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Risk management has been applied within projects in different industries and 

companies in the past years. However, the knowledge that was generated by 

literature is about industries such as construction or IT. But inside the waste 

management and energy recovery industry, there has not been a clear approach for 

managing, and many authors claim that this gap in literature should be studied and 

analyzed. Although, it is known that within traditional project management there are 

different models or approaches to consider. Nonetheless, these models do not 

analyze specific issues related to the industry, allowing this research to be carried 

out. Based on that, this project degree aims to facilitate the understanding and 

application of risk management, for both academia and industry through the design 

of a model that is applicable in any project within the energy recovery sector. Thus, 

a literature review was conducted to present what is currently known about risk 

management, presenting models that can be used for constructing a proposed model, 

in which a theoretical framework was developed.  

Furthermore, this research presents a mixed strategy of qualitative and quantitative 

methods to gather empirical data which is needed to support or compare what is 

written by different authors. Thus, semi-structured interviews were performed to 

get perspectives and insights of domain experts in project, risk, waste management, 

and energy recovery. As this project was conducted with an external partner, 

snowball and convenience sampling tactics were applied due to the ease to reach 

consultants from the company and contacts in other parts of the world. However, 

due to the pandemic many of the candidates to interview could not join or declined 

the request what is a limitation for the study, Additionally, a matrix was sent to the 

participants to be quantified (rank risks) and suggest actions to minimize risks. 

As a result of this research are that experts claim that the proposed model can be 

applied in any project within the field, but it can be considered just as a base model 

because in some cases it will need some adaptations. Also, the respondents agreed 

that in the projects, size should not be a decision impediment to apply a model, 

however, the scope may influence the budget, number of people involved, and 

technology to be implemented. Finally, the political framework of the geographical 

location where the project will be held will highly influence the likelihood and impact 

of the risks. This master thesis opens the possibilities to conduct further research in 

different areas such as the influence of political issues, organizational behavior, and 

studies where the success rates of the base model can be quantified. 

Key Words: Risk Management, risks, models, waste management, energy 

recovery. 
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POPULAR SCIENCE SUMMARY  
 

In the past few years, the world has faced an increase of Solid Waste from human daily life and 

industry practices, pushing that way the creation and exploitation of landfills in cities around 

the globe. Therefore, new processes and technologies have been developed to deal with these 

problems such as waste to energy plants that recover energy from waste. This industry has 

grown and has improved its practices towards the environment, technology, and safety up to 

the point of being considered a green option to stop the usage of landfills. In consequence, more 

projects are being carried out to create new processes of waste management and energy 

recovery in different parts of the globe.  

The present research is conducted in partnership with an external consultancy company that is 

specialized in risk management assessment and currently holding several projects of energy 

recovery in different parts of the world. That is why this project degree is focused on 

understanding and facilitating the application of risk management in the industry of energy 

recovery through the designing of a model based on literature and the approach of the company. 

As well as to elucidate if the size and scope of a project would be factors of influence when 

applying this model. 

Furthermore, the methodology that was used for gathering empirical data was created within a 

mixed strategy of qualitative and quantitative methods. Firstly, ten interviews were conducted 

digitally through zoom with domain experts. The interview questions were made concerning 

the proposed model of risk management in the thesis. Also, the zoom meetings were recorded, 

transcribed, and analyzed in order to present results and a later discussion with the existing 

literature. Consecutively, a risk matrix was sent to the participants to be filled, where they 

ranked different risks to know which one will need prioritization when dealing with them. 

The results were based on the responses from the interviewees. They agreed with the statement 

that the proposed model can be applied as a “base” which will help to have faster initiations 

with the projects and will facilitate the creation of a risk management plan that is aligned with 

the general plan of the project. However, this model will have to be adapted to the needs of the 

projects, but it will be easier to do in comparison with existing models. As a matter of fact, the 

model is focused and aligned to the principal finding of this study which was that the critical 

phase is the establishment of the context where the political framework of the country of 

execution highly influences the risks that a project may have to overcome. Moreover, as part of 

the study, it was questioned how size and scope of a project influence the decision of applying 

a model in this industry, based on the previous information and data gathered size does not 

influence, but the scope and other factors related to it may affect it. 

Overall, the model proposed will facilitate the understanding and application of risk 

management in the industry under discussion. Additionally, this study will allow further 

research to be conducted to keep improving the practices toward risk management and 

contribute more to academia. 

Key Words: Risk Management, risks, models, waste, energy recovery. 
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1 Introduction 

The introduction chapter will explain in detail the background of the thesis, how the topic was 

picked and developed. As well as how the external partner influenced the present study. Based 

on this the research focus, research questions and aim were developed to give a clear direction 

to the project degree. Finally, some delimitations are described and how this prompted the 

development of the thesis. 

1.1 Background 

Nowadays, the world has become more globalized and consequently, people need to use more 

resources to conduct their daily activities. Reaching the point that the municipal solid waste 

(MSW) is rising every year, reaching 2.01 tons annually and the forecast for 2030 is 2.59 tons 

(Al-Ofi, et al., 2020). Although, at the beginning of the implementation of municipal solid waste 

management (WM) was introduced just to reduce the waste volume and public hygiene in 

different large cities. It has evolved to the point of encompassing waste recycling, waste 

prevention, and the most important the creation of waste to energy (WtE) plants (Al-Ofi, et al., 

2020). 

Moreover, landfills have been for many years the preferred method to deal with waste from 

cities around the globe. However, this has been proved that it is not environmentally friendly, 

which can produce contamination to the ground and groundwater near these facilities (Chaliki, 

et al., 2016). WtE plants are known because of the incineration processes carried out; this is a 

waste treatment method that involves burning organic substances. Incineration converts the 

waste into ash, flue gas, and heat. In some cases, the heat from incineration can be used to 

generate electricity (Chaliki, et al., 2016). Furthermore, the incinerator can reduce the mass 

from the total of the original waste by 72% to 80% and the volume by 90%, conditional on the 

composition and degree of recovery of materials. Meaning that although incineration cannot 

completely replace landfills, it can greatly reduce the amount of waste disposal (Chaliki, et al., 

2016). 

Municipal areas have become large consumers of energy, as well as before mentioned, big 

producers of waste. Thus, there is a necessity of finding an urban sustainable energy production 

that can help to reduce the amount of waste that goes to landfills, and this solution is energy 

recovery from waste (Mikic, et al., 2017). Moreover, on account of technology improvements, 

many governments have categorized WtE plants as friendly with the ecosystems as the 

emissions of different air pollutants have been reduced considerably. Thus, these facilities do 

not represent a threat to public health (Vicente Lemea, et al., 2014). 

Furthermore, the degree project will be held on basis of projects of energy recovery from waste 

management with an external partner, a subsidiary of Eunice Group AB. In fact, the experience 

of the company in risk and uncertainty management determined the partnership for this project. 

The degree work lies in the field of project management, going deeper in the section of risk 

management, which can help academia, companies, governments, and individuals to save 

money and other resources by avoiding or minimizing risks in a specific project. Specifically, 

projects of waste management and energy recovery with high investments and the presence of 
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the big dilemma of environmental impact, which is also considered one of the main risks to be 

studied and avoided: before, during, and after the project is executed. Therefore, the thesis will 

be working around the problem of how to assess risk in the waste-energy recovery sector that 

has become a big industry. Therefore, it is a problem at the level of management, organization 

structure, or operations as it is within a project. However, it must consider many factors like 

economics, due diligence (DD), finances, environment, etc. 

Projects in this sector also have risks, namely, waste management, and energy recovery 

(Burguer, et al., 2014). For the project team and project manager, it is particularly important to 

develop a plan to assess the risks in the different stages of the entire project, including pre-

research, execution, and control and monitoring (Tonnquist, 2018). In this area, different risks 

need to be considered, but some of the main risks may directly affect the project goals which 

can be financial risks, market risks, liability risks, environmental risks, operational risks, etc. If 

these are not treated correctly, changes may be required in the plan for the project to succeed 

(Cooper, et al., 2005). Hence, the challenges to develop processes or models that help to make 

decisions on how to deal with this type of issue is imperative in this industry especially when 

stakeholders and regulations are stricter and demanding (Blau, et al., 2000). As result, different 

models and techniques have been created to help to conduct a proper risk management 

approach. Nevertheless, these tools and models are generic, meaning that there should be a big 

effort to adapt to different projects with different backgrounds (industries) to be successful 

(Chapman & Ward, 2003). The most used models are PRAM, PMBOK, MOR Guideline, and 

AS/NZS 4360; the four of them are remarkably similar and have a body of identification, 

analysis, evaluation, and application of actions to prevent risks and minimize the impacts of 

those that occur in any stage of the project (Burguer, et al., 2014). 

Veritably, as this is a developing industry there have not been many studies to prove how risk 

management may help the projects to be successful. Nonetheless, there have been studies in 

other fields which have point out percentages of failure and success. First, in the construction 

industry between 1974 and 1988 a study on over 1778 projects showed that 63% of them 

presented significant cost overruns, meaning that the plan of the project was not met; this 

because the projects were nuclear plants, oil and gas transport, and environmental restoration 

which represent a reputation of excessive time and high hidden costs (Baloia & Price, 2003). 

On the other hand, the IT (Information Technology) industry is recognized for having a very 

high failure rate due to the complexity of its operation and the risks it may face, and due to the 

lack of proper RM (Risk Management) strategies a study on over 7400 projects determined that 

31% were abandoned, 34% were late or over budget and just 24% were completed within the 

terms agreed at the planning phase, that is why this industry is trying to develop new methods 

or models to overcome the issues of lacking proper risk management processes (Aloini, et al., 

2007). Besides, some studies claim that the market reputation of the companies can be affected 

when projects are not completed within the boundaries settled at the beginning of it. For 

example, some organizations faced a loss of 50% of their market value due to the fact they were 

not ready to overcome risks when they appear leading them to fall behind schedule and budget 

on projects (Gatzert & Schmit, 2016). This can be since 75% of project managers do not follow 

a clear process for the application of risk management (Bannerman, 2008). That is why a base 

model for the waste management and energy recovery industry needs to be proposed to reduce 

efforts and save resources in the process of risk management. 
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1.1.1 Risk Management Approach of the external company 

The information presented below is gathered from presentations and conversations held with 

the company CEO and consultants; therefore, it is not found on the webpage of the company or 

any other public source. Nevertheless, it is necessary to state the approach of the company to 

understand how it is related to the theory and how a new model can help them and the energy 

recovery industry in general. 

Risk management begins with the review of all relevant information, including risk assessment 

and concern assessment, the latter based on risk perception research, economic impact 

assessment, and the scientific characterization of social responses to risk sources. This 

information, as well as the judgments made during the risk characterization and evaluation 

stage, constitutes the input material, in which risk management options are assessed, evaluated, 

and selected. That is why, the ability to take risks is the reason for which corporations are 

“allowed”, by a competitive market, to make a profit that can collaborate to recover the first 

investment of a project. This happens when the volatility of risks positively affects the 

company, for example, the volatility moves in favor of the corporation. On the other hand, when 

the volatility affects negatively, in this case, the corporation will suffer a loss. Therefore, one 

of the goals of Risk Management is “profit from the upside controlling the downside”. Hence, 

it is important to consider risk from the strategic planning process. However, risks are all over 

the stages of a project, inside and outside the project. There are several types of risks with the 

potential to influence. These risks are classified as follows: Strategic Risks, Operational Risks, 

Financial Risks, and Political Risks; and each of them has a wide variety of sub-risks to 

consider.  

As a matter of fact, not many companies identify, classify, and measure all the risks that might 

affect them (this is done through a tool called Risk Mapping). Nevertheless, the number of 

organizations applying risk management has been increasing notoriously in the last few years, 

and it is supposed to keep growing in the upcoming years. After having identified and measured 

the risks, corporations need to decide which risks are going to be taken (to make a profit from 

them), and which risks are going to be transferred to third parties that are better equipped to 

hold (and make a profit from) them. Unfortunately, most corporations have not decided which 

are the risks they want to make a profit on.  When the team fails to do this, the consequence is 

that the company is obliged to be reactive, instead of employing a proactive attitude toward 

risk. Thus, to have a proactive attitude toward risk is to include Risk Management in Strategic 

Planning. 

Furthermore, when making decisions, both threats and opportunities are usually involved, and 

both should be considered. But it should never be allowed to eliminate one concern for another 

meaning not to forget about a small threat because there is a bigger one. Furthermore, 

opportunities and threats sometimes are treated separately, but they are dependent on each 

other. Plans of action are created to reduce or neutralize potential threats, and at the same time 

offer opportunities for positive improvements in performance. It is not desirable to just 

concentrate on reducing threats without considering associated opportunities, just as it is 

inadvisable to pursue opportunities without regard for the potential threats associated. See 

figure 1 below to see the approach of the external partner towards risk management. 
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Figure  1 Risk Management Model Eunice Group 

In the interest of all the before mentioned, it is important to compare the scientific theory with 

the practical issues to find a model that can be suitable for projects in the waste-energy sector. 

1.2 Research Focus 

The research of this master thesis will be focused on the creation of a base model with a risk 

matrix that distinguishes the risks and that can be applied in the waste management - energy 

recovery sector, to help the implementation of risk management. Therefore, helping to improve 

the creation of actions reactively and proactively, minimizing and avoiding risks when possible. 

But also, the creation of a model that, if necessary, can be changed during the project due to 

variants that arise with the operations. This model should be able to adapt to the size and scope 

of the project in order to cover all the uncertainties that can appear internally and externally to 

the project. 

Since risk management is widely used in different projects and different sectors around the 

globe, mainly to protect the budget and timeline of the projects (Tonnquist, 2018). Withal, most 

of the research done for risk management approaches has been for construction and 

environmental projects. This leaves the waste management and energy recovery sector with a 

gap to fill about how to facilitate the application of RM in which this study will focus (Burguer, 

et al., 2014). 

Furthermore, Chia (2006) states that it is necessary to study a project on all its stages. If the 

project is not handled properly, it may be affected by risks. In addition, it is necessary to study 

the fact that all parts of the risk management process are involved, because the result of the lack 

of support may be very detrimental to the achievement of project goals (Gemünden, et al., 

2014). This because decisions need to be taken by managers during the project, and risk 

management can be helpful for this necessity. However, there are some voids in the current 

literature on how the models can help to make decisions within the energy recovery sector (Du, 

et al., 2018). This thesis will develop in the following chapters. 

In addition, in the waste management and energy recovery field, there are a variety of risks that 

are not included in the generic models of risk management. This needs to be changed as risks 

such as liability, credit, market, and the environment can directly affect the success of the 

project; thus, deep research needs to be done (Fanning, 2013). Hence, giving a clear direction 
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of research to this thesis as RM should facilitate the complex process of developing projects of 

waste management and the operations where the energy is recovered from waste (Brunner & 

Rechberger, 2015). 

1.3 Research aims and questions 

The thesis aims to facilitate the application of risk management through the creation of a model 

supported by existing literature and empirical data recollected from domain experts. The 

research questions this thesis will answer are: 

1. How can a risk management model for projects in the waste-energy recovery field be 

designed? 

2. How do the size and scope of a project influence decisions when applying models for 

risk management in the energy recovery sector? 

By doing so, the researcher and different companies and academia can use the present work as 

a baseline for the application or creation of models that suit their projects in the waste-energy 

sector field. The research questions will help to address the aim adequately, combining the 

theoretical framework and the practical information from the case study of the industry to be 

analyzed. 

1.4 Delimitations 

This master thesis will focus on risk management for projects in the energy recovery industry 

based on waste management. In the upcoming chapter, there will be mentions of the two types 

of plants that will be studied to analyze the risks, there are more but due to the time and scope 

of the thesis, just two types were chosen. Moreover, from the company, the information to be 

used is a general approach to risk management due to confidential agreements, but that is 

enough to develop the project. Finally, the location of the interviewees was a limitation, but 

thanks to technology, this was overcome, and the recollection of empirical data was done 

properly. 
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2 Literature review 

The study will be based on primary data from interviews, but to have a basis to do a comparison, 

a literature review was done and separated from the theoretical framework. Thus, the chapter is 

structured to have a clear background on what has been written in academia regarding research 

that is related to practice. Moreover, the objective of this chapter is to show and understand 

concepts such as waste management, energy recovery, risk management, existing models, and 

how other industries have used risk management in their operations. All of this will be an input 

for the discussion chapter in which the empirical results will be compared with the literature. 

The literature review is the basis together with the risk management approach of the external 

partner that will be used in the theoretical framework. In the latter, a detailed risk management 

approach is presented with all the implications and considerations to be taken into account to 

have a successful result in projects in the industry that this thesis addresses. Therefore, these 

two chapters are presented as separated ones. 

2.1 Waste management  

Waste management has evolved throughout the years, mainly because of the need to act against 

climate change and the fact that landfills are not enough nowadays (Brunner & Rechberger, 

2015). Moreover, due to the economic development of the planet, waste has increased and 

therefore new technologies have been created to cope with waste. Lately, in many cities around 

the globe, the MSW is treated in WtE plants which need big investments, and thus many studies 

to avoid risk within these types of projects (Brunner & Rechberger, 2015).  Although waste 

management has shown an improvement in its practices, there is information about projects that 

is missing or is not clear, because some projects have not published their data or most of them 

are done in developed countries. Thus, it is not clear if other nations can apply the same 

processes and have a similar rate of success (Miezah, et al., 2015). 

Municipal or household waste is generated from different sources and where human activity 

has an influence. Some studies show that in developed countries, solid waste comes from 

sources in the following percentages: households (55-80%), commercial and market areas (10-

30%) with different variables to consider such as industries, streets, institutions, and others 

(Miezah, et al., 2015). 

Moreover, waste management can be considered a public service that governments must 

conduct because of hygienic considerations. While in the past the strategies to cope with the 

waste were somehow weak, such as landfills, bury the waste and forget about it. At the present, 

those strategies have changed due to the necessity to take care of the environment and people 

which can be considered the principal goal of the modern waste management industry (Brunner 

& Rechberger, 2015). However, resource conservation is also an important fact to consider 

since in current days the price and the environmental impact of not recycling are excessively 

big for economies and the wellbeing of the ecosystems of the planet (Brunner & Rechberger, 

2015). 

Thus, different countries and organizations have started different programs to have successful 

waste management of municipal solid waste. These projects need to be aligned with the 
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sustainable goals of each nation and follow internal regulations, but again there is no standard 

on how to develop and how to get prepared for the risks these projects may face before, during, 

and after its execution (Tomi & Schneider, 2020). 

There is a wide variety of materials handled by waste treatment plants, coupled with specific 

equipment and treatment methods, all pose significant risks to waste management plants. The 

management of these risks is closely related to insurance issues and the viability of the entire 

site. To understand this, RM begins with basic compliance with relevant regulatory authorities 

and factory approvals, but the recommendations of insurance companies, local fire brigades, 

and related professionals will be an important aspect of risk assessment and response. When 

investing in risk minimization and protection systems, not only should the impact of reducing 

insurance premiums be considered, but also the impact of major events on upstream and 

downstream businesses, long-term business closures or reductions in production capacity, and 

restrictions on the licenses that businesses rely on, etc., and impact on the business brand (IMC, 

2020). The information in this paragraph was taken from a white paper (report from a 

company). 

The process of WM is complex and very wide, ending in the construction of a plant where all 

the waste is treated accordingly to the needs. Therefore, it is necessary to conduct an analysis 

of the risk towards the environment and the health of the people that surrounds the area of the 

plant, because it is known that there can be some changes in the quality of the air, but these are 

considerations that need to be included in a plan of risk management to prevent or correct the 

problems if they arise in the future when the plant is working. Nevertheless, some models in 

project management do not take into account these factors, this information was taken from a 

white paper (Fanning, 2013). 

