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Sammanfattning 
Hållbart företagande genomsyrar idag västvärlden och det är nu allmänt vedertaget att konceptet 

täcker in tre aspekter; miljömässig, ekonomisk och social hållbarhet. På grund av begränsningar i 

resurser och kunskap är hållbarhetskonceptet långt ifrån lika utbrett i utvecklingsländer. 

Hållbarhetsprojekt i utvecklingsländer syftar till att förena de tre aspekterna och lösa den rådande 

frågan om ohållbar utveckling, men det har visat sig vara en utmaning att utvärdera dessa projekt 

och det saknas verktyg för systematisk analys. Vidare saknar existerande modeller riktlinjer om 

vilka verktyg som bör användas i utvärderingen av de tre hållbarhetsaspekterna. 

Studien syftar till att undersöka hur etablerade utvärderingsverktyg kan tillämpas för att 

utvärdera ett hållbarhetsprojekt i ett utvecklingsland samt vilka hinder som detta innefattar. En 

fallstudie har därför utförts på Zanzibar i Tanzania, där det svenska avfallshanteringsföretaget 

Zanrec överväger att genomföra ett hållbarhetsprojekt som ämnar att upprätta produktion av 

biodiesel från använd matolja. Därigenom syftar denna undersökning även till att förse Zanrec 

med en utvärdering av projektet med avseende på de de tre hållbarhetsaspekterna. I denna studie 

används två etablerade modeller; LCA för miljöaspekten och payback-metoden som 

investeringskalkylsmodell för den ekonomiska aspekten. Inget etablerat utvärderingsverktyg 

används för den sociala aspekten vars påverkan av projektet istället analyseras i en diskussion. 

Det har visat sig att tillämpbarheten av de valda verktygen för utvärdering av biodieselprojektet i 

hög grad påverkas av de kontextuella förutsättningarna i ett utvecklingsland. Den viktigaste 

slutsatsen är att dessa verktyg har varierande flexibilitet i att anpassa sig till bristen på 

dokumentation och tillgänglig data, vilket är den största svårigheten. LCA har bedömts vara ett 

komplicerat verktyg med fasta ramar vid användning i enlighet med dess ISO-standarder. Utan 

en befintlig kunskapsbas kring LCA och riktlinjer för hur man ska hantera avsaknad av data, 

anses LCA-verktyget i dagsläget inte nå sin fulla potential i ett utvecklingsland. Payback-

metoden har visat sig vara ett mer flexibelt verktyg som i högre grad kan anpassas efter rådande 

förutsättningar och kraven hos uppdragsgivaren. Endast ett fåtal inverkansområden med 

anknytning till den sociala aspekten har identifierats som påverkade av detta projekt, men för att 

utvärdera omfattningen av dess påverkan behövs vidare studier. 

Nyckelord: använd matolja, biodiesel, hållbarhet, hållbarhetsprojekt, investeringskalkylering, 

livscykelanalys, payback-metoden, utvecklingsland, Zanzibar.  
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Abstract 
The matter of sustainable thinking today permeates the Western world and is now widely agreed 

to recognize three aspects; environmental, economic and social sustainability. Due to limitations 

of resources and knowledge, this concept is considerably less widespread in developing 

countries. Many sustainable ventures in developing countries aim to unite the three aspects and 

solve the pressing issue of unsustainable development, but evaluating these projects has proven 

to be a challenging task and tools for systematic analysis are missing. Furthermore, current 

frameworks lack in guidance on what tools to use for the assessment of the three sustainability 

aspects. 

This research aims to investigate how established models can be applied and what obstacles that 

occur when evaluating a sustainable venture in a developing country. To do this, a case study is 

performed on Zanzibar, Tanzania where the Swedish waste management company Zanrec is 

considering pursuing a sustainable venture of starting up a biodiesel production from used 

cooking oil. This research therefore also provides Zanrec with an evaluation of the project’s 

alignment with the sustainability concept. To reach the purpose of this study, two established 

models for evaluation are chosen; LCA for the environmental aspect and the payback method as 

capital budgeting tool for the economic aspect. No established evaluation tool is used for the 

social aspect; instead the social implications of the project are analyzed in a discussion. 

It is found that the applicability of the chosen tools for evaluating the biodiesel production 

project is highly affected by the contextual setting of a developing country. The major finding is 

that these tools have varying flexibility in adapting to the main challenge, which is the lack of 

documentation and available data. LCA is found to be a complicated and rigid tool to use if fully 

abiding by its associated ISO standards. Without an existing LCA knowledge base and any 

guidelines on how to manage missing data, the LCA tool is deemed to not reach its full potential 

in a developing country at this stage. The payback method is proven to be a more flexible tool 

that to a higher degree can be adapted to fit the setting and the requirements of the 

commissioner. The project’s impact areas related to the social aspect are found to be few, but to 

evaluate the extent of these, further research is required. 

Key-words: biodiesel, capital budgeting, developing country, life cycle assessment, payback-

method, sustainability, sustainable ventures, used cooking oil, Zanzibar. 
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Nomenclature 

Chemical compounds 

CH4  – Methane 

CO2 – Carbon dioxide 

H2SO4  – Sulphuric acid 

MeOH  – Methanol 

N2O  – Nitrous oxide 

NaOH  – Sodium hydroxide 

 

Other 

CO2-eq  – Carbon Dioxide Equivalent 

GHG  – Greenhouse Gas 

GWP  – Global Warming Potential 

IRR  – Internal Rate of Return 

ISO  – International Organization for Standardization 

LCA  – Life Cycle Assessment 

LCI  – Life Cycle Inventory 

LCIA  – Life Cycle Impact Assessment 

NPV  – Net Present Value 

TBL  – Triple Bottom Line 

UCO  – Used Cooking Oil 

 

 

  



Table of Contents 

1 Introduction ................................................................................................................... 1 

1.1 Background ............................................................................................................. 1 

1.2 Purpose ................................................................................................................... 3 

1.3 Research Questions ................................................................................................ 3 

1.4 Delimitations .......................................................................................................... 3 

1.5 Disposition .............................................................................................................. 4 

2 Methodology .................................................................................................................. 6 

2.1 Research Design ..................................................................................................... 6 

2.1.1 Pre-study .......................................................................................................... 7 

2.1.2 Field study ....................................................................................................... 7 

2.2 Analysis Method ..................................................................................................... 7 

2.2.1 Environmental aspect ...................................................................................... 8 

2.2.2 Economic aspect .............................................................................................. 8 

2.2.3 Social aspect .................................................................................................... 9 

2.3 Data Collection ....................................................................................................... 9 

2.3.1 Literature study ................................................................................................ 9 

2.3.2 Interviews ...................................................................................................... 10 

2.3.3 Observations .................................................................................................. 13 

2.4 Quality of Research .............................................................................................. 13 

2.4.1 Reliability and validity .................................................................................. 14 

2.4.2 Generalizability ............................................................................................. 15 

2.4.3 Source criticism ............................................................................................. 15 

2.5 Ethical Aspects ..................................................................................................... 16 

3 Theoretical Framework................................................................................................ 17 

3.1 Three Aspects of Sustainability ............................................................................ 17 

3.1.1 3-legged sustainability stool .......................................................................... 18 

3.1.2 3-overlapping circles model .......................................................................... 18 

3.1.3 3-nested dependencies model ........................................................................ 18 

3.1.4 Sustainable development in practice ............................................................. 18 

3.2 Sustainability in Developing Countries ................................................................ 19 

3.2.1 Life cycle assessment in developing countries .............................................. 20 

3.2.2 Finding competent workforce and service providers .................................... 22 

3.2.3 Drivers of social development ....................................................................... 22 

3.3 The Life Cycle Assessment Process ..................................................................... 23 



3.3.1 Goal and scope definition .............................................................................. 24 

3.3.2 Inventory analysis .......................................................................................... 28 

3.3.3 Impact assessment ......................................................................................... 30 

3.3.4 Life cycle interpretation................................................................................. 31 

3.4 Capital Budgeting ................................................................................................. 31 

3.4.1 Payback .......................................................................................................... 32 

3.4.2 Net present value ........................................................................................... 32 

3.4.3 Internal rate of return ..................................................................................... 33 

4 Empirical Context ........................................................................................................ 34 

4.1 About Zanzibar ..................................................................................................... 34 

4.1.1 Tourism .......................................................................................................... 35 

4.2 About Zanrec ........................................................................................................ 35 

4.2.1 Waste collection operations ........................................................................... 36 

4.2.2 Agents and training sessions ......................................................................... 36 

4.3 Cooking Oil in Zanzibar ....................................................................................... 37 

5 Environmental Aspect ................................................................................................. 38 

5.1 Goal and Scope Definition ................................................................................... 38 

5.1.1 Goal of the study ........................................................................................... 38 

5.1.2 Functional unit ............................................................................................... 39 

5.1.3 Limitations ..................................................................................................... 39 

5.1.4 System boundaries ......................................................................................... 39 

5.1.5 Data quality requirements .............................................................................. 41 

5.1.6 Impact categories definition and assessment method .................................... 42 

5.2 Inventory Analysis ................................................................................................ 42 

5.2.1 Scenario 1: Diesel .......................................................................................... 42 

5.2.2 Scenario 2: Biodiesel ..................................................................................... 43 

5.2.3 Data evaluation .............................................................................................. 45 

5.3 Impact Assessment ............................................................................................... 46 

5.3.1 Production and distribution ........................................................................... 47 

5.3.2 Combustion .................................................................................................... 48 

5.4 Life Cycle Interpretation ...................................................................................... 49 

6 Economic Aspect ......................................................................................................... 51 

6.1 Savings ................................................................................................................. 51 

6.2 Costs ..................................................................................................................... 52 

6.2.1 Investment costs ............................................................................................ 52 

6.2.2 Fixed costs ..................................................................................................... 52 



6.2.3 Variable costs ................................................................................................ 53 

6.3 Summary of Costs, Savings and Cash Flows ....................................................... 53 

6.4 Economic Impacts on Society .............................................................................. 54 

7 Social Aspect ............................................................................................................... 56 

7.1 Consumption of Used Cooking Oil ...................................................................... 56 

7.2 Second-hand Market of Used Cooking Oil .......................................................... 57 

8 Discussion .................................................................................................................... 58 

8.1 Environmental Aspect .......................................................................................... 58 

8.1.1 Lack of LCA expertise and know-how.......................................................... 58 

8.1.2 Limited availability of local data ................................................................... 59 

8.1.3 Disposal of used cooking oil ......................................................................... 60 

8.2 Economic Aspect .................................................................................................. 61 

8.2.1 Difficulties in collecting oil data ................................................................... 61 

8.2.2 Lack of competition ....................................................................................... 61 

8.2.3 Risks .............................................................................................................. 62 

8.3 Social Aspect ........................................................................................................ 62 

8.3.1 Consumption of used cooking oil .................................................................. 62 

8.3.2 Second-hand market of used cooking oil ...................................................... 63 

9 Conclusions ................................................................................................................. 64 

9.1 Research Questions .............................................................................................. 64 

9.2 Limitations and Future Studies ............................................................................. 67 

10 Reference List ............................................................................................................ 68 

 

Appendix 1: Cash flows from the capital budgeting 

Appendix 2: Collected and estimated oil data 

 

  



1 

 

1  Introduction 

This chapter presents the background and theoretical field of research of this master’s 

thesis. Additionally, the purpose, posed research questions and delimitations of the 

study are presented, followed by the disposition of this report. 

1.1  Background 

The concept of sustainable thinking along the environmental, economic and social 

aspects today permeates the Western world, both on a governmental and corporate level 

as well as the individual level. Due to limitations of resources and knowledge, this 

concept is considerably less widespread in developing countries (UNEP, 2007). 

Research conducted by United Nations has shown a high correlation and 

interdependency between poverty alleviation and sustainability, which enforces the 

importance of sustainable development in developing countries (UNEP, 2009).  

One example of a developing country where sustainability has had a troubling 

development is the island of Zanzibar, Tanzania. During the last two decades, Zanzibar 

has experienced a rapid change in the available materials, where a great number of new 

materials have reached the island. However, the knowledge about how these materials 

affect the environment and the current waste treatment systems are lagging behind. This 

has resulted in heavy littering, which has developed into a big stress on the environment 

(Zanrec, 2015a). Besides the negative effect on flora and fauna, these contaminations 

also pose a threat to the economy of Zanzibar. Since the significantly biggest business 

activity on the island is the tourism sector (Mutayoba & Mbwete, 2013), which depends 

on the unique wildlife and its environment, the environmental destruction will in the 

long-term perspective significantly damage the tourism industry and reduce the number 

of visitors (Zanrec, 2015a). 

This issue has been observed and addressed by the Swedish waste management 

company Zanrec, aiming to make Zanzibar a more sustainable island with the 

underlying strategy of targeting the hotel business (Zanrec, 2015b). The current waste 

treatment includes collection of recyclables and composting material, but the company 

is considering expanding their offer towards their customers as a new business 

opportunity has appeared (Alfredsson, 2015; Hagström, 2015). The identified 

opportunity is the used cooking oil (UCO) from the hotels which could by a relatively 

simple technology be recycled into biodiesel (Tickell & Tickell, 1999). From a 

sustainability point of view, this project has potential to bring benefits in both economic 

and environmental aspects. The biodiesel production could both generate savings for the 

company’s fuel expenses and improve the environment as the UCO is currently being 

disposed in the nature, but also imply reduction of greenhouse gas emissions. To 

investigate the economic and environmental viability of this project, established models 

within the area of sustainability will in this research be applied. No established 

evaluation tool will be used for the social aspect; instead the social implications of the 

project are analyzed in a discussion. 

Evaluating sustainable ventures in developing countries has proven to be a challenging 

task and tools for systematic analysis are missing. In contrast to other initiatives, these 
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initiatives have goals that go beyond just economic performance and oftentimes new 

kinds of business models are required (UNEP, 2009). Furthermore, developed 

frameworks promoting evaluation of sustainable ventures along the three sustainability 

aspects are missing guidance on what tools to use for the assessment (EPA, 2011; 

Curran, 2012a). By evaluating the biodiesel production project in the setting of Zanzibar 

as a developing country, this study will provide an example of how a sustainable 

venture can be evaluated, in particular how chosen tools for performance measurement 

are affected by the contextual setting. 

To evaluate the environmental aspect, the life cycle assessment (LCA) method has been 

chosen. LCA is in developed countries a commonly used tool for quantifying 

environmental impacts (Baumann & Tillman, 2004). However, LCA is not yet very 

established in developing countries and few attempts where LCA is applied and 

discussed in this context have been made in research (Curran, 2012b; Finnveden, 2015). 

For the economic aspect of this project, the capital budgeting and more specifically the 

payback method has been chosen. This has been adapted to meet the requirements of the 

commissioner and the surrounding factors of the business conditions of Zanzibar. 

Finally, to ensure the project’s alignment with the holistic concept of sustainability, the 

social aspect will be analyzed in a discussion. 

To summarize, a graphical representation of the context and trigger of this master’s 

thesis is shown in Figure 1 below. 

 
Figure 1. Visualization of the context of this master’s thesis. 
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1.2  Purpose 

The primary purpose of this thesis is to investigate how the environmental and 

economic sustainability of a new biodiesel production system can be evaluated in a 

developing country using the established tools of LCA and capital budgeting for 

assessment. Moreover, the study also aims to identify what implications such a project 

have on the social sustainability in Zanzibar. 

The secondary purpose is to provide a decision basis for Zanrec in their plans of 

carrying out the biodiesel production project, aiding the company in fulfilling its 

mission of creating “a sustainable economy around waste that can ensure a clean, green 

and prosperous Zanzibar” (Zanrec, 2015b). 

1.3  Research Questions 

To fulfill the purposes, the main research question to be answered in this thesis is 

formulated as: 

How can the environmental, economic and social sustainability of a new biodiesel 

production system in a developing country be evaluated? 

To aid in answering this question and to investigate how specific evaluation tools are 

affected by the contextual setting of a developing country, five sub-questions are 

formulated: 

1. How can the LCA method be adapted to fit the particular situation in a 

developing country? 

2. How can conventional methods for analyzing capital investment decisions be 

used to fit the particular situation in a developing country?  

3. What are the implications on social sustainability of Zanrec's biodiesel 

production project? 

4. What are the general obstacles of evaluating a sustainable venture in a 

developing country? 

5. Can Zanrec’s planned biodiesel production project be considered 

environmentally, economically and socially sustainable? 

1.4  Delimitations 

No thorough investigation has been done on what specific tools that are most 

appropriate for evaluating a sustainable venture in a developing country. Instead, this 

study has chosen to only test the applicability of two commonly used tools; LCA and 

the payback method. Because the biodiesel project focuses on environmental and 

economic sustainability, the social aspect is deemed not significant enough to justify 

investigation of any tool for this aspect's impact evaluation. Due to this and because of 
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limited time and resources, no specific model has been chosen to analyze the social 

aspect. 

No other potential uses of UCO such as biogas will be examined since the 

commissioner Zanrec specifically requested to investigate biodiesel. Furthermore, the 

project itself does not intend to in any way evaluate different techniques of how to 

refine the oil into biodiesel nor the quality of the product. This research will be done in 

a parallel project by Fridman and Larsson (2015) who have provided relevant details on 

the chosen production process. 

This study will only investigate the economic business potential from Zanrec’s point of 

view and not for other potential companies operating in similar areas. As Zanrec only 

operates in Zanzibar, this will be the only geographic area that will be taken into 

consideration. 

Delimitations regarding the LCA are discussed and motivated in chapter 5.1 where the 

goal and scope of the environmental assessment is presented. 

1.5  Disposition 

The disposition of this report is presented below: 

Chapter 1 – Introduction 

This chapter presents the background and theoretical field of research of this master’s 

thesis. Additionally, the purpose, posed research questions and delimitations of the 

study are presented, followed by the disposition of this report. 

Chapter 2 – Methodology 

In this chapter the research methodology is discussed and the chosen methods for the 

study are described and argued for. 

