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ABSTRACT 

Efficient electricity distribution and utilization is a challenge in developing cities like Nigeria. 

The purpose of this research is to model constraint satisfaction in electricity distribution in 

Port Harcourt city which have two distribution feeders located at CFC Bus stop and Trans 

Amadi area of Port Harcourt City. The research adopted constructive design and object 

oriented methodologies. Bayesian network was used in the distribution of (energy) electricity 

to critical, commercial and residential areas. Voltage distribution were analyzed in 

percentage, constrain satisfaction, using Bayesian model and it effectively distributed 59kv to 

critical areas, 30kv to commercial areas and 11kv to residential areas during working hours 

of the week days. Result shows that applying optimization scheduling distribution was 

efficiently implemented with maximum satisfaction.  
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INTRODUCTION 

Constraints satisfaction can be viewed back 

to research in Artificial Intelligence in the 

sixties and seventies, Montanari (1974), 

Scene labeling was said to be the first 

formal constraint satisfaction carried out. In 

scene labeling, objects were used in 

recognizing and interpreting scenes by 

drawing the scene labeled problem. The 

aim of this was to identify lines or edges, in 

convex, concave, and concluding edges, 

however, awareness in the last two decades 

proves that these techniques can be used as 

steps to programming modeling, and 

problem solving with various concepts 

using a common platform and analytical 

frame work in constraint programming 

Lishinski et al., (2016).  

A constraint could be seen as setbacks, 

limitations, barriers, fluctuation, and 

instability or regulates. The advantage of 

constraint satisfaction programming is 

based on the fact that it permits the 

modeling of a problem in simplified 

analysis and also provides a good method 

of solving the algorithms. Constraint 

satisfaction programs due to its capability 

of solving hard real-life problem and based 

on the strong theoretical foundation has 

attracted the interest of experts from other 

discipline who are also using these software 

in problem solving, Bartak (1999).  
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Constraint Satisfaction Problem (CSP) 

plays a major role in artificial intelligence; 

it can be applied in job-shop scheduling, 

planning and configuration domain. It can 

also be used to determine variables that 

satisfy constraints, or otherwise, show the 

non-existence of such assignment, Li et al., 

(2016). The aim of this work is to model 

constraint satisfaction in electricity 

distribution in Port Harcourt city and the 

objective includes:  

i. To carry out a study on how schedule 

structure can be acquired easily using 

constraint satisfaction model. 

ii. To create a model that removes any 

form of interruption or waste in 

electricity distribution. 

iii. To ascertain the importance of 

applying constraint satisfaction in 

solving electricity distribution 

problems. 

Several constraint satisfaction model has 

been developed for efficient electricity 

distribution, such as Planning of electricity 

power generation system under multiple 

uncertainties and constraint–violation 

levels by Quanch and Hoang (2017). 

Furthermore, according to Hu et al., (2014) 

in designing electricity for multiple sectors, 

multiple facilities, and multiple 

uncertainties constraint programming was 

applied to support regional electric power 

generation system (REPGS) under the 

condition of achieving development. 

Constraint satisfaction was applied in 

power sharing among control agent while 

ensuring satisfaction of accurate reactive 

power distribution to Island micro grids 

(IMGs) under diverse operating conditions, 

El-Taweel et al., (2017). Constraint 

satisfaction was considered in provincial-

level for power planning models as a very 

principal source of power generation in 

Zhejiang province, constraint satisfaction 

was used for the different key performance 

indicators (KPI) to distinguish the 

difference in electricity demand scenarios 

used in development path and in providing 

lowest discounted cost, Mahmoud et al., 

(2019). Constraint satisfaction was also 

used as a natural way of computing 

problems such as mapping and assignment, 

graph color ability and system equations in 

theoretical computer science, Bian et al., 

(2016). While artificial intelligence (AI) is 

considered a flexible and efficient way of 

modeling and solving lots of real world 

scheduling problems, Wang et al., (2018). 