2.2 Energy recovery 

The final step of waste management is to produce energy from the solid waste that is recollected 

from the cities or other facilities, in order to close a cycle and reduce the necessity of landfills 

(Kilkovsky, et al., 2014). From the start, this industry of energy recovery in the 80s and 90s 

was criticized despite it was a solution for managing waste in big cities, mainly because of the 

emissions of air pollutants. That is why strict restrictions were settled in that time about 

emissions to air, but nowadays new technology and advances in gas treatments can control the 

process of incineration and make it environmentally friendly and an attractive solution for waste 

management (Vicente Lemea, et al., 2014). The emissions of WtE have been reduced to the 

point that the United Environmental Protection Agency (US EPA) start considering a clean 

source of energy (Vicente Lemea, et al., 2014). 

There are two common processes for energy recovery. The first is Mass-burn Municipal waste 

which can introduce the solid waste directly into the incinerator and the duct for feeding air to 

the incinerator is not big. Meanwhile, the other, refused derived fuel needs that the municipal 

solid waste is shredded prior to the incineration and the duct of for feeding the air is bigger than 

the first option (Robertson, 2009). 

Furthermore, the field of energy recovery has some advantages such as a fully integrated system 

of energy (power) recovery by recycling solid waste. There is flexibility when it comes to 

combustion and as mentioned before the controls for air pollution have improved considerably 



 

 
8 

 

(Robertson, 2009). On the other hand, there are also some disadvantages such as high capital 

investment and maintenance. Negative public perception due to risk factors that can appear 

alongside the project, and which are not standardized (Robertson, 2009). 

Additionally, models to predict the performance and how to identify risks in projects in this 

field are rare in the international literature (Consonni & Viganò, 2011). Sustainable in-time 

decision-making models not only need to adapt to the economy, environment, simultaneously 

with social factors, and incorporate public participation into the process from beginning to end 

(Maa & Hipel, 2016). 

In the energy recovery field is necessary to make a holistic Risk Assessment which should 

include a financial evaluation of the contract parties and the business plan; this to identify 

possible obstacles (Robertson, 2009). Moreover, an evaluation of the structure plan for the 

owner/operator and managing contractor to assess the expertise of those (Robertson, 2009). 

Moreover, the plant design and workmanships factors such as the integrity of suppliers and 

vendors by analyzing and controlling fire detection and protection in zones where it can be a 

threat for people and the structure itself (Robertson, 2009).  

In addition, the acquisition of insurance for the WtE facility is crucial, as there are many risks 

from which the plant can be affected and the cost of repairing it would be enormous. Marsh 

JLT Specialty (2020) has analyzed it in a white paper, some of the major risks for a WtE plant 

but those are presented in a general form, and they claim that a model should be applied to have 

a better track of these risks. See table 1 with the risks presented. 

Besides a good analysis of some of the risks presented above, some requisites can help to get 

optimum insurance for the project. 

• Present a detailed plan with the credentials in which is outlined where the Engineering, 

procurement, and construction (EPC) contractor has successfully delivered the WtE 

plant before (Marsh JLT Specialty, 2020). 

• Provide technical information to demonstrate that the process/technology has been 

verified and key equipment has been purchased from trustworthy and reputable 

suppliers (Marsh JLT Specialty, 2020). 

• Present a plan to prevent fires and how to act if the case arises (Marsh JLT Specialty, 

2020). 

• Assure quality through a holistic analysis of suppliers, operations, and logistics (Marsh 

JLT Specialty, 2020).  
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Risk Analysis 

Technology and Design The designs should be approved within the law of the country where 

they will be constructed. Especially when these facilities have a core 

process of incineration. If this is not done the permits may be denied. 

Process Guarantee Not establishing good communication with the contractors from the 

beginning of the process can lead to the point where risks and liabilities 

are not understood fully and then insurers may not cover parts of the 

process. 

Proven Contractors Contractors may be delayed to hand in the project, so contractors and 

subcontractors must have proven experience in the construction of WtE 

plants. 

Fire Strategy Establish a well-structured strategy for fire control in all the areas of the 

facility otherwise, the risk of insurers do not cover fire is high. 

Fire suppression and 

detection systems 

Explosions can be considered as a risk therefore a bespoke fire detection 

and suppression system is fundamental for risk management strategy. 

Defect’s liability period The time for insured facilities about liabilities is around 24 months so it 

is a risk that the construction takes more than that, therefore it is required 

to allocate responsibilities properly. 

Testing and 

commissioning 

Before WtE plants start to operate, there are periods of tests and 

commissioning and accidents can happen, so it is important that the 

insurance cover these risks. 

Loss of revenue If in a certain period the facility stops producing and therefore the 

revenue is reduced, a plan to maintain the WtE plant is necessary. 

Commercial and 

industrial waste 

streams 

The risk to not understand well how the operation will be from the 

recollection of waste until the energy is sold in the market is high so it 

is important to know the stakeholders to be involved. 

Environmental 

Impairment or 

pollution 

The risk for air and noise pollution is high; thus, a plan to build the 

facilities following all the guidelines from local governments is 

necessary. 

Warranties The risk to acquire machinery or materials without a proper warranty 

can happen so insurers should have subrogation rights against original 

equipment manufacturers (OEMs) provided to critical equipment. 

Offtake Agreements Sponsors need to be aware of the commitments made under the offtake 

agreement and the possible indemnities in the case they cannot supply 

what they offered. 

Grid Connection Risk to have a delay of exposure to the grid’s connections arising loss 

or damage in the location. 

Table 1 Risks in the Energy Recovery Industry Note: Adapted from (Marsh JLT Specialty, 

2020) 
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2.2.1 Types of WtE Plants 

Incineration 

Municipal solid waste incineration (MSWI) has an important role in order to maintain under 

control the continuous increase of waste in different parts of the world. But it also helps to 

recover energy that can be used to supplement traditional supplies such as fossil fuel. Back in 

2018, the WtE industry earned around $20 billion US dollars in one year, demonstrating it is 

economically sustainable (Jutidamrongphan, et al., 2018). 

This process is considered mass burning due to the volume of waste that is incinerated in the 

WtE plant. There are many types of combustion systems but one of the most common is “Grate 

Firing” where the grate furnace can swallow the not sorted waste that is fed and proceed to 

incinerate, although this can make the process complicated due to obstructions and damages in 

the system that can appear. (Leckner, 2015). 

In addition, regulations on incineration ash disposal and flue gas emissions are becoming 

stricter. As a result, the adoption of MSWI as a waste management option requires the 

development of powerful technologies that can achieve three things: volume reduction of 

MSW, optimal recovery of heat and materials, and cleaning of the generated flue gas to meet 

the main emission limits (Jutidamrongphan, et al., 2018). Hence, the principal risks as 

mentioned before are environmental risks due to air pollution and the risks of fire, that is why 

in the following section they are discussed to have a base for a risk management plan (Leckner, 

2015). 

Gasification 

Gasification or “indirect combustion” is the creation of fuel or synthesis gases through the 

conversion of solid waste and gas-forming reactions.  Where, like in air gasification, it is burned 

a part of the fuel to provide the heat required to gasify the rest (self-heating gasification), or 

provide heat energy through an external power source as in the case of plasma usage (Arena, 

2012). Moreover, evidence shows that compared to solid waste, gas is easier to handle (burn) 

making it a candidate for advanced heat treatment in the future, because the unsorted residual 

dry distillate remains downstream in a separate collection and comes from mechanical 

treatment of municipal solid waste (Arena, 2012). 

Gasification is the key technology for the utilization of biomass. It has high flexibility in using 

different kinds of raw materials and producing different products. In principle, all different 

types of biomass can be converted by gasification into synthesis gas (syngas) that mainly 

contains hydrogen, carbon monoxide, carbon dioxide, and methane. Through these syngas, 

various energy sources; can provide chemicals, heat, hydrogen, biofuels, biomethane, and 

power (Foscolo & Heidenreich, 2015). 

In addition, gasification has potential benefits in comparison to the traditional incineration 

process of solid waste, because it can combine operating conditions (temperature and volume). 

The result is a gas that can be used as fuel that can be combusted in a traditional burner that is 

connected to a boiler and a steam turbine, creating an efficient energy conversion device (Arena, 
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2012). Together with biomass, the process of managing the waste needs to be highly efficient 

and gasification offers this, as it can handle the different types of waste that can appear such as 

agricultural residues, waste from wood, grasses, bagasse among others (Foscolo & Heidenreich, 

2015). Finally, the principal risks for this type of WtE plan are an environmental risk due to the 

air pollutants that can be produced, financial risks as permits and investments need to be 

gathered and operational risk due to the recollection of the waste to be treated and converted 

into energy (Foscolo & Heidenreich, 2015).  

2.2.2 Case from Theory 

Sweden is one of the leading countries to promote energy recovery from solid waste in the 

world. In fact, in 1997 around 5.1 TWh were recovered in a process of incineration of waste, 

being this used on its majority for cities heating purposes (Ljunggren Söderman, 2003). As a 

matter of fact, back then 7% of the fuel used to create heating for residential areas was waste, 

and as 40% of water heating is generated in heating plants, it can be said that solid waste 

corresponds to a significant contribution to the energy supply of Sweden (Ljunggren Söderman, 

2003). Moreover, Sweden introduced a tax for landfilling in 2000 to encourage recycling and 

waste management in its cities, but they went further when in 2002 landfilling of combustible 

was banned and the same for organic waste in 2005 (Ljunggren Söderman, 2003). 

A major example in Sweden is Vattenfall, a Swedish company owned by the state and is one 

of the largest producers of energy and heat in Europe (Vattenfall AB, 2021). One of the aims 

of the company is to use combustible waste that can reach 200 million tons in Europe every 

year. Every year the recovering of energy in Sweden can fulfill the heating demand of 1,250,000 

apartments and the electricity needs of 680,000 apartments (Vanttenfall AB, 2021). Swedish 

waste to energy plants has a high ratio of recovery because of district heating networks which 

were constructed specially to take advantage of the heat result of waste incineration (Vanttenfall 

AB, 2021). 

The success case is Uppsala, the fourth largest city of Sweden where 60% of district heating is 

provided thanks to the recovery of heat from waste and 90% of the buildings are connect to the 

network, Uppsala is using waste instead of non-renewable sources to provide heat and energy, 

aiming to reduce the impact on the environment (Vattenfall AB, 2017). The information 

presented was taken from the web page of the company and the environmental report for 

Uppsala operations in 2017. 

2.3 Risk management  

The global market environment has evolved; therefore, it involves high levels of risk and 

complexity, which are conditions for future growth and development (Ahn & Zwikael, 2011). 

Thus, risk management is a critical consideration for different business areas as it has an impact 

on profitability, sustainability and efficacy, and efficiency (Ahn & Zwikael, 2011). Moreover, 

acquiring knowledge about risk management is, nowadays, is considered a fact of paramount 

importance to effectively manage the complexity of risks and uncertainty in projects (Cagliano, 

et al., 2015). Furthermore, understanding risk management is related to the concept of control 

within the management areas as if there were volatile situations, it would mean that 

management is letting these problems be uncontrolled or they are not prepared to control them 
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(Gauthier, et al., 2016). So, in this part is where risk management has a role of a controller with 

policies and tactics that are aimed to control these types of volatile situations that might 

jeopardize the success of a project (Gauthier, et al., 2016). 

The Association for Project Management (APM) defines risk as “an uncertain event or set of 

circumstances that, should it occur, will affect the achievement of the project’s objectives.” 

(Association for Project Management, 2006, p. 156). Also, this means that proper risk 

management can limit the negative impact from uncertainties and risks and reduce the 

possibility of the materialization of these and capture opportunities (Gemünden, et al., 2014). 

Consequently, the measures can include avoiding risks, transferring risks, accepting risks, and 

mitigating risks. Every project has risks, so it is important to identify them to create a 

contingency plan to deal with them correctly, it should be before they appear but if they show 

up a plan with corrective actions for mitigation should be ready to be applied (Tonnquist, 2018). 

Moreover, it is important also to consider the impacts of the risks, in case they are not managed 

properly, these can be the schedule, design, or requirements (Chia, 2006). Nevertheless, besides 

the positive outcomes of risk management, some authors claim that there is still needed to 

research furthermore to also find out if there are negative impacts (Gemünden, et al., 2014). 

2.3.1 Risk Management and Size and Scope of Projects 

Trustfulness is a factor that needs to be studied in relation to projects, in terms of facilitation of 

cooperation, control, and acceptance through all the levels within the project, considering the 

limitations and dimensions (Earle, 2010). Additionally, the geographic region, technology, and 

country in terms of political issues need to be considered to have a model that provides a holistic 

view of these types of projects (Gatzert & Kosub, 2016). Furthermore, the scope and size need 

to be considered, as the fact of them being narrow or wider may have implications in the 

moment of identifying risks and opportunities within the project (Olsson, 2008). Thus, 

conducting a risk management approach in a project, based on the scope of just one previous 

project can be inconvenient. Because the scope can influence the business orientation of RM 

since new interdependencies can arise depending on the project. However, if a base model for 

risk management exists, it would help to have success in project risk management (Olsson, 

2008). 

Some project managers tend to limit the scope to the financial aspects of the project, which can 

jeopardize the risk assessment of the project such as location, law, environment, and others. 

Nonetheless, financials are important for the calculation of future profitability and economic 

sustainability of the project (Gauthier, et al., 2016). Thus, flexibility for adapting and 

considering all the parts and stakeholders involved is important as it will represent commitment 

and more control to these parts, allowing to also define the scope of the risk assessment of the 

project (Dickson, et al., 2016). 

2.3.2 Risk Management as a Decision maker factor 

As a decision-maker factor, risk management must be analyzed through all the levels of the 

project and involve all the stakeholders to be accurate. This, because sometimes managers tend 

to fail to conduct and take correct decisions as they believe risks may not appear in a project. 

This is wrong because, as mentioned before the structure and scope of the project may influence 
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how they need to approach, and even more in a project within the energy sector (March & 

Shapira, 1987). Therefore, project governance is needed within any project as it is necessary to 

know the hierarchy to follow in order to make decisions throughout all the phases of the project. 

So, project managers and team members should have the ability, authority, and resources to 

make appropriate solutions. However, there can be conflict within the team and the upper 

management, and this should be avoided by doing a proper risk assessment that is considered 

important for the managerial decision-making process (Du, et al., 2018). 

Thus, risk tolerance needs to be assimilated by project managers through trust and 

diversification, which will allow managers to decide on a good model that suits the needs of a 

project, taking into account all the factors before mentioned, introducing a culture within the 

organization and projects of risk management approach, but this is still a topic of interest for 

many researchers in the energy recovery industry (Kwa & LaPlace, 2005). Moreover, the 

decision-makers must overcome the fear of making decisions when monetary consequences can 

appear, if they follow a correct model of risk management this should not be a problem as this 

must be approved by the project team, manager, owner, and upper management to avoid 

financial disasters that can compromise the profits of the company (Gauthier, et al., 2016). 

Overall, in situations where decisions need to be taken under a risk management approach, both 

threats and opportunities must be involved and managed considering, working environment, 

guiding values, and previous decisions (Chapman & Ward, 2003). Also, when there is high risk 

and uncertainty it is recommended to have experienced staff with a flat hierarchy where 

communication is easy and allows rapid decision making (Gemünden, et al., 2014). 

2.3.3 Risk management in Waste Management and Energy Recovery 

In this sector, many areas of risk need to be assessed to be prepared to mitigate and overcome 

risk during the project development. Burguer, et al. (2014, p. 102) have established some of the 

major areas presented in figure 2 below. 

 
Figure  2 Principals Risks in the Waste Management and Energy Recovery Sector 

Note: Adapted from (Burguer, et al., 2014, p. 102) 
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The environment is one of the main areas to analyze in this field. Because it is the main activity 

to evaluate the connectivity of the environmental receptor and the source of hazard (Eduljeeb, 

et al., 2006). Thus, it is important to have a prioritization of risk before the formal and detailed 

assessment, being this process called a “tiered” approach to risk management. The recovery of 

energy with a base of waste management applies to do a risk assessment to issues to landfills 

and groundwater (Hall, et all., 2003) plus the potential risk to human health due to emissions 

of landfill gases (Eduljeeb, et al., 2006). 

On the other hand, as mentioned in previous sections, financial aspects are important to be 

analyzed as it depends on the budget for the project and how profitable it will be when it has 

done. That is why a complete risk assessment on these issues can be helpful to maintain happy 

and satisfied the stakeholders that are affected for the decisions in the project, even more, when 

they try to reduce transaction costs but what is helpful from this perception is that it encourages 

to have proactive risk management from all the parts involved (Jia, et al., 2020).  

Overall, facts such as the country where the project is going to be developed is a determinant 

factor to decide on a risk management approach as different regulations need to be fulfilled and 

in many of the development, costs will be based on the technology that is approved to be used 

in WtE plants (Burguer, et al., 2014, pp. 90-91). 

2.3.4 Risk management models and techniques 

In the renewable energy industry that is remarkably similar to the energy recovery industry is 

common to follow a process to mitigate the risks as mentioned in Burger, et al. (2014) the 

activities are listed below. 

• Initial screening process: when the process is about to start, the project team come with 

ideas on how it can be developed, so it is important to have a quick but efficient first 

screening to differentiate between unattractive and attractive ideas. This process should 

be short and be done in a few hours considering technical and financial feasibility, the 

applicability of support schemes, resources, experience availability internally or 

externally, environmental constraints, local regulations, and the opposition of local 

affected parties. This can be made based on a scoring system to rank the aspects in order 

of importance. 

• Assessments of risk and opportunities: after the previous step and more information has 

been gathered, an assessment of opportunities and risk should be carried out. A 

recommendation is to assess at least all the risks presented before and estimate the 

likelihood of them to happen to also estimate the costs and the budget in which the 

project will be developed. 

• Definition of budget and milestones: after the assessment of risks and opportunities a 

schedule should be done to assign a budget to each activity, having clear milestones and 

responsibilities. 

• Regular and Irregular reassessments: based on the schedule reassessments of risk 

should be done in an irregular form, for example, every six months or in the phase the 

team considers necessary. This is to find deviations in schedule, budget, or threats 

against the project. 
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• Risk-conscious prioritization of tasks: there should be a prioritizing of risk and 

activities. If for example getting an environmental license is defined as a key activity, 

the next activities should be done just after the key activity is finished. This is made to 

reduce the risk of sunk cost in the case of the project failing. It can be seen more as an 

economic approach, even though can be more expensive as do activities in parallel. 

• Cost efficiency: To be more competitive and reduce possible losses in case of failure it 

is needed to be cost-efficient with project development. This can be done by analyzing 

the development and overhead cost constantly concerning efficiency. 

• Flexibility: in the energy recovery industry the regulatory frameworks and market 

conditions change very fast, so it is important to be flexible and adapt quickly to the 

conditions to have success with the project. 

A systematic approach to risk awareness is undoubtedly a needed element in successful project 

development. It is important to realize that in addition to systematic considerations, successful 

project development also requires a lot of endurance, intuition, and experience (Burguer, et al., 

2014). 

Moreover, through time some business tools have been adapted to use as risk management 

tools. This is because risk management processes sometimes need specific tools to assess issues 

correctly.  These techniques are used in different scenarios depending on which risk is likely to 

occur and as Cagliano, et al. (2015) categorized the tools and techniques, they are presented in 

table 2.  

In addition, each stage of the risk management process implies a different level of information 

and detail, which requires appropriate technology (Hillson, 2004). Furthermore, tools that help 

risk management need a proper level of maturity within the organization to generate the 

expected benefits which may determine which tool to pick depending on the situation (del Caño 

& de la Cruz, 2002). Finally, the aim of risk management is, among others, to evaluate 

economic and financial results, analyzing quality differences, or identifying delays what may 

also be the criteria for determining appropriate risk management techniques (Kmec, 2011). 

