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Abstract

Climate change is the common word these days gsoitrays massive
alterations in weather patterns around the world @mlisruptions to economic
growth in many regions. Poor waste management notlyodegrade the
environment but cause climate change; Global wargindepletion of Ozone
layer; rapid accumulation of greenhouse gases (GHGs the atmosphere;
erosion; desertification; acid rain; draught, eartfuake, tsunamis, tornadoes,
increased intensity of sunlight, global food crisivariation in seasons;
flooding etc. In this study, the researchers weirgl@to model the solid waste
products (refuse) and the cost of waste managemienEnugu State per
month was determined. This will help in making infmed decision; create
employment opportunities, healthy environment, eocomic growth and
stability, etc. Combating climate change is in limgth achieving sustainable
development

1.0 Introduction

Climate change emanates from harmful practicehéneinvironment and it is imperative to find a lagtsolution to this

rising trend. Solid waste products; domestic artugtrial wastes are classified into biodegradabl# ron-biodegradable
substances [1]. Nitrogen sulphide, Nitrous oxidétddgen oxide, Methane, Carbon dioxide, etc. theteoout of the decayed
refuse dumps pollute the environment and thesenbelm greenhouse gases which cause global warmihglanate change
[2]. Refuse dumps cause spread of diseases and tbelating organisms and if these refuse are hutmollute the air and

constitute aerosols which causes acid rain, héaltlards and climate change [3,4]. Land degradatiduces the quality and
productivity of land. Causes of land degradatiodlude poor waste management, water and wind erpslicught and

desertification, acidification and salt accumulatianineral extraction and heavy metal contaminafeln A good waste

management system should be profit oriented. Tratenmanagement authority is expected to make rabmcome from

the waste products they gather by converting thetim other processed forms that will attract revermeate market and
employment opportunities. The non-biodegradableas lma recycled, which is cost effective than embaykon a fresh

production process of such products. The biodetpadacannot be preserved for a very long time amghat attract

appreciable revenue; hence, it is pertinent to ednthem to fertilizer, which can be commercializéd Enugu State, the
Waste Management Authority (ESWAMA) is charged wiitle responsibility of managing solid waste produdthis body

has different categories of trucks and other mavabhchines that collect and dispose solid wastdyate collected from

homes and industries through dumpsters where yagtiicts are dropped for easy collection and evamoua

2.0  Theoretical Analysis
Geometric Programming is a class of non-linearmoigtition which reduces complicated non-linear paogto a set of non-
homogenous system of linear equations. It is usethihimize functions that are in the form of posymals subject to

constraints of the same type. The function in dqugftl) is called the unconstrained posynomial.
m

f (X) :2‘0] D X%
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Where

C>0;%>0; UR

N = total number of terms in the posynomial

m = total number of variables in the posynomial

C; = cost coefficient of the posynomial

X; = primal decision variables in the posynomial

{ajj }= exponent matrix which must be a real number.

It differs from other optimization techniques iretemphasis it places on the relative magnitudéiseoferms of the objective
function rather than the variables. Instead ofifigdoptimal values of the decision variables figgpmetric programming
first finds the optimal value of the objective feion. This feature has advantage in situations @/ltiee optimal value of the
objective function may be all that is of intere8t ]. Geometric Programming derives its name fthenfact that it is based
on certain geometric concepts, such as orthoggreitl arithmetic-geometric inequality. Geometrioggamming broadens
the scope of linear programming applications ani isuited to model several types of important fioear systems in
physical sciences and engineering [8]. Geometragiamming is very flexible and has been extendedifferent fields
different from its original conceptions. In thisidyy, Geometric programming has been extended tweemental studies to
model solid waste products.

In geometric programming, the quantity N = m+1asnted the degree of difficulty, where N denotesttital number of
terms in all the posynomials and m denotes the rurabdecision variables. If N = m+1, the problesrsaid to have a zero
degree of difficulty. In this case, the unknown(j1, 2,...,N) can be determined uniquely from théhogonality and
normality condition and the problem is said to hawenique solution. Geometric programming is nqtliapble to problems
with negative degree of difficulty. The dual prablés solved when it is less complicated than theal problem [6, 9]In
other words, we maximize the dual program when#gweidegree of difficulty if greater than zero, tlgtwhen the solution
is not unique. The primal program is solved when diegree of difficulty is zero, that is, when tldusion is unique. The
degree of difficulty is the measure of computatlatifficulty of geometric program. But one can &thmaximize the dual or
minimize the primal function since at optimalitytbgield the same optimal solution [6, 8, 9, 16fom the equation (2), the
minimum cost of waste management can be found witthee knowledge of the optimal values of the deaivariables.

Yi
n C.
Minf) = F*(X)= T =2 | e, )
=Y,
The sufficient conditions for optimality are knovas orthogonality and normality conditions whichnfoa system of non-
homogeneous linear equations. This can be exprassadtrix notation as follows:

AY = B 3)
Where A is the coefficient matrix, Y and B are tt@umn vectors consisting of unknown dual varialdesl constants,

respectively. A unique value of Y can be obtaingdsblving the system of linear equatiofs= A'B if the degree of
difficulty is zero. The values of ¥nust satisfy the orthogonality and normality cdiosis. For the given value of f*(x) and
unique value of Y the solutions to the set of primal decision Valga xcan be obtained from equation (4)

CiTI(X)% =Y5 (%) (@)

Where {g} = exponent matrix which must have a real numker, 0, G > 0 and f*(x) = the optimal objective function and
y*; is the optimal dual decision variables.

