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Abstract 

This paper aims to assess desalination technologies for the utilization of desalinated brackish water in Jordan. 
Brackish waters in Jordan are viewed as a potential and viable resources to alleviate water scarcity and overcome 
water budget deficit. The evaluation of various desalination technologies was carried out using multi-criteria 
analysis. The criteria adopted for evaluation was based on technical, economic, and environmental aspects. 
Assessment of both quantity and quality of brackish waters were outlined. Inter-basin allocation of desalinated 
water was described as part of the emergency water plan in Jordan. The analysis reveals that reverse osmosis 
(RO) technology followed by electodialysis (ED) are ranked among the most appropriate. 
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1. Introduction 

The adoption of  non-conventional options 
for water supply enhancement for Jordan in the 
future is inevitable. With the same trends in 
population growth and water use, it is apparent 
that the unsatisfied water demand is substantial. 

*Corresponding author 

Jordan's water resources are composed of  
surface water, groundwater and wastewater. 
The total water use amounts to 1010 million 
cubic meters (MCM) in 1995. Surface water 
contributes an amount of  450 MCM, wastewa- 
ter amounts to 52 MCM; groundwater makes 
the largest contribution at 507 MCM. Ground- 
water abstraction is 445 MCM from renewable 
aquifers and 62 MCM from non-renewable ba- 
sins. The safe annual yield from the renewable 
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Table 1 
Scenario of water allocation for various uses in Jordan 

Y e a r  Projected water Projected water demand Total Deficit, MCM 
resources, MCM D o m e s t i c  Indus t r i a l  Agricultural 

1995 995 233 47 1088 1368 373 
2000 1286 300 60 1088 1448 162 
2005 1297 380 80 1088 1548 251 
2010 1390 475 100 1088 1663 273 
2015 1448 586 123 1088 1797 349 
2020 1500 675 150 1088 1913 413 
2025 1557 767 164 1088 2019 462 

aquifers is estimated to be 276 MCM, which 
means that about 170 MCM are being over 
pumped [1]. This over exploitation of  ground 
water resources imposes a major constraint on 
sustainable water development. 

Using 1995 figures, water uses from all re- 
sources were distributed as shown in Table 1. In 
light of  the above figures, the municipal uses 
represent around 21% of  the total consumption, 
where the irrigation uses represent around 69% 
of  the total consumption. Ground water is con- 
sidered the main source for irrigation and mu- 
nicipal uses, followed by the surface water. 
With the current trend in water use, it is antici- 
pated that within the next decade, Jordan would 
have utilized all the potential available conven- 
tional water resources. By 2010, the population 
of  Jordan will increase from 4.3 million to 7.1 
million. The demand in the municipal sector 
will be about 500 MCM and in industry about 
100 MCM. Based on projections of  water sup- 
ply and demand, Jordan is likely to face a pota- 
ble water crisis by 2010 [2]. 

Jordan water resources, surface and 
groundwater, depend mainly on rainfall which 
is estimated at 8424 MCM/y. Eighty five per- 
cent of  this volume is lost by evaporation while 
the balance constitutes the renewable ground 
and surface water. Seventy percent of  this 

balance is infiltrated and small portion of  the 
ground water emerges in the form of  springs 
that constitute the permanent flow of  certain 
wadis and rivers. 

Groundwater constitutes the most important 
available resources that can be tapped in over 
80% of  the country in varying quantities and 
qualities, and at varying depths ranging from 
few meters to more than 1000 meters. Ground- 
water in Jordan is of  two types, renewable and 
fossil. The latter constitutes 5% of  the total 
groundwater storage of  most hydrogeological 
regimes in Jordan. 

For the fossil water quantities, which is 
found in the southeastern part o f  the country, 
estimates depend on the exploitable depth and 
other hydrogeological factors, however the uti- 
lizable ground water is estimated at 90 MCM/y 
for a period of  100 years. Quality of  ground- 
water varies from one aquifer to another, salin- 
ity ranges from 170 ppm up to 3000 ppm in 
some places. 