Additionally, among other factors the size, scope, economic, organizational, and environmental 

aspects of the project influence how managers should approach risk management, 

unfortunately, there is no standard model or guidelines to apply to any project in the sector of 

energy recovery or renewable energy (Burguer, et al., 2014, pp. 90-100). In fact, some 

guidelines, methods, or models have been developed to tackle some risks (Gilb, 2002) and some 

of these models from Cooper, et al. (2005), are explained below.  
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Tool Dimensions 

What is it? Project life cycle 

phase 

Level of corporate 

maturity 

Brainstorming 
Come with ideas of possible 

risks and how to overcome 

them. 

Conceptualization, 

planning, and 

execution. 

Novice 

Change Analysis 

(ChA) 

Analyze root causes of changes 

during the problems. 

Planning and 

execution. 
Normal 

Decision Tree 

Analysis 

Define dimensions to guide the 

choices during the project. 

Conceptualization 

and planning. 
Normal 

Event Tree 

Analysis 

Specify the events and analyze 

them chronologically. 
Planning Normal 

Fault Tree Analysis 

Analyze the faults that may 

occur and in execution update 

the failures. 

Conceptualization 

and planning 
Normal 

Hazard Review 

Analyze the environmental 

impact of hazardous substances 

that result from the project. 

Planning Novice and Normal 

Risk Probability 

and Impact Matrix 

Create a matrix of the possible 

risk to show and the impact it 

may have to score them and 

rank them. So, strategies to 

overcome the risk can be 

developed. 

Conceptualization, 

Planning, and 

Execution 

Normal 

SWOT Analysis 

Analyze the strength, 

weaknesses, opportunities, and 

threats that the project may 

face. 

Planning Normal 

Table 2 Tools and Techniques used in Risk Management. Adapted from (Cagliano, et al., 2015) 
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PRAM: this guide is specifically for project risk management as it separates RM from 

techniques or methods that are used to implement different stages of the project. It has a 

structured entitled for project management that deals with the responsibilities alongside the 

project (Cooper, et al., 2005, p. 140). See Figure 3 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  3 PRAM Model for Risk Management 

Note: Adapted from (Cooper, et al., 2005, p. 140). 

PMBOK can be described as a framework of inputs, activities, and outputs that related 

managerial responsibility with wider processes of project management. The author claims that 

this approach is not as clear as AS/NZS 4360 (described below) as it considers qualitative and 

quantitative risks, but they are not completely linked. It is used in large and complex 

technological projects (Cooper, et al., 2005, p. 139). See Figure 4 below. 

 

 
Figure  4 PMBOK Model for Risk Management 

Note: Adapted from (Cooper, et al., 2005, p. 139). 
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AS/NZS 4360: The Australian and New Zealand Standard is a generic risk management model 

that is applied to project risk management (PRM). It is not limited just to PRM as it can be 

applied also to safety, financial, or security risk management. Moreover, the Standard states a 

general tactic to RM, not just risk analysis or risk assessment, as it also deals with the links 

between the risk management process and strategic directions, the context, and day-to-day 

activities and treatments. Nevertheless, after it is a general approach, the Standard itself cannot 

be applied completely to different specific projects, it needs to be adapted (Cooper, et al., 2005, 

p. 141). See figure 5 below. 

 

 

 

Figure  5 AS/NZS 4360 Model for Risk Management 

Note: Adapted from (Cooper, et al., 2005, p. 141). 

MOR guideline: The Management of Risk is written and directed towards public organizations 

as it deals with the risks related to the success of the organization. Making emphasis on the RM 

process, management structure, roles, and responsibilities to support all the stages of the 

process. It helps to apply RM from a strategic level considering governance throughout the 

operations in the projects (Cooper, et al., 2005, p. 141). See figure 6 below. 

 

 

Figure  6 MOR Guideline for Risk Management 

Note: Adapted from (Cooper, et al., 2005, p. 141). 
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Process Comparison: the figure below explains how the 4 models are related to each other and 

even though they use different names for every stage they may be on the same ground (Cooper, 

et al., 2005, p. 142).  The models evaluate risks individually, except for when common factors 

are identified and are tied to the risks or provide opportunities for strategic plans that address 

multiple risks simultaneously (Bilbao, et al., 2007). Furthermore, they can be applied to a 

variety of projects within businesses, industries, or organizations, of course, making adaptations 

related to the management of the risks (Hooshmandi, et al., 2011). Moreover, it is important 

that the models deal with cultural and social aspects related to the project to commit the 

organization towards a risk management approach and that every stakeholder involved can 

collaborate to reduce or avoid risks, assuring the fulfillment of the objectives of the project 

(Cooper, et al., 2005). Nevertheless, there has not been much research within the energy 

recovery field, what as Chapman (1997) it is important to analyze the necessities of each project 

to assess the risk properly and assure the success of it (see figure 7). 

 
       Figure  7 Comparison of Models for Risk Management 

      Note: Taken from (Cooper, et al., 2005, p. 142). 

It is necessary to know how the plan for risk management should be implemented (Rihar, et al., 

2019). Finally, Chia (2006) and Cooper, et al. (2005) mention that there is still more to study 

to know which model can be applied based on its size and scope.  

2.3.5 Risk Management in other Industries 

This section will be developed to present a contrast between the waste and energy recovery 

industry and other industries on its approaches developed in current theory.  First, the 

automotive industry is a good example of the application of RM. In this industry, it is important 

to apply RM approaches to achieve success in different projects and reduce uncertainties in the 

supply chain and demand. For this industry, it is necessary to follow all the regulations and 

expend all resources possible to meet the requirements of the client making the final product 

acceptable for the market. Some of the risks that this sector faces are getting over budget, delays 

in time, political instability, and failure to meet desired design plus the continuously growing 

demand for environmentally friendly products which means that RM needs to be aligned to 

this. Leading this way to have a green supply chain, as is the example of the German automotive 

industry which is a pioneer in this field (Fernando, et al., 2018). 

Secondly, the software industry is growing and by nature every project presents a high-risk rate, 

meaning that the results of a project can vary considerably. In fact, industry surveys show that 

just 25% of the projects held in this field can be considered successful after completion. For 
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this industry, the principal benefits that RM can represent are: identify acceptable courses of 

action, bigger confidence in the fulfilling of project aims, better chances of success, minimize 

surprises, reduce uncertainty by having more accurate estimates, and reduce the application of 

resources in the same activity twice (Bannerman, 2008). 

Finally, the construction industry which depends on projects to generate profit. Due to different 

factors, this industry has had to shift to a holistic view of risk management, introducing 

enterprise risk management (ERM). The upper management has an important role for RM in 

this industry, as the strategy to identify situations that may hinder the success of the projects 

will be better assimilated throughout the organization if is promoted by the board of directors 

and other middle ranged managers. A good example is the Chinese and Singapore construction 

industry which has applied RM in a wide form increasing their success rates in projects by a 

20% every year (Hwang, et al., 2014). 

2.4 Summary of the literature review findings 

The literature review reveals that the waste management industry has increased considerably 

through the years and that nowadays can be considered as an option to deal in a better way with 

the waste from different cities, including households, industries, and public organizations. 

Furthermore, many countries have started to consider solid waste management as a public 

service for the citizens. This with the aim to reduce the dependency on landfills which are bad 

for the environment. For many years, governments and different organizations have tried to 

have successful management of waste but many risks have appeared and have not been 

addressed properly. Many authors claim that risk management should be an important aspect 

when developing a project within waste management. 

Moreover, the final goal of waste management is to recover energy from solid waste, and many 

plants around the globe have been built to do so. Additionally, in the waste-energy recovery 

sector, it is important to consider the risk in investment as principal and then others such as 

stakeholder, environment restrictions, permits, among others. Many opponents to energy 

recovery have appeared mainly because of the emissions WtE plants produce and the risk to 

public health that it represents. Nevertheless, technology has improved and nowadays energy 

recovery is considered a clean and environmentally friendly practice. Same as waste 

management many have tried to predict the performance and which risks can face these 

projects, but authors claim that further research must be done as the information about this 

industry is still vague and rare to find in literature. 

Finally, there is information about risk management and the tools and approaches to deal with 

projects. But there is not much research done in the energy recovery sector based on solid waste. 

So, it is important to develop a model that can be the base for projects in this field that has the 

tools and techniques that can help to have success in the planning, execution, and control of the 

projects. Additionally, the information gathered about how other industries apply risk 

management and the case of Vattenfall in Sweden give a start point for the development of this 

study. Thus, this leads to the question of which theoretical frameworks can be applied or are 

suitable to build a model that can facilitate the application of risk management within the 

projects in discussion. 
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3 Theoretical Framework 

The theoretical framework was created based on the literature review that is presented in the 

previous chapter. This chapter is structured to understand how a model can be designed to 

facilitate the application of RM within the energy recovery industry dividing the chapter into 

general framework and risk management framework. A detailed explanation of the parts is 

presented, and this will also be the guideline to create the interview questions so the research 

questions can be answered. Moreover, the steps of the model such as general context, 

identification, and assessment of risks, planning, and control are presented to have a 

comprehension of the theories used.  

3.1 General Framework 

Risk as defined by the Project Management Institute (PMI) is “an uncertain event or condition 

that, if it occurs, has a positive or negative effect on a project objective” (Project Management 

Institute, 2000, p. 127) what in comparison to the definition of the APM stated in the previous 

chapter, both definitions are very similar. And both agree that in the case of occurrence there 

can be different types of effects throughout the project (Chapman & Ward, 2003). 

Therefore, risk has two parts the likelihood or probability of an event to happen and the impacts 

and consequences it may have (Cooper, et al., 2005, pp. 4-5). As Copper, et al. (2005, p. 3) 

mention in their book it is important to know the theory around 4 parts that are part of risk: 

• Identification: the process of determining which risks may happen and the circumstance 

it would be. 

• Analysis: use information systematically to determine the occurrence of the risk and the 

impacts it may have on the project. For this, different tools or models may be used. 

• Evaluation: identifies if the risks are tolerable for the project and rank them in order of 

priority for those who need major treatment of mitigation than others. 

• Treatment: the creation of management responses and actions to mitigate, eliminate or 

deal with risks throughout the project. 

Furthermore, risk management is used when uncertainty about the future arises within a project. 

The exposure can have as result affections in economic, environmental, social, financial, and 

physical aspects. Thus, a structured process of assessment needs to be done to deal with future 

uncertainties (Cooper, et al., 2005, p. 8). RM needs to be applied throughout all the phases of a 

project: pre-study, execution, and impact realization (Tonnquist, 2018). By doing this, 

continuous monitoring is set allowing the project team to know the performance, how healthy 

the project is, and identify areas that need special attention (Acebes, et al., 2020).  

Uncertainty is characterized because it drives project teams and managers to make decisions 

under conditions of unknown probabilities and is hard to value them with a numerical 

probability after there is no previous knowledge about the consequences of the events 

(Gustafsson, et al., 2008). It is important to understand to which type of uncertainty the project 

will deal and Monteiro de Carvalho & Rabechini (2013) established 4 types in their research: 
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• Variability: random events, but that can be controlled around the cost and time 

limitations of the project. 

• Foreseeable Uncertainty: few known events that may affect the project but that can be 

predicted. Allowing, the creation of plans to deal with them in case of occurrence.  

• Unforeseen Uncertainty: or more events of significance that may affect the project but 

cannot be predicted; thus, obligating the project team to come up with solutions when 

the event occurs. 

• Chaos: events that are 100% unpredictable and that will represent a big impact as they 

will invalidate the objectives, the planning, and the approach of the project. Demanding 

a complete redefinition of the project and the risk assessment. 

This thesis was focused on general terms in the case study and the theory which helped to design 

a model to facilitate the application of risk management in the energy recovery sector. 

3.2 Risk Management Framework 

A framework was created on basis of the literature review and external company background, 

being this a model to follow in the energy recovery sector. Furthermore, this model will help to 

break down the process for an easy application of risk management within the energy recovery 

industry. It is important to analyze the model, it is a continuous process where the data from 

each stage is an input for later or before stages, the green arrows are interrelation symbols, and 

the risk management plan is what englobes the model (see Figure 8 below) 

 

 

Figure  8 Proposed Risk Management Model 
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3.2.1 Context 

Within the scope and size of the project it is necessary to identify the objectives, the 

stakeholders involved and the criteria to define the key elements to identify the risk in the next 

stage (Bilbao, et al., 2007). Moreover, define the responsibilities of the stakeholder in the RPMs 

to know who will have to apply actions when risks happen or need to be avoided. Delivering 

clear management ownerships with legal applications (Chapman, 1997). Finally, the 

geographical location is important to be considered as it will affect different stages of planning 

and different risks may appear depending on the location of the project (Marsh JLT Specialty, 

2020). 

Size and Scope 

Risk management is developed in every project, but for this one to be accurate, the scope needs 

to be defined as well as the size. This in terms of which areas of the company, organization or 

consultancy group will be involved in the project. As well as external stakeholders and their 

role during the projects (Cagliano, et al., 2015). Moreover, factors that must be considered are: 

• The phase of the risk management process 

• The phase of the life cycle of the project 

• Corporate maturity towards risk 

In consequence, the project team could choose properly the models, techniques, and tools that 

are necessary for the project. This varies from project to project and the subject of it. Most 

research is made for construction projects, so this needs to be analyzed in the energy recovery 

sector (Cagliano, et al., 2015). 

Moreover, it is important to properly define the scope of the project due to the influence in the 

contracts that will be acquired, and in monetary terms, this can help risk management to create 

a plan to reduce the impact in costs and loss of revenues (Cooper, et al., 2005, p. 5). In addition, 

when a project includes construction, possible affectation to society, environment, and health 

of citizens, the scope has a role in determining the approach towards RM (Fanning, 2013). 

3.2.2 Identification of risks  

The process of identification, of all the possible risks and opportunities that may arise in the 

different phases of the project, is important to understand how they can be overcome and they 

may affect the goals of the project. All the information needs to be documented (Hooshmandi, 

et al., 2011). Furthermore, in this stage it is necessary to state what will be done proactively and 

reactively, knowing what can go wrong with the actions taken if the risks occur. It is important 

to rank the risk and develop actions based on the importance and it must be documented 

(Chapman, 1997).  
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Tools and Techniques 

The literature review presented the most important tools that can be used to identify risks in 

projects in the energy recovery industry. 

A project is characterized because it needs to be completed within a time frame and a budget, 

it is the task of the project team to assure that this happens. Thus, many techniques and tools, 

as described in the previous chapter, have been created. However, despite the popularity of 

these in the formal policy for risk management; there are some drawbacks or limitations that 

need to be taken into account and are described below as Anh & Zwikael (2011).  

1. Limited Variety: despite there are many tools to “identify” framed as useful for risk 

management, project managers tend to limit their operations with just one tool when 

there are many, to minimize the work. However, it is necessary to identify which ones 

are pertinent and useful for each project. 

2. Poor Quality of Use: in the pre-study phase there are many cases of managers perform 

poorly with the planning of risk management because they choose the wrong tools or 

techniques. 

3. High Complexity: as the scope and size, of the project, increase the necessity of tools 

that have a broader approach arises. Making it difficult to use just one technique or tool, 

pushing managers to combine two or more. 

4. Low Authority of Project Managers: when managers outside the project intervene 

without a previous structure being established, problems may arise, as a conflict of 

interest will be there when deciding which tool or technique to use. 

5. Perceived Low Effectiveness: risk management is seemed to limit the project and the 

decisions to be taken. However, the managers must change this type of thinking as risk 

management will allow them to maintain the boundaries of time and money. 

Risks in the Waste Management and Energy Recovery Industry 

Besides the potential risks presented in the literature review, for the theoretical framework, it 

is important to go deeper into the information. In the waste management and energy sector, 

there are many risks to consider, and like any other project, it needs to have a methodological 

approach to identify all the risks that are involved. As Burguer, et al. (2014) defined in their 

book (Managing Energy Risk: A Practical Guide for Risk Management), the principal risks for 

this field are as follow: 

1. Market Risk: Considering the financial risk management of energy companies, the 

principal business risk is exposure to commodity market prices. If the investment 

portfolio is not balanced between the buying and selling contracts, there will always be 

market risk, so there is an open position in the market that needs to be closed at a certain 

point in time. This imbalance occurs because of the mismatch in buying and selling 

volume, but when the price formula of the contract is different, it will also appear in a 

more complicated way (Burguer, et al., 2014, pp. 97-99) 

2. Legal Risk: every market transaction needs to have a contractual basis which later will 

determine the credit risk. Generally, master agreements are signed to have efficient and 
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regular trading of products or services. These agreements are set by companies or 

projects to achieve a standard. In these contracts it is important to consider (Burguer, et 

al., 2014, pp. 131-150): 

• Liabilities and Obligations: determine the obligations of each actor in the project 

by a contract and also state the limitations of the liabilities throughout the 

project. 

• Processes and Invoicing: confirm the individual contracts with the counterparts, 

and state a standard for payment days, to not have misunderstandings throughout 

the project. 

• Credit Risk and Netting: define clauses for early termination of credits, a process 

to follow to terminate them and the net payment to be done. 

3. Credit Risk: credit risk management has become one of the principal risks to assess after 

the liberation of the energy sector. At the beginning of this industry, the governments 

were the owners of the project so, getting credit was not difficult as there was cash flow 

assured. But since a private organization can start projects in the field it is important to 

analyze with which entity the company can get a credit and under which conditions. 

Also, agreements or contracts with financially weaker counterparties need to have 

special treatment (Burguer, et al., 2014, pp. 134-144). 

4. Liquidity Risk: it is important to distinguish between market liquidity risk and Funding 

liquidity risk. The first is the lack of marketability of a derivative or commodity. It is 

important to avoid an expanding bid-offer while executing a large order in the market 

as it can result in stop-loss generating a loss in revenue. The second appears when 

liabilities cannot be met in the due date or they can only be met at an uneconomic price 

(Burguer, et al., 2014, pp. 144-146). 

5. Operational Risk: it is the risk of loss as a result of an inappropriate or failed 

management of internal processes. Therefore, it is important to establish a culture 

towards risk management to involve all the stakeholders. The process to identify this 

type of risk is to know every owner and area and ask them which processes they have, 

how they perform, and how risks may appear in each of them. Considering, the business 

plan, risk management, and valuation, legal compliance and taxation, accounting, 

operations, and IT systems and post-implementation (Burguer, et al., 2014, p. 100). 

6. Volume Risk: the risk that arises for the relation of the energy sold and the volume that 

was offered. If it is not possible to meet the offer there can be extra costs because 

contracts are not being fulfilled (Burguer, et al., 2014, pp. 177-181). 

7. Environmental Risk: the project needs to assure that all the permits have been obtained 

before the construction of the WtE plant starts as if a permit is denied it would represent 

a loss of money. Of course, this is one approach that tries to take care of the money. But 

in terms of time, if the project team is sure to get permits the construction can be in 

parallel with all the bureaucratic formalities (Burguer, et al., 2014, p. 312). 
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3.2.3 Assessment 

The risk assessment stage is important because it allows reviewing the possibilities of the 

project team to control the risks, for example, what is the likelihood of each risk to happen, 

which are consequences they may have towards the goals of the project; especially in terms of 

time and budget (Bilbao, et al., 2007). Moreover, to identify the areas where clear and possible 

uncertainty may arise. Categorizing the risk based on the likelihood and impact in numeric 

terms and determine which risks are acceptable for the project and which will have an extra 

effort to be overcome (Chapman, 1997). Finally, all this process permits to rank the risks in 

order to prioritize the actions to be taken to avoid them, which risks will need special care, and 

which ones are not relevant to the project that can be left untreated (Bilbao, et al., 2007). 

That is why a matrix (see table 3) was created with the principal risks and that will be part of 

the empirical research to find the likelihood and impact for each risk category, through the 

interviews. 

