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Abstract 

This report deals with the managing of the waste of a company, Ericsson- site of Borås, in an 

analytical context. Based on sustainability (concept and aspects), they are interested to have a 

method to check their waste management capability whether they are in right direction. 

Among all studied methods, Analytic Hierarchy Process (AHP) is utilized.  This method 

works based on a mathematical algorithm starting by making a hierarchy, continuing with 

pairwise comparisons between correspondent items, then doing calculations and finally 

checking and reviewing to be certain of the correctness of the whole process by an eligible 

team of decision makers. In spite of some critiques that scientifically are accepted, it remains 

reliable for the purpose.  

The method is applied to some instances of waste items, wood boxes and pallets and hard 

plastics, in Ericsson. Then, two controversial issues of the selected method, consistency and 

rank reversal, are investigated and discussed on the mentioned waste items. Application of the 

method for their future use is foreseen thereafter. 

Key words: Analytic Hierarchy Process, consistency, rank reversal, sustainability and the 

natural step, waste management. 
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1. Introduction  

1.1 Ericsson  

Under the title „vision, voice and value‟, Ericsson has deemed its prosperity within the 

sustainability. In that page, Svanberg, C. H. (2009), previous president and CEO has 

highlighted their vision by the following characteristics. 

Being over 133 years in communication business, enumerating it as a basic human need, 

largest network supplier on the globe and having customers in more than 175 countries, 

having more than 12% annually average economic growth in the net sale in the last five years, 

Ericsson has planned to accelerate its prosperity in the market. Their vision is to be pioneer in 

network infrastructure, develop services and create a position in leading multimedia.  

Environmentally they have commitment to reduce its carbon footprint in their products by 

scrutinizing the way they are producing, installing the materials and all of their activities. The 

has enumerated the climate change as the big concern of all over the world and Ericsson as 

well and mentioned their target to reduce 40% of the carbon footprint produced by its 

products in the coming five years and it is impossible unless by making big investment in the 

technology.  

Socially, they are thinking to the global challenges like poverty, hunger, educating people to 

meet their commitment to make more intelligent societies to build up millennium villages, 

and scale up to serve the billions of people. 

What communication means for society? ICT has a big role and that is Ericson's vision to 

sustainability. Making smarter buildings, tele-press, video conferencing and many other 

activities can accompany this vision. 

 

1.2 Project Waste management: 

Waste, a frequently used notion, is a matter of concern for the governments, industries 

communities and individuals. This project was issued from, and done for, Ericsson AB in 

Borås. Primary definition for this project was:  
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"Project Waste management: 

"in the Ericsson's waste management system, after collecting the waste from different sources 

in the company they sort them in 27 fractions. The mission is to give a method/s to tell the 

company whether they should preserve same fractioning, have more subfractions, eliminate 

some fractions or leave it to a third party company to take care of the waste as a whole."  

 

1.3 Basic definitions  

 1.3.1 Consumption 

According to Robèrt, K-H., et al (1997), based on Natural Step Institute, materials and 

substances are never 'consumed'. What we do with them is to utilize its energy, purity and 

structure. 

In our daily life, we may use this word in different situations. Water consumption, energy 

consumption are some instances. Based on thermodynamics, materials and energy are neither 

produced nor vanished; but disperse over the time. On the other hand, we have never been 

witnessed any system to be closed. Whenever there is any input of material or energy there 

must be at least one output for that. As an example, when we eat food its digestion process is 

started and continues up to a time that there is no more of energy or structure property left to 

be utilized by the body organs. At that time, the rest must be released. In all business firms the 

flow of materials and energy are ongoing processes. In a manufacturing company, the outputs 

are products (including by-products) and unused capacity that Ericsson used to name it as 

waste. Consumption and waste are two interconnected expressions.  

 

1.3.2 Waste definition 

According to Waste Framework Directive, WFD (Directive 2008/98/EC), "if a material, 

product or anything that the user throws away meaning that one does not need it anymore" is 

called waste.  

On the other hand, waste has a special and in a sense complete meaning in "lean thinking". 

According to U.S. Environmental Protection Agency (2009), there are seven types of wastes 

addressed in this philosophy. These are defects, waiting, overproduction, transportation, 
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inventory, complexity and unused creativity. Each type has different instances in production 

and service sectors that can be found in related literature.  

In this report, 'waste' in Ericsson AB, means: 'the unused materials from production, offices 

and general waste from common rooms, rest rooms and so on.'  

 

1.4 Objectives of the project  

The agreed goal of this project is, “To give a method to decide better on any of waste 

items produced in Ericsson AB in Borås to choose the most appropriate method 

based on sustainability.” This method has to prefer the most beneficiary option from 

financial, social and environmental point of views. Indeed, the relation between this problem 

and the previous fractioning problem is so as if we solve what should we do with the waste 

item it leads us to define our sorting system.  

 

1.5 How definition of project changed 

As mentioned, waste of the company is sorted in 27 fractions and they have the possibility of 

sorting in more fractions and subfractions. One of the outcomes of the meetings with 

company's representative was to find a method to determine the most feasible and optimum 

fractioning for the company.  

This way of thinking practically got some problems. First, due to a number of reasons some 

fractions are more important and should be considered carefully while the others were not so 

thought provoking. Market value, produced volume of the waste and material characteristics 

are three of those reasons. It is assumed that the flow is as it is, and we cannot make change it 

for sake of this method. Here are some examples. 

In 2008, total magnitude of produced colored and non- colored glass was roughly 280 kg and 

60 kg respectively. On the other hand, they had items like wood (unsorted and unpainted 

wood) with more than 90 ton produced in the same year that is quite different from glass in 

magnitude. As this is a main item included in all incoming and somehow needed in outgoing 

packaging; while the case for glass was not so.   



4 

Another reason was that in those fractions, just two of them had sub-fractions and for the rest 

further fractioning was impossible. Wood, aluminum, steel, steel screws, and impure 

aluminum, were the fractions. As can be seen, they give no way to go more than this in 

fractioning. Then one option of the problem posed got useless; “should we have more sub-

fractions” omitted from question list. 

On the other hand, when we change it to low number of fractions, one should answer to this 

question: what is the basis for classification? Should we classify them based on the material 

characteristics (physically or chemically - for example metals and nonmetals, burnable and 

non-burnable) or from other point of views, like reusability and recyclability, and checking if 

there is a market value for them? If one classifies on the characteristics basis; then a 

fundamental discussion has to be held on the reason for fractioning and de-fractioning. 

Otherwise, in case of application in the market, reusability or recyclability, a drawback shows 

itself: it needs a dynamic planning; because as the market is changing the fractions of this 

period is different from the next and they have to set another fraction grouping. Although 

working with a dynamic program is not impossible, the traceability is difficult. Moreover, 

after a while you cannot see what the original group was. Here the second option that was to 

sort in fewer fractions as well as previous became ineffective.  

Different materials have different alternatives. Reusing option for wood pallets and boxes is 

possible in the packaging of products and making some other stuff that Ericsson may need it. 

However, this does not work so for aluminum. On the other hand, one cannot use aluminum, 

glass or porcelain for energy while for the wood, plastic and paper this can be a strong 

alternative. Law bans landfilling alternative for most of materials except in special cases.  

One example to treat each fraction one by one is hazardous materials. Restricted from 

releasing to the environment by the WFD (Directive 2008/98/EC), these materials are treated 

by a company named SAKAB, Kumla (a city located in the west of Stockholm, Sweden). 

They have three different materials, say x, y, and z that traditionally, they used to pour them 

in a single drum and send it to SAKAB. After a while, they asked Ercisson to have different 

drums, as the calorific value of each material is different, then mixing them would decrease 

the efficiency of burning process and Ericsson had to pay for that.  

A change in point of view was necessary and that was function-based strategy instead of 

fractionation thinking. Thinking to “what should we do with special fraction” became an 
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interesting question. As there is no way to the above mentioned problems and by this kind of 

model, if any, they can select a specific waste material, trace it in the future, and find a 

possible solution for that.  