Water desalination will be considered as a 
future option of  supply augmentation for Jor- 
dan. The objective of  this paper is to evaluate 
various water desalination technologies in terms 
of  economic and technical feasibility and envi- 
ronmental sustainability. 
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2. Potential water supply enhancement 
options in Jordan 

Different non-conventional water resources 
are considered as potential water supply, these 
include treated waste water, water harvesting, 
importation of water across boundaries and de- 
salination of  brackish and sea water. Moreover, 
Water demand management options are being 
considered as means to address the water crisis 
in Jordan. A brief description of these resources 
are presented below. 

2.1. Treated waste water 

This resource constitutes an important non- 
conventional source in the country. To com- 
plement the existing wastewater treatment 
plants in Amman, Zarqa, Salt and other cities, 
plans are underway to construct 23 more treat- 
ment plants to serve an additional 34 cities and 
villages in Jordan. These plants will have a 
combined capacity of 66 MCM in the year 2000 
and 110 MCM in the year 2010 [3]. 

Extensive plans and studies are underway to 
assess the feasibility of using treated water for 
irrigation in areas adjacent to the treatment 
plants. At present around 52 MCM/y is used for 
restricted irrigation purposes. 

2.2. Water harvesting 

It is estimated that the developed quantities 
of  the water harvesting will reach 6 MCM/y by 
the year 2000 [4]. Net water conservation gains 
for rainfall/runoff water harvesting (RRWH) 
from residential and industrial roofs was esti- 
mated for the year 2005 to be 9.5 MCM/y and 
4.3 MCM/y respectively [5]. 

2.3. Importation o f  water 

Preliminary studies have been conducted to 
assess the possibilities of importing water to 
Jordan. A study was completed in 1983 to im- 
port 160 MCM/y from River Euphrates in Iraq 
to supply the northern part of the country. An- 

other major water importing project is the 
Turkish Peace pipeline. This project is intended 
to divert the water of Rivers Ceyhan and Sey- 
han in south Turkey to supply Jordan and other 
countries with the water. The major concern 
with regard to importing water is political un- 
certainty encountered in such multi-national 
projects. 

2.4. Desalination 

Desalination of  sea and brackish water 
seems to offer a sound alternative to arid lands 
bordering seas or salt lakes; desalination plants 
producing up to several million gallons per day 
are commercially available and already used for 
domestic and industrial purposes in some very 
arid regions. 

In Jordan, two main sources are available to 
be desalted: the Red Sea and the brackish 
groundwater in some basins, where preliminary 
studies show that by the year 2010 more than 
20 MCM/y could be developed in the Central 
Jordan Valley. This figure may reach 
70 MCM/y by the year 2040. According to the 
water quality analysis conducted by JICA on 
brackish water in the Jordan Valley, the TDS 
results were in the range of 5000--10000 mg/L 
[6]. 

3. Assessment of brackish water in Jordan 

It was proposed that desalinized brackish 
water (with a TDS of  1,000-10,000 mg/l)  
could increase water supply in Zarqa basin, Hy- 
drological Services International carried out a 
cursory study of this potential in Jordan in 
1991. The survey identified sources of brackish 
water within the Zarqa Basin and recommended 
some site-specific studies [4]. 

In terms of brackish springs, a total of 67 
brackish springs have been identified, 23 in the 
Jordan River Basin, 33 in the Dead Sea Basin, 8 
in Wadi Araba, 1 in the Azzraq Basin and 2 in 
the El Jafr Basin. The total average flow was 
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allocation of brackish water in 
Jordan 

estimated to be approximately 46 MCM/y. 
Moreover the Zarqa Main Springs were selected 
for consideration as a source of  brackish water. 
Their average discharge is 17 MCM/y, and av- 
erage salinity 1800 mg/1. They occur at an ele- 
vation of  160 m below sea level, some 60 km 
from the capital of  Amman. 

In the Treaty of  Peace, signed on 26 No- 
vember, 1994, Annex II, page 2 Article (2)/d 
regarding water from the Jordan River, it states 
that [7] "Jordan is entitled to an annual quantity 
of  10 MCM of  desalinated water from the de- 
salination of  about 20 MCM of saline springs 
now diverted to the Jordan River". 