3.2.4 Planning 

After assessing the risks, it is important to develop a plan with the actions to be taken, the 

responses the owners of each process will have to maintain the goals of the project intact. 

Whenever is needed an action, it should be implemented (Bilbao, et al., 2007). Also, 

determining the actions and reactions to be taken will help to avoid and reduce the risks within 

the project. This needs to be done in the scenario of “it may happen” and “it happened”. In case 

a risk appears, the responses should be implemented following all the recommendations 

(Cooper, et al., 2005, p. 17). 

Thus, the project plan is ready with the associated risk management plan, taking into 

consideration the following: 

• Base plan with all the implications in time, resource usage, ownership, and contractual 

agreements with clear milestones, payments, and other events of expenditure 

(Chapman, 1997, pp. 90-106). 

• Risk assessment including threats and opportunities, prioritizing risks, and responses to 

them to avoid or minimize impacts in the project plan (Chapman, 1997, pp. 90-106). 

• Recommended proactive and reactive contingency plans to maintain the timeline and 

budget of the project (Chapman, 1997, pp. 90-106). 

The plan will be part of the risk management model, and it will help to have a continuous 

improvement circle to manage risks properly and make changes if needed. 
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Risk Likelihood (L) 

(1 to 5) 

Impact (I) 

(1 to 5) 

Risk Value 

L X I 
Actions Reactions 

Environment      

Emissions      

Permits      

Market      

Not meet volume of 

demand 

     

Operations      

Technology and 

Design 

     

Fire      

Testing 

Commissioning 

     

Process Warranty      

Financials      

Loss of Revenue      

Warranties      

Liability Period      

Ethical      

Legal Issues      

Lack of transparency      

Political      

Importations      

Exportations      

Controls      

Human Factors      

Table 3 Proposed Risk Matrix 
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3.2.5 Control 

Monitor, control, and implementation of the project alongside the risk management plan. It is a 

necessity to be flexible to make changes during the project execution in case a risk that was not 

predicted arises and changes need to be done (Chapman, 1997). Moreover, assure that the risks 

were overcome, or the impacts were reduced to the minimum, and the project can continue 

without making any changes. Additionally, assimilate the process of risk management through 

all the areas, stages, and stakeholders involved in the project to maintain control and constantly 

review the risks to take proper actions or make changes in the plans (Cooper, et al., 2005, p. 

34). Finally, it is important to take into account residual risks that appear when executing the 

project, or in different stages of it, this needs to be a new input for the identification and 

establishment of context to keep updating the model and plan to be more effective. 

3.3 Summary of Theoretical Framework 

The chapter gathers and creates a framework for risk management application in the form of a 

model, which in the next chapters will be endorsed and face changes due to the suggestions of 

the domain experts that will be interviewed. 

Furthermore, the model has 5 steps or stages and is governed by the risk management plan. The 

first stage is the establishment of context in which the project team or the organization needs to 

understand the current situation of the project by applying different methods or tools. This is 

important to delegate the ownership of the different activities to the distinct parties involved in 

the project to have a complete acknowledgment of the process. Also, in this step, the team will 

be able to understand and prepare for possible political issues based on the geographical 

location of the project. 

Secondly, the identification of the risks in which different approaches can be considered for 

this, the framework proposes a risk matrix with the main risks based in the literature review 

which can help to have a quick start. This risk matrix will support the third stage of assessment 

where the risks will be ranked in terms of likelihood and impact, to know which of them need 

prioritization and perhaps more resources to be mitigated or eliminated. 

As the fourth stage is the creation of a plan in which the activities will be displayed, and every 

person has the responsibility to conduct and follow the plan with the inputs of the actions 

proposed in the previous step. Finally, the last stage is the control of the project, in which the 

effectiveness of the model is evaluated, and if unforeseen risks appeared it should be a new 

input for the first and second stage, so reactions are documented and thus be ready to use in 

future occasions or even new projects. The model is interconnected as a whole with the 

interactions between stages and a continuous improvement approach to have a risk management 

plan that is efficient and fulfills the needs of a project in the waste management and energy 

recovery industry. 
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4 Methodology 

This chapter will explain in detail the approach to gather and analyze the empirical data for the 

present dissertation. As mentioned in the first chapter, this master project aims to facilitate the 

application of risk management in the waste-energy recovery sector through the creation of a 

model and analysis of the principal risks that may arise. The first part of this chapter outlines 

the strategy and design adopted in the thesis to specify research techniques and framework to 

collect and analyze data. The final part states the limitations, potential problems, and ethical 

issues that may occur with the strategies and design chosen. 

4.1 Research Strategy 

The research strategy is important to be specified as well as the research design and methods to 

have a clear path of how the primary data was collected for the empirical study (Bell, et al., 

2019, p. 45). However, the research strategy was influenced by the research question, objectives 

of the study, and the perspective of the researcher as to what makes good research and how data 

was accessed. This strategy helped to answer the questions (Bougie & Sekaran, 2017, p. 96). 

In the case of this master thesis, both research questions influence the collection of empirical 

data to answer them. The first one how can be a model designed for risk management in the 

waste-energy recovery industry? And the second one how do the size, and scope of the project 

affect the application of a risk management model?  

Both questions need a deep collection of data to validate the information of the model that is 

being created with the present thesis. The model has been build based on the theory and 

literature used, this was included in the interview to validate what experts on the topic think 

about it. And after the collection of data, the model may have changed if needed. If the size or 

scope of a project affects the application of a model, with the data collected different results 

may be shown and the model can be applied to any project regardless of its size or scope. 

The two questions engaged the participation of people that are experts in the field of risk 

management and the energy recovery sector, which means they have a deep understanding of 

the topics, and their point of view was taken into account to analyze the results. The empirical 

research had a mixed strategy between qualitative (the major of it) and quantitative (Cardano, 

2020, p. 64). A little part of the study was quantitative as the interviewees were asked to fill in 

the risk matrix to know the likelihood and impact of the risks and which actions or reactions 

should be taken, deducting some of the data from the responses. Qualitative research generally 

emphasizes pictures or words; having an ontological consideration of constructionism (Bell, et 

al., 2019, p. 27) rather than a quantification (in contrast to quantitative research strategy) in the 

collection of data, having a strong detail in the inductive approach to the relation of theory and 

research. Also, it is important for this approach how individuals interpret (Bell, et al., 2019, p. 

30), their social world, in this case, what is their position towards risk management and the 

effectiveness of the model to be presented. It takes a view of reality as a constantly changing 

and emergent property of the creation of different individuals (Bell, et al., 2019, p. 35). 

Moreover, when qualitative strategies are used there is a frequent characteristic to consider 

which is the saturation of data, meaning that the information collected has all the data necessary 

to answer the research questions (Babbage, et al., 2018). In fact, the statement related to 
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qualitative research in terms of sample size is that the collection of data should continue until 

no new codes or themes are found. Not just new information, codes, or themes must have come 

to the point of repetition and the information gathered has gained a complete insight into the 

topic of research (van Rijnsoever, 2017).  

On the other hand, quantitative research focuses on gathering numerical data, failing to 

recognize the people and organization from a natural environment of the topic (Bell, et al., 

2019, p. 181), this research overcame these issues because the same participants of the 

qualitative research took part in the quantitative study. As well it is known that for this strategy 

the researcher needs to give the subject a structured guide, which was done in the form of a 

matrix, see Table 3. 

Finally, since the concept of saturation of information is originated with qualitative research 

methodologies (Boka, et al., 2019) it is important to consider one of its main weaknesses which 

is lack of transparency. This is the perception of the researcher who judged rather or not 

saturation has been reached (Babbage, et al., 2018). As mentioned before, the strategy needs to 

follow the necessity of the research questions of the project and therefore needs to gather 

information from relevant subjects that have experience in the field and can have a big 

understanding and can interpret different scenarios when conducting the interviews. That is 

why the subjects that were part of the study are expert consultants in the field, the sample size 

will be further explained in the next sections (Bell, et al., 2019, p. 358).  

4.2 Research Design 

The research design of this thesis is an outline of the plan of how the research questions should 

be answered, taking into account different factors such as the objectives of the research, the 

sources from which the data was collected and constraints that can appear such as time, location, 

in some cases budget and ethical issues (discussed later on in this chapter) (Lewis, et al., 2009, 

p. 168).  

The research design chosen is a “Case Study” that refers to a detailed and intensive analysis of 

a case which in this thesis is risk management in the waste management and energy recovery 

industry.  Moreover, the study can be focused on a single organization, a single location, person, 

or event, as the project is based in a specific organization and take information from their way 

of management of their projects the most suitable design is a case study (Bell, et al., 2019, p. 

63). The case study was chosen based on the external partner and how the operations in the 

energy recovery industry, can contribute to the academia, and therefore conduct this thesis. 

Additionally, this design provided data to be interpreted and analyzed regardless of the strategy 

chosen either qualitative or quantitative, but it is necessary to consider the facts of phenomena 

to be studied and how the data was collected (Bougie & Sekaran, 2017, p. 98)   

Nonetheless, Bell, et al. (2019, p. 67) states that a case study is not limited to just analyze just 

one case. Indeed, multiple-case designs have been used more in recent years at it helps to 

compare different scenarios of the same context, and this is what differentiates this design from 

a cross-functional, as all the cases have the same base and situations. In the present master 

project, together with the case of the company, one more case from theory was presented to 

compare the literature and findings after the collection of data which was through semi-
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structured interviews with people involved in the project and other consultants from the 

company and externals that can provide information about risks management. 

When qualitative strategy research was applied the study was inductive as the relation between 

theory and research were analyzed based on the points of view of the subjects to participate in 

the study, constructing results from it (Bell, et al., 2019, p. 64). Being the results of the 

quantitative study a way to analyze the perspectives of the participants but in a numerical form. 

See figure 9 below for a summary of the research design. 

 
Figure  9 Research Design 

4.3 The site and Sample Selection 

The sample was taken from the company where the project is being held as its core business is 

risk and uncertainty management because they have many years of experience in the field. The 

company has many projects of energy recovery around the globe, especially in Canada. So, 

based on their knowledge and skills, subjects for the interviews are considered relevant for the 

case study as well as the industry. Nevertheless, expert consultants in the field around the globe 

were considered as the company and the researcher provided some contacts to fulfill the sample 

size. To sum up the criteria for choosing the participants was: 

1. Knowledge of risk management 

2. Involvement in projects of waste management and energy recovery 

3. Contacts from the company 

This was done through generic purposive with convenience sampling was also applied as the 

first respondent was the CEO of the company who was the first contact for the master thesis 

and other contacts that were part of the network of the researcher. Additionally, snowball 

sampling made it easier to reach consultants or project managers because of their connection to 

the company and to the researcher, although it is important to think about the disadvantages of 

this sampling method. For example, little control over the contacts that were part of the study, 

and the answer may be biased due to the relation to the external partner(Bell, et al., 2019, pp. 

394-395).  

Regarding the sample size, many authors differ from which could be a sample to reach 

saturation of information to reach conclusions in research, some of them establish that 30 would 

be enough other 20 and others even 50 subjects, but it is important to consider factors that make 
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difficult to reach this sample size in the current master project such as time, difficulty to reach 

experts in the field, geographical location among others (Bell, et al., 2019, p. 397). Therefore, 

the sample size was set to ten experts. This because the number of experts within the company 

for the energy recovery industry is not numerous. Although they are specialized in risk 

management not everyone works in the same field, that is why other consultants from outside 

the organization were interviewed to reach new perspectives and thoughts, as interviewing just 

from one company may have similar results in all interviews.  The interviews were done 

digitally through zoom, having face-to-face interaction, because as a researcher this helps to 

understand better how the respondent feels about the questions and is more personalized. 

Withal, from this sample, people were asked to fill a matrix in case they cannot do it during the 

interview. Therefore, it was possible to address the methodological analysis by coding the 

interviews, quantifying the matrix answering the questions to find connections to what is tried 

to be researched in the thesis (Bell, et al., 2019, p. 531) 

4.3.1 Research Participants 

Eunice Group enterprises is a consultancy group with many subsidiaries around the globe, that 

is why the research participants were primarily chosen from the company with the criteria and 

process mentioned in the previous section. However, consultants from other parts of the world, 

represented with the name of the country they work in, were contacted through the company 

and other contacts, conveniently, to reach the sample size of ten and have more perspectives 

from outside the partner organization, see table 4 below. All the interviews were conducted 

through the video conference application zoom to have a better approach and contact with the 

interviewees; this will be further explained in the section of Interviews. Also, the duration of 

the interviews varied between 30 to 45 min each. Finally, the names of the participants were 

not shown as per requirement, replaced with codes such as RP1 (Research participant 1), as 

well as the names of the companies of external consultants were kept in anonymity. 

Research Participants Code Gender Organization Country 

RP1 Male Eunice Group Sweden 

RP2 Male Eunice Group Australia 

RP3 Male Eunice Group Canada 

RP4 Male Eunice Group Canada 

RP5 Female Consultancy Italy 

RP6 Female Consultancy Spain 

RP7 Female Consultancy Ecuador 

RP8 Female Project Manager Ecuador 

RP9 Female Project Manager Ecuador 

RP10 Female Project Manager Colombia 

Table 4 Research Subjects 
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4.4 Data collection Methods 

To collect data a literature review of different authors in risk management, project management, 

waste management, and energy recovery allowed to know what is already reported. Therefore, 

the theoretical framework for the current project could be built, establishing models, risks, 

techniques, and other aspects to consider when comparing the data collected from the 

interviews.  

4.4.1 Literature Review 

The literature review helped to create a theoretical framework to address the research within 

this thesis and therefore answer the two research questions in combination with the primary 

data from the interviews. The literature was searched from the online library of the university, 

google scholar, science direct providing scientific articles, books, conference articles, and 

literature provided from white papers that have relevant information for the study. Moreover, 

the keywords that were used to find relevant literature were among others risk management, 

project management, risks, waste management, energy recovery, techniques.  

4.4.2 Interviews 

Due to the necessity of the present thesis, a semi-structured method for interviews was chosen, 

as mentioned before gives the freedom to the respondents to give their point of view but also 

helps the researcher to keep the questions and answers focused on what helped to answer the 

research questions. Thus, a guide was created to have an aid during the interviews to cover the 

principal topics. However, the questions should be open to gather as much information as 

possible and then codified and analyzed to conclude the study (Bell, et al., 2019, pp. 436-439). 

In qualitative research, the questions tend to be less structured to give the interviewee liberty to 

answer and gather their perspective and thoughts about the topic in discussion. If necessary, 

during the semi-structured interview, the researcher can ask questions outside the interview 

guide, if he/she finds it necessary for the study. Therefore, it is more flexible that can adapt to 

each interview as different subjects may guide the interview in different directions, but it is 

important for the researcher to not go far from the topic as it may not be helpful for the study. 

Also, some authors claim that subjects can be interviewed more than once if necessary, but in 

this degree project, people were interviewed once (Bell, et al., 2019, p. 435). 

In order to conduct the interviews, the previously presented model (see figure 8) was created 

based on the literature review and theoretical framework to reply to both research questions. 

The model was sent before the interviews so it could be analyzed by the interviewees 

beforehand. Also, a matrix (see table 3) for the 2 principal WtE plants was created to have a 

standard of which risks can arise in a project in the field in discussion. 
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4.4.3 Interview Guide 

The interview was divided into 3 sections to tackle different topics to collect empirical data that 

is relevant for the research. Moreover, the guide was created based on the basic elements 

mentioned by Bell, et al. (2019, p.439) for example, follow an order of topics that can be 

smoothly covered but at the same time if necessary, the structure can be altered without losing 

the context. Additionally, ask questions to gather data that helps to answer the research 

questions, but it should not be so specific, so it gives freedom to the respondent to express 

his/her perspective; thus, allow to create a discussion to compare the empirical findings and the 

literature review alongside with the framework. Finally use language that is comprehensible for 

the people that are going to be interviewed.   

Moreover, the process for the creation of the guide was interactive referring to the fact that the 

question was created based on the model, then the questions were discussed with the company 

supervisor and subject reader and feedback was an input to improve the questions. Later, the 

questions were revised again and got the approval and agreement to meet the criteria for an 

effective interview guide (see Appendix A). In the following sentences, the different groups of 

questions are explained. 

Risks in the Energy Recovery Industry  

This section is pointed to discover and understand in a better way how the domain experts 

identify risks, tools, or techniques they use. Also, to know if it is possible to create a generic 

matrix that can serve as a basis for projects in this industry when identifying and creating a risk 

management plan. 

1) How do you identify the risks in a project in the field of waste and energy recovery 

focusing on gasification and incineration? 

Follow Up 

2) Do you think the risks presented in the matrix attached represent the principal ones to 

take into account when assessing risks in the waste and energy recovery industry? 

Follow up: In your opinion, if some risks are missing which are the principal risks 

associated to the project of water and energy recovery?  

3) Would you rate the risk likelihood and impact in the risk matrix, both criteria from 1 to 

5? Being 1 a very low likelihood for the risk to happen and 5 a very high likelihood to 

happen. The process is similar for impact, 1 is a very low impact in the project plan and 

5 is a very high impact for the project plan. Fill in the rows that are without any highlight 

color (white). It is not necessary to fill in the column of “Risk Value” that can be done 

by the researcher after gathering the information.  Finally, fill in with at least 1 action 

to minimize, mitigate or eliminate the risk before it happens. As well as at least 1 

reaction in case the risk happens anyways. This question will be done in case of having 

time during the interview (otherwise it will be sent to the participants to be filled 

in) 
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Model 

This section is to understand if a model can be applied in the industry, no matter the size or 

scope. Furthermore, if the model proposed fulfills the expectations of the domain experts and 

considers their suggestions to improve the model for better results. 

4) Do You think that is possible to use the same model in every project of energy recovery, 

as the one attached to risk management in different projects? 

Follow Up 

5) Do you have some standardized methods for risk management? Follow up: do you 

create new ones while having the project? 

6) Do you have any suggestions to improve the model proposed by this research? 

7) Do you think that the size and scope of the project can influence the decision of the 

application of a model of risk management in a project? Follow up: Do you think the 

model attached can be applied in any project regardless of the size and scope it? 

Challenges for the Industry 

This section will help the project to understand how the proposed system would help to the 

upcoming challenges for the industry and how this, can help to improve the “decision making” 

when it comes to risk management in projects in the energy recovery industry. 

8) Which are the major challenges for the projects, within risk management, in the waste 

and energy recovery industry for a better decision-making process within the projects? 

Follow Up: 

9) What are the strengths that a company or consultancy group should have to complete a 

project focusing on risk management within the industry in discussion? 

10) Do you think that having a standardized model would help a project team to apply risk 

management throughout the project? 

4.4.4 Quantification of Risk Matrix 

This subsection was supposed to be part of the interview if the time allowed it but due to time 

constraints, the matrix was sent to the ten interviewees to be filled in and for its later 

quantification. This helped to have a basis for risk management identification and assessment, 

as well as for decision making. The quantification was simple as the matrix was filled in with 

a range from 1 to 5 in both camps “Likelihood and Impact” being 1 a very low likelihood or 

impact and 5 a very high likelihood or impact. The respondents were asked to fill in the column 

of action and reaction, and the information was gathered in the final matrix presented in the 

results. The matrix can be seen in Table 3 in the chapter on the theoretical framework. 
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4.5 Theoretical Framework for Data Analysis 

The data collected from the interviews, empirical data, led to the recompilation of numerous 

pages of transcribed information. The process for analyzing the data as described by Bell, et al. 

(2019, p. 518) was the collection of empirical data, analysis, and interpretations of the results. 

The information was analyzed in a thematic way which is one of the most common approaches 

in qualitative research. In this type of approach is important to look for repetitions, categories, 

analogies, similarities, and differences with all the research participants creating themes to 

break out all the thoughts, perspectives, and answers given (Bondas, et al., 2013). 

