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Abstract

Locating a set of facilities (resources) in orderntinimize the cost of satisfying some set of dedsa(of
customers) with respect to some constraints has beder study for a long time. Several locationbfgms
have been solved using a number of mathematicaklmahd methods. The proliferation of masts acoess
landscapes nowadays has been in direct responsereased desire for mobile (wireless) communicatio
services by the public. In order to prevent chabtidding of masts or towers all over the metropad to
placate the citizenry who are nervous about passibalth and environmental impact of these mastiaation
has been widely recommended by industry expertsumber of Facility location strategies under operet
research can be used to solve this problem. F&zting method was adopted in this paper. The gbRhotor
Rating is for a mobile service provider to be abhtthieve its objectives by considering all relevéattors
involved in deciding to site a mast. Such factomyrnbe physical, political, environmental economicaid
social. Following the strict implementation of factrating method on mast locations in the Cape Coas
metropolitan area by five mobile service providéirse optimal locations were discovered.

Keywords. Factor Rating, Location, Mast, Optimal, Telecomneatibn
1. Introduction

The location of any facility may have a tendencyposing both desirable and undesirable effectsrelhee
many factors that are taking into consideration mwioeating a facility which may have direct or irelit effect

on the settlement where it is located. Locatioa [sanch in operation research which deals withrdghing the
most appropriate site to locate a facility. Ampdnsad Darkwa (2007) noted that, in locating a fggilone
need to optimize one or more factors and it hdsetaccurately and mathematically measured. Thissesie as
scientific basis for a site to be used to locatat ttacility. One facility that the paper looks & Mobile
Telecommunication Masts. With the ever increasiagdhfor broadcasting and telecommunications indhis
and age, it has brought in some development inntdolgical innovation and newness in industrial
transformations. The Ministry of Communication gliDocument (2004) pointed out that Ghana has been
among the leading countries in Africa in promotitglecommunication developments. According to the
document, it has been so because Ghana first dpimebasic telecommunications industry to private
competition more than a decade ago, and it corgitude a leader among African nations in the esioanof
market entry, the development of new services amgdinkss arrangements, and the growth of the
telecommunications sector generally. Stattrup-Aseler(2009) observed that, in most recent timesaissity
within the last decades, the need for tall strieguhas accelerated with the requirements for éffect
communication especially the advent of radio, raatad television. Latest the exponential growthhia tise of
cellular phones has meant a new era for towersnaasts, however smaller in height but larger in nemb
Stattrup-Andersen (2009) acknowledged that in sdv@iaces where masts are sited, a number of facia
taken into consideration. He pointed out that therall layout of telecommunication masts and towisrs
governed by the requirements of transmission awdiving conditions. This requirement often leadsttte
design of relatively tall structures or in mountais areas or a smaller structure on the top &f billmountains.

However there have been concerns about erectionma$t in an unrestrained manner by mobile
telecommunication companies. Burkson (2011), areexip Business and Telecommunication wrote in his
article that “a sure sign of maturity in the telet sector is the rush to outsource tower manageisnant
ownership to third parties as a means of divenmsifyievenue and focusing on core activities. A numnife
countries where mobile telecommunication infragticee has boomed have advocated sharing. These axdesc
have been crafted in their telecommunication palioguments. Burkson (2011) discussed in his pieeadwer
business model in India and United States. He nibtedin India, mobile companies invest massivalyawer
infrastructure. But in order to prevent chaoticlthnig of towers all over the country and to appehsecitizenry
who are nervous about the radiation effects ofehesvers, the government has licensed one privasich
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services operator (BSO) in each state to set upnd@pendent telecom networking the state As noted b
Jhunjhunwalaet al. (1998), the inter-state netwamkl international links in India are being operabsdthe
government-owned monopoly operator (Departmente&dommunications, DOT). Burkson (2011) indicated
that in the United States also, towers are builthind parties, with American Towers and Crown Tosvieeing
the biggest players in the sector. National Comgation Authority of Ghana(NCA), have indicated thathe
near future only licensed companies will be allowwedouild and operate new towers, with the view e
mobile networks will buy space from the newly lised operators rather than build their own towers