MATERIALS AND METHODS 

The methodologies used for this work are 

constructive research methodology and 

object oriented design methodology. 

Constructive research methodology is an 

actual procedure with relevant theoretically 

base findings that is relevant for the 

comprehension of research processes by 

Crnkovic, (2010). The steps involved are 

best suitable in achieving the aim of this 

research and it will give an in depth 

understanding of this research in acquiring 

a comprehensive understanding of the 

research area, it will aid in designing one or 

more applicable solutions to problem, 

demonstrating the solution feasibility, 

relating the result back to the theory and 

indicating their practical contribution. It 

will also explore the extensive ability of the 

results were most appropriate for the 

research, Oyegoke (2011), while, object-

oriented methodology is defined by Powell-

Morse, (2017) as the theoretical concepts 

and ideas developed during the analysis 
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stage and applied to object-oriented 

software development The object-oriented 

design methodology was applied because of 

the steps involved which includes; 

Requirement analysis, Domain analysis, 

System design, and Implementation which 

are best suitable in achieving the aim of this 

work. 

The architectural design of the system is a 

procedure applied for different technicality 

and fundamental description of the module, 

procedure, or structure in a well detailed 

form to enable actual coding. The 

conventional approach to the software 

design process focuses on partitioning a 

problem and its solution into detailed pieces 

upfront before proceeding to the 

construction phase, Mekni et al., (2017). 

 
Figure I: System architecture for electricity distribution 

The system architecture in figure 1 begins 

with the root of the database (private 

generation and national grid) which is 

classified as category A, the next is B1 and 

B2 representing the feeders (Z2 and Z4 

Transmission feeders), and this is followed 

by category C (distribution substations 

system). The system software environment 

controls distribution process scenario, the 

process view illustrates system procedures 
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and actions. The logically views is to ensure 

functionality of system and satisfaction of 

end users by the admin, the development 

view has to do with software management 

and implementation to ensure efficient 

distribution, the physical view represents 

the engineering connections between 

devices to detect distribution in different 

areas, (Kruchten, 1995). The arrows in 

group C signifies relationship between the 

nodes in the database distribution 

transmission with transformers. Let Private 

Generation and National Grid be known as 

A, Transmission feeder B1, Z2 = 𝒳, 

Transmission feeder B2, Z4 = 𝒴. Therefore, 

distribution substation system which is the 

output channel C is given as total generated 

voltage (A), distributed to Z2 and Z4 

feeders (B1 and B2), which gives 

distribution substation output (C). Equation 

(1) is the sum of what is received in 𝑥 and 

y. While the total result is equal to c which 

is sum of what is distributed out.  

𝑥 + 𝑦 = 𝑐 . ... Equation (1) 

𝑜𝑟 𝑐 = 𝑥 + 𝑦 

Equation (2) shows the distribution system, 

𝑝2  is the summation of production 

capacities  ∑𝑝2 , while 𝑚𝑖 is equals 

summation of transmission capacities  ∑𝑚𝑖 

∑ 𝑝2 =  𝑚𝑖 . ...  Equation (2) 

Therefore, where production capacity 𝑝 =

𝑥 + 𝑦, transmission capacities is given 

         ∑ 𝑚𝑖4
𝑖 = 𝑀1 + 𝑀2 + 𝑀3 + 𝑀4  

The Objective as seen in equation (3) is to 

make summation of production capacity 

greater than or equals to summation 

transmission capacity  ∑ 𝑝2 ≥ ∑ 𝑚𝑖  

𝑃(𝑀𝑛|𝑀𝑖) =
𝑃(𝑀𝑛,𝑀𝑖)

𝑃(𝑀𝑖)
 ... Equation (3) 

The national grid (A), is the input variable 

to the system which is the electricity Power 

generation source where transmission of 

bulk transfer of 1000 kilovolt or more 

electrical energy is being generated and 

distributed through transmission stations 

Z2 (B1) and Z4 (B2), to distribution 

substation feeders at different areas. 