As the thematic analysis was chosen due to the easiness of breakdown of the data as it is based 

on repetition. This allowed presenting in a didactic manner the results as the themes and 

subthemes used in the analysis of data were based on keywords that appear alongside the 

interviews conducted. This was done by transcribing the interviews, reading through them, and 

creating notes about relevant information. With this, the coding started based on the themes and 

subthemes providing quotes taken from the transcripts to support the study (Bell, et al., 2019, 

pp. 530-533). Furthermore, it is not recommended to have overlaps over the themes as it may 

lead to repetition, in the analysis and interpretation of data. Fewer themes may facilitate the 

understanding of the information and avoid confusion (Braun & Clarke, 2006). 

Thematic analysis is conducted throughout 6 phases to conduct the qualitative research with an 

effective procedure that attempts to meet trustworthiness criteria. However, it is important to 

establish that the data was collected continuously and that it may not be distinguishable in its 

raw form before analysis. That is why even though the steps are presented in a linear form the 

process is more interactive between phases (Moules, et al., 2017). 

The phases established by Braun & Clarke (2006) are as follow: 

1. Familiarize with the Data: transcribe the interviews or data that has been collected, 

documenting reflective thoughts of the perspectives and theories. Keep notes of possible 

themes and codes. 

2. Generate initial codes: code the interesting parts of the data systematically, analyzing 

similarities through it.  

3. Searching for themes: based on the previous step, create themes by gathering the codes 

and data, creating a hierarchy of concepts and themes. 

4. Reviewing themes: check if the themes match with the codes created and gathered in the 

previous steps, and if these themes would help to visualize in a better way the results of 

the research. 

5. Defining and naming themes: deeper analysis of the themes to be used, by defining them 

and stating what each of them represents, and what they what to transmit to the reader. 

6. Producing the report: present the results, by connecting the extracts or codes with the 

themes and subthemes created, being sure that these two match together. 

The process was repeated with all the participants in the interviews to have a standardized flow 

in the study. Figure 10 presents a summary of the framework used to analyze the secondary 

data. 
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Figure  10 Research Framework 

4.6 Ethical Considerations 

In any type of research, it is important to take into consideration ethical aspects that can convert 

into obstacles for the research, that with the right decisions and actions from the beginning of 

the project these issues can be overcome (Bell, et al., 2019, p. 112). The research was conducted 

based on the fourth ethical principle stated by Bell, et al. (2019, p. 114): avoidance of harm of 

participants, lack of informed consent, invasion of privacy, and thwart deception. 

Avoidance of harm is to assure that none of the research subjects are harmed in any way during 

the study. For example, physically, psychologically, or in their status after participating. Thus, 

researchers must guarantee that people in a situation of vulnerability or danger and respecting 

the petition of anonymity or confidentiality if it is required (Bell, et al., 2019, pp. 114-115). 

Within an email, it was asked to the participants if their names could be used and explained to 

them to please keep to them confidential information that cannot be shared. Therefore, 

anonymity was applied and the names of the participants and some of their companies were not 

displayed. Additionally, privacy is an important aspect to not commit transgression to research 

participants. Falling in the area of informed consent, as it is important to let know people 

collaborating with the research how their information will be held and also that just data heard 

from the interview, not from casual conversations or other situations (Bell, et al., 2019, p. 123) 

To have consent from the research participants an informed consent (adapted from Bell et, al. 

(2019, p. 122)) was created underlying the importance of their participation, which role they 

while having and if they needed anonymity in the study, which was given by not naming them 

or the company for which they work. Additionally, that they have the right to stop the interview 

in case they need but the information would be used, assuring that all the records were kept 

away from individuals that can use the information to jeopardize their work (Bell, et al., 2019, 

pp. 118-123). This form can be found in Appendix B. 
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Preventing deception from the participants is necessary to have a good reputation and credibility 

among the academia. It was not possible to explain or give all the details about the research, 

but it was important to give as many details as possible for example what are the results 

expected, how the information would be held, how would the information be presented, among 

other facts. But it is compulsory, to be honest towards the study and set boundaries on both 

ends (Bell, et al., 2019, pp. 123-124). This was avoided by sending the final thesis to the 

research subjects so they could check that everything was done as stated when they were asked 

to participate. 

Furthermore, as students it is necessary to avoid plagiarism of any kind, that is why references 

are used as well as citations. Where needed, quotations are used and in other parts, paraphrasing 

was an important tool to develop this project degree. Since plagiarism is considered academic 

cheating, it is also unethical to do so due to the fact the researcher is using information from 

other authors without giving credit for it (Bell, et al., 2019, pp. 105-106).  

Finally, all the considerations were followed to avoid any unethical behavior or process during 

the development of the present project degree. All the research participants had complete 

knowledge of how the information they provided was going to be held and they gave their 

consent. Also, within the boundaries of the knowledge of the writer and limited to its 

perspective. The information was handled in a way in which the quotations are showed as 

transcribed having the essence of the answer from the domain experts, comparing, and relating 

this to the literature review without altering any of this. 

4.7 Limitations and Potential Problems 

This case study could serve as guidance for selecting a suitable model of risk management 

within the mentioned field. Because this study has a qualitative nature, it is necessary to 

consider the concept of trustworthiness what may help to identify possible limitations (Bell, et 

al., 2019, p. 48). Qualitative research is criticized because it is, in a way, too subjective, it means 

that the study focuses very much on the perspectives and thoughts of the people involved in the 

research. As well as the relationship of the researcher with the subjects can be a problem as 

information can be interpreted in a different form (Bell, et al., 2019, p. 374).   

Also, the possibility of replication of the project is reduced due to the lack of a standard 

procedure to be followed because researchers choose what to focus on, in contrast with 

quantitative that is stated by numbers, thus hindering transferability (Bell, et al., 2019, p. 374). 

Another limitation was that as there were respondents that work within the company and their 

judgment can influence the results, thus affecting the confirmability of the study. In addition, 

some authors claim that is not possible to generalize the findings of qualitative research due to 

the factors before mentioned, but it is important to say that the results were based on case studies 

and that in a point, it can help to create theoretical generalizations (Bell, et al., 2019, p. 375).  

The final limitation would be the number of people to be interviewed, the fact that the location 

of the domain experts that have experience and knowledge with this type of project is in another 

country with different time zones complicates the process. Plus, even though the company 

specializes in RM, not all the collaborators have deep knowledge in waste management and 

energy recovery, that is why the sample size is reduced. Also, to reach a representative sample 
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for the interviews, project managers or consultants from different companies or consultancy 

groups of the world were contacted.  

To overcome the limitations, the study followed all the recommendations stated in Bell, et, al. 

(2019) to have good qualitative research and also analyze the data of the small quantitative 

analysis of the risk matrix presented in the interviews. The domain experts chosen to be part of 

the research have been working for many years in the field, so even though it is a prospective 

study of what they think about the model presented it can represent a system to facilitate the 

application of risk management in the energy recovery industry. 
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5 Results 

This chapter presents the results of the empirical research that was conducted with the process 

specified in chapter 4 of the qualitative research focus and the small quantitative procedure to 

create a matrix. As mentioned before ten interviews were done which support the approach and 

the quality of the results obtained. The qualitative part will be divided into 4 themes which 

represent the principal topics held and which will help to answer the research questions. 

Meanwhile, the quantitative part will display the matrix with the average calculated from the 

responses obtained. 

5.1 Qualitative Research 

For the presentation of the results, a thematic analysis was conducted. This allowed the thesis 

to identify the principal topics and those which were more repeated during the interviews, 

considering that ten interviews were carried out. In total, four themes were identified with 

different subthemes on each of them, each theme has different codes or quotes from every 

research participant to support the results that will help to answer the research questions in the 

next chapter. Finally, to facilitate the analysis and reference to the respondents the names were 

omitted, and in its place, the code RP1-10 was used. 

5.1.1 Waste and Energy Sector 

All the interviewees agree that there are many risks within the industry of waste management 

and energy recovery, hence the project teams need to consider those risks to have successful 

outcomes. For example, RP1 claims that every project will be unique even though it is 

conducted in the same industry, as different regulations either environmental or financial may 

apply. In fact, RP9 mentioned the importance of identifying how different risks can be when 

referring to WtE plants either gasification or incineration as many of the risks can be similar 

but at the same time difference may apply.  

Furthermore, it is important to acknowledge that energy recovery comes after waste 

management thus it is necessary to identify the different stages as RP4 mentioned in his 

interview. RP5, RP6, and RP7 concur with the fact that for identification it will depend on how 

the project is held, starting with the part of how the waste management is conducted, who will 

be the partners, who will pick up the waste, how the waste will be delivered to the WtE plant 

and then the type of process to create energy either gasification or incineration. 

Thence, authors differ on the perspectives about which risks should be of major importance. 

For example, RP3 and RP10 said it is more important to follow local regulations in other words 

the political aspects of the place of the project. In contrast RP2, RP5, RP8 claims that the most 

valuable risks are the environmental one, be sure that besides financial and technical risk, 

environmental regulations are followed. 

Overall, all the respondents agreed with the statement that there will be initial similar risks such 

as environmental, political, technical, and financial but with the development of the project 

some new will appear that relates to the nature of the project. Tables 5 and 6 below gathers the 

principal thoughts of the interviews that support the before mentioned also see Appendix C. 
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Theme: Waste-Energy Sector  

Subtheme Source and quote 

Risks 

RP1: “OK, the thing is that every project is unique and different risks may 

apply.” 

RP2: “General to everything the main ones that would be in your projects 

are net returns the project your return on investments.” 

“So, to summarize you need to consider financial risks, the environmental 

risks related to regulatory risks health risks, and market risks.” 

RP3: “The issue then becomes the most important from an investment 

perspective. Isn't the environment being design, it is all about the 

government's ability to pay is all about how efficient the municipality is 

dealing with it? Are they backed by the federal government in that particular 

country?” 

RP4: “Other risks, like a process risk, operational risk, health, and safety, 

all those things” 

RP5: “In terms of plants of incineration and gasification I would say that the 

most important risks are about the environment, it is important to follow all 

the restrictions of the local authorities” 

RP6: “In my knowledge, I would say it depends on what is the goal of the 

project, where it will be conducted, and the budget too. As it will depend on 

country-to-country different regulations and therefore it may vary what you 

will have to fulfill.” 

RP7: “I would say it depends on how you conduct your waste management 

strategy as it is the principal process to recover energy. From the way of 

construction of the waste to energy plant and different geopolitics risks.” 

RP8: “Well, as the project is very technical and have many factors to take 

into account, I dare to say that risk you present are acceptable in this type 

of projects and we need to analyze and see how it works with different areas 

such as financial, environmental or market risks.” 

RP9: “It is important to also suggest that the mechanical process of the 

facility will face inherent risks due to its nature such as chlorine sticking to 

the walls and deteriorating it” 

RP10: “Environmentally or politically regulations talking, to which the 

project will be subjected.” 

Table 5 Results Theme Waste and Energy Recovery Industry Subtheme Risks 
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Theme: Waste-Energy Sector  

Subtheme Source and quote 

Identification 

RP1: “Incomplete competence with the environmental aspects that is very 

important, so I see it from the technological point of perspective, and I see it 

in the environment, so consider these when identifying risks.” 

RP2: “Consider regulatory frameworks that could change right now or in 

any other moment.” 

“I mean, if you use this gasification or incineration to produce electricity 

then you must have a risk there related to your technologies, with your 

productivity, your profitability so you are prepared to overcome any of 

those.” 

RP5: “It is important to know how it will be conducted. From where it will 

be picked, how it will be handled, and how it will be delivered to the facility.” 

RP8: “As I just told you I have knowledge of project management but on 

terms, I can say that you should follow and standard approach, follow a 

process to identify all the risks.” 

RP9: “I think you need to follow a standard approach, more importantly, 

focus on the fire risk.” 

RP10: “As an environmental engineer I would say that the first thing you 

need to do in this type of projects you need to analyze and have a deep 

understanding of the regulatory framework” 

Table 6 Results Theme Waste and Energy Recovery Industry Subtheme Identification 
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5.1.2 Standard Model for Risk Management in the Sector of Energy Recovery 

This section will talk about the model that this research is proposing and what the domain 

experts think about it in terms of applicability and practice (real-life application). 

All the respondents concur that the model presented can be a base model that can be applied in 

any project of the industry but that will have to face changes when developing it, as it should 

be able to adapt to different situations. RP1 stated that without a proper risk management 

strategy or approach no company or project team can expect to have successful outcomes. RP2 

stated that in his opinion that the model is simplified what can make it easier to understand and 

therefore applied. Howbeit, for the complex reality, it will have to be more developed; for 

example, add more parts to the model or maybe processes to follow. This will be further 

explained in the next theme of improvements for the model. 

Additionally, RP3 refers to the fact that there are some other models in the literature, which 

were the base for the creation of the proposal, and that he believes that the model gathers the 

principal aspects that adapt to the necessities of the projects in this industry. Also, RP4 

mentioned that he believes that for the scope of the research the model is broad and considers 

important facts, and will serve as a base model as before mentioned. RP2, RP7, RP9 made 

emphasis the fact there will be tools and techniques that help to identify risks, but this translated 

to reality may be a complex process. From the context of the project, the team should be able 

to identify those tools that are appropriate for the identification and analysis.  

Moreover, RP6 gave an interesting perspective which is that the company she works with 

generally uses the PRAM model, but that in her opinion is too generic and that sometimes it is 

hard to adapt to the conditions of some projects. Thus, she believes that the model can be 

malleable in terms of adaptation to different projects within the industry. As well as RP1, RP8 

mentioned that they follow a standard protocol, but it is important to annotate that some of these 

respondents work for consultancy groups specialized in risk management. Notwithstanding the 

foregoing, RP5, RP7, RP10 mentioned that in the companies they work, they create an approach 

to risk management for each project which represent a lot of time and money which in their 

perspective can be saved by having a model that can serve as a basis, with standard steps to 

follow. 

Finally, all the interviewees concur with the statement that the model presented would facilitate 

the application of risk management throughout projects within the waste and energy recovery 

field. Tables 6 and 7 below has a summary of the quotes taken from the interviews referring to 

the theme in discussion. Please refer to Appendix D for the rest of the results. 
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Theme: Standard model 

Subtheme Source and quote 

Applicability 

RP1: “Of course, the model you present is applicable.” 

“Without risk management, without proper risk identification risk 

mitigation, nobody can expect a positive outcome.” 

RP2: Right then your model is right, but you need to indicate where 

indicators may be different. So, you can use this as a base model right.” 

“Model is like a standard textbook model, which you can use I'm sure it will 

be rapidly developed by learned people industry.” 

RP3: “There are many documents out there that talk about how to mitigate 

risk, how to construct out a tender, what you're looking for, and your model 

can be considered one of those.” “Yes, it definitely will help. It will help, but 

that is not the end of it. It's a good one to start with, but you have to need to 

apply.” 

RP4: “Yeah, I think so. As a model, the model is very much like it. You may 

have to tweak it a little bit based on the specific project because say there 

could be many things like energy recovery.” 

RP5: “Yes, however, I must say that every project may have its own 

difficulties and therefore the project team will have to adapt to these 

novelties. As a basis, the model seems to be sober and take into consideration 

the most important phases of a project and how risk management can be 

merged into it.” 

RP6: “I would say that yes. It will make easier the process of the creation of 

a plan to avoid risks and therefore some non-programmed stops and save a 

lot of money and time.” 

RP7: “Definitely, but it may face some changes depending on each project, 

but as a base model it would facilitate the work very much.” 

RP8: “In my experience, I can say that you can use base models in every 

project in a determined industry, in this case, the energy recovery.” 

“However, you need to consider that unforeseen factors may arise and 

therefore you need to adapt the model and the way you conduct risk 

management.” 

“You need to talk to the people to know what indeed or no what they want in 

what they expect from the project, which is important, and you will have, I 

think, better results.” 

RP9: “Yes, it would support the whole strategy of risk management towards 

the project, facilitating the control of risks and assuring that the project is 

developed within the boundaries established.” 

RP10: “Yes, a base model, because I can assure you that there will be factors 

that will make you to so some changes or adaptations to it. But it will 

represent a quick start for Risk management application.” 

Table 7 Results Theme Standard Model Subtheme Applicability 
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Theme: Standard model 

Subtheme Source and quote 

Practice 

RP1: “A standard model is supposed to support the standardized operating 

procedure protocol, it always supports the enhancement of the project, so 

undoubtedly. But I would say support rather than help.” 

RP2: “In reality, in real terms, when you start doing the project in real life, 

you will come across a lot of things that you had never projected thought of 

at the beginning. That is where you monitor the model. Analyze the thing, 

then you take action. But either way, either variance, any display, you will 

be prepared.” 

RP3: “Approaches in real-life situations have to be measured to shoot the 

kinds of things I'm talking about, such as collaborators, locations, among 

others.” 

RP4: “It can be a base model but that has to be modified based on the project 

that we're dealing with a type of waste we're dealing with because 

somewhere like in control you will have to adapt it, so I think its model is 

fine. It will help anyhow.” 

RP5: “In the projects that I have worked with, they create a strategy with the 

process, they do not have a basis because they are not focused on risk 

management, but this represents more work for the team to get started.” 

“Yes, it will not just facilitate but also save a lot of time of the creation of a 

strategy, from the establishment of context the team will be able to apply 

different tools that help to identify risks.” 

RP6: “In the projects I have worked on, the company generally uses the 

PRAM model as it is very generic but sometimes it is hard to adapt to some 

specific projects, so we have to adapt them somehow.” 

RP7: “In the projects I have had the opportunity to work on, they did not 

manage a standardized model what represented more time in planning and 

analyzing different tools that can fit. Mmm as I told you, they will start from 

scratch each project, which in my opinion is not efficient.” 

RP8: “In my work, it is very important the consensus of all the project 

management team, all can give ideas and use brainstorms to identify risks 

and give possible solutions.” 

RP9: “We follow standards processes but I would not say a model per se, 

but these processes are directed towards project management not making a 

big emphasis on risk management what means that we need to create 

analysis and evaluation on the march when developing a project.” 

RP10: “Of course, there can be some risks that are not applicable and some 

that will appear with time.” 

Table 8 Results Theme Standard Model Subtheme Practice 
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5.1.3 Improvements for the Model and Risk Matrix 

As mentioned in subsection 5.1.2 all the respondents said that the model was pertinent for the 

industry and that will help to apply RM throughout the project. However, there were some 

suggestions both for the model and risk matrix for the identification and the assessment within 

the model. To summarize table 9 below, some of the principal suggestions will be presented 

and in the discussion chapter, the final model will be presented with some of these that were 

considered pertinent. 

Improvements Model 

First, RP1 mentioned that the model focuses on assuring the revenues of the project based on 

risk management. Also, RP9 suggested explaining better the interactions between stages. RP2 

mentioned that instead of “residual” risks the word “unforeseen” risks should be used as it may 

lead to misunderstanding with people as it can be confused with residuals from the waste 

treatment.  

Secondly, all the interviewees mentioned the fact that it is of high importance to put more 

emphasis on the establishment of the context of the project and therefore the stage with the 

same name in the model. This contributes to being aware of all the local regulations for the 

environment, financials, construction among others as said by RP2. Also, RP3 stated that this 

step is necessary because it will help the project to finalize contracts with external stakeholders 

and within federal and municipal levels. Besides, within the political risk is how the current 

situation of the country of execution will affect the project in terms of bureaucracy and maybe 

also corruption. 

Thirdly, RP5 mentioned the fact that in this stage it is important to identify the stakeholders as 

well as the ownership of the risks and the process to mitigate, eliminate or overcome these. 

This, by delegating responsibility to the internal and maybe external parties within the project. 