In Ghana, the fast pace of globalization has atithcdevelopment in infrastructure such as mobile
telecommunication mast. According to Ghana Statitbervice, Ghana's population now stands at 3432
and out of that number 19,000,000 constituting 78Pthe total population owns mobile phones (Busines
Monitor International report 2010). This means ttietre should be an increase in siting of mobilenghtowers
across the country. Dowuona (2009) stated in Hhislarand attributed to National Communication Awrity
(NCA), that currently there are 3,000 plus teledomers serving over 13 million mobile phone sulisers and
according to experts in the telecommunication itrguishe number of towers is woefully inadequateassure
quality service. In as much as it is inadequabteydver, the haphazard manner of mast proliferatica cause
for concern.

The Cape Coast Metropolis is bounded on the soutthé Gulf of Guinea, west by the Komenda / Edina /
Eguafo /Abrem Municipal, east by the Abura/Asebu#tmankese District and to the north by the
Twifu/Hemang/Lower Denkyira District. The Metropslcovers an area of 122 square kilometers andeis th
smallest metropolis in the country. It is also ttapital of the Central Region. Cape Coast metrgpatis a
population of 82,291 (2000 census). It is well kmofer its rich cultural history and tourist attriaets, hence
attracts a lot of tourists(CCMA, 2011).Becausetehistoric and tourist attractions, the central/&ament has
established numerous infrastructures to enablenittion as such. It has benefited from modern stftectural
developments such as good urban road networksicpadiiools, hospitals and a lot more (CCMA, 201Wjell
known educational institutions in Ghana can be bumCape Coast Metropolis. Due to the influx cbple into
the place, it has also attracted some investmentthe Telecommunication sector. The six major neobil
communication operators in Ghana namely MTN, Airtébdafone, Expresso, Tigo and Glomobile have
established their presence there. The private isentbile telecommunication companies have conteithut
immensely to the growth of infrastructure in thentoin order to enhance their business operationge@tly, a
visitor to the Cape Coast Metropolitan area camsgtpe the sight of huge tall metallic slendercsitnes (mast
or towers) going up as far as 50 meters in height, serving a purpose of cell sites for telecomgation
companies. New ones are emerging every passing niome

Ofcom (2011) pointed out that, to provide seamiEsgerage across an area, mobile phone network topgra
must erect enough masts to be in range of mobibagd most of the time. Each mast can only handibesd
number of calls, and so multiple masts will neeBecclustered in built-up areas.

Operations Research is a branch of mathematicshwhigresents the study of optimal resource allonaflhe
goal of Operations research is to provide ratidmades for decision making by seeking to understaed
structure of complex situations, and to utilizesthinderstanding in any way possible, in order tmstand
improve system performance (Heger 2006). The plymks at a branch of study under Operations Rekearc
which looks at location in general. Amponsah andkida (2007) looked at location problem to be contey
the location of one or more facilities in some sao as to optimize some specified criteria.

In as much as it is necessary for masts to bedddat various places for the purposes of teleconcations,
there are legal and policy frameworks that ownémeasts must adhere to.

There are institutional bodies backed by law of $tete to regulate on issues relation to teleconation
masts. These are Environmental Protection AgenefioNal Communication Authority, Radiation Proteati
Board, Inter-ministerial Committee on Communicasipishana Civil Aviation Authority, and Metropolitan
Municipal and District Assemblies .According to tE@vironmental Protection Agency (EPA) in Ghana, to
mount a mast, a telecom operator needs separairitpleom Environmental Protection Agency (EPA),
metropolitan, municipal and districts assemblieaddition to written neighborhood approval from plediving
close to the location, where the mast would be tedet (Daily Graphic, Febl, 2010). The National
Communications Authority (NCA) and the EnvironmérRaotection Agency (EPA) have proposed co-location
of telecom towers as a licensing requirement farafors as a way of solving the problem of pradifem. The
government has, indeed, asked the regulators ttoggh on operators to voluntarily co-locate; saperators
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had actually initiated moves towards co-locatiomgldoefore the government's directive, but someaks® yet to
implement co-location solution.

