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ABSTRACT KEYWORDS
Managing solid wasteisamajor problemin devel oping countriesincluding GlS,
Tanzania. Various methods have been used in addressing this environmental Urban;
problem. Geographic Information System (GIS) isone of the new technol ogies Solid wastes management;
developed for improving the waste management systems. This paper pre- Mwanzacity.

sents findings from the research carried out in Mwanza city in Tanzania
which focused on the application of GIS for effective urban solid waste
management. Specifically, the study determined current and future popula-
tion based on current growth rate in relation to solid waste generation,
examined the existing solid waste collection, transportation and disposal
systems and identified appropriate solid waste management systems using
Gl Stechniques. Data on popul ation size were collected from Mwanza City
Council which was later projected. Household characteristics and wastes
generation information was collected using questionnaires from 50
households. A total of 10 key informants who were purposively selected
were used to give specific information about solid wastes management in
Kirumbaward. SPSSwas used to analyze qualitative datawhile ArcGl Swas
used to process, manipulate and analyze special data and help to make
decision about proper waste management. Amount of solid wastes gener-
ated at household level was directly proportional to household size, and
will increase as population size increases. Amounts of uncollected solid
wastes in some streets reach up to 76% due to inefficient solid wastes
collection system. Number of routes made by only one available 5000kg
carrying capacity vehicleto collect wasteswasirregular and do not put into
consideration population size of aspecific street. Gl Sisthereforeapowerful
tool for decision making in solid waste management. With GIS it was pos-
sible to integrate population data, vehicle capacity and amount of wastes
generated and computing required frequency of routes to collect wastes
from a specific street.  © 2015 Trade Science Inc. - INDIA

INTRODUCTION problemindevel oping countriesof Asiaand Africa®.
InAfrica, rapid urban growthin particularly from 1950s
Urban solid waste management isavery serious  had posed pressure on the land resources within the
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areasurrounding the cities, and hasled to increased
generation of waste. The problem ischaracterized by
the open dump nature of disposingwaste especialy in
the dum areas of most African citieg™?.

In most of Sub-Saharan Africa, solid waste gen-
eration exceeds collection capacity. Thisisin part due
to rapid urban population growth, whileonly 35 per-
cent of the sub-Saharan population livesin urban ar-
eas, theurban popul ation grew by 150% between 1970
and 199014, But the problem of growing demand is
compounded by broken-down collection trucksand
poor program management and design. In West Afri-
can cities, asmany as 70% of trucksare awaysout of
servicea any onetime, andin 1999, thecity of Harare
failedto collect refusefrom nearly al of itsresidents
becauseonly 7 of its 90 trucks were operational ™.,

In Tanzania, urban solid wasteisaseriousenviron-
mentd problem particularlyinthebigcitieslike Dar es
Salaam, Mwanza, Arushaand Mbeyawherethereis
rapid urbanizationandindustrid activities. For-instance,
in 2009 about 61% of the solid waste generated in Dar
es Sdaam wasuncollected. Thesituation had decreased
as compared to 2005, where uncollected solid waste
was 50%!°. The problem is due to many factorsin-
cludinglack of information onthe extent of solid waste
generated, inadequate data on the number of house-
hol ds generating the waste, poor cost recovery dueto
non-payment of refuse collection feesand poor collec-
tion systemwithin settlements®.

InMwanzacity, solid wastegeneratedisincreasng
proportionately with increasing human popul ation and
economic activities”. Thecity council hasimplemented
some strategieslike privatizing solid waste collection
and formation of Community Based Organizations
(CBOs) and construction of landfill at Buhongwa. In
spiteof al strategiesin place still solid waste manage-
ment isabig problem. For instance only 30% of daily
solidwastegeneratedin thecity iscollected. During the
rainy seasonin particular, uncollected refuseiswashed
away and through stomatadrains, dumpedinto Lake
Victorid™.