To find a suitable model some questions remain. The first question is “as we plan for 

production then we plan to have waste, then can we think of producing 'x' amount of waste 

and announce in the media that we are going to sell this kinds of materials with reasonable 

price. Another proactive question is why we should have this or that source of waste? Can we 

lower the magnitude of produced waste?  

The first question is interesting but has a problem. The market is dynamic and production 

planning is changing weekly; then one cannot easily forecast for three months period. Then 

they cannot say in the media that we will have this much of material „x‟ in future because they 

know nothing about the outcomes in the future. Based on assumption, thinking about the type, 

origin and flow of waste is out the framework of this project.   

As a conclusion of the discussion, this project gives a decision-making assistance for waste 

items one at a time.  

 

In the next chapter, some methods are discussed and the reader will see how the proposed 

method is chosen.  
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2. Methods and materials  

2.1 Methods studied 

Due to the objective of project, a variety of methods were surveyed. Based on the time 

limitation some of them just superficially but in some cases the acquired knowledge is 

considerable. Scientific branches and methods like thermodynamics, reverse logistics, Life 

Cycle Assessment (LCA), fuzzy logic, fractal time series were roughly skimmed and multi 

criteria decision-making (MCDM), and analytic hierarchy Process (AHP) were studied in 

more detail.  

A brief review of methods accompanied by their pros and cons of them follows.  

 

2.1.1. Thermodynamics 

According to Clausius R. (1850) thermodynamics, as a multidisciplinary science, which 

utilizes physical, chemical and statistical concepts, primarily was developed to enhance the 

productivity of steam engines. Combination of microscopic and macroscopic behavior of 

systems of materials and their physical properties and related interpretations are discussed 

deeply in this branch of science.   

According thermodynamic laws, which the natural step is based on, Robert K., H. (2002), the 

matter and energy are constant over the time. All the matter that will be present in the 

universe is existing right now. 

For the scope of this project, thermodynamics by itself is rather far from being applicable, but 

the interpretation of inventor and followers of "The Natural Step" from thermodynamics is 

worth to have a look at.    

 

2.1.2. The natural step (TNS) 

Det naturliga steget as an invention of Karl Henrik Robert in 1989 has become one of the 

turning pivots of the world toward sustainability. Being a cancer surgeon, he drew his 

attention figuratively from the exclusivity of cancer cell structure- with the body- to 

environmental problems which human being made with his activities on the earth. He 

developed TNS based on four system conditions that established upon thermodynamic laws. 

According to these conditions, in a sustainable society man cannot excavate from the earth 

crust forever, nature is not supposed to tolerate all the products he is producing and cannot 
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degrade all those stuff physically and finally the people- present and future generations- are 

not supposed to pay for such production and its adverse effects on business and living 

conditions on earth, (Robert K., H., 2002). Nattrass, B. and Altomare, M. (2002) have advised 

that we have to stop take – make – waste manner with depletion of resources and 

environmental and other consequences afterwards.  

According to scientists, we have to find the right and quick way to get rid of these crucial 

situations as MacKinnon L. (2007) quotes from Will Rogers that “Even if you're on the right 

track, you'll get run over if you just sit there.”  

The search for a suitable calculative method for waste management project in Ericsson based 

on the natural step (TNS) gave no way to develop a structure. On the other hand, backcasting, 

vs. forecasting, from the objectives and emphasizing on "low hanging fruit" is the way that 

most of entities and companies have paced with that, (Robert K. H. 2002). However, some 

companies as good examples of TNS are brought in the benchmarking part of the last chapter.  

 

2.1.3 LCA and reverse logistics   

An invaluable method in assessing how activities of a sector, a service or product affect the 

environment is life cycle assessment (LCA), (Bauman H. and Tillman A. M. 2004). As they 

have mentioned 60 – 70 % of environmental impacts of the electronic products are related to 

the suppliers whereas the assembly has a relatively low and limited impact while out sourcing 

increases it. Such studies has led to apply LCA in supply chain management (SCM) that is 

known with different name like life cycle management, industrial ecology, product 

stewardship, sustainable supply network responsibility, green supply chain, or environmental 

supply chain management.   

One approach in "Waste-LCA" studies is to investigate not whole the waste flows, but to 

select materials showing possible environmental savings by separating from other materials in 

different treatment methods and finding its secondary application in high quality products. 

This method can be applied for some polymers with several recycling alternatives like reuse, 

or de-polymerization (applicable in some polymers).  

Directives in reducing waste, by addressing recycling targets, taxation on waste going to 

landfills and ban for landfilling of some materials, has been a motive to enhance regular 



8 

methods to integrated waste management. In using recycled materials some question are 

central:  

 Is material recycling appropriate? 

 Is it designed to be dismantled easily to remanufacture or recycle?  

 To obtain useful fractions what degree of separation is needed? 

 

Reverse logistics is a notion for recovery part of the life cycle. The product is collected for 

reuse and recycle purposes.  

For the purpose of this project, LCA and its derivatives are highly demanded in the 

background. As its mission is to find or estimate the environmental impacts of activities it is 

an excellent tool, but it has no response to economy and social factors. Therefore, its 

environmental measurements are demanded to interpret and it is better to be a part of another 

method.  

 

2.1.3 Fractal market analysis  

In spite of Euclidian geometry that is trying to simplify everything to capture in a model, 

fractals are the branch of science and mathematics in which some complex ideas and notions 

can be described. Suppose you have invested in a project with a high expectation of return 

and everything is ready to make it true then suddenly a disaster happens and swallows 

everything in itself and nothing is left for you, or you buy a lottery ticket and you get the right 

number then you win millions. Euclidian geometry cannot model this kind of issues while in 

fractal time series these are produced, applied and interpreted, (Peters, E.E. 1954).  

For the purpose of this project, there is no obvious and strict evidence to apply this method. 

On the other hand, there are simple techniques that are more feasible to think instead.  

 

2.1.4 Fuzzy logic  

According to Mukaidono, M., (2001), fuzzy logic invented in 1965 was a new branch of 

science and knowledge that was quickly applied by technologists. This vision talks about 

ambiguity in which for the occurrence or existence of a situation a number in the range of (0 < 

x < 1) is allocated.  
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In digital thinking, a lamp is on or off (we can say zero or one). In fuzzy logic, the lamp is on 

or off, accompanied with a voluntary but precisely chosen fuzzy set. As an example, city 

streets lighting are decided in this way. The lamps remain off when intensity of light is 

enough, even it is diminishing (day light). When it is less than enough, high degree of 

darkness, an order stimulates the switch to be on and the lamp is on.  

The main point is the possibility of defining the fuzzy set/s, based on what we need. The 

question is that how this method is related to the project.  

There is considerable number of applications of fuzzy logic in the field of waste management 

in the literature. Municipal solid waste modeling generation based of fuzzy logic, (Karadimas, 

N. V., et al 2006), modeling instructible robots for waste disposal applications, (Tsoukalas, 

L.H. and Bargiotas D.T. 1996), Application of Fuzzy Logic to Multiple Criteria Decision 

Making in Aquacultural Planning, (El-Gayar O., F. 2004), application of fuzzy logic concept 

to profitability quantification in plastic recycling, (Oke, S.A. et al 2006), fuzzy logic 

applications in solid waste management, (Dokas I. M., et al (2001) are some examples of this 

kind. An extensive study accompanying reliable data are the requirements of them. 

In the world of uncertainty, when the market for the products and materials, that companies 

are producing and the waste afterwards, is in fluctuation with too many of external and 

internal unforeseen factors the application of such methods become more beneficiary and 

fruitful. This method can be applied by a variety of extensive knowledge and data. For the 

time being using of fuzzy logic is suggested as future study.  

 

2.1.5 Why AHP  

Multi criteria decision-making (MCDM) is useful in solving the problems of ranking of a set 

of limited alternatives or selecting the most favorable item/s among them, maintaining some 

decision factors. In this project, the aim is to select the most suitable and favorable option to 

treat the known waste item. Analytic Hierarchy Process (AHP) can fulfill the purpose of this 

project.  

