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Abstract 

 
This essay has investigated Analytical Hierarchy Process (AHP) and whether it has potential 

to be used as an algorithm within the project selection process. The aim of the study has been 

to highlight the most important aspects to take into consideration in project evaluation and if 

AHP could be a feasible method within project selection. Through an interview with a 

respondent who has many years of experience within portfolio management, information 

related to project selection has been collected. By investigating specific projects and factors, 

a case study has been performed where the data received from the interview have been 

quantified and applied within the AHP. The results showed that the same hierarchical ranking 

of factors and projects took place within the intuitive method according to the answers given 

by the respondent. The conclusion of the study is that AHP cannot be assumed to apply as a 

general algorithm. However, it was established that there is a potential for its usability as a 

screening method of future projects. It can also help to prioritize factors & projects so that 

organizations are able to work in line more easily with its objectives. 

 

 

 

 

 

Acknowledgements 
 

We would like to express our gratitude towards our supervisor Shahryar Sorooshian who has 

been our helping hand from the beginning and always has done his utmost to provide advice, 

insights and tips. We would also like to thank the respondent who agreed to provide detailed 

information with regards to the interview conducted. In addition to this, we would like to 

express our gratitude towards fellow students who conveyed insightful comments via their 

feedback. 

 

 

 

 

 

 



 

3 
 

 

Table of Contents 

 
Abstract 2 

Acknowledgements 2 

1.Introduction 5 

1.1 Background Description 5 

1.2 Problem Description 6 

1.3 Aim of the Study 7 

1.4 Thesis Structure 8 

2. Theoretical framework 8 

2.1 Net Present Value (NPV) & Internal Rate of Return (IRR) 8 

2.2 Payback Period 9 

2.3 Scoring Model: 10 

2.4 Analytic Hierarchy Process (AHP): 11 

3. Literature review and Previous Research 13 

4. Method 16 

4.1 Choice of methodology 16 

4.1.1 Research Strategy and Research Design 16 

4.2 Data collection 18 

4.2.1 Data Selection 18 

4.2.2 Phase 1: Interview Guide 18 

4.2.3 Phase 1: Interview Structure 18 

4.2.4 Missing Data (Second Run Interview) 20 

4.3 Processing empirical data 20 

4.3.1 Processing data within Phase 1 20 

4.3.2 Ethical Considerations 21 

4.3.3 Content Analysis 21 

4.4 Phase 2: Constructing the Case study 22 

4.4.1 Applicable Factors 23 

4.4.2 Transforming Qualitative to Quantitative Data 24 

4.4.3 Validity Test 25 

5. Empirical Results 26 

5.1 Interview results 26 

5.1.1 Part 1: Overview 26 

5.1.2 Part 2: Project Proposals 27 



 

4 
 

5.1.3 Part 3: Evaluation on Project Basis 29 

5.2 Input from Validity Test 30 

5.3 Case Study 30 

6. Discussion 36 

6.1 General Discussion 36 

7. Conclusion 41 

7.1 Suggestions for Further Research 43 

8. References 44 

9. Appendices 47 

 

List of Tables & Figures 

 

Table (1) The SAATY scale  11 

Table (2) Random Consistency Indices (RI)  13 

Table (3) Illustration of a content analysis 22 

Table (4) Pairwise comparison between the different criteria   31 

Table (5) Pairwise comparison of the projects based on the IRR   32 

Table (6) Pairwise comparison of the projects based on the NPV 32 

Table (7) Pairwise comparison of the projects based on the Payback period 32 

Table (8) Pairwise comparison of the projects based on Customer relationships  33 

Table (9) Pairwise comparison of the projects based on the Product segment  33 

Table (10) Pairwise comparison of the projects based on the Sustainability   33 

Table (11) Pairwise comparison of the projects based on the Product segment  34 

 

 

Figure (1) The criteria weights (Priority weights) 31 

Figure (2) Alternative weights of the projects based on IRR  34 

Figure (3) Alternative weights of the projects based on NPV 34 

Figure (4) Alternative weights of the projects based on payback period  34 

Figure (5) Alternative weights of the projects based on customer relationships   34 

Figure (6) Alternative weights of the projects based on the product segment 35 

Figure (7) Alternative weights of the projects based on sustainability 35 

Figure (8) Alternative weights of the projects based on the organizational commitment  35 

Figure (9) Final priority results for the portfolio of different projects 35 

 

 

 

 

 

 



 

5 
 

1.Introduction     

1.1 Background Description 

In today's corporate world, different ways of valuing projects exist in order to make the most 

profitable investments for companies in their operations. The art of adopting projects and 

investments in the most efficient & profitable way possible is about being able to plan and 

structure an investment through optimal resource allocation (Cooper, Edgett & Kleinschmidt 

2002). By applying concrete data through the project selection process, this will allow the 

investment to be carried out with a strong confidence of it being beneficial to the company. 

 

Portfolio management is a widespread area within the corporate world, where the planning, 

structuring and evaluation of a project is vital for the company in question to generate an 

investment that is in line with the objectives of the company (Baker, Kent & Filbeck 2013). 

One of the main goals of portfolio management is value maximization (Cooper, Edgett & 

Kleinschmidt 2002). However, it is important to note that the evaluation process of different 

projects may consist of different valuations and as described by Liu & Leung (2002) these 

types of values need to be determined by individuals and therefore subjectivity is something 

inherent in this process as well as in the decision-making process.  

 

The plan provided by the portfolio manager includes the objectives and the constraints of 

each objective (Baker, Kent & Filbeck 2013). To align with the objectives, there are certain 

measurements, methods or strategies that can be used, and projects can be screened 

accordingly. When screening potential projects, each project is considered against the set of 

criteria and thereafter a determination is made (Bible, Bivins 2011). One of these screening 

methods being used is the net present value (NPV). Its usage provides an easy measurement 

to rank projects according to its profitability, and is widely popular (Bible, Bivins 2011).  

 

There are other types of measurement that can be applied in order to be aligned with the 

financial objectives of a company. One example is the internal rate of return (IRR), which in 

short is a measure of the estimated return of the project in percentage terms. Payback period 

is another method of evaluating the financial performance of a project and it simply describes 

the amount of time it takes for a company to recoup the investment (Lin, 2010). However, it 

is important to note there are other goals of portfolio management than just financials. It is 
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also important to find projects that work in the strategic direction of the company through the 

project portfolio and to have the right number of projects (Cooper, Edgett & Kleinschmidt 

2001). From this perspective, it is therefore possible to see that there are multiple criteria 

within project selection that need to be accounted for in order to generate the most optimal 

and nuanced decision material. This could be referred to as multi-criterion optimization. 

Multi criteria optimization could therefore be described as a complex decision-making 

process within a company where there are different criteria and factors affecting the final 

decision (Jurik et. al 2020). 

 

There are several methods that could be used to aid decision-makers with this process, which 

goes under the name of multi criteria decision-making (MCDM) methods. One such model 

which utilizes a scoring methodology is the analytic hierarchy process, in short AHP 

(Velasquez & Hester 2013). The method is used in order to weigh important aspects & 

criteria against each other. This is done in order to generate a detailed decision basis that 

takes important factors in account to generate a flexible and simplified decision-making 

process by quantifying qualitative data that are applied within the decision-making process 

(Jurik et. al 2020). 

 

Within the decision-making process, it is important to consider several factors in order to 

reflect reality in a more efficient way compared to only focusing on certain factors, such as 

profitability. When criteria and factors increase, the complexity of the decision-making 

process grows. Making this process resemble more a scenario, like mentioned earlier, that is 

filled with several criteria and factors that are facing each other (Vargas 2010). Therefore, the 

question that may arise is if an algorithm such as AHP is an optimal method to use as aid for 

solving these complex multi criteria decision-making situations? 

1.2 Problem Description 

Like mentioned above, the main purpose within project selection is to choose a portfolio of 

projects that will meet the objectives of the company (Huang, 2007). However, it is difficult 

to use a method that in a realistic way reflects the investment and includes all relevant 

parameters. Profitability is still a very central aspect within project valuation, but there may 

be several scenarios where it is important to weigh other aspects at least as heavily within the 

decision-making. This could be the case as the decision-making process becomes more 
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complex, involving more criteria in the process. Obtaining a balanced portfolio means 

studying several important aspects that affect the portfolio and the projects within it (Cooper, 

Edgett & Kleinschmidt 2002). AHP is, as mentioned, an option within multi criteria decision-

making where several important factors within project decision-making are ranked in order to 

generate a hierarchy amongst project proposals ranked according to the objectives of the 

company (Vargas, 2010). With the emergence of more complex multicriteria decision-

making scenarios and methods such as AHP, a problem which arises is finding the most 

optimal way of conducting an analysis that helps the business to align its objectives taking all 

the aspects into account. Previous studies regarding this issue, Vargas (2010) and Palcic & 

Lalic (2009) describes the usability of AHP using fictional cases, Jurik et. al (2020) utilizes a 

real case to show how AHP works in accordance with the importance of sustainability. There 

is also previous work that has a more critical standpoint towards AHP where Asadabadi, 

Chang & Saberi (2019) and Hartwich (1999), both provides some support but also critique 

and limitations of AHP related to their specific cases. Lastly, Kendrick & Saaty (2007) 

describes the advantages that AHP has in comparison with other methods within strategic 

decision making. These advantages are however only theoretical as they are not linked to any 

form of practical case. The number studies regarding the feasibility of AHP in practice are 

small and regarding the optimality of the method there is a lack of connections between 

theory and practice, and therefore further studies regarding these issues are needed.  

1.3 Aim of the Study 

The purpose of this study is to investigate how companies in the most convenient way make a 

fair assessment regarding which project the most appropriate to choose is within the process 

of project selection. This is investigated by studying whether it is more appropriate and 

compatible to use a more complex and quantitative multi-criteria method and how this 

proposed decision-making algorithm compares against using a more intuitive, qualitative 

approach. Consequently, proving the feasibility of a decision-making algorithm for complex 

multi criteria decision-making, and ultimately concluding if this is an optimal method to use. 

In addition to this, the purpose is to show which aspects and factors within the evaluation and 

selection of projects that are most important to consider. This will be conducted by 

comparing an actual project selection process of a company with a simulated case study. 

Through this case study, a complex, quantitative model (AHP) will be used to conduct the 

project evaluation process to see how different aspects are considered and ultimately how this 
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may affect the result and how the most optimal project proposals are undertaken. Following 

research questions have been formulated based on this;  

 

1. What are the most important aspects to consider within project evaluation in 

order to choose the best alternative among project proposals? 

2. Could AHP be considered an optimal method for project selection in complex 

decision-making scenarios?  

1.4 Thesis Structure  

The remaining part of the paper is structured in the following order: The next section explains 

the theoretical framework concerning net present value, internal rate of return, payback 

period and scoring methods with a focus on the analytic hierarchy process. In the third 

section, a literature review is conducted since the different authors' discussions and 

conclusions are of interest because it is regarded as previous research in the field of interest 

related to this paper. Section four describes the methodology used in detail, how the data is 

gathered, transformed and ultimately used within the case study. After that, the empirical 

results are presented in section five and a critical discussion is conducted in section six. 

Ultimately conclusions are drawn based on the research questions and the purpose of the 

study, which ends with suggestions for future research. 

2. Theoretical Framework 

 

The main theoretical framework within this study will be different valuation and project 

selection methods since they are a central part within project valuation and project selection. 

The subsequent case study will consequently rely on the theories and methods described in 

this section.  

