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Abstract: Waste diversion from landfills has generally baeglected in the developing world despite its ptto prolong
the lifespan of landfills and generate revenuess $tudy aims at characterizing diverted solid wdsactions at communal
collection points in seven communities and deteimgithe trends in landfilled solid waste due toBag/-As-You-Throw (PAYT)
mechanism. It is based on quantitative measurenoéigerted waste by informal waste pickers at oamal collection points
in seven communities in the Kumasi metropolis amalyssis of landfilled waste records prior to angkathe introduction of the
PAYT mechanism. The study shows a daily diversata of 19.4+9.2kg per informal waste picker per déth no statistically
significant difference (p = 0.29). This constitujast 0.5w/w% of the total waste stream at commuadlection points. The
diverted waste is dominated by plastics (50%) arthfa (29%). Generally, the diverted waste quastitire hugely dependent
on the storage capacities of the informal wastkgu while the types of recovered items dependeadily available market.
The introduction of the PAYT system, as observednfthe study, immediately caused a decline (28%)aste disposed of at
communal collection points but steadily appreciatéti time (26% and 13% consecutive reductionsuinsgquent years). The
study recommends support for the informal sectalp)ie-Private Partnerships for waste recycling emteinsive public education
on PAYT mechanism prior to and after its introdanti
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Consequently, repulsive sights of malodorous and
pest-infested heaps of solid waste are still pregersome
”Vingparts of the city similar to that reported in otle@ies in the
country and other neighbouring countries [2,7]. Mehile,
recent studies [8-11] have shown that solid waste
management has evolved from the conventional pedf
collection and disposal of waste and now incorpmateries
of cost-saving and natural resource-conservingoaptisuch
as source reduction, reuse, recycling and wasen¢ogy

1. Introduction

Rapid urbanisation rates coupled with rising
standards, particularly across the developing wdréde left
city authorities with the grueling task of havirmgdollect and
safely dispose of huge quantities of solid wastelaity basis
[1]. Even with more than half of their annual butge
expended on this all-important service and the lirement

of private contractors, certain fractions of mupéli solid ) " B
waste remain uncollected [2-4]. The situation i different which generally divert waste from landfill sitesarRcularly,

from Ghana's second largest city, Kumasi, wher0MpPOsting of organic solid waste, which makes up a
approximately 1,500 metric tonnes of solid waste i§'9nificant proportion of waste in the developingrld has
generated each day [5]. Despite having an engiddareifil e potential to reduce emissions of toxic gaseewgded at
site for waste disposal, financial and technicatstraints, |andfill sites [12]. This, and other options, asufen [13]
have rendered absolute collection and disposal hig t @rgues, are gradually making landfills in developedntries

enormous quantity of waste unattainable and abokiraof ~'edundant and would in the future render them irans
the municipal solid waste remains uncollected dd8y. storage sites for specific waste materials pendéuycling.
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The situation is different in the developing coiegrwhere
waste is collected with minimal or without divensidrom
landfills for recycling. Hence, the debate on eimgudrastic
reduction in landfilled waste in the developing lelois very
crucial.

Generally, diversion of waste from landfills renmia
hugely neglected issue in Ghana even though it thas
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sub-region for its blossoming commercial activitiishas a
climate of the sub-equatorial type having doublexima
rainfall regime of about 214.3mm in June and 165®2m
September. Averagely the temperature ranges betkéro
30.7°C and humidity averages 84.16% at 09:00 GMT &0%6
at 15:00GMT.