Chapter 3 – Theoretical Framework 

In this chapter the theoretical framework relevant for this study is presented. It is 

comprised of literature that has created the foundation of which the analysis is based on 

and ultimately, when related to empirical findings, the results and conclusions of this 

study. Firstly, the concept of sustainability and its three aspects is described. Secondly, 

literature on sustainability in the context of developing countries is reviewed. This is 

followed by description of life cycle assessment and capital budgeting as tools for 

analysis. 

Chapter 4 – Empirical Context 

This chapter presents the empirical context of the study. Firstly, to provide a general 

understanding of the setting in which the study is conducted, a description of Zanzibar 

is presented. Secondly, the commissioner and company under study, Zanrec, is 

presented to aid in understanding the company’s operations. 

Chapter 5 – Environmental Aspect 

In this chapter the results from the assessment of the environmental aspect of the 

biodiesel project is presented. The tool that has been chosen is a simplified life cycle 
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assessment. Consequently, this chapter is divided into four segments based on ISO 

14040:2006 of life cycle assessments and its four phases of analysis; goal and scope 

definition, inventory analysis, impact assessment and life cycle interpretation. 

Chapter 6 – Economic Aspect 

In this chapter the results from the assessment of the economic aspect of the biodiesel 

project is presented. The chosen capital budgeting model is the payback method which 

results is presented in this chapter together with the surrounding practical possibilities 

and limitations in order to understand the cost and revenue entries. 

Chapter 7 – Social Aspect 

In this chapter the results from observations and interviews connected to the 

implications on the social aspect are presented. 

Chapter 8 – Discussion 

This chapter contains a discussion on insights from evaluating the biodiesel production 

on the environmental and economic aspects of sustainability. Insights and findings on 

how the chosen tools of LCA and capital budgeting were affected by the contextual 

setting are discussed. This is followed by a discussion of the social impact areas of the 

biodiesel project. 

Chapter 9 – Conclusions 

This chapter summarizes the results from this study and answers the posed research 

questions. This is followed by a discussion on the perceived limitations of the study and 

suggestions on future studies. 
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2  Methodology 

In this chapter the research methodology is discussed and the chosen methods for the 

study are described and argued for. 

2.1  Research Design 

For a research study to be successful, it is important to document the method of the 

process used for conducting it (Yin, 2003). Before commencing on the study, designing 

the research process aided in answering the fundamental questions of the research. 

Firstly, the research definition describes what to find out about, or more specifically 

what research question(s) that are to be answered. Secondly, it answers how to go about 

finding their answers (Kumar, 2014). 

During the course of the research, the problem formulation, research questions and 

definition of the boundaries of the research were iteratively, and naturally, updated as 

more knowledge was acquired from both collecting empirical material and reading 

literature on the subject. The research design used for this study is therefore best 

described as an iterative process alternating between data collection, 

analysis/discussion, conclusion and problem formulation. When research questions 

were iteratively formulated, they were tested for association on the empirical evidence 

of the specific biodiesel case in this study (Collis & Hussey, 2014). 

As this study investigates a single phenomenon in its specific setting to obtain in-depth 

knowledge, this research can be classified as a case study (Collis & Hussey, 2014). 

Collis and Hussey (2014) highlight the importance of understanding the contextual 

settings of the study, which also justifies the choice of conducting this research on site 

in Zanzibar. The structure of this case study is primarily comprised of two parts; pre-

study and field study. The research process and its interdependencies are graphically 

represented in Figure 2. 

 
Figure 2. The research process. 
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The pre-study and field study were two complementary phases during the research 

process that are described in more detail below. 

2.1.1  Pre-study 

The pre-study was the first phase of the research process and was conducted in 

Stockholm, Sweden. The pre-study was primarily conducted as a theoretical study due 

to multiple factors. Firstly, this was mainly due to the geographical distance from 

Zanzibar and consequently Zanrec as the commissioner, making it difficult acquiring an 

understanding of the possibilities and limitations of the business setting. The second 

factor was the limited availability of internet sources originating from Zanzibar 

containing relevant information. 

The reason why internet sources provided limited information was due to the fact that 

internet is not as widely used and developed in Zanzibar being that it is a location in a 

developing country. Because of this and the prediction that many unforeseen issues 

could arise on location in Zanzibar, the pre-study was kept relatively short. This enabled 

empirical data to be collected and analyzed during a longer period, but also the 

methodology and research definition to be adjusted early in the process. 

2.1.2  Field study 

After the pre-study, the field study was carried out in Zanzibar, Tanzania and 

constituted the major part of the research, making up 12 weeks. During the field study, 

all empirical data for the research were collected which made this phase the most 

essential part in answering the formulated research questions. Materials and data to 

answer these questions were firstly obtained through observations and learning about 

the company and its adjacent potential network, such as internal staff, clients, etc. After 

initial non-structured meetings and interviews, a basic understanding of the company 

and its setting was developed. Subsequently, the data collection phase began where data 

collection methods described in the section 2.3 were used to collect data necessary to 

perform the assessment of the sustainability aspects, such as availability of used 

cooking oil. 

2.2  Analysis Method 

In this segment, each of the chosen tools for analysis are presented and argued for. The 

study was divided into three means of analysis, covering the three aspects of 

sustainability; environmental, economic and social. The environmental and economic 

aspects were the main focus of this study and were investigated using appropriate 

methods supported by theory. For these, established tools for analysis were evaluated 

and chosen based on their properties to best fit the purpose of the study and the context 

under which it was conducted. 

This research has been studied the sustainability aspects of the biodiesel production 

project from a societal perspective, particularly for the environmental and social 

aspects. The economic aspect has been analyzed mainly from a company perspective, 
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i.e. Zanrec's, while economic implications on society as a whole have been discussed 

briefly without the use of any specific tool. 

2.2.1  Environmental aspect 

There are several available environmental management techniques for attempting to 

provide a sense of the environmental impact of a product or service. Among those are 

for example environmental performance evaluation, environmental risk assessment, 

ecological footprint and environmental impact assessment (Finnveden et al., 2009; 

NEC, 2011). However, LCA as a concept has been developed and seen rapidly growing 

usage during the last years, much due to the fact that “consumers are increasingly 

interested in the world behind the product they buy” (UNEP, 2003). LCA in particular 

has since its introduction grown because it takes environmental aspects previously 

overlooked into consideration, such as emissions from transporting the goods, raw 

material extraction and product disposal, which makes LCA and its life-cycle 

perspective unique (Finnveden et al., 2009). The way of addressing the environmental 

impacts by this method is now internationally accepted as the most appropriate and 

developed method (Baumann & Tillman, 2004). This is evidenced by the adoption of 

LCA in regulations (European Parliament, 2009; US EPA, 2010), product certifications 

(British Standards Institute, 2008) and by its promotion from the United Nations 

Environmental Program (UNEP, 2003). 

Curran (2012a) and Pleanjai et al. (2009) argue that LCA is a powerful tool for 

evaluating the benefits of using biodiesel as alternative to fossil fuel. Furthermore, the 

latter state that LCA is especially appropriate when evaluating greenhouse gas 

emissions in the life-cycle of biodiesel that is produced from UCO. Moreover, as stated 

in the ISO standards for LCAs, an LCA study often provides a decision basis for 

applications within product development and strategic planning (ISO, 2006a; b), both of 

which are connected to the purpose of this study. 

Consequently, LCA was the chosen tool for the environmental assessment of the 

biodiesel production project. Due to limited time and resources, a simplified LCA was 

conducted in contrast to a full-scale LCA in full compliance with the ISO standards 

(ISO, 2006a; b). This is described in the performed assessment in chapter 5. 

2.2.2  Economic aspect 

To investigate this project from an economic point of view, the capital budgeting tool 

was feasible since the project would require an initial investment. Three different 

established capital budgeting models were considered for this project; payback, net 

present value (NPV) and internal rate of return (IRR). Zanrec’s financial status and 

requirements on the return of the investment makes the payback method the most 

suitable choice, this was also the method preferred by the company. For a small 

company like Zanrec this method is most often sufficient (Berk & DeMarzo, 2007) and 

for Zanrec to be willing of doing this investment, they demand this project to pay off 

short-term due to limitations in liquidity (Alfredsson, 2015; Hagström, 2015). The 

length of the payback time requirements from the investors is a few years unless there 

are special circumstances. This short time-span mitigates the model not considering the 
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time value of money, which is the biggest drawback of the model. A modification on 

the traditional way of using this model has been done on behalf of Zanrec, requesting an 

average cost of capital of the initial investment per month to be included (Adamali, 

2015, pers.comm., 7th May).  However, the model’s disadvantage of not considering 

cash flows occurring after the payback period remains. But due to the rapid expansion 

of the company, the cash flows after that period would only be estimations containing 

high levels of uncertainty in any case. No other project working as a substitute for the 

biodiesel project is currently being considered, which also strengthens the choice of the 

payback method (Berk & DeMarzo, 2007). 

The availability of collectable UCO from Zanrec's client hotels was a core data for the 

capital budgeting performed in this study. However, lacking a complete data set of 

information regarding the availability of UCO from the hotels therefore required 

estimations to be made. Since the amount of leftover oil is positively correlated to the 

number of hotel guests, calculating the average amount of oil per room was deemed to 

be an appropriate measure to base the estimation on. This number could then be 

multiplied by the number of rooms at the hotels where data of leftover cooking oil was 

not available. 

2.2.3  Social aspect 

The analysis of the social aspect will consist of a discussion based on observations 

made in the case study. No established models have been applied to this area of the 

research. This is mostly because the focus area of the biodiesel initiative is to impact the 

environmental and economic aspects positively, which produces less impact areas to 

evaluate in the social aspect. Additionally, it was because of limited time and resources 

judged to be beyond the scope of this research. The social areas where this project is 

suspected to have a possible impact on society have therefore been discussed without 

any comprehensive collection of empirical data. 

2.3  Data Collection 

To answer the posed research questions, data and empirical evidence have been 

collected during the study. The data collected was a combination of both qualitative and 

quantitative kind. To obtain empirical evidence, different approaches have been 

necessary depending on the type of data being gathered and because of this study's 

contextual setting. In this section, the different methods of data collection are therefore 

presented and described. 

2.3.1  Literature study 

The literature study has provided the basis for analysis and understanding of the context 

of the investigation. Relevant literature has been collected and reviewed continuously 

during the whole work process of this thesis, starting as soon as the pre-study 

commenced. The process was conducted in an iterative and systematic manner. The 

process was iterative in the sense that whenever a new topic of interest was identified, 

literature was collected to provide knowledge on the subject. Furthermore, the process 
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was systematic in the sense of applying procedures of defining keywords, organizing 

sources and only collecting literature relevant to the study in terms of topic, 

methodology and theory (Collis & Hussey, 2014). 

Literature was mainly collected by using the web databases Google Scholar and KTHB 

Primo for research publications and DiVA for previous student theses, the two latter 

provided by the Royal Institute of Technology. Additionally, it was through these 

sources possible to identify further reading via referenced works related to the topic. All 

literature have been critically reviewed by the researchers of this study in addition to 

them often already being peer-reviewed, this to ensure high quality of the used material. 

Furthermore, all referenced works are published in well-known journals or by 

governmental organizations, which are assessed to be reliable sources. 

2.3.2  Interviews 

Interviews were the main source of empirical data collected in this study. The 

interviews were conducted to collect data analyzed either quantitatively or qualitatively, 

depending on the purpose. Collis and Hussey (2014) define interviews as a “method for 

collecting data in which selected candidates (interviewees) are asked questions to find 

out what they do, think or feel”. The interviews have been conducted with staff of 

Zanrec and their current clients together with selected interviewees with special 

knowledge providing relevant input for the analysis. Both researchers were present 

during the conducting of the interviews, this to reduce the risk of misinterpretation 

(Brenner, 1985). The main responsibilities were delegated, with one leading the 

interview and asking questions while the other focused on taking notes for later 

remembrance. 

Interviews to collect qualitative data 

The qualitative interviews were represented by those contributing to knowledge about 

the general context of the study or the operations of the commissioner Zanrec. The 

qualitative interviews were conducted in a non-structured or semi-structured manner, 

meaning that no or some questions respectively were prepared by the researchers prior 

to the interview. Because the qualitative interviews were performed to get a deeper 

understanding of the situation, the structured approach was ruled out as an option as it 

would prevent the researchers from exploring the context holistically (Collis & Hussey, 

2014). 

In the non-structured interviews, no predetermined questions were formulated but 

evolved during the course of the interviews. The researchers then used open-ended 

question in order to increase the likelihood of receiving longer and more developed 

answers, in contrast to a closed question providing short factual “yes” or “no” replies 

(Collis & Hussey, 2014). The non-structured interviews were mostly held in the initial 

phases of the research process, enabling the researchers to develop an unbiased 

understanding of the current situation without any prior assumptions embedded in the 

questions. 

The semi-structured interviews served the same data collecting purpose as the initial 

non-structured equivalents, but were conducted once the knowledge of the current 
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situation was considered relatively developed. In these, some questions were pre-

determined to steer the interviewee into talking about some main topics, but time was 

left open to accommodate for potential follow-up questions if a new area of interest was 

identified (Collis & Hussey, 2014). This opened up opportunities for a deeper 

understanding of the situation and enabled these areas to be further investigated. 

All conducted interviews for collecting qualitative data are listed in Table 1 below, 

containing name of interviewee, relevant competence area or role and in which manner 

the interview was conducted. 

Table 1. List of conducted interviews to collect qualitative data. 

Interviewee Role / Competence Interview type 

Shabbir Adamali Vice CEO, Zanrec Non-structured 

Fredrik Alfredsson Managing Director, Zanrec Non-structured 

Göran Finnveden 
Professor, KTH Royal Institute of 

Technology 
Semi-structured 

Theresia Silander 

Hagström 
Operations Manager, Zanrec Non-structured 

Ali Haji Haji 
Planning Manager, Zanzibar Ports 

Corporation 
Semi-structured 

Harold Wilson Logistics Manager, Zanrec Semi-structured 

 

Interviews to collect quantitative data 

The quantitative data was collected by conducting structured interviews with staff of 12 

of Zanrec’s current clients. Interviews contributing with quantitative data were 

represented in those related to providing data on the usage of cooking oil and 

availability of UCO. This data was highly relevant for the assessment of the biodiesel 

project, contributing with relevant input for the analysis with respect to all three aspects 

of sustainability. 

The choice of data collection method was highly affected by the unique business 

climate of Zanzibar, where the study was conducted. The business climate in Zanzibar, 

and Tanzania in general, is to a relatively high degree characterized by bribes and 

corruption (Fjeldstad et al., 2006; PCAC, 1996). Because of this, companies operating 

in this setting are very sensitive and often resilient to disclosing information about their 

operations if not deemed an absolute necessity. If companies do choose to share 

information, they are much keen on knowing why it is being asked for and how the 

information is ultimately going to be used, minimizing the risk of it being used to their 

harm. 

With the described business climate associated with clients often displaying mistrust 

and suspicion towards questions, a face-to-face approach was assessed to be the most 

viable option to counter this (Collis & Hussey, 2014; Lavrakas, 2008). Since the 

interviews were conducted with current clients of Zanrec, this approach enabled a 

company representative to be present and cater to the need of communicating why this 
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issue is being investigated and how the data is going to be used. Without this, the 

credibility of the researchers conducting the interview would have been diminished. 

Consequently, initial plans to collect quantitative data by conducting a survey using 

questionnaires was ruled out as an option for this study. The benefit of conducting this 

type of survey would have been the less time consuming gathering of data (Collis & 

Hussey, 2014). However, because the questionnaires would have been distributed 

electronically or via mail they would have been filled in with the researchers and/or a 

representative from Zanrec not present. In the described business environment, this 

option would have incurred several risks in terms of reliable and valid data such as; risk 

of few respondents, respondents not answering all posed questions and faulty answers 

(Gillham, 2007; Lavrakas, 2008). 

Interviews providing quantitative data were conducted in a structured manner and 

therefore consisted of predetermined closed questions (Collis & Hussey, 2014). This 

was because the interviews had the purpose of collecting quantitative data where the 

flexibility of identifying new paths of discussion was not needed (Hartman, 2004). The 

interviewees where selected based on their area of responsibility and qualifications. This 

was either known beforehand through Zanrec or determined on-site at the client by 

discussing with the hotel manager. Depending on the client, the key responsible for 

having knowledge on the topic of purchasing and usage of cooking oil varied. Hence, 

the role of the selected interviewee varied as well. Most clients had a kitchen chef 

present that could participate in the interview, but occasionally the manager had 

sufficient knowledge to be able to provide sufficient responses. 

Interviews conducted with kitchen chefs were because of language barriers 

accompanied by an interpreter with knowledge of both Kiswahili and English. For these 

cases, the pre-determined questions were translated on the spot from English to 

Kiswahili by the interpreter who then translated responses back to English. The acting 

interpreter was selected among the staff of Zanrec and was chosen based on being an 

inborn native of Kiswahili and having satisfactory English skills to communicate the 

responses (Bragason, 1997). 

All conducted interviews for collecting quantitative data are listed in Table 2, 

containing label of interviewee, relevant competence area or role and in which manner 

the interview was conducted. 
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Table 2. List of conducted interviews to collect quantitative data. 

Interviewee from hotel # Role / Competence Interview type 

1 Hotel Manager Structured 

2 Chef Structured 

3 Hotel Manager Structured 

4 Chef Structured 

5 Chef Structured 

6 Chef Structured 

7 Chef Structured 

8 Chef Structured 

9 Chef Structured 

10 Chef Structured 

11 Food and Beverages Responsible Structured 

12 Chef Structured 

2.3.3  Observations 

Observations have continuously been made by the researchers during the course of the 

field study conducted in Zanzibar. When observations take place in a natural setting, it 

is also referred to as field work (Collis & Hussey, 2014), which was the case for this 

research. The researchers made non-participating observations which means that there 

was no interaction to affect the studied phenomena (Collis & Hussey, 2014). 

It is important to consider that observations of this kind is subjectively interpreted and 

may be affected by the researchers' prior knowledge and experience. This was to some 

extent mitigated by the presence of two observers providing their individual 

perspectives on the phenomena observed. 