Distribution substation (C), which are the 

transformers in the last category of 

distribution network transmits electricity to 

end consumers or collectors in the critical, 

residential and commercial areas through 

transmission control centers. Each day and 

weeks, distribution of electricity is received 

in batches of 50KV, 100KV and 1000KV 

depending on what is being generated. 

Variables in different areas includes: 

Commercial, Commercial and Residential. 

Domain which are voltage received daily 

and each week in baches are 50KV, 100KV, 

1000. The Constraints in these areas could 

be burnt fuse, bad cables, faulty 

transformers, and poor transmission 

channels. Let area in  Vi to Vj 

(critical,commercial, and residential)  

connect to each other. Let domain which is 

amount of voltage received for distribution 

in area Vi not be equals to what is 

distributed in area Vj. 𝐶 =

{(∀𝑉𝑖, 𝑉𝑗, 𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑉𝑖 𝑡𝑜𝑢𝑐ℎ𝑒𝑠 𝑉𝑗, ) 

𝐷𝑜𝑚𝑎𝑖𝑛 (𝑉𝑖) ≠ (𝑉𝑗)))}, therefore, 𝑉 =

{𝐶𝑅, 𝐶𝑂, 𝑅𝐸 = 50𝐾𝑉, 100𝐾𝑉, 1000𝐾𝑉} 

𝐷 = 𝑉𝑗, 𝑉𝑖 = 𝐷𝑜𝑚𝑎𝑖𝑛 𝑉𝑖 ≠

𝐷𝑜𝑚𝑎𝑖𝑛 𝑉𝑗 to formulate in terms of 

variables, domain and constraint 𝑉 =

{𝐶𝑆 = 𝐶𝑅, 𝐶𝑂, 𝑅𝐸} =

(50𝐾𝑉, 100𝐾𝑉, 1000𝐾𝑉) 

𝐷 = 𝑀𝑜𝑛 9𝑎𝑚, 𝑀𝑜𝑛 11𝑎𝑚, 𝑀𝑜𝑛 1𝑝𝑚, 

𝑀𝑜𝑛 6𝑝𝑚, … , 𝐹𝑟 11𝑝𝑚, 𝑤ℎ𝑒𝑟𝑒 𝐶 =

 ∀𝑖, 𝑗 𝑖𝑓 𝑉𝑖, 𝑉𝑗 𝑎𝑟𝑒 𝑐𝑜 −
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𝑟𝑒𝑞𝑢𝑖𝑠𝑖𝑡𝑒𝑠, 𝑡ℎ𝑒𝑛 𝐶𝑅𝑖 ≠ 𝐶𝑅𝑗. The critical 

areas are central banks, hospitals, 

Government reserved areas (G.R.As), 

University institutions, and fire services. 

These areas are expected to have 

uninterrupted power supply, therefore, 

higher concentration are given to these 

critical areas during working hours of the 

days and on weekends. Commercial areas 

are business centers, examples are silver 

bird, Trans Amadi industrial area, 

Secretariat, and spar. Average 

concentration is given to these areas during 

working hours of the day from 8a.m to 5p.m 

for optimal distribution, while, residential 

areas where people reside are given lower 

concentration during working hours of the 

day because most persons leave for work 

and schools during the day to retire back in 

the evenings. In the evenings, average 

concentration is transmitted to residential 

areas from 5p.m in the evenings to 8a.m the 

following day, and uninterrupted average 

concentration on weekends is given to 

residential areas because most companies 

don’t operate on weekends. Therefore, for 

efficient distribution of electricity by 

applying Bayesian network for optimal 

distribution let summation for distribution 

in residential area be given as summation of 

𝑀𝑖 , i ranging from 1 to 4 

  ∑ 𝑚𝑖4
𝑖=1 = 𝑀1 + 𝑀2 + 𝑀3 + 𝑀4 = 3 +

1 + 3 + 4 = 11  

The result shows that distribution stopping 

point of lower voltage in residential areas 

be eleven percent (11%) during working 

hours of each day of the week as expressed. 