The National Communications Authority (NCA) haselised six mobile telecommunication companies to
operate in Ghana. They operate under brand nanggs MTN, Vodafone, Expresso, Airtel and Glomobile
(Source: www.moc.gov.gh). Out of the six, one i tpestart operation as of the time of this studys in the
light of the of the forgoing discussions as regaraliferation and co-location of telecom masts thvat present
this paper to examine a co- location strategy fledommunication masts of mobile telecommunication
companies in the Cape Coast Metropolitan Area. dlbjectives of this study are to review and asshes t
growing impact of telecommunication industry in thape Coast Metropolitan Area and associated muoy ofi
masts. Secondly, to adopt a facility location stggtto optimal location of a mast belonging tocteaf the
five(5) mobile telecommunication networks and fipatise the findings to determine the suitabilityotherwise

of a co-location possibility. Finally, make recommadations based on findings for mobile telecomnatiga
companies, mast owners, public authorities andlatans.

2. Methodology
2.1 Data Gathered and Analysis
Both primary and secondary data was captured #ostihdy. However, secondary data was used dalgsana

The research covered masts belonging to five le@msobile communication companies which have sitadts
in the Cape Coast Metropolis. The companies areaftoe, Airtel, Tigo, MTN, and Expresso. All sitecition
of masts relevant for this project was visited @sdessed. Factors which influenced location of snastre
observed.

Coalition of all locations was also got from vasoGovernment Agencies. This included Municipal Asisky

and Environmental Protection Agency and Mobile Camivation Companies in the Cape Coast Metropolis.
Added to that was verification of locations by tMobile communication companies under the research.
Information about the exact location of their mastl factor which were considered relevant for fke \sere
quizzed by the researchers.

Pre-coded, open-ended questions and interviewsltoitsthe data from the respondents/target growgyew
performed. Part of the questionnaire was meantntonagement/staff of Mobile Telecommunication Conipgn
to rate locations of their masts based on factoténed. They were to rate each locationonaltolttpasis
factor to reflect its relative importance in redatito the companies objectives.

The problem of facility location for Mobile Teleconunication Masts calls for use of various locatioadels
and methods in order to obtain a solution. A nunidfdrocation models such as Factor rating, LocaBoeak-
Even Analysis, and Center of Gravity Method an beduto solve this problem.

2.2 Review of Methods

In finding optimal location of Mobile telecommuntéan masts for Cape Coast Metropolitan area, wiesiebn
Factor Rating method. Factor rating method was tdopince it considers all the necessary factdnggjpal,
economic, social, environmental and political) remedfor the location of a facility such as a mobile
telecommunication mast. In addition, it consideltsfactors which help fulfill a mobile telecommuiaitton
company’s objectives.

In adopting factor rating methodology, its algamittwas followed strictly and consistently. The altfon is as
follows:

Develop a list of relevant factors.

Assign a weight to each factor to reflect its tiglaimportance in the company’s objectives.

Develop a scale for each factor. (1 to 10)

Have management or related people score eactargltactor, using the scale developed in (iii) ahov
Multiply the score by the weight assigned to efactor and total the score for each location.

Make a recommendation based on the maximum paioites considering the result of qualitative
approaches as well.

When a decision is sensitive to minor changeshéuranalysis of either the weighting the pointgssd may be
appropriate.
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Step 5 is written mathematically as:
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where

w;: weight assigned to each facwur

wr: total weight

S;: score for each factor location

A: aggregate score for each location

M: maximum among factor rating scores

Table 1: Factors considered and their rated weights

Factor Factor Name Rating Weight
1 Community Consultation and Desirability 0.3

2 Utility(Electricity and Water Source) availabyliand cost 0.2

3 Co-location Feasibility 0.2

4 Population density and economic activity 0.3

5 Geological Nature of the Site 0.3

6 Directions for various directional antennas 0.3

7 Future maintenance and expansion 0.2

8 Available ground area and access to the site 0.2

Source: Field Data, November 2011

3. Results and Discussion

Mast locations of five mobile telecommunication mgiers in Cape Coast Metropolis as of the timehis study
were noted. That is Airtel, Vodafone, Tigo, MTN,daiExpresso. Tables below illustrates how data was
analyzed using Factor Rating.