2.4  Quality of Research 

It is important to assess the quality of data gathered during the course of the research. 

Collis and Hussey (2014) emphasize that both reliability and validity are to be analyzed 

after the first dataset has been collected, this due to the difficulties of prior to data 

collection assessing what the influencing factors of the chosen method are. Furthermore, 

the aspect of generalizability is of great importance when it comes to the contribution to 

research of the thesis and is therefore also discussed in this section. 
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2.4.1  Reliability and validity 

There are generally two aspects of credibility of the findings in a study; reliability and 

validity. It is difficult to assess these credibility aspects prior to any data being 

collected, which is why both reliability and validity are most accurately evaluated after 

the first set of data collection has been done. 

The reliability of study refers to the “accuracy and precision of the measurements” 

(Collis & Hussey, 2014). In other words, a study with lower reliability would imply 

bigger differences in the results if the research was repeated. In the contrary, a study 

with high reliability would if repeated provide the same results. This does not refer to 

the fact that the environment and data of the study might change over time, but rather if 

an identical study was conducted in parallel. 

The reliability of the collected empirical data is assessed to be relatively high due to the 

quantitative interviews being nearly collectively exhaustive of its intended population, 

i.e. clients of Zanrec. Data from all but four of Zanrec’s clients were obtained from the 

quantitative data collection. Consequently, there was no need to choose a sample group 

for the quantitative interviews which is usually a factor that has potential to affect the 

study’s reliability. Due to this, the reliability aspect related to choosing and collecting 

data from a sample group reflecting the views of the population was not applicable to 

include in the evaluation of this study’s reliability. 

However, the quantitative interviews were conducted together with an interpreter, which 

is one factor that had potential to affect the reliability of the results. Since the interpreter 

acted as an intermediate between the interviewee and the researchers, there was room 

for interpretation of the interviewee’s response before it was communicated back to 

English. In the transfer of information from interviewee to interpreter to researchers, the 

possibility of losing nuances of for e.g. uncertainty in the response was a factor to 

consider. To accommodate for this, the researchers had discussed with the interpreter 

beforehand, informing that any uncertainty in the responses from interviewees must be 

communicated. This was due to the importance of receiving reliable data for the 

subsequent analysis. 

Bragason (1997) argues that particularly when using interpreters in developing 

countries, it is possible that difference in social status between interviewee and 

interpreter may affect the results. Because higher education and knowledge of English 

as a second language is more common among families of higher social class, it is 

possible that a difference of social status between the interviewee and the interpreter 

exists. The author discusses that this may be an influencing factor and that the very 

presence of such an interpreter may “adversely affect the free flowing of discourse” 

(Bragason, 1997). Ultimately, this could have an effect on what is disclosed to the 

interpreter. While Tanzania is a developing country, it is however not characterized by 

marked ranking of belonging to a certain social group. Because of this, it has been 

assessed that the probability of this affecting the interviews of this study has been low.  

The validity aspect refers to what extent the study successfully has measured what it 

intended to measure. The most common method for assessing the validity of a study is 

called face validity. The term refers to the procedure of simply evaluating the collected 
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data based on how well it corresponds to what the data collection was meant to collect. 

After a set of data has been collected, it is therefore suggested to evaluate whether or 

not the data aid in answering the posed research questions. (Collis & Hussey, 2014) 

For this study, the flexibility of the non-structured and semi-structured interviews used 

for the qualitative interviews aided in achieving high validity. By initially using 

questions directing the interview to a certain topic, the researchers could follow up with 

probe questions. These type of questions allowed for a “greater understanding of the 

issue under study” (Collis & Hussey, 2014) and enabled the researchers to a greater 

extent obtain information that was aligned with the purpose of the research. 

Furthermore, since the majority of the qualitative interviews were conducted in the 

initial phases of the study, they to a lesser extent affect the credibility of the results 

compared to the quantitative interviews. 

2.4.2  Generalizability 

Many developing countries, especially in Africa, have similar conditions and face the 

same waste issues that Zanzibar does. The environmental context of this thesis is 

therefore highly relevant in a continental perspective as well.  

The applicability of the chosen tools for assessment is considered relatively independent 

of the specific developing country, as the factors that define such a country remain 

consistent. Some specific characteristics of the biodiesel project being evaluated may 

however differ if performed in another developing country. It is therefore important to 

consider that this research consists of only one case study performed in one single 

developing country, which affects both the overall reliability and generalizability 

negatively. The researchers do however hypothesize that the generalizability of findings 

related to the capital budgeting tool is more dependent on the specific biodiesel case 

than the LCA.  

2.4.3  Source criticism 

The variety of interviewee types has been necessary to gather the needed data but also 

to obtain a holistic view of the area of research. The source criticism varies between the 

different types of interviewees. The outcome from the interviews with local staff 

contains a lot of uncertainties. Firstly, there was often a language barrier, which added 

another element of uncertainty due to the need of an interpreter. Secondly, part of the 

data collected was dependent on the interviewees’ skill to estimate historical oil data 

since no statistics were kept. During the interviews with the educated employees of 

Zanrec there were no communication issues. Instead, the possibility of these 

interviewees being biased to their mission occurred, potentially polishing data to their 

advantage. However, the researchers consider this risk to be low. Furthermore, the 

company specific data become outdated very fast due to their rapid expansion. This 

factor is important to consider when calculating the break-even point since this implies 

quick changeovers in costs and revenues. 

Much of the collected academic literature and research regarding LCAs have been 

written from a Western context and perspective. Because of difficulties finding 
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previously conducted LCAs and literature discussing LCA from the perspective of a 

developing country, these sources have been used despite the mismatch in geographic 

context. Consequently, this has affected the reliability of the results in the 

environmental assessment. The lack of context specific literature and data has been so 

significant that it is discussed further in chapters 8 and 9. 

2.5  Ethical Aspects 

The interviewees in the collection of quantitative data collection have in this report been 

anonymized, also including the names of Zanrec's client hotels. This was to prevent any 

interviewee being unnecessarily pointed out and to not interfere with Zanrec's 

operations. Additionally, this was done to sustain clients' integrity. 

The names of the interviewees in the qualitative data collection have been presented. 

However, collected information or statements used were reaffirmed with the 

interviewees prior to this report being published so that no faulty information or 

misinterpretations were presented. 

Furthermore, this report has been sent to and reviewed by the commissioner Zanrec to 

confirm that no sensitive or classified information is presented without their consent. 
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3  Theoretical Framework 

In this chapter the theoretical framework relevant for this study is presented. It is 

comprised of literature that has created the foundation of which the analysis is based on 

and ultimately, when related to empirical findings, the results and conclusions of this 

study. Firstly, the concept of sustainability and its three aspects is described. Secondly, 

literature on sustainability in the context of developing countries is reviewed. This is 

followed by description of life cycle assessment and capital budgeting as tools for 

analysis. 

3.1  Three Aspects of Sustainability 

The term sustainability was in the corporate environment for a long time associated with 

economic concerns, but is now widely agreed to recognize three aspects; environmental, 

economic and social. Considerations on sustainability has during the last few decades 

seen rapid growth in society overall. Consumers are increasingly conscious of the origin 

of the products they are buying and companies and organizations are more than ever 

engaging in initiatives promoting sustainability. (UNEP, 2007) 

The concept of sustainable development has been developed to aid in understanding the 

interconnection among the three sustainability aspects (Lozano, 2008). With more than 

1 billion of the world’s population still living in extreme poverty, the world is facing 

challenges of sustainable development on all of its three aspects (Scottish Executive, 

2005; United Nations, 2013). The definition of sustainable development is development 

that “meets the needs of the present without compromising the ability of future 

generations to meet their own needs” (Burton, 1987). This definition has been widely 

accepted since the publishing of the 1987 Report of the Brundtland Commision (UNEP, 

2007). 

Since the introduction of the sustainable development concept, many authors have since 

provided alternate definitions trying to provide one that integrates the three aspects, 

which has proven to be a difficult and complex task. Due to the complexity of this 

concept, different models and graphical representations have been developed attempting 

to provide a sense of how the three aspects are interdependent and should be interpreted 

(Lozano, 2008).  

Three common models and their graphical representations of the three aspects are 

shown in Figure 3 and are further described in the three subsequent sections. 
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Figure 3. The 3-Legged Sustainability Stool, 3-Overlapping Circles Model and 3-

Nested-Dependencies Model illustrating the interconnections of the sustainability 

aspects. (Willard, 2010) 

3.1.1  3-legged sustainability stool 

The 3-legged stool became a widely spread representation of the interconnections of the 

sustainability aspects roughly a decade ago. In this stool, the three legs correspond to 

each of the aspects. If any of the legs are longer or shorter than the others, i.e. more or 

less important, the stool will be unstable and if one leg is missing the stool will fall over 

(Dawe & Ryan, 2003). As the stool is only stable if all legs are of equally length, the 

main message with this representation is that all aspects are considered equally 

important. The model has since its introduction been criticized for considering the 

aspects equal and also separate (Willard, 2010). 

3.1.2  3-overlapping circles model 

The model of three overlapping circles is probably the most widely seen representation 

of sustainability today. In contrast to the 3-legged stool, this model acknowledges the 

intersection between the three aspects. Additionally, the model can depending on the 

context be adjusted to emphasize one aspect over the other by displaying one circle as 

bigger. The only discussed drawback of this illustration is that it implies that the part of 

the economic aspect not being overlapped by the others can exist independently of the 

others. 

3.1.3  3-nested dependencies model 

The 3-nested-dependencies model takes the drawbacks of the two previous into account. 

Here, the representation reflects the co-dependency of the three aspects; society is part 

of the environment and an economy is created within the society. This highlights that 

the environment in fact can exist without the two other aspects. 

3.1.4  Sustainable development in practice 

Despite how we today choose to look at sustainability and how the three aspects are 

related to each other, it is all in vain if this knowledge cannot be applied in practice. For 

sustainable development to grow, companies must find a way to unite the three aspects 

into their businesses which has proven to be a challenge. (Jamali et al., 2006) 
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One concept attempting to unite the aspects is the triple bottom line (TBL) framework. 

TBL is a sustainability framework for evaluating performance of a project in a broader 

context, which is why it is also frequently labeled as an accounting framework. The 

term was first coined in 1994 by John Elkington and in contrast to traditional 

performance evaluation of only looking at profits, the TBL looks into all three aspects 

of sustainability (Elkington, 1997; Vanclay, 2004). Other frameworks and concepts of 

reporting have been developed and do exist today, but the TBL has established itself 

and seen wide adoption among organizations, public agencies and also the general 

public (Berger et al., 2007; Henriques & Richardson, 2004; Morland, 2006). 

John Elkington argued that the TBL he coined referred to three different, and quite 

separate, bottom lines. However, attempts have since then been made to combine the 

three bottom lines into one which in theory would increase comparability between 

different firms or different projects within the same firm (Hindle, 2008). There are 

however challenges of putting this into practice since it requires finding a common unit 

of measurement and subsequently actually measuring the social and environmental 

aspects. 

The issues of quantification, especially related to the social aspect (Norman et al., 

2004), have been discussed by many within academia (Dale et al., 1997; Vanclay, 

1999). It is argued that the TBL, if seen upon as a measurement system, is “ill-

structured” and “poorly defined” measure (Sridhar, 2010). When it comes to the social 

impact, Hauschild et al. (2008) discuss the importance of local specificity. The authors 

suggest that for the social impact assessment to be reliable, specific information on the 

local environment or conditions is needed. This further complicates the measurement 

since the conditions under which a process is operated can vary a lot between different 

stages of the product chain that are often spread geographically. While the social impact 

assessment aids in decision-making (Esteves et al., 2012), research also concludes that it 

should not be the deciding factor due to difficulties in reaching precise definitions 

(Burdge & Vanclay, 1995; Freudenberg & Keating, 1982). 

Despite the hindrances of uniting the three aspects into one unanimous bottom line, the 

consideration of the three perspectives and adoption of the TBL has overall enabled 

organizations to shift into a longer-term perspective. While measurements in practice 

are still under criticism, the “bottom line” as a metaphor has led to the creation of 

organizations that to a further extent consider the future consequences of their initiatives 

(Norman et al., 2004; Kimmet & Boyd, 2004). 

3.2  Sustainability in Developing Countries 

When it comes to improving sustainable development in developing countries, new 

challenges arise. Influencing factors such as poverty, characteristics of business climate 

and lack of education all affect how sustainability can be effectively achieved. In this 

segment, literature discussing how these factors affect the context of this study is 

presented. 
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3.2.1  Life cycle assessment in developing countries 

While the LCA tool has seen rapid growth in usage, it is however noticeably 

concentrated to the developed countries. Unlike the developed regions, the life cycle 

perspective overall has yet to be broadly accepted by the developing countries, which is 

why none of the current life cycle tools available have seen any apparent usage. 

Additionally, there are few cases of research trying to adopt the life cycle thinking, or 

applying LCA in particular, to developing countries (Curran, 2012b). 

Two of the biggest problems for developing countries that contribute to the low usage 

of LCA as a tool are according to Machado and Cavenaghi (2009) the “lack of capable 

workforce and limited availability of databases”. Being that developing countries are 

essentially lacking in technical expertise which is a prerequisite to establish databases 

and also for them to maintain updated, Curran (2012b) argues that this shows a need for 

capacity building in developing countries. The goal of capacity building is ultimately to 

create a critical mass of experts such as researcher and policy makers and private 

companies in all parts of society. Capacity building is described by UNEP (2002) as 

“building abilities, relationships and values that will enable organizations, groups and 

individuals to improve their performance and achieve their development objectives”. 

In contrast to developing countries, Curran (2012b) argues that the life cycle perspective 

has grown essential in developed countries, where economies to a much further extent 

are globalized. The author emphasizes that this perspective is crucial due to 

distinguished parts of the value chain, such as production and consumption, oftentimes 

are separated geographically and thusly create potential for greater environmental 

impact. Additionally, establishment of environmental management practices are often 

driven by concerns of international trade barriers (Brent et al., 2002; Walker et al., 

2008). These drivers for life cycle thinking are often absent in developing countries, 

since a geographically spread value chain is often not the case in the less globalized 

economies. 

Despite this, there is an increasingly growing need for the life cycle perspective and 

LCA to be accepted in developing countries. If not deemed upon as a need, there are at 

least considerable opportunities associated with adopting the life cycle perspective 

across society and LCA as a tool. As mentioned, there are challenges associated with 

the adoption as well. Five major challenges and opportunities/drivers for developing 

countries and the development of LCA have been identified by Curran (2012b), see 

Table 3. 
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Table 3. Challenges and opportunities of LCA development in developing countries 

(Curran, 2012b). 

Challenges Opportunities / Drivers 

Absence of a perceived need for LCA: 

The basic barriers for LCA use lies in lack of 

environmental awareness, especially at top 

management. Additionally, few national plans 

or strategies exist that promote life cycle 

thinking and few decision makers are aware of 

its possibilities and consequences. 

Rise in sustainability issues: 

Sustainability issues are becoming 

increasingly relevant for society in general 

and there is an increase in demand for 

education in life cycle thinking.  

Perception that LCA is too “scientific”: 

Industry and governments in developing 

countries perceive that LCA is too scientific and 

analytical. The life cycle tools are often 

discarded in favor for already practical and 

familiar processes. 

Access to Global Value Chains: 

Access to global value chains creates 

potential for production efficiency as a 

competitive edge. This external driver has 

been realized and motivates companies in 

developing countries to comply with the 

increasingly complex standards. 

Lack of LCA expertise and know-how: 

Not enough qualified LCA practitioners and 

challenges of incorporating life cycle thinking 

into education derive from lack of support, 

guidance and promotion for its practical 

applications. 

Experience from developed countries: 

With a growing body of LCA knowledge and 

information in Europe and North America, 

developing countries could with help develop 

very quickly in the field. 

Limited availability of local data and 

streamlined tools: 

Companies don’t see the apparent benefits of 

creating and maintaining databases for life 

cycle assessments which are necessary for life 

cycle research and development. 

“Selling” LCA as part of other studies: 

LCA activities have potential to be linked to 

projects often implemented in developing 

countries within for e.g. renewable energy 

development and process development to 

create synergies.  

Cost: 

The need for data, expertise and commercial 

software associates LCA with high cost. 

The UNEP/SETAC Life Cycle Initiative: 

UNEP and SETAC have acknowledged the 

need for capacity building and are deploying 

international efforts to aid emerging 

economies in implementing LCA usage. 

 

Similar observations of challenges have been made by others. During the World 

Summit of Sustainable Development in Johannesburg in 2002, delegates from 

developing countries displayed opposition towards “life-cycle management and in 

particular also against use of LCA” (Udo de Haes, 2004). Mainly, three types of 

objections were raised. Firstly, that LCA is seen as too complicated. Secondly, that 

LCA is seen as a one-sided tool that focuses on problems seen from the perspective of 

the industrialized world. Thirdly, and most fundamentally, LCA is not seen to be in line 

with the interest of the stakeholders in developing countries. 



22 

 

3.2.2  Finding competent workforce and service providers 

It's not only corruption and bribes that can be a challenge when running a business in a 

developing country; finding competent workforce can also be difficult. Education levels 

in Africa are compared to developed regions of the world significantly lower which 

poses a challenge for local businesses when trying to identify candidates for 

recruitment. 

Tan et al. (2010) discuss that the problem derives from mismatches in demand and 

supply of skills in the job market of developing countries. The authors emphasize that 

many developing countries have made recent efforts to educate their population but that 

the educated workforce is experiencing shortages of qualified jobs. On the other end, 

companies express shortage of competent workforce, hence the authors describe this as 

a paradoxical situation. 

Curran (2012a) highlights the importance of building workforce capacity to successfully 

implement biofuel projects in developing countries. The biofuel production process is 

the step in the product chain that is most critical due to its relatively higher requirement 

of technical competence. However, a survey conducted by Deloitte (DMIO, 2009) 

showed that it is however not specific technical skill that necessarily is the most 

influencing factor of creating an attractive labor force. Instead, the research reported 

that employers put high value in hiring staff that possess good problem solving skills 

and the ability to be flexible. 

