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Abstract: In this study, a sensitivity analysis of a multi-objectivetimization model for solid waste management (SWM) for Dar e
Salaam city in Tanzania is considered. Our objectives werdantify the most sensitive parameters and effect of atiyast data to
the model output. Five scenarios were considered by vatieig associated parameter values. The results showeththdécrease of
total cost for the SWM system in all scenarios was observetpened to the baseline solution when the single landfill veexsiclered.
Furthermore, the analysis shows that the variable costrgtea for the processing facilities is very sensitivity irck a way that if
you increase the variable cost then, there is a rapid inerefotal cost for the SWM system and the vice versa is true. rElevant
suggestions to the decision makers were also discussed.
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1 Introduction

An important aspect of the model solution phase is sensitanalysis. It is designed to study the effect of changekén t
parameters of the model on the optimum solution. Such aisdfysegarded as an integral part of the solution of any real
life problem. It gives a model a dynamic characteristic thibdws a researcher to study the behavior of the optimal
solution as a result of making changes in the model parametére ultimate objective of the analysis is to obtain
information about possible new optimum solutions corresfirag to changes in the parameters with minimal additional
computations§].

Sensitivity analysis is an analysis that determines howitiea the model solution to any change in a parameter while
keeping other parameters constant. Sensitivity analgsigactical since it informs the user of the model on how the
solution value do depend on every known value of the modpkiinits him an idea of how much room he has for every
variable to go adversely. Sensitivity analysis is usefuéwthe values of the problem parameters are unknown achurate

[2].

Mathematical models are applied in various complicatechegutc, engineering, social, physical and environmental
problems B]. The model development process includes some logicas steye of which is the determination of the input
information (parameters) of the model which are most powerf the model solution. A post-optimality analysis of

* Corresponding author e-malffemeh@nme-aist.ac.tz (© 2017 BISKA Bilisim Technology


 http://dx.doi.org/10.20852/ntmsci.2017.220

(_/
108 BISK A H A Lyeme, A Mushiand Y. Nkansah-Gyekye: Sensitivity lgses of multi-objective optimization...

these input information is very significant to the model fieaition and will also serve for the forthcoming study.[

Modelers may conduct the post-optimality analyses for almemof rationale including the requirements to determine:
(1) which input information need further study to give sgnto the knowledge base, so that decreasing the solution
variability; (2) which input information are irrelevant ércan be removed from the final model; (3) which parameters
cause the variational to the model solution; (4) which pai@ms are most highly correlated with the solution; and (5)
once the model is in production use, what consequence sdsoith altering a given input information. There are many
diverse ways of conducting post-optimality analyses; h@rein answering these questions the various analyses may
not generate the same resul [

In general, post-optimality analyses are conducted by ibefthe model, its decision variables and parameters, @Esgjg
probability density functions to every input data, genegan input matrix through a suitable random sampling mgitho
calculating an output vector, and evaluating the effectkratative importance relationship of every input or outj@jit

The ranges within which the values of the parameters cangehlaefore the optimal solution is no longer optimal give an
indication of how critically the decisions implied by thetopal solution depend on the accuracy of the specified
parameters. Sensitivity analysis considers the effect hen dptimal solution by changing the objective function
coefficients and also by changing the right hand side coeffisiof the constraint®]. At times certain known values
may serve as the managerial decisions. In this case, theecbithe parameter values may be the main issue to be
researched and this can be done through post-optimalitysiea

Therefore, it is possible to explain various inclinatiohattthe decision makers could make due to the criteria uged, a
how they influence the study solutiord.|

The purpose of this paper is to perform the sensitivity asialfor the multi-objective optimization model for solid sta
management proposed in section 3. The sensitivity of ldrifé alternative, fixed cost for the processing facilities
variable coast, transportation cost and recycling linttatwere tested by varying their associated parameters. The
sensitivity of separation plant was also tested by consigexhat will happen to the optimal solution if the cost for
sorting was not included.

2 Multi-objective optimization model

In this section, we briefly described the model proposed7ytheir model has three objective functions as shown in
equation (1), (2) and (3).

The first one deal with the total cost minimization, which tns the cost for transportation, recycling, separation,
composting, incineration, and recovered from the disposalaste. The costs for every operating facility and capital
costs are also included in this objective function. The sdcobjective function deal with the minimization of total
environment impact, such as greenhouse gases (GHG) ensssldch includes carbon and methane emissions due to
recycling, composting, incineration and waste disposah&landfill. The last objective function minimizes the final
waste disposed to the landfill from all separation fac#iti@he multi-objective model for solid waste management
proposed byT], is given below;
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Ug=0orl,forg=(12,..,G) (20)
Vk=0or1 fork=(1,2,...,K) (21)
W =0or1, forl=(1,2,...,L) (22)
Xm=0o0r1,form=(1,2,..,M) (23)
Yn=0or1,forn=(1,2,...,N) (24)

AW > 0,A&j > 0,BSh > 0,P§g > 0,D§q > 0,
ESn>0,LSn > OVi, j,h,g, k.1, mn

(25)

3 Sensitivity analysis of the model

The input data to the model is the key point for the sensjtiaitalysis of any model. Using the sensitivity analysis Hase
on the optimal solution, the effect of the parameters charagebe clearly exemplified. In this section, the sensitivity
analysis of landfill site alternative, fixed and variabletcfus the waste processing facilities, transportation cosd
recycling limitation will be tested by varying their assatgid parameters. The sensitivity of separation plant wss al
tested by considering what will happen to the optimal sohutf the cost for sorting was not included.