3.1 Mast Locations - Airtel Ghana, Cape Coast Muitis

Mobile Phone Masts belonging to Airtel Ghana in @ape Coast Metropolis have been sited in sixq@ations.
These locations are presented in Table 2.Managéstafitof Airtel Ghana Ltd, Cape Coast branch waent
given a questionnaire to rate each location ont@ 110 point basis. Perceive from Tables 3 and & |dbation
ratings and the computations of the score ratiagpactively.

Clearly from the respective aggregate scores, itmt& or site E has the highest aggregate. Heratddbation
may be recommended or sitting of additional telewmmication equipment and probable co-location
consideration.

3.2 Mast Locations - Vodafone Ghana, Cape Coastddelis

Mobile Phone Masts belonging to Vodafone in thee&C@past Metropolis were sited in six(6) locatidBse the
results in Table 5. Management of VODAFONE Ghandy Gape Coast branch was then given a questionnaire
to rate each location on a 1 to 10 point basis ([@dxe 6).
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It is very obvious from the respective aggregatres as given in Table 7 that site C would be renended
since it has the highest aggregate. Hence thattiddcanay be recommended for sitting of additional
telecommunication equipment and probable co-lonatamsideration.

3.3 Mast Location- Tigo Ghana Ltd, Cape Coast

Mobile Phone Masts belonging to Tigo, Cape Coastrdfpelis are in eleven (11) locations. However 1i¢h
Mast location at Bakaano is yet to be completedfdke time of this study. We have summarized #wilts of
these sites in Table 8. Management of TIGO Ghada Cape Coast branch was then given a questiontmaire
rate each location on a one (1) to ten (10) paasidas illustrated in Table 9.

It can be deduced from the respective aggregatescas shown by computations in Table 10 thatilmeca is
to be recommendable since it has the highest aggresgore rating. Hence that location may be recemolied
for sitting of additional telecommunication equipmhand probable co-location consideration.

3.4 Mast Location- MTN Ghana Ltd, Cape Coast

Mobile Phone Masts belonging to MTN, Cape Coastrbfmilis are in fourteen (14) locations. Observes¢he
locations as presented in Table 11. Managementelatéd people of MTN Ghana Ltd, Cape Coast braveh
then given a questionnaire to rate each locatioa drio 10 point basis. The results of these sitesummarized
in Table 12. However, Table 13 demonstrates thdtsesf the computations of the aggregate scorsgst

Infer from Table 13 that site M would be recommehdance it has the highest aggregate. Hence thatitm
may be recommended for sitting of additional tefeominication equipment and probable co-location
consideration.

3.5 Mast Locations - Expresso Ghana, Cape Coasbptditan

Mobile Phone Masts belonging to Expresso in theeG@past Metropolis has been located in one(l) imtat
Table 14 summarizes the results of this site. Tdleillustrates the results of the questionnaireegito
Management or staff of Expresso at the Cape Caastb to rate each location on a 1 to 10 pointshasi

From the aggregate scores (infer from Table 1@gtion A, which is the only site would be recommethdince
it has the highest aggregate. Hence that locaticaly e recommended for sitting of additional
telecommunication equipment and probable co-lonatamsideration.

4. CONCLUSION AND RECOMMENDATIONS

The results obtained indicate that location E &sdhtimum location for Airtel, for Vodafone, locati C, for
Tigo, location A, MTN and Expresso have locationaMl A respectively as optimum (see Table 17).

The aim of factor rating method is for a firm to dlale to achieve their objectives by taking a tetaiv of all
relevant factors which directly or indirectly affebeir operations. By so doing a positive strateggcision is
eventually arrived at in location a facility. Thest technical or economically convenient reasonsrfounting

a mast at a particular location may not be ideatémwjuxtaposed or compared with possible environaient
impact as well as other factors combined. For tefeounication masts, decisions that can be madedacl
relocation of existing mast, mounting of additiota@lecommunication equipment on existing mast, ingaof
telecommunication equipment, investment by thirdyptelecommunication companies such as erectionadst
and telecommunication services, and finally, comsition for co-location by telecom owners.