Fig. 1 depicts the amounts of  brackish water 
available for inter-basin and/or governorate 

transfer within Jordan. The use of  desalination 
in Jordan is limited to few cases; the most nota- 
ble of  which is a very small plant at AI-Hussein 
Thermal Power Station of  Jordan Electricity 
Authority. This plant produce only 66 m3/h by 
the RO method, and its cost was US$1.9 mil- 
lion in 1985. The water produced by this plant 
cost about 0.97 US$/M 3, and the energy used is 
3 Kwh/m 3 of  water produced. 

In Jordan, containerized or packaged units 
could be used at brackish small springs and 
wells. The production rate of  such plants is 
flexible because it depends on the number of  
membrane modules or units used. The locations 
of  brackish sources as well known at the Min- 
istry of  Water and Irrigation (MWI). Previous 
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studies identified the brackish Zarqa aquifer in 
the Hisban and Kafrein area as a very promising 
source for brackish water supply. It is enough 
for installation of a pilot desalination plant of a 
minimum 10 MCM/y capacity. This source is 
readily exploitable by existing boreholes which 
produce water with TDS ranging from 3000 to 
6000 ppm. 

MWI studies estimated the capital cost for a 
brackish water treatment plant of a 20 MCM/y 
capacity and inflow TDS not exceeding 
5000 ppm to be US$ 35 million; and the annual 
operating and maintenance costs to be US$ 8 
million. So, the production cost of such a plant 
was estimated to be 0.4 US$/m 3 of water pro- 
duced. In these costs, pretreatment, produced 
water storage if needed, and brine disposal fa- 
cilities were not included because they vary 
from one source to another, the energ~y required 
was estimated to be 1.9-3.2 kwh/m of water 
produced depending on quality of inflow water 
and the required TDS of  outflow. 

Although it was documented in the PRIDE 
report that hydrogeological data regarding esti- 
mates of brackish ground water resources in 
Jordan needs validation. The following is a 
summary of available estimates of brackish 
water resources by basin: 

1. In the Disi sandstone, it is reported that 
about 27000 MCM of brackish ground wa- 
ter is available which is distributed in the 
Jordan River, Azraq, Hammad, Dead Sea 
and Sarhan basins. The depth of water in 
the Sarhan area is about 2000 meters. 

2. The volume of brackish water stored in the 
Kurnub sandstones is reported as being 
75000 MCM in Azraq. Hammad, Dead Sea, 
Sarhan and Jafer basins is distributed as 
16990, 12550, 26440, 12620 and 6400 
MCM respectively. 

However, most of the Kurnub sandstone in 
the Dead Sea basin is outcropping and its water 
discharges directly to the local wadis. This wa- 
ter however, was counted in the discharge of 

brackish springs. The depth of  ground water in 
Hammad and Sarhan basin in the Kurnub sand- 
stone is about 1000 meters, while in Jafer basin 
the thickness of the sandstone until is only 
around 50 meters. 

4. Role of desalination 

Many possible alternatives have been con- 
sidered in order to find feasible options for wa- 
ter supply enhancement in Jordan. One of these 
alternatives is the conversion of  brackish water 
resources into potable water. Experience gained 
in the region desalting indicates it to be one of 
the most promising approaches for meeting un- 
satisfied water demand [8]. 

Saline water can be converted by means of  
one or several of  the numerous desalting proc- 
esses. Desalting produces water at a known and 
regular rate in respect to both quantity and 
quality. Rejected brine can possibly serve as a 
raw material in the manufacture of fertilizers 
and other products [9]. 

The main constraint of  desalting is the cost 
of desalted water. However, desalting tech- 
niques are progressing rapidly, and there is a 
good chance of reducing the cost during the 
next few years [10]. Energy is an important 
component of the converted water cost break- 
down, and the local role of desalting will de- 
pend upon the cost of the energy available. In a 
recent paper [8] the authors analyzed the poten- 
tial of non-conventional energy technologies for 
water desalination in Jordan. The role of wind 
energy and hydropower in this respect was ex- 
amined in two separate papers [11,12]. 