3.2.3  Drivers of social development 

The term developing country does not have an agreed-upon definition. Several 

definitions do exist, where one commonly used states that developing countries are 

countries with an underdeveloped industrial base and with a low human development 

index (HDI). HDI encompasses three measurement indices of life expectancy, education 

and income, all of which are rated low in developing countries (O'Sullivan & Sheffrin, 

2007). While this definition of a developing country is put rather vaguely in terms of 

measurement, it does imply that the social factors comprise a big part of whether a 

country is seen upon as developed in contrast to developing. 

Social development and the associated HDI is therefore an important measurement. In 

order to increase a country's HDI, drivers for social development must be identified to 

be able to address the critical issues that have the most impact on the growth of a 

prosperous society. Saxena (2011) studied sustainable ventures by social entrepreneurs 

and identified some key drivers of success, among which are: education, 

communication, technology, integrative value chain and entrepreneurial communities. 

The importance of an integrative value chain and entrepreneurial community, i.e. 

integrating initiatives with the community, is also discussed by Peredo and McLean 

(2006). The authors argue that because community-based initiatives are often less profit 

driven it enables them to be executed in a more "socially responsive manner". 

Sustainable ventures, which as described before require applying new business models 

in their operations, does in contrast to already locally established businesses possess the 
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flexibility in their operations. Consequently, sustainable ventures that establish 

themselves in developing countries have greater contingence to involve the community 

in their initiatives. (Elkington & Hartigan, 2007) 

3.3  The Life Cycle Assessment Process 

LCA is a tool that “addresses the environmental aspects and potential environmental 

impacts throughout a product’s life cycle from raw material acquisition through 

production, use, end-of-life treatment, recycling and final disposal” (ISO, 2006a), 

making it an analysis from “cradle to grave”. It is an important tool often used for 

“changing unsustainable consumption and production patterns” (Fava & Hall, 2004). 

In general, an LCA can be described by three main procedures to assess the 

environmental aspects of a product, where the term “product” includes both goods and 

services (ISO, 2006a), which are: 

 Compiling an inventory of relevant energy and material inputs and 

environmental releases 

 Evaluating the potential environmental impacts associated with identified inputs 

and releases 

 Interpreting the results to help you make a more informed decision. (US EPA & 

SAIC, 2001) 

There are two distinguished types of methods for LCA: attributional (ALCA) and 

consequential (CLCA). According to Finnveden et al. (2009), attributional LCA “is 

defined by its focus on describing the environmentally relevant physical flows to and 

from a life cycle and its subsystems”. Consequential LCA on the other hand is defined 

by “its aim to describe how environmentally relevant flows will change in response to 

possible decisions” (Curran et al., 2005), with emphasis on change. Similar descriptions 

have been made by several other authors, while also arguing that CLCA should to a 

further extent be used as a tool providing a basis for decision-making (Lundie et al., 

2007; Weidema, 2003). According to Lundie et al. (2007), ALCA fit more appropriately 

when no decision is at hand due to its broader usage. Furthermore, the authors state that 

it’s “somewhat pointless” to compare two alternatives if no decision is to be made, 

which is also similar to the reasoning of Tillman (2000). 

As of 1996, the life cycle assessment method has been standardized by the International 

Standards Organization (ISO) and is now documented in the revised 2006 ISO 

standards 14040:2006 and 14044:2006, presenting how to conduct an LCA. The 

documents complement each other, where 14040:2006 provides an overall description 

of the technique and 14044:2006 provides details for practitioners of the requirements 

when conducting an LCA. Described in these national standards are four distinct phases 

constituting an LCA study (ISO, 2006a; b): 

1. the goal and scope definition phase 

2. the inventory analysis phase 

3. the impact assessment phase, and 

4. the interpretation phase 
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When each phase is carried out and produces a result, it often affects how the 

connecting phase is carried out. This relationship between the four phases, and how they 

together comprise the LCA framework, is depicted in Figure 4. 

Figure 4. Stages of an LCA. (ISO, 2006a) 

As illustrated in Figure 4 above, the interdependencies of the phases go both ways, 

meaning that LCA is an iterative process. This ultimately “contributes to the 

comprehensiveness and consistency of the study and reported results” (ISO, 2006a). 

The four phases are described in more detail in the subsequent sections. 

3.3.1  Goal and scope definition 

The goal and scope and scope definition is the first phase of an LCA and sets the study 

in its context and defines what is to be investigated. It is in this phase where all the 

initial choices are made which ultimately affect the rest of the working plan for the LCA 

(Consoli et al., 1993). While LCA is an iterative process, it is a requirement to start with 

the definition of the goal and scope of the study, to then advance to the subsequent 

phases. However, the practitioner is encouraged to go back and reiterate the scope, and 

sometimes even the goal, if it during the course of the study is deemed necessary due to 

“unforeseen limitations, constraints or as a results of additional information” (ISO, 

2006b). 

The goal of the study should as unambiguously as possible define the main choices of 

the intended application, stakeholders, commissioner, audience. The goal(s) should not 

only be stated as providing decision basis for comparing two alternatives A and B, but 
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also the reason and motivation embedded into why the study is carried out. Based on the 

ISO 14044 standard (ISO, 2006b), Guinée (2002) has in the well-known LCA handbook 

provided guidelines on what the goal definition should include; 

 State the goal(s) and reason(s) 

 List the parties involved 

o Researchers 

o Commissioner 

o Target audience 

 Assess whether LCA is the most appropriate tool to use for the posed researched 

question 

 Clearly state possibilities and limitations of LCA. 

The scope of the study defines in detail what exact product or part of a product system 

that is to be analyzed. The scope of the study should be formulated in terms of 

“temporal, geographical and technological coverage, and the level of sophistication of 

the study in relation to its goal” (Guinée, 2002). This is further emphasized by the 

European Commission (2010), i.e. that the scope derives requirements on 

“methodology, quality, reporting and review in accordance with the goal of the study”. 

Furthermore, in this phase the practitioner of the LCA needs to address the required 

accuracy of results and how it is interpreted and displayed for maximizing applicability 

(US EPA & SAIC, 2001). 

These factors boil down to a few required key parameters specified by the ISO 

standards (ISO, 2006a; b) to be defined in the goal and scope definition phase, namely: 

the functional unit; product system and boundaries; assumptions and limitations of the 

study; data quality requirements; and chosen impact categories. 

Functional unit 

The functional unit of an LCA is the unit to which all environmental inputs and outputs 

of the product life cycle are related, serving as a “quantified description of the 

performance of the product systems” (Weidema et al., 2004). In a more mathematical 

sense, it is the unit of which all quantifiable inputs and outputs are normalized, which 

implies the functional unit shall be clearly defined and measurable (ISO, 2006b). 

Being that the functional unit is a key component of analysis, it is important that the 

functional unit is chosen so that it is consistent with the defined goal and scope of the 

LCA. In other words, the assessment of whether the results have fulfilled the goal of the 

study is dependent on the functional unit, requiring “careful selection of the functional 

unit to measure and display the LCA results” (US EPA & SAIC, 2001). Ignoring this 

will severely diminish the usefulness of the results and its comparability. 

The decision on a functional unit when comparing the life cycle of two fuels as 

alternatives is also highly affected by the result's application. Additionally, when 

comparing two systems, the functional unit must be the same for both systems (ISO, 

2006b; Sheehan et al., 1998). Some studies comparing fuels use a functional unit of 

energy produced (ADEME–DIREM–PWC, 2002; Elsayed et al., 2003; EMPA, 2007; 

GM–LBST, 2002; Jungbluth et al., 2008; Malça and Freire, 2006; Shapouri et al., 
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2002). This method allows for a comparison of fuels independent of its application, as it 

for e.g. may be used as energy for road vehicles or generators. However, when doing a 

comparison this is not a relevant unit as the fuel efficiency varies between different 

fuels and engines (Gnansounou et al., 2009).  

To counter this, most studies argue using a functional unit of distance travelled, 

typically 1 km of vehicle transport (Gmunder, 2012; Gnansounou et al., 2009; Le et al., 

2013; Varela et al., 2005). The authors argue that since the function of fuels combusted 

in vehicle engines ultimately is to produce mechanical energy and transport the vehicle, 

it is with this in mind the comparison must be done. For this functional unit to be 

utilized properly it is important that the fuel comparison is done based on using the 

same vehicle so that the assessment actually compares the fuels and not being 

dependent on the chosen vehicle.  

Theory concludes that choosing a functional unit in terms of volume or energy is not 

appropriate as the intended function of vehicle transportation often requires different 

volumes, depending on the fuels compared, to travel the same distance. Instead, a 

distance related unit is to prefer for a correct comparison of fuels. 

Limitations 

Limitations of the study must be presented in the goal and scope definition phase of the 

LCA. The practitioner should disclose whether all stages of the product life-cycle is 

included in the assessment or not. If the assessment is limited to a few selected stages of 

the life-cycle, this must be explained and justified by the set goal and scope, data quality 

requirements of results and/or available time and resources for the study (ISO, 2006b; 

US EPA & SAIC, 2001). 

System boundaries 

The system boundary defines which parts of the product’s life cycle that are to be 

analyzed. The term is defined as the interface between the product system and the 

environment or other product systems (ISO, 2006a). It is important for both the 

practitioner of the LCA and for future references that the product system and system 

boundaries are clearly defined (Tillman et al., 1993). For the sake of the researcher, this 

is to be aware of what data is required to be collected and to ascertain which of the 

environmental impacts attributional to the process that are to be considered given the set 

boundary. Furthermore, because of the comparative nature of life cycle assessments it is 

for future references crucial that the defined boundaries used in separate studies are 

equal if a comparison is to be properly made between results. This is why a clear 

definition of the system boundary is a requirement for the LCA to be able to fulfill its 

purpose. (European Commission, 2010a) 

The definition of the system’s boundaries is often complemented by a graphical 

representation, exemplified in principle as in Figure 5. 
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Figure 5. Example of a generic product system and set system boundaries for an LCA. 

(ISO, 2006a) 

Extra consideration must be put on defining the system boundaries when conducting a 

study comparing two systems. The system boundaries must be defined equally in such a 

way that the systems are comparable, and if any differences are present they must be 

clearly reported (ISO, 2006b). 

Sheehan et al. (1998) discusses the system boundary when conducting an LCA 

comparing two products. For this case, the authors point out that equivalent steps 

occurring in the life cycles of the compared products can be excluded (Sheehan, et al. 

1998) as they will not affect the final result when looking at impact differences. 

However, this is only if the goal of the study is to evaluate the results based on the 

comparison, and not if the purpose is to prepare a comprehensive inventory of the 

systems. 

Moreover, when comparing alternate fuels, the European Parliament states in their 

published Renewable Energy Directive that it is essential that the system boundary 

begins with a residue (European Parliament, 2009). UCO can be considered a residue as 

it is normally free of charge for the collector, which justifies LCAs of biodiesel 

production from UCO (Niederl-Schmidinger & Narodoslawsky, 2008; Thamsiriroj & 

Murphy, 2011). 

Data quality requirements 

It is important to describe the data quality requirements that the LCA has used for the 

intended audience of the LCA to assess the reliability of the study. Different data 
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quality requirements are set depending on the application of the LCAs final result. If the 

results are disclosed to the public as a report providing support to a community or local 

regulator in for e.g. policymaking, the requirements are usually high (US EPA & SAIC, 

2001). On the other hand, if used for decision-making within a company, i.e. an internal 

process, estimations or usage of data from other sources may be applied to a further 

extent. The latter has potential to reduce required time and resources, and consequently 

costs, for conducting the LCA (Guinée, 2002). 

Impact categories definition and assessment method 

The last step in defining the scope of the study is done by determining what 

environmental impacts that will be considered in the assessment. Environmental 

impacts are in turn divided into impact categories. A few commonly used impact 

categories are; 

 Global warming  

 Acidification  

 Eutrophication  

The most commonly impact category considered in LCA studies of fuels is global 

warming, mainly consisting of greenhouse gas (GHG) emissions of carbon dioxide 

(CO2), methane (CH4) and nitrous oxide (N2O) to the atmosphere (Gnansounou et al., 

2008). The chosen impact categories should then be described further in the LCAs third 

phase; impact assessment (ISO, 2006b). 

3.3.2  Inventory analysis 

The second phase in the LCA is the life cycle inventory (LCI) phase. After the study has 

been defined in the preceding goal and scope definition phase, the next step is to 

quantify the energy and resource requirements for the life cycle process under study. 

This means quantifying all inputs necessary to produce the desired output product that 

the assessment regards. Without the collection of relevant data, there is no basis for 

analysis which is why this phase is essential but also the most complex part of an LCA.  

(ISO, 2006b) 

US EPA has published guidance documents describing the framework for performing 

the LCI phase. In these, the LCI phase defined by four key steps (US EPA, 1993a); 

1. Develop a flow diagram 

2. Develop a data collection plan 

3. Collect data 

4. Evaluate and report results 

Each step is briefly described in the subsequent sections: 

Develop a flow diagram 

To simplify the process of identifying and quantifying input and output flows of the 

product’s life cycle, it is in a flow diagram divided into sub-systems or sub-processes. 
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In its simplest form it is comprised of raw material extraction, manufacturing, use and 

waste management, but often there are intermediate flows that for e.g. requires means of 

transporting goods, which is also included in the life cycle inventory (US EPA & SAIC, 

2001). To get a sense of the often complex life cycle and its process steps, it is 

represented in a flow diagram as seen in Figure 6 below, where each unit process is 

displayed as requiring an input flow which produces the intermediate flow to the 

subsequent process together with outputs. 

 
Figure 6. Example of a set of unit processes in a flow diagram (ISO, 2006a) 

By developing a flow diagram, the life cycle is represented in a comprehensive manner, 

providing an unambiguous definition of what input and outputs that needs to be 

quantified. 

Develop a data collection plan 

The data collection requirements were defined in the goal and scope definition phase. In 

the LCI phase, the quality of data is discussed and a plan is developed to ensure that it 

meets the expectations of the study’s commissioner and ultimately the decision-maker.  

Quality goals need to be addressed for all process in the life cycle that needs 

quantification of its inventory. If for e.g. a production process is included in the 

assessment, it is necessary to assess whether site-specific data is required or if standard 

values used in other studies can be used without compromising the possibility for the 

study to be used as a decision basis. The practitioner must decide on data sources to use 

and what quality indicators to which data are benchmarked. These indicators are highly 

dependent on the study and data sources used and no defined list of indicators exist. 

Collect data 

The collection of data commences after the flow diagram has been developed, providing 

insights on what data to collect, and after the data collection plan is established. 

Depending on chosen data sources, the data collection combines efforts of research, 
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site-visits and personal communication with experts. Obtaining site-specific data can be 

difficult due to companies keeping data private or if the contextual setting of the study 

poses challenges such as lack of available sources (Rebitzer et al., 2003). Therefore, if 

deemed appropriate for the study, data collection time and resources can be reduced by 

collecting non-site specific data from sources such as databases or previously conducted 

studies. 

Evaluate and report results 

The final step is to evaluate if the required accuracy of the inventory data collected is 

considered to have been met and to report the results. The evaluation is performed on 

the basis of chosen data quality requirements, this will aid in assessing if the data 

collected is sufficient for the purpose of the study. A vital step is to report both the 

methodology and results of the LCI by providing documentation.  

The outcome should ultimately results in an inventory table listing the quantities of 

required inputs consumed by the processes and the outputs such as pollutants to the 

environment in respect to the functional unit (Guinée, 2002). 

3.3.3  Impact assessment 

In the life cycle impact assessment (LCIA) phase, the result from the inventory analysis 

is translated into associated environmental impacts. However, the LCIA only addresses 

the environmental issues specified in the goal and scope definition of the LCA and does 

not include an assessment of all environmental issues. 

The selected impact categories in the goal and scope definition phase should in the 

LCIA be described further. Additionally, they should be motivated with respect to the 

LCA result’s application and sources of environmental impact data should be disclosed. 

The ISO standards state three mandatory steps in performing the LCIA (ISO, 2006a; b); 

 Selection and definition of impact categories 

 Assignment of LCI results (classification) 

 Calculation of category indicator results (characterization) 

For a full-scale comprehensive LCA however, there are three additional optional steps; 

normalization, grouping and weighting. 

Associated with an impact category is a characterization model and factor (ISO, 2006b). 

For the most commonly used category of global warming (or climate change), the 

Intergovernmental Panel on Climate Change (IPCC) baseline model is predominantly 

used (Gnansounou et al., 2009; IPCC, 2007). The impact of GHG emissions are 

described by their atmospheric lifetime and global warming potential (GWP), where the 

latter is the characterization factor. GWP estimates the effect that emission of a GHG 

has on the atmosphere given a set timeframe which is by the IPCC set to 100 years 

(denoted GWP100). The effect uses CO2 as a reference point, which means the GWP100 

equals to 1 for CO2 emissions (Gnansounou et al., 2008). Since CO2 is the reference 



31 

 

point, emissions may also be given the unit of CO2-equivalent (CO2-eq), i.e. 1 GWP100 

equals 1 CO2-eq. 

As mentioned in section 3.3.1, the most commonly considered gases when assessing the 

impact of fuels are CO2, CH4 and N2O. GHG emissions from fuels should be expressed 

in grams of CO2-eq per mega joule of fuel according to the European Parliament's 

methodology guidelines of calculating GHG-impact of biofuels in comparison with 

fossil fuel. The guidelines do however state that this can converted to displaying per 

kilometer if the data is useful for the purposes of the study being conducted. (European 

Parliament, 2009) 

Assessing environmental impact as above is referred to as mid-point oriented impact 

assessment. Another method is referred to as end-point oriented modeling which takes 

the impact one step further by looking at the potential consequences of these impacts, 

such as temperature increase, damage to human health or damage to ecosystem quality. 