Being a metropolitan area, it has ten administeativ

potential to reduce landfilled waste and reduce dhgent sub-metros viz. Asokwa, Manhyia, Bantama, Nhyiaeso,
costs associated with solid waste management servicOforikrom, Subin, Kwadaso, Suame, Asawase and Tafo
[14-16]. Findings from a recent study in Kumasi,aBh, representing districts. Out of these, the first aig vibrant
point out that, retrieval of only plastics from thelid waste while the remaining four are relatively dormant ogito lack
stream for reuse and recycling purposes is solafsierd out of resources. The metropolis has an engineeredillasite,

by the informal sector without any support from thethough it operates under suboptimal conditionsctviliegan
government despite having a huge potential to @d@er operations in 2004. The site is a 100-acre pieclraf and
revenue and create employment [17]. In additiosultse of receives solid waste as well as special waste fthe
composition analysis on solid waste generated im&si and metropolis. Solid waste ending up at the site etesniom
other urban centres across the country indicaté dtteer communal containers placed at vantage points inowsr
components could be diverted from landfills for .usecommunities in addition to that collected from démdoor

Although waste diversion evidently has the potént@
reduce the proportion of waste eventually landfilland
hence prolong the lifespan of landfills [18], itstual

services, commercial centres and institutions witlihe
metropolis.

contribution to waste reduction and its composiiioGhana 2 M ethodol ogy

remains relatively unexplored. It
paramount that this knowledge gap is filled to jlevcity
authorities a persuasive evidence to shift thedu$oto this
strategy.

It is noteworthy however that, waste reduction teghes
have not been utterly neglected by authoritieha Kumasi
Metropolis in their efforts to effectively managelid waste
in the city. In 2008, in an attempt to recover soofie¢he
funds injected into collection of solid waste andsgibly
compel residents to reduce the quantity of wastpadied of,
the Kumasi Metropolitan Assembly (KMA) introducediait
pricing system, commonly practiced in Europe andefioa,
where residents are charged a fee for waste colfebased
on the quantity of waste intended for disposal geaky
referred to as Pay-As-You-Throw (PAYT)[19]. Thispapach,
in its initial implementation stage, was met withposition
from the general public resulting in indiscriminadisposal of

therefore becomes

For the purpose of this study, seven communitieattx
in two out of the six vibrant sub-metros were seddc Five
communities, namely, Ayigya, Ayigya-zongo, Gyenyase
Kentinkrono, and Bomso were sampled from the Ofornk
sub-metro and two from Asokwa sub-metro namely Kote
and Atonsu. Quantitative field measurements of ntibee
solid waste by seven informal waste pickers at camah
container sites were carried out in November andeber,
2011, at stipulated periods to determine its qtyaraind
composition. The diverted solid wastes were deditidy
allowed to accumulate over specific periods of tbmebtain
an appreciable quantity for the quantitative aredys
Altogether, diverted solid waste at each of the egev
communal waste collection points were analysed loeet
different occasions throughout the study period.thWa
known accumulation period, the quantities of weaatehe

waste at unapproved sites. Though it has been doutend of this period were converted into averageydiiiterted
generally as a commendable approach to generaemuev solid waste (Dw) by dividing the total waste acclebed at

from waste collection, the actual effects of tlashnique on
reducing landfilled waste quantities have not
investigated for informed decision making,
improvement and replication in other areas.

Against this background, this study is based on kegp
objectives: to characterize diverted solid wastetfons and
to determine the trend and possible reduction mifided
solid waste due to PAYT.

Description of the Study Area

Kumasi is Ghana's second largest city after théomait
capital, Accra (Figure 1). It is the capital of theshanti

region and has an estimated population of more than

million people - almost twice the estimated pogalatin
2000 [5,20]. The city spans a total area of appnaxély

254square kilometers and is noted in the West Afric

the end of the accumulation period by the numbedayfs

beewithin that period. This is shown in Equation 1dvel
possible

D, =% (1)

Where Dw = Daily diverted solid waste by an infofma
waste picker

Qp = Quantity of waste accumulated within a peraid
time

d = number of days within the accumulation period

The composition of diverted solid waste was catisgar
into nine major components, namely, plastics, msetal
glass/bottles, wood, foam, leather, ceramics, rubded
fibres.