2.1 Net Present Value (NPV) & Internal Rate of Return (IRR) 

The Net present value (NPV) is a valuation method that considers all future cash flows a 

project will generate. NPV accounts for the time aspects of an investment by making a 

discount for all future cash flows with an appropriate discount rate often consisting of the 

cost of capital. The strategy is about finding a project that has a discounted value that exceeds 

the alternative costs for the project, and ultimately finding the project with the highest 

discounted cash flows. This method is used in many industries, and due to its versatility, it is 



 

9 
 

easy to apply and can give concrete results (Gallo, 2014). One further application regarding 

the concept of NPV is related to the discount rate instead and it is called the internal rate of 

return (IRR). The point of interest when looking at the IRR is finding the discount rate which 

makes the NPV equal to zero. IRR is thus a measure of the profitability of the investment in 

percentage terms, and the general decision rule is that IRR needs to be higher than the 

company’s cost of capital for a project to be implemented (Berk & DeMarzo, 2017). 

 

Although the NPV is one of the most used methods in practice, it is not without its flaws. The 

NPV method is based on estimates and the model will thus only be as good as its estimates. 

The future cash flows of a project and the discount rate are both vital factors for the model 

which are hard to estimate correctly. Even though NPV has its shortcomings, it is still one of 

the most used methods in practice that serve as the foundation for decision-making in large 

firms (Truong Hong Trinh, 2017). As IRR is closely linked to NPV it could be seen to share 

the problems associated with estimations of the different variables, and apart from that IRR 

has its own limitations as there are some pitfalls associated with the measure. One example is 

that if there are no negative cash flows, then there is no discount rate that sets the NPV to 

zero meaning that the IRR is nonexistent in those cases. The IRR is mainly popular since it 

shows an estimate of the annual return of different investments (Berk & DeMarzo, 2017). 

2.2 Payback Period 

A third, quite simple and frequently used valuation method for deciding between different 

investments is the payback period. The payback period represents how long it takes for an 

investment to recover the initial cost. It is the time period until a break-even point is reached, 

meaning that the payback period is a measure of time, and it is thus often quoted in years. 

Shorter payback periods are naturally more desirable and attractive. The payback period is 

calculated by dividing the cost of the investment by the annual positive cash flow of the 

investment (Berk & DeMarzo, 2017). 

 

There are however two issues with the payback period, the first being that the time value of 

money is not accounted for in this model, and the second being that the overall profitability is 

disregarded since the period after payback is not accounted for. These two issues limit the 

usage of the payback period since other methods such as the previously mentioned IRR and 

NPV methods both account for these factors. However, the payback period is still used in 
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practice mainly to make fast judgments of different investments, meaning that it is somewhat 

of a complementary method used in conjunction with others such as NPV and IRR since it 

represents an important aspect of different investments that cannot be disregarded (Berk & 

DeMarzo, 2017). 

2.3 Scoring Model:  

The scoring model or scoring method is a decision method developed for multi-criteria 

decisions where more than one factor needs to be considered. The model builds on a 

weighted scoring method to create prioritization of different components evaluated in the 

model. The weighted scoring is preferably done by a committee allowing experts of different 

fields to combine their knowledge to create a basis for the subsequent decision-making 

(Morpus, 2021). 

 

The weighted scoring models utilized in project management can relate to the following four 

generalized steps of creating a weighted scoring model:  

1. Listing the different options, which could be the different projects in the case of 

project management. These options are the subject being evaluated in the model 

meaning that the output of the model is the weighted score of these different options.  

2. Creating a list of the criteria that will be used to evaluate and weigh each option.  

3. Assigning weights of the previously listed criteria based on their importance to the 

company, this is the step which is the foundation of the weighted scoring models. 

4. Put everything together in a weighted scoring chart or a matrix. The different options 

(projects) are evaluated based on how well they fulfill each criterion, and this score is 

then multiplied with the weight of that criteria. Lastly, each option's weighted score is 

summed over each criterion and then divided by the number of criteria to achieve the 

weighted scores of the different options (Morpus, 2021). 

 

The idea of weighted scoring methods is constantly evolving and there exists a vast variety of 

different models based on the weighted scoring methodology. One model of project selection 

which utilizes a weighted scoring principle is the analytic hierarchy process (AHP) developed 

by Thomas L Saaty in 1970, and it is described below in more detail.   
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2.4 Analytic Hierarchy Process (AHP):  

The analytic hierarchy process (AHP) is a method for decision-making in complex situations 

developed by Thomas L. Saaty in the 1970s. AHP is about combining different valuation 

methods and criteria which have a large impact on the project selection process within a 

company (Vargas, 2010). There are clear contrasts to the previously mentioned theory 

regarding the NPV, IRR and payback period which only looks at one criterion and then 

prioritizes projects accordingly. AHP enables the use of different theories together by 

weighting each criterion based on how important the company thinks the criteria is, much 

like the previously mentioned weighted scoring model, but in AHP this is accomplished 

through a pairwise comparison between the different criteria. More strategic criteria can also 

be included in the model, such as increasing market shares, customer relations and 

sustainability. The scale that is widely used for the weighting of the various criteria is “The 

Comparison Scale” or also known as the “SAATY scale” developed by Thomas L. Saaty in 

2005 (Vargas 2010). 

 

Table (1) The SAATY scale: (Saaty 2005) 

Scale Numerical Rating Reciprocal 

Extremely preferred 9 1/9 

Very strongly preferred 7 1/7 

Strongly preferred 5 1/5 

Moderately preferred 3 1/3 

Equally preferred 1 1 

 

The SAATY-scale includes even numbers as well, but as Vargas (2010) states, these are only 

used when there is disagreement and thus, the important part of the scale is the odd numbers 

as seen in the table above. The different criteria are given numerical values according to the 

SAATY-scale in a matrix based on a pairwise comparison. Afterwards the value in each cell 

is divided by the total sum of the respective column, and then the “eigenvector” is calculated 

as the averages of these values for each row associated with the criteria. The calculated 

eigenvector values are the weights of the different criteria, and thereby the criteria get their 
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priority (weights) for the company in numerical values, and these weights are also called 

“priority weights”. After that, it is only for the company / project manager to estimate how 

well their different projects fulfill the criteria of interest using the SAATY-scale in another 

pair-wise comparison, but this time between the different projects based on the different 

criteria. Then the process of calculating the eigenvectors is performed for each project 

evaluated, resulting in weights of the projects based on different criteria and these weights are 

also called the alternative weights. Ultimately the alternative weights gathered from this 

process are used in conjunction with the previously calculated priority weights in order to 

calculate the final weighted averages of the projects based on AHP. The project with the 

highest value from this process is the one that fulfils the company's weighted criteria best and 

it is thus, according to AHP, the optimal strategic investment (Vargas, 2010). 

 

A inconsistency problem may exist since the rankings are ultimately made by an individual or 

a group of individuals, where their subjectivity may intervene and contribute with some 

inconsistency to this process. Vargas (2010) shows that a general rule is that if A is better 

than B, and B is better than C, then C cannot be better than A, otherwise there is 

inconsistency associated with the model. Therefore, Saaty also introduced a way to measure 

this kind of inconsistency and he also created a decision rule based on numerical values for 

when the inconsistency is considered “too large”. This is quantified by calculating the 

consistency index (CI) and then Saaty suggests that the consistency index is verified by 

something which he calls the consistency rate. The consistency rate (CR) is the ratio between 

the consistency index and the random consistency index (RI) and the AHP-matrix is regarded 

as consistent if this ratio is less than 0.1 ∼ 10%. The consistency index is calculated with the 

following equation:  

𝐶𝐼 =
𝜆𝑚𝑎𝑥 − 𝑛

𝑛−1
            (Saaty 2005)                   Eq (1)    

Where n is the number of evaluated criteria, and 𝜆𝑚𝑎𝑥 is the maximum eigenvalue. The 

maximum “eigenvalue” is calculated by multiplying the “eigenvector” (weight) of each 

criterion with the respective total sum of the columns of the matrix, and ultimately 

summarizing these products. The random consistency index (RI) is determined by the number 

of evaluated criteria (n), in relation with the following table of random consistency indices:  
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Table (2) Random Consistency Indices (RI) (Saaty 2005) 

n 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 

 

Ultimately the final step which determines whether the matrix is considered consistent or not 

is to determine whether the consistency rate (CR) is below 10%, using the following 

equation:                       

                                              𝐶𝑅 =
𝐶𝐼

𝑅𝐼
< 0.1 (10%)           (Saaty 2005)                           Eq (2) 

As such the issue of whether the matrix is consistent or not is quantified, making it easy to 

decide if the matrix needs to be rejected due to inconsistencies or not (Vargas 2010). 

3. Literature Review and Previous Research 

Vargas (2010) provides the reader with an algorithm associated with AHP, as well as all the 

fundamental knowledge regarding AHP. Throughout the article Vargas refers to the work 

done by Thomas L Saaty and motivates the need for such an algorithm based on the opinion 

of Saaty (2009), who describes decision-making as a cognitive process, which ultimately 

relies on the decision-maker choosing between alternatives arbitrarily. Vargas exemplifies the 

usage of a decision-making algorithm in the form of AHP through a fictional case study. 

Using the basis of this case Vargas advocates the AHP-method as a way for project managers 

to easily select the most strategically optimal project due to its mathematical nature making it 

easy to distinguish the optimal investment from the others. Vargas provides further support 

for AHP by explaining how the decisions managers must take regarding investments are 

affected by more and more factors and that there consequently needs to be a tradeoff between 

these different factors, which is what AHP accomplishes. However, as there is a vast range of 

different factors affecting investment decisions and almost no situation is like the other, even 

models such as AHP is not optimal for all situations and Vargas concludes by stating that 

AHP cannot be used as a universal criterion.  

 

Palcic & Lalic (2009) describes different methods for evaluating and selecting projects, with 

a focus on the analytical hierarchy process (AHP). The authors views on AHP are quite 

similar to those of Vargas, as they explain its increasing importance in the context of 

selecting projects and in other decision-making situations. Some of the main advantages of 
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AHP described by the authors are that AHP provides managers with a systematic approach, 

which they can use to tackle difficult decision-making scenarios, and that AHP helps to 

reduce the subjectivity of managers. However, the authors also bring up the fact that 

managers are at the same time able to influence the AHP in earlier stages in order to push 

their own agendas since AHP is based on subjective comparisons between different criteria 

and different projects. Lastly the authors also describe that AHP can be interpreted as a bit 

complicated and sometimes hard to understand. 

 

Jurik et. al (2020) Writes about how profit maximization goals sometimes come into conflict 

with environmental values and sustainability, mainly due to the process associated with 

creating profits. This is then related to decision-making, and by referring to other studies the 

authors explain that manager decisions in complex situations often are based on subjective 

reasoning or intuition. This is where the analytic hierarchy process comes into the picture 

since the authors strive to show how the AHP method can be used in the previously 

mentioned context, and ultimately improve upon the decision-making in those situations.  

 

Jurik et.al (2020) show that an AHP-method would be able to capture the fact that there are 

multiple factors affecting the choice of project, and sustainability could easily be included in 

this model. The business environment is changing rapidly and there's always new things to 

take into consideration for management which creates a strong case for an increasing need for 

a multi-criteria optimization model. Such a model could help decision-makers in taking well-

founded and consistent decisions. The authors of this article advocate AHP as a multi criteria 

decision model for this purpose as well as describes its capabilities of keeping up with the 

rapid technological developments in information technology. However, the model builds on 

sophisticated input data, and the authors emphasize the fact that the quality of decisions made 

depends on the quality of the input data.  