Once the hierarchy to Analytic Hierarchy Process (AHP) is created, the process of its analysis 

is easy. You can have a complex system of hierarchy then solve it one by one in a way that 

you have a simple problem. In the end, gather all the data (sub-result) found in each step and 

obtain the result. A brief explanation of AHP follows in the next section.  
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2.2 Analytic Heirarchy Process (AHP)   

This section is aimed to introduce the AHP method to the engineers and other educated 

people, especially in Ericsson, who have a basic understanding of mathematics and would like 

to get the concept and application of AHP in an easy and simple way.  

2.2.1 What is AHP?  

Being one of the methods of Multi Criteria Decision Making (MCDM), AHP is a decision-

making method that its purpose is to judge among alternatives by having some factors to 

decide on how the alternatives maintain each factor. Innovated in 1970s, AHP has been 

developed and applied in a variety of areas and known as Saaty method, as Coyle G. (2004) 

quoted from Saaty T.L. (1980).  

2.2.2 Applications in the literature  

A simple search in the literature will demonstrate a variety of applications for AHP. In the 

following examples, researchers have helped decision makers to have some possibilities to 

decide and invest to gain money, improve their productivity, to serve the environment or any 

other willing that is possible to do. Selection of supplier in agile supply chains, (Luo, X., et al 

2009), Business process redesign (BPR) as a support for decision making, (Mansar, S. L. et al 

2008), Strategic management concepts, (Asan U., and Soyer A. 2007), Multi-objective target 

setting in data envelopment, (Lozano, S., and Villa, G., 2007), Establishing land use policy in 

mining, (Soltanmohammadi, H. et al 2009), Choosing a cleaning system for maintenance of 

engine, (Garcia-Cascales, M. S., Lamata, M.T., 2008), Feasibility study of olive eco-farming, 

(Arriazaa, M. et al 2009) are some examples. 

 

2.2.3 AHP steps 

Main steps of the method are: 

1. Develop the hierarchy 

2. Find the relative value vector (RVV) 

a. Pairwise comparisons 

b. Find RVV 
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3. Find Option Performance Vector (OPV), for each criteria / subcriteria  

4. Construct Option Performance Matrix (OPM) from the previous step 

5. Multiply OPM to RVV 

6. Consistency  

7. Review the process  

 

1. Develop the hierarchy 

The first thing in Analytic Hierarchy Process (AHP) is to build the hierarchy. Its main 

elements are goal setting, determining the most relevant criteria (and subcriteria, if any) and 

finally the alternatives. As a common logic in developing systems, it is created from top to 

down. After defining the main goal, the decision criteria and/or subcriteria, if any, and finally 

the most relevant alternatives are found. This can be done, and it is suggested, in several 

brainstorming sessions in which decision makers of the company have participated with 

someone who is expert in AHP. A review of obtained hierarchy is always fruitful. This 

structure should be defined precisely and explicitly. Informing the team and their relevant 

training are inevitable steps in AHP. There are several hierarchy examples in the next chapter 

that were developed for Ericsson.  

 

2. Find the relative value vector (RVV) 

a. Criteria matrix and pairwise comparisons 

According to Wang, Y. M. (2009), a matrix of n × n (n is the number of factors) is constructed. 

Each cell in the matrix is filled with aij that indicates the priority of ith factor to the jth. There 

are three distinguished regions in the matrix of criteria. The diagonal cells, yellow colored 

cells in Table 2-1, are the comparisons of each criterion with itself, which obviously is equal 

to one. Each item in green colored cells has a inversed cell in white cells.  

aij = 1/aji   (2-1) 

It means that the priority of factor i to factor j is equal to the inverse of priority of factor j to 

factor i. In other words, if the importance of economical factor to social is equal two, the 

importance of social factor to economical to factor will be 1/2 = 0.5.  
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For the intensity of relative importance of factors, Saaty, T., L. (2008) introduced a number in 

the range between one and nine, when the importance of criterion 'i' is equal or more than 

criterion j, otherwise it is ranged from 1/9 to 1/1. Table 2-1 is brought here as a guide.  

 

Table 2.1: The n × n criteria matrix 

 Criterion 1 Criterion 2 … Criterion n 

Criterion 1 a1,1 a1,2  a1,n 

Criterion 2 a2,1 a2,2   

…  aij   

Criterion n an,1   an,n 

 

Table 2.2: Description of degree of importance, Saaty, T., L. (2008)  

Degree of 

relative priority 
Description 

1 
When two objects/factors has equal importance from decision makers point 

of view  

3 Factor i is slightly better than factor j. 

5 The importance of ith factor is stronger than jth.  

7 The importance of ith factor is distinguished as much stronger than jth. 

9 Judgment favors extremely toward ith factor in relation to jth. 

2, 4, 6, 8 
The importance of ith factor is between the number below and above these 

numbers 

Reciprocals of 

Above 

Based on the common sense, "If activity i has one of the above nonzero 

numbers assigned to it when compared with activity j, then j has the 

reciprocal value when compared with i," (Saaty, T., L. 2008). 

 

b. Find Relative Value Vector (RVV) 

Finding relative value vector (RVV) is finding eigenvector. The result shows a rank of 

decision criteria based on pairwise comparisons of decision makers. There are several 

methods to find eigenvector in AHP.  



13 

 

Based on linear algebra, “In order to determine the eigenvectors of a matrix, you must first 

determine the eigenvalues. Substitute one eigenvalue λ into the equation Ax = λx, or 

equivalently, into (A − λ I) . x = 0 and solve for x; the resulting nonzero solutions form the set 

of eigenvectors of A corresponding to the selected eigenvalue. This process is then repeated 

for each of the remaining eigenvalues.” (Cliffs 2010).  

 

Due to difficulty of this process, an approximation method is used instead. In this method, the 

acquired comparisons in each row are multiplied by each other, then the nth root of it, αi, 

obtained and written in a column and added together. In the next step, each αi is divided by 

this sum, ∑αi, and brought in a new column. As mentioned, this column is known as 

eigenvector in mathematics, but it is called Relative Value Vector (RVV) or priority vector in 

AHP, when the criteria are compared and is interpreted as the interest of decision makers 

toward criteria, or option performance ranking, when alternatives are ranked from each 

factor's point of view.  

 

 

Table 2.3: Calculation of Relative Value Vector (RVV) 

 
Criterion 

1 

Criterion 

2 
… 

Criterion 

n 
Nth root of multiplications (αi) 

RVV 
(αi / ∑αi) 

Criterion 

1 
a1,1 a1,2  a1,n n

√( a1,1× a1,2×…× a1,n)  = α1 α1 / ∑αi 

Criterion 

2 
a2,1 a2,2   n

√( a2,1× a2,2×…× a2,n)  = α2 α2 / ∑αi 

…  aij   
n

√  ∏ai,j  = αi 

'j=1…n' 

αi / ∑αi 

Criterion 

n 
an,1   an,n n

√( an,1× an,2×…× an,n)  = αn αn / ∑αi 

     ∑αi 1 

 

 

If there are some subcriteria, the above-mentioned calculation is done for subcriteria of each 

criterion and named as „local priorities‟. To acquire the global priority of each subcriterion 

one needs to multiply its local priority by the parent's priority. It will be discussed later.   
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3. Find Option Performance Vector (OPV), for each criterion / subcriterion  

The objective of this part of the process is to make a rank of alternatives with respect to one 

criterion, subcriterion or sub-subcriterion at a time, knowing that it is done for the decision- 

making criteria in the lowest level of the hierarchy before alternatives. If a criterion has some 

subcriteria, this part is done only for those subcriteria and not for the parent criterion, and so 

on.  

As seen in the following table the pairwise comparisons and calculations are exactly like 

finding the RVV in previous section, finding eigenvector of the comparison matrix, but this 

time it is the alternatives that are compared to each other maintaining the criterion/ 

subcriterion.  

Xie, M. et al (2003) wrote: “Applying Saaty‟s method to these data, estimates of the 

weightings are calculated for each pair-wise comparison matrix and for each level of the 

hierarchy. The eigenvector, on the other hand, provides the priority orderings. In 

mathematical terms the principle eigenvector is computed, and when normalized, becomes the 

vector of priorities." 

