximately 36 hours for the disassembly procedure. This would surmise that the cost in salaries for 
the operation would amount to about 10,800 SEK. The reduction in time is based on the canceled need 
for transportation (subtract one-third of the currently needed time) and more efficient disassembly 
using the extractor pulley solution (subtract about one-fourth of the currently used “active” time). 

The estimation is based on 3 persons working 1.5 days per person (3 persons * 1.5 days = 36 hours). A 
normal employee will cost between 250 and 350 SEK per hour depending on salary (30,000 – 40,000 
SEK per month salary). For this example 300 SEK per hours has been used (36 hours * 300 SEK = 
10,800 SEK). The numbers in this subsection was estimated by the authors during discussions; the 
numbers were then deemed realistic by Luke Hankin. 

6.5.2 Sydblästring AB’s services 

The estimated cost of using Sydblästring for final disposal of the parts is 15,000 SEK. This cost will 
include the cleaning of the parts (using a sandblaster) as well as the final scrapping of all unwanted 
parts. It is possible that it could be slightly cheaper but likely not much. Regardless, it would most 
likely cost way more for Sol Voltaics to take care of the final decommission themselves. If it turns out 
that it is possible to use a transport document, which legally shifts the responsibility to Sydblästring, 
then it is definitely worth the cost. Not having to worry about the consequences of a possible accident 
during the later steps of the decommissioning would save time for the management. 

6.5.3 Total cost 

The cost for decommissioning each individual reactor will be around 25,800 SEK (10,800 + 15,000 = 
25,800 SEK). The disassembly cart, which is recommended but optional, would cost about 100,000 
SEK as a one-time investment. Some smaller costs for connecting the ventilation to Aerotaxy labs 
sensors as well as some dedicated hand tools would also be needed. This is not included in the 
calculation as it is not initially necessary. 

If the cart is omitted, the cost for the alternative would be lower than the current solution. Using the 
same estimations as for the current situation, the cost for the reactor decommissioning would likely be 
within the span of 20,000 SEK to 30,000 SEK. That is roughly two-thirds of the current solution. 

If the cart is to be used, the alternative would be equal to or slightly more expensive than the current 
solution. The span is defined as 6 – 8 reactors over the next two years, meaning that the cart would 
cost one-sixth to one-eighth of 100,000 SEK per decommissioning. (100,000 SEK / 6 reactors = 
16,700 SEK; 100,000 SEK / 8 reactors = 12,500 SEK). This would mean that the total cost, including 
the cart, would sum up to 32,500 SEK to 46,700 SEK. (20,000 + 12,500 = 32,500 SEK; 30,000 + 
16,700 = 46,700 SEK). 

Due to the short timeframe of the reactor development, and because the procedure most likely will 
have to be changed for the first generation industrial-grade reactor, all more advanced cost 
calculations have been disregarded. 

6.5.4 Risk/Cost assessment 

Taking into consideration the risk assessment from the current solution, it seems motivated to evaluate 
the presented alternatives closer. However; it has not been clearly shown that the suggested 
disassembly cart would guarantee any improvements in safety. It would be practical, though, with a 
cart specifically designed for disassembly instead of the current cart which is optimized for moving 
the reactor. 
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6.6 Logistic aspects 

By disassembling the reactor in position and thereby reducing the steps needed for disposal it is boiled 
down to the transport between Sol Voltaics and SYSAV which can be performed using special crates. 
In case there is an interest to keep some parts of the disposed reactor; there needs to be a secured 
storage room where the sealed crates can be stored. At the moment, storage is not an issue, however, 
as Sol Voltaics has decided to decommission all parts to avoid all safety concerns.  

It is nevertheless, good to have in mind that future generations of the reactor might be more expensive 
and share multiple parts; thereby actualizing the desire to re-use certain parts. Most likely, a method 
for fully cleaning the parts has been devised at that time; thereby, removing the need for a completely 
sealed room as well as avoiding compromising the safety of the labs.  



Johan Nilsson   Version: 1.0 
Jens Nilsson  2016-01-14 

 

   

Bachelor thesis | Air Traffic Management and Logistics Linköping University | ITN 

Reactor Disposal Evaluation At Sol Voltaics 43 ISRN: LiU-ITN-TEK-G—16/001—SE 

7 FINAL RECOMMENDATIONS 

In this chapter, a brief summary of the findings in the thesis has been included; using the same 
disposition as the mapping, allowing the reader to more easily decide what subsections are of interest 
to read more about. A brief recommendation is also included which is naturally linked to the current 
situation and needs, should this change; then everything will have to be re-evaluated. 

7.1 Rules and regulations 

The main motivating factor for the initialization of this thesis was the uncertainty regarding the 
transportation of the reactor, initially considered a logistical factor. Nevertheless, it turned out to be 
more of a rules and regulations type of question. After researching the regulations and discussing the 
findings with Luke Hankin during a supervisor meeting, it was still evident that there were a few lose 
ends in the disposal process.  