 

Kendrick & Saaty (2007) describe the advantages that AHP has in comparison with other 

methods concerning strategic decision-making. They describe six distinct advantages, starting 

with the fact that AHP uses a hierarchical structure which allows the decision-makers to 

define the strategic goals and the enclosed metrics resulting in a framework which enables a 

better assessment of strategic alignment. The second advantage is linked to the fact that AHP 

incorporates both qualitative and quantitative deliberations when setting priorities. The third 

advantage described is that AHP provides decision-makers with the relative importance of the 
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different projects with respect to the different criteria, which could prove to be useful for the 

decision-maker. The fourth advantage is related to the fact that AHP is a versatile model that 

could be applied to any type and size of organization as well as any type of input data. The 

fifth advantage is that the model can incorporate a sensitivity analysis. The authors describe 

that the sensitivity analysis both provides decision-makers with an idea of how robust their 

decision criteria is, as well as a better understanding of which project(s) is superior when the 

weights of the different criteria can change. Furthermore, as described by the authors, the 

subjective judgments associated with AHP might come with some internal disagreements 

which further emphasizes the importance of the sensitivity analysis and the determination of 

the superior projects with respect to the different settings provided by the sensitivity analysis. 

The sixth and last advantage mentioned by the authors is the overall structure of the model, 

and that it creates a framework for systematic improvement of decision-making in the form of 

project selection and resource allocation.  

 

Asadabadi, Chang & Saberi (2019) discusses the usefulness of AHP as a multi criteria 

decision-making method within their critical review of the model. The article contains a 

thorough analysis of AHP by presenting the model and its area of use and continuing by 

presenting potential deficiencies and problems with using the method. By illustrating an 

example, the authors discusses the problems related to the inconsistency related to the 

judgements of the pairwise comparisons being conducted when using the model. One 

example related to the pairwise comparison that is brought up is when the number of 

comparisons is increasing. This makes it harder to persistently generate a valid comparison 

since the author claims that humans are incapable of keeping the comparison consistent when 

elements are increasing. Continuing, the authors also discuss how the general MCDM method 

works and how it should be implemented when being used. The main critique that is 

presented by the author is in line with what has been previously mentioned regarding 

inconsistency related to the pairwise comparisons. However, it is also brought up how the 

efficiency of the model can be viewed as a reason for it not being used. One of the examples 

brought up related to the inefficiency is related to the SAATY scale. The aim of using the 

method is to generate a result that is highly consistent, however, when it is highly consistent 

and a perfect result is generated then the method can be viewed as a simple ranking of the 

methods, and hence the author claims that the method doesn´t have any actual usage. 
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In an article written by Hartwich (1999), AHP is implemented related to agricultural research. 

Within this study, an analysis is made related to the method’s potential strengths and 

limitations. Its advantages are, among other things, that it is easy to link the priorities of the 

company through a hierarchical structure within the model. In addition to this, according to 

the author, it is effective to create a basic understanding within a team with a broad 

background, with reference to an external study that showed that researchers with different 

backgrounds could in an effective and time efficient way conduct decision-making compared 

to other methods. One of the main limitations that is mentioned is the difficulty making 

pairwise comparison of alternatives that are very different to one another.  

4. Method 

4.1 Choice of Methodology  

This section deals with the basis of the study containing its methodological aspects. After the 

research design that has been used within the study is presented, a further explanation will be 

given of how the empirical material is collected and processed according to the purpose of 

the study. Finally, it is also presented how the study's reliability can be ensured, as well as a 

reflection that touches on any critical points that can be thought of within the method. 

4.1.1 Research Strategy and Research Design  

When choosing a method, it is important to consider the purpose of the study. In order to 

conduct the study, it is important to implement an approach that involves the creation of a 

design for the study and a method on how the data should be collected that is relevant to the 

purpose of the study (Patton, 1987). Based on the effort to create a broad understanding of the 

subject in question, it can be assessed that a qualitative approach based on collecting data 

through interviews is an appropriate way to implement this. According to the previously 

mentioned author, qualitative methods enable the investigator to study specific topics, events 

and/or cases in more detail in order to carry out a detailed analysis of the qualitative data. 

This contrasts with quantitative methods, which are based on standardized measures to fit 

specific observed elements in which a conclusion later is generated. Since the purpose in this 

paper is to generate a broader understanding of project selection & evaluation within 

companies by studying a specific company, it would be advantageous to use a qualitative 
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study since it enables a more detailed processing of data since it concerns fewer number of 

observations (Gerring, 2004). 

 

The main purpose of the qualitative data is that it enables the reader an opportunity to 

familiarize themselves with the situation and create a broadened picture of the subject that 

enables reflections. The qualitative data must be very descriptive and give a detailed picture 

to the reader of how the phenomenon is described up close. According to Gerring, this means 

that the description and reproduction of the data must be "factual, accurate and thorough 

without being cluttered by irrelevant minutiae and trivia". Applied to this study, this can be 

interpreted as meaning that the data must be objective, detailed and relevant to the subject 

without omitting anything, but also sufficiently precise to enable a broader understanding 

within the subject. 

 

To carry out the study so that its purpose can be fulfilled, a detailed research design is 

required. In order to carry out the study, a case study has been chosen to be applied in relation 

to the data collection. A case study is carried out by studying one or more cases in more 

detail in order to draw a conclusion that concerns several cases on a generalized level. It is 

therefore more about defining and understanding an individual case rather than analyzing it 

(Gerring, 2004). An individual case in this context can thus involve studying an organization 

or situation that can generate a realistic description. Furthermore, Yin et. al, (2007) describes 

that a case study is a tool for commenting on contextual conditions. These conditions are seen 

in a case study to have a great significance for the phenomenon studied. A case study is thus 

in line with the purpose of the study being conducted, since its purpose is to create an 

understanding of how project evaluation is implemented, looking at what aspects and 

parameters are accounted for. Through a case study, a broader picture of this topic can be 

created through the data collection, as the qualitative data collected enables a broader analysis 

through this study. 

 

The main purpose of the case study is to discuss the usefulness of AHP. Given that AHP is 

also considered as one of the most convenient and widely used methods within multi criteria 

optimization (Waris, et. al 2019), and because of the skepticism the model faces referencing 

to the work of Asadabadi, Chang & Saberi (2019), it would thus be relevant to conduct an 

analysis of how it stands compared to a more intuitive approach in order to find out how the 

multi criteria decision-making can be optimized by conducting a case study. Based on this, a 
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case study is to be conducted in order to draw conclusions related to this subject. By doing 

this research, a conclusion can´t be expected to be drawn on a generic level. However, based 

on previously mentioned research an analysis can be conducted where an intuitive approach 

is compared against the quantitative approach that AHP offers through the case study. 

Consequently, a conclusion can be drawn from the case study of how the method within multi 

criteria decision-making works in comparison to an intuitive approach and if there is potential 

to use it with respect to the certain situation and its potential to be used in a broader sense and 

whether it could be considered as a useful & optimal method.  

4.2 Data Collection   

4.2.1 Data Selection 

The study will be based on two different phases to enable the creation of a broad image that is 

realistic in a sense that it can guide future project evaluations within similar fields.  

4.2.2 Phase 1: Interview Guide 

Turner (2010) highlights that a interview is conducted in order to gather qualitative data and 

in order to obtain a detailed understanding of a certain topic. The author gives a more detailed 

description of effective interview structures step by step. One of the options presented is the 

informal interview. This structure implies that the researcher does not rely and ask any 

specific sort of questions, but rather rely on the interaction between the interviewer and the 

respondent during the interview. Turner refers to McNaram, (2008) when talking about this 

interview process. McNamara describes the informal interview as more of a process that is 

being conducted throughout the interview and that it is constructed with questions that arise 

“off the top of your head”. Turner (2010) states that great emphasis lies on flexibility and 

originality on the questions that are formatted and asked during the conversation. This 

implies that questions can be asked that are related to something that the interviewee has 

commented on. Considering the purpose of this study, an informal conversational interview 

has been chosen as the basis of the interview.  

4.2.3 Phase 1: Interview Structure  

 

The interview is regarded as research phase 1 of the case study, with the purpose of collecting 

qualitative data that could be transformed to quantitative and used in the analytic hierarchy 
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process as part of the case study based on the discussion made within 4.1.1. The interview 

was conducted over Google Meets due to the current situation with the COVID 19 outbreak, 

following the directives set by “Folkhälsomyndigheten” in Sweden. Honoring the integrity of 

the respondent of the interview, this person will stay anonymous as well as well as the 

company the respondent represents. Furthermore, any information that could be regarded as 

confidential will be censored from the interview results. The interview is partly based on 

predetermined topics of interest e-mailed to the respondent approximately one week in 

advance, but the interview format still allows for more open questions and discussions, when 

necessary, as mentioned and described within the former section. 

 

The main scope of this phase is to collect realistic data that is applicable to this study, so that 

a case study can be conducted afterwards. This will be achieved by interviewing a person 

previously working within business development at an industrial company within Europe. A 

further discussion concerning the role of the interview, the choice of respondent and the 

assurance of the data is conducted within section 4.1.1 and 4.2. However, it is important to 

note that the interview is not the main focus within the paper since the discussion and 

conclusion that will be drawn afterwards will be based heavily on the case study. The purpose 

of the interview is to reflect a realistic situation where data is applied within a project 

evaluation to generate a broader understanding on how it is implemented. 

 

The interview will mainly consist of three different parts. In the first part, an overall picture 

of the respondent’s profession will be obtained. In addition to this, questions related to the 

planning phase of the project will be conducted. The purpose of this is to obtain a good 

overall picture of the respondent, its role within the project phase and to get a picture of 

which priorities are made and the factors specific to the industry. In the second part of the 

interview, a detailed questioning will be conducted regarding certain projects that the 

organization has worked with. These are projects that in a realistic way reflect the reality of 

the project phase to create a good understanding of how the project phase & project 

evaluation has been implemented in specific cases within this industry. A further discussion 

related to the factors included within the interview and within the case study in phase 2 will 

be conducted in section 4.4.1. 

 

In the last part of the interview, a further review of the projects will be done afterwards to 

study its consequences in relation to its purpose. In addition, a picture of its impact on the 
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company as a whole will be created. The purpose of this is to create a broadened picture of 

the projects that have been used as examples to provide information regarding important 

factors. In this way, a discussion related to the results received within phase 2 could be 

conducted to create a comparison between a simulated and the actual project evaluation, 

which enables potential advantages and disadvantages of each method conducted.  

4.2.4 Missing Data (Second Run Interview) 

As with any qualitative study involving interviews, there is a risk that the interview does not 

supply enough data in order to conduct a proper analysis. This risk is a problem with the 

current method and as such there is a backup plan in place to counteract this. The respondent 

attending the interview during phase 1 has agreed to allocate time if there is a need for a 

second run interview if the data acquired from the first interview is not sufficient for the 

purpose of this study. Based on this, it can be concluded that sufficient data required to create 

a good understanding can in this way be collected if needed. 

 

A second run interview will be conducted provided that part 2 and 3 of the original interview 

mentioned within section 4.2.3 do not capture sufficiently detailed information concerning 

the specific projects that will be requested, as its importance for the case study will be 

emphasized since it is a starting point for the case study within this paper.  

4.3 Processing Empirical Data 

4.3.1 Processing Data Within Phase 1 

In order to ensure that the information obtained within phase 1 of this paper is realistic, 

reliable and useful, there are certain aspects that have been important to consider when 

conducting this study. 