As customers need access to mobile telecommunicadiovices, it will be most beneficial if telecommization

facilities that makes access to these serviceshpesthat is, masts, are sited close to the custeninvestors
willing to enter into the telecom sector can easdityso since they can utilize existing infrastroetinstead of
setting up new infrastructure from the scratch. Nemtrants in the sector will be relieved of hugéahstartup

cost in building new infrastructure.

Conclusively, our paper revealed optimal locatiénmasts belonging to mobile telecommunication comigs
in the Cape Coast metropolis. By adopting a Fgcititation model, that is Factor rating, five mistations
were found to be optimally located. These locatiars ideal candidates for implementation of a aaiion
strategy by stakeholders.

In view of the findings the paper recommends thieang:
i. Independent of mobile telecommunication companiastrhe tasked to erect masts, so that the mobile
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telecommunication companies can engage in corendssi thereby maximizing revenue. National
Communication Authority (NCA) must enforce thatetitive.

ii. New entrants wanting to operate as mobile telecomitation service providers must share already
existing telecom infrastructure so as to redudgairstartup cost.

iii. Mast owners may adopt this approach in managinig thast locations, be it erecting of new masts
which can house as many telecommunication equipagepbssible or relocation of existing masts.

iv. Mobile telecommunication mast/tower design mustehthe capacity to accommodate at least three
service providers.

v. In as much as the factors used in this study warefally selected, additional factors may also be
considered with weights base on relative objegtisita researcher.
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Table 2: Mast Locations in the Cape Coast Metrapdlirtel Ghana

NO COMPANY COMMUNITY LOCATION ALIAS
1 AIRTEL KOKOADO OPPOSITE THE SEA ADJACENT CAPE VARS | A

2 AIRTEL SEIWIN —-NANABA SEIWIN NEAR CPOLY B

3 AIRTEL KWAPROW NR ACHIMEDES SCH C

4 AIRTEL PEDU ESTATE OPP. PRESBY CHURCH, ALONG REGD

HOSPITAL RD.

5 AIRTEL ASHANTI ROAD SOC. WELFARE REG. OFFICE E

6 AIRTEL OLA BESIDE WOODEX INT. HOSTEL /CNC F

7 AIRTEL AMAMOMA NEAR METHODIST CHURCH BUILDING G

Source: Field Data, November 2011

Table 3: Location rating by Management of on a Jpait basis, Airtel Ghana

Locations

Factor| Factor Name Rating Weight A B |C |[D |E |F |G
1 Comm. Cons/Desir. 0.3 9 9 10 10 [7 |10
2 Uitility and Cost 0.2 8/ 5 8| 95 9 8 8

3 Co-location Feasibility 0.2 5 6 7 6 5 K b
4 Pop. Density/ Activity 0.3 9 § 9 7| 10 7 10
5 Geological Nature 0.3 1 8 8 7 7 10 B
6 Directions for Antenna 0.3 g 8 7 8 10 10 P
7 Future maint &Expan 0.2 1 ' 10 ¢ 3 D 7
8 Ground Area Avail. 0.2 8 1 8 10 9 ¢ 8