Most studies do however choose to apply mid-point oriented modeling as there are high 

uncertainties in determining the consequences in the end-point scenario. This choice of 

method is however also linked to the purpose of the LCA being conducted, which can 

justify using one method over the other. (Goedkoop et al., 2009) 

3.3.4  Life cycle interpretation 

The final phase of an LCA is the life cycle interpretation (LCI) phase. Here, the 

combined results from the inventory analysis and impact assessment yield the final 

result of the assessment and a systematic check and evaluation is performed. The ISO 

standards on LCA state that the main objective of the LCI phase is to provide a 

comprehensive presentation of the results that are consistent with the goal and scope of 

the study. Conclusively, the practitioner may in this phase present recommendations to 

the decision-makers, but this is not a mandatory step. (ISO, 2006a; 2006b) 

3.4  Capital Budgeting 

Capital budgeting is a tool used for valuing different kinds of investments. The purpose 

of applying this tool to projects is to provide the investor with a decision basis regarding 

the economic outcome of investing in the project. Capital budgeting or investment 

appraisal is almost always used by companies when doing investments of substantial 

sizes as they need to be economically motivated. For a joint-stock company this 

analysis is even more important to conduct, since if the company shows big expenses 

without any implications of increased revenues, the trust of the shareholders will be lost 

(Berk & DeMarzo, 2007). 

Due to the wide range of different types and sizes of projects, there are multiple types of 

capital budgeting. The circumstances of the project and required accuracy determine 

which specific method is suitable in each case. Some models evaluate stand-alone 

projects from a do or don’t perspective, whereas other models are developed to compare 

projects and identify the most profitable one. One of the most important elements for 

choosing capital budgeting model is the time span of the investment. The longer the 

time span is, the more significant factors such as cost of capital and rate of return 
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become (Daunfeldt & Hartwig, 2014). The size of the investment can also be relevant 

for the choice of method since the impact of interest rates gets amplified with a growing 

investment. The characteristics of the most common capital budgeting models will be 

briefly presented in the subsequent sections. 

Before the capital budgeting and calculations can be conducted, the collection of 

necessary input data must be made. As in many economic models calculating future 

cash flows, a major part of the input data are more or less qualified estimates made from 

statistics, investigations or even intuition (Bierman & Smidt, 2012). Since the input data 

directly impacts the outcome of the entire analysis, identifying the key numbers with the 

biggest impact and assuring the reliability of the input data is essential. Depending on 

which data is needed and the project’s characteristics, different methods for collection 

of data are most feasible (Haka et al., 1992). If similar projects have been done before, 

looking into statistics and historical data may be the best alternative. But the more 

unique the character of the project is, the harder it will be to evaluate the outcome of the 

project in terms of for example costs and revenues (Taylor, 1998). For this reason it is 

more likely to get reliable data from an investigation of the specific case which could 

for example contain a market research or simulations. 

3.4.1  Payback 

The payback method is the simplest of the capital budgeting methods. It calculates the 

amount of time needed for the positive cash flows to exceed the negative cash flows 

related to the investigated project. If the time is shorter than or equal to the requested 

pay-off time of the project, the decision tool approves investing in the project. Together 

with the simplicity of the model follows a few disadvantages. Since the cost of capital is 

not taken into account and the time value of money is completely ignored, this model is 

highly unsuitable to apply for long-term projects. Another drawback of the model is that 

no cash flows after the payback time is taken into consideration. (Berk & DeMarzo, 

2007) 

3.4.2  Net present value 

The net present value (NPV) decision tool takes unlike the payback rule all future cash 

flows into consideration according to its present value, which means cost of capital is 

included in this model. If the net present value of all the summarized cash flows and 

initial costs is positive, then the investment will be profitable. Since all cash flows are 

included, the model also possesses the possibility to compare projects, where the 

investment with the highest net present value is the most profitable one. The major 

disadvantage of the NPV model is the complexity of calculating the cost of capital. 

Furthermore it is not suitable for comparing investment opportunities of different size or 

length since NPV is expressed in actual dollars (or other currency) and not in terms of 

percentage. (Berk & DeMarzo, 2007) 
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3.4.3  Internal rate of return 

The internal rate of return (IRR) method calculates the rate of return unlike the NPV 

model where the cost of capital is predetermined and a present value is calculated 

instead. By comparing the total revenue from all future cash flows to the initial cost, the 

expected rate of return can be calculated. This creates the possibility to see the relation 

between the payoff and the investment which is one of the strengths with the IRR 

method. However, it is difficult to compare investments of different sizes and risks 

since this is not accounted for in the calculated rate. (Berk & DeMarzo, 2007) 
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4  Empirical Context 

This chapter presents the empirical context of the study. Firstly, to provide a general 

understanding of the setting in which the study is conducted, a description of Zanzibar 

is presented. Secondly, the commissioner and company under study, Zanrec, is 

presented to aid in understanding the company’s operations. 

4.1  About Zanzibar 

The Zanzibar archipelago is a semi-autonomous region which is part of Tanzania, 

located in the Indian Ocean 32 km outside the east coast of the mainland. The 

archipelago includes the two main islands Zanzibar, or Unguja, and Pemba in the north 

together with a collection of smaller surrounding islands (ZCT, 2007). The major 

islands of the archipelago are shown in Figure 7 below. 

 
Figure 7. Map of Zanzibar archipelago (Räisänen, 2010). 

The total population residing in Zanzibar including Pemba was at its last recording in 

2012 roughly 1.3 million people (NBS, 2013; OCGS, 2013). Zanzibar City is 

Zanzibar’s biggest settlement with its approximate population of 206 000 people 
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(Zanzibar Travel guide, n.d.), including its historical district of Stone Town that attracts 

many tourists. The vast majority of Zanzibar’s population is Muslim, accounting for 

99% of the people, which can be put in contrast to mainland Tanzania’s 35%. The 

official languages are Kiswahili and English (CIA, 2015). Historically, Zanzibar has 

been an important stop for trade, especially for spices which is why the islands are 

sometimes referred to as Spice Islands. The islands have during the course of history 

fallen under control by the Portuguese, Sultan of Oman and the British and still carry 

influences from these times (Fitzpatrick & Bewer, 2012). 

4.1.1  Tourism  

Tourism is one of Zanzibar’s biggest industries and has grown rapidly during the last 

years (Mutayoba & Mbwete, 2013). In fact, the number of visiting tourists tripled 

between the years 1994 and 2007 (ZCT, 2008). The latest data indicated that there in 

2011 were 369 registered hotels and guesthouses on Zanzibar, with a collective capacity 

of 6 719 rooms and 12 465 beds (RGoZ, 2013). The rapid growth of the industry is 

shown in these numbers as well, with previous recording in 2002 indicating 173 

registered hotels and guesthouses, suggesting a doubling in 9 years (ZCT, 2003). 

The Revolutionary Government of Zanzibar is in its 2013 environmental policy report 

discussing the importance of the tourism sector, describing its contribution to national 

income as “irreplaceable” (RGoZ, 2013). However, the report highlights the 

socioeconomic challenges of the industry which is facing the need to address issues of 

“destruction of the coastal habitats thorough negative land use change dynamics, 

increasing of solid waste, littering and waste water generation” (RGoZ, 2013).  

Additionally, Mutayoba and Mbwete (2013) discuss that despite the increased tourism 

contributing significantly to economic growth, the poor population of Zanzibar does not 

reap its benefits. The service sector’s growth is positively correlated with growing 

tourism, being the fastest growing sector and accounting for 45.3% of GDP (OCGS, 

2013, RGoZ, 2010). These jobs are however predominantly concentrated to the urban 

areas, whereas in the poor rural areas agriculture and fishing are the main activities 

(OCGS, 2013). Generally, a growing tourism industry has shown potential to provide 

both rich and poor economies with significant development both economically and 

socio-culturally in addition to tremendous potential for poverty reduction (Goodwill, 

2011; Shah & Gupta, 2000). Despite this, local population of Zanzibar has expressed 

difficulties linking up with the industry as suppliers (ActionAid, 2003). 

4.2  About Zanrec 

Zanrec is a waste management company based in Uroa on the east coast of Zanzibar 

Island. The company was founded in 2009 by Swedish social entrepreneurs Erik 

Gulbrandsen and Fredrik Alfredsson together with The Rylander Foundation and today 

its operations span across the whole island of Zanzibar. Today, the company 

encompasses 50 employees but with fast-growing ambitions they aim to reach 90 by the 

end of 2015. As a private limited company, Zanrec’s financial figures are not publically 

available. However, an estimate for the future is reaching an annual revenue of 2-3 

million USD within 2-3 years from now (Alfredsson, 2015). The company’s vision is 
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“to lead the constant evolution of a greener and more environmentally friendly Zanzibar 

through a model that is replicable to other small island states” which is reflected in the 

mission “to create a sustainable economy around waste that can ensure a clean, green 

and prosperous Zanzibar” (Zanrec, 2015b). While the company is under constant 

change, Zanrec’s latest organizational chart can be seen in Figure 8. 

 
Figure 8. Organizational chart of Zanrec. (Zanrec, 2015c) 

4.2.1  Waste collection operations 

Zanrec’s main clients are hotels spread out over the island from which waste is collected 

on a regular basis depending on the contract. Simplified, the collection process can be 

divided into two different “rotations” of the trucks, where one collects waste in the 

south eastern area and the other in the northern area. When the truck has collected all 

the waste from the clients, it drops the waste at Zanrec’s dumpsite. The organic material 

is composted at the site, while the recyclables are stored there until a specified amount 

is reached, where after it is sold to a recycling company. 

Zanrec is the only certified waste treatment company on the island and has therefore no 

competitors who offer the same service. However, there is a cheaper substitute service 

offered by local businesses on the island, which a lot of hotels choose to buy. This 

service also includes collecting of the waste from the hotels, but instead of responsibly 

managing the waste, it is either dumped or burned directly in the environment. 

4.2.2  Agents and training sessions 

Aside from their core business of collecting and handling waste, Zanrec is also involved 

in initiatives to further engage the local population in their activities. Examples of these 

are providing waste treatment training sessions, seminars and beach cleaning days. 

Additionally, Zanrec has established agreements with a number of agents across the 

island from which they buy plastic waste that has been collected in some of the villages. 
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The training sessions are often carried out together with the employees of their client 

hotels, but occasionally with local population in villages as well. The purpose of these 

sessions is to spread knowledge on the importance of sustainability and waste treatment 

even further. This is an important aspect in ensuring potential future business, being that 

if the company reaches economies of scale, the prize for the service would drop and 

make the service affordable for the local population and the smaller businesses as well. 

4.3  Cooking Oil in Zanzibar 

Cooking oil is predominantly used to deep fry food and the food culture on Zanzibar is 

highly characterized by fried food of different kinds, especially chips. This is something 

that can be easily observed in the selection of fried foods on the restaurants’ menus or 

by the fried fast food served everywhere along the streets of the city.  

What has also been observed is the great availability of cooking oil as it is sold in all of 

the small food shops around the city, which indicates it is a popular product and that 

there is good potential for a biodiesel project. To get a better sense of the amount of 

cooking oil consumed in Zanzibar, the researchers consulted the Zanzibar Ports 

Corporation (ZPC). However, despite ZPC operating the main ports on the island and 

consequently dealing with the majority of imported goods to the island, neither the 

planning manager nor the statistics department had documented information on the 

amount of imported cooking oil (Haji Haji, 2015). 

Regarding the treatment of the UCO, it was found from the interviews conducted at the 

hotels that the oil was currently disposed in the environment or handed to the employees 

to bring home. The proportion between these two was not documented by the hotels and 

could not be estimated. However, the main purpose of interviewing the managers and 

chefs and Zanrec’s client hotels was to collect data about the amounts of UCO, which 

was estimated to an average total of 1100 liters per month (see Appendix 2). 
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5  Environmental Aspect 

In this chapter the results from the assessment of the environmental aspect of the 

biodiesel project is presented. The tool that has been chosen is a simplified life cycle 

assessment. Consequently, this chapter is divided into four segments based on ISO 

14040:2006 of life cycle assessments and its four phases of analysis; goal and scope 

definition, inventory analysis, impact assessment and life cycle interpretation. 

5.1  Goal and Scope Definition 

The first segment in the assessment of the environmental aspect presents the goal and 

scope of this assessment. In the subsequent sections, the main choices defining this 

assessment's goal, scope, method and application are described. 

5.1.1  Goal of the study 

The goal of this simplified life cycle assessment (LCA) is to compare the environmental 

impacts of two scenarios, based on a number of selected impact categories. An 

assessment is done for the two scenarios, namely Scenario 1 and Scenario 2:  

 Scenario 1;  

o UCO is disposed directly in the nature and Zanrec continue to use 

petroleum diesel to fuel their trucks. 

 Scenario 2;  

o UCO is collected from Zanrec's current clients and used to produce 

biodiesel to fuel Zanrec’s trucks.  

Scenario 1 is the current scenario, i.e. the reference scenario, and Scenario 2 is the 

alternate scenario created if Zanrec is to carry out the biodiesel project under study. 

This environmental assessment has a primary and a secondary purpose. The primary 

purpose is to provide an example for future reference of the applicability of LCA as a 

tool in the setting of a developing country. Being in the contextual setting of a 

developing country and with a unique situation where waste cooking oil is disposed of 

in the nature, this study's usage of LCA as a tool will serve as an example to the 

knowledge base regarding LCAs.  

The secondary purpose of the comparison is to provide an overall sense of the 

differences in environmental impact of the two scenarios and based on this draw a 

conclusion whether the biodiesel project is beneficial or not in terms of its 

environmental sustainability. Therefore, the intended application for the results is to be 

used as decision basis for the commissioner, Zanrec, in deciding on whether to pursue 

the biodiesel project or not. If the impact of the alternate scenario, i.e. Scenario 2, is 

more environmentally friendly, and if the project is deemed economically viable, the 

results will contribute with information that can be used as a selling argument for why 

hotels in Zanzibar should consider providing Zanrec with their UCO. Consequently, the 

intended audiences for this study are LCA practitioners and decision makers at Zanrec. 
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Because of the unique character of the two scenarios under study, the result of this 

analysis is not intended to be used in a comparative sense to any other previously 

conducted LCA. 

5.1.2  Functional unit 

With support from theory presented in section 3.3.1, the appropriate functional unit has 

been evaluated to be 1 km of vehicle transportation. As the assessment is considering 

the environmental consequences of using fuel only for Zanrec's truck, the vehicle 

considered is a standard truck used by the company. 

5.1.3  Limitations 

The environmental assessment is based on the ISO standards ISO 14040:2006 and ISO 

14044:2006 of conducting a life cycle assessment, with a few exceptions. A full-scale 

LCA including all stages of the products’ life cycles is not performed because of two 

reasons. Firstly, available time and resources have limited the ability to collect data 

throughout all phases of the life-cycle. Secondly, the primary purpose of the study is to 

see how LCA as a tool can be used in a developing country, which is deemed to be 

fulfilled without conducting a full-scale comprehensive LCA. 

Furthermore, optional steps of normalization, grouping, weighting and data quality 

analysis using statistical methods are beyond the scope of this assessment. Moreover, 

the limited scope and the result’s intended application affect the data quality 

requirements, more on this under section 5.1.5. The environmental assessment considers 

the amount of diesel and biodiesel required for 1 km of transportation using 100% 

blends, i.e. pure diesel and pure biodiesel (Chhetri & Islam, 2008). 

Because the environmental assessment aims to compare two products, the study will 

exclude environmental impacts of process steps that are present in both Scenario 1 and 

2, as they will not affect the final results of the comparison. Since the upstream 

processes of cooking oil is present in both scenarios, the environmental impact 

associated with the life cycle of cooking oil before being used is omitted from the 

analysis. 

5.1.4  System boundaries 

Given the set goal and scope together with the described limitations of the assessment, 

the system boundary is set. The system boundary of the environmental assessment of 

Scenario 1 and 2 is depicted in Figure 9. 
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Figure 9. Unit processes, intermediate flows and system boundaries (dashed lines) for 

the assessment of the studied scenarios. 

Below is a brief description of the process steps included in the assessment: 

 Scenario 1: 

o Disposal of used cooking oil 

 UCO from client hotels of Zanrec is either disposed directly in 

the nature or given to the staff. Because no alternate way of 

handling the UCO is currently available, it will all ultimately end 

up in the nature. 

o Diesel production and distribution 

o Diesel combustion 

 Diesel is combusted in the engines of Zanrec's trucks driving 

their designated routes to client hotels. 

 Scenario 2: 

o Collection of used cooking oil: 
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 The UCO is collected at the waste collection points of Zanrec's 

current clients around Zanzibar Island. Trucks with designated 

routes to clients depart from the dump site at Zanrec's office and 

arrive at hotels to collect the provided UCO. After all hotels have 

been visited, the trucks return to the dump site. 

o Biodiesel production and distribution: 

 The biodiesel production takes place at a production facility 

located at Zanrec's dump site where the trucks returning from 

clients unload the collected UCO.  

 Produced biodiesel is put in a tank located at the production 

facility. From there, the trucks will be able to refuel with 

biodiesel directly upon departure. 

o Biodiesel combustion 

 Biodiesel is combusted in the engines of Zanrec's trucks driving 

their designated routes to client hotels. 

As seen in Figure 9, the system boundary of Scenario 1 spans over two separate process 

chains. While the disposal used cooking oil is unrelated, and thusly not connected, to 

the process steps of diesel, it is included to create comparable systems of the two 

scenarios. This because the disposal of UCO in Scenario 1 is replaced by the collection 

of UCO in Scenario 2, which is a consequence necessary to considered for a correct 

comparison. (Finnveden, 2015) 

5.1.5  Data quality requirements 

Data quality requirements have been assessed based on the intended applications of the 

results and set system boundaries. As the result's intended purpose is to provide decision 

support for Zanrec, there is less need in providing an exact measure of the 

environmental impacts, but rather get a general sense of how well the project performs 

in comparison to dismissing it.  

Consequently, the data used for the assessment is based on already available 

environmental impact data. The chosen tools have been ELCD (European reference Life 

Cycle Database) 3.1, IPCC Global Warming Potentials (GWPs) and previously 

conducted life cycle assessments. The ELCD 3.1 datasets comprise a publically 

accessible database and is published by the European Commission. The datasets are 

collected from leading business and industry associations and have been reviewed to 

fulfill the ILCD Entry-Level requirements (European Commission, 2014). Moreover, 

the IPCC database of GWPs is the most commonly used method for assessing global 

warming impact in literature (Gnansounou et al., 2009). The GWP factors provided by 

IPCC are calculated with a time frame of 100 years (IPCC, 2007). 