5. Desalination technologies 

There are numerous processes have been 
proposed for the desalination of  water, but 
some of them can be disregarded because they 
do not offer a sufficiently attractive economic 
prospect. There are several methods for classi- 
fying the well-known desalination processes. 
They can be classified according to the phe- 
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nomena involved, e.g. those involving phase 
change in water, as in distillation, freeze sepa- 
ration, and hydrate separation; those utilizing 
surface properties of membranes, as in electro- 
dialysis and reverse osmosis; those utilizing 
ion-selective properties of solids and liquids, as 
in ion exchange and solvent extraction. Another 
classification could be one, which would in- 
volve the various forms of energy, namely, 
heat, mechanical, electrical or chemical. A fur- 
ther classification is one, which distinguishes 
between the withdrawal of  water from solution, 
and the extraction of salts from solution, as is 
exemplified by the comparison of any distilla- 
tion process with electrodialysis. The intent of 
this description of  desalination technology is to 
quantify weights using analytical hierarchy pro- 
cess method (AHP) for assessing the main de- 
salination processes. 

The described processes have many aspects 
and common problems, such as energy con- 
sumption, scale formation, fouling, corrosion, 
heat transfer, structural materials, fluid circula- 
tion, mass transfer, and others. Desalting proc- 
esses are often compared on the basis of their 
energy consumption, and on the basis of the 
product water quality. In any specific case, the 
main factors invalid before a particular desalt- 
ing process is selected may include; product 
water quantity and quality; feed water quantity, 
characteristics, temperature, and reliability; 
availability of  energy; waste brine disposal; 
location; suitability; process limitations, and 
process economics. Some basic information on 
the processes, which have been reviewed, is 
shown in Tables 1 and 2. 

Distillation is the most developed and can be 
applied for the production of  large quantities of 
water. The phase change of water, from liquid 
to vapor is the basis of all forms of distillation. 
The methods commonly used are the multi- 
effect (ME) and multi-stage flash (MSF) proc- 
esses. MSF is the most widely used process. It 
operates on the principle that water boils at pro- 

gressively lower temperatures when it is sub- 
jected to progressively lower pressures. 

In the ME process, the evaporators are ar- 
ranged in series, with the pressures of the 
evaporation sides being maintained at succes- 
sively lower values to ensure heat flow. The 
multiplication of  the effect of condensing steam 
in the successive evaporators leads to the desig- 
nation of this scheme by the term "multiple- 
effect" distillation. 

Another method of  distillation is vapor 
compression (VC). Unlike the other distillation 
processes, it uses mechanical energy rather than 
heat energy. Its basic principle is simple. When 
vapor is compressed, its temperature and pres- 
sure increase while the volume decreases. The 
VC process can be operated either in a single or 
multi effect configuration. The VC process is 
characterized by low energy consumption and 
operation costs. Heating steam is eliminated or 
greatly reduced. But energy needs to be sup- 
plied to the motor, which drives the compres- 
sor. VC plants have the advantage of  being eas- 
ily transported and installed. However, the 
quality of  water and maintenance costs do not 
match the other forms of  distillation. Also their 
capacity is somewhat limited [13]. 

In the reverse osmosis process water is made 
to pass from the more concentrated solution to a 
less concentrated one, which is the reverse of 
the principle of  osmosis. The force necessary to 
accomplish this is the application of pressure 
greater than the osmotic pressure of  the saline 
solution. If a saline solution in contact with a 
semi-permeable membrane is placed under 
pressure, which is in excess of  its osmotic pres- 
sure, water from the solution will flow through 
the membrane. Water flow will continue till the 
pressure created by the osmotic head equals the 
osmotic pressure of the salt solution. Acetate 
cellulose membranes have proved most suc- 
cessfully to be used for this purpose. Mem- 
branes are not perfectly semi-permeable and 
certain quantit ies of  ions cross through the 
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Table 2 
Characteristics of desalination processes 