Source: Field Data, November 2011
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Table4: Score rating and Computation of aggregate
LOCATIONS
Factor | Factor Name Rating Weight  Ratio of Weight A BC D E F G
1 Comm. Cons/Desir. 0.3 0.15 135 15 15 12 15051.15
2 Uitility and Cost 0.2 0.1 0.8/ 0.5 0.8 0.9 O0.p 0/80.8
3 Co-location Feasibility | 0.2 0.1 0.5 0.4 OfF 06 5003 | 05
4 Pop. Density/ 0.3 0.15 1.35 1.2 135 105 15 1.p5 145
Activity
5 Geological Nature 0.3 0.15 1.05 12 12 1j05 1.a55 | 1.2
6 Directions for Antennas 0.3 0.15 12 1p 105 125 | 15| 1.35
7 Future maint &Expan 0.2 0.1 0.7 0.7 1 06 08 (497
8 Ground Area Avail. 0.2 0.1 08 07 08 1 09 0}60.8
Total Score 7.7% 7.4 8.4 7.6 8.65 7|7 8.35
Source: Field Data, November 2011
Table5: Mast Locations in the Cape Coast Metropolis, Vodaf
No | COMPANY COMMUNITY LOCATION ALIAS
1 VODAFONE | AYEKO AYEKOO | OPPOSITE DANCE P A
2 VODAFONE | AYEKO AYEKOO | OPPOSITE DANCE P B
3 VODAFONE | NANABAKROM NR MOSQUE C
4 VODAFONE | NANABAKROM OPPOSITE MUSTARD SEED COMPANY CQTD | D
5 VODAFONE | AMAMOMA NR STERNER STUDENTS HOSTEL E
6 VODAFONE | EFUTU OPPOSITE EFFUTU SEC. TEC. SCH F
Source: Field Data, November 2011
Table 6: Location Rating by Management on a 1-di@tpbasis, VODAFONE Ghana
Locations
Factor Factor Name Rating A B C D E F
Weight
1 Comm. Cons/Desir. 0.3 8 8 9 9 8 5
2 Utility and Cost 0.2 10 10 6 7 10 7
3 Co-location Feasibility 0.2 7 7 8 8 6 7
4 Pop. Density/Activity 0.3 10 10 9 7 10 8
5 Geological Nature 0.3 10 10 9 9 8 10
6 Directions for Antenna 0.3 9 10 9 9
7 Future maint &Expan 0.2 10 9 7
8 Ground Area Avail. 0.2 5 5 7 7 8 6

Source: Field Data, November 2011
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Table 7: Score rating and computation of aggregate

LOCATIONS-VODAFONE MASTS
Factor| Factor Name Rating | Ratio of | A B C D E F
Weight | Weight

1 Comm. Cons/Desir. 0.3 0.15 1.2 12 185 135 1075
2 Utility and Cost 0.2 0.1 1 1 0.6/ 0.7 1 0.[7
3 Co-location Feasibility 0.2 0.1 0.7 0y 08 08 .60 0.7
4 Pop. Density/Activity 0.3 0.15 15 1 135 1.08.5 | 1.2
5 Geological Nature 0.3 0.15 15 15 185 1B5 125
6 Directions for Antenna 0.3 0.15 136 1B5 156 0| .351 1.35
7 Future maint &Expan 0.2 0.1 0.8 08 1 0.9 07
8 Ground Area Avail. 0.2 0.1 0.5 0.5 0.7 0.7 0/[8 6 0.

Total 8.55 | 8.55/ 8.65| 6.85 8.35 7.6

Score
Source: Field Data, November 2011

Table 8: Mast Locations in the Cape Coast Metr@pdligo.
No COMPANY | COMMUNITY LOCATION ALIAS
1 TIGO ASHANTI ROAD | COMM DEVT REG OFFICE, A
2 TIGO AKYIM HOLY CHILD BUNGALOW B
3 TIGO EWIM BEHIND GBC OFFICES C
4 TIGO 4TH RIDGE LAGOON VIEW HOSTEL D
5 TIGO ANTEM KINGDOM HALL OF JAH. | E
WITHNESSES
6 TIGO AMISSANO BESSAKROM F
7 TIGO UuccC BEHIND CASFORD HALL G
8 TIGO OLA OLA TRAINING COLLEGE H
9 TIGO ESUEKYIR BEHIND WINNERS CHAPEL I
10 TIGO AMAMOMA NR FLORENCE HOSTEL J
11+ TIGO BAKAANO NR PHILIP QUARQOE K
Source: Field Data, November 2011
Table 9: Location Rating by Management on a 1-li@tdmasis, Tigo Ghana
TIGO LOCATIONS

