
Gbinu Kabari S, et. al. International Journal of Engineering Research and Applications 

www.ijera.com 

ISSN: 2248-9622, Vol. 12, Issue 1, (Series-I) January 2022, pp. 37-41 

 

 
www.ijera.com                                 DOI: 10.9790/9622-1201013741                                37 | P a g e  

        

 

 

 

 

Profit Maximization Modeling of Bori-Ogoni Multi-

purpose/Multi-Objective Diesel Spill Land Reclamation 

Project  
 

Gbinu Kabari S.
1
, Mahmud Hussaini

2
, Akpan Paul P.

3
, Badom Felix Z.

4
,  

Nwiyor Prince S.
5
 and Letam Leele P.

6
 

(1,3and 6)Department of Civil Engineering, Kenule Beeson Saro-Wiwa Polytechnic, Bori, Nigeria 

(2) Department of Civil Engineering, Federal Polytechnic Bali, Nigeria. 

(4)Department of Electrical Electronics Engineering, Kenule Beeson Saro-Wiwa Polytechnic, Bori, Nigeria 

(5)Department of Science Laboratory Technology, Kenule Beeson Saro-Wiwa Polytechnic, Bori, Nigeria 

 

ABSTRACT 
This research is aimed at developing a profit maximization model for Bori-Ogoni multi-purpose/multi-objective 

diesel spill land reclamation project with objectives which include determination of accrued benefits of 

cultivating yam, maize, cassava, oil palm and rearing of fishes on five different hectares of diesel spill reclaimed 

land in Bori and the development of profit maximization model for the cultivation of multi-purpose/multi-

objective project on reclaimed diesel spilled land in Bori. The problems of oil spill contaminations include soil 

and groundwater pollution, extinction of some plants and animals, chronic mutagenic and cancerous effects on 

humans and global warming. Profit maximization model of accrued benefits obtained in cultivating on 

reclaimed diesel spilled hectares of land was developed using 5 x 5 payoff matrix. Optimization model for profit 

maximization of the benefit accrued from the multi-purpose/multi-objective project development using game 

theory showed that player B best maximized profit at strategy 0.01x1+0.04x2+0.01x3+0.03x4+0.01x5  to obtain 

optimal scores of  N75,826,000,000 with a game value of 0.04. The federal Ministry of Agriculture, 

Environment, NOSDRA, and the Niger Delta Development Commission (NDDC) should subscribe to the 

adoption of the developed optimization model. 
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I. INTRODUCTION 

Bori-Ogoni is an industrial hub where 

numerous oil spills have ravaged (Olaifa 

and Osuagwu, 2017). It is located at latitude 

4°40′34″N and longitude7°21′54″E. Its elevation 

above sea level is 18m(59ft). It is a town in Khana 

Local Government Area of Rivers State in the Niger 

Delta region of Nigeria. Coming with its goodies, 

petroleum products also have their negative effects 

on the environment during their extraction, 

production and transportation processes (Ite, Udo, 

Ite, and  Petters,2013). Crude oil exploration in the 

Niger Delta has caused serious environmental 

impact in virtually all its environmental aspects 

(Kola-Olusanya and Mekuleyi,2018).The work of 

Laffon, Pásaro and Valdiglesias (2016) and UNEP 

report, 2011 has shown that plants and animals are 

now going into extinction. Soil and groundwater 

have been thoroughly contaminated (Chukwuemeka, 

2016); livelihoods of the Niger Deltans are now 

greatly threatened (Aniefiok, Thomas, Clement,  

Ekpedeme and Iniemem, 2018); and unacceptably 

below poverty level (Zock, 2017). 

Oil spill reclamation of the affected area is 

not the panacea. It is important that the cost of 

cultivating on reclaimed land be recovered. To 

achieve this feat, multi-purpose/multi-objective 

projects are the best approaches required to yield 

optimum return on investment on reclaimed oil spill 

land (Archetti, 2013). Optimal decision is required 

to maximize profit (Wei, 2019). Malley and 

Vesselinov, (2015) describe a general approach to 

making decisions on challenging problems such as 

this in the presence of severe uncertainties that 

combine probabilistic and non-probabilistic 

methods.  

Therefore, an optimization model for profit 

maximization on investing in a multi-purpose/multi-

objective project was considered in this research. 

The benefits of investing on different farm produce 
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such as cassava, maize, yam, oil palm and fishery 

were obtained. Game theory was used to develop the 

optimization model used to generate enough funds 

that would consequently recover the cost of 

reclaiming the land and rehabilitate the affected 

persons in the oil spill area. Profit maximization 

model of the 5 x 5 matrix of the benefits was 

developed. 