Recent datain Tanzaniaestimatesthat the quantity
of municipa solidwastegenerated countrywideamount
to morethan 10,000 tons per day!?. Theindicativesolid
waste generationrateis0.1- 1.0kg/cap/day. Asthere-
sult, morethan 50% of thetota solid waste generated
is not collected by Local Government Authorities
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(LGASs) inmgor citiesin Tanzaniaincluding Mwanza
city!?. Urban solid wastemanagement in Tanzaniaand
in MwanzaCity in particular, hasbeen aseriousenvi-
ronmenta problem and achallengetothe City Council.
The rapid population growth rate of about 3.2% per
annuminMwanza, coupled with theincreasing growth
of commerceand trades, hasincreased thesolid waste
generation at arapid rate. The amount of solid waste
generated isestimated to be about 875,400 kg per day
with an average domestic solid waste generation rate
estimated at between 0.3 to 0.6kg per day!. Thisis
dueto tradition planning in which no cons deration of
spatial distribution of waste based on the population
sSizeof eachlocdlity.

There has been devel opment of new technologies
for improving the waste management systems. GISis
one of the new technol ogies which have been docu-
mented to contribute lesstime span to the waste man-
agement society!?. GISisthereforeatool that can pro-
videspatid and non-spatia information for urban plan-
ning and management. It can also link datafor various
uses. Thisplanningtool hasbeenwiddy usedindevel -
oped nationslike United States of America, Britain,
Spain, and Netherland and proved efficiency in plan-
ning for solid waste management®.

In some case studies, GIS has been successfully
used to select suitablelocation for dumpsites. For-in-
stance, Qumsieh et al.® combined aerial photographs
and topographic datato select waste disposal sitesand
facilitiesfor Pdestine. InKaohaiung city, Tawan, Chang
et al.®! combined GISand mixed integer programming
model to analyze severa waste sel ection sitesbefore
sdectingthefind stes.

Having successin gpplicaionsof GISinsolidwastes
management in other countries, the research was car-
ried outin Mwanzacity to find out how the problem of
solid wastesmanagement inthe city could be addressed
using GlSasaplanningtool. Thestudy put ininto con-
Sderation red field Situation by consdering population
size, actud amount of solid wastegenerated and anum-
ber of availablewastes collection vehiclesaswell as

their carrying capacity.
MATERIALAND METHODS

Description of thestudy area
This study was conducted at Kirumbaward in
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Mwanza city (See Figure 1). Mwanzacity liesat an
dtitudeof 1,140 metersabovethemean sealevel. Mean
temperature ranges between 25.7 °C and 30.2°C in
hot season and 15.4 °C and 18.6 °C in the cooler
months. Thecity experiencesrainfal between 700 and
1000mm per year in two seasonsinwhich season one
is between October and December and seasontwois
between February and May!”. According to 2012
Nationa Population and Household Census™, thecur-
rent population of Kirumbaward is 26,765 people.
Kirumba ward has 8 streets but only four of them
(KirumbaKati,Ngara,Mlimani and Kabuhoro) are ser-
viced by solid wastes collection track. Kirumbaward
has 8 streets but only four of them (Kirumba
Kati,Ngara,Mlimani and Kabuhoro) are serviced by
solid wastescollection track. Figure 1 showstheloca
tion of Kirumbaward inwithin Mwanzacity and the
streetswithin theward. Kirumbakati servesasapoint
for solid wastes collection from other streets.

Data types
Primary data

Primary datainthisresearchincluded X andY co-
ordinates of solid waste collection points, Google Earth
imagery, existing solid wastes collection facilitiesand
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frequencies, residents’ perception and understanding
concern solid wastesmanagement.

Secondary data

Secondary dataused in theresearch included map
sheets, aeria photographs and population datafrom
National Population and Household Censusdata(2012)
from respective departments’ officesin Mwanzacity.

Generdly thisstudy focused on examining applica:
tion of GISfor effectiveness of urban solid waste man-
agement. Thedesign of thisstudy wasthereforeanon-
experimentd ; rather across-sectiond survey whichin-
volved asking questionsto arepresentative sampl e of
the population. The sample sizefor thisstudy was 60
households. Checklist, physical observation and struc-
tural questionnaireswere used to collect quantitative,
quditative and spatial data.