 

In phase 1, only one respondent has been questioned. The reason for this has been largely due 

to the framework of the paper regarding the time aspect and to stay within the framework of 

the purpose of the paper itself. Thus, only one respondent has been used, where the focus has 

been on obtaining detailed qualitative data instead of including several respondents. Within 

the framework of this paper, this is considered to reflect reality and the data is considered 

useful, as the respondent's role fits in as the main focus is to carry out an analysis of how the 

evaluation within companies related to projects works and if it can be carried out in other 
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ways. This study is done in order to create a discussion within the subject of complex 

decision-making by focusing on one expert that has been working with multi criteria 

decision-making for several years and can thus be considered an expert in their field. Based 

on the discussion conducted in section 4.2.3, the case study is done in order to further discuss 

AHP potential usefulness within MCDM as an algorithm. 

4.3.2 Ethical Considerations 

The study that has been conducted has considered the Swedish Research Councils research 

ethics principles (Vetenskapsrådet, 2002) that exist in order to protect the participant within 

the study. These principles are information requirement, consent requirement, confidentiality 

requirement and the utilization requirement. According to the first requirement, the 

participant(s) has the right and privilege to decide if and when he or she would like to cancel 

the participation. The purpose of the survey should also be stated beforehand to the 

respondent(s) and the fact that the participation is voluntary. In addition to this, information 

must be provided to the participant that the information will be published. The consent and 

confidentiality requirement means that the participant in question must give consent 

beforehand with connection to requirement 1. Also, there will need to be questions 

beforehand regarding publicity and confidentiality. In addition to this, the last requirement 

means that the information relating to the respondent(s) are not allowed to be forwarded, sold 

or donated to a third party or to other researchers. Because of the anonymity of the study, this 

is ensured since no information related to the actual respondent is posted, thus removing any 

opportunity of identification.  

4.3.3 Content Analysis 

Content analysis is an analysis method that is common within qualitative research (Hsieh & 

Shannon 2005). The purpose of this analysis is to get a better understanding of the data 

obtained within the interview conducted within phase 1. Hsieh and Shannon (2005) describe 

the content analysis, and that its sole purpose is to make an interpretation of text data. 

Further, Graneheim and Lundman (2004) provide more detailed information regarding how 

this analysis is conducted in practice. The authors' interpretation of qualitative data is made 

by dividing the information in to meaning units. A meaning unit is a combination of several 

words that generates a detailed purpose. Further, a “Sort code” is used in order to label the 

sentence´s core. Cores with common attributes can relate to each other through 

categorization.  Based on the work of Graneheim & Lundman, a content analysis has been 
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conducted. This has been done in order to sort data due to the interview being informal. An 

example of how the content analysis has been applied can be seen below.   

 

Table (3) Illustration of a content analysis. 

Meaning unit Condensed 

meaning unit 

Code Category Subcategory 

If you for example 

have two identical 

projects with 

respect to NPV and 

IRR but one is a 

growth project and 

the other is a cost 

reduction project, 

then the growth 

project which takes 

a larger market 

share is prioritized. 

“ 

The company 

prioritizes 

projects that 

generates growth 

more than 

profitability 

Project selection Project criteria Growth 

 

Like all methods related to content analysis, there are potential strengths and weaknesses of 

this method. A challenge that may exist however is that the theoretical dimension is in fact 

overemphasized, which can affect the researcher in a negative way. Prior research and 

knowledge within the framework of the study possessed by the researcher, can blind the 

researcher, and furthermore enables certain contextual aspects to be overlooked.  

4.4 Phase 2: Constructing the Case Study 

Within phase 2, a simulation in relation to what has been said within section 4.1 shall be 

created where different valuation methods are evaluated. The simulation will be made taking 

phase 1 as a starting point, where data obtained from the interview will be used to create a 

valuation for a simulated project based on different valuation methods. A main focus will be 

on comparing the method(s) and the company specific factors gathered from the interview in 

phase 1 and do a case study where a simulation through AHP will be conducted. The purpose 

of this phase is to apply the idea of which aspects are important to consider in conjunction 

with the examples of projects received from the previous phase. By conducting a case study 
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using the AHP-model which combines these different factors, the intention is that this will 

generate differences as well as potential advantages and disadvantages of using a qualitative 

approach to the project valuation & selection process. Information received within this phase 

will be used to mainly answer research question 2 included in section 1.3.  

4.4.1 Applicable Factors 

Like mentioned above within section 4.1, factors that have been of interest are those 

applicable to the specific industry in order to generate a case study that is comparable to the 

data conducted within phase 1. This is in relation to what is previously said related to 

portfolio management (Cooper, Edgett & Kleinschmidt 2001), where certain company 

specific aspects need to be brought up within the project valuation process. Given that 

information related to company specific factors are included within the basis for the 

interview, a conclusion can later be drawn based on a comparison between the data and the 

case study.  

 

The factors and criteria involved in the selection that is part of the project phase are 

individual for each company. However, there are some main categories regarding factors 

according to the previously mentioned article related to AHP written by Vargas. These 

factors are listed as the primary factors, and they are withdrawn from (Vargas, 2010). Based 

on these assumptions, this study has been done gathering project specific information related 

to these factors to obtain a broad picture of each project. These are Stakeholders' 

commitment, financial and strategic. Other criteria of importance within the project valuation 

process, not included within these three head components, will be classified as other criteria 

and will be specifically evaluated based on the interview being informal (as mentioned in 

section 4.2.2) to gather information related to these factors during the interview.  

 

According to the previously mentioned article (Vargas 2010), stakeholders' commitment 

refers to the importance the project is considered by stakeholders to possess. Commitment 

can be decomposed into several stakeholders’ groups, such as project team commitment, 

organizational commitment, and project manager commitment. It can be assumed that a 

higher priority for several stakeholders will result in the project being given higher priority 

over other alternatives and should thus be more likely to be implemented compared to the 

alternatives. 
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Financial criteria are related to several criteria that have the objective to capture the financial 

benefits. These criteria can be directly linked to costs, productivity and profit related to the 

project(s). Common methods for valuation are NPV, IRR and payback. Given that the 

company prioritizes financial objectives within their project selection process, it can be 

assumed that an alternative in project selection which generates a more profitable investment 

tends to have a higher probability of being chosen. 

 

Strategic objectives classify several different factors that measure the project(s) relation to the 

organizational strategic objectives. A project which is more clearly in line with the strategic 

objectives that the company holds should thus tend to be chosen over a project that is more 

diffuse regarding its actual role within the company's objective(s). Examples of objectives 

based on the author is to increase competitiveness within international markets.  

4.4.2 Transforming Qualitative to Quantitative Data 

The qualitative data gathered from the interview within phase 1 is transformed and processed 

to quantitative in order to make it eligible as input data for AHP, thus allowing for a case 

study to be performed in accordance with the theory described in section 2.5. As previously 

mentioned in section 2.5, a pairwise comparison is first made between the factors applied in 

the project selection process. After this, a pairwise comparison based on these factors is made 

between the projects that have been addressed in phase 1. 

  

There are some limitations to this approach that can be linked to the case study and the 

eigenvector calculation used within it. The case study regarding AHP is performed to a large 

extent using Microsoft Excel, which has a limited computational power. The case study will 

thus only utilize approximations of the eigenvectors related to the matrices, since other more 

advanced software is needed for calculating the exact values. The validity of this approach is 

based on the fact that the exact calculation of the eigenvectors only is carried out in specific 

cases, and the fact that the difference between the exact and approximated value is less than 

10% (Kostlan, 1991). The fact that the exact calculations of the eigenvectors could be 

exempted is further shown in the article written by Vargas (2010) where he displays both the 

approximate and exact values and shows that they indeed are very close to each other.  
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4.4.3 Validity Test 

Based on previous measures regarding the principles of gathering qualitative data mentioned 

within section 4.3.2, a validity test has been conducted to ensure that these principles are 

followed within this study. Although, since the study mainly focuses on gathering qualitative 

data from one respondent, there will be a subjectivity problem when transforming this 

qualitative data from the interview into the quantitative data needed for phase 2 of this study. 

In order to follow the principles, the respondent of the interview has agreed to validate the 

assessment done in the process of transforming the qualitative data into the quantitative data. 

These assessments will be e-mailed to the contact in order for the respondent to validate and 

provide feedback to the quantitative data if needed. Through this process the researcher's 

subjectivity will be reduced since the subjective assessments are validated by the respondent 

whom the qualitative data was gathered from, thus transferring the subjective assessments 

towards a more qualified person. 

 

It is worth noting that there will still be subjectivity in this process due to the inherent 

subjectivity of the person interviewed. Although this is not as big of an issue compared with 

any subjectivity of the researchers and furthermore, subjectivity of the managers in relation to 

AHP is something that will be discussed in section 6.1 of this paper. Also, a further 

discussion related to the choice of including only one respondent and potential problem(s) 

that can arise related to conducting a study based on the qualitative data gathered within 

phase 1 are discussed within section 4.1.1. One further application of the validity test is 

regarding validation of the results of the case study. This is an approach used by other 

researchers and in an article written by Storch de Garcia, Moya Perrino and Llamas (2019) 

this method is used to validify the results regarding AHP as a decision-making algorithm in 

their article “Multicriteria methodology and hierarchical innovation in the energy sector: The 

Project Management Institute approach”. Consequently, the validity test performed within the 

study in this paper will also serve as validation of the results gathered from the case study 

where the respondent compares the prioritization that the organization made with the results 

of the case study and its proposed prioritization. 
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5. Empirical Results 

5.1 Interview Results 

Following parts are segments withdrawn from the full interview. Due to the interview being 

informal, the data collected is presented in a linear format where the most important parts 

collected from the interview are included within this segment of the paper. This is based on 

the content analysis described in segment 4.3.3.   

5.1.1 Part 1: Overview 

One of the first factors brought up were also one of the main aspects, which was the financial 

objectives related to the project(s). Main measures that were included in order to evaluate 

however a project were in line with the objectives were NPV, IRR and Payback period. Of 

these three, IRR was considered the most important parameter to look at since it was closely 

linked to the company’s overall goal of maximizing capital employed. Furthermore, the IRR 

had to be above a certain level for the projects that are evaluated in order for them to be 

considered. The same applied to NPV since it has a strong connection to IRR. financials were 

one of the main aspects within the project evaluation that had the greatest impact on the 

project selection. 

 

“We try to take all the costs during the study phase and the operation phase into account, and 

then we also look at what revenues or cost reductions the project will generate, this is where 

NPV, IRR and payback are used as metrics. I would say that the most important parameter of 

these three is IRR since it is the one we usually get hung up on and it is clearly related to the 

organization's primary goal of maximizing return on capital employed” 

 

Other factors that also had an importance to the company included safety, sustainability, 

customer relations and product segment. These factors were all considered to be of a more 

strategic nature, where safety was a fundamental factor of every investment that could not be 

disregarded. Safety is described as such a fundamental demand on every investment that it 

consequently is a factor that could not be included in the AHP case study since it would be 

impossible to rank the different projects based on their safety when they all could be 

considered highly safe. Out of the other three strategic criteria remaining, customer relations 

were described as having the utmost importance, every project needed to contribute 

positively to sustainability, and lastly whether the project concerned a prioritized product 
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segment was also something affecting the project selection. These strategic criteria were 

described as vital factors for the company and these factors build the foundation for 

improving the financials. 

 

In addition to this, organizational commitment was also discussed. The main thing that was 

developed based on this aspect was that this was not seen as an obstacle within projects, but 

that the organization made it a priority within the project evaluation to allocate resources to 

be able to review all possible risks associated with the projects. Therefore, this wasn´t as 

prioritized within the project selection process since it was assumed as a priority within all 

the project proposals. 