 

II. METHODOLOGY 
Cost beneftt analysis was done to obtain 

the benfits of carrying out the multi-puporse/multi-

objective reclaimed diesel spill land project. Game 

decision theory of a 5 x 5 payoff matrx was 

developed from the accued benefits of cultivating 

five different crops on five different portions of  

reclaimed diesel spill land. Two players A and B 

would be invloved in strategising to hit an optimum 

strategy. The strategy that achieve optimal profit is 

selected as the profit maximization model for the 

multi-purpose/multi-objective project development. 

 

2.1 COST MINIMIZATION AND PROFIT 

MAXIMIZATION MODEL 

Game theory was used to develop an optimization 

model. 

 

2.2 Model Assumptions 

i. The game has mixed strategies (Player A 

and Player B) 

ii. Player A is the minimizer with an objective 

function of minimizing the cost of cultivating and 

nurturing maize, yam, cassava, palm fruit and fish. 

iii. Player B is the maximizer with an objective 

function of maximizing profit from the five hectares 

of reclaimed diesel spilled land in Bori. 

iv. The payoff matrix is obtained from the 

accrued benefits of cultivating maize, cassava, yam, 

oil palm and rearing of fishes on five hectares of 

reclaimed diesel spilled land in Bori. 

v. Diesel spill occurred on 10%, 32%, 10%, 

23% and 25% of land on hectares A,B,C,D,E and F 

respectively of Bori. 

 

Table 1. Payoff Matrix of Accrued Benefit from Farm Produce on Reclaimed Diesel Spill on Five Hectares of 

Land in Bori 

Player A 

 

 

Player B 

 

Table 2 Payoff Matrix of Accrued Benefits from Farm Produce on Five Different Farm Types Per 100 Hectares 

of Reclaimed Diesel Spilled Land in Bori Each (in billion naira). 

 

       Player A 

 

 

 

Player B 

 

 

 

 

 

 Maize Cassava Yam Oil Palm Fishery 

Hectare A 149,550,000 229,550,000 526,550,000 529,100,000 440,100,000 

Hectare B 149,550,000 229,550,000 526,550,000 529,100,000 440,100,000 

Hectare C 149,550,000 229,550,000 526,550,000 529,100,000 440,100,000 

Hectare D 149,550,000 229,550,000 526,550,000 529,100,000 440,100,000 

Hectare E 149,550,000 229,550,000 526,550,000 529,100,000 440,100,000 

 Maize Cassava Yam Oil Palm Fishery 

Hectare A 0.1 0.2 0.5 0.5 4.4 

Hectare B 0.1 0.2 0.5 0.5 4.4 

Hectare C 0.1 0.2 0.5 0.5 4.4 

Hectare D 0.1 0.2 0.5 0.5 4.4 

Hectare E 0.1 0.2 0.5 0.5 4.4 
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Since diesel spill occurred on 10%, 32%, 10%, 23% and 25% of land in hectares A, B, C, D, E and F of Bori 

respectively. The new payoff matrix becomes. 

 

Table 3. Payoff matrix of diesel spill on 10%, 32%, 10%, 23% and 25% of land in hectares A, B, C, D, E and F 

of Bori respectively. 

 

 

Maize Cassava Yam Oil Palm Fishery 

                       Hectare A  10% 0.01 0.02 0.05 0.05 0.44 

                       Hectare B  32% 0.04 0.07 0.16 0.16 1.32 

Player B        Hectare C  10% 0.01 0.02 0.05 0.05 0.44 

                       Hectare D  23% 0.03 0.05 0.11 0.11 0.88 

                       Hectare E  25% 0.01 0.02 0.05 0.05 0.44 

 

From the new payoff matrix, using game theory, the saddle point is determined. In determining the saddle point 

we have, 

 

Table 4. Determining the saddle point 

    
Player A 

    

  

Maize Cassava Yam Oil Palm Fishery 

  

 

Hectare A 0.01 0.02 0.05 0.05 0.44 

 

0.01 

 

Hectare B 0.04 0.07 0.16 0.16 1.32 

 

(0.04) 

Player B Hectare C 0.01 0.02 0.05 0.05 0.44 

 

0.01 

 

Hectare D 0.03 0.05 0.11 0.11 0.88 

 

0.03 

 

Hectare E 0.01 0.02 0.05 0.05 0.44 

 

0.01 

         

  

(0.04) 0.07 0.16 0.16 1.32 

   

Therefore, since saddle points exist. The players have pure strategies at Saddle point:(2,1). 

Player B can maximize profit at Zmin=0.01x1+0.04x2+0.01x3+0.03x4+0.01x5 and the game value is 0.04 where 

the saddle point exists. 