Factor | Factor Name Rating Weight A B € |[D E F |G |H J
1 Community Consultation and Desirability| 0.3 D 7 86 | 10 8| 6| 9 10
2 Uitility availability and cost 0.2 8| 9 6 7| 7 b 7 7 6
3 Co-location Feasibility 0.2 10 1p 7 8 r 5 P 18
4 Population density and economic activity| 0.3 9 8 9] 8 6| 4 10 1Q
5 Geological Nature of the Site 0.3 10 » B 6 |8 10 |3 | 5 6
6 Directions for various directional antennas 0.3 e8] 6 9| 7 7| 6 6 7
7 Future maintenace and expansion 0.2 8 8 |8 9 8|5 |9 5
8 Available ground area and access to the|site 0.2 5 9 10| 8| 10 9] 10 6 7

O

Table 4.9: Rated Weights (Source: Field Data; Ndwem2011)
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Table 10: Score rating and Computation of aggregate
Factor Factor Name Rating| Ratio of | A B C D E F G H | J K
Weight | Wit.
1 Comm. Consult. and 0.3 0.15 1.35 1.05 1.2 0.9 15 0.74 1.2 0.9 135 5 1| 09
Desirability
2 Uitili. and cost 0.2 0.1 0.8 0.9 0.6 0.8 0.7 0.7] 0.6 0.7 0.7 0.6 0.7
3 Co-location Feasibility. 0.2 0.1 1 1 0.7 0.8 0.5| 0.7 0.5 0.5 1 0.8 0.8
4 Pop.density and econom|c0.3 0.15 1.35 12 0.6 1.35 12 1.2 0.9 0.6 1.5 1506
activity
5 Geological Nature of the 0.3 0.15 15 0.75 1.2 0.9 1.2 1.5 1.05 0.75 0.75 9 0| 1.35
Site
6 Directions for various| 0.3 0.15 1.35 1.35 0.9 1.35 1.05 1.2 1.05 0.9 09 .051| 1.2
directional antennas
7 Future maintenace andO0.2 0.1 0.8 0.8 0.8 0.9 0.6 0.8 0.8 0.5 0.9 0.5 0.5
expansion
8 Available ground area ang 0.2 0.1 0.5 0.9 1 0.8 1 0.6 0.9 1 0.6 0.7 0.6
access to the site
Total 8.65 7.95 7 7.8 7.75 7.45 7 5.85 7.7 7.55 6.65
Score
Table 11: Mast Locations in Cape Coast, MTN Ghana
No COMPANY COMMUNITY LOCATION ALIAS
1 MTN BAKAANO PHILIP QUAICOE BASIC SCH A
2 MTN ASHANTI ROAD COMM. DEVT REG. OFFICE B
3 MTN EWIM BEHIND GBC OFFICES C
4 MTN 4TH RIDGE LAGOON VIEW HOSTEL D
5 MTN ADISADEL SHC OFFICE COMPOUND E
ESTATE
6 MTN PEDU NGUABADO | NEAR CAPE TECH F
7 MTN ABURA NEAR OLD CEMETARY G
8 MTN EYIFUA NEAR GNAT HALL H
9 MTN KAKOMDO BEHIND EMPART GAS
10 MTN ucc BEHIND CASFORD HALL J
11 MTN AMAMOMA OPP. AYENSU PLAZA | K
HOSTEL
12 MTN AMAMOMA ROUND PALACE HOSTEL L
13 MTN AMAMOMA AFEDZI HOUSE COMPOUND M
14 MTN EFUTU OPP. FUEL STATION N

Source: Field data, November 2011

Table 12: Location Rating by Management on a pdidt basis, MTN Ghana.