 

“I haven't stumbled across a project where it has been seen as a limiting factor, every project 

engages quite a lot of different functions and people within the company. Resources 

internally are allocated to the pre-studies of the project.” 

   

5.1.2 Part 2: Project Proposals 

In this segment of the interview, the respondent was asked about examples of projects the 

respondent had worked with and been a part of the project selection process supplying 

management with material supporting the projects. The factors mentioned as important in the 

previous section were applied to these projects to create a broader picture of why these 

projects were undertaken based on the factors. Following are quotes from the interview. 

 

1. New control room 

“One alternative was to build a completely new central control room to replace the old 

ones...The profitability (IRR) was at a medium level with a fairly low capital expenditure 

(CAPEX), but this project received priority because of its strategic value since it also was in a 

prioritized product segment within the company. There was a vision to take in world leading 

customers and give them a sense of high focus on quality as well as on the working 

environment.” 

 

2. Energy saving 

“This project concerned a reduction in energy consumption in a factory, which would result 

in a reduction of about 15%. The project profitability (IRR) was at a medium level with a 
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fairly low CAPEX, and the investment could be recouped in 3-4 years. Save money, better 

sustainability and in line with our goal of reducing overall company energy consumption by 

10%. Profitability was also important, but this project was optimal in terms of the goal of 

energy consumption...If one were to take the two investments so far and say that they have 

the same profitability, but the first happens to be within a prioritized product segment and 

would therefore be given priority.” 

 

3 New heat recovery process  

“This project is also linked to the overall goal of saving energy, by using a new technology 

that takes advantage of the residual heat in order to reduce the company's total energy 

consumption...in this project the investment cost was so high compared to the energy saving 

of this project resulting in a low profitability (IRR). However, in general terms the CAPEX 

linked to the project was still relatively low. The investment was considered a bit like "tuition 

money" because if it succeeded, there was great potential for this invention in the future.” 

 
4 Quality risk  

“There was a part of the production that contaminated the finished product...This belonged to 

an important product segment...This investment had no positive NPV, it was just a risk we 

wanted to get rid of, and the CAPEX of this project was fairly low. We were willing to 

pursue this investment to be able to sleep better at night. Only a strategic investment to be 

able to maintain customer relationships and a good product portfolio.” 

 

“Out of the first four projects I would say that it (this project) was the most important. Then 

1, 2 and last 3 because of 3: s poor profitability even if there was a strategic value. The 4th is 

a rather unusual investment, but it is vital because there could be extremely devastating 

consequences of not making that investment.” 

 

5 Replace old production unit 

“This project concerned a larger line that could manufacture everything and the reduction of 

energy consumption and other consumables. Positive sustainability footprint... and the 

investment had a high IRR, with a fairly low CAPEX... good investment and profitability, but 

not a prioritized product segment...strategic to choose not to outsource that production due to 

the risk that something could happen that was out of our control.” 
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6 Expansion 

“This is a classic expansion project... There is a possibility to acquire a greater market share, 

but we need more capacity... We looked at a few different options here but concluded that 

replacing some parts would have a high IRR and slightly higher CAPEX than previous 

projects mentioned ...Marginal improvement in terms of energy consumption, the important 

sustainability aspect of this project concerned the end products.”  

 
7 Manufacturing upgrade, growth and rationalization 

“The last project is also something that provides more revenue, where we take a large 

collective approach to collect, and streamline production within a product segment...We also 

had a need to replace many of the vital components in these different lines and we saw that 

this whole production needed to be restructured...Good profitability which was indicated by a 

very high IRR for the large investment with a very high CAPEX.” 

 

“The company judged that the lead over competitors would decrease and then disappear if we 

did not take this investment package...This is also a very important sustainability aspect for 

us, since the products we deliver in themselves provide an improvement in sustainability 

when used correctly.” 

 5.1.3 Part 3: Evaluation on Project Basis 

Within this segment, the respondent evaluated the projects in relationship to each other in 

order to rank the projects on what was considered as the most important project to undertake. 

 

“I feel as if I have to take the one related to the quality risks. Customer relations is very 

important to us, the customer must be able to trust our products since we rely heavily on it. It 

is preferred to have products that are robust so that the customers can sleep well at night 

knowing that our product will last for many years...If I were to find a word that sums up all 

this, it would be credibility, credibility is vital to us.” 

 

Interviewer: If you were to look back at the different projects now that you know the results, 

were there any factors that had greater importance than anticipated? 
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“I don’t think that overestimating the investment cost is the most common issue rather than 

overestimating the market potential many times...This absolutely affects profitability 

...Furthermore the market implementation often takes longer than you think.” 

5.2 Input From Validity Test 

The subjective assessments made within table (4) in relation to the data obtained from phase 

1 have been verified together with the respondent. This has been done in order to ensure that 

the subjective assessment carried out is in line with the opinion of the respondent. 

 

From the result in the interview concerning project 4, a slight distorted picture was 

formulated regarding the importance of customer relations. Since project 4 was a peculiar 

project that did not represent the overall rating of the various factors within the project 

evaluation process. Therefore, a complementation related to this information was carried out 

with additional information, and the conclusion was that IRR and customer relations were 

equally preferred. This meant that the assessment regarding NPV was also adjusted in 

consultation with the respondent, as this measure is closely linked to IRR. Based on the 

misunderstanding related to project four concerning the fact that it was a niche project which 

did not represent the larger population of projects. The respondent judged this project as an 

important investment in the question of necessary projects, but this was done without 

reference to project seven. Consequently, based on validity tests, it was concluded that the 

issue had been misunderstood and that project seven was most important based on the 

objectives of the company followed by project four. 

 

In addition, the respondent validated the subjective assessments that were made in order to 

transform the qualitative data to quantitative. Furthermore, the results of the case study are 

judged to reflect the qualitative data provided and the final ranking in AHP is considered to 

agree with the respondent's own assessment. 

5.3 Case Study 

Within this part a case study applied the AHP based on the information gathered from phase 

1 that could be found in section 5.1, the process of constructing the case itself is based on the 

AHP theory as described in section 2.5. All the calculations regarding this part of the study 

can be found in appendix 1. 
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Table 4 represents the results gathered from the first part of the interview where a 

transformation of this data from qualitative to quantitative has been made in accordance with 

table (1), the SAATY-scale and the transformation could be found below: 1 

 

Table (4) Pairwise comparison between the different criteria. 

 

AHP Criteria IRR NPV Payback Customer rel.  Sustainability Product 

segment 

Organizational 

IRR 1 3 5 1 3 3 9 

NPV 1/3 1 3 1/3 1 1/3 7 

Payback 1/5 1/3 1 1/5 1/3 1/5 5 

Customer rel. 1 3 5 1 3 3 9 

Sustainability 1/3 1 3 1/3 1 1 7 

Product segment 1/3 3 5 1/3 1 1 7 

Organizational 1/9 1/7 1/5 1/9 1/7 1/7 1 

 

 

Figure (1) The criteria weights (Priority weights)2. 

 

Moving on to the pairwise comparison between the different projects based on the different 

criteria, applying the data gathered from the second and third part of the interview using the 

following abbreviations for the projects: P1 = New control room, P2 = Energy saving, P3 = 

New heat recovery process, P4 = Quality risk, P5 = Replace old production unit, P6 = 

Expansion and lastly P7 = Manufacturing upgrade, growth and rationalization. 

 

 
1 All subjective assessments made with regards to the transformation of the data has been verified by 

the interview respondent, thus validating the integrity of these assessments. 
2 See appendix 1A for calculations. 



 

32 
 

Table (5) Pairwise comparison of the projects based on the IRR. 

Internal Rate of Return (IRR) 

 P1 P2 P3 P4 P5 P6 P7 

P1 1 1 3 5 1/3 1/3 1/5 

P2 1 1 3 5 1/3 1/3 1/5 

P3 1/3 1/3 1 3 1/5 1/5 1/7 

P4 1/5 1/5 1/3 1 1/9 1/9 1/9 

P5 3 3 5 9 1 1 1/3 

P6 3 3 5 9 1 1 1/3 

P7 5 5 7 9 3 3 1 

 

Table (6) Pairwise comparison of the projects based on the NPV. 

Net Present Value (NPV) 

 P1 P2 P3 P4 P5 P6 P7 

P1 1 1/3 3 5 1/3 1/5 1/7 

P2 3 1 5 7 1 1/3 1/5 

P3 1/3 1/5 1 3 1/5 1/7 1/9 

P4 1/5 1/7 1/3 1 1/9 1/9 1/9 

P5 3 1 5 9 1 1/3 1/5 

P6 5 3 7 9 3 1 1/3 

P7 7 5 9 9 5 3 1 

 

Table (7) Pairwise comparison of the projects based on the Payback period. 

Payback period 

 P1 P2 P3 P4 P5 P6 P7 

P1 1 1 3 7 1 3 5 

P2 1 1 3 7 1 3 5 

P3 1/3 1/3 1 3 1/5 1/5 1/3 

P4 1/7 1/7 1/3 1 1/7 1/7 1/5 

P5 1 1 5 7 1 3 5 

P6 1/3 1/3 5 7 1/3 1 3 

P7 1/5 1/5 3 5 1/5 1/3 1 
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Table (8) Pairwise comparison of the projects based on Customer relationships. 

Customer relationships 

 P1 P2 P3 P4 P5 P6 P7 

P1 1 3 3 1/5 3 3 1/3 

P2 1/3 1 1 1/7 1 1 1/5 

P3 1/3 1 1 1/7 1 1 1/5 

P4 5 7 7 1 7 7 3 

P5 1/3 1 1 1/7 1 1 1/5 

P6 1/3 1 1 1/7 1 1 1/5 

P7 3 5 5 1/3 5 5 1 

 

Table (9) Pairwise comparison of the projects based on the Product segment. 

Product segment 

 P1 P2 P3 P4 P5 P6 P7 

P1 1 7 7 1 3 1 1 

P2 1/7 1 1 1/7 1/7 1/7 1/7 

P3 1/7 1 1 1/7 1/7 1/7 1/7 

P4 1 7 7 1 3 1 1 

P5 1/3 7 7 1/3 1 1/3 1/3 

P6 1 7 7 1 3 1 1 

P7 1 7 7 1 3 1 1 

 

Table (10) Pairwise comparison of the projects based on Sustainability. 

Sustainability 

 P1 P2 P3 P4 P5 P6 P7 

P1 1 1/3 1/5 3 3 1 1 

P2 3 1 1/3 5 5 3 3 

P3 5 3 1 7 7 5 5 

P4 1/3 1/5 1/7 1 1 1/3 1/3 

P5 1/3 1/5 1/7 1 1 1/3 1/3 

P6 1 1/3 1/5 3 3 1 1 

P7 1 1/3 1/5 3 3 1 1 
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Table (11) Pairwise comparison of the projects based on the Organizational commitment. 

Organizational commitment 

 P1 P2 P3 P4 P5 P6 P7 

P1 1 1 1 1 1/3 1/3 1/5 

P2 1 1 1 1 1/3 1/3 1/5 

P3 1 1 1 1 1/3 1/3 1/5 

P4 1 1 1 1 1/3 1/3 1/5 

P5 3 3 3 3 1 1 1/3 

P6 3 3 3 3 1 1 1/3 

P7 5 5 5 5 3 3 1 

 

 

Figure (2) Alternative weights of the projects based 

on IRR (Appendix 1B). 

 

Figure (3) Alternative weights of the projects based on 

NPV (Appendix 1C). 