The proportions of each component (Pi), expressed a
percentage of the total weight of diverted solidswwafor a
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particular accumulation period was computed fromdfign 2: the waste separated from the solid waste streartheat
W communal collection points. The proportion of dieer solid

P = f X 100% (2) waste was therefore computed as the ratio of didesolid
P waste quantity to the total solid waste generatguiessed as

Where Pi = Proportion of the ith component of thea percentage. Although, there could be waste pickinthe

diverted solid waste landfill site and probably from commercial centemad
Wi,p = Weight of the ith component within the door-to-door collection of waste, this study onignsiders
accumulation period, p diverted solid waste from the communal collectiomgs.
Qp = Quantity of waste accumulated within the pirip Further, secondary data from landfill records aé th

Total amount of waste generated was computed fteem t Dompoase landfill site was obtained for five outlué seven
sum of diverted solid waste quantity from communaktudy communities, namely, Kotei, Ayigya, Kentinko
containers and landfilled waste from communal doeta Gyenyase and Atonsu which had monthly waste didptzda
emanating from the study communities during thedytu from 2007 to 2010.
period. Diverted solid waste in this study therefoefers to
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Figure 1. Map of Ghana showing the Kumasi Metropolitan Assembly (Adapted from http://mci.ei.columbia.edu/)

2.1. Statistical Analyses minimum was recorded at Gyenyase (9.7+5.0kg/day).
Descriptive statistics, namely, mean, median, lower 5

quartile, upper quartile, standard deviations weseputed g

and plotted for the daily diverted solid waste frtme study E_ 40

communities using Microsft Office Excel 2010. Siadhctor £E0

Analysis of Variance (ANOVA) was used to determihe Z ERN

statistical significance of the variation in dadiverted solid Z 10

wastes among the study communities at 5% signifiean = o0 :

level. This was also used to test the statisticalificance of & 8 E S

the variation between waste disposal quantitiesrgd and T Toet

after the introduction of PAYT mechanism. B

Figure 2. Average daily diverted solid waste by informal waste pickers in
3. Results and Discussion study community

3.1. Quantity and Composition of Daily Diverted Solid Waste This suggests that an average of approximatelyn§ &b
from Study Communities solid waste is diverted annually at each of the momal
collection points in the study communities, basedia days

The results of the study, as shown in Figures 2 3nd per week collection of diverted solid waste. Eacforimal
indicate that on the average, 19.4+9.2kg of sol@bt® is \yaste picker makes an average income of about 120h&
diverted daily by an informal waste picker from lac Cedis (US$40) a month for their livelihood from ske
communal collection point in the seven study comitie8)  diverted materials. By inference, this could resultthe
with a range of 5.9 - 42.8kg/day. Averagely, maximdaily  diversion of about 300tons of solid waste per yieam the

diverted solid waste was recorded at Ayigya Zong@andfill site, assuming that the practice is remtiézl in say,
(23.5+14.6kg/day) and Atonsu (23.5+12.5kg/day) wltthe
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100 communal waste collection points in Kumasi. sThiwaste among all the study communities. This couéd b
translates into a cost savings of about GH¢18,00éttributed to the fact that all the study areas are
(~US$5,300) to the City Authority (KMA) based on aitun predominantly within the low income bracket andréfere
collection and disposal cost of GH¢38US$9) per ton of have similar waste characteristics.

waste. However, larger quantities of solid waste ¢
potentially diverted if there is a readily availabharket for
all types of plastics, metals and other materialsl ¢he
practice is carried out in various homes, at conciaér

centers and in various institutions. Some of tlestds were
not diverted due to contamination with other waated
unavailable market for them.