The Geometric Programming Model of the Study

Often times, a real life problem has some assatiedastraints because of limited resources. Hemeenaximize the dual
function given by

C,

Max f (y) = Ij h[TiA“J |

Subjectto AY =B

Where m = the total number of variables in the geia program; N = the total number of terms in the geometric paogr
M = the dual decision variables ang € the cost coefficient in the geometric prograrme Tunction in equation (5) is the
constrained dual geometric program.
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3.0 Data Presentation
Table 1: Average Maintenance Cost per Month / Trucks anit tapacities (in tons)
S/No | Truck Types Ave. km Covered Others Fuel/Qil TotalCost@) | Capacity (tons)
1 Bedford Diesel trip. 5000 7500 5536 13,036 9
2 Mercedes 1513 trip. 5000 7000 5871 12,871 9
3 Roll-off truck 5000 8500 6020 14,520 12
4 Compactor truck 5000 8000 5978 13,978 10
5 Swaraj Mazda 5000 7000 6408 13,408 5
6 Service truck 5000 7000 6042 13,042 5

Total Cost 45,000 35,855 80,855 50

Source: ESWAMA (2015)

Table2: Cost of labour per truck and Average Trips per Mont

S/No Truck Types Driver Loaders Cost per month | Average tips
1 Bedford Diesel trip. 24,000 36,000 60,000 4
2 Mercedes 1513 trip. 28,000 36,000 64,000 4
3 Roll-off truck 26,000 36,000 62,000 4
4 Compactor truck 23,000 36,000 59,000 4
5 Swaraj Mazda T3500 28,000 36,000 64,000 4
6 Service truck 30,000 36,000 66,000 4
Total 159,000 216,000 375,000 24

Source: ESWAMA (2015)

4.0  Formulation of the Problem

C, = Cost of Maintenance:Let X; = expenditure on other maintenance and>Xxpenditure on fuel/oil.

C, = Cost of Labour: Let X, = expenditure on drivers and X expenditure on waste loade@s. = Cost of Collection and
maintenance of dump sitesl et X, = expenditure on collecting waste products fromaspecial (remote) arrears angl=x
maintenance of dump sites.

C, = Volume (tons) of these waste€=ach volume contains the three categories of warstéuct. Let X take care of the
biodegradable, Xtake care of the non-recyclable non-biodegradabttlet % take care of the recyclable non-biodegradable
content of the volume (ton) of the trucks.

Objective Function

The objective is to minimize the cost of waste d&d subject to the volume available for disposaklie month, refer to the
last two columns of table 1 and 2 for the totaltceslume of waste available for the month and agertrips.

Minimize f(X)=C X, X;+C, X X, +C; X, X, i, (6)
Subject to
C, )
K24 1rIPS PEIr MONTN. e 7
XX, X ps p (1)

That is, a maximum of 24 trips of waste productsafowed for transporting 50 tons of solid wastedpicts per month. At
optimality in geometric programming, minimizatiof f§x) = maximization of f(y). Maximization is easi because it is a
concave function constrained by linear equations=A (i.e. orthogonality and normality conditionEquation (6) and (7)
are the objective function and constraint equatiespectively. Hence, we have

Maximize f(y)= 80855x,x, +375000x,x, + 50000x,X, L2088 . 8
X1X2X3
. 111 0l[y,] 1
Subject t 110 -1y |o
011 -1fly,| |0
101 -1|v.] |o
Test for the Degree of Difficulty:

N=4,m=3
N=m+1=>N-m-1=4-3-1=0
The degree of difficulty is zero and the dual diecis/ariables have a unique solution from equaf®)nand thereafter, the
optimal primal decision variables can be determingidg equation (4).
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Now Writing each component in terms ofd) i =1, ..., 4, we have
U, = 80855x,%, ; U, =375000x,X, ; U, = 50000x,X,; U, = 2.0833, "X, "X, "

Hencef(y):(QT(CZ]”(Q]%[%]W ....................... (9)
Y1 Y2 Ys Ya
Y1 Y2 Y3 : —_ -1
¢ (y)=[80855] [375000] [50000] (20833 We now solve for y to obtainy = A™b
Y1 Y2 Y3
i “Bov % K|l % 1 5
a y=| V2| Z|F % A A IOISIE =y =y, =y =iy =g
Ys R I R B LU B
Ya % =rh —rh o~k 0] %
% % be
f(y){sosssj (37500(? (50000} (20833
b be b

f(y) = (623395(104.0042)(53.1118)(1.6310 = N 561,641.50
f(y)=f*(x) = N561,641.50
This is the minimum expenditure on waste (refusahagement per month.

5.0 Results and Discussion

Enugu State Waste Management Authority (ESWAMA)nsiseaboutd§61, 641.50 on waste management per month. A
waste management model was developed in this stadyapplied to model solid waste product. Our @demwas on the
overall expenditure on refuse disposal, henceyé#nmus contributions of the primal decision vakégbwere not considered
since they were not required. The determinatiothefcost of waste management per month will h&@WEMA and Enugu
State government in planning.

6.0 Conclusion

Application of this model will create a disciplinegaste management. It will help the government éteisnine the
approximate amount of money she is spending onewdisposal at any given period of time (controlrgfieg on waste
management). The study indicates the need fordtadbkshment of fertilizer and other recycling parA disciplined waste
management will save our environment from degradatind effectively combat climate change. All thesk lead to
sustainable development, economic growth and dpw&at in Enugu state in particular and Nigeriaaage. It will reduce
carbon dioxide and other greenhouse gases emighieris in line with clean development initiatimad combating climate
change is in line with achieving sustainable dgweient.
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