Data collected using questionnaireswere edited,
classified, coded, and entered in acomputer using So-
cia Packagefor Socia Science (SPSS) software. The
spatial datacollected from Google Earth server were
saved in KML format. ExpertGPSversion 4.0.3 soft-
ware was used to convert spatial datafrom KML to
SHP format which iscompatiblewith Arc GIS soft-
ware. Thevector data(.shp format) wereadded inArc
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Figure?2: Screen captureof attributetableof Kirumbawar d dataasorganized in ArcGl Ssoftware

GISversion 9.3 and attribute tableswere created for
storing attribute datanamely popul ation size, name of
street, waste generation and truck load capacity as
showninFigure2.

Quantitative datawas analyzed using SPSS com-
puter softwareversion 16. Theanalysisinvolved com-
putation of descriptive statistics such as estimates of
frequencies, percentagesand means. Arc GI S software
verson 9.3 wasused to anadyze spatid datain different
layersincluding street boundary and collection point
wereoverlaid and field cal culator within datamanage-
ment toolswasa so used tofacilitatethe spatia analy-
sis. Theresultsof analysisincluded waste generation
per week and waste col lection frequency (times/week).
Since per capitawaste generation per day wasknown,
that is0.45kg/ day!”, then household waste generation
per week was determined by multiplying per capita
waste generation per day by thesizeof household. Then
multiply the househol d waste generation per day by
seven daysin aweek. The methodol ogy adapted for
dataprocessing and andysiswasasshownin Figure 3.

RESULTSAND DISCUSSION

Waste generation trends based on population
growth

Solid waste generation per day in Kirumawardis
directly proportional to the size of ahousehold. Ac-
cording to MCC!™ per capita waste generation is
0.45kg/ day. TABLE 1 showsthereationship between
household sizeand solid waste generated per day.

Based ontheresultsin TABLE 1, if the household
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Figure3: Flow diagramto show stepsfollowed in deter mina-
tion of effective solid wastes solid wastes management in
Kirumbaward.

TABLE 1: Household sizeand solid wastegener ation (in Kg)
per day

Household size  Frequency  Solid Waste generation (in Kg) /day
1-5 26 (52%) 045-2.25
6-10 20 (40%) 2.7-45
12-15 4 (8%) 54-6.75

has moremembersa so theamount of solid waste gen-

eratedislarger than househol d with fewer members.
Kirumbaward population of 2012 was projected

to 2016 usingapopulation growth rate of 2.53% (popu-
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Figure4: Projected population growth and wastegener ation trend of Kirumbaward from 2012- 2016

|ation growth rate according to regiona and digtrict pro-
jection provided by National Bureau of Statistics) to
investigatewhat will bethefuturetrendsin waste gen-
eration for better waste collection planning. Figure4
showsthetrendsof projected popul ation and estimated
waste generation from 2012 to 2016.

Thetrendin Figure4 showsthereispostiverda
tionship between popul ation size and solid waste gen-
eration. Populationwill beincreasingfrom2012t0 2016
and thereforelead to increasesin the amount of solid
waste generated. Theresultsareinlinewith Sivakumar
and Sugirtharan®, who found that therate of genera-
tion of solid wastein the society isincreasing with an
increase of population. Theseresultsare useful for any
town planners and authorities responsible for waste
collections. They can be used to predict and plan for
adequateamount of facilitiesrequired to handlethein-
creasing solid wastesgeneration so asto avoid pileups
of wastes and existence of uncollected wastesin the
streetsin urban areas.

Existing solid wastecollection, transportation and
disposal systems

The study found out that solid waste generated in
Kirumbaat the householdslevel werefood waste (re-
mains) (29.2%), plastics(23.4%) used aspacking ma:
terial, papers and box (26.3%), bottle (14.6%) and
oldtextile (6.4%). Large portion of householdssolid
wagtes are biodegradable (food waste) that would easily
decomposewhiletheremaining portionisrecyclable
(paper, bottlesand plastic) that can be reused to make

other products.