 

Figure (4) Alternative weights of the projects based 

on payback period (Appendix 1D). 

 

Figure (5) Alternative weights of the projects based 

on customer relationships (Appendix 1E). 
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Figure 9 shows that the project which aligns the most with the defined goals of the 

organization is “Manufacturing, growth and rationalization” and it contributes with 27,12% 

(0,2712). To put this into perspective it is almost two times more than Expansion which 

contributes 14,49 % and almost three times more than Energy saving which contributes 

9,24% towards the overall goals of the organization.  

Figure (6) Alternative weights of the projects based on 

the product segment (Appendix 1F). 

 

Figure (7) Alternative weights of the projects based 

on sustainability (Appendix 1G). 

 

Figure (8) Alternative weights of the projects based on 

the organizational commitment (Appendix 1H). 

 

Figure (9) Final priority results for the portfolio of 

different projects (Appendix 1I). 
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6. Discussion 

Looking at the results gathered from this study, there are some observations that are 

important to further analyze. Within the discussion part, a general discussion will be made 

with regards to the interview and the case study. Here, a further review will be made 

regarding the ranking of the different factors and projects conducted throughout the case 

study. It will also be brought up whether AHP can be designated to be viewed as an algorithm 

that can be reliable within multi-criteria decision-making. A further discussion related to this 

will also be conducted in relation to how it can be deemed to work in relation to the classic, 

intuitive approach. Based on this, a conclusion will be drawn with respect to the research 

questions that were formulated before the study began which are noted in section 1.3.  

6.1 General Discussion 

A model and type of algorithm in the form of the analytic hierarchy process applied to the 

data and the specific case gathered from the data as described in the methodology of this 

paper, resulted in a ranking of the projects that could be seen above in figure 9. The ranking 

of the various factors was made based on part 1 of the interview and the validity test. This 

resulted in the IRR and customer relations being ranked highest where the former represents 

financial criteria and the latter strategic criteria. The lowest ranked factor turned out to be 

organizational commitment. There may be potential pros and cons to relying on this method 

for ranking these factors. A potential advantage that could be seen through this case study is 

the ability to structure a clear prioritization of the various factors mentioned in this specific 

case. The ranking of these factors enables qualitative data to become quantitative and thus 

measurable, which could be considered as an advantage of using AHP. It also enables “de-

emotionalization” of the various priorities that the company implements within the evaluation 

process, and in this way a basis for management is generated (Hartwich,1999). However, it is 

important to point out that this mentioned process is implemented with several people 

involved in the same evaluation process being a part of the evaluation of factors. Considering 

the conduct of the study, this has not been done, so its actual reliability may be questioned. 

Based on the case study in question, however, the assessment can be considered reliable in 

this case based on the fact that the projects had already been carried out and the validity 

testing method includes a way for the respondent to present how the company has assessed 

the various projects' priorities. Based on this, a prioritizing of the different factors according 

to the company's objectives can be considered to have already been made given that the 



 

37 
 

prioritized projects were considered successful, which was discussed & confirmed within the 

interview and the validity test. Thus, the various factors could be considered prioritized and 

ranked indirect based on the management and its decision regarding the projects in question.  

 

In addition to this, the ranking of the factors in the specific case may also indicate another 

advantage that may exist, namely efficiency. The ranking of factors in this case shows how 

information related to the priorities of the factors mentioned in the case study can be 

quantified and, in this way, it enables future projects to be more easily investigated and 

prioritized. Due to the fact that this case study deals with projects within different areas of the 

company's operations, this may be applied in an effective way in the future. Because data 

related to projects in different areas is quantifiable, the understanding of these projects is 

developed based on the prioritized factors. The hierarchical ranking that AHP generates, 

enables projects in future areas to be more easily prioritized based on previous understanding 

of each factor and its importance in relation to the company's objectives. This can be related 

to the example discussed earlier within the paper by Hartwich. The author references 

Kharbari, who found in 1994 that AHP was an effective method to use in decision-making 

where those involved were specialists in various fields. In addition, this enabled the 

evaluation process to be more in depth compared to previous alternatives (Hartwich, 1999). 

Based on this, it is thus possible to see the potential to make use of this transformation of data 

and furthermore it shows signs that AHP can be seen as an alternative in project evaluation. 

Due to its advantages related to prioritization of various factors, this shows that it can be a 

time-efficient instrument if it is implemented correctly, and it can thus be thought of as an 

effective method to use.  

 

However, there could be potential disadvantages to prioritizing various factors through the 

AHP model. By giving a numerical value of qualitative data, a subjective interpretation is 

carried out as previously mentioned in section 4.4.3 concerning validity test. Asadabadi, 

Chang & Saberi (2019) talks about how a subjective interpretation might affect the results in 

a negative way. When more elements are introduced, humans are incapable of keeping 

consistent comparisons between alternatives. Even though this is combated with the 

consistency ratio, the threshold that needs to be considered tends to lead the researcher to 

alter the results in order to fit the threshold value. An example related to the point mentioned 

by Asadabadi, Chang & Saberi is the assessment made related to the factor named “customer 

relations'' in this case study. This example shows that the subjective interpretation made 
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based on AHP may generate difficulties in comparing and thus overemphasizing a specific 

factor related to a niche project. Therefore, there may be a risk that these pairwise 

comparisons generate a mismatch and thus the credibility of the hierarchy that AHP generates 

based on the pairwise interpretation can be questioned. 

 

Following the pairwise comparisons of specific factors within the case study, a pairwise 

comparison in accordance with the algorithm associated with AHP was conducted between 

the different projects based on section 2 of the interview. The results of the case study carried 

out in section 5.3 of this paper is validated through a validity test where the respondents’ own 

rankings of the projects were compared with the results. In this case, the rankings were 

equivalent, meaning that project seven also was the superior project according to the 

respondent followed by project four and so on, where project three was deemed inferior by 

both AHP and the respondent. The fact that the result of the quantitative method utilized in 

the case study provided a similar ranking of the projects compared with the respondents 

ranking shows that the decision-making algorithm of AHP can provide a potential decision-

maker with a quantitative approach which is in line with the reality behind the model. 

 

However, it is worth to note that the outcome of the case study is only representative of the 

methodology and the case related to this study, and as such it is hard to use this result to draw 

conclusions regarding completely different situations and decision-making problems. This is 

something further emphasized by Vargas (2010), who states that AHP cannot be used as a 

universal criterion since no situation is like the other, thus further implying that the 

implications following the results of this case study is limited to similar situations and 

decision-making scenarios. Still, the result of the case study is not completely insignificant 

since it shows that it is possible to convert a company’s entire decision-making process into 

an algorithm that comprises the steps performed when applying AHP to this specific case.   

 

It is important to note that AHP as a method could also be subject to shortcomings as there 

always exists problems when trying to convert a complex reality into a simplified model of 

this reality. Furthermore, one of the main reasons to use a quantitative model as aid in 

decision-making is to limit the subjectivity of the decision-makers as well as obstruct 

managers to push their own agendas forward as described by Lalic & Palcic (2009). These 

authors also bring up the fact that although AHP provides both of the previously mentioned 

advantages, it is still possible for managers to push their own agendas at other stages of the 
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decision-making process, for example when it comes to the pairwise comparison of the 

criteria or of the projects. The assessments done in the process of the pairwise comparisons 

are furthermore subject to a lot of subjectivity and especially when it comes to the “softer” 

valuations and comparisons related to the strategic criteria such as sustainability and 

customer relations. These types of assessments and valuations will however always remain 

subjective no matter if they are included in a model or simply brought up in discussions 

regarding which project to implement as indicated by Liu & Leung (2002). This is explained 

further by Jurik et. al (2020) as they refer to studies indicating that decision-making in 

complex situations often is based on subjective reasoning and intuition. One further thing 

related to subjectivity and the pairwise comparisons which is emphasized by Kendrick & 

Saaty (2007) is the possibility to perform sensitivity analysis of the AHP, since it is quite 

compatible with such a method. By allowing the weights of the different factors to change it 

becomes more apparent which project in fact is superior and this will also help when there is 

disagreement related to the subjective assessments made within the process of the pairwise 

comparisons.  

 

Besides the fact that AHP in this case could be considered to reflect the reality when it comes 

to the rankings of the different projects, there still needs to be further arguments for choosing 

an approach like this since it could be considered quite labor intensive and complex, as 

described by both Asadabadi, Chang & Saberi (2019) and Palcic & Lalic (2009). Throughout 

the previous research regarding AHP as a multi criteria decision model, several advantages of 

this approach are mentioned, which in turn could be exemplified and related to the case study 

performed in this paper. Starting off with the six points mentioned by Kendrick & Saaty 

(2007): AHP provides a hierarchical structure which helps with strategic alignment as seen in 

the case study with the ranking of the criteria where IRR and customer relations is prioritized 

followed by product segment. This type of structure helps define the strategic goals and the 

enclosed metrics. Moving on to the second advantage which is the fact that AHP utilizes both 

qualitative and quantitative data when setting priorities as seen by the method associated with 

the case study, where both qualitative and quantitative data gathered from the interview is 

incorporated into the model. The third advantage mentioned is that AHP provides decision-

makers with the relative importance of the different projects with respect to the different 

criteria, for example where project seven was the highest ranked followed by project four and 

so forth. The fifth advantage is related to the sensitivity analysis previously mentioned. The 

last advantage mentioned by Kendrick & Saaty (2007) is the overall structure of the model, 
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and that it creates a framework for a systematic improvement of decision-making in the form 

of project selection and resource allocation. The result of the case study indicated as 

previously mentioned that the algorithm behind AHP in this case provided a ranking of the 

project which aligned with the reality of the situation, but to further show how AHP 

contributes as Kendrick & Saaty suggests, further implementation and research of the model 

is needed.  

 

Furthermore, the previous research regarding AHP all brings up advantages closely linked to 

the six points previously mentioned. Vargas (2010) advocates the model as a way for project 

managers to easily select the most strategically optimal project due to its mathematical nature 

making it easy to distinguish the optimal investment from the others. AHP could thus be seen 

as a good alternative to the decision-making which Saaty (2009) calls a cognitive and mental 

process where the final decision often is taken arbitrarily by the decision-makers as 

highlighted by Vargas (2010). The advantage mentioned by Vargas and the fact that AHP 

provides a systematic approach for solving difficult multi criteria decisions is also brought up 

by Palcic & Lalic (2009). Vargas (2010) also mentions the fact that AHP helps with 

achieving the optimal trade-off when it comes to the different criteria affecting management 

decision. One additional thing implied from the case study in this paper is that AHP will lose 

strategic value as the number of criteria and projects decreases meaning that there is an 

additional tradeoff for when to use this model and when not to. This is something not studied 

further here, but it may be of interest to further conduct studies regarding this issue.  

 

Another important aspect that can be mentioned in relation to AHP is its capability to handle 

criteria of a vastly different nature. As the business environment keeps changing it is 

important to develop decision models that could keep up with these changes. One example in 

relation to this is the changing prioritization of factors that depends on a changing business 

environment. One factor that has grown more in importance during the past decade is 

sustainability and it will probably keep gaining importance. Jurik et. al (2020) writes about 

the problem with multi criteria decisions in relation to sustainability. The authors conclude 

that AHP is capable of handling multiple factors of different nature as sustainability easily 

could be included within the model which further indicates that AHP consequently is a 

versatile model for multi criteria optimization. The case study conducted in this paper further 

indicates the importance of sustainability in today’s society as it is ranked fourth among the 

seven criteria included in the study. Information from the interview further indicates the 
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importance of this criteria as the respondent indicated that all projects must contribute in a 

positive way towards this criterion. However, project three which is the most sustainability 

orientated project was ranked last in the case study, but this could simply be a consequence of 

every project having a positive sustainability footprint combined with the fact that the other 

projects simply fulfill the other criteria of importance better and because of that project three 

is ranked last.  