Method of desalination Advantages Disadvantages 

Multi-effect desalination 
(MED) 

Reverse osmosis (RO) 

Vapor compression (VC) 

Electrodialysis (ED) 

Multi-stage flash (MSF) 

High production capacity 
Low capital costs 
High purity (< 30 ppm) 
Energy input independent ofppm 
Minimal skilled operator 

Suitable for both sea and brackish water 
Flexibility in water quantity and quality 
Low power requirement compared with MED 
and VC 
Flexibility in site location 
Flexibility in operation start-up and shut-off 
Simple operation 

High water quality (20 ppm) 
High operational load 
Short construction period 
Small space requirement 
Operation and production flexibility 

Low operating and capital costs 
Flexible energy source 
High conversion ratio (80%) 
Low energy consumption 
Low space and material requirements 

Flexibility in salinity of feed water 
High purity production (<30 ppm) 
High production capacity 
Low skill requirement 
Production of both water and electricity 
Low energy input 

Dependence of output on local power availability 
Long construction period 
Difficult to control water quality 
Low conversion of feed water (30%-40%) 
Labor-intensive 
Large space and material requirements 

Low quality (250-500 ppm) 
Requires high-quality feed water 
Relatively high capital and operating costs 
High pressure requirements 
Long construction time for large plants 

High operational costs 
High energy consumption 
Lack of water quality control 

Low to medium brackish water capability 
(3.000 ppm) 
Requires careful pretreatment of feed water 
Low production capacity 
Purity affected by quality of feed water 

Labor-intensive 
Low conversion ratio (300/o - 40%) 
Requires pretreatment of feed water 
High operating costs 
High construction requirements 
Limited potential for improvement 

membranes. The salt content in the water pro- 
duced can be controlled by reducing the pres- 
sure or increasing the number o f  filtrations. The 
main attraction o f  this process is its low energy 
consumption. The energy required to operate 
the process increases with feed water salinity. 
Technical difficulties include fabrication, de- 
gree o f  semi-permeability, fouling, polarization, 
scale, membrane supports, and energy recovery 
are associated with the membranes. 

In the electrodialysis process salt is removed 
from the saline water. This is done by trans- 

porting ions through membranes by means o f  
an electric current. Saline water enters the cell 
compartments, which are separated by perm- 
selective membranes that are alternatively per- 
meable to cations and to anions. When a poten- 
tial difference is applied to the electrodes, ca- 
tions are attracted towards the negative pole and 
anions towards the positive pole. Depending on 
the nature of  the membranes, ions pass through 
them or are rejected. The energy consumed is a 
function of  salinity o f  the raw water. The elec- 
trical resistance o f  water increases as its salt 
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content decreases, so it would be very expen- 
sive to obtain pure water using this process. 
Practically this process could be used for 
brackish water desalting when the required sa- 
linity of  the produced water is of the order of 
500 ppm. 

6. Evaluation methodology 

In this paper, the AHP method has been used 
to evaluate the decision regarding the selection 
of  an optimum desalination technology in Jor- 
dan. The AHP has been effective in structuring 
many types of  complex multi-criterion prob- 
lems. For example, the AHP has been applied 
to business decisions [14], evaluation of  energy 
systems [15], choosing areas of R&D programs 
[16], the estimate of the economy's impact on 
sales, the problem of  traffic cognition, real es- 
tate investment [17], and water polices [18]. 
There are five basic steps in applying the AHP 
in practice: Structuring the decision hierarchy, 
collection data by pairwise comparisons, 
checking consistency of  material judgments, 
applying the eigenvector method to compute 

weights, and aggregating the weight to deter- 
mine a ranking of  decision alternatives. In order 
to establish the priorities of  the alternatives, 
pairwise comparisons are necessary. The scale 
that is developed by Saaty [17] for pairwise 
comparison is used. Appendix A shows a sim- 
ple description of  how AHP is structured and 
how weighting is carried out. 

