Original Research Article
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ABSTRACT 
The increasing demand for electricity, coupled with rising economic and environmental concerns, has made renewable energy, particularly solar energy, a major area of interest. This research work evaluates the impact of distributed generation (DG) and presents a methodology for the optimal allocation and sizing of distributed generation within a distribution network in order to minimise power losses and improve voltage profiles. The study involved load flow analysis of the existing 15MVA, 33/11kV Benin Electricity Distribution Company (BEDC) Asaba injection substation distribution network and its 11kV radial feeders (SPC and Anwai Road), connected to an aggregate of ninety-six (96) 11/0.415kV secondary distribution transformers serving as load buses. Simulation, analysis, and integration of photovoltaic (PV) distributed generation into the Asaba injection substation distribution network were carried out using the Newton–Raphson algorithm and the Loss Sensitivity Factor (LSF) algorithm to determine the optimal location and size of the DG units. The network was modelled in ETAP version 12.6 using a detailed single-line diagram developed in the ETAP editing environment. The results revealed that, prior to DG installation, only ten (10) out of the ninety-six (96) buses operated within the statutory voltage limits of 394.25V–435.75V (0.95–1.05 p.u.), while eighty-six (86) buses violated the permissible voltage range. This indicated that the network was weak, unstable, and characterised by high active and reactive power losses of 1329.08kW and 2031.16kVAr, respectively. Following the optimal placement of DG units, active and reactive power losses were reduced by 57.5% and 70.7%, respectively. In addition, ninety-one (91) out of the ninety-six (96) buses operated within the statutory voltage limits. This improvement significantly enhanced the capacity, reliability, and operational efficiency of the distribution network.
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1. INTRODUCTION
Electricity, one of the most versatile forms of energy, plays a critical role in the socio-economic and technological development of every nation. Global demand for electrical energy continues to increase due to population growth, expanding economic activities, social advancement, and rapid industrialisation [1]. The availability, reliability, affordability, and sustainability of electricity are among the key indicators used to assess a nation’s industrial development, as modern industries depend on affordable, sustainable, and uninterrupted power supply. Nations experiencing inadequate electricity supply often face economic stagnation and reduced investor confidence [2].
Nigeria continues to face significant electricity challenges despite its abundant natural resources, as energy demand considerably exceeds supply. There is a strong relationship between socio-economic development and access to reliable electricity. Nigeria’s power sector operated as a government monopoly for several decades until reforms were introduced in 2005 through the Electric Power Sector Reform Act [3]. Under this arrangement, only the Federal Government was authorised to own electricity generation, transmission, and distribution infrastructure. This centralised structure limited the expansion and improvement of electricity services despite increasing economic activities and population growth.
Currently, Nigeria generates approximately 4,000 MW of electricity for a population exceeding 200 million people, creating one of the widest electricity demand-supply gaps in the world [4]. In comparison, South Africa generates over 40,000 MW, while Brazil generates above 100,000 MW [5]. The unreliable nature of electricity supply, depletion of fossil fuel resources, and instability in the power sector have forced many consumers to depend on petrol and gas-powered generators. This has contributed to fuel scarcity and environmental pollution [6].
Despite the energy deficit, renewable energy resources such as Solar Energy, Wind Energy, biomass, hydrogen, and fuel cells remain largely underutilised in Nigeria. The energy shortage has significantly affected industrial productivity across the country. To meet increasing electricity demand and minimise technical losses, distributed generation based on renewable energy technologies has emerged as a viable alternative to conventional energy sources. When optimally integrated into distribution networks, DG systems can significantly improve voltage profiles, reduce power losses, enhance reliability, increase system efficiency, and reduce greenhouse gas emissions [7], [8].
Compared with other loss reduction techniques such as optimal capacitor placement and network reconfiguration, distributed generation has proven more effective. While capacitor placement primarily affects reactive power flow, DG units influence both active and reactive power flows within the distribution network [9]. The continuous growth in DG adoption can be attributed to environmental concerns, technical advantages, and reduced capital investment requirements. However, improper placement and sizing of DG units may lead to adverse effects such as voltage instability, network congestion, unwanted islanding, harmonics, and voltage fluctuations [10].
This research investigates the impact of distributed generation on the 33/11 kV, 2 × 15 MVA Asaba injection substation operated by Benin Electricity Distribution Company. The study identifies buses experiencing voltage violations, evaluates the extent of these violations, and determines the network’s load-carrying capacity. Furthermore, a photovoltaic distributed generation system was integrated into the network to improve load capacity, determine its optimal size and location, mitigate voltage violations, and minimise technical power losses.
2. LITERATURE REVIEW ON DISTRIBUTED GENERATION
The planning and integration of distributed generation as shown in Figure 1 have received considerable attention in recent years due to the need to maximise the benefits of modern power generation technologies. Researchers have proposed various methods for reducing power losses in distribution systems through optimal DG allocation. Proper placement and sizing of DG units play a significant role in loss minimisation [11]. Several analytical methods have been proposed to determine the optimal location of DG units in radial distribution systems for loss reduction under unity power factor conditions. However, some of these studies did not consider the optimal sizing of DG units. Other researchers developed faster analytical approaches based on current injection matrices, eliminating the need for impedance or inverse admittance matrices in determining optimal DG placement [12].
An exact loss formula-based analytical method has also been proposed to determine both the optimal size and location of DG units in primary distribution systems for power loss minimisation [13]. Further studies introduced analytical expressions for determining the optimal power factor and sizing of different DG types. These methods were validated on various distribution test systems and later improved to enhance computational efficiency [14]. Probabilistic approaches such as Mixed Integer Nonlinear Programming (MINLP) have also been used to minimise annual energy losses. In these studies, renewable DG technologies such as solar, biomass, and wind were evaluated for their effectiveness in reducing losses [15].
Although many studies considered DG units supplying only active power, better system performance can be achieved when DG units supply both active and reactive power. Due to the high computational burden associated with many analytical techniques, researchers have increasingly focused on heuristic and artificial intelligence-based optimisation methods such as Fuzzy Genetic Algorithms, curve-fitting heuristic techniques, and Particle Swarm Optimisation for DG placement and sizing [16]
3. METHODOLOGY
This study investigates the impact of distributed generation on improving load ability, mitigating voltage violations, and minimising power losses within the 11kV distribution network of the BEDC Asaba 2 × 15MVA, 33/11kV injection substation located in Asaba. The injection substation has four outgoing 11kV feeders, namely:
i. SPC Feeder.
ii. Anwai Road Feeder.
iii. Commercial Feeder.
iv. Express Road Feeder.