Data from previously conducted LCAs have been collected from frequently cited works 

written by known authors in the field and/or published by well-established public data 

sources. Moreover, data from previous studies fitting the contextual setting of this 

assessment or data deemed independent of setting have been used if available. If neither 

was available, standard international data had to be used. In many cases the collected 

data had to be recalculated into the unit chosen in this study’s assessment. 
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Site-specific data related to chosen biodiesel production process, trucks used and fuel 

consumption have been collected from interviews with staff of Zanrec together with 

provided company documentations. 

5.1.6  Impact categories definition and assessment method 

Based on the theory presented in section 3.3.3, the chosen impact category for this 

assessment is global warming. The impact will be measured on the midpoint-level by 

using IPCC's GWP factors over a time frame of 100 years. Further description is 

provided in segment 5.3. 

5.2  Inventory Analysis 

This segment presents the inventory analysis of the environmental aspect assessment 

which corresponds to the second phase of an LCA. Below, the raw material 

requirements, energy inputs and other inputs for the studied process steps of Scenario 1 

and 2 are quantified and presented. All collected inventory data have if necessary been 

recalculated to be put in relation to the functional unit of 1 km of vehicle transportation. 

The summarized results of the inventory analysis in presented in section 5.2.3. 

5.2.1  Scenario 1: Diesel 

The inventory analysis for the process steps included in Scenario 1 is presented below. 

Disposal of used cooking oil 

The disposal of used cooking oil is part of Scenario 1 and is the parallel process step to 

the alternative of collecting it in Scenario 2. In the interview conducted with Finnveden 

(2015), the interviewee stated that the disposal of UCO in the environment can be seen 

as direct emissions since it ultimately will disintegrate into CO2. While there are 

environmental impacts associated with disposing UCO in the environment and Scenario 

1, there is no intermediate flow going from this step to the diesel process. Consequently, 

the disposed UCO's environmental impact is not relatable to the functional unit of 1 km 

vehicle transport. 

Due to this and difficulties of quantification, a qualitative discussion on the potential 

effects of the disposal of up to 1100 liters of UCO per month (see Appendix 2), just by 

Zanrec's client hotels, is presented in chapter 8. 

Diesel production and distribution 

All diesel fuel in Zanzibar is imported from mainland Tanzania (Ilskog, 2011). 

However, more detailed specifics on the origins of diesel production was unavailable, 

hence site-specific data of both the diesel production and distribution was also not 

obtainable.  
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To provide an estimation of the required inputs of diesel production and transport routes 

of distribution, non-specific data could have been be used. But using these approximate 

data to calculate impact in the subsequent impact assessment would consequently result 

in a rough estimation of impact.  

A direct estimation of the impact of diesel production and distribution can be achieved 

by obtaining data from previously conducted LCAs analyzing diesel production from 

well-to-tank, i.e. from extraction of crude oil to delivery of finished diesel to station. 

This eliminates the need for collecting inventory data of inputs and also reduces 

propagation of uncertainty from estimating impact of all estimated input quantities. For 

this reason, the inventory analysis for diesel production and distribution was omitted 

from the analysis. 

Diesel combustion 

The trucks used by Zanrec are of model Mitsubishi Canter, with a net weight of 2.5 

tones and fuel consumption of 0.8 liters1 of diesel per kilometer (Adamali, 2015, 

pers.comm., 15th May). 

5.2.2  Scenario 2: Biodiesel 

The inventory analysis for each of the process steps included in Scenario 2 is presented 

below. 

Collection of used cooking oil 

The collection of used cooking oil is the first step in Scenario 2. As stated in limitations, 

the impact assessment is limited to those contributions that differentiate between 

Scenario 1 and 2. The collection of UCO will only be done in Scenario 2. 

However, when the cooking oil has been used, there is no extra transport added to 

Scenario 2. This is because the collection of UCO is integrated into the current 

collection of solid waste performed by Zanrec, who will operate their business in both 

of the scenarios. The truck arriving at the client hotel will pick up the provided UCO at 

the waste collection point where all solid waste is currently picked up. Consequently, 

the environmental inventory of transporting UCO can be set to zero for the analysis. 

Biodiesel production and distribution 

The biodiesel production process has been chosen by Fridman and Larsson (2015) after 

a thorough evaluation of different alternatives fitting the case specific context of Zanrec. 

The process is based on Oilybits (2012) guide on how to make biodiesel, with a few 

minor modifications. After the UCO has been filtrated, it is through a process mixed 

with methanol (MeOH), sulphuric acid (H2SO4) and sodium hydroxide (NaOH) to 

produce biodiesel. The production process consists of three steps; esterification, 

transesterification and acidification. The biodiesel production process and its inputs and 

outputs are shown in Figure 10. 

                                                 
1 The authors are aware that this number seems high but the data has been reaffirmed by the source. 
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Figure 10. Inputs and outputs of the biodiesel production process, figure adapted from 

Thamsiriroj and Murphy (2011). 

As seen in Figure 10, the biodiesel production process will produce crude glycerol and 

K2SO4 as by-products. If taken into account, these will have substitution benefits for 

Scenario 2, potentially substituting environmental impacts from industrial production of 

synthetic glycerol and K-fertilizer. Synthetic glycerol can in turn be used as chemical 

feedstock and K-fertilizer can be used as fertilizer (Niederl & Narodoslawsky, 2004). In 

the current state of Zanrec, these are not projects or possible uses under consideration 

and the potential substitution credit for Scenario 2 is consequently omitted from the 

environmental assessment (Fridman & Larsson, 2015). In the current state these will 

therefore be considered as waste products. 

The collected UCO is filtrated before being used for the production, reducing 1 liter of 

collected UCO to 0.8 liter of UCOfiltrated. According to Fridman and Larsson (2015), the 

ratio of UCOfiltrated to biodiesel is close to 1:1 for the process, and is for the purposes of 

this assessment assumed as such. 

Altogether, this means that one (1) liter of collected UCO results in 0.8 liter of 

UCOfiltrated, which in turn results in 0.8 liter of biodiesel. Based on this, the 

environmental inventory for the required inputs is calculated and put in relation to the 

functional unit, see Table 4. 
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Table 4. Inventory of required inputs for biodiesel production related to the functional 

unit. 

Input  Quantity Unit Reference 

UCO 1 L (Fridman & Larsson, 2015) 

Electricity 0.1 kWh (Fridman & Larsson, 2015) 

MeOH 0.2  L (Fridman & Larsson, 2015) 

H2SO4 0.002  L (Fridman & Larsson, 2015) 

NaOH 0.0064 kg (Fridman & Larsson, 2015) 

 

After finished production of fuel, it would typically be distributed. However, since the 

produced biodiesel will be able to refuel the trucks directly from the production facility 

at Zanrec’s office, the environmental inventory for the biodiesel distribution is set to 

zero. 

Biodiesel combustion 

The amount of combustion energy differs slightly between diesel and biodiesel (U.S. 

Department of Energy, 2014). However, for this assessment and because of the result’s 

application, this difference is considered to be of little importance. Additionally, the 

loading weight of the truck is increased in Scenario 2 as it is now transporting UCO in 

addition to solid waste. The added weight's effect on fuel consumption is however 

negligible in this scenario as it per collection would increase weight by a maximum of 

30 kg (calculated from using two trucks collecting 1100 liters of UCO per month, see 

Appendix 2) compared to the truck's net weight of 2.5 tones (Wilson, 2015). 

Consequently, it is with little impact on results and for simplification reasons assumed 

that the amount of biodiesel combusted to travel a distance of 1 km is equal to the diesel 

case, i.e. 0.8 liters of biodiesel per kilometer. 

5.2.3  Data evaluation 

For Scenario 2, all collected data have been site-specific and is therefore regarded as 

highly reliable. In Scenario 1, the combustion inventory is site-specific with regards to 

the used vehicle.  

However, site-specific data have not been obtained for the production and distribution 

of diesel. Therefore, correct inventory analysis was not possible and environmental 

impact for these steps was estimated directly in section 5.3. 

With this considered, the summarized result from the inventory analysis is presented in 

Table 5. 
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Table 5. Summarized results from the inventory assessment expressed in quantity per 

functional unit. 

Scenario 1: Diesel    

Input  Quantity Unit Reference 

(Diesel production and 

distribution) 
- - - 

Diesel 0.8 L 
(Adamali, 2015, pers.comm., 

15th May) 

Scenario 2: Biodiesel    

Input  Quantity Unit Reference 

(Collection of UCO) 0 - - 

UCO 1 L (Fridman & Larsson, 2015) 

Electricity 0.1 kWh (Fridman & Larsson, 2015) 

MeOH 0.2  L (Fridman & Larsson, 2015) 

H2SO4 0.002  L (Fridman & Larsson, 2015) 

NaOH 0.0064 kg (Fridman & Larsson, 2015) 

(Biodiesel distribution) 0 - - 

Biodiesel 0.8 L 

(Adamali, 2015, pers.comm., 

15th May; U.S. Department of 

Energy, 2014) 

5.3  Impact Assessment 

In this section the associated environmental impacts of the listed inventory requirements 

is presented. As stated in section 5.1.6, the studied environmental impact is limited to 

the impact category global of warming, which is also the most globally concerned 

impact (Mahelle, 2013).  

The global warming impact category implies looking at GHG emissions to the 

atmosphere. As mentioned in section 3.3.3, the most commonly considered greenhouse 

gases are carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) when 

comparing fuels. For the primary purpose of applying LCA as a tool in a developing 

country, only CO2 emissions will be considered. Also, in the combustion stage which is 

the main contributor to fuel environmental impact (Sheehan et al., 2000), CH4 and N2O 

represent only 0.05% and 0.5% respectively of total CO2-equivalent emissions (Beer et 

al., 2001). 

In the subsequent sections, environmental impact factors related to the inventory of the 

included process step are listed. The process steps disposal of used cooking oil, 

collection of cooking oil and distribution of diesel have with respect to results in the 

preceding section been omitted from the impact assessment. 
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5.3.1  Production and distribution 

In this section the impacts for the production and distribution of diesel in Scenario 1, 

and production of biodiesel in Scenario 2 are evaluated. 

Diesel production and distribution 

Since data on the production process and distribution routes for diesel used in Zanzibar 

was not obtained, the impact for the diesel production and distribution was not assessed 

by relating an emission factor to each of the inputs. Instead, the impact directly related 

to the output, i.e. diesel, was collected from previously conducted LCAs. 

In a literature review by Eriksson and Ahlgren (2013) encompassing 11 LCAs of diesel, 

the authors recommend using the emission factor by Edwards et al. (2011) of 529 g 

CO2/L diesel when comparing fuels. Even though this is for a European setting, 

international values of Wang et al. (2004) yields an interval of 466-566 g CO2/L diesel 

which includes the factor of Edwards (2011). Consequently, the most appropriate 

emission factor for estimating impact of diesel production and distribution (well-to-

tank) is deemed to be 529 g CO2/L diesel. 

Biodiesel production 

Inputs listed in Table 4 have been assigned an impact factor in terms of carbon 

emissions. The emission factor is based on each input’s carbon emissions generated in 

life-cycle steps prior to being used in the production of biodiesel. 

The emission factor for UCO’s life cycle is set to zero. This is despite the fact that the 

UCO is used as input to the production of biodiesel. As explained in limitations, the 

process steps before cooking oil is being used is present in both scenarios, suggesting 

omitting this from the comparison of the two scenarios. Additionally, setting the UCO’s 

contribution to zero in spite of being an upstream process of biodiesel production is 

motivated by the fact that UCO is considered a residue (Thamsiriroj & Murphy, 2011; 

Jungbluth et al., 2007). Consequently, the input of UCO to produce biodiesel in 

Scenario 2 is in this context “free” in terms of environmental impact. 

The electricity used in the production process comes from the electrical grid in 

Zanzibar. Electricity is produced by TANESCO in mainland Tanzania and distributed 

by ZECO in Zanzibar (Bauner et al., 2012). Different sources of power generation are 

used, where sources of electricity production by TANSECO consist of 57% hydro 

power and approximately 43% natural gas (TANESCO, 2012). A weighted average of 

the emission factors for these energy sources was used.  

No impact data was found with respect to power plants in Tanzania, or Africa for that 

matter. Consequently, data from other sources performing LCAs in the settings of 

Europe, Russia and USA was used. Based on 16 previously conducted LCAs of both 

hydro and natural gas power plants in these regions, Weisser (2007) came to the mean 

emission factors of 5 and 610 g CO2-eq/kWh respectively. The weighted average based 

on electricity production by TANESCO resulted in 265 g CO2-eq/kWh. 
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Emission factors related to the chemicals needed for the biodiesel production have been 

collected from previously conducted LCAs and databases. All emission factors are 

summarized in Table 6 below. 

Table 6. Emission factors of required inputs for the biodiesel production. 

Input Emission factor Unit Reference 

UCO 0 g CO2-eq/L 

(Thamsiriroj & Murphy, 

2011; Jungbluth et al., 

2007) 

Electricity 265  g CO2-eq/kWh (Weisser, 2007) 

MeOH 1330 g CO2-eq/L (Specht & Bandi, 2000) 

H2SO4 7.5 g CO2-eq/L (US EPA, 1993b) 

NaOH 1122 g CO2-eq/kg (ELCD 3.1, 2006) 

5.3.2  Combustion 

In this section the impacts for each of the combustion phases in Scenario 1 and 2 are 

evaluated. 

Diesel combustion 

The amount of CO2 emissions from diesel combustion varies slightly between different 

kinds of engine types. No data have been available on the specific emissions from the 

engine in Zanrec's trucks which is why an average from previous studies, reporting 

emissions between 2640, 2670 and 2680 g CO2-eq/L has been used (Ecoscore, 2015; 

EIA, 2011; Valsecchi et al., 2009), i.e. 2660 g CO2-eq per liter diesel. 

Biodiesel combustion 

When the biodiesel is combusted in the engine of the vehicle it produces emissions 

similar to those from fossil fuels. Biodiesel is however a biodegradable fuel originating 

from plant feedstock that through its photosynthesis has absorbed carbon dioxide from 

the atmosphere. Due to this, looking at the whole life cycle of this renewable energy 

source, there is compared to fossil fuels a net zero of greenhouse gas emissions to the 

atmosphere when it is combusted. Consequently, the environmental impact of the 

biodiesel combustion step is set to zero (Finnveden, 2015; Gnansounou et al., 2009; 

Grant et al., 2008; US EPA, 2002). 

Emission factors for the combustion steps of the two scenarios are listed in Table 7. 
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Table 7. Emission factors of required inputs for the combustion of diesel and biodiesel. 

Input Emission factor Unit Reference 

Diesel 2660 g CO2/L 

(Ecoscore, 2015; EIA, 

2011; Valsecchi et al., 

2009) 

Biodiesel 0 g CO2-eq/L 

(Finnveden, 2015; 

Gnansounou et al., 

2009; Grant et al., 

2008; US EPA, 2002) 

5.4  Life Cycle Interpretation 

The results from the inventory and impact assessment have in Table 8 been compiled. 

The general equation used for calculation of total emissions was: 

[Input/output per functional unit] x [Emission factor] = [Emissions per functional unit]  

Table 8. Summarized results of the CO2-eq emissions per functional unit related to 

Scenario 1 and 2. 

Scenario 1: Diesel 

Diesel production and distribution 

Output Quantity Unit  Emission factor  Emissions [g CO2-eq/km] 

Diesel 0.8 L x 529 g CO2-eq/L = 423 

Diesel combustion 

Input Quantity Unit  Emission factor  Emissions [g CO2-eq/km] 

Diesel 0.8 L x 2660 g CO2-eq/L = 2128 

     = 2551 

Scenario 2: Biodiesel 

Biodiesel production 

Input  Quantity Unit  Emission factor  Emissions [g CO2-eq/km] 

UCO 1 L x 0 g CO2-eq/L = 0 

Electricity 0.1 kWh x 265 g CO2-eq/kWh = 26.5 

MeOH 0.2  L x 1330 g CO2-eq/L = 266 

H2SO4 0.002  L x 7.5 g CO2-eq/L = 0.015 

NaOH 0.0064 kg x 1122 g CO2-eq/kg = 7.2 

Combustion       

Input  Quantity Unit  Emission factor  Emissions [g CO2-eq/km] 
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Biodiesel 0.8 L x 0 g CO2-eq/L = 0 

     ≈ 300 

 

The final results show that the reference Scenario 1 produces a total of 2551 grams of 

CO2-equivalent emissions for each kilometer driven by one of Zanrec’s trucks. The 

corresponding emission for the alternate Scenario 2 amounts to 300 which indicate a 

reduction of CO2-equivalent emissions by 88%. 

The cumulative results for both of the scenarios are displayed in Figure 11. 

 

Figure 11. Grams of CO2-eq emissions per vehicle km for Scenario 1 and 2. 

Figure 11 clearly illustrates that the biodegradability of biodiesel constitutes the main 

contributor to the biodiesel’s reduction of CO2 emissions. Additionally, as the 

environmental impacts associated with disposal of UCO were not quantified, there are 

potential additional impacts not shown that would add to Scenario 1. 

The challenges and insights related to conducting this simplified LCA are presented and 

discussed in chapter 8.  
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6  Economic Aspect 

In this chapter the results from the assessment of the economic aspect of the biodiesel 

project is presented. The chosen capital budgeting model is the payback method which 

results is presented in this chapter together with the surrounding practical possibilities 

and limitations in order to understand the cost and revenue entries. 

As motivated in chapter 2.2, the payback method has been used to evaluate the 

economic viability of the biodiesel production project and serves as decision basis for 

Zanrec and potential investors. Zanrec has varying sizes of projects with no specific 

predetermined demand of payback time. However, since the liquidity of the company is 

relatively poor and investors need to be convinced about the project’s profitability, a 

short payback time of a few years will be necessary.  For this reason the capital the 

payback time is not compared to any specifically predetermined timeframe. 