In this study, the problem of  choosing the 
best desalination process in Jordan is evaluated 
in terms of  technical, economic, and environ- 
mental criteria. The problem was structured into 
four levels as shown in Fig. 2. The first level 
defines the goal to be achieved which is the se- 
lection of  the best desalination process. The 
second level defines the criteria. The third level 
shows the sources of water to be desalted. The 
two sources available in Jordan are the Red Sea 
and the brackish water, which is available in 
different locations of  the country. The fourth 
level lists the main desalination processes. 
These include multi-effect evaporation (MED), 
reverse osmosis (RO), vapor compression (CV), 
electrodialysis (ED), and multi-stage flash 
(MSF). 

Level I [ Goal I 
Goal 

Level 2 
Criteria 

Level 3 
Source 

Level 4 
Processes 

I I 

Fig. 2. The four level hierarchy problem. B, brackish groundwater; S, seawater; 1, multi-effect evaporation process (MED); 
2, reverse osmosis (RO); 3, vapor compression process (VC); 4, electrodialysis (ED); 5, multi-stage flash process (MSF). 
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Table 3 
Characteristics of desalination processes 

171 

Process Classification Nature of Quality of raw Quality of 
energy water, ppm produced 
required water, ppm 

Energy required Cost Remarks 

MSF Distillation Thermal 10,000-100,000 2-50 15.17 kwh/m 3 

MED Distillation Thermal 10,000-100,000 2-50 

VC Distillation Mechanical 10,000-100,000 2-50 50 kwh 

RO Membrane Mechanical up to 50,000 100-500 20 kwh 
conversion (8.23 kwh/m 3) 

ED Membrane Electrical up to 10,000 300-500 
conversion 

2.7 $/m 3 45,000 TDS raw 

1.16 $/m 3 

1.6 $/m 3 

1.7 $/m 3 45,000 TDS raw 
0.65 $/m 3 and brackish water 

1.4/1000 gal. For brackish water 

7. R e s u l t s  and d i scuss ion  

Pairwise comparisons were conducted on the 
components of  the hierarchy shown in Fig. 2 
from the upper level to lower levels, calibra- 
tions of  pairwise comparisons are carried out to 
ensure consistency in judgments. 

The rationale for setting priorities and as- 
signing weights was based on document analy- 
sis of  both quantitative and qualitative data of  
water related data shown in Tables 2 and 3. The 
analyses of  the various desalination technolo- 
gies reveal that RO system enjoyed the most 
favorable option under technical, economic, and 
environmental criteria, ED, on the other hand, 
has the second weight after RO. Relative global 
weights were generated for the five technolo- 
gies considered, they are shown in Fig. 3. RO 
and ED have the highest ranks, with relative 
weights of  0.457 and 0.263, respectively. How- 
ever, MED and MSF have much lower values 
of  relative weights, 0.066 and 0.073, respec- 
tively. 

Brackish water in Jordan is likely to be a 
potential water resource in the near future. 
Utilizing RO for desalinating brackish water 
offers a viable option for Jordan to meet the 
unsatisfied water demand. Seawater desalina 
tion has a low weight when compared to 
brackish water due to the relative cost. 

The RO system is characterized by a very high 
water quality of predicted water, flexibility in op- 
eration, and medium capital cost. The geographical 
distribution of brackish water in Jordan is spread 
through out many basins like Azraq, Jordan Valley 
and Wadi Araba. This feature offers a positive a 
impact in alleviating unsatisfied water demand for 
specific user like domestic and industrial user 
through the establishment of medium size RO sys- 
tem, in different locations. 

I 

ED 

VC 

MSF 

MED 

0.1 0.2 0.3 0.4 0.5 0.6 

Fig. 3. Relative global weights for the five desalination 
technologies. 
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8. Conclusions 

Desalination of  brackish water offers a po- 
tential for water supply enhancement in Jordan. 
When evaluating various desalination processes 
in Jordan, RO was ranked the highest. The cri- 
teria under which multicriteria analyses were 
performed were economic, technical, and envi- 
ronmental. 