Only one 15MVA power transformer (T1) and its associated bus coupler in normally open position were considered in this study. From transformer T1, two feeders—SPC and Anwai Road feeders—were selected for analysis, while transformer T2 and its associated feeders were excluded. The selected distribution network consists of ninety-six (96) secondary distribution transformers: SPC Feeder (45 transformers) and Anwai Road Feeder (51 transformers). The data for the study were obtained from BEDC Asaba during peak load conditions and methodologies adopted include:
i. Determination of feeder parameters.
ii. Collection of transformer ratings and line conductor specifications.
iii. Measurement of route lengths. 
iv. Peak load assessment of buses.
v. Determination of phase voltages, power factors, and active power demand. 
vi. Development of a detailed single-line diagram in ETAP 12.6 as shown in Figure 3.
Load flow simulation was performed using the Newton–Raphson algorithm in ETAP 12.6. The Loss Sensitivity Factor algorithm was then applied to determine the optimal location and size of the photovoltaic DG system. The performance of the improved network was subsequently compared with that of the original network.
4. OPTIMAL LOCATION, SIZING, AND PLACEMENT OF DG
To mitigate system losses identified from the initial load flow analysis, network compensation was required. The Loss Sensitivity Factor (LSF) method was employed to identify candidate buses where DG placement would achieve maximum loss reduction and network performance improvement. This approach reduces the search space and facilitates efficient identification of optimal DG placement locations within the network using the flow chart as shown in Figure 2. The mathematical formulation of active power loss and DG sizing used in this work follows the analytical models developed by Nara Acharya et al [11] and further improved by D. Q. Hung et al. [14], [17].
The active power loss in the distribution network can be determined using Equation (1).
					(1)	
Where   and    are the effective reactive and active power flows supplied beyond the node ‘q’
						(2)					
						(3)
Equation (2) and (3) help in calculating the sensitivity factors of the buses and they are ranked in value. The buses having high value of LSF is considered as highest priority one. It is necessary to consider LSF based on both proximity and priority of buses towards load and generation. This is due to the fact that if we consider LSF based on priority list alone, it may indicate nearby buses as optimal site for placing DGs which makes the identified sites ineffective to satisfy the objectives [14]. The actual loss formula used in determining the active power loss of the system can be obtained from the active power injected based on loss sensitivity factor:
			(4)
Where,
			(5)
Based on the active power injected on the  bus, the loss sensitivity factor of the particular bus can be represented as:
				(6)
The active and reactive power injected at bus i, where the DG located, are given by (7) and (8), respectively [12, 15]
							(7)
				(8)
From (4), (7), and (8), the active power loss can be rewritten as
							(9)
If the partial derivative of equation (9) with respect to the active power injection from DG at bus i becomes zero then, the total active power loss of the system is minimum. By simplification and rearrangement, equation (9) becomes;