Improvements Risk Matrix 

In terms of the risk matrix, the principal thought was that the risk is enough for the scope of 

this project, that as mentioned in previous stages the risks presented in the matrix will serve as 

a basis for further analysis. The domain experts believe that there will different risks that will 

appear and some that may not apply to all the projects. 

Moreover, RP1, RP8, and RP10 put emphasis on the political risks of the matrix, which is 

important to know if it is a high-income country or a low-income country where the project will 

be held. As corruption rates may differ depending on these scenarios what is connected to the 

suggestions of being clear when defining the context of the project. In addition, RP2 and RP6 

also believe that it is important to make emphasize the economic and market risks as if the team 

fails to identify them properly, the revenue of the project may be jeopardized meaning that the 

project may fail at some point. Besides, RP8 wanted to make emphasize the environmental 

regulations, as it needs a lot of work in this type of project. 
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Also, RP3 mentioned the fact of the quality of the waste before processed as if it had some 

substances such as chlorine it would damage the machines, but this is something very technical 

which goes beyond the scope of this thesis but that is important to consider. 

Finally, as mentioned before, RP2 believes that human factors should be considered in an 

independent group and it should be more specific in which sense it is meant in the matrix. 

Because this is meant for political risks in terms of corruption.  

Theme: Improvements 

Subtheme Source and quote 

Model 

RP1: “Make the model into a revenue-oriented, which will assure revenue 

in one or two years after the inception of this project.” 

RP2: “Your residuals risks are you talking of the risk from that, or you are 

talking of the main risk, which is broken up into the main risk and residual 

risk. OK, so I think it's better to be better classified as unforeseen risks and 

not residual risks.” 

“As I said, if we look at the model so very much simplified model, so consider 

the current regulatory framework that is established, and the current 

environmental standards have to be established.” 

RP3: “Do to prepare themselves for finalizing any contracts both at the 

municipal and federal level within the framework you establish at the 

beginning” 

RP4: “Take into consideration regulations as big input for the model as well 

as to explain better the interrelations of each stage of the model itself” 

RP5: “I think that you should give a lot of importance to the stage of 

establishing the context, that it is aligned with the project plan, that it takes 

into consideration all the stakeholders, the owners of the processes, and thus 

of the risks.” 

“This way anyone who applies the model can know that it is important to 

delegate responsibilities and that different aspects such a geographical 

location may affect the development of the plan and executions.” 

RP6: “I think it looks ok for the scope of the project you have commented to 

me, once again I would have to say that you need to emphasize the early 

stage of the model where you establish the context of the project.”  

“So, you have a clear view of the political risks and also which process to 

follow for the environmental ones.” 

RP7: “In my opinion, the model is very concise and accurate, I would only 

suggest giving more importance to establish the context of the project and 

how it may merge with the risk management strategy to be more efficient and 

generate a better plan.” 

RP8: “As I already mention, the situational analysis of the project is very 

important, and you need to have a very strong evaluation regarding this 

fact.” 
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“As well as it has environmental implications, you need to take into account 

the time and resources it will take to acquire all the permits you will need.” 

“Communication where the ideas may give you another idea or another 

point of view of how it could improve in your project and we should not build 

it together with others as it can be analyzed in different ways” 

RP9: “I would say that you need to explain better the interrelations between 

all the stages that you show.” 

“Also, emphasis in the analysis of the situation of the project when you start 

your planning phase.” 

RP10: “Yes, actually I will suggest adding more emphasis to the regulatory 

framework in which the project will be held, because yeah, it's all about the 

context.” 

Matrix 

RP1: “And you can simply mention in that for the first world countries, it's 

not a problem, which means I can give a high, you know. The political 

influence over the project is very limited when it comes to the first World 

countries. OK and the impact is very less. 

“But when it comes to Second World. Or Third world countries the chances 

of the political influence of the project are high, extremely high in both 

likelihood and impact. So, you can just add a tag and caption.” 

RP2: All this, but one risk, which you have to also take into consideration 

when you're doing a project plan because that will influence your financial 

risks and sometimes will send all your stakeholders bankrupt and send them 

home.” 

RP3: “You would also need to consider mechanical issues, such as sticky 

substances that are corrosive for the machines and the facility in general 

such as chlorine.” 

RP4: “Yeah, so I said all your risks need to be measured, if it is so, you will 

have a better control of the work.” 

RP5: “In my opinion, it is interesting that you mention political risks, many 

project teams do not consider them, and later it is a headache for the 

execution part. So, I would say it is ok.” 

RP6: “I think the risk you present are related to this type of project based on 

its nature, I would suggest putting more emphasis on the environmental and 

political risk as I mentioned before, as I think in the economic part these 

projects have a very good ratio of investment return.” 

RP7: “After going through the risk matrix, I believe that for being a basis 

for a risk management plan it is enough, nevertheless as I already mention 

it depends on the context of each project.” 

RP8: “You need to think about human factors as a whole category, it should 

not be together with others as it can be analyzed in different ways.” 
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“Think about human factors, I think is so important to work with people to 

let them be part of the project, let them know. Maybe not every step of the 

project, but they should have the general idea of what is a project and always 

I think that you need to have like their information, their ideas.” 

RP9: “There will be always risks that will appear when you define the 

situation of the project so I think your matrix will have to be adapted but as 

a basis is a good one.” 

RP10: “As I said, the main ones are presented but some will appear on the 

way, so you need to be ready to make changes in your matrix and also ready 

to face the risks itself” 

Table 9 Results Theme Improvements 

5.1.4 Size and Scope 

This section will explain what the domain experts think if the model can be applied in any 

project regardless of the size and scope of the project. 

Eight out of ten interviewees concur with the statement that size should not be an impediment 

when deciding to apply a model for risk management. For example, RP4 refers that size is 

related to economic and financial risk will be tackled from the beginning with a good strategy. 

Moreover, RP3, RP8, and RP9 mention that what may influence the decision is the requirements 

of the authorities and how prepared you are to fulfill those. On the other hand, RP1 and RP2 

believe that size may matter when deciding which model applies but it depends on different 

circumstances. 

While RP5, RP6, and RP7 claiming that energy recovery is not the field of expertise but with 

enough knowledge to give an opinion, said that size is not a problem, as for the projects they 

have worked with it was not a key factor when deciding which approach to take. However, the 

context and the scope may influence the decision. Table 10 below collects all the quotes from 

the interviews that support the before mentioned. 
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Theme: Size and Scope 

Subtheme Source and quote 

Influence 

RP1: “So, size does matter in some cases and it directly creates an impact 

on the models. 

“Scope and purpose of risk management and uncertainty management are 

inevitable given the present context given the present global context.” 

RP2: “Larger the project created the risk and greater the need for planning 

risk analysis monitoring and periodic audits.” 

RP3: “Size does not necessarily should influence the decision, but yes the 

context of the project and as mentioned before how the authorities ask for 

requirements and how you fulfill that.” 

RP4: “The size doesn't matter in this case, only sizes basically relate to 

economic risk or financial risk and how it is related to scope.” 

“I think those two factors are related, for example like if you want to do a 

large project 2000 tons per day then it is more of a financial commitment 

same way it's 100 times per day in a smaller commitment so it's a yeah like 

it really doesn't matter based on an individual like objectives.” 

RP5: “In terms of size it should not be a problem, however, the context or 

scope may change a bit the strategy, but it should be studied in the first stage 

of the model you present.” 

RP6: “In my experience in different types of projects, not about energy 

recovery, I can say that size should not influence the decision of which model 

to use to apply risk management.” 

RP7: “Size does not influence in the decision as is just a matter of scale 

within the projects, the scope should be stated in the context and therefore 

different tools or techniques can be applied.”  

“The model can be applied in any project, in my opinion, just taking into 

account what I already have mentioned.” 

RP8: “Size in my opinion is a subjective way of seeing the projects, it will 

vary from company to company and the kind of projects they conduct. Some 

of them will be better-prepared others no.” 

“But I would say size is not a deciding factor to apply a model within a 

project, however the external factors such as stakeholders, a situation of the 

location of execution may lead to changes.”  

RP9: “Size is not a limitation when deciding on an approach to follow, but I 

would say that other factors such as regulations, stakeholders, and 

geographical location may represent a factor to decide.” 

RP10: “It doesn't make a really big difference about the decision of applied 

and Standard Model, but you can also say that if a project is broader, it may 

represent more problems of course.” 

Table 10 Results Theme Size & Scope 
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5.1.5 Challenges and Strengths for the Industry 

This section explains the challenges for the industry and how the model may need to adapt to 

this challenge to be effective through time. As well as which would be the main strengths a 

company or consultancy group should have to be successful when having projects in the 

industry in discussion. This will help to understand how the model can be part of these strengths 

and boost the existing ones for the better. 

Challenges 

In terms of challenges, RP2 mention that the technology is a big challenge for this industry as 

with the increment of the operations of WtE plants new process is created, but the risk to have 

an untested technology can be high, so it is important to take that into account from the first 

moment of the project when the team establishes the context of it. 

In addition, RP1, RP3, RP5, RP7, and RP8 mentioned that the major challenge is to get all the 

permits from local authorities and that all the stakeholders involved understand how the project 

will be held from the beginning because all of them need to follow the same standards and 

requirements. As well RP9 and R10 believe that to not harm the environment and create a 

culture in society is the major challenge of this industry. 

Finally, RP4 and RP6 agree with the fact that the process of how is managed the waste could 

be the major challenge, as it involves many complex processes and as aforementioned it is the 

first step before recuperating energy, what in other words is the creation of energy through 

gasification or incineration. 

Strengths 

On the other hand, in terms of strengths, RP1 and RP2 mentioned that the financial, marketing, 

and technological knowledge would make a difference when applying or implementing risk 

management within the waste and energy recovery industry as it will save money, time, and 

resources; as well as assure that the revenue will be as expected and there are no unforeseen 

losses.  Also, RP1 states the fact that all companies should have a budget for risk management 

and that it is convenient to have external partners that can help when the knowledge or 

experience of the team reaches a limit. These partnerships can support the process of RM.  

RP4 talked about how well the team knows the political framework of the place where the 

project will be held, the connections, and maybe the power of the team itself to overcome this 

challenge. In fact, RP6 and RP9 mentioned the importance of how good the team is to identify 

and apply the tools and techniques to identify the risks, as it will be of help if the risks are 

properly identified and in the best case eliminated. Also, try the best to not have unforeseen 

risks which may lead to changes in the plans not just in risk management but also overall. 

Lastly, RP5, RP7, and RP8 both said that the experience both theoretically and practically from 

the members who are leading the project, is fundamental as it will help to a better adaptation of 

the model presented and a quick but accurate decision making along with it. Finally, RP10 

besides agreeing with the previous statement she mentioned the fact that is important to apply 

what you have learned from previous projects as this is an advantage. 
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Table 11 below presents the quotes of the research participants.  

Theme: Challenges and Strengths 

Subtheme Source and quote 

Challenges 

RP1: “The project is creating an impact on the environment, so I see these 

are the main two challenges apart from the financial you know perspective, 

these are the two important challenges I foresee in the waste management 

project.” 

“So, from my point of perspective, what would be the ultimate challenge is 

kind of, you know is to get the various permissions. Preserving and 

safeguarding the interest of the company's financial model.” 

RP2: “You take off the technology that you're using if it is an untested 

technology.” 

“Your input-output ratios can get affected right then also from a regulatory 

framework.” 

“Pollution then also when you are running a project you are planning a 

project there is also a complication that could come.” 

“So, you have a market competition in that sense, new person coming now 

any when the new company when accompanied enters the market after you.” 

“Yeah, they should know what technical knowledge is. Technical knowledge 

alone will not do also financial knowledge you need. Then, of course, you 

would need marketing knowledge as well, otherwise, it would mess up your 

projections.” 

RP3: “The major challenge he is how are permits of the project? In Europe 

and more Arab and Western developed countries.” 

RP4: “Processing is the primary activity. Energy recovery is secondary. 

However, if you go to developing nations like in the Eastern, like for example 

India, that's what I can say that it is hard to have an effective waste 

management process as the culture is not adapted to it.” 

RP5: “I would say all the process to get the permits and authorizations in 

the location of the project. Also, the creation of the strategy of the waste 

management as I mentioned before.” 

RP6: “As I told you at the beginning of the interview and throughout of it, I 

have no experience in energy recovery but in terms of waste management I 

would say that is the process of how to process the waste, the type of Waste 

to Energy plant, the political regulation.” 

RP7: “The principal challenge is to create a culture of waste management 

in society as it is important for the process. Also, the environmental issues 

need to be considered to keep being improved.” 

RP8: “In general, for project management, the main challenge is to engage 

all the parts involved in the project, to get more commitment and a better 

application of it throughout projects and organizational talking.” 
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RP9: “The biggest challenge is to keep fulfilling the environmental 

regulations that these projects need to comply with. Creating a plan to meet 

this and avoid delays is imperative.” 

RP10: “I will put my experience as an environmental engineer and go to the 

environmental challenges; it is important to generate a culture of waste 

management in society, so the process of energy recovery becomes easier.  

“By doing so pressure on landfills will be reduced and help to minimize the 

impacts of contamination on the planet.” 

Strengths 

RP1: “Any company must have a risk management group and in their total 

budget they should at least allocate 2.5 to 3% of their total budget for the 

risk management group.” 

“They always count and watch on the external risk management consultants 

like us.” 

RP2: “Yeah, they should number what is technical knowledge. Technical 

knowledge alone will not do enough as financial knowledge also you need. 

Then, of course, you would need sound marketing knowledge as well. 

Otherwise, it would mess up your projections.” 

RP4: “I would say in some cases can be the experience that the team has, 

and the ability to create and put on practice a plan of risk management.” 

RP5: “I would say in some cases can be the experience that the team has, 

and the ability to create and put on practice a plan of risk management.” 

RP6: “In my opinion is the strategy towards risk management, which tools 

and methods you use to have a successful application, also the experience of 

the project team as it will facilitate things to flow in a better way.” 

RP7: “In my opinion would be the experience of the people working on the 

project and the methods and processes they follow to create and implement 

a plan of risk management that can help to save money and time to the 

project, helping to deliver a result in the timeframe and budget established.” 

RP8: “Definitely the experience, in this field having a strong background is 

very important, and also having partners that can help to overcome these 

issues.” 

“People who know about what they're doing in the project, and so you can 

do a step by step with people that you can trust, and you can have them the 

project to help you.” 

RP9: “The way you identify risks and the actions you deploy to minimize the 

risks plus the experience and knowledge of the team you are working with.” 

RP10: “Experience will always be a strength when conducting projects but 

even more in risk management and more in this industry where you have a 

previous process of recollection and sort of waste and then the energy 

recovery.”  

“Also, what you have learned from previous projects is always like a huge 

advantage, and it represents a lot.” 

Table 11 Results Theme Challenges & Strengths 
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5.2 Quantitative Research 

In this section, the same ten research participants that participated in the interviews were asked 

to fill in a risk matrix. Thus, this part was done to know the ranking of different risks that were 

chosen based on the literature and theoretical framework to create a base matrix for the 

assessment of risks within the model that is being proposed in this thesis. 

The respondents were asked to rank the likelihood and impact of the risks from 1 to 5 being the 

first a very low likelihood or impact and the latter one very high, this based on their experience. 

To present the results the program Excel from Microsoft was used to gather the data and with 

the simple calculation of the average of each interview, a final result was obtained. It is 

important to mention that there are principal categories and subcategories. The rank of the main 

category was obtained with the average of all the subcategories. 

Besides, they were asked to fill in with at least one action and one reaction to mitigate, eliminate 

or overcome a risk. Nonetheless, in this part due to the lack of time from the respondents, some 

of them could not fill in these columns but for the sake of this project, there will be presented 

those that could be gathered.  

5.2.1 Risk Matrix 

For presentation motives, the risk matrix was divided into two parts. The first is the following 

Table 12 which displays the ranking of the risks made by the domain experts, it is important to 

mention once more that these results are the average of the responses of the ten interviewees. 

Every risk and category present different results but overall, it represents the fact that all the 

risks should be treated with the same importance. The ranking will help the teams to know 

which ones to start and the actions to take. Maybe some of them will require simple procedures 

and some others complex ones, of course, depending on the context and the nature of the 

project.   

Also, the results match with the thoughts of the experts when they said that the environment 

and financial risks will represent higher trouble for the team, coming after the market, 

operations, and ethical risks which are of a big influence on the success rates of any project. 

Finally, the political risks on average are ranked with a five but it is because the respondents 

mentioned that this will depend on the country of execution and the different factors it may 

apply.  
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Risk Likelihood (1 to 5) Impact (1 to 5)  Risk Value LXI  

Environment      

Emissions 3 4 12 

Permits 3 4 12 

Market       

Not meet volume of 

demand 
3 4 12 

Operations       

Technology and Design 2 4 8 

Fire 3 5 15 

Testing Commissioning 3 3 9 

Process Warranty 2 3 6 

Financials       

Loss of Revenue 3 5 15 

Warranties 2 3 6 

Liability Period 3 4 12 

Ethical       

Legal Issues  3 4 12 

Lack of transparency 2 3 6 

Political       

Importations 2 2 4 

Exportations 2 2 4 

Controls 2 3 6 

Human Factors 3 4 12 

Table 12 Results Matrix Risk Value 
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This is the second part of the matrix presented in Table 13 where the information gathered 

from the domain experts was put in each risk as actions and reactions to mitigate or eliminate 

risks when applying the model and creation of risk management plan. 

Risk Actions Reactions 

Environment     

Emissions 

-Ensure design allows for outlier 

material included in MSW supply 

possibilities. Equipment 

selections use high standards in 

such selection, such as European 

Standards, and include CEMS 

(continuous emission monitoring 

system) in the project. 

 

-Carefully study 

Industry standards, Regulatory 

requirements, Expert opinions - 

Articulate the data and set out an 

Emissions and Pollution control 

policy. Implement the process 

of continuous monitoring. 

-If an issue is indicated through 

CEMS, immediately work on cause 

and solution, and resolve within 48 

hrs. if feasible. Report to the local 

regulator as soon as known and 

verified, with a plan to resolve, before 

local gets in touch with the facility. 

 

-Immediately stop plant operations. 

Deploy maintenance and tech staff to 

check out reasons.  

Permits 

-This process must be dealt with 

during due diligence 

(establishment of context) with an 

agreement reached on how to 

move forward on a fast-track 

basis, if possible, otherwise left to 

local interpretation, which should 

not be done to protect the 

investment. 

 

-Ensure all required guidelines are 

followed and obtain permits. 

-Do not start down the path of 

participation beyond due diligence if 

this appears to be a black hole. 

 

-Without necessary permits, it would 

be illegal to operate the plant. 

Market     
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Not meet 

volume of 

demand 

-Talking about the volume of 

agreed waste, this is an ongoing 

possibility at any WtE facility. 

Again though, it should be 

resolved in the due diligence 

(context establishment) phase and 

accommodated inside contracts 

with necessary clauses to punish 

non-delivery, as improper 

delivery has a cause and effect re 

energy production. 

 

-Have necessary plant capacity 

and human resources. 

-Immediate response-ability to the 

MSW supply side with use of contract 

in which they should have agreed 

timetable to Levelized tonnages, mix, 

etc. 

 

-Increase plant & resource capacity as 

required. 

Operations     

Technology 

and Design 

-As the design is within the ability 

of a firm to control, as such design 

should already be resolved during 

DD, should not be a major issue 

going forward. 

 

-Ensure proper tech & design are 

in place. 

-Risk is higher when it comes to 

operations, as a usually different 

group than those in design, with an 

individual view as to how to maintain. 

It needs resolution during the 

preliminary approach to ensure 

designers remain involved for a pre-

agreed time after commissioning to 

note any inherent issues that must be 

dealt with to mitigate ongoing risk. 