 

III. RESULTS AND DISCUSSIONS 
Table 5. Payoff Matrix of Accrued Benefits from Farm Produce on Five Hectares of Reclaimed Diesel Spill on 

Five hectares of Land in Bori in billion naira   

                         Player A 

 

Maize Cassava Yam Oil Palm Fishery 

                   Hectare A  10% 0.01 0.02 0.05 0.05 0.44 

                   Hectare  B  32% 0.04 0.07 0.16 0.16 1.32 

  Player B  Hectare C  10% 0.01 0.02 0.05 0.05 0.44 

                   Hectare D  23% 0.03 0.05 0.11 0.11 0.88 

                   Hectare E  25% 0.01 0.02 0.05 0.05 0.44 

 

Discussion of the result in table 5 

i. Figure 5 shows the payoff matrix of diesel spill that affected  10%, 32%, 10%, 23% and 25% of land in 

hectares A,B,C,D,E and F of Bori respectively.  

ii. Player A plays his strategy to minimize costs of cultivating maize, cassava, yam oil palm and fishery 

while player B plays his strategy to maximize profits on hectares A, B, C, D and E. 

Player A 
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iii. The value in the payoff matrix is the accrued benefit in billion naira of a multi-purpose/multi-objective 

project. 

 

Table6. Determination of the Game 

    
Player A 

    

  

Maize Cassava Yam Oil Palm Fishery 

  

 

Hectare A 0.01 0.02 0.05 0.05 0.44 

 

0.01 

 

Hectare B 0.04 0.07 0.16 0.16 1.32 

 

(0.04) 

Player B Hectare C 0.01 0.02 0.05 0.05 0.44 

 

0.01 

 

Hectare D 0.03 0.05 0.11 0.11 0.88 

 

0.03 

 

Hectare E 0.01 0.02 0.05 0.05 0.44 

 

0.01 

         

  

(0.04) 0.07 0.16 0.16 1.32 

   

Discussion of the result in table 6 

i. In table 6, saddle points exist, therefore the players have pure strategies at Saddle point:(2,1). 

ii. Player B can maximize profit at Zmax=0.01x1+0.04x2+0.01x3+0.03x4+0.01x5 on hectare B and the game 

value is 0.04 at saddle point. 

 

Table 7. Cost of Production and Benefit 

FARM TYPE PRODUCTION COST(N) PROFIT(N) 

Maze 930,450,000 149,550,000 

Cassava 940,450,000 229,550,000 

Yam 885,450,000 526,550,000 

Oil Palm 1,345,900,000 529,100,000 

Fishery 3,849,000,000 4,401,000,000 

Total 7,951,250,000 5,835,750,000 

 

Discussion of the result in table 7 

i. The total profit (benefit) of cultivating 

maize, cassava, yam, oil palm and fishery on five 

different portion (hectares A, B, C, D and E) of 

reclaimed diesel spilled land is N5,835,750,000. 

ii. Player B maximizes profit cultivating 

maize using strategy 

Zmax=0.01x1+0.04x2+0.01x3+0.03x4+0.01x5 to score 

N75,826,000,000. 

iii. The game value is 0.04 for Zmax and it 

agrees with the thoughts of Gupta and Hira (2014). 

 

IV. CONCLUSION 
The accrued benefits per hectare of land per year are 

N149,550,000; N229,550,000; N526,550,000; 

N529,100,000 and N 4,401,000,000. The net benefit 

of all the hectares of land per year is 

N5,835,750,000. 

Figure 5 shows the payoff matrix of diesel spill that 

affected  10%, 32%, 10%, 23% and 25% of land in 

hectares A,B,C,D,E and F of Bori respectively.  

 

Player A plays his strategy to minimize the costs of 

cultivating maize, cassava, yam oil palm and fishery 

while player B plays his strategy to maximize the 

profits on hectares A, B, C, D and E. 

 

Saddle point exists. Therefore, the players have pure 

strategies at saddle point:(2,1). Player B can 

maximize profit at 

Zmax=0.01x1+0.04x2+0.01x3+0.03x4+0.01x5 on 

hectare B with game value of 0.04 where the saddle 

point exists and this agrees with the work of Gupta 

and Hira(2014). 

 

 

 

RECOMMENDATIONS 

The following are recommended: 

 

The Niger Delta Development Commission should 

financially support local famers in large scale 

farming on reclaimed diesel spilled land. 
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The Niger Delta Development Commission, 

Ministry of Environment, Khana Local Government 

Council of Rivers state in Nigeria and National Oil 

Spill Detection Regulation Agency(NOSDRA) 

should financially support and implement the 

developed diesel optimization model as this will 

help to optimally maximize profit at minimized cost. 

 

CONTRIBUTION TO KNOWLEDGE 

This research work agrees with the implementation 

of Environmental Management Systemas per clause 

5, 6,7, 8,9 and 10 of ISO14001:2015.  

 

The profit maximization strategy will help increase 

Nigeria’s GDP in the current economic crises 

caused by COVID-19 pandemic. 
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