While for commercial areas, let the 

expression for average distribution be given 

as summation of  𝑀𝑖2, i ranging from 1 to 4 

 ∑ 𝑀𝑖2 =

4

i=1

𝑀1
2 +  𝑀2 

2 + 𝑀2
3 +  𝑀4

2 = 12  

+  22 + 32 +  42 

= 1 + 4 + 9 + 16 = 30 

Therefore, distribution to commercial areas 

be given thirty percent (30%) of what is 

generated. For critical areas, let optimal 

distribution applying Bayesian network be 

expressed as summation of 𝑀𝑖 , i ranging 

from 1 to 3  

 ∑ 𝑀3
𝑖=1 𝑖2 = 𝑀1

2 + 𝑀2
2 +  𝑀3

2 = (−1)2  +

 32 +  72 = 1 + 9 + 49 = 59 

Therefore, distribution to critical areas will 

be given higher voltage of fifty nine percent 

(59%) of what is generated during working 

hours of each day and on weekends. While 

residential areas will be given average 

voltage of thirty percent (30%) of what is 

generated on weekends. 

  ∑ 𝑚𝑖2 =

4

i=1

𝑀1
2 +  𝑀2 

2 + 𝑀2
3 +  𝑀4

2 = 12  

+ 22 +  32 +  42 

= 1 + 4 + 9 + 16 = 30 

Also, commercial areas on weekends will 

be given lower voltage of eleven percent 

(11%) of what is generated on weekends. 

∑ 𝑚𝑖

4

𝑖=1

= 𝑀1 + 𝑀2 + 𝑀3 + 𝑀4

= 3 + 1 + 3 + 4 = 11 

RESULTS  

The energy of 1000 kilovolts generated 

from the national grid and other private 

distribution sectors is received and moved 

to Z2 and Z4 transmission substations for 

random distribution daily each day. In 

running this programme the system 

software used for the development of the 
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system includes; Java Development Kit 

(JDK), which   is an environment for 

developing java application and Net Beans 

8.2 which is the Java Development 

Environment platform used for text editing, 

debugging and testing. The runtime 

environment is Java Run Time 

Environment (JRE) version 1.5 which is 

minimum JRE required for the system to 

function and an antivirus to protect the 

system against Trojan and other forms of 

virus. The hardware minimum 

requirements are the Processor 1.8GHz 

(gigahertz) speed or more, monitor with 

32bit screen resolution or more and 

memory of 512MB-RAM (megabyte), 

60MB-HDD (hard drive) or more. Figure 2 

shows result of energy generated for 

distribution. 

 

Figure 2. Energy generated/Voltage distribution 

The distribution output shown in fig. 2 

shows how electricity is distributed to the 

different areas under Z2 and Z4 feeders, 

including the allocation to the different 

distribution areas with generated voltage of 

1000 distribution to each areas, with hours 

of allocation and voltage consumption by 

each area during working hours of the day. 

Fig 3 shows how electricity is distributed to 

the different areas applying Bayesian 

network for optimal distribution, therefore, 

lower voltage of 11% for residential areas 

will be distributed during working hours of 

the day, average of 30% to commercial 

areas will be distributed during working 

hours of the day, and 59% to critical areas 

during distribution.  The rational for the 

above distribution is based on need and 

effective maximization of available energy 

to the three areas under consideration made 

possible by applying Bayesian network. 