One of the key data in order to determine the costs of this project is determining an 

approximate amount of biodiesel possible to produce as this factor affects the size of the 

facility, equipment needed, logistics etc. The bottleneck for the production is the 

availability of the core input product; UCO. From the interviews at the hotels, an 

estimation of 1100 liters of available UCO per month was made (see Appendix 2). 

Since this number contains a lot of uncertainties, partly in the input data from the 

interviewees, but also in the estimations made for the hotels where data was missing, a 

worst case scenario was created together with Zanrec’s vice CEO (Adamali, 2015, 

pers.comm., 7th May) for the capital budgeting (see Table 9). These numbers represent 

the actual assumed gathered amount of UCO and not only the possible availability of it. 

As some hotels are giving away their UCO to the personnel as a fringe benefit it may be 

challenging to convince all the hotels to give it to Zanrec. Furthermore, it takes time for 

a newly started project to reach its full potential and for this reason the capital budgeting 

model calculates for 50% of the available cooking oil to initially be collected and then 

successively increasing as time passes. 

Table 9. The predicted monthly amount of oil used in the biodiesel production. 

Time span Amount of oil 

Month 1-4 550 

Month 5-8 650 

Month 9-12 750 

Month 13-16 850 

Month 17-30 950 

6.1  Savings 

The revenue or cost savings from this project will originate from the final product, the 

biodiesel, which could either be sold or used in the company’s own trucks. As the 

company’s current fuel consumption exceeds the amount of biodiesel possible to 

produce, the trucks will be able to directly refuel from the production site without any 

costs for storage or transportation of the refined product. The produced biodiesel would, 
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according to Fridman and Larsson (2015), have the same efficiency as the diesel on the 

market which makes it a substitute product attributed with the same value as the market 

price of diesel. 

Another possible source of income was discussed with the operations manager of 

Zanrec (Hagström, 2015). As Zanrec is expanding their waste treatment offer towards 

their customers, they could add an extra fee for this service. This alternative was 

however discarded as the possible add-on to the current monthly in-voice would be 

almost negligible and would require a lot of work negotiating with the hotels about a 

raise. Moreover, this option would increase the risk of some hotels not being willing to 

give away their cooking at all which could have a crucial impact on the total biodiesel 

production. 

6.2  Costs 

The costs can be divided into two categories; investment costs and operational costs. 

The investment costs are the one time fees at the startup of the project such as 

equipment, while the operational costs are regular expenses. The operational costs can 

be further divided into fixed and variable costs where the fixed costs such as facility 

costs are independent of the amount of biodiesel produced and the variable costs such as 

chemical costs vary with the amount produced. 

6.2.1  Investment costs 

The most significant cost of this project is the establishment of the facility and machine 

where the UCO is transformed into biodiesel. It was deemed that a six by six meter (6x6 

m) square would be enough space for the production plant and this would need a solid 

concrete foundation for the machine in order to ensure a fix position for it. This would 

also be good from a safety point of view since the production process involves heating 

the oil with a burner. Simple but stable walls and roofing would be needed to protect the 

machine from the heavy rain, but also in order to protect the oil from direct sunlight as 

it damages the chemical structure of the oil (Fridman & Larsson, 2015). Finally, 

electricity installation will be needed at the site as the process requires electricity. These 

costs were estimated together with the vice CEO of Zanrec (Adamali, 2015, 

pers.comm., 29th April). The specific type of machine has been determined by Fridman 

and Larsson (2015) depending on the predicted amount of available UCO and quality of 

the collected oil. 

6.2.2  Fixed costs 

The biggest monthly cost is the cost of capital from the original investment. This cost is 

set to an average of 2% of the initial investment per month in order to meet the 

investors’ requirements according to Zanrec's vice CEO (Adamali, 2015, pers.comm., 

7th May). This project will not carry any waste transportation costs since collection of 

UCO requires no extra routes and the increase of waste transported is insignificant 

(Wilson, 2015). The production plant would be placed on Zanrec’s current land and 

specific land rent for the project is proportional to the total land rent and the space used. 
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Additionally, an average monthly maintenance cost for purchasing of spare parts for the 

machine was estimated. 

6.2.3  Variable costs 

Due to a relatively high use of chemicals in the transformation process, this cost has 

shown to be the main driver for the biodiesel production. The exact amount of 

chemicals needed has been tested on oil samples from the hotels by Fridman and 

Larsson (2015) and offers have been requested from chemical suppliers to determine the 

price level. The electricity usage has been calculated by Fridman and Larsson (2015) 

from the specifications of the machine and the current electricity price. The labor cost 

has been set as a variable cost since the working hours on the production plant will be 

proportional to the amount of biodiesel produced. It has been calculated from the salary 

Zanrec will pay such an employee and the work time required to transform the oil into 

biodiesel. 

6.3  Summary of Costs, Savings and Cash Flows 

All the costs and savings discussed above are presented in detailed numbers in Table 10 

below. 

Table 10. A summary of all costs and savings related to the project. 

Factor Price [$] 

Variable costs  

Methanol/Liter UCOfiltrated -0.4421    

Sodium hydroxide/Liter UCOfiltrated -0.0053    

Sulphuric acid/Liter UCOfiltrated -0.0007    

Electricity/Liter UCOfiltrated -0.0163    

Transport/Liter UCOfiltrated 0    

Salary/Liter UCOfiltrated -0.0477    

Investment costs  

Machine -1 075    

Foundation + shelter -2 800    

Electricity installation -407    

Monthly costs  

Land rent -10    

Maintenance -5    

Cost of capital -86    

Savings  

Diesel/Liter 0.8910    

 

The result from the capital budgeting is a payoff time of 30 months, i.e. 2.5 years. Table 

11 shows the significant investment cost related to the initial phase of the project and 

thereafter steady savings from the biodiesel. The savings are successively increasing 
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along with the increasing amount of collected cooking oil and thereby also a growing 

biodiesel production. 

Table 11. A summary of the cash flows from the capital budgeting showing the initial 

phase and the payoff time. See Appendix 1 for full table. 

Time span Costs [$] Revenues [$] Total [$] Total accumulated [$] 

Month 1 -4 603    392    -4 211    -4 211    

Month 2 -326    392    66    -4 145    

Month 3 -326    392    66    -4 079    

Month 4 -326    392    66    -4 013    

Month 5 -367    463    96    -3 917    

…     

Month 26 -490    677    187    -622    

Month 27 -490    677    187    -435    

Month 28 -490    677    187    -248    

Month 29 -490    677    187    -61    

Month 30 -490    677    187    127    

6.4  Economic Impacts on Society 

Along with high performing and profitable companies follows an economically stable 

society with low unemployment. Even though the biodiesel initiative only constitutes a 

small fraction of the entire business industry on the island, it contributes to Zanrec’s 

financial results and supports their continued operations and growth. The company itself 

will then contribute to the island’s economic well-being with taxes as well as job 

opportunities. 

If the biodiesel initiative proves to be successful, it is possible that competitors of 

Zanrec try to enter the biodiesel market. The CEO of Zanrec expects competitors to 

occur within only a few years, but do not consider this to be a problem (Alfredsson, 

2015, pers.comm., 21st April). He believes that competition will drive their 

organization forward and will motivate them to improve their way of working. Zanrec’s 

operations of creating value in what is considered to be waste can this way inspire other 

companies to establish their businesses on the island, which will influence the business 

industry positively.  

Also worth mentioning is the fact that Zanrec’s profits gained from projects like the 

biodiesel initiative are reinvested in the company. Since the mission of the company is 

to work for a sustainable development of the island, all generated profits will therefore 

work as a foundation for future investments which in the long run enables Zanrec to 

continue improving sustainability on Zanzibar in all three aspects. Improving all the 

three aspects of sustainability, especially the environmental aspect, will in turn benefit 

tourism which has a big impact on the economic situation on the island. According to a 

survey among tourists made by Zanrec, 80% of the respondents will not return to 

Zanzibar because of all the litter in the environment (Zanrec, 2015d). The economic 

importance of the tourism has been described in section 4.1.1 and to maintain this, 
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environmental improvements need to be made. An initiative like the biodiesel project is 

therefore a small step to help Zanzibar maintain or possibly even improve their 

economic situation in the long term.  
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7  Social Aspect 

In this chapter the results from observations and interviews connected to the 

implications on the social aspect are presented. 

Even though a sustainable venture should support all the three aspects of sustainability, 

some aspects may be more considered than others. While for example Zanrec’s training 

and education sessions described in chapter 4.2.2 have a greater focus on the social 

aspect, the biodiesel project is carried out with more explicit incentives of improving 

environmental and economic sustainability. This means the biodiesel initiative does not 

specifically aim to improve the social conditions. However, possible impact on 

primarily two social areas have been observed and identified. The areas are health risks 

with consuming overused cooking oil and the socioeconomic opportunities related to 

the second-hand market of the UCO. 

7.1  Consumption of Used Cooking Oil 

From the interviews at the hotels it was found that most of the UCO was disposed in the 

environment, but some of the oil was also brought home by the employees. By reusing 

the cooking oil at home, the employees could avoid expenses of buying new cooking oil 

for their frying at home. What they do not understand, or perhaps neglect, is the health 

risks involved in consuming overused cooking oil.  The health risks occur from changes 

in the chemical structure of the cooking oil when it is heated and can inflict stomach and 

digesting problems, additionally, several studies report that it can also have 

carcinogenic effects (Basha et al., 2009; Chang et al., 1978; Rossell et al. 2001). The 

most accurate way to evaluate the quality of the oil is by measuring the content of polar 

compounds with special equipment, but indications of the quality can also be obtained 

by visually observing it (Sanibal & Mancini-Filho, 2004). While new cooking oil is 

yellow, UCO is browner and heavily overused cooking oil can even have a black tone. 

During the conducted interviews with hotel representatives the opportunity to observe 

and investigate the kitchens was also taken. In 10 of the 12 hotels visited, there was 

UCO to observe. The oil looked very well-used and had in most cases a distinct dark 

brown tone and in some cases even closer to black. Two samples of the observed oil can 

be seen in Figure 12 below. 

 

Figure 12. Oil samples from two of the visited hotels. 
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Even though this evaluation does not have a scientific foundation and is purely based on 

the researchers’ visual judgment, it can be concluded that it is highly likely that a 

continuous use and consumption of this oil is not good from a health perspective.  

7.2  Second-hand Market of Used Cooking Oil  

From observations on the market places, it was found that the brown liquid sold in used 

water bottles was UCO. This had been acquired from either hotels or restaurants and 

was now sold at a reduced price on the market. This occurrence of a second-hand 

market was never confirmed during the interviews at the hotels conducted in this 

research, where the responses instead implicated that the employees only brought home 

the cooking oil for own consumption. Since this was not a focus area of this research, it 

was not further investigated.  
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8  Discussion 

This chapter contains a discussion on insights from evaluating the biodiesel production 

on the environmental and economic aspects of sustainability. Insights and findings on 

how the chosen tools of LCA and capital budgeting were affected by the contextual 

setting are discussed. This is followed by a discussion of the social impact areas of the 

biodiesel project. 

By using the established tools in the previous sections of results, this study has 

identified and experienced several challenges and insights of applying these methods. 

The major challenge in all aspects of evaluation has been the limited availability of data, 

both due to lack of databases in the field of LCA and due to lack of documentation 

upheld by companies and organizations.  

8.1  Environmental Aspect 

The LCA conducted in this study’s environmental assessment has been highly affected 

by the contextual setting of a developing country. Some of the challenges for LCA 

adoption in developing countries discussed in the theoretical framework are supported 

by the findings of this study. 

8.1.1  Lack of LCA expertise and know-how 

LCA as a tool involves a complicated process consisting of several steps that for a 

correct analysis often requires the practitioner to possess deeper knowledge on the 

subject. The ISO standards 14040:2006 and 14044:2006 have provided guidance by 

explaining the steps of an LCA. Additionally, the several available handbooks on LCA 

were used as complements to aid in the understanding of using LCA correctly. So for a 

novice LCA practitioner, there are available resources to use as a starting point. These 

standards and handbooks do however only provide general guidelines. To conduct the 

simplified LCA of this study, help was required from experienced LCA practitioners 

and researchers in Sweden to be able to cope with the several questions and challenges 

that arose during the environmental assessment. While this aided in some of the 

problems, an existing local knowledge base and expertise on LCAs would have made 

this work significantly more time and resource efficient. If a company or organization 

were to take on the same task they might not be as intrigued by looking outside the 

developing world in order to successfully conduct an LCA, and may give up as 

problems arise. 

The absence of a perceived need for LCA, which is discussed in literature, is also 

reckoned to be reflected in the non-existent knowledge base on LCAs. To create a 

starting point for developing a knowledge base for the future, this study argues that 

there is a need for importing knowledge and expertise. This would provide a way of 

building capacity and could potentially plant the first seed in growing a community that 

would for the future aid in spreading the concept of life-cycle thinking and LCA. The 

argumentation brought forward by Curran (2012b) explained that this is related to the 

less globalized economies of developing countries, stating that this is correlated to the 



59 

 

lack of perceived need for assessing environmental impact. While this might be true to 

some extent, it should be noted that for case of Zanzibar, the majority of goods must be 

imported to the island which suggests that the root cause is instead the lack of 

environmental awareness among the local population. 

8.1.2  Limited availability of local data 

Data collection has proven to be the most significant challenge in conducting the LCA 

of this study. This is a finding with great impact on the future of LCA in developing 

countries, being that even if a company hires an experienced LCA practitioner 

possessing the relevant knowledge and tools such as LCA software, the issue of 

collecting data remains. The methodology of an LCA has potential to produce results of 

great preciseness, but it is dependent on having access to valid (site-specific) and 

reliable (adequately measured) data used as input for the assessment. Therefore, if a 

company or organization in a developing country decides to adopt LCA as a tool for 

deciding on the most environmentally sustainable processes, they should be aware that 

they will most likely not reap the full benefits that LCA as a tool can offer. 

In the simplified LCA of this study, the lack of available data was most evidently shown 

in the impact assessment phase. Data used for the associated emission factors did in 

none of the process steps apply to the regional setting of the study. The site-specificity 

of the collected data is shown in Table 12. 

Table 12. Site-specificity of data used in the studied process steps. 

 Inventory Analysis Impact Assessment 

Process step 
Site-

specific 
Comment 

Site-

specific 
Comment 

Diesel production and 

distribution 
No  No Data from European context  

Biodiesel production  

Site-specific data for 

all biodiesel 

production inventory 

 - 

Electricity Yes - Partly 

Data on electricity source 

obtained, but impact data in 

context of Europe, Russia and 

USA. 

MeOH Yes - No 
Data from average of different 

technologies, Netherlands. 

H2SO4 Yes - No 
Data from average of different 

technologies, USA. 

NaOH Yes - No 
Data from European context 

and validity expired in 2006. 

Diesel combustion  -  - 

Diesel Yes - No 
Data from European and USA 

context. 

Biodiesel combustion  -  - 

Biodiesel Yes - - 

Biodegradability of biodiesel is 

not site-dependent data and 

consequently not necessary. 
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Despite the degree of site-specificity being low, it should be noted that technology 

specific data was also a factor to consider. That is, if the production process of a product 

is somewhat standardized across the world, the usage of technology specific data in 

spite of geographic displacement might produce a result of adequate validity. However, 

even if a production process would be the same in different parts of the world, the used 

emission factors from previous LCAs cover the whole value chain, including specific 

transport and distribution routes that most likely differ depending on the geographic 

setting.  

One alternative to counter this lack of data on production processes would have been to 

use an emission factor related to the production only, and then complement this with 

site-specific data on the transport routes and vehicles used for distribution. This 

alternative was considered but since information on transport routes was not easily 

obtainable, this alternative was neglected as it would require extensive additional field 

work to achieve. An example of this was the emission factor related to the electricity 

required for the biodiesel production. The data on electricity production processes used 

in Tanzania was found (i.e. natural gas and hydro power) from online sources and 

consequently an emission factor related to those processes could be obtained from 

previous works. However, since the distribution steps involved in this production were 

not known, the emission factor still contains discrepancies. 

Another factor that affected the means of collecting data was the lack of established 

emission standards. This was the case in the assessment of the combustion phase and 

the related vehicle used by Zanrec. In many LCAs conducted in Europe, the practitioner 

is often prone to making use of established vehicle standards (such as EURO3) which 

directly gives information needed for both the fuel consumption (inventory) and engine 

type (impact) of the vehicle. With the absence of any emission standard or data sheet 

related to Zanrec’s trucks, the fuel consumption was instead estimated from the spent 

amount of money to fuel one rotation, the distance travelled in one rotation and the 

current market price for diesel. This shows that manual data collection through thorough 

field work can in some cases be used to circumvent the lack of documentation. 

8.1.3  Disposal of used cooking oil 

One of Zanrec’s drivers for initiating the biodiesel production project was the fact that 

UCO today is disposed directly in the environment. The project would by making use of 

the UCO reduce the amount being disposed in either soil or water streams. As 

discussed, this factor was not possible to relate to the functional unit of the 

environmental assessment, but is seen as a beneficial side-effect of the project. 

However, since vegetable oil spills are uncommon compared to mineral oil, few studies 

investigating its effects on the environment were found. Mudge (1997) provides 

evidence that spillages of great quantity that have occurred in the sea have caused 

“death of animals in the vicinity through suffocation, inhibition of feeding and other 

non-specific toxic effects”. Other studies focus on the economic effects, where 

Ghodsirad (2014) and Greenea (2014) both mention the “extremely high sanitation 

costs” associated with water treatment to reduce the high organic fraction. Because of 

quantification issues of potential environmental damages and absence of data on 
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quantities of cooking oil imported to Zanzibar (Haji Haji, 2015), this study was not able 

to further investigate this issue. 

8.2  Economic Aspect 

This chapter will treat interesting topics which directly or indirectly have, or could 

possibly have, affected the outcome of the economic evaluation. 