Jordan is in great need for capacity building 
in the field of  water desalination technology. 
This includes, technology transfer in membrane 
technology, operation and maintenance, and 
skilled manpower. The use of  desalinated water 
is likely to be for users who have the ability to 
pay. These include industrial, tourism, and up- 
per income domestic users. Disposal of  brine 
should be carefully considered and EIA should 
be performed so as not to have environmental 
negative impacts. 
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A p p e n d i x  

E x p l a i n i n g  A H P  as a m e t h o d o l o g y  for evalu-  
a t ing  a l ternat ives  

A brief description of  AHP as a methodol- 
ogy for evaluating alternatives is outlined be- 
low based on Saaty (1980). 

The first step involves the composition or 
structuring of  a hierarchy of  the components of 
the problem or issue to be analyzed. This phase 
may involve a group decision making to ex- 
plore the various perspectives of  the problem. 
In this paper, the hierarchy was composed of  
the following levels (from top to bottom): goal, 
technologies, criteria and users. However, these 
components are by no means exhaustive; other 
levels may be incorporated into the hierarchy 
such as strategies, scenarios, and/or actors. 

The second step is to make pairwise com- 
parisons; i.e., to compare the elements of  a hi- 
erarchy in pairs (as will be shown in the nu- 
merical example below) against a given goal or 
criterion. To perform pairwise comparisons, a 
matrix is used to compare different variables; 
this is done as follows: 
-S ta r t  at the top of  the hierarchy to select the 

criterion C, or property, that will be used for 
making the first comparison. Then, from the 
level immediately below, take the elements to 
be compared for example, A1, A2, A3... AN, 
considering that we have N elements; 

-Ar range  these elements in a matrix as shown 
in Table 1 below. 

Table 1 
Sample matrix for pairwise comparison 

C A1 A2 ... A N 

A~ 1 
A~ 1 
... 1 
AN 1 

- I n  this matrix compare the element A~ in the 
column on the left with A1, A2, A3, and so on 
in the row on the top with respect to property 

C in the upper left-hand corner. To compare 
elements, one should ask: how much more 
strongly does this element possess or contrib- 
ute to influence, satisfy, or benefit the prop- 
erty than does the element with which it is 
being compared? 

- To fill the matrix of pairwise comparisons, we 
may use the numerical values 1 through 9 
presented in Table 2. When comparing one 
element in a matrix with itself, the compari- 
son must give unity (1), which represents the 
values in the diagonal of  the matrix. Table 2 
below describes the ranks and their defini- 
tions. 

Table 2 
The Saaty's ranking system 

Intensity of Definition Explanation 
_importance 

1 Equal importance Two activities contribute 
equally to the objective 

3 Weak importance Experience and 
of one over judgment slightly favor 
another one activity over another 

5 Essential or strong Experience and 
judgment strongly favor 
one activity over another 

7 Very strong or An activity is favored 
demonstrated importance strongly 

over another; its 
dominance 
demonstrated in practice 

9 Absolute The evidence favoring 
importance one activity over another 

is of the highest possible 
order of the affirmation 

- To illustrate how to form a normalized matrix 
and to come up with relative weights in a 
generalized form, the following numerical ex- 
ample is presented. 

Suppose that the outcome of  pairwise com- 
parison was made for three elements Ai, A2, 
and  A3 with respect to criterion C as shown in 
Table 3. 
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Table 3 
Simple matrix comparing three elements for criterion C 

Table 4 
Normalized matrix 

C A1 A2 A3 

A~ 1 1/2 1/4 
A2 2 1 1/2 
A3 4 2 1 

Column total 7 3.5 1.75 

To synthesize our judgments so as to get 
relative weights, the following steps are to be 
taken: 

a) Add values in each column; then divide 
each entry in each column by the total of  
that column to obtain the normalized matrix 
as shown in Table 4. 

C A1 A2 A3 Average of rows 

A1 1/7 1/7 1/7 0.14 
A 2 2/7 2/7 2/7 0.29 
A3 4/7 4/7 4/7 0.57 

b) Average the rows in each row of  the nor- 
malized matrix; this yields the percentages of  
overall relative priorities of  the elements A~, A2, 
and A3. Hence, we can make deductions with 
reference to relative weights as calculated 
above. 