(10)
Let, 		 (11)
From equations 7,8,10 and 11, equation (12) was developed;
	(12)
Hence, the optimal size of DG at each bus i for minimizing loss can be written as;
	(13)
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                                              Figure 1: A typical layout of Distributed Generation		
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Find the DG optimal size with the minimum loss at the optimal location by running load flow








 								 Figure 2: Flow chart of optimal location and sizing base on LSF
Table 1: Load Flow Result Showing Active and Reactive Power Flow and Losses with and without DG placement.
	 
	WITH DG PLACEMENT
	WITHOUT DG PLACEMENT

	S/N
	From Bus
	To Bus
	kW Flow
	kvar Flow
	Amp Flow
	kW Losses
	kvar Losses
	kW Flow
	kvar Flow
	Amp Flow
	kW Losses
	kvar Losses

	1
	ABBEY S/S
	ABBEY
	6.23
	2.06
	0.345
	0.0096
	0.0143
	5.08
	1.68
	0.311
	0.008
	0.0117

	2
	ABUTA S/S
	ABUTA
	280.2
	99.94
	15.8
	6.71
	10.06
	218.8
	78.07
	13.97
	5.24
	7.86

	3
	AIRTEL S/S
	AIRTEL
	57.54
	19.88
	3.206
	0.828
	1.24
	46.56
	16.09
	2.884
	0.67
	1

	4
	AIRTELS S/S
	AIRTELS
	81.18
	28.66
	4.575
	1.69
	2.53
	72.05
	25.43
	4.31
	1.5
	2.24

	5
	ALUME DRIVE S/S
	ALUME DRIVE
	229.2
	80.53
	12.83
	4.42
	6.63
	199.5
	70.08
	11.97
	3.85
	5.77

	6
	ANWAI CAMPUS S/S
	ANWAI CAMPUS
	378.5
	133.4
	21.81
	7.67
	11.5
	335.9
	118.4
	20.55
	6.8
	10.2

	7
	ANWAI GRA II S/S
	ANWAI GRA II
	225.8
	79.47
	12.95
	4.5
	6.75
	200.4
	70.53
	12.2
	3.99
	5.99

	8
	ANWAI I S/S
	ANWAI I
	206.5
	72.05
	11.54
	3.57
	5.36
	188.1
	65.63
	11.01
	3.26
	4.88

	9
	ANWAI II S/S
	ANWAI II
	313.3
	108.7
	17.41
	4.88
	7.32
	281.2
	97.56
	16.49
	4.38
	6.57

	10
	ANWAI RIVER S/S
	ANWAI RIVER
	254.1
	90.21
	14.61
	5.73
	8.59
	225.5
	80.06
	13.76
	5.08
	7.62

	11
	ARCH. MARTINS ODIAKA S/S
	ARCH. MARTINS ODIAKA
	97.72
	34.97
	5.493
	2.43
	3.65
	92.66
	33.16
	5.349
	2.3
	3.46

	12
	BAKARE S/S
	BAKARE
	221.1
	77.56
	12.48
	4.18
	6.27
	172.2
	60.4
	11.01
	3.25
	4.88

	13
	BENCLINTON S/S
	BENCLINTON
	109.9
	37.91
	6.167
	1.53
	2.3
	87.09
	30.05
	5.49
	1.21
	1.82

	14
	BENITA I S/S
	BENITA I
	224.6
	78.83
	12.61
	4.27
	6.4
	179.8
	63.11
	11.28
	3.42
	5.12

	15
	BENITA II S/S
	BENITA II
	243
	85.74