Mr. Hankin suggested that a transport document should be developed to end the legal responsibility of 
Sol Voltaics once Sydblästring accepts the reactor and signs the document. Furthermore, the purpose 
of the form is to document everything that happens with the reactor parts it is connected with. It would 
for instance state all hazardous materials and all processes it has been used for.  

It is recommended that a document, such as the one described in chapter 6, is utilized. Otherwise, 
since Sol Voltaics is still legally responsible, there would be a need to constantly monitor Sydblästring 
and to make sure that they actually follow all regulations during their work and during final 
decommission. Additionally, it could be very beneficial for accepting parties to know exactly what 
they are dealing with and how it has been processed. 

7.2 Environmental aspects 

In the case of an accident there would likely be some local environmental impact. The actual damage 
would however in all likeliness be easily contained and decontaminated, even in harsh conditions. Due 
to this, the environmental aspects were not a main objective to find improvements for. Obviously, the 
general environmental challenge and its ramifications cannot be underestimated. It was important to 
not suggest any changes which could increase the potential for environmental damage. 

7.3 Safety aspects 

After mapping the current decommissioning process, it became apparent that the main area which had 
some instances of real improvement potential was personnel safety. Due to the broad nature of this 
project, only initial ideas and sketches was included as suggestions; hence, they would all have to be 
developed further before implementation if conducted by the authors. 

The most important suggestions, such as not lifting the reactor on the tail lift for transportation and the 
reactor disassembly method, are already implemented though as the safety team at Sol Voltaics 
thought the ideas were good already at a half-time presentation. These suggestions where discussed 
earlier during the project and were deemed interesting. And so, in parallel with the progression of the 
thesis, Mr. Hankin instructed some of his engineers to develop the ideas and to include them for the 
next reactor generation. 

7.4 Economical aspects 

The costs involved with the current disposal procedure are relatively moderate and was not a primary 
target for improvement. Naturally, it is of interest of reduce costs in all companies. However, further 
cost reductions would certainly bring reduced safety. And, as safety is considered one of the most 
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important areas in this mapping, that would be counterproductive. As indicated in the risk/cost 
assessment, it would be very expensive for the company if an accident were to occur. Added to that, 
would be the severe impact to the company’s image. In conclusion, it should be considered well 
invested money to maintain a high level of safety even though costing slightly more. 

7.5 Logistic aspects 

The purely logistical aspects of this mapping revealed little of interest and were not considered 
relevant for improvements. It was only a side-effect, from trying to suggest alternatives to the safety 
aspects, that the route could be shortened. Similarly, the removal of the storage area for “cleaned” 
reactor parts was a result of safety aspects rather than storage calculations.  
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8 DISCUSSION 

In this chapter we discuss the project according to different aspect such as results in comparison to 
expectations, future work and possible shortcomings in this report. 

8.1 Expectations 

It is the judgement of the authors, who also initially planned this thesis, that the finished work rather 
closely matches that which was planned. It has been stimulating and educating to do a thesis with a 
real company on interesting topics. Hopefully Sol Voltaics has gained something from this work as 
well. 

8.2 Weaknesses 

This thesis is a broad mapping of the current reactor disposal procedure. As such, there are not (to our 
knowledge) any important areas that have been totally overlooked; however, due to the nature of broad 
work, it has not been possible to perform any in-depth analyses of any of the areas. This could bring 
definite losses of valuable observations and especially concrete solutions to problems. It can be argued 
that it is only possible to find the really interesting grains of truth after doing in-depth studies in an 
area. In addition, it can also be argued that most companies would value an actual solution to a 
challenge higher than just learning of its existence. It is, however, the hope of the authors of this work 
that this thesis was beneficial in some way as a spring board for knowing where to concentrate future 
studies. 

Further evaluation of the ideas and thought solutions is needed to determine that they are useful in 
practice. It was only the current situation that was observed and analyzed. As this thesis has 
progressed, some of the parts have changed and been developed during the process. Therefore, some 
of the information and suggestions written in this report might not apply or is already implemented.  

8.3 Further work 

It would be interesting to delve deeper into the two areas that was identified as having improvement 
potential. Regarding rules and regulations, it would be necessary to spend an equal amount of time on 
just reading and understanding all the rules. It seems as if there are several laws and municipal rules 
which do not exactly correspond. To properly understand and to be able to interpret which rules 
supersedes others would be a major task in itself. It is, nevertheless, very relevant to have a real 
understanding of how the legislations works for the type of company which Sol Voltaics represents. 

When it comes to safety, some additional mapping of the area could be useful to possibly identify 
additional improvement potential. It is common practice to conduct safety assessments of more 
difficult situations in combination with addressing all easily solved problems. Besides from 
identifying additional instances, it would be very interesting to actually try to implement and evaluate 
the suggested solutions from this thesis; especially considering worker safety. This would involve: 

 Methods for even safer and more efficient removal of the reactor 

 Adding second layers of protection where needed 

 Evaluate the current lifting device 

 Constructing, building and evaluating the “disassembly cart” 

 Evaluate and further develop the puller used to disassemble the reactor 

 Develop and evaluate other cleaning processes for the reactor parts  
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