 

-Upgrade plant to meet tech & design 

requirements. 

Fire 

-Depending on the design of  

a) waste handling equipment, and 

b) type of energy production, 

waste fires should be minimal, and 

controlled, and perceived ahead of 

possible issue. 

 

-Ensure proper design & tech as 

well as proper firefighting and 

control system. 

-Design should anticipate possible 

fire locations, include detection, and 

firefighting equipment as required. 

Sprinkler systems should be 

incorporated as a matter-of-fact 

requirement, with local extinguishers 

positioned for easy access, and in 

locations identified as a possible 

issue. 

 

-Activate the firefighting system 

immediately. 
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Testing 

Commissioning 

-Contracted commissioning is an 

important part of the design, 

which indicates close participation 

of engineering, and site inspection 

ongoing, and clearly at time of 

commissioning, at which time 

suppliers/special contractors must 

be held accountable. 

 

-Ensure proper  

Commissioning & Testing.  

-Test often and be prepared for 

lengthy commissioning phase, with 

the contracted requirement to fix by 

suppliers/installers.  

 

-If the breakdown of the 

plant happens get Engineering /Tech 

staff to correct errors. 

Process 

Warranty 

-Again, should be dealt with at the 

establishment of context phase 

and ensured as part of 

equipment/contractor agreements, 

clearly identified re responsibility.  

-Include supply warranties with the 

ability to name end-user/investor as 

part of the agreement, to an agreed 

maximum. 

Financials     

Loss of 

Revenue 

-Reason for due diligence to 

ensure the country with the 

contract has a well-defined GDP 

and has room to pay for the 

monthly costs throughout the 

term, with inclusion that 

electricity, as an example is 

considered part of baseload, not 

on basis of separate wheeling 

contracts. If possible, incorporate 

some form of “take or pay” 

component in PPA (Power 

purchase agreement). Output must 

also be linked to local MSW 

supply. 

-The contract must incorporate a 

method of repair of any payment 

deficit, with an acceptable approach 

to a solution acceptable to the 

investor, and government, dealt with 

upfront, and not left as a possible 

issue during operations. 

Warranties 

-Contracts with equipment 

suppliers must fully detail and 

signed at both sides as to the cause 

of issues and who is responsible to 

repair such issues. 

-Incorporate a two-year term of the 

warranty period, as most issues will 

be identified within that period. Any 

matters beyond are typically an 

operations issue. 

Liability Period 

-Take into account possible 

defects after the construction so a 

good agreement is reached 

beforehand. 

  

Ethical     
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Legal Issues  

-This should be clearly identified 

in all contracts that carry 

responsibilities, more usually 

determined during the operation 

phase, which then clearly fall on 

the shoulders of the operator and 

must be dealt with in the contract. 

-Sufficient capital must be retained 

under investment control to cover 

issues that may occur. Account set up 

as a percentage of incoming funds to 

tackle any unknown issues as far as 

possible, otherwise legal and 

accounting costs incorporated into the 

agreed ops cost matrix. 

Lack of 

transparency 

-Transparency should be obvious 

during the DD phase, and if in 

question, do not close the deal. 

  

Political 

It will depend on the country of 

execution. In countries where 

corruption is not an issue, the risks 

will be less in likelihood and 

impact. The contrary will be in 

countries with high corruption 

rates. 

  

Importations 

-Must be dealt with during the due 

diligence phase and incorporated 

in contracts, concession term 

agreement. 

-If appears to be an issue at outset, 

never going away, therefore, if clear 

do not proceed. 

Exportations 

-Must be dealt with during 

establishment of context phase 

and incorporated in contracts, 

concession term agreement. 

-If appears to be an issue at outset, 

never going away, therefore, if clear 

do not proceed. 

Controls 

-Must be dealt with during the due 

diligence phase and incorporated 

in contracts, concession term 

agreement. 

-If appears to be an issue at outset, 

never going away, therefore, if clear 

do not proceed. 

Human Factors 

-This can be an issue during 

construction and operations. 

MUST be dealt with during the 

establishment of context phase 

and clearly discussed with those in 

power to sign agreements, to 

ensure there is a path forward. 

Therefore, project decisions 

should be dealt with top-down, to 

assist in mitigating any possible 

“fiefdoms”. 

-Incorporate matrix to ensure path can 

be cleared if people become the issue 

rather than MSW and energy. In all 

parties’ best interest to accept and 

deal with this upfront and ongoing, 

with a continued conversation 

between the parties. 

Table 13 Results Matrix Actions & Reactions 
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To analyze and have a better picture of how the domain experts ranked the risk a graph was 

made of one risk of each category to see the tendencies and how different the responses were. 

This considering that RP1 and RP2 are consultants, RP3 and RP4 work directly within the 

industry in discussion, RP5, RP6, RP7, RP8, RP9, and RP10 are professionals working on 

project management within waste management or other industries. One risk of each category 

was picked randomly to make this analysis as if we do the same for all the risks in the matrix it 

would be repetitive, and all the risks are relevant so it would not make a difference to pick them 

purposively. 

Firstly, the environmental risk of emissions, where it can be seen a changing tendency in each 

participant, it can be said that the impact is perceived to be high by all the experts, but when it 

comes to likelihood just RP4 ranked as extremely high meanwhile the others believed that with 

the correct diligences this risk should be avoided (see figure 11). 

 
Figure  11 Histogram Risk Emissions 

The second is Market Risk, where the respondents were more uniform in terms of impact where 

the ranking was from high to very high. Meanwhile, in terms of the likelihood, the participants 

stated that it can be high or very low, which means that if the actions to minimize the risk are 

taken correctly, for example, a good market analysis it should not be a problem, but if it happens 

the impact to the project plan can be inconvenient (see figure 12). 

 
Figure  12 Histogram Risk Market 
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The third is Fire Risk, where the impact showed to be extremely high except for RP1, which 

mentioned that with the right insurance if it happens to occur, the company should have 

solutions in a short period, nevertheless the likelihood tends to be high because of the nature of 

the process as it can be incineration or gasification plants. However, all the precautions when 

building the facilities should be taken, refer to table 1 for more details (see figure 13). 

 
Figure  13 Histogram Risk Fire 

The fourth is the risk of losing revenue, in this case, the domain experts showed similar 

appreciation towards the risk of having 4 or 5 to rank the impact and 2 or 3 for the likelihood. 

This represents, that if the operations are not held correctly and the process of sales fails the 

project can face big losses in terms of money (see figure 14). 

 
Figure  14 Histogram Risk Loss of Revenue 

The fifth to analyze is the risk of legal issues due to ethical factors, here the impact is considered 

high because if all the contracts from the beginning following all the regulations that are 

applicable the likelihood should be minimized and that can be seen in the results as the 

respondents expressed that it should be between 3 and 2 meaning a low likelihood (see figure 

15). 
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Figure  15 Histogram Risk Legal Issues 

The last risk to analyze is Political Controls, and this area is the most complicated to analyze 

since it will vary from country to country as mentioned before, and will be discussed in the next 

chapter. It is important to mention that most respondents had worked in high-income countries 

where the political risks are lower because of the low rates of corruption, but it is always 

important to establish the context at the beginning of each project to know with accuracy how 

it would affect the project overall (see figure 16). 

 
Figure  16 Histogram Risk Political Controls 

To summarize all the results presented, it is important to make emphasis what proper planning 

represents to risk management and in the project overall. This is considered as a key together 

with associated mitigations in the early stages of the projects. Additionally, because this is 

reflected in the rankings of each risk, where many of them present an impact with a connotation 

of very high but with a likelihood of high or low, this due to the knowledge experts have 

regarding that with proper planning and due diligence the risks can be minimized and 

sometimes eliminated, reducing the need to have reactions towards unforeseen risks (see figure 

17). 
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6 Discussion 

This chapter will display the relations between the findings, the literature review, and the 

theoretical framework. As it was stated in chapter 1, this research aimed to understand and 

facilitate the application of risk management in the case study of the waste management and 

energy recovery industry. Through the creation of a base model that will save time and other 

resources to the project teams by creating better insight into the industry and the process. The 

research questions of this study are: 

1. How can a risk management model for projects in the waste-energy recovery field be 

designed? 

2. How do the size and scope of a project influence decisions when applying models for 

risk management in the energy recovery sector? 

These questions are answered with the results presented in chapter 5. After the insights of the 

domain experts that claim that a model can be applied throughout projects in the waste-energy 

sector, but it should be a base model that can be adapted which includes social, environmental, 

economic, feasibility, and due diligence. Additionally, experts argue that size should not be a 

consideration when deciding on applying a model, but scope may influence it.  

As part of the research firstly seven interviews were conducted and the results were drawn on 

those but later three more interviews could be made, however before these it was believed that 

the results would not change, reaching saturation of themes and information (Babbage, et al., 

2018). This was confirmed after finishing the sample of 10 interviews, the answers were similar 

to the previous ones, not altering the results but adding more information to support it. All of 

this will be discussed in the following sections of this chapter. 

6.1 Waste and Energy Recovery 

The results were clear about the industry and how a good approach towards RM is important to 

avoid issues throughout a project. The first finding to discuss is that many of the research 

participants agreed in the fact that waste management is the first macro process and then energy 

can be recovered from it as RP4 stated in his interview. When relating this to the literature, it 

stands to reason because waste management aims to reduce the usage of landfills through the 

correct management of MSW (Brunner & Rechberger, 2015). Additionally, the circumstances 

on how this process can affect different stakeholders, especially the citizens in the surrounding 

areas, in terms of health (Fanning, 2013). 

Also, in terms of regulations and local requirements, all the domain experts agreed that it is 

important to know the context of the place of execution as RP3 and RP10 stated. Indeed, this 

will come together with all the practices from industries, streets, and market areas of the 

municipality where the project will be held, the creation of a process to manage all the waste is 

imperative to be successful (Miezah, et al., 2015). 

It is interesting to analyze the fact that RP1 and RP8 claim that these practices are good for the 

environment what match with different authors who assert the same, that with the pass of the 

years the technology and the processes has improved and can be considered as a clean industry 

which helps to reduce the waste in landfills (Vicente Lemea, et al., 2014). Furthermore, the 
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flexibility that has the different types of WtE plants can be considered beneficial due to the 

easiness to control air pollution through a different process (Robertson, 2009). 

The types of WtE plants that this study analyzed were gasification and incineration, in the last 

chapter RP2 mentioned that in his opinion, gasification is more efficient and that the company 

he works with specializes in this one as it is easier to accommodate the technology to process 

the waste and the creation of gas (Arena, 2012). On the other hand, for incineration, the research 

participants claimed that it is a bigger risk for fires within the facility what is known as “Grate 

Firing” making it more complicated the process (Leckner, 2015). However, good insurance for 

both types of facilities will assure a calm and more trustful operation of the energy recovery 

process (Jutidamrongphan, et al., 2018).  

As expected, and based on the literature review, the domain experts concur that the 

identification of risks within this industry will depend on different factors but that can be 

similar; however, it will depend on the context and due diligence that the project team has. In 

connection with the literature where they claim that there is no such a base model for the energy 

and waste management industry to conduct RM and identify risk, validates the objective of the 

proposal of a model that is suitable for the case study of this industry (Consonni & Viganò, 

2011). 

6.2 Standard Model Risk Management 

Comparing the results with the existing theory is interesting as it shows that the models that 

Cooper et al., (2019) mentioned can be adapted. For example, PRAM splits the approach of 

risk management within 3, see Figure 3 for details, where the identification of risks, the 

assessment, and planning can be flexible and adjusted to the needs of a project in the energy 

sector considering the feasibility and due diligence. On the other hand, the PMBOK model, 

refer to Figure 4 for details on the design, focuses more on a quantitative and qualitative 

identification of risk in a later stage for monitoring and like these the other models analyzed in 

the literature review. Based on the results, and the proposed model, it can be considered as a 

based model for the waste management and energy recovery industry (Hooshmandi, et al., 

2011). In addition, it is imperative to generate and employ a trustful model, as mentioned by 

Earle (2010), and follows the needs of the energy recovery industry, considering the scope as 

mentioned by Burguer et al., (2014).  

The term “Base Model” came from the answers of the domain experts as, for example, RP2 and 

RP4 claimed that in practice the reality is more than just a simplified model, where the project 

team will have to add steps or subtract processes as even though the same base guidelines may 

apply to all the projects in the industry, there will be some different influences and 

characteristics that will need further evaluation and analysis. This to avoid loss of revenues, 

investment, time, and resources (Kmec, 2011). 

There were some suggestions from the domain experts to do in the model, minor changes but 

that in their opinion will make it more complete and easier to understand, as sometimes project 

team members do not necessarily have some knowledge about risk management. The principal 

changes suggested were presented in the previous chapter. Here is presented the model with 

some minor modifications, for example, the term “residual risks” was changed to “unforeseen 
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risks”. Also, in the first stage of establishment of context, some other aspects were added as 

fundamental such as political framework, municipal and federal regulations which give reason 

to the literature that states that if there is not good management of regulations the project may 

be jeopardized (Gauthier, et al., 2016). See figure 17 below. 

 

Figure  17 Improved Proposed Model 

6.2.1 Risk Matrix 

Within the model, there are 2 stages under the name of Identify and Risk Assessment. The aim 

of the risk matrix proposed alongside the model is to have a base for these parts in the projects 

as this would facilitate the application of risk management, reducing the time and resources put 

into doing so. This is to have a financial, environmental, and operational evaluation of all the 

parties involved within the project plan in general (Robertson, 2009).  

Another point to analyze is the political situation of the country where the project will be held 

as it will play a very important role in the planning, execution, and control of the project. As 

the domain experts refer low-income countries will have a higher risk and impact for a project 

than high-income countries, due to the low rates of corruption which can represent an issue in 

this type of project. This because, As RP2 said, it is important to have support from the local 

authorities, so the process flows smoothly. It gives reason to the literature where it says that 

social factors should be considered to incorporate public participation (Maa & Hipel, 2016). 

The good identification and assessment of risks will help companies or project teams to get 

good insurance for the project, especially for the facilities and technology to be built and 

implemented. The literature establishes different risks that insurance companies demand to be 
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assessed properly and based on those the proposed risk matrix was structured (Marsh JLT 

Specialty, 2020). 

Finally, the research participants suggested giving importance to the economic, market, and 

technological risks due to the relevancy of these when achieving a successful result from a 

project in the waste and energy recovery industry. As well as the inclusion of an independent 

group for human factors as it can be analyzed in many ways, and the context of each project 

would be the start point to analyze these risks (Gauthier, et al., 2016).  

6.3 Techniques and Tools    

The techniques and tools that are used to identify risks and sometimes also opportunities have 

an important role, as in practice it is a complex process where knowledge and experience are 

necessary to choose which technique to use (del Caño & de la Cruz, 2002). In this the experts 

agreed with the existing theory, there are many tools (check chapter 2, table 2) but the context 

of the project will lead to picking those who fit better to the necessities.  

If the techniques are chosen wrong, it may lead to the identification of risks that are not 

applicable or missing risks which means that the team will not be ready to face them as RP2 

mentioned. As well the opportunities to overcome these risks will be hindered if the tool is not 

appropriate. This will lead to financial problems within the project as revenue may be 

jeopardized, losing resources, and have delays in terms of time (Kmec, 2011). 

6.4 Size and Scope 

The results chapter showed that most of the experts believe that size should not influence the 

decision of applying or not a model or approach towards risk management in the industry in 

discussion. This, together with cooperation, communication, control, and commitment through 

all the processes would generate an approach that can be applied in any project regardless of its 

size (Earle, 2010). In contrast, RP1 and RP2 claimed that bigger the project bigger the risks and 

issues that will need to be faced; nonetheless, with a proper establishment of limitations, the 

problems can be narrowed, helping to identify risks and opportunities in an efficient manner 

(Olsson, 2008). 

As before mentioned, the limitation and dimensions of the projects represent an important factor 

to decide the way of approach due to the implications it may have towards the project plan and 

the risk management plan. The research participants said that the experience and knowledge of 

the people in charge will be necessary to overcome this inconvenience. Also, they mentioned 

that to focus more on financial, economic, and market risks to assure profitability of the project 

what matches with Gauthier, et al. (2016). Moreover, the commitment of all stakeholders would 

facilitate the application of risk management when the scope may create changes in the base 

approach as Dickson, et al. (2016) stated in their work.    

6.5 Decision Factor 

Top management needs to be committed and informed of all the steps that are being taken in 

the project to have its support and also depending on the organizational structure, they can help 

with the decision making as Kwa and LaPlace (2015) wrote. Thus, it is important to define 

project governance with the responsibilities of each actor determined, this to have a hierarchy 

to follow when a decision that can make changes in project plan needs to be taken (Du, et al., 
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2018). The research participants agreed with this as they said that good communication with all 

stakeholders will help to avoid conflicts of interest, specially RP10 who believes that 

communication is crucial for the success of a project. 

Besides, risk management supports making decisions within the project and understand how it 

may affect other parties involved. Therefore, all the information needs to be displayed from the 

beginning having transparent planning, execution, and control, supporting this way all the 

stages of the activities within the waste-energy recovery sector; so, risks are avoided, 

opportunities are maximized, and impacts reduced as Chia (2006) stated in her studies. In an 

industry that is growing every day, it is necessary to have due diligence to identify the right 

context governing the project to consider all the factors and also learn from previous decisions 

(Chapman & Ward, 2003).  

Finally, most of the research participants mentioned the term “successful”, to explain how to 

have positive outcomes such as keep the operations within the budget, do not have delays in 

schedule among others is important to apply risk management as a way of deciding factor. This 

to avoid failures that other industries have faced already as is the case of the IT industry in 

which 31% of the projects are abandoned and 34% had problems with the money and time 

frames and just 24% was completed within the boundaries set at the beginning of the project 

because of not applying RM (Aloini, et al., 2007). Additionally, it is important to consider the 

answers of the experts when they claim that all the parties of the project need to be involved 

and informed to have good communication throughout the projects to make the right decisions 

and avoid risks. This to overcome the problem of 75% of project managers does not follow a 

clear approach towards RM leading to problems during all the phases of a project or in this 

case, the base model proposed (Bannerman, 2008). As mentioned in the background and 

literature review there are no studies in the waste management and energy recovery industry 

related to RM, meaning that this thesis is considering results in other industries which can be 

applied in the industry in discussion. 

6.6 Political Situation 

The result that was more interesting and that many of the authors that have been cited in this 

work did not talk about, is the political situation of the place where the project will be held. 

Indeed, there is just one article in all the investigations from Gatzert and Kosub (2016) that 

have a small part of this issue. In their text, they stated that to have a holistic view of the 

situation, it is important to consider the geographical location and the political implications it 

may have. This because some countries will have restrictions to the importation of certain types 

of technology and corruption levels may vary from nation to nation. 

As mentioned in the section of Risk Matrix, the domain experts suggested giving importance 

to this factor, especially in terms of corruption. Bureaucratic processes to get permits and 

licenses can become more difficult due to these circumstances, even more, when local 

governments ask for briberies, which is ethically incorrect and should not be done on any 

occasion. This is highly noted by the research participants because legal issues can be targeted 

towards the project and the reputation of all the stakeholders may be jeopardized. 

Finally, this aspect will be determinant to establish the context of the project in the very first 

stage, as this will determine the tactics and approaches to adapt the base model to the current 

situation facilitating the identification of risk and the creation of a plan with actions to minimize 

the risk and reduce its impacts. 
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7 Conclusions and Further Research 

7.1 Conclusions 

Research Question 1 was about how a model can be designed that can be applied to the waste 

management and energy recovery industry for risk management purposes. Also, if there can be 

a base model for the energy recovery industry. However, to design the model, it was important 

to understand how this industry works and what represents to do this type of assessment. That 

is why an extensive literature review was conducted to identify current trends and theories that 

are used in project management and that can be applied directly to the industry in discussion. 