 

Table 2.4: Matrix of pairwise comparisons of alternatives from ith criterion's point of view. For ease of tracing, 

the result, normalized eigenvector, is called Option Performance Vector (OPV).   

 
Alternative 

1 

Alternative 

2 
… 

Alternative 

m 

Nth root of multiplications  

 (β k) 
OPV 
opvi 

Alternative 1 b1,1 b1,2  b1,m m

√( b1,1× b1,2×…× b1,m) = β1 β 1 / ∑ β k  

Alternative 2 b2,1 b2,2   m

√( b2,1× b2,2×…× b2,m) = β2 β 2 / ∑ β k 

Alternative k   bk,i  
m

√  ∏bk,i  = βk 

'i=1…m' 

β k / ∑ β k 

Alternative m bm,1   
bm,m 

 

m

√( bn,1× bn,2×…× bm,m) = βm β m / ∑ β k 

     ∑βk 1 
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4. Construct Option Performance Matrix (OPM) from the OPVs 

As seen in table 2-5, the option performance vectors, calculated in the previous step, are 

gathered in a matrix called Option Performance Matrix (OPM).  

Table 2.5: Option Performance Matrix (OPM) 

 OPV criterion 1 OPV  criterion 2 OPV  criterion i OPV criterion n 

Alternative 1 β1,1
(1) β1,2  β 1,n 

Alternative 2 β2,1 β2,2  β 2,n 

Alternative k   β k, i  

Alternative m βm,1 βm,2  βm,n 

(1) βki = β k / ∑ β k in Table 2-4   

 

 

5. Multiply OPM by RVV 

The final step of calculations is to multiply OPM by RVV. The result of this operation is a 

rank that shows which alternative is to be chosen. In other words, this is a combination of 

performance of each alternative against criteria considering the rank of each criterion. This 

action is showed in next chapter. As an example, to know the priority of 'Alternative 1' in the 

final rank, we have: 

Rank of "alternative 1" = β1,1 × α1/ ∑αi + β1,2 × α2/ ∑αi + … + β1,i ×αi/ ∑αi + … + β1,n × αn/ ∑αi

 (2-2) 

In general:  

Rank of "alternative k" = βk,1 × α1/ ∑αi + βk,2 × α2/ ∑αi + … + βk,i ×αi/ ∑αi + … + βk,n × αn/ ∑αi

 (2-3) 

αi = ratio of importance of ith criterion in relative value vector (RVV); 

βk,i = ratio of importance of kth alternative in option performance vector (OPV) against ith 

criterion.  
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Equations (2-2) and (2-3) give the priority weight of alternative 1 and k, respectively, as a 

fraction of one (<1) and sum of these weights for all alternatives is "one". Depending on the 

aim, the maximum of this rank or the rank itself is the solution of the problem. All this 

process is shown in table 2-6.  

 

Table 2.6: Multiplication of Option Performance Matrix (OPM) by RVV 

 OPV1 OPV2  OPVi  OPVn   RVV  Result 

Alternative 

1 
β1,1

(1) β1,2  β 1,n     

Alternative 

2 
β2,1 β2,2  β 2,n ×  =>  

Alternative 

k 
  β k,i      

Alternative 

m 
βm,1 βm,2  βm,n     

 

 

 

6. Consistency  

A useful checkpoint to make sure of the pairwise assessments is to study the consistency of 

decision-making process. Suppose we are going to compare the three criteria, economical, 

environmental and social. If the team decides to prioritize economical to environmental as 

much as two times and environmental to social has three time of preference, then for a 

consistent decision-making the economical criterion is preferred six times over of the social 

criterion, otherwise they are inconsistent.  

Due to the nature of the comparisons, full consistency is rarely acquired. However, 

Consistency Ratio (CR) is a tool assisting decision-makers to be certain of validity of their 

homework that there is a reasonably low inconsistency. Its mission is to check the existence 

of inconsistency, and not to find which pairs are inconsistent or are in conflict (Wang Y. M. 

2009).  
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6.1 Procedure to check consistency 

According to Coyle, G. (2004), at first λmax is found, then consistency index (CI) is calculated 

from (λmax – n) / (n–1). Finally, the CR is obtained and decided based on the results. For 

information, λmax is an estimation of eigenvalue used in consistency check.  

To find λmax, first the eigenvector is multiplied to its matrix and divide each element of the 

result vector to the same address in the eigenvector. If any of these indices are less than n (the 

number of objects to compare and rank of matrix) then there is a mistake in calculations. Then 

the average of CIs is an estimate for λmax. CR is found by dividing CI by the random judgment 

coefficient (index of consistency) of the order n, adopted from Saaty (1980), Table 2-6. While 

CR< 0.1 is an acceptable inconsistency, CR around 0.9 means random filling of the matrix 

instead of pairwise comparisons. CRs up to 20% can be accepted sometimes, (Porter L. A., et 

al, 1991).  

 

Table 2.7: Completely random consistency index- (Saaty's 1980) 

Order of matrix n 1 2 3 4 5 6 7 8 9 

Coefficient 0.00 0.00 0.58 0.9 1.12 1.24 1.32 1.41 1.45 

 

 

 

7. Review the process  

Subjectivity is a main characteristic or concern of this method. Experience, knowledge, 

loyalty of decision-making team, any bias from organizational strategy and policy can affect 

the result enormously. The team decides all the structure of the hierarchy and accomplishes 

the comparisons within the process. For this reason, failure potential in this part has one main 

cause that is human beings‟ decision making. Calculations can be done in software or in a 

tailor made MS Excel file automatically and the risk of calculation errors can be lowered, if it 

is reviewed and checked properly.  
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3. Results    

In chapter two AHP was introduced as a decision-making tool using mathematical operation 

that can solve relevant problems. Here, AHP is applied to Ericsson as the goal of this project, 

that was to establish a calculation method to check their waste management activities 

conformity with the natural step (TNS), introduced at the first chapter that is to provide a 

framework for sustainability.  

In this chapter, AHP is developed in the basic and simplest hierarchy for the company at first. 

Then, one level is added as subcriteria to that to see how complexity can affect the process of 

calculations.  

 

3.1 Ericsson's AHP hierarchy- the basic one 

As mentioned before, maintaining decision criteria, this method was employed to produce a 

rank of alternatives to reach a specific goal. According to the latest data gathering from 

Ericsson, wood and hard plastics were chosen as important cases to illustrate the application 

of the method. Their hierarchies are shown in Figures 3.2 and 3.3. The following table shows 

production of wood, as waste in the company, types with rough estimated ratios and possible 

choices that were valid at the time of data collection, December 2009.  

 

Table 3.1: Wood waste production in Ericsson 

 Type of wood Relative rate of production Possible alternatives 

1 Painted 40% Incineration  

2 Treated 10% Hazardous waste 

3 Fresh wood (not painted 

and not treated) 

17% Incineration, recycling  

4 Boxes & Pallets 33% Reuse in, incineration 

The data in the above table is completed in the following hierarchy.  
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Figure 3.1: Wood waste and its possible subfractions and alternatives. Due to some practical reasons, 

they have no 'Reuse out' option for boxes and pallets subfraction though it is technically a possible 

choice.  

 

 

 

Figure 3.2: The AHP hierarchy of wood boxes and pallets (one part of wood waste) at Ericsson  
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Figure 3.3: The AHP hierarchy of hard plastics at Ericsson 

 

As discussed before, the AHP analyst has to develop the hierarchy based on each waste item 

that is important for the company. On the other hand, sustainability is one of their concerns. 

Therefore, they need three aspects, namely economical, environmental and social.  

3.1.1 AHP for wood boxes and pallets  

Table 3-2 shows the company's preferences among criteria, for the wood boxes and pallets. 

Triple bordered are is the criteria matrix. Among the criteria, the economical criterion is the 

most important item for the company. 