3.1 Landfill site alternative analysis

In this scenario, two hypothetical alternative landfille aonsidered. Both have identical operating costs, coct&tru
and flow capacity. One landfill is assumed to be located in trtheastern part of the city (Goba) and the other landfill
in the southeastern part of the city (Kisarawe). The majsu@ption in this scenario is that the land for both landfgls i
available for construction at any time and thus the Municipghority has preserved this land. The overall point othi
scenario is to analyze the impact of landfill options on ldhdfianagement in the city, in particular, the impact of
construction and operating costs of the new landfills anit tbeations. If new landfills are relatively cheap to operat
then this will reduce diversion needs. If landfills are l@chtaraway, and costly then this will raise diversion needs.

Let us add the two landfill sites (Goba and Kisarawe) to theehfiidmulated in section 3. The transportation cost from
separation plants to the landfills are given in Table
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Table 1: Transportation Costs (Tsh/ton) from Separation to Lardfill

SEPARATION LANDALL

PLANT KINYAMWEZI GOBA KISARAWE
llala 11625 21750 31425
Upanga 20175 20025 31200
Segerea 15000 19800 31650
Buguruni 17025 20475 29400
Ukonga 15450 23250 30825
Pugu 8700 24975 32400
Kawe 27600 9975 42000
Bunju 32100 15450 55650
Kigogo 18150 18750 30450
Tandale 21225 17325 33075
Mbezi 12825 13800 37575
Kibamba 23850 15900 47475
Kimara 17250 15075 34800
Ubungo 20100 13500 36150
Mbagala 18375 23175 25950
Kibondemaji 21075 28050 22425
Mjimwema 34350 41775 7575
Vijibweni 37425 44850 9000
Chang'ombe | 17025 21600 27975
Mtoni 18225 22875 24000

The sensitivity analysis of the model was tested by inclgdire two landfills with their fixed and variable costs. In the
first case we include one landfill (Goba) so that the modelwadandfills. In the second case, we include two landfills
(Goba and Kisarawe) so that the model has three landfillsra$dt shows the decrease of total cost for SWM for both
cases by 2.7% (Tsh. 73,056,058.75) and 4% (Tsh. 71,233%&gdgctively compared to baseline solution when the single
landfill was considered. The different optimum path for efiton of the waste amount from separation plants to the
landfill for the two cases was also observed as shown in Tabahel Table3 respectively. It is worth mentioning that the
case with three landfills gives the minimum cost for the SWidtesn in the case study area, and therefore the decision
makers should adopt this case.

Table 2: Waste Amount (ton) Flow from Separation to Landfills

LANDFILL
SEPARATION
PLANT KINYAMWEZI GOBA
llala 66
Upanga 48.6
Segerea 64.9
Buguruni 66
Ukonga 66

Continued on next page
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Table 2 —Continued from previous page

SEPARATION LANDAILL
PLANT KINYAMWEZI GOBA
Pugu 66

Kawe 66
Bunju 10.3
Kigogo 215 44.5
Tandale 66
Mbezi 66

Mbagala 66

Mjimwema 52.6

Vijibweni 33

Chang'ombe | 66

Mtoni 66

Table 3: Waste Amount (ton) Flow from Separation to Landfills

SEPARATION LANDFILL
PLANT KINYAMWEZI GOBA KISARAWE
llala 66

Upanga 475

Segerea 66

Buguruni 66

Ukonga 66

Pugu 66

Kawe 66

Bunju 10.3

Kigogo 66

Tandale 66

Mbezi 66

Mbagala 66

Mjimwema 52.6
Vijibweni 33
Chang'ombe | 66

Mtoni 66

3.2 Fixed cost analysis

Fixed costs in processing facilities are considered asdbefor construction or opening of the processing facsgifier
the SWM. They are directly associated by the waste manageatiematives and have an influence on the total cost of
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the SWM system. The sensitivity analysis of the model to thedficosts was tested by assuming the existence of these
processing facilities, that is, there is no cost for corcdtng or opening of these processing facilities.

The result shows that there is a rapid decrease of the tagtt@dsh 44,689,260.25 which implies that the fixed cost for

opening processing facilities has a great impact on the SW8#m. This shows that the total cost for the SWM system

is viable if the fixed cost of constructing or opening of thegessing facilities is not included in the model. Thus, the

fixed cost will result in a higher total cost at the beginnifigonstructing the waste management alternatives while the
total cost for the SWM system will decrease if there is a camtion of using previously constructed processing

facilities.