The industry has evolved with the pass of time, from being considered as a bad practice towards 

the environment to being considered a clean industry which, indeed, helps to reduce landfills 

in cities and takes care of the MSW. Nonetheless, the process behind this is enormous, and 

cannot be summarized and a couple of lines but from what the literature review and the 

empirical data recollected. What can be concluded is that the order to recover energy from waste 

is to conduct meticulous waste management, that starts with the creation of consciousness 

within the population that will help to sort out in an early stage, then the recollection and finally 

the delivery to the facility WtE plant which will be in charge of the creation of energy. 

This project focused mainly on two types of WtE plants which are incineration and gasification 

processes. The literature states that these two are the most used. Nonetheless, the domain 

experts that were interviewed thought that there are many similarities between both of them 

and that the risks they may face would be almost the same. However, one of the interviewees 

stated that gasification facilities are more efficient than the other type, making them easier to 

control. 

From the existing literature a model was created, which was the theoretical framework of this 

study, which as per the perception of the domain experts that participated in this research, the 

model can be considered as a based model for the application of RM in the waste management 

and energy recovery industry. The model was modified from its first draft to the final result 

with suggestions and insights from the respondents. This model has five macro processes which 

are governed by the RM plan.  

1. Establish Context of the Project: after all the interviews conducted, it can be stated 

that this step is the most important in the overall risk management application. Because 

from here the scope of the RM approach will be settled, the stakeholders will be defined, 

and which interests they are looking for. Also, how they can be affected by not handling 

properly the risks within the project. Besides, the ownership and responsibilities will be 

defined, which areas of the company or project team will oversee different risk, 

processes, and compliances during all the stages of the project. Also, the geographical 

region will have a crucial role to define the strategy and how the model is adapted to 

this factor due to the political issues that this may represent. This was one of the most 

important factors claimed by the research participants, as the risks may have a higher 

likelihood or impact depending on the federal and municipality regulations, even more, 

if the countries are cataloged as highly corrupted. Thus, a political framework was added 
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to this step, to create a proper analysis of this and be ready to present actions to mitigate 

risks. 

2. Identification: This step is directed to find out all the risks that may appear during the 

stages of planning, execution, and control of the project to be ready to delegate 

responsibilities to create actions and reactions to eliminate the likelihood and in case 

they occur reduce the impact in the RM plan and the project plan in general. Many 

techniques and tools were presented in the literature review, which is considered the 

most used, but it does not mean that those are the only options. It is important to consider 

the situation of the project and analyze which techniques are suitable as if picked wrong 

risk may be missed or risks that do not apply are included representing a loss of time 

and resources. This step is important to know which issues will be faced and the 

opportunities to take to overcome them properly. A list of the principal risks was created 

based on the literature and validated by the domain experts. 

3. Risk Assessment: in this step, the identified risks are ranked based on their likelihood 

and impact. Together with the list of risks a matrix was sent to the respondents for them 

to rank it and purpose actions and reactions to be used in case of need. It is important to 

say that this is a base matrix for projects in the industry in discussion. Another risk may 

arise or some of them may not apply, it will be to the judgment of the people in charge. 

Moreover, the ranking of the risks can be perceived as subjective as it depends on the 

background and experience of the project team, in fact, this happened with the 

respondents as some of them are risk management consultants, others work directly in 

WtE plants or other just project management consultants. There was variation but it was 

not so representative, all of this can be seen in the chapter of results. 

4. Planning: the next step corresponds to the creation of a RM plan where all the 

information is presented. The risks, the procedures to apply the actions and reactions. 

Determine the person or team in charge of this application and to whom they will report. 

How the reports will be done is based on the ownership established in the first step. 

Furthermore, how the stakeholders will be involved in the whole process to assure 

commitment from all the parts for decision making. 

5. Control: the last step is about monitoring the effectiveness of the application of the 

model and plans to mitigate and eliminate the risks. From here reactions may be taken 

in the case that unforeseen risk occurs. As well that these unforeseen risks will serve as 

a new input to the first and second step of the model to continuously update and improve 

the management of risks in any project it is being implemented. 

Overall, it can be concluded that risk management can be understood more easily with a model 

to apply, which shows the steps to follow in every stage of the project. The model can be 

designed from existing literature and insights of the external partner and then polished based 

on the suggestions of research participants. This was supported by the domain experts who said 

that even though the model is a simplified version it will serve as a basis for the adaptation to 

the needs of any project in the waste management and energy recovery industry. The plus of 

presenting a risk matrix will reduce the time of the assessment of the risks and identification, 

of course as aforementioned the judgment and context of the project will have a role when 

choosing techniques and using them. However, the dominant factor will be the political 

situation of the country of execution, as the assessment will vary from different issues related 

to this, for example, corruption, obtaining of permits, fulfill regulations, among others. 
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Research Question 2 is about how the size or scope of a project, within the industry of waste 

management and energy recovery, influences the decision when applying a model for risk 

management.  

Many factors can determine the size and scope of a project, for example, the technology that 

will be used, how much money will be invested, which capacity of waste processing will the 

WtE plant have, the political regulations, environmental permits, and the stakeholders that will 

be involved. On the other hand, from the empirical data recollected the domain experts conclude 

that the size should not be a determinant factor to decide if apply or not a model, as the base 

process would be the same. However, the scope may influence the decision, and because as 

quoted “bigger the project, bigger the risk” if a bigger investment is needed is because more 

technology will be used, therefore a plan to take care of all the assets is necessary. As well as a 

market analysis where is stated which is the market, the volume of waste that is going to be 

used, the volume of energy that will be produced and sold to meet the demand, assuring the 

revenue stated in the plans. 

The expertise of the project team or consultants that are hired as the strength will represent the 

principal way to overcome different challenges that this type of project faces due to its nature. 

The criterion from these experts should be enough to analyze and assess whether the base model 

needs changes or can be adapted to the necessities of the project. This was validated by the 

interviewees stating that a project would have a higher rate of success if people with a 

background in the industry and RM work within the project. To summarize, size does not 

influence per se the decision of applying a model, but the group of different factors will do it. 

The scope in terms of budget, the schedule, political regulations, environmental permits among 

others will represent challenges to be studied so the base model proposed can be adapted to any 

project regardless of its size.  

Academic Contributions, social and ethical considerations are important factors to consider 

after developing this thesis. For the first, this thesis contributes new knowledge to the academia 

by the proposal of the designed model that this thesis is proposing. As well as an extensive 

literature review which was compared with the empirical data representing interesting findings 

for current and future research, which is explained in the next sections. In terms of social and 

ethical considerations, this thesis was conducted following all the ethical principles and in terms 

of findings, the energy recovery industry will face issues related to corruption which is a societal 

problem due to the lack of ethics, thus, those who are involved in these projects need to follow 

ethical codes to avoid being related to these issues.  

7.2 Study Limitations 

This master thesis presents a mixed strategy with a predominance of qualitative nature where 

an interpretative procedure is a base to generate data that may be influenced by the criteria of 

the author. The empirical data was based and analyzed through the literature review and 

theoretical framework stated in this work, the evaluation of the empirical data and the decision 

of which theory to use to interpret this type of information face some limitations such as the 

perception of the author from the interviews and the intellectual capacity to translate this data.  
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The empirical data was collected from a small sample size due to different factors. First, even 

though the external company with which this thesis was conducted is specialized in risk and 

uncertainty management consultancy, not all the collaborators have a background in the energy 

recovery industry, in the beginning, the sample from the company was supposed to be five 

people but due to some issues the sample was reduced to four. Pushing the author to contact 

different experts to create a contrast between consultants and people working in project 

management. Many people around the world were reached but no response was obtained. 

However, six more experts agreed to be interviewed completing a sample size often. This mix 

of consultants and experts within the industry in discussion allowed the study to notice changes 

in the perception of how risks may appear or affect the RM plan. 

Moreover, conducting semi-structured interviews gave the study an in-depth insight with 

information and knowledge based on the criteria of the respondents. Nonetheless, this type of 

interview allows the interviewee to present all their perspectives and knowledge leading to have 

a massive input of raw data, which had to be transcribed, analyzed, and coded, representing a 

high time-consuming process. Also, finding the similarities in the answers to create a thematic 

analysis was hard as some terms are very technical and the context needs to be deeply 

understood to be able to translate raw data into results that can be presented. 

In addition, a small matrix to quantify risks in terms of likelihood and impact was introduced, 

this represented an issue as it was too long to be asked during the interviews but at the same 

time, it meant that the respondents needed to give more time than expected after the interviews 

to fill in the matrix. As result, the second part of the matrix was partially filled in by the experts, 

leading the researcher to adjust the responses obtained and do not filter them to present them 

as results. 

Finally, as it is stated in the methodology limitations qualitative studies are criticized because 

they cannot be generalized, even more with small sample size. But this was overcome because 

the expertise in practice and theoretically from the research participants overcame this issue. 

This study will serve as a base for academia to understand better risk management within the 

case study of the energy recovery industry based on waste management. As well as companies 

to first understand how to apply and then conduct a successful approach towards RM. 

7.3 Future Research 

From this research study, many new investigations can be done. From conclusion one a new 

study of applying the model and conducting analysis of how the process varies, which risks 

apply from the ones proposed, how the project teams rank the risks. Which techniques and tools 

are used to identify the risks, uncertainties, and opportunities? This generates a new theory of 

a standardized approach towards risk management within the energy recovery industry. 

Also, more in-depth research can be conducted to analyze the differences and similarities 

between the two types of WtE plants presented in this thesis which are incineration and 

gasification. Do they have the same risks to overcome? Or if it will share some and different 

apply? How these differences and similarities may affect the base model of RM or if two 

different base models should be created for the two types of WtE facilities. Furthermore, in 

terms of the political framework, a study can be conducted to compare how risks vary in terms 
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of likelihood and impact in countries of high income and those of low income with high rates 

of corruption. Would be the base model enough for this type of countries or should it be adapted 

or completely changed?  

Finally, a study can be made to know how the organizational structure and culture of a company 

jeopardizes or help the application of RM within a project they may conduct, would they hire 

external consultants, or put in charge people who are already working in the company. Also, 

the capacitation they are willing to give to collaborators to have enough knowledge and 

expertise to tackle this part of project management. Even more within an industry that has many 

external processes such as recollection, separation of waste, sales, among others. 
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APPENDIXES 

Appendix A: Interview Guide 

INTERVIEW GUIDE 

Good morning/afternoon, the following questions will be made to gather empirical data about 

risk management from different domain experts. The interview is divided into 3 sections and 

will have a duration of around 30 to 45 minutes. 

To you was sent previously the model and the risk matrix so you can have a better understanding 

of the questions. 

First Part 

1) How do you identify the risks in a project in the field of waste and energy recovery 

focusing on gasification and incineration? 

Follow Up 

2) Do you think the risks presented in the matrix attached represent the principal ones to 

take into account when assessing risks in the waste and energy recovery industry? 

Follow up: In your opinion, if some risks are missing which are the principal risks 

associated with the project of water and energy recovery?  

3) Would you rate the risk likelihood and impact in the matrix, both criteria from 1 to 5? 

Being 1 a very low likelihood for the risk to happen and 5 a very high likelihood to 

happen. The process is similar for impact, 1 is a very low impact in the project plan and 

5 is a very high impact for the project plan. Fill in the rows that are without any highlight 

color (white). It is not necessary to fill in the column of “Risk Value” that can be done 

by the researcher after gathering the information.  Finally, fill in with at least 1 action 

to minimize, mitigate or eliminate the risk before it happens. As well as at least 1 

reaction in case the risk happens anyways. This question will be done in case of having 

time during the interview (otherwise it will be sent to the participants to be filled 

in). 

Second Part 

4) Do You think that is possible to use the same model in every project of energy recovery, 

as the one attached to risk management in different projects? 

Follow Up 

5) Do you have some standardized methods for risk management? Follow up: do you 

create new ones while having the project? 

6) Do you have any suggestions to improve the model proposed by this research? 

7) Do you think that the size and scope of the project can influence the decision of the 

application of a standard model of risk management in a project? Follow up: Do you 

think the model attached can be applied in any project regardless of the size and scope 

it? 

      Third Part 
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8) Which are the major challenges for the projects, within risk management, in the waste 

and energy recovery industry for a better decision-making process within the projects? 

Follow Up: 

9) What are the strengths that a company or consultancy group should have to complete a 

project focusing on risk management within the industry in discussion? 

10) Do you think that having a standardized model would help a project team to apply risk 

management throughout the project? 

RISK MATRIX: 

Fill in the matrix below, in the blank spaces of likelihood and impact from 1 to 5. Being 1 a 

very low likelihood for the risk to happen and 5 a very high likelihood to happen. The process 

is similar for impact, 1 is a very low impact in the project plan and 5 is a very high impact for 

the project plan. 

Fill in the rows that are without any highlight color (white). It is not necessary to fill in the 

column of “Risk Value” that can be done by the researcher after gathering the information.  

Finally, fill in with at least 1 action to minimize, mitigate or eliminate the risk before it happens. 

As well as at least 1 reaction in case the risk happens anyways. 

Risk Likelihood 

(1 to 5) 

Impact 

(1 to 5)  

Risk 

Value 

L X I 

Actions Reactions 

Environment      

Emissions      

Permits      

Market      

Not meet 

volume of 

demand 

     

Operations      

Technology 

and Design 

     

Fire      

Testing 

Commissioning 
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Process 

Warranty 

     

Financials      

Loss of 

Revenue 

     

Warranties      

Liability Period      

Ethical      

Legal Issues       

Lack of 

transparency 

     

Political      

Importations      

Exportations      

Controls      

Human Factors      
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Appendix B: Consent Form  

Consent Form 

Risk Management Model for the Energy Recovery Industry 

The following is a consent form for the research conducted by the student Erik Javier Guerron 

Avila at Uppsala University. This form should be signed or approved by the interviewee before 

the interview is carried out. The form can be approved by signing it or by replying to the mail 

with the message: I (Name) approve the informed consent sent by the student Erik Javier 

Guerron Avila. 

Request for informed consent: 

• I have read the Study Information sheet provided and been given adequate time to consider it. 

• I have been given the opportunity to ask questions about the Study and any questions have 

been answered to my satisfaction. 

• I understand that my participation in the study is voluntary. 

• I understand that taking part in the Study will involve me being interviewed and I agree to this 

interview being audio recorded. And that the interview will be held in around 30 to 45 minutes. 

• I understand that my personal details such as name and employer address will not be revealed 

to people outside the project if I request to do so. 

• I understand that my words may be quoted in publications, reports, web pages, and other 

research outputs, but data collected about me during the Study will be anonymized before it is 

submitted for publication. 

• I understand that if I withdraw from the Study the gathered information will be used for the 

study in an anonymous form. 

 

Name of Participant (Signature): ______                                Date: _____ _ 

Name or Researcher (Signature): Erik Javier Guerron Avila Date: _____ _ 
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Appendix C: Continuation Results Waste and Energy Sector 

Theme: Waste-Energy Sector  

Subtheme Source and quote 

Risks 

RP2: “Yeah, specifying waste and energy recovery, focusing casket selection 

right now is that there are two parts since you are academic also. Yeah, 

there's all academic orientation in this project so you need to know which 

risks may be there theoretically” 

RP3: “And the issue with is that for all the energy that you're trying to 

produce, the efficiency of the incinerator is really only efficient from the 

perspective of I'm taking the waste I'm dealing with it probably as 

economically as I can. Ans this is one risk to consider” 

RP4: “I mean obviously process but how you develop operations as the main 

activity to reduce the landfill will represent risks to be analyzed.” 

RP6: “Also, it is important to take into account the political risk as it may be 

very difficult to conduct a project where bribes are part of the culture to get 

permits for example.”  

“Also, how the waste is processed, who picks it up, and how it will be 

delivered to the facility. Depending on the way of construction for 

gasification and incineration plants different risks may apply. So, there are 

many aspects to think about.” 

RP9: “This industry has a special issue due to the types of facilities that you 

have told me you are working with especially incineration and gasification. 

So, a deep understanding of the inherent risks will help to have a quick start” 

RP10: “Environmentally or politically regulations talking, to which the 

project will be subjected.” 

Identification 

RP2: “No regulatory framework that can apply to any project not necessary 

waste and energy project any project.” 

“Given the new regulatory framework so there are certain risks in.” 

“You look at environmental pollutions regulatory framework that is in 

place.” 
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“This will mean that you have to get involved to bring those additional 

environmental required safeguards” 

RP8: “To have more data that it may help you to discover new things that 

could help” 

“Make a deep analysis of the current situation of the project and which risks 

may appear.”  

“Also, you can look to past projects in the same field.” 

RP9: “There will be always risks that will appear when you define the 

situation” 
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Appendix D: Continuation Results Standard Model 

Theme: Standard model 

Subtheme Source and quote 

Applicability RP2: “Yes, yes, it could be, but these as a standard textbook.” 

“Yes, it definitely will help. It will help, but that is not the end of it. It's a 

good one to start with, but you have to need to apply.” 

RP3: “If you think about the authorities, meanwhile you have a model which 

helps to fulfill all the requirements, it is likely to get permits pretty easy.” 

RP4: “More health and safety are a higher risk in that, but the model is 

basically the same for any energy recovery project.” 

“Yeah, for the scope of work, I think this is fine. Not much else to add.” 

RP9: “I think your matrix will have to be adapted but as a basis is a good 

one.” 

RP10: “Of course, it is applicable and helpful, I will try to introduce this 

way of thinking within my work, I believe that it will represent less time in 

preparation what means more time for planning and execution.” 

Practice 

RP1: “Of course, we follow a standard operating protocol procedure for 

which we have set towards risk management and uncertainty management.” 

RP2: “The model you propose is a very simplified model of a complex real-

life situation.” 

RP6: “From the answer before, it is a yes, it will facilitate ad save time and 

resources to apply risk management, at least as a basis.” 

RP8: “There is not an actual manual, but in my opinion, this should 

represent less time of analysis and planning.” 
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RP10: “So actually from this interview and work I learned that it is a good 

idea to create a base model for all the projects that we conduct, since all of 

them are similar and, yeah, I think it's a really good project.” 

“I would like to have access to the final result which can be of help for the 

company I am working with.” 
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Appendix E: Continuation Results Improvements 

Theme: Improvements 

Subtheme Source and quote 

Model RP2: “Is there in addition to that very important you must know what the 

current legislation in place is.” 

“Main thing is like, as long as you cover all aspects like quality control of 

the plant like and then health and safety, operational risk, financial risk is 

not much there because there is a standard processing fee which makes the 

project viable.” 

“To meet the environmental requirements to see that project is properly 

managed in operation, so it is properly called full quality control.” 

RP5: “I think that you should give a lot of importance to the stage of 

establishing the context, that it is aligned with the project plan, that it takes 

into consideration all the stakeholders, the owners of the processes and thus 

of the risks.” 

“This way anyone who applies the model can know that it is important to 

delegate responsibilities and that different aspects such a geographical 

location may affect the development of the plan and executions.” 

RP7: “Totally, it will save time and resources to the project team and 

organization in charge of the project making them more effective.” 

RP9: “I would say that you need to explain better the interrelations between 

all the stages that you show.” 

“Also, emphasis in the analysis of the situation of the project when you start 

your planning phase.” 

Matrix RP2: “Yes, it covers a wide range, so I think there are not many 

suggestions.” 

RP5: “As a basis for a quick start it is enough, you that has been studying 

this for your thesis must know that risk will appear with the developing of 

the projects, and also the planning stage so it is important to take into 

account that maybe some of those risk will not be applicable or that maybe 

some others will have to be further analyzed.” 
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RP6: “I think you are presenting the main ones, of course with the 

developing of the project maybe some different will appear.” 

 