 

Table 3.2: Calculation of Relative Value Vector (RVV) 

 Economical Environmental Social 
Nth root of 

mutiplications 
RVV 

Economical 1 3 6 2.62 0.67 

Environmental 1/3 1 2 0.87 0.22 

Social 1/6 1/2 1 0.44 0.11 

   Sum 3.93 1 
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They have decided that the priority of it to environmental criterion is three times and to the 

social six times. It is completely qualitative thinking that makes such figures. The priority 

comparison of environmental and social criteria has a key point. As the company was aware 

of the consistency concept, mentioned in chapter two, the decision maker discussed as we 

prioritize economical to environmental three times and to social six times then the 

environmental to social criterion should be prioritized two times. Other cells of the matrix are 

filled as mentioned in chapter two: priority of each factor to itself is one (diagonal cells) and 

from equation 2-1, the rest of comparison matrix is filled.   

The last two columns are the calculations to reach the Relative Value Vector (RVV) and 

highlighted cells show the rank of preferences of company's priorities toward decision factors 

in which economical criterion is their first priority with 67% of all their interest.  

It shows their strong interest to economical issues while maintaining environmental issue 

much less than that, in the second place, and the less important item is social.  

 

In the next step, alternatives are compared based on the criteria, one at a time.  
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Economical criterion  

Here we check to see how the alternatives are prioritized under the economical criterion. 

Based on estimation done by company, while they had no calculated data, Table 3.3 includes 

the matrix and the related calculations afterwards. As there are only two alternatives, filling 

the matrix and its calculations is an easy task. 

 

Table 3.3: Economical ranking of alternatives for wood boxes and pallets. 

 Reuse in  Incinerate  Nth root of multiplications OPV
(1)

 

Reuse in  1 9 3.00 0.90 

Incinerate 1/9 1 0.33 0.10 

    Sum = 3.33  

(1) Option performance vector  

If in future when there is a possibility of having measures for the comparisons like mentioned 

in the above table, these comparisons will be done in a systematic way. In that case the less 

the accounting costs of an alternative the higher is its priority. On the other hand, if the money 

balance goes to be positive, meaning that it is an income for the company, the higher money 

balance is equal with higher priority.  

 

Environmental criterion 

As the most important issues in environmental impacts, CO2 emission was chosen to compare 

the alternatives. Having no record of CO2, led Ericsson to use comparative numbers as seen in 

the table below. As mentioned, due to the lack of detailed information, the table is filled with 

estimated numbers. For a precise result, the calculated measurements are to be applied. For 

example, if their main concern is CO2 emission, then from Life Cycle Assessment (LCA) 

studies, if any, the emitted magnitude of a 'functional unit' of wood, (Bauman H. and Tillman 

A. M. 2004), for the alternatives is utilized and interpreted.  
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Table 3.4: Environmental ranking of alternatives for wood boxes and pallets. 

 Reuse in Incinerate Nth root of multiplications OPV  

Reuse in 1 9 3.00 0.90 

Incinerate 1/9 1 0.33 0.10 

  Sum 3.33  

 

Social criterion  

As the social aspect of sustainability is rather a qualitative and not quantitative, the priorities 

are based on the personal judgments; otherwise, if the company had made some 

measurements on quantifying this criterion (and possibly its subcriteria as well) it would be 

possible to utilize that data. However, company's point of view about this factor is brought in 

the next table.  

 

Table 3.5: Social ranking of alternatives for wood boxes and pallets. 

 Reuse in Incinerate Nth root of mutiplications OPV 

Reuse in 1 5 2.24 0.83 

Incinerate 1/5 1 0.45 0.17 

   2.68  

 

Table 3.6 is the RVV that were calculated at the beginning of the example. Columns of Table 

3.7 are the results in tables 3-3 to 3-5. This table in literature is called Option Performance 

Matrix (OPM).  
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 Table 3.6: RVV (quoted from Table 3-2) 

Factors  Economical Environmental Social 

RVV 0.67 0.22 0.11 

 

Table 3.7: Option Performance Matrix (OPM) consist of option performance vectors  

Alternatives Economical  Environmental Social 

Reuse in 0.90 0.90 0.83 

Incinerate 0.10 0.10 0.17 

 

To find the final rank of alternatives the OPM is multiplied by RVV. The way of multiplying 

a vector to a matrix is illustrated in chapter two. As seen in the ranking result, the 'reuse' 

option is the more favorable item compared with incineration.  

 

Table 3.8: Multiplication of OPM and RVV 

 

Alternatives 

E
co

n
o
m

ic
al

 

E
n
v
ir

o
n
m

en
ta

l 

S
o
ci

al
 

 RVV  
Ranking 

result 

Reuse in 0.90 0.90 0.83  
0.67 

(Economical) 
 

0.90 (Reuse 

in) 

Incinerate 0.10 0.10 0.17 × 
0.22 

(Environmental) 
= 

0.10 

(Incinerate) 

     
0.11 

 (Social) 
  

 

 

Thus, 'reuse in' was most and highly preferred alternative in maintaining the criteria and any 

change in relative value vector cannot change the result unless in a negligible way.  
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Check for Consistency  

The following table including comparison matrix and result column is same as Table 3-2. For 

the consistency mentioned in the previous chapter: 

1- We multiply the result (RVV) by its matrix, column C6, and divide by the 

correspondent value in RVV in the same row to acquire λmax, column C7.   

2- Formula (λmax – n) / (n – 1) is to acquire consistency index. As mentioned in previous 

chapter: 

a. CI < 0, reveals a mathematical error in the calculations; 

b. CI = 0, shows complete consistency. 

3- Consistency ratio (CR) is obtained by dividing average CI by the random consistency 

coefficient shown in Table 2-7: 

a. CR= 0 , concluded from CI=0 and shows complete consistency; 

b. CR < 10 %, acceptable consistency; 

c. CR a little bigger than 10% is acceptable sometimes; 

d. CR >> 10 % and is unacceptable.  

 

 
Table 3.9: Consistency check for RVV of wood boxes and pallets waste of Ericsson (Table 3.2) 

 Eco. Env. So. 

C5 

 

RVV 

C6 

 

A
(1)

 × RVV 

C7 

 

λmax
(2)

 

Consistency 

index (CI) 

(λmax – n) /    

(n – 1) 

Consistency ratio (CR) 

% = CIaverage / 

coefficient 
(3)

 

Eco. 1 3 6 0.67 2.00 3 0 

0 Env. 1/3 1 2 0.22 0.67 3 0 

So. 1/6 1/2 1 0.11 0.33 3 0 

(1)  The matrix with pairwise comparisons of criteria 

(2) According Coyle, G. (2004), members of this column is obtained by dividing each 

member in the previous column to its correspondent item in the RVV. 

(3) The coefficient for a matrix of 3×3 is equal to 0.58, see Table 2.7. 
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Suppose for the previous matrix, we had decided the priority of economical to social factor as 

five and relative importance of environmental criterion to social had seemed to us 3 times 

more important (instead of 2).  Then, the result would be as in the following table. 

 

Table 3.10: Consistency check for RVV of wood boxes and pallets waste of Ericsson with different 

numbers
 (1)

 

 Eco. Env. So. 

C5 

 

RVV 

C6 

 

A × RVV 

C7 

 

λmax
(2)

 

Consistency 

index (CI)= 

(λmax – n) / 

(n – 1) 

Consistency ratio 

(CR) % = CIaverage / 

coefficient 

Eco. 1 3 5 0.64 1.95 3.06 0.03 

9.8 %
(2)

 Env. 1/3 1 3 0.26 0.81 3.14 0.07 

So. 1/5 1/3 1 0.10 0.33 3.13 0.07 

(1) See footnotes of Table 3-9. 

(2) This is an acceptable consistency.    
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3.1.2 Hard plastics- another application 

Different types of plastics enter the company from suppliers and hard plastics are a main 

group among them. The hierarchy was illustrated in figure 3-3. Based on that, the following 

tables are RVV, alternative rankings by criteria, OPM and finally the multiplication of RVV 

and OPM that gives the result. The pairwise comparisons of tables 3-11 and 3-12 are filled by 

Ericsson. Their consistency is discussed later. 