Theresearchfindingsindicatethat all respondents
in Kirumbaward do not separate solid wastes before
disposal to collection points. They are not awarethat
organic and recyclable wastes should be separated.
They regard al wastesto bethesamebut infact wastes
aredifferent. Thestudy by Ketibuah et al.," suggests
that waste separation at source is necessary and the
residentsmust bewel| informed to make such an exer-
ciseefficiently andlonglasting. Ketibuah et al™® further
argued that solid waste separation reduces amount of
solid waste disposed at the dumpsite.

Solid wastes collectionfrom householdsin Kirumba
ward isdoneby aprivate service provider known as
MEMCO. Some residents also take trouble to send
the solid wastesto the collection pointsor maketheir
own open pitsfor solid wastesdisposal. Kirumbaward
has four streets serviced by MEMCO, these are
KirumbaKati,Ngara, Mlimani and Kabuhoro. Insome
streets solid waste collection is done door to door
whereby a household pays T Sh 800/= per month. A
tractor and trailer with acarrying capacity of 5000kg
per trip is used to collect wastes from streets to the
solid wastes collection point located at Furahisha
groundsin KirumbaKati street waiting for final dis-
posal a Buhongwadamp site (SeeFigure5). Thesolid
wastes collection point at Kirumbakati street is par-
tidly fenced hencegiving possibilitiesof wastesto soread
and pollutetheenvironment intheresidentia aress.

Solid wastescollection track hasfour routesasseen
inFigure5. First routeincludes Mamlakayapamba,
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Figure5: Spatial locationsof solid waste collection

routesfrom served streetswithin Kirumbaward

TABLE 2: Solid wastesgener ated, collected and uncollected in Kirumbaward

Street Estimated Waste Collected Waste Per cent Uncollected Per cent
Generation (Kg/Wk) (Kg/Wk) (%) Waste (Kg/Wk) (%)
ﬁ;‘i‘mba 14978 10000 66.8 4978 333
Ngara 14581 10000 68.6 4581 31.4
MIimani 13331 5000 375 8331 62.5
Kabuhoro 17142 10000 58.3 7142 41.7

GengelaKabuhoro and collection point Kirumbakati.
Second routeincdudesUwanjawaMagomeni, Mwaoni,
Check point and collection point. Third routeincludes
Ngara, Kirumba police station and collection point.
Fourth routeincludesKirumbaKati, Kirumbamarket
and collection point. Theinterview with service pro-
vider reved ed that routeswere not fixed and changes

would bemade depending ontheprevailing Stuationin
solid waste collectionin Kirumbaward.

Applicationsof Gl Stechniquesto deter mine ap-
propriate solid waste management practices

Itisnotedin previous section 3.2 that during solid
wastescollection from served streets, solid wastes col -
lection truck owned by (MEMCO) passin routes at

Snoivonmental Science
A Jndian ﬂa«/md



ESAIJ, 10(10) 2015

1.J.E.Zilihona et al.

353

—== Qurrent Ressarch Pepser

TABLE 3: Proposed solid wastecollection per street per week

Street Estimated Salid Daystofill SW CoIIecFion Daysinterval_for
Waste (Kg/WKk) 5000kg Truck Frequency (Trips/Wk) waste collection
Kirumba Kati 14978.0 2 3 2
Ngara 14581.4 2 3 2
MIimani 13330.8 3 2 3
Kabuhoro 17142.3 2 3 2
486400 487000 487600 4&8200 488800
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Figure6: Proposed effective solid waste collection frequency per street per week

random. Routeswere not fixed and changeswould be
madedependingontheprevailingStuationinsolid waste
collectionin Kirumbaward. The study found out also
that frequency of waste collection at each street in
Kirumbaward was set without cons dering waste gen-
eration (inkg) per street and truck |oad capacity. The
disadvantage of existingwaste collection frequency per

street per week isthat wastesare not collected intime
caus ng uncollected wastestoremanin stregtsfor days
asshownin TABLE 2. Astheresult, residentsincur
addition cost of paying people to take wastesto the
collection point at Furahishaground.