Moreover, the sensitivity of separation plant was testatsittering if waste sorting is done at the source and fixed cost
for separation plant become zero. The result shows thag tkeat decrease of total cost for the SWM system to Tsh.
61,358,762.25. Therefore, introducing a new law which exee society to sort waste at the source will reduce the total
cost for the SWM system.

3.3 Processing cost analysis

Variable operating cost in processing facilities are cdeidd as cost sinks to the model. They are not ultimate waste
management alternatives. However, they are necessargufocting other waste management options like separation,
composting, incineration, recycling and landfill. The sewity of the model to the processing costs was tested by
changing the variable operating costs of processing figsilas shown in Tablé

Table 4: Different Cases for the Changing of the Variable Cost

Case l Case 2 Case 3

Variable Cost Tsh. 55,000 Tsh. 65,000 Tsh. 75,000
Total SWM Cost  Tsh. 13,806,058.75 Tsh. 71,233,941.25 Ts6.23,941

Decreasing the variable operating cost of processingitiasilto Tsh 55,000 per ton (Case 1) gave the same optimum
path (waste allocation to processing facilities) as thata$e 2 at the variable operating cost of Ths 65,000 per tdn wit
decreasing the total cost for the SWM system. Increasingdtt to Tsh 75,000 per ton (Case 3) yielded the same
optimum path of case 2 with increasing the total cost for théVBsystem.

As far as the variable cost for processing facilities is @ned, a change in the variable cost seems to bear the most
significant change in the total cost for the SWM system. Amaase of variable cost by Tsh. 10,000 has increased the
total cost for the SWM system by 120%. In the other hand if werelgse the variable cost by Tsh. 10,000, there is the
decrease of 80.5%. This means that the variable cost pagaimetry sensitive therefore care should be taken whenever
the decision makers plan for the SWM alternatives.

(© 2017 BISKA Bilisim Technology
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3.4 Transportation cost analysis

In this scenario, we consider the addition of the model agtiom started as if all generated solid waste are transféore
the nearest separation plants at the expense of their gersandhat will happen to the total cost of the SWM system. The
sensitivity of this parameter was tested and reveal theedserof total cost for the SWM system to Tsh. 55,529,103.63
which is 22.1% decrease compared to the base optimal soldtie optimum path for solid waste allocation to different
processing facilities and landfills remain unchanged (sasmghown in Tabl&). This indicates that the participation of
the community to the SWM system reduces the cost. Therdfugajecision makers should consider this option in order
to have an optimum SWM system cost.

3.5 Recycling limitations analysis

In this scenario, we consider the sensitivity of changirgyftiaction of recycling materials to the model solution. &dar
cases were considered in this scenario; in the first case dueed the fraction of plastic material by 2% while in the
second case we increased the fraction of plastic materid%y The results show the inverse relationship between
fraction of plastic material and total cost for the SWM syst@ both two cases. In the first case, there is an increase of
total cost for the SWM system by 18.1% (Tsh 98,502,733.7)enini other case there is a decrease of total cost for the
SWM system by 45.9% (Tsh 12,198,882) compared to the base cas

In the third case, we increased by 1% the fraction of recgafivaterials for plastic, metal and paper respectively. The
output of this case shows that there is a decrease of thecséalffor the SWM system by 40.9% (Tsh 18,881,233.2)
compared to the base case. It should be noted that the iropé#ize fraction of recycling materials is more significant

than that of reducing it. The reason is that the final wast@eédandfill will be reduced due to the increased fraction of
recycling materials and finally, the GHG emissions will di&oreduced.

4 Conclusion

In this section, the sensitivity analysis of the multi-atijee optimization model proposed in chapter 3 has been
considered. Different scenarios and cases were analyzkdiscussed with relevant suggestions to the decision reaker

The sensitivity of landfill alternatives was tested, firstibgorporating one landfill and the other by incorporating tw
landfills. The decrease of total cost for the SWM system fahlmases by 2.7% and 4% respectively were observed
compared to the baseline solution when the single landfi$ wa@nsidered. The decrease of total cost for the SWM
system by 22.1% compared to the base optimal solution wasalkserved when the sensitivity analysis of transportation
cost was tested by assuming that if the transportation cost the source to separation plant will be taken care by the
waste generators.

The sensitivity analysis of fixed cost of the processinglitaes was also tested and generally shows the decrease of th
total cost for the SWM system. In addition to that, the s@rigitof separation plant was tested by considering wastes
sorting at the source and result shows promising decreasimg total cost for the SWM system. Therefore, introducing
the law which will enforce the society to sort the waste atsherces will reduce the total cost for the SWM system.
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Furthermore, the analysis shows that the variable costtea for the processing facilities is very sensitivity uch a
way that if you increase the variable cost then, there is pjhaincrease of total cost for the SWM system and the vice
versa is true. Therefore, great care should be taken whetiesdecision makers plan for the SWM system alternative.

Finally, the sensitivity analysis of the fraction of the yeling materials was also tested and the output shows the
decrease of the total cost for the SWM system if there is aoredde increase of the fraction of the recycling materials.
Therefore, the increase of the fraction of the recyclingarials will reduce the final waste to the landfills and hend#, w
reduce the GHG emissions.
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