 

Table 3.11: Calculation of Relative Value Vector (RVV) for hard plastic of Ericsson
(1)

 

hard plastics economical environmental social 
nth root of 

multiplications 
RVV 

Economical 1 1/2 3 1.14 0.35 

environmental  2 1 2 1.59 0.48 

Social 1/3  1/2 1 0.55 0.17 

CR= 11.7% (is discussed later) 3.28  

 

Table 03.12: Alternatives preferences from different criteria's point of view for hard plastic waste 

Economical      

hard plastic reuse out recycle out Incinerate 
nth root of 

multiplications 
OPV 

reuse out 1 5 10 3.68 0.77 

recycle out 1/5 1 2 0.74 0.15 

incinerate 1/10 1/2 1 0.37 0.08 

   Sum 4.79  

CR= 0.00%      

Environmental      

reuse out 1 2 3 1.82 0.54 

recycle out 1/2 1 2 1.00 0.30 

incinerate 1/3 1/2 1 0.55 0.16 

Sum    3.37  

CR= 0.79%      

Social      

reuse out 1 3 10 3.11 0.68 

recycle out 1/3 1 5 1.18 0.26 

incinerate 1/10 1/5 1 0.27 0.06 

    4.56  

CR= 1.58%      
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Table 3.13: Result table, multiplication of option performance matrix (OPM) by RVV 

Alternatives 
OPV 

(Economical) 

OPV 

(Environmental) 
OPV (social)  RVV  Result 

reuse out 0.77 0.54 0.68  0.35  0.64 

recycle out 0.15 0.30 0.26 × 0.48 = 0.24 

Incinerate 0.08 0.16 0.06  0.17  0.12 

 

The above case shows that 'reuse out' is the number one in the rank of possible alternatives for 

hard plastics. The relative weight of alternatives makes Ericsson to be certain of their 

decision.   

 

Table 3.14: Consistency check for RVV of hard plastics waste of Ericsson (Table 3.11) 

 Eco
(1)

 Env So RVV 
Multiply 

A × RVV 
λmax 

Consistency 

index (CI)= 

(λmax – n) / 

(n – 1) 

Consistency ratio 

(CR) % = CIaverage 

/ coefficient 

Eco. 1 1/2 3 0.35 1.09 3.14 0.07 

11,7%> 10% Env. 2 1 2 0.48 1.52 3.14 0.07 

So. 1/3 1/2 1 0.17 0.17 3.14 0.07 

(1) Eco = Economical, Env = Environmental, So = Social 

 

According to consistency concept, the comparisons are in the inconsistency area. Whether we 

accept it or not, as the number of comparisons are limited we can follow it easily. Economical 

criterion is half important as environment and three times as social. On the other hand, 

environment is two times important as social criterion and it is inconsistent with the previous: 

Let‟s denote economy as A, and environment as B and social criterion as C. If priority of A to 

B is 0.5 and B to C is 2, then by consistent comparison one decides the priority of A to C as:  

0.5 × 2 = 1. 
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However, it is not. On the other hand, if priority of A to B is 0,5 and A to C is 3 then priority 

of B to C should be: 

3/0.5= 6 

Again, it is not true according to the table. Although reviewing and making certain of the 

comparisons that reflect the company‟s will are suggested, but the aim is not to produce 

perfectly consistent comparisons. On the contrary, the more redundancy in comparisons can 

lead them to a final precision instead of consistency, (Saaty, 2008).  

 

Table 3.15: Consistency check for OPVs of hard plastics waste of Ericsson (Table 0.11) 

 
Reuse 

out 
Recycle Incinerate RVV 

Multiply 

A × RVV 

λmax 

Consistency 

index (CI)= 

(λmax – n) / 

(n – 1) 

Consistency ratio 

(CR) % = CIaverage 

/ coefficient 

Eco OPV         

reuse out 1.00 5.00 10 0.77 2.30 3.00 0.00  

Recycle 0.20 1.00 2 0.15 0.46 3.00 0.00 0.00 

Incinerate 0.10 0.50 1 0.08 0.23 3.00 0.00  

Env OPV         

reuse out 1.00 2.00 3 0.54 1.62 3.00 0.00  

Recycle 0.50 1.00 2 0.30 0.89 3.00 0.00 0.79%
(1)

 

Incinerate 0.33 0.50 1 0.16 0.49 3.00 0.00  

Social OPV         

Reuse out 1.00 3.00 10 0.68 2.05 3.02 0.01  

Recycle 0.33 1.00 5 0.26 0.78 3.02 0.01 1.58%
(1)

 

Incinerate 0.10 0.20 1 0.06 0.18 3.02 0.01  

(1) They are in the acceptable range of inconsistency. 
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The results of these two examples that AHP is applied showed their simplicity and one may 

ask about the necessity of its application. When they practice AHP and become acquainted 

with it, they can come to utilize its capacity by developing their hierarchy and entering real 

data. If the reader imagines of a hierarchy of 15 decision criteria (even more) and, say, 10 

alternatives to decide upon when there are four or more levels, then he/she will prepare 

him/herself to encounter with such situations. Furthermore, evolving hierarchy to a network is 

the next step, which requires Analytic Network Process (ANP) application, but it is not in the 

scope of this work.         
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3.2 Generalization of method  

Depending on the problem, the AHP hierarchy can have several levels like sub-criteria in 

figure 3.4. In case of interest and providing sufficient data, these kinds of hierarchies are 

possible to develop and solve. The only change is to provide a tailor-made hierarchy to each 

waste item (or anything else that is suitable to be solved by the method) to set the relevant 

items in different levels. From AHP point of view, going further in sub-subcriteria is not 

impossible, but the importance of problem and the need to analyze have to be justified. An 

example to this is sub-subcriteria under GWP (Global Warming Potential) - a subcriterion of 

environmental criterion. The constituents of GWP are the green house gases. In case of 

having sub-subcriteria under environmental factor, obtaining the local priorities are easy and 

the weights can be acquired from LCA tables. As an example, the effect of CH4 is 21 times of 

effect of CO2 in global warming, (Bauman H. and Tillman A. M. 2004).   

 

 

Figure 3.4: Future development hierarchy for Ericsson 
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At the hierarchy level of Ericsson problem the goal is to find the best method to treat each 

waste item individually as discussed in chapter two. As they are interested in sustainability 

and its aspects are economical, social and environmental then they will have three criteria as 

aspects of sustainable development.  

Economical 

Dismantling, treatment, labor costs, machinery, land renting, legally charged waste fees, 

electricity and many other items in the waste management process can be listed as subcriteria 

of economical criterion. Depending on the importance and availability of the most appropriate 

items of these costs, a ranking can be concluded from the supplied data that can help in 

focusing on special costs that bother the company the most.  

Environmental  

Global warming potential (GWP), acidification, human toxicity, eco-toxicity and 

eutrophication are the most common environmental impacts derived from life cycle 

assessment studies (LCA). Depending on the importance of each impact for the waste item, 

the subcriteria of environmental impacts can be different for each item. For example, glass 

has considerable effect on global warming but no toxicity. Wood can affect eutrophication, 

global warming, acidification and no eco-toxicity. Aluminum can affect the environment from 

all above impacts points of view.  

Social  

Employee, customer, government and public satisfaction are subcriteria for this criterion and 

sustainability aspect. As Ericsson is in no contact with customer or public in the city, Boras, 

only employee and government satisfaction are important subcriteria for them.  

Applying AHP according to figure 3-4 is somewhat like the example in previous section, but 

there is little more for the extra level. The hierarchy consists of four levels. The goal is to find 

the best option to treat the waste item. Criteria are economical, environmental and social. 

Market value, labor cost land rent, machinery, energy and… are subcriteria for economical 

criterion, environmental has global warming potential (GWP), acidification, eco-toxicity, 

human toxicity and eutrophication, and for social criterion, there are two subcriteria: 

employee and governmental satisfaction.  
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Procedure of analysis of the hierarchy  

1. Decide the priorities of criteria, finding the RVV in criteria level.  

2. Find RVVs of subcriteria under economical, environmental and social criteria 

separately. These are the local priorities.  