As Figure 3 depicts, the daily diverted solid waste
quantities in Ayigya Zongo showed the highest \aia
from the mean (23.5+14.6kg/day) in contrast to Boms

Statistical value of

X
L2
IO

which had the minimum deviation from the mean & F ,@‘,\o%*’@?i«&‘io*fy&
(21.2+2.8kg/day). This indicates consistency indhantities e TS

of diverted solid waste in Bomso compared to Ayiggago
although the former had a relatively higher mealuevahan
the latter. In general, the study found no statidti

¢ql

= min
median
max

q3

Figure 3. Distribution of daily diverted solid waste by informal waste pickers

significance (p = 0.29) in the variation of dailiyerted solid N study communities

Table 1. Diverted solid waste fractions in study communities

Community Wa?tkzjjcljz())sed inflz'r\fa;ﬁ:;gdpxge(% /zr;y) Total Waste generated (kg/day) Diverted fraction (W/w%)
Ayigya & Ayigya Zongo 2024.8 22.3 2047.1 1.09
Bomso 2729.3 21.2 2750.5 0.77
Kotei 1974.3 20.2 19945 1.01
Gyenyase 5120.0 9.7 5129.7 0.19
Kentinkrono 1693.9 13.6 1707.6 0.80
Atonsu 7672.9 235 7696.4 0.31
Total 21215.2 110.7 21325.8 0.52

The estimate of diverted solid waste quantities aas addition to a host of other factors, hamper ther&ff of
fraction of the total waste collected at the comaiun informal waste pickers to divert significant quéies of

collection points in the study communities showat ttaily
diverted solid waste fractions range between 0.2w/and
1.1w/w% with an overall average of 0.5w/w% (Tab)eThis
constitutes an insignificant proportion of the age total
waste stream in the study communities of 3.6tons &lso
lower than those reported in China (17-38%), UK%26
France (24%) and Spain (10%), Mexico (10%), India%)
and Pakistan (27%) [18, 21-22]. The diversion r&tes this
study is predictably lower than those reportechinliterature
above since it considers diverted solid waste fronty
communal points. Further, as gathered from theaot®ns
with the informal waste pickers and field obsemwas, the
low diversion rates is attributable to lack of &iéint and
secured storage space for recovered items at timenaoal
collection points which, in some cases, resultghieft of
recovered items. None of the communal collectioimggso
was fenced and passers-by could easily get accesiset
recovered items. Consequently, the waste pickers
compelled to recover only a small proportion ofritethat
they can securely store for resale. It could becqieed,
without a stretch of imagination that, though timéormal
waste pickers have the potential to contribute dirgto
reducing landfilled waste, they are constrainedldok of
resources to effectively carry out their activiteasd are also
not given the needed support by city authoritidlsesk, in

waste from landfills.

Diverted solid waste from the study communities ever
generally dominated by two key components, vizstita
(50%) and metals (29%), together making up almo8t &f
the total diverted solid waste stream. Meanwhilailable
studies [6, 23] have shown that, more than halfg5%) of
the solid waste stream in Kumasi is organic in reatuhile
plastics (7-10%) and metals (2-3%) constitute ini§icant
proportions. It is therefore evident from this stuldat, much
attention is rather focused on diverting items thatstitute
minor fractions in the total waste stream most phdp due
to the market availability for such items. In orderachieve
far greater reduction in the landfilled waste, ¢hiex the need
to focus attention on diverting organic materialsatt
constitute a greater part of the waste stream ¢iratne
establishment of composting plants through Publicafe
Partnerships to create the requisite market.

ar Ayigya recorded the highest proportion of plasiitshe
diverted solid waste while Kotei recorded the highe
proportion metals in diverted solid waste. The aton of
daily quantities of diverted plastics (p = 0.25dadiverted
metals (p = 0.78) within the study communities sedwo
statistical significance, implying similar averageantities in
diverted waste in the study communities.
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Figure 4. Composition of diverted solid waste at collection points
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Figure 5. Trends in average monthly landfilled waste in five study
communities
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Figure 6. Overall year-on-year analysis of monthly landfilled waste

The pattern of average monthly landfilled wastesta@wn
in Figures 4 and 5, generally indicates a reductan
landfilled waste from the communities just aftetradluction
of the PAYT mechanism (in 2008). Conversely, itreased
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marginally in the subsequent years (2009 and 2bLi0had
generally not yet attained the initial quantitiefslandfilled
waste in 2007 except in Kotei (Figure 4). For Kptiie
increase in 2010 could be due to the fact that nmasiglents
have come to accept the PAYT system, and therefooav
most of their waste into the communal containers.