7. Conclusion 

To conclude the findings related to the issue regarding the usefulness of a quantitative 

approach compared to a classical & intuitive one. As previously mentioned AHP as a multi 

criteria decision-making method is subject to some issues regarding subjectivity but that is 

not to say that any other approach is not subject to this subjectivity since the subjectivity 

associated with “soft” valuations could be considered inherent to the decision-making process 

overall. Consequently, this type of subjectivity could not be seen as a limiting factor for any 

of the decision-making approaches mentioned. Furthermore, the issue always exists with 

regards to the fact that the model never could capture the entire reality, but this is addressed 

through the validation of the results related to the case study which showed that the ranking 

of the projects was similar to the ranking made by the respondent. This is not to say that the 

model is perfect as there always will exist discrepancies between reality and models, but the 

fact still remains that the result is close to reality, thus implying that the model to some 

degree manages to capture the reality in this case. Relating this to the previously mentioned 

advantages with AHP mentioned in the discussion, provides a strong case for the decision-

making algorithm associated with AHP.  

 

AHP has proven itself in this case to be a useful tool to use as aid in decision-making and as 

decision-making in big firms grows more and more complex, a multi criteria optimization 

model such as AHP could prove useful as aid in these types of decision scenarios. The 

existence of such a model could help a company to choose the optimal portfolio of projects 

which align with the overall goals of the organization. As seen in the case study, there are a 

lot of different factors affecting the project selection process. Objectives of the organization 

differ depending on several factors, such as industry, size & organizational structure. Within 

this case study and the organization that has been studied, important aspects to consider 

within project selection has been for example customer relations, IRR, and NPV, further 
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indicating towards the described complex decision-making firms nowadays must cope with, 

thus implying more towards the need for an optimizing method for these complex, multi 

criteria decision-making situations. This is where the results of the study in this paper comes 

into the picture as it has indicated that AHP as a decision-making model and algorithm 

captures the complex reality in a reasonable fashion and transforms it into quantitative 

concrete data which decisions could be based upon. It is thus able to handle different 

environments, where the emphasis is that the objectives of the company are to be focused on, 

and factors to consider within the project selection process are therefore to be seen as 

applicable based on this.  

 

However, it is important to keep in mind the limitation of this result as previously mentioned 

and therefore AHP could thus only be considered useful in similar cases and decision-making 

processes to that of this paper. The contribution of this work to the industry related to the case 

study could however be considered to have an impact. It creates a framework for a systematic 

improvement of decision-making in the form of project selection and resource allocation by 

helping managers align their project selection with company goals in complex decision-

making scenarios. But as the industry and decision-making process strays further and further 

away from a similar context compared with the case study performed in this paper, the result 

of this study also becomes more insignificant at a more generalized level, meaning that the 

contribution in practice of this paper is fairly limited to specific scenarios. This is an inherent 

trait of a case study as a research method as indicated in the methodology of this paper. The 

results of this paper may be linked to similar cases and thus facilitate decision-making in 

these cases, but the results from the completed case study may also be in favor of using AHP 

as a screening method in project selection. By quantifying the data linked to the project 

selection process, organizations can in this way easily prioritize the projects that should be 

evaluated in more detail, as factors that are in line with the company's objective can be 

prioritized more easily, as well as the projects. This enables projects that undergo this process 

to be more likely to be implemented and favorable, which saves both time and money and 

enables a more efficient project selection process.  

 

As indicated by previous researchers in the field, the problem of multi criteria optimization in 

the context of complex decision-making is an increasing issue for decision-makers and 

corporations. As such, the research field regarding these types of issues is constantly 

growing, and the results of the study conducted in this paper creates a connection between 
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theory and practice regarding this issue. This implies that research regarding these types of 

decision-making models and algorithms is not limited to only exist in theory, since AHP in 

this case fits in with the reality it tries to depict. The result of this research further hopes to 

inspire future researchers to tackle the issue of complex decision-making with methods and 

algorithms similar to AHP with the hopes of creating more evidence of its adaptations to 

different scenarios, as well as improving upon the methods used within this paper. One last 

comment to the result of this study is that the final decision always comes down to the final 

assessments made by the project management team and a model as this ultimately serves as 

mere support in the final decision. The future for portfolio management would however be 

very interesting if these kinds of multi criteria decision models keep evolving and converge 

with information technology.  

7.1 Suggestions for Further Research  

The possibilities of future research in complex decision-making models are seemingly 

endless, and as mentioned above the results of this study serves to inspire further research. 

Starting off with general advice for future research when it comes to method. One thing 

which could improve upon the methodology used in this paper is, if possible, the use of a 

committee or panel instead of one person as a respondent, as judgements made by a group is 

more reliable in a sense that it reduces potential subjective assessments. This is something 

brought up by Hartwitch (1999) and it could be used as a starting point for further research 

regarding the feasibility for methods such as AHP.   

 

Apart from this, further case studies in different decision-making situations would be a 

starting point for creating a deeper understanding of the capabilities of these multi criteria 

decision-making algorithms and methods. Going outside the corporate world and into other 

complex decisions which may exist is another path future research could take to further test 

the capabilities of these methods. One suggestion would be to conduct a case study within a 

company that handles other types of projects, which generates a broader picture of AHP and 

its potential applicability as an algorithm on a broader scale. Another alternative could be to 

study factors of a different nature to see how these affect the prioritization of projects. Both 

alternatives allow for further studies to demonstrate the potential utility of AHP as an 

applicable method in complex decision-making. 
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9. Appendices 

 

Appendix 1. Phase 2: Case study 

This appendix contains all the calculations conducted during the case study and is thus related to the results shown in 

section 5.3. All calculations in this appendix have been performed using Microsoft Excel and consequently there may be 

discrepancies in the calculations below due to rounding errors.  

 

Appendix 1A. The criteria weights (priority weights) 

 

 

 

Eigenvector (priority weight) calculations 

IRR:[(1/3,31) + (3/11,48) + (5/22,2) + (1/3,31) + (3/9,48) + (3/8,68) + (9/45)]/7 ≈ 0,28 

NPV:[(
1

3
/3,31) + (1/11,48) + (3/22,2) + (

1

3
/3,31) + (1/9,48) + (

1

3
/8,68) + (7/45)]/7 ≈ 0,1  

Payback: [(
1

5
/3,31) + (

1

3
/11,48) + ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙  +(5/45)]/7 ≈ 0,05 

Customer relations: [(1/3,31) + (3/11,48) + ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙  +(9/45)]/7 ≈ 0,28 

Sustainability: [(
1

3
/3,31) + (1/11,48) + ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙  +(7/45)]/7 ≈ 0,11 

Product segment [(
1

3
/3,31) + (3/11,48) + ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙  +(7/45)]/7 ≈ 0,15 

Organizational commitment: [(
1

9
/3,31) + (

1

7
/11,48) + ∙ ∙ ∙ ∙  ∙ ∙  +(1/48)]/7 ≈ 0,02 

 

Inconsistency:  

𝜆𝑚𝑎𝑥 = (0,28 × 3,31) + (0,1 × 11,48) + (0,05 × 22,2) + (0,28 × 3,31) + (0,11× 9,48) + 

+(0,15 × 8,68) + (0,02 × 45) ≈ 7,51 

Using Eq (1): 𝐶𝐼 = (7,51− 7)/(7− 1) ≈ 0,08 
And ultimately Eq (2): 𝐶𝑅 = 0,08/1,32 ≈ 0,06 < 10% ∼ 0,1  
Where 1,32 is the random consistency index achieved from table (2) where n=7 

 

Appendix 1B. Alternative weights of the projects based on IRR. 

 

IRR P1 P2 P3 P4 P5 P6 P7 

P1 
1 1 3 5 1/3 1/3 1/5 

Sum𝛴 
13,53 13,53 24,33 41,00 5,98 5,98 2,32 

 

Eigenvector (Alternative weight) calculations 

P1:[(1/13,53) + (1/13,53) + (3/24,33) + (5/41) + (
1

3
/5,98) + (

1

3
/5,98) + (

1

5
/2,32)]/7 ≈ 0,08 

P2:[(1/13,53) + (1/13,53) + ∙ ∙ ∙ ∙ ∙ ∙  +(
1

5
/2,32)]/7 ≈ 0,08 

P3:[(
1

3
/13,53) + (

1

3
/13,53) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

7
/2,32)]/7 ≈ 0,04 

P4:[(
1

5
/13,53) + (

1

5
/13,53) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

9
/2,32)]/7 ≈ 0,02 

P5:[(3/13,53) + (3/13,53) + ∙ ∙ ∙ ∙ ∙ ∙  +(
1

3
/2,32)]/7 ≈ 0,19 

P6:[(3/13,53) + (3/13,53) + ∙ ∙ ∙ ∙ ∙ ∙  +(
1

3
/2,32)]/7 ≈ 0,19 

P7:[(5/13,53) + (5/13,53) + ∙ ∙ ∙ ∙ ∙ ∙  +(1/2,32)]/7 ≈ 0,38 

AHP criteria IRR NPV Payback Customer 

rel.  

Sustainabilit

y 

Product 

segment 

Organizational 

IRR 1 3 5 1 3 3 9 

……. ……. 1 ……. …... ……. …... ……. 

Total (sum) 3,31 11,48 22,20 3,31 9,48 8,68 45,00 
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Inconsistency: 

𝜆𝑚𝑎𝑥 = (0,08 × 13,53) + (0,08 × 13,53) + (0,04 × 24,33) + (0,02× 41) + (0,19 × 5,98) + 

+(0,19 × 5,98) + (0,38 × 2,32) ≈ 7,38 

Using Eq (1): 𝐶𝐼 = (7,38− 7)/(7− 1) ≈ 0,06 
And ultimately Eq (2): 𝐶𝑅 = 0,06/1,32 ≈ 0,05 < 10% ∼ 0,1  
Where 1,32 is the random consistency index achieved from table (2) where n=7 

 

Appendix 1C. Alternative weights of the projects based on NPV. 

NPV P1 P2 P3 P4 P5 P6 P7 

P1 1 1/3 3 5 1/3 1/5 1/7 

Sum𝛴 19,53 10,68 30,33 43,00 10,64 5,12 2,10 

 

Eigenvector (Alternative weight) calculations 

P1:[(1/19,53) + (
1

3
/10,68) + (3/30,33) + (5/43) + (

1

3
/10,64) + (

1

5
/5,12) + (

1

7
/2,1)]/7 ≈ 0,06 

P2:[(3/19,53) + (1/10,68) + ∙ ∙ ∙ ∙ ∙ ∙  +(
1

5
/2,1)]/7 ≈ 0,12 

P3:[(
1

3
/19,53) + (

1

5
/10,68) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

9
/2,1)]/7 ≈ 0,03 

P4:[(
1

5
/19,53) + (

1

7
/10,68) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

9
/2,1)]/7 ≈ 0,02 

P5:[(3/19,53) + (1/10,68) + ∙ ∙ ∙ ∙ ∙ ∙  +(
1

5
/2,1)]/7 ≈ 0,13 

P6:[(5/19,53) + (3/10,68) + ∙ ∙ ∙ ∙ ∙ ∙  +(
1

3
/2,1)]/7 ≈ 0,23 

P7:[(7/19,53) + (5/10,68) + ∙ ∙ ∙ ∙ ∙ ∙  +(1/2,1)]/7 ≈ 0,41 

 

Inconsistency:  

𝜆𝑚𝑎𝑥 = (0,06 × 19,53) + (0,12 × 10,68) + (0,03 × 30,33) + (0,02× 43) + (0,13 × 10,64) + 

+(0,23 × 5,12) + (0,41 × 2,1) ≈ 7,76 
Using Eq (1): 𝐶𝐼 = (7,76− 7)/(7− 1) ≈ 0,13 
And ultimately Eq (2): 𝐶𝑅 = 0,13/1,32 ≈ 0,096 < 10% ∼ 0,1  

Where 1,32 is the random consistency index achieved from table (2) where n=7 

 

Appendix 1D Alternative weights of the projects based on payback period. 