See figure three below: 
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Figure 3: Distribution to Z2 and Z4 area 

The distribution result in table 1 shows electricity distributed to the different areas in Z2 and 

Z4 feeders. Table 1 gives details of the areas and their descriptions, voltage and time allocated 

are shown below: 

Table I Showing area, allocated time, and distribution voltage to Z2 and Z4 

Distribution table for Z2 and Z4 

Area Allocation time Allocated 

voltage 

Area description 

Trans amadi 9hrs 312.0 Commercial area 

Rumuodumaya 8hrs 101.0 Residential area 

Abuloma 4hrs 102.0 Residential area 

Rainbow 5hrs 102.0 Residential area 

Woji 7hrs 98.0 Residential area 

Rumuola 11hrs 309.0 Commercial area 

Airport 24hrs 590.0 Critical area 

Borokiri 5hrs 101.0 Residential area 

UTC 8hrs 314.0 Commercial area 

Silverbird 9hrs 309.0 Commercial area 

Rumuolumini 21hrs 589.0 Critical area 

TIB 7hrs 99.0 Residential area 

UST 22hrs 589.0 Critical area 

Secretariat 12hrs 311.0 Commercial area 
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The outcome result from the table shows 

Airport, Rumuolumini, and UST are the 

critical areas with higher number of hours 

allocated during distribution, these area are 

called critical because it is essential and 

very important to have uninterrupted 

electricity distribution for the successful 

running of the airlines, schools, hospitals, 

banks etc. Trans amadi, Rumuola, UTC, 

Silver bird, and Secretariat are commercial 

areas receiving average distribution of 

energy allocation. The commercial area is a 

description of business centers where 

people carry out their day to day businesses, 

while, Abuloma, Woji, Rumuodumaya, 

Rainbow, Borokiri, TIB are residential 

areas with lower hours of electricity 

distribution during working hours of the 

day. The area residential as named is where 

people reside or retire back to at the close 

of work. The distribution graph is shown in 

fig 4.  

 

Figure 4. Distribution graph for Z2 and Z4 area 

 

The aim of this work is to generate and 

distribute electricity in Port Harcourt main 

(Z2) and Port Harcourt town (Z4) feeders 

optimally despite the constraint in energy 

received daily. The three distribution areas 

looked at in this work are the critical areas, 

commercial areas, and the residential areas. 

The system is meant to distribute the 

amount of voltage received daily with 

higher voltage of 59% generation to critical 

areas during each day of the week and also 

on weekends because of their importance. 

While average voltage of 30% electricity 

received is distributed to commercial areas 

during working hours of the day, this is 

followed by residential areas which 

receives lower voltage of 11% during 

working hours of the day. But on weekends 

and evening the system automatically, 

distributes average load of 30% to 

residential areas and 11% of voltage 

received to commercial area. 

CONCLUSION 

Findings reveal that energy generated 

voltage received and distribution to 
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different areas in Z2 and Z4 feeders were 

optimally distributed. The different areas 

mentioned and schedule structures on 

distribution were clearly stated. Energy 

voltage of 1000 Kilovolts was applied for 

distribution during working hours to the 

different areas and the distribution result 

shows priority were given to each area 

according to their scheduled structure. The 

research findings ensured that Port 

Harcourt City enjoys adequate and effective 

electricity supply using Bayesian network.  

Distribution of electricity to critical, 

commercial, and residential areas is 

automated to reduce waste and ensure 

efficiency of electricity supply to all 

distribution areas.  A system software that 

was used to efficiently distribute voltage 

across different areas such as critical, 

residential and commercial areas was built 

in resolving the issues of distribution.  

Constrain satisfaction model was applied 

and found to be better and more efficient 

than the existing system in use by electricity 

distribution sector.  This work has revealed 

distribution pattern for efficient electricity 

distribution in Port Harcourt main (Z2) and 

Port Harcourt town (Z4). Further research 

should be made on the advancement of 

satisfaction schedule structure which 

discourages interruption of energy 

distribution through efficient direct 

distribution and adequate schedule pattern 

that reduces constraints and increase supply 

of electricity applying constraint 

satisfaction model. 
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