Monthly landfilled waste from the study communities
shows lower and more consistent values between 2008
2010 as compared to the wide variation in 2007 .s@@ming
that, diverted solid waste from the communal digpp®ints
constitute an insignificant proportion (0.5%) ofethotal
generated waste stream, it becomes evidently thedrthe
introduction of the PAYT method has influenced wast
disposal patterns at communal disposal points. €igably,
the reduction in the landfilled waste between 266@ 2008
is due to residents' resistance to the PAYT sysidare so,
there could be the possibility that residents haetually
reduced the amount of waste intended for dispasadsmrted
to open dumping of waste into drains and open spdoe to
the levies collected at the communal disposal .sites
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Figure 7. Effect of PAYT on landfilled waste in 2008 to 2010 over 2007 (base
year) waste landfilled

The highest percentage change in landfilled was@008
(-39%) and 2009 (-34%) as compared to 2007 valua®e w
recorded in Atonsu while Gyenyase recorded the dsgh
decline (-26%) in 2010 (Figure 6). Averagely, lahed
waste from the five study communities declined B$2 26%
and 13% in 2008, 2009 and 2010 respectively, baseg2D07
records, indicating a progressive appreciationandfilled
waste. This suggests a lessening public oppositod
widespread acceptance of the PAYT system with time.

4. Conclusion

The study has shown that an insignificant fractidrthe
total waste stream ending up at communal collegiimints is
diverted for recycling and reuse purposes. Apprataty,
19.4+9.2kg of solid waste is diverted daily by aafiormal
waste picker from each communal collection pointthie
study communities with no statistically significatifference
(p = 0.29). This constitutes only 0.5w/w% of théatovaste
stream at communal collection points and is depeinoie the
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storage capacities of the informal waste picketss Tould
result in the diversion of about 300tons of solidste per
year from the landfill site, assuming that the fic&c is
replicated in say, 100 communal waste collectiomtgoin
Kumasi. This translates into a cost savings of &bou
GH¢18,000 £US$5,300) based on a unit collection and®
disposal cost of GH¢30=US$9) per ton of waste. Higher
cost savings could be achieved if there is availafdrket for
biodegradables which constitute more than halfhef total
waste generated in Kumasi.

The diverted waste is largely comprised of plast&3%)
and metals (29%) due to readily available markettfiese
items. Meanwhile, biodegradable components whicte ltlae
capacity to halve landfilled waste if diverted has market
value in the study area and as a result disposesitbbut
being utilized. The type of items recovered by infal waste
pickers is dependent on the existing market valhdewthe
quantity of waste recovered depends on the staragacities (8]
of the informal waste pickers. The study has also
demonstrated that the introduction of the PAYT ayst
immediately causes a sharp drop (28% in 2008) m tH9]
quantities of waste disposed of at communal catlagboints
but steadily appreciates with time (26% and 13%ictdn in
2009 and 2010 respectively). The study proposggo]
development of public-private partnerships for dolvaste
diversion, support and incentives for informal veapickers
and establishment of recycling centres for bothrenity [11]
recovered materials and biodegradable materialse Th
introduction of the PAYT mechanism must be accorgzhn
with intensive public awareness creation to folesta
indiscriminate dumping after its introduction. Thesearch
provides a firm foundation to further investigateoi waste
disposal practices among residents after the inttah of

[4]

[6]

[7]

the PAYT mechanism. This would be helpful in aszieihg [12]
whether the PAYT mechanism promotes indiscriminedste
disposal at unapproved sites or compels residentseduce
the amount of waste generated. [13]
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