3. Multiply priority of each sub-criterion by the priority of its parent criterion, to obtain 

the global priority of subcriteria and put in a general RVV.  

4. Construct the matrix of alternatives for each sub-criterion at a time, fill the matrix 

(compare the alternatives with respect to that sub criterion), and obtain the related 

eigenvector (option performance vector (OPV)). 

5. Make the option performance matrix (OPM) from previous step. 

6. Multiply OPM by RVV. The order of rows in the m × 1 matrix of subcriteria (from top 

to down) must be same as the order in the columns of OPM (from left to right). The 

result of this multiplication is the rank of alternatives. The maximum is the alternative 

that is most suggested and preferred option.  

7. Review the process (check  consistency and then review hierarchy) 

 

Example for development of the method  

To enhance the usefulness of the report, a hierarchy for hard plastic waste with assumed 

comparisons is considered and solved. Consistency is not discussed for it. 
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Figure 3.5: A multilevel hierarchy for future development for hard plastics in Ericsson  

 

Table 3.16: criteria/subcriteria matrix, global priorities and CR 

 
Economical Environmental  Social  Main RVV 

Global 

priorities2 
CR 

Economical 1.00 0.50 3.00 0.30 -  

Environmental  2.00 1.00 6.00 0.60 -  

Social  0.33 0.17 1.00 0.10 0.10 0.00 % 

      
 

Sub-Eco(3)  Transportation Labor Market value Local priorities 
 

 

Transportation 1.00 6.00 3.00 0.67 0.20  

Labor 0.17 1.00 0.50 0.11 0.03 0.00 % 

market value 0.33 2.00 1.00 0.22 0.07  

      
 

Sub - Env  GWP Acidity Eutrophication Local priorities 
 

 

GWP 1.00 2.00 3.00 0.54 0.32  

Acidity 0.50 1.00 2.00 0.30 0.18 0.79 % 

Eutrophication 0.33 0.50 1.00 0.16 0.10  

      
 

1- Nth root of multiplications 

2- Global priority = local priority × priority of criterion in main RVV  

3- Sub – Eco: sub criteria under Economical criterion 
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Table 3.17: Alternative comparisons, their correspondent result and Consistency Ratio (CR) 

Transportation Reuse in Reuse out Recycle Incinerate 
 

OPV CR 

Reuse in 1 2 8 5 2.99 0.55  

Reuse out 1/2 1 4 1 1.19 0.22  

Recycle 1/8 1/5 1 1/4 0.30 0.05 3.93 %  

Incinerate 1/5 1 4 1 0.95 0.17  

     
5.42 

 
 

Labor 
      

 

Reuse in 1 1/5 1/2 1/2 0.47 0.10  

Reuse out 5 1 3 2 2.34 0.50  

Recycle 2 1/3 1 1 0.90 0.19 0.57 % 

Incinerate 2 1/2 1 1 1.00 0.21  

     
5.06 

 
 

Market value 
      

 

Reuse in 1 0.5 5 3 1.65 0.29  

Reuse out 2 1 9 6 3.22 0.56  

Recycle 1/5 1/9 1 1 0.39 0.07 1.01 % 

Incinerate 1/3 1/6 1 1 0.49 0.08  

     
4.98 

 
 

GWP 
      

 

Reuse in 1 2 5 8 2.99 0.55  

Reuse out 1/2 1 3 4 1.57 0.29  

Recycle 1/5 1/8 1 1 0.51 0.09 0.78 % 

Incinerate 1/8 1/4 1 1 0.42 0.08  

     
5.48 

 
 

Acidity 
      

 

Reuse in 1 2 4 9 2.91 0.55  

Reuse out 0.125 1 5 2 1.41 0.27  

Recycle 0.5 0.2 1 1 0.59 0.10 2.69 % 

Incinerate 0.2 0.5 2 1 0.41 0.08  

     
5.33 

 
 

Eutrophication 
      

 

Reuse in 1 2 2 2 1.68 0.40  

Reuse out 0.5 1 1 1 0.84 0.20  

Recycle 0.5 1 1 1 0.84 0.20 0.00 % 

Incinerate 0.5 1 1 1 0.84 0.20  

     
4.20 

 
 

Social 
      

 

Reuse in 1 1 2 5 1.78 0.37  

Reuse out 1 1 2 5 1.78 0.37  

Recycle 1/2 1/2 1 2 0.84 0.18 0.23 % 

Incinerate 1/5 1/5 1/2 1 0.38 0.08  

     
4.77 
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Table 3.18: Result of the example  

 
Option Performance Matrix (OPM)  

Global 
priorities 

 

 

Alternatives  Trans1 Labor  Mark2  GWP3 Acid4 Eutro5 Social 
 

0.20  Result  

Reuse in 
0.55 0.10 0.29 0.55 0.55 0.40 0.37 

 
0.03 

 
0.48 

Reuse out 
0.22 0.50 0.56 0.29 0.27 0.20 0.37 

 
0.07 

 
0.29 

Recycle  
0.05 0.19 0.07 0.09 0.11 0.10 0.18 × 0.32 

=> 
0.11 

Incinerate 
0.17 0.21 0.08 0.08 0.08 0.20 0.08 

 
0.18 

 
0.11 

 
        

0.10  
 

 
        

0.10  
 

1-Transportation 2- Market Value 3- Global Warming Potential (GWP) 4- Acidification 5- Eutrophication   

 

 

 

 

 

Analytical Network Process (ANP) a generalization of AHP 

In ANP, each criterion can be related to all subcriteria. This is a generalization of AHP, in 

which each level of goal, sub goals, criteria, subcriteria and alternatives are connected in a 

network based structure to each other. Solving such problems is not in the scope of this 

project.   
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4. Critics and discussions  

4.1 Rank reversal  

Changing the order of a list processed in AHP is a critique that many authors have discussed. 

Here are some examples of research.  

For any modification, there is a possibility of changing the rank of factors, Brazilai, J., and 

Golany, B. (1994), which is known as 'rank reversal'. In other words, if we have n decision 

criteria and we add an extra criterion then we will have a new rank, even keeping the same 

dual comparisons same as before (among the previous factors).  

Wang Y. M. and Elhag, T. M. S., (2006) have said that rank reversal will happen in case of 

local priorities; and for stabilizing them suggested to investigate the most relevant criteria and 

options to prevent from rank reversal. 

Wedley W., et al (1993) have shown the possibility of rank reversal even in case of clustering 

objects in a single criterion and mentioned that its reason is being dominant and independency 

of higher levels to the lower ones. Classification of elements into groups is done because of 

different magnitudes and numerous items. 

Wedley W. C., Wijnmalen, J.D. (2004) have proved that, in a one single-level hierarchy 

deletion of a 'non-discriminating' (ND) criterion never changes the rank, even if the deciding 

body is not faultlessly consistent. 

 

4.1.1 Rank reversal trial in the example 

As learned, rank of a list can change according to different reasons like changing the point of 

views of decision makers, changing the decision making team, and any change in the market. 

According to the literature, when an indifference factor or alternative is added to or deleted 

from the hierarchy, there is a possibility of changing the order with the primary rank. This 

phenomenon, whether it is a problem (as some mathematicians insist on) or a property of 

AHP and other ranking methods, is tested in the hard plastics example by adding/deleting an 

indifferent criterion and alternative. Indifferent criterion or alternative means it is the weakest 

in the ranking and it is expected if you add a criterion with the same chance in the rank, 

having same characteristics, or delete it from the hierarchy the rank may not change. 
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To illustrate the changes in the hierarchy its new versions is brought here. For simplicity and 

shortening of report just the last result in the form of a comparison table is brought.  