Payback P1 P2 P3 P4 P5 P6 P7 

P1 1 1 3 7 1 3 5 

Sum𝛴 4,01 4,01 20,33 37,00 3,88 10,68 19,53 

 

Eigenvector (Alternative weight) calculations 

P1:[(1/4,01) + (1/4,01) + (3/20,33) + (7/37) + (1/3,88) + (3/10,68) + (5/19,53)]/7 ≈ 0,23 
P2:[(1/4,01) + (1/4,01) + ∙ ∙ ∙ ∙ ∙ ∙  +(5/19,53)]/7 ≈ 0,23 

P3:[(
1

3
/4,01) + (

1

3
/4,01) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

3
/19,53)]/7 ≈ 0,05 

P4:[(
1

7
/4,01) + (

1

7
/4,01) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

5
/19,53)]/7 ≈ 0,03 

P5:[(1/4,01) + (1/4,01) + ∙ ∙ ∙ ∙ ∙ ∙  +(5/19,53)]/7 ≈ 0,25 

P6:[(
1

3
/4,01) + (

1

3
/4,01) + ∙ ∙ ∙ ∙ ∙ ∙  +(3/19,53)]/7 ≈ 0,13 

P7:[(
1

5
/4,01) + (

1

5
/4,01) + ∙ ∙ ∙ ∙ ∙ ∙  +(1/19,53)]/7 ≈ 0,07 

 

Inconsistency:  

𝜆𝑚𝑎𝑥 = (0,23 × 4,01) + (0,23× 4,01) + (0,05 × 20,33) + (0,03× 37) + (0,25 × 3,88) + 

+(0,13 × 10,68) + (0,07× 19,53) ≈ 7,73 

Using Eq (1): 𝐶𝐼 = (7,73− 7)/(7− 1) ≈ 0,12 
And ultimately Eq (2): 𝐶𝑅 = 0,12/1,32 ≈ 0,09 < 10% ∼ 0,1  
Where 1,32 is the random consistency index achieved from table (2) where n=7 

 

Appendix 1E. Alternative weights of the projects based on customer relationships. 
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Customer P1 P2 P3 P4 P5 P6 P7 

P1 1 3 3 1/5 3 3 1/3 

Sum𝛴 10,33 19,00 19,00 2,10 19,00 19,00 5,13 

 

Eigenvector (Alternative weight) calculations 

P1:[(1/10,33) + (3/19) + (3/19) + (
1

5
/2,10) + (3/19) + (3/19) + (

1

3
/5,13]/7 ≈ 0,13 

P2:[(
1

3
/10,33) + (1/19) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

5
/5,13)]/7 ≈ 0,05 

P3:[(
1

3
/10,33) + (1/19) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

5
/5,13)]/7 ≈ 0,05 

P4:[(5/10,33) + (7/19) + ∙ ∙ ∙ ∙ ∙ ∙  +(3/5,13)]/7 ≈ 0,43 

P5:[(
1

3
/10,33) + (1/19) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

5
/5,13)]/7 ≈ 0,05 

P6:[(
1

3
/10,33) + (1/19) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

5
/5,13)]/7 ≈ 0,05 

P7:[(3/10,33) + (5/19) + ∙ ∙ ∙ ∙ ∙ ∙  +(1/5,13)]/7 ≈ 0,24 

 

Inconsistency:  

𝜆𝑚𝑎𝑥 = (0,13× 10,33) + (0,05× 19) + (0,05 × 19) + (0,43× 2,1) + (0,05 × 19) + +(0,05× 19) + (0,24 × 5,13) ≈ 7,26 
Using Eq (1): 𝐶𝐼 = (7,26− 7)/(7− 1) ≈ 0,04 
And ultimately Eq (2): 𝐶𝑅 = 0,04/1,32 ≈ 0,03 < 10% ∼ 0,1  
Where 1,32 is the random consistency index achieved from table (2) where n=7 

 

Appendix 1F. Alternative weights of the projects based on the product segment. 

 

Product 

segment 

P1 P2 P3 P4 P5 P6 P7 

P1 1 7 7 1 3 1 1 

Sum𝛴 4,62 37,00 37,00 4,62 13,29 4,62 4,62 

 

Eigenvector (Alternative weight) calculations 

P1:[(1/4,62) + (7/37) + (7/37) + (1/4,62) + (3/13,29) + (1/4,62) + (1/4,62)]/7 ≈ 0,21 

P2:[(
1

7
/4,62) + (1/37) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

7
/4,62)]/7 ≈ 0,03 

P3:[(
1

7
/4,62) + (1/37) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

7
/4,62)]/7 ≈ 0,03 

P4:[(1/4,62) + (7/37) + ∙ ∙ ∙ ∙ ∙ ∙  +(1/4,62)]/7 ≈ 0,21 

P5:[(
1

3
/4,62) + (7/37) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

3
/4,62)]/7 ≈ 0,11 

P6:[(1/4,62) + (7/37) + ∙ ∙ ∙ ∙ ∙ ∙  +(1/4,62)]/7 ≈ 0,21 
P7:[(1/4,62) + (7/37) + ∙ ∙ ∙ ∙ ∙ ∙  +(1/4,62)]/7 ≈ 0,21 
 

Inconsistency: 𝜆𝑚𝑎𝑥 = (0,21 × 4,62) + (0,03× 37) + (0,03 × 37) + (0,21 × 4,62) + (0,11× 13,29) + (0,21 × 4,62) +
+(0,21 × 4,62) ≈ 7,28 

Using Eq (1): 𝐶𝐼 = (7,28− 7)/(7− 1) ≈ 0,05 
And ultimately Eq (2): 𝐶𝑅 = 0,05/1,32 ≈ 0,04 < 10% ∼ 0,1  
Where 1,32 is the random consistency index achieved from table (2) where n=7 

 

Appendix 1G. Alternative weights of the projects based on sustainability. 

 

Sustainability P1 P2 P3 P4 P5 P6 P7 

P1 1 1/3 1/5 3 3 1 1 

Sum𝛴 11,67 5,40 2,22 23,00 23,00 11,67 11,67 

 

Eigenvector (Alternative weight) calculations 

P1:[(1/11,67) + (
1

3
/5,4) + (

1

5
/2,22) + (3/23) + (3/23) + (1/11,67) + (1/11,67)]/7 ≈ 0,10 
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P2:[(3/11,67) + (1/5,4) + ∙ ∙ ∙ ∙ ∙ ∙  +(3/11,67)]/7 ≈ 0,22 

P3:[(5/11,67) + (3/5,4) + ∙ ∙ ∙ ∙ ∙ ∙  +(5/11,67)]/7 ≈ 0,41 

P4:[(
1

3
/11,67) + (

1

5
/5,4) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

3
/11,67)]/7 ≈ 0,04 

P5:[(
1

3
/11,67) + (

1

5
/5,4) + ∙ ∙ ∙ ∙ ∙ ∙  +(

1

3
/11,67)]/7 ≈ 0,04 

P6:[(1/11,67) + (
1

3
/5,4) + ∙ ∙ ∙ ∙ ∙ ∙  +(1/11,67)]/7 ≈ 0,10 

P7:[(1/11,67) + (
1

3
/5,4) + ∙ ∙ ∙ ∙ ∙ ∙  +(1/11,67)]/7 ≈ 0,10 

 

Inconsistency: 𝜆𝑚𝑎𝑥 = (0,1 × 11,67) + (0,22× 5,4) + (0,41 × 2,22) + (0,04× 23) + (0,04 × 23) + 

+(0,1 × 11,67) + (0,1 × 11,67) ≈ 7,26 

Using Eq (1): 𝐶𝐼 = (7,26− 7)/(7− 1) ≈ 0,04 
And ultimately Eq (2): 𝐶𝑅 = 0,04/1,32 ≈ 0,03 < 10% ∼ 0,1  
Where 1,32 is the random consistency index achieved from table (2) for n=7 

 

 

 

 

Appendix 1H. Alternative weights of the projects based on organizational commitment. 

 

Organizationa

l 

P1 P2 P3 P4 P5 P6 P7 

P1 
1 1 1 1 1/3 1/3 1/5 

Sum𝛴 
15,00 15,00 15,00 15,00 6,33 6,33 2,47 

 

Eigenvector (Alternative weight) calculations 

P1:[(1/15) + (1/15) + (1/15) + (1/15) + (
1

3
/6,33) + (

1

3
/6,33) + (

1

5
/2,47)]/7 ≈ 0,06 

P2:[(1/15) + (1/15) + ∙ ∙ ∙ ∙ ∙ ∙  +(
1

5
/2,47)]/7 ≈ 0,06 

P3:[(1/15) + (1/15) + ∙ ∙ ∙ ∙ ∙ ∙  +(
1

5
/2,47)]/7 ≈ 0,06 

P4:[(1/15) + (1/15) + ∙ ∙ ∙ ∙ ∙ ∙  +(
1

5
/2,47)]/7 ≈ 0,06 

P5:[(3/15) + (3/15) + ∙ ∙ ∙ ∙ ∙ ∙  +(
1

3
/2,47)]/7 ≈ 0,18 

P6:[(3/15) + (3/15) + ∙ ∙ ∙ ∙ ∙ ∙  +(
1

3
/2,47)]/7 ≈ 0,18 

P7:[(5/15) + (5/15) + ∙ ∙ ∙ ∙ ∙ ∙  +(1/2,47)]/7 ≈ 0,38 

 

Inconsistency:  

𝜆𝑚𝑎𝑥 = (0,06× 15) + (0,06 × 15) + (0,06× 15) + (0,06 × 15) + (0,18× 6,33) + (0,18× 6,33) + (0,38 × 2,47) ≈ 7,09 

Using Eq (1): 𝐶𝐼 = (7,09− 7)/(7− 1) ≈ 0,02 
And ultimately Eq (2): 𝐶𝑅 = 0,02/1,32 ≈ 0,01 < 10% ∼ 0,1  
Where 1,32 is the random consistency index achieved from table (2) for n=7 

 

Appendix 1I. Final priority results for the portfolio of different projects 

P1: New control room: 𝛴𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 × 𝐴𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 ≈ 0,1217 

P2: Energy saving: 𝛴𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 × 𝐴𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 ≈ 0,0924 
P3: New heat recovery process: 𝛴𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 × 𝐴𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 ≈ 0,0847 

P4: Quality risk: 𝛴𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 × 𝐴𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 ≈ 0,1675 

P5: Replace old production unit: 𝛴𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 × 𝐴𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 ≈ 0,1176 

P6: Expansion: 𝛴𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 × 𝐴𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 ≈ 0,1449 

P7: Manufacturing upgrade: 𝛴𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 × 𝐴𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 ≈ 0,2712 

 

 

 