8.2.1  Difficulties in collecting oil data 

An uncertainty mentioned in section 4.2.1 was the proportions between the amounts of 

UCO given to the employees and what is disposed in the environment. This lack of 

information created difficulties in evaluating the implications on the identified impact 

areas on a detailed level. However, from an environmental and social point of view, this 

is considered to not restrain the research as it does not attempt to quantify the impact of 

disposing UCO in the nature, health issues of consuming it or how it affects the second 

hand market. Thus, the factor of where the UCO ends up can have a direct effect on the 

economic aspect, as it is suspected that it will be more difficult to get the oil from hotels 

where it is currently given to the employees. This effect could have been mitigated by a 

direct question during the interviews if the hotels are willing to hand the UCO to 

Zanrec. This was however not done since Zanrec, as the commissioner of this research, 

insisted on not including this question during the interview. The reason behind the 

discretion was because of the sensitive business climate and that this type of question 

would be too close to starting a sales negotiation, which wanted to be avoided at this 

early stage of the project. Furthermore, the outcome of the investigation would probably 

heavily underestimate the availability of cooking oil since it is easier to simply say no 

rather than yes, especially when the interviews had the directives of not including any 

questions or convincing that could be related to an upcoming sales negotiation. 

8.2.2  Lack of competition 

The fact that Zanrec currently has no real competitors is a factor that both simplifies and 

complicates the capital budgeting tool. It makes it easier in the sense of estimating input 

data, since only market size needs to be investigated instead of both market size and 

obtainable market shares. However, as it is predicted that direct competitors to Zanrec 

will appear within the payoff-time of the biodiesel project, it is uncertain how this will 

affect the accuracy of the conducted capital budgeting. Since Zanrec’s CEO states that 

he believes the company would gain from competitors and that the established network 

of contacts the company holds would give them a big competitive edge, new market 

entrants are not necessarily a problem. Competition could, aside from encouraging 

improvements in Zanrec’s own operations, open up opportunities of establishing 

partnerships. For example if a big company specialized in only biodiesel production 

would be interested in the market of Zanzibar, it could be even more profitable for 

Zanrec if they just focused on the logistics of the waste management and not the 

biodiesel production itself, hence selling the UCO to the partner with a bigger profit 

margin. Another positive effect from competition would be that Zanrec no longer would 

be faultily compared to the local business collecting and burning the waste. Instead, 
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they would be more correctly compared to other “real” waste management companies. 

But of course there is also a risk that competitors would steal customers from Zanrec, 

which would have a negative impact on the company’s financial figures. 

8.2.3  Risks 

Different kinds of risks always come with a newly started project, especially related to 

the financials. These risks have partly been integrated in the estimations and 

assumptions made for the capital budgeting. An example of this was the risk of not 

accessing all the available UCO which was treated by heavily reducing the amount of 

collected cooking oil for the calculations. Some risks were not possible for the 

researchers to evaluate, such as the risk of the operator causing any damage to the 

biodiesel machine or the motors of the trucks as a result of a careless operating process. 

It is therefore important for Zanrec to hire a qualified operator. This could prove to be 

difficult, being that finding competent workforce is a challenge associated with 

operating in a developing country, which was discussed in chapter 3.2.2. This is the 

case for Zanrec as well, which despite having developed strategies for hiring good talent 

express this as a problem (Tuvhag, 2014). To evaluate if this would incur problems for 

the chosen biodiesel production process, an evaluation of the required skills to operate 

the facility would have been the first step. If deemed simple enough, the risk could be 

mitigated by providing the selected operator with the relevant training. What could have 

been necessary to do if the project was even more comprehensive and required bigger 

investments, was to use established risk management models in order to properly 

evaluate the risks. Though, it is believed to be difficult to correctly quantify and deeply 

assess risks related to the project without years of prior experience from Zanzibar due to 

the different business climate of a developing country. Hence, it was deemed that usage 

of risk models would not contribute to this research. 

8.3  Social Aspect 

As previously stated, no evaluation tool was used to the assessment of the social aspect. 

However, possible impact on primarily two social areas have been observed and 

identified. The areas were health risks with consuming overused cooking oil and the 

socioeconomic opportunities related to the second-hand market of the UCO. The 

biodiesel project's potential effects on these are discussed below. 

8.3.1  Consumption of used cooking oil 

By carrying out the biodiesel project and collecting UCO, the consumption of overused 

cooking oil would diminish. In order for the hotels’ personnel to understand the health 

risks with their current oil consumption, Zanrec could include this knowledge in their 

current educational training sessions. This would hopefully make the personnel less 

willing to bring the oil home and thereby voluntarily improve their own health. 

However, there is a risk that the managers take this concern more serious than the 

employees and forbid them to take the oil which could cause discontent.  
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8.3.2  Second-hand market of used cooking oil  

The observed second-hand market of UCO enables the possibility of an extra income 

for the local people in Zanzibar. Because of the poor economy of the average household 

on the island, it implies different living standards and priorities compared to the 

Western world (OCGS, 2013). While people in richer countries would never even 

consider buying food that can cause sickness just because it is slightly cheaper, the 

health concern may have a lower priority in poor developing countries. It is likely that 

they focus more on getting as much as possible to eat today than the consequences of 

their consumption occurring in several years from now. This means that even if the 

locals would possess the knowledge about the health issues it may inflict, it is still 

possible they are willing to consume this oil. One way or another, the second-hand 

market of cooking oil creates an economic opportunity for the people to buy a cheaper 

low quality product and for the sellers to generate an extra income. Without further 

investigation it is impossible to judge how important and comprehensive these savings 

and profits are for the concerned people.  

While Zanrec's collection of UCO might cause the currently existing second-hand 

market to decline, there are however a few uncertain factors affecting the possibility of 

confirming this. Firstly, the origin of the UCO sold is uncertain, meaning that it may 

come from restaurant and hotels that are currently not clients of Zanrec and therefore 

unaffected by the collection of UCO. Secondly, the proportion of UCO being disposed 

in the nature to being brought home and sold on the second-hand market is also a factor 

that has not been investigated. What can be concluded is that this is an important social 

factor to be aware of since this market may have socioeconomic benefits and because 

the biodiesel project if brought to a larger scale has the potential to affect it.  
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9  Conclusions 

This chapter summarizes the results from this study and answers the posed research 

questions. This is followed by a discussion on the perceived limitations of the study and 

suggestions on future studies. 

9.1  Research Questions 

By conducting the study in the contextual setting of a developing country, this study has 

shed light on obstacles and hindrances that have affected the possibility of assessing a 

sustainable venture, specifically for the case of a biodiesel project of this kind. The 

identified obstacles have affected the project evaluation overall, but also connected to 

each of the three aspects of sustainability and the chosen tools of assessment. 

Based on the findings of this research, it has been possible to draw conclusions related 

to the posed research questions: 

Main RQ: How can the environmental, economic and social sustainability of a new 

biodiesel production system in a developing country be evaluated? 

This study has found that a biodiesel production project can be evaluated successfully 

using the selected tools despite occurring challenges in the setting of a developing 

country. The primary purpose of investigating how established tools can be used for an 

evaluation in the context of a developing country was fulfilled by using the LCA and 

capital budgeting tools for the environmental and economic aspects respectively.  

Through this, the major finding was that these tools have varying flexibility in adapting 

to the challenges met in a developing country. The main challenge was limited 

availability of data due to lack of documentation. For the practitioner, this means that 

for an evaluation to be done in a developing country, significantly more time and 

resources need to be allocated to conducting manual data collection through extensive 

field work.  

The detailed conclusions with respect to each of the tools and the three aspects are 

covered in the answers to the posed sub-questions below. 

RQ1: How can the LCA method be adapted to fit the particular situation in a 

developing country? 

The LCA methodology and its mandatory steps are clearly outlined by the available ISO 

standards. With a big scientific community around LCA and because the LCA 

framework is rather rigid, this study chose to refer to the conducted LCA as a simplified 

LCA. While the LCA framework is set by standards, it does not provide guidance on 

how to manage absent data which characterized the conducting of the simplified LCA in 

this study. It has been found that lack of documentation and available data is still an 

issue in developing countries such as Tanzania, which will indubitably affect the future 

of LCA and the likelihood of it being adopted. 
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Without guidance on how to address missing data, methods for mitigating its effect on 

the results were used. The challenge of collecting site-specific data was in this study 

dealt with by using results from previously conducted LCAs that as closely as possible 

match the circumstances under which the study was conducted. The two factors 

considered were geographic location and technology, used either separately or in 

combination if possible. Moreover, the lack of documentation such as vehicle standards 

was mitigated by estimating data based on results of manual data collection from 

extensive field work. 

In research, much emphasis and effort is put into discussing the importance of building 

capacity in terms of databases in developing countries. While this is crucial for the 

applicability of LCA, this development will however take a long time and requires the 

population of developing countries to shift to a life-cycle mindset along the 

sustainability aspects. In the meantime, the LCA framework should provide guidelines 

for how to deal with missing data for it to be an attractive tool for adoption. 

RQ2: How can conventional methods for analyzing capital investment decisions be 

used to fit the particular situation in a developing country? 

The chosen capital budgeting model has shown to be appropriate to apply on this 

project, with just a few exceptions of its original approach. Firstly, the payoff method in 

this case study takes cost of capital into account, but as a fixed cost. Secondly, there 

were no predetermined requirements on the payoff-timeframe for this project to relate 

to. Since the outcome is supposed to be forwarded to investors, the requests made by 

Zanrec also shows the flexibility of the investors in not demanding a precise way of 

conducting the capital budgeting. The made modifications to the capital budgeting 

model could be associated with Zanrec being a small company with less regulations 

affecting their processes of reporting to investors. However, as sustainable ventures are 

often characterized by receiving funds from social investors, these results suggest that 

the flexibility of the capital budgeting model could be utilized in similar contexts in 

other developing countries as well. 

The research has also shown certain difficulties in executing the capital budgeting 

which could be typically associated with developing countries. The major complication 

is the lack of available information on the internet and proper documentation. This 

causes difficulties in comparing alternatives and obtaining input data needed for the 

capital budgeting which suggests alternative methods for collecting data. The best and 

possibly only way to gather data in these contexts are by field studies and personal 

interaction with stakeholders. Consequently, this method can be very time consuming 

and ineffective, especially considering the sensitive business climate associated with a 

developing country such as Tanzania.  

RQ3: What are the implications on social sustainability of Zanrec's biodiesel 

production project? 

From the social analysis conducted in this research, two major impact areas were 

identified. The first impact area is related to the health risks of consuming overused 

cooking oil. If Zanrec collected the UCO from the hotels, this could prevent the 

employees from bringing the oil home for further consumption of the product 
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potentially containing carcinogenic substances. In the long term, this could thereby 

improve the general health conditions. This collection would on the other hand bring 

forth a socioeconomic issue for the stakeholders of the UCO’s second-hand market. The 

employees would lose a fringe-benefit and the availability of UCO on the second-hand 

market would diminish, also implying a loss of opportunity for economic savings for 

the customer. Since it was beyond the scope of this research to empirically investigate 

these areas, it is however uncertain to what extent they are affected by the biodiesel 

initiative. 

RQ4: What are the general obstacles of evaluating a sustainable venture in a 

developing country? 

The findings from this research are a few consistent obstacles present in the evaluation 

of all of the three sustainability aspects. In both the environmental, economic and social 

evaluation, the process has been hindered or complicated by the lack of site-specific 

information and poor availability of relevant data. The lack of widespread internet 

usage, unestablished databases with statistical data and systematical documentation 

characterizes a developing country, which implies difficulties in accurately evaluating a 

sustainable venture. To bypass this hindrance, this study suggests two alternative 

methods for the input data related to the evaluation process, where the most suitable one 

depends on the situation; 

 Estimating data 

o If the data can be estimated and deemed accurate enough by using data 

from similar researches conducted in developed countries, this is the 

simplest method. 

 Conduct field work to collect site-specific data 

o If the required data is country specific or characterized by a developing 

country, the suggested method is to gather information directly from the 

sources by field work. This could however be a time consuming 

assignment. 

RQ5: Can Zanrec’s planned biodiesel production project be considered 

environmentally, economically and socially sustainable? 

The performed project evaluation of this study suggests that a biodiesel project of this 

kind overall enables integration of the three aspects of sustainability. While this 

research did not comprehensively investigate the social aspect, the project is confirmed 

to positively affect the company and society both environmentally and economically. 

The simplified LCA has shown significant incentives of this initiative in terms of 88% 

reduction of GHG emissions for the environmental aspect, but also unquantified 

advantages of UCO not being disposed in the nature. The project has also shown to be 

economically viable from the capital budgeting conducted, with a payback time of 2.5 

years. Profitable sustainable ventures are also economically good from a broader 

perspective, such as increased tourism as a result of improved environmental conditions. 

Since the biodiesel initiative did not intend to specifically improve social conditions and 

was more focused on the other aspects of the sustainability concept, the positive impact 

areas are few and not crucial. However, as the same finding is valid for the negative 
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impact areas of the social aspect as well, it is considered to not substantially interfere 

with the project’s general conclusion of a positive impact of the sustainability on 

Zanzibar. 

9.2  Limitations and Future Studies 

The geographic location where this research has been performed has set several 

limitations upon the researchers. Firstly, knowledge and expertise from experienced 

professionals in the area of research have been harder to obtain due to the limitation to 

only e-mail or Skype contact. Secondly, the internet connection on the island of 

Zanzibar has been unstable and sometimes completely absent which has slowed down 

the whole research process and also complicated the seminar occasions. 

The extent of this research puts limitation on its generalizability for sustainability 

ventures in developing countries since the scope of this report targets one specific 

sustainability project. This implies that the certain issues for this project and the 

circumstances for Tanzania as a developing country may not apply to other 

sustainability projects in other developing countries. 

Based on the identified lack of research providing suggestions on relevant tools to use 

for evaluating sustainable ventures, this study chose to investigate the applicability of 

the LCA and capital budgeting methods. For future studies, it should be of interest to 

see how other tools can be used and how they are affected by the contextual setting of a 

developing country. This to investigate if these could aid in the assessment of the 

sustainability aspects. 

While the social aspect has not been the primary focus of this research project, it is still 

an important aspect to consider in grasping the entire sustainability concept. Hence, it is 

just as essential to examine the implications of evaluating the social aspect with 

established models, such as social LCA, in a developing country. As this was beyond 

the scope of this project, analysis of the evaluation tools for the social aspect is 

suggested as an area for further research. 
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Appendix 1: Cash flows from the capital budgeting 

Time span Costs [$] Revenues [$] Total [$] Total accumulated [$] 

Month 1 -4 603    392    -4 211    -4 211    

Month 2 -326    392    66    -4 145    

Month 3 -326    392    66    -4 079    

Month 4 -326    392    66    -4 013    

Month 5 -367    463    96    -3 917    

Month 6 -367    463    96    -3 821    

Month 7 -367    463    96    -3 724    

Month 8 -367    463    96    -3 628    

Month 9 -408    535    127    -3 501    

Month 10 -408    535    127    -3 375    

Month 11 -408    535    127    -3 248    

Month 12 -408    535    127    -3 122    

Month 13 -449    606    157    -2 965    

Month 14 -449    606    157    -2 808    

Month 15 -449    606    157    -2 651    

Month 16 -449    606    157    -2 494    

Month 17 -490    677    187    -2 307    

Month 18 -490    677    187    -2 120    

Month 19 -490    677    187    -1 933    

Month 20 -490    677    187    -1 745    

Month 21 -490    677    187    -1 558    

Month 22 -490    677    187    -1 371    

Month 23 -490    677    187    -1 184    

Month 24 -490    677    187    -997    

Month 25 -490    677    187    -809    

Month 26 -490    677    187    -622    

Month 27 -490    677    187    -435    

Month 28 -490    677    187    -248    

Month 29 -490    677    187    -61    

Month 30 -490    677    187    127    

Month 31 -490    677    187    314    

Month 32 -490    677    187    501    
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Appendix 2: Collected and estimated oil data 

 

H
o

te
l

P
u

rc
h

as
ed

Le
ft

o
ve

r
P

u
rc

h
as

ed
Le

ft
o

ve
r

# 
R

o
o

m
s

P
er

 r
o

o
m

P
er

 m
o

n
th

H
o

te
l 1

65
35

12
52

,0
3

C
o

lle
ct

ed
 d

at
a

H
o

te
l 2

18
7,

5
12

5
11

2,
5

75
11

9,
09

10
0,

00
C

al
cu

la
te

d 
da

ta

H
o

te
l 3

10
0

50
70

20
20

1,
75

35
,0

0
Es

ti
m

at
ed

 d
at

a

H
o

te
l 4

15
0

45
75

30
24

1,
56

37
,5

0
M

is
si

ng
 d

at
a

H
o

te
l 5

18
0

30
90

15
5

4,
50

22
,5

0

H
o

te
l 6

7,
5

7,
5

4
17

,3
4

H
o

te
l 7

53
53

28
12

1,
41

H
o

te
l 8

60
0

32
5

70
30

3,
53

H
o

te
l 9

80
40

80
40

4
10

,0
0

40
,0

0

H
o

te
l 1

0
40

8
20

4
4

1,
50

6,
00

H
o

te
l 1

1
15

0
10

5
45

15
14

4,
29

60
,0

0

H
o

te
l 1

2
80

32
40

16
12

2,
00

24
,0

0

H
o

te
l 1

3
32

13
8,

76

H
o

te
l 1

4
21

91
,0

6

H
o

te
l 1

5
7

30
,3

5

H
o

te
l 1

6
5

21
,6

8

To
ta

l:
A

ve
ra

ge
 [

lit
er

s]
:

To
ta

l [
lit

er
s]

:

27
3

4,
34

11
01

H
ig

h
 S

ea
so

n
Lo

w
 S

ea
so

n

A
ve

ra
ge

 c
o

o
ki

n
g 

o
il 

am
o

u
n

t 
p

er
 m

o
n

th
 [

lit
er

s]

A
ve

ra
ge

 le
ft

o
ve

r 
co

o
ki

n
g 

o
il 

[l
it

er
s]