 

  

 

 

Figure 4.1: Adding a criterion  

 

 

Figure 4.2: Deleting a criterion  

 

 

 

 

Figure 4.3: Adding an alternative  

 

 

 

Figure 4.3: Deleting an alternative 
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Table 4.1: Rank reversal testing table  

Alternative  Original priority Add factor Delete factor Add alternative Delete alternative 

Reuse out 0.64 0.66 0.62 0.62 0.74 

Recycle 0.24 0.24 0.25 0.20 0.26 

Incinerate  0.12 0.10 0.13 0.09 - 

pellet - - - 0.09 - 

 

According the above table, a little change has occurred in the priority rate, but has not led to 

rank reversal. One reason is that the possibility of this phenomenon due to the large difference 

between the priority of first and second choice has prevented from that. However, the most 

obvious effect is seen when the indifference alternative, incineration, was deleted.  

 

4.1.2 Ericsson and rank reversal 

Saaty, T. L., and Sagir M. (2008) have summarized rank preservation and reversal issues in 

AHP that some important points is brought here. There is a common belief in which the order 

of a sorted set of elements by adding or deleting of one of its members will not be changed: 

 Suppose one has done an AHP for a purpose and obtained an order, rank, among alternatives. 

If he revises his hierarchy by adding or deleting of a criterion or alternative, then if the order 

of pre-calculated alternatives collapse and at least two of them changed in the order, rank 

reversal has happened, otherwise rank preservation existed among them. Rank reversal is quite 

natural if the judgments and the comparisons are changed. The critiques start when an 

indifference criterion or alternative is added to or deleted from a set and the order is changed.  

 Sorting, ranking, is a merely human behavior toward his/her surrounding objects. On the other 

hand, while people do this according significance or probability of the objects, it is a matter of 

science and objectivity. It is the human being that makes criteria and develops the related 

surrounding objects to solve the problems of concern. 

 In order to have the accuracy in the result of judgments, the objects of study have to be chosen 

so close and uniform, unless they have been grouped in harmonized classifications.  

 In case of independently rating of the alternatives, their rank will not be changed.   

 In this method (AHP), no change has been seen with single decision factor. 

 Normalization, the frequently used calculation in AHP has inevitable effect on rank reversal. 
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In conclusion, in the time of reviewing the hierarchy, if decision makers come to the point 

that they need to revise it and this revision can lead to rank reversal, there is no problem with 

the changing of order and the resulting order is the correct one.   

 

4.2 Benchmarking, a suggestion   

One of the useful methods toward sustainability is benchmarking. How pioneers, best in class, 

have gone and done this way is a helpful guidance not to follow totally but to learn how they 

could succeed and avoid the pitfalls they encountered and make a break through to achieve 

final goal. For this section several chapters of the e-book of Robert K., H. (2002) is utilized. 

Scandic Hotels 

Karl-Henrik Robert gave them a 5-day-lecture on TNS, The Natural Step, and they started by 

thinking and spreading the ideas to all over their branches. They started to change core values 

of the organization, making a bank of ideas and insisting on low hanging fruit, making 

environmental barometer, competition among their branches in the hotels of different 

countries. Using new environmental friendly chemicals, low energy lamps, dispenser system 

for soap and shampoo, and so on were some of their specific activities.   

IKEA  

They invited Karl, as the first customer of TNS, to train the top level management of the 

company by the concepts of The Natural Step. Then they went on finding pinpoints to 

improve and comply with the TNS. They could find 1500 potential points to change. As a 

learned policy they started from low hanging fruits while by the lowest expenditure they 

could achieve their objectives. Analyzing the waste from different parts of the company they 

could save and return some value to the company and one notion they found and it was 'cash 

in trash'.  

Sånga-Säby 

Starting with training their people (top management at first), they asked not only for solutions 

but also for methods to monitor considering 'system conditions'. Instead of asking the 

employees to follow the routines, CEO asked them to serve as suggestion boards. Using the 

renewable energy to all the facility, good insulation, sensors acting when nobody is present in 
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the room, phasing out the persistent chemicals, sorting the waste aiming to decrease the 

unsorted waste to zero gram per hotel night were some of their activities to achieve their 

goals. They got ISO 14001 certification in 1998, "Nordic Swan"(an eco label) and Green 

Globe's Worlds Champion later.  

ICA and Electrolux 

In an intelligent collaboration between these two companies they could go a big step ahead in 

solving an environmental problem. Like others, they learned TNS and studied their activities 

to analyze the nonconformities with system conditions. They changed the coolant in their 

refrigerators from CFC, which is an ozone depletion substance, to pentene.  

Others 

According to The Natural Step, nearly 70 cities in Sweden, some states in the USA, Canada, 

Australia, UK, Japan, and in several other countries, more than hundreds of companies, cities 

and regions have adopted TNS and striving toward sustainability.    
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Conclusions 

The consistency test is a useful tool and as mentioned up to 10 percent for CR is accepted 

while in some cases the accepted range of inconsistency is 20 percent. As seen, only in the 

relative value vector (RVV) for hard plastics example the consistency ratio exceeded from 

10% (11.7 %). In other cases, the inconsistency was low.  

Obtaining a negative number for consistency index (CI) shows an error in calculations. In the 

generalization section of the method (3.2), an uncommon error happened in a way that was 

not expected. It was a mistake in the inversing of one of the cells of lower triangle of matrix 

of pairwise comparisons of alternatives based on Eutrophication. As seen from the table 4.2, 

priority of the alternative 'reuse out' to 'recycle' had been chosen 1.00 while the inverse of this 

comparison, priority of 'recycle' to 'reuse out' was 0.50 instead of 1.00 and it was in 

contradiction with the method. It had not only affected the 'Eutrophication OPV' but also the 

CIs were negative as λmax < n, number of alternatives.    

 

Table 4.2: How an error can affect the result 

Before correction 
    

Eutrophication ReI
(1)

 ReO Rec Inc OPV A
(2)

 × OPV λmax CI 

Reuse in 1 2 2 2 0.41 1.59 3.84 -0.05 

Reuse out 0.5 1 1 1 0.21 0.79 3.84 -0.05 

Recycle 0.5 0.5(3) 1 1 0.17 0.69 3.97 -0.01 

Incinerate 0.5 1 1 1 0.21 0.79 3.84 -0.05 

After correction 
       

Reuse in 1 2 2 2 0.40 1.60 4 0 

Reuse out 0.5 1 1 1 0.20 0.80 4 0 

Recycle 0.5 1 1 1 0.20 0.80 4 0 

Incinerate 0.5 1 1 1 0.20 0.80 4 0 

(1) ReI: reuse in ReO: Reuse out, Rec: Recycle, Inc: Incinerate 

(2) A: pairwise comparison matrix   
(3) The error cell is shown in bold. 
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Acquired rank reversal test result for hard plastics in table 4.1 shows no rank reversal. In 

some studies, this phenomenon is mentioned as a problem with the method, (Wang, Y.-M. 

and Elhag, T.M.S. 2006), while Saaty and Sagir (2008) say that it is a property of it and even 

they advice to skip the idea of keeping the same order by some examples and at the same time 

they call it as "unresolved issue". Furthermore, Wang, Y. M. and Luo, Y. (2008) generalize 

this phenomenon to many other decision making methods “like Borda-Kendal (BK) used in 

aggregating ordinal preferences, simple additive weighting (SAW), the technique for order 

preference by similarity to ideal solutions (TOPSIS), and cross efficiency method in data 

envelopment analysis (DEA)”. 

As a common outcome of this project, changing of the topic issued by Ericsson (thinking for 

27 fractions) to the present project (finding the best alternative for one item at a time) is 

orienting from the effects and symptoms to the root cause.   

The decision making team is another important factor in the correctness of hierarchy and 

precision of pairwise comparisons in AHP. Subjectivity nature of this method is an important 

characteristic of it. Experience, knowledge and the bias of the team or members can affect the 

result. There is no need here to comment on the circumstances of fruitful meetings. Once the 

strategy of organization is set, decision makers should reflect it in the structure and its related 

comparisons. Although Ericsson's representative did the hierarchy and pairwise comparisons 

of the solved examples, there is no guarantee to correctness of them and not occurring of any 

variation during the time.  

The structure of hierarchy has essential role in this method. The most relevant decision 

criteria/sub-criteria and well-developed alternatives have to be chosen. Reviewing the process 

and its timely updating is very important and suggested.  
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