TABLE 2 showsthat the amount of solid wastes
which remain uncollected in some streetsgoes up to
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62.5% as seenin Mlimani Street. Thisisduetoineffi-
ciency solid waste collection system which do not put
into consi deration about spatia distribution of popula
tion and amount of waste generated in order to deter-
mine gppropriatefrequency of solid wastesspecificfor
each street instead of generalization.

Based ontheabovefindings, severa approaches
were used inthisresearchin order to deduce and pro-
pose appropriate solid wastes management practices.
The approacheswere based on statistical and spatial
capability of GIS softwarein processingfield collected
population deta, per capitawastesgeneration and waste
collectiontrack cgpacity (volume). Thestepshavebeen
briefly shown in Figure 2 which showstheflow dia-
gram used to achievetherequired proposed solid wastes
management map showninFgure6.

Solid waste collection frequency (trip/week) was
obtained by dividing estimated solid waste generation
(in Kg) per week by number of days to fill 5000kg
truck. TABLE 3 showsthe proposed waste frequency
per street in Kirumba ward per week based on the
amount of solid wastesgenerated.

In addition to frequency of waste collection per
week per street, GI S statistical analysisfunction en-
abled to producetherequired daysinterval required
for waste collection from each street, asseenin TABLE
2.

The proposed waste coll ection frequency per street
per week will help to avoid uncollected solid waste at
each street. In addition, unnecessary trip of waste col-
lection will beavoided and hencetheexercisewill be
cost efficiency. Theability of GISto provideakind of
spread sheet in the attribute table of each street and
possibility of calculating other parameterslikefrequency
and daysinterval for waste collection aswell asdis-
playing thedataand phenomenaspatially wasthefoun-
dation for the possibilitiesto addressthe problem of
waste collectionin Kirumbaward. Figure 6 show spa-
tial presentation of waste collection frequency (trip) at
each street within Kirumbaward per week.

Resultsin Figure 6 out scoresthe existing waste
collection sysemfromthestreets. Thefigureindicates
that sincethe volume and number of waste collection
vehicleisknown, themunicipa council shouldseetoit
that population sizewhich determinesamount waste
generation specificfor each street isput into consider-

Application of GIS for effective urban solid waste management: A case of Kirumba
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ation during planning for frequency of routesfor waste
collection and daysinterval for each street. Thiscannot
be generdized; otherwisewasteswill remain uncollected
asseeninTABLE 2.

CONCLUSIONSAND RECOMMENDA-
TIONS

Amount of solid wasteis proportionateto house-
hold or population sizein asensethat the bigger the
household or popul ationssizethelargeamount of solid
wasteit generates. Large portion of household solid
wasteisorganicand smdl portion being recydablewaste
but no waste separation isdone. Furthermore, not all
wastes are collected in time due to low capacity of
MEMCO, who has only one tractor and trailer used
for collecting waste. Also theward hasonly onecollec-
tion pointinwhich al wastesfromthestregtswithinthe
ward are disposed. The Government hasto increase
collection pointsintheward in order toimprove effi-
ciency in solid waste storage and distance from house-
holdsto the collection point. Waste separation should
be promotedin order to influencerecycling activities
and hence reducing amount of solid wastedisposedin
thelandfill. GIS as aplanning tool has proven to be
efficient in proposing waste coll ection frequency per
week in Kirumbaward. The proposed waste collec-
tion frequency based on solid waste generated per street
and truck carrying capacity can help to avoid uncol -
lected solid waste at each street and unnecessary trip
of waste collection and thus optimize efficiency inthe
whole process Gl Sasplanning tool should beusedin
planning of urban solid waste management duetoits
ability to integrate spatial and attribute data such as
amount of waste generated per street and truck load
capacity in order to savetime and cost. Mwanzacity
planners should addressthe waste management prob-
lem by incorporating the popul ation size per eech ward,
industrial and commercial areasinto GISand deter-
minethe required waste collection frequency(times/
week). Municipa councilsshouldtry hard asoto ad-
dressthe chalengesfacing GIS applicationslike cost
constrains in term of hardware and software,
infrastructural, educational and dataconstrainsinterms
of existenceand accessibility of data.
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