MTN LOCATION

Factor Factor Name Rating Weight A H C D F F G [H [I1J K | L M | N

1 Comm. Consult.& Desirability 0.3 4 p 9 5 10 107 | 9| 8 10| 6 10| 7 9
2 Uitility and cost 0.2 8| 8| 19 8| 7| 7 ¢ B 1 [ [ 5 ile;]

3 Co-location Feasibility 0.2 1 6 7 6 g g 5 [0 [88 5 8 9

4 Population densit and eco. activity 0.3 ¢] 6 5 88 8 8 10| 6 4 19 9 9
5 Geological Nature of the Site 0.3 g 3 b B 10 | | 5 6 9 10f 10f 9
6 Directions for various directional antennals 0.3 57 7 10| 7 7 6| 6| 6 8 7 1 6) 5
7 Future maintenace and expansion 0.2 10 (8 9 5 6 8| 5|9 9 10| 5 9 9
8 Available ground area and access to the site 0.2 5 9 6 10| 10| 6 5/ 8 10 8 6 5 9 7
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Table 13: Score rating and Computation of aggregate

LOCATIONS- MTN MAST
Factor Factor Name Rating Weight | Ratioof Weight | A B C D E F G H | J K L M N
1 Community Consult.&| 0.3 0.15 06| 15| 133 075 15 15 105 135 12 5 (109 | 15| 1.05 1.35
and Desirability
2 Uitility and cost 0.2 0.1 08| o8] 1 0§ o0f o0f 90[o8 [ 07| o6 07| 0§ 1 0.8
3 Co-location Feasibility | 0.2 0.1 1 06 o0f O 0b08 [ 08 | 05| 1 0og 08| 05 o0§ 09
4 Population density and 0.3 0.15 135 09| o073 12 12 12 12 o 15 pe6 | 15[ 1.35 1.35
economic activity
5 Geological Nature of 0.3 0.15 075 12| 12| 135 12 18 o0f5 o0fr5 0759 [01.35| 1.5] 15| 1.35
the Site
6 Direct.for various| 0.3 0.15 075 10§ 105 15 1d5 105 o0p o9 d9.2[11.05| 1.5/ 09| 075
directional antennas
7 Future maint. and 0.2 0.1 1 08| 09| 05| o6/ 07 0§ o0 0.p 9 1 069 | 0.9
expansion
8 Available ground ared 0.2 0.1 05| 09| 06| 1 1 06/ 0§ 08 1 48 o0 p59 d 07
and access to the site
Total Score 675 | 7.75 | 755 | 77 | 775 | 805 [ 69 | 62 | 795 | 76 | 7 8 [84 [81
Table 14: Location of Masts belonging to Expressthe Cape Coast Municipality.
No | COMPANY | COMMUNITY LOCATION
1 EXPRESSO| IST RIDGE BEHIND REGIONAL COORD RESIDENCE
Table 15: Rated Weights and 1 to 10 point tablEaaftors
Factor Factor Name Rating Weight Location A
1 Community Consultation and Desirability 0.3 8
2 Uitility availability and cost 0.2 8
3 Co-location Feasibility 0.2 10
4 Population density and economic activity 0.3 9
5 Geological Nature of the Site 0.3 8
6 Directions for various directional antennas 0.3 6
7 Future maintenance and expansion 0.2 8
8 Available ground area and access to the site 0.2 9
Table 16: Score rating and Computation of aggregdbeg Scores
Factor Factor Name Rating Ratio of Location A
Weight Weight
1 Community Consultation and Desirability 0.3 0.5 1.2
2 Utility availability and cost 0.2 0.1 0.8
3 Co-location Feasibility 0.2 0.1 1
4 Population density and economic activity 0.3 0}15 1.35
5 Geological Nature of the Site 0|3 0.15 1.2
6 Directions for various directional antennas D.3 .150 0.9
7 Future maintenance and expansion 0.2 0.1 0.8
8 Available ground area and access to the site 0.2 0.1 0.9
Total 8.15
Score
Table 17: Optimal locations found using Factor Ratinethod
Telco Optimal site L ocation Name Community
AIRTEL E SOC. WELFARE REG. OFFICE ASHANTI ROAD
VODAFONE | C NR MOSQUE NANABAKROM
TIGO A COMM DEV'T REG OFFICE ASHANTI ROAD
MTN M AFEDZI HOUSE COMPOUND AMAMOMA
EXPRESSO A BEHIND REGIONAL COORD IST RIDGE
RESIDENCE
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