	13.65
	5
	7.5
	194.6
	68.64
	12.21
	4.01
	6.01

	16
	BISHOP CHUKWUMA S/S
	BISHOP CHUKWUMA
	369.5
	129.5
	20.73
	6.92
	10.38
	323.8
	113.5
	19.41
	6.07
	9.1

	17
	BUDGET S/S
	BUDGET
	358.1
	125.2
	19.91
	6.39
	9.58
	292
	102.1
	17.98
	5.21
	7.81

	18
	Bus4
	GOVERNMENT CORE ASABA
	610.8
	763
	51.66
	0.202
	0.1
	8212
	2872.9
	470.4
	16.76
	8.3

	19
	Bus6
	Bus4
	610.6
	762.9
	51.66
	0.404
	0.2
	8195.3
	2864.6
	470.4
	33.52
	16.59

	20
	ECOBANK S/S
	Bus6
	610.2
	762.7
	51.66
	0.404
	0.2
	8161.8
	2848
	470.4
	33.52
	16.59

	21
	Bus9
	ECOBANK S/S
	587.9
	755.3
	50.64
	0.777
	0.385
	8107.7
	2824.6
	469.2
	66.7
	33.02

	22
	Bus10
	Bus9
	326.4
	115.2
	18.33
	0.158
	0.0524
	301.2
	106.4
	17.61
	0.146
	0.0484

	23
	JOBAS S/S
	Bus10
	254.9
	90.22
	14.32
	0.0193
	0.0064
	235.2
	83.27
	13.76
	0.018
	0.0059

	24
	WATER BOARD S/S
	Bus9
	260.8
	639.6
	36.58
	0.0403
	0.0243
	7739.8
	2685.2
	451.6
	6.15
	3.7

	25
	Bus18
	WATER BOARD S/S
	259.5
	639.2
	36.53
	0.282
	0.17
	7732.5
	2681.2
	451.5
	43.03
	25.9

	26
	SPC S/S
	Bus18
	148.2
	600.7
	32.78
	0.0407
	0.0201
	7588.3
	2620.3
	445.6
	7.52
	3.72

	27
	FMC S/S
	SPC S/S
	232
	-467.1
	27.63
	0.202
	0.1
	7235.3
	2495.3
	425.2
	47.94
	23.73

	28
	Bus24
	FMC S/S
	594
	-340.5
	36.25
	0.625
	0.0922
	6863.3
	2358
	406
	78.46
	11.57

	29
	BISHOP CHUKWUMA S/S
	Bus24
	369.5
	129.6
	20.73
	0.0404
	0.0134
	323.8
	113.5
	19.41
	0.035
	0.0117

	30
	Bus30
	Bus24
	963.6
	-210.9
	52.22
	0.103
	0.0511
	6461
	2232.9
	386.6
	5.66
	2.8

	31
	MTN II S/S
	Bus30
	57.53
	19.89
	3.222
	0.0027
	0.0007
	50.32
	17.39
	3.014
	0.002
	0.0006

	32
	Bus33
	Bus30
	1022
	-190.9
	54.99
	0.355
	0.0676
	6405.1
	2212.7
	383.6
	17.29
	3.29

	33
	HELIUS TOWER S/S
	Bus33
	68.04
	23.74
	3.814
	0.0023
	0.0003
	59.16
	20.64
	3.556
	0.002
	0.0003

	34
	Bus38
	Bus33
	1090
	-167.1
	58.33
	0.24
	0.0456
	6328.6
	2188.8
	380
	10.18
	1.94

	35
	Bus43
	Bus38
	1211
	-125.2
	64.39
	0.487
	0.0927
	6213.9
	2150.6
	373.7
	16.41
	3.12

	36
	Bus51
	Bus43
	1499
	-22.57
	79.23
	0.738
	0.14
	5950.2
	2059.2
	358.8
	15.12
	2.88

	37
	ONOCHIE S/S
	Bus43
	287
	102.5
	16.12
	0.0548
	0.0139
	247.3
	88.3
	14.96
	0.047
	0.012

	38
	Bus38
	USONIA HOUSE S/S
	120.7
	41.82
	6.757
	0.0027
	0.0009
	104.6
	36.23
	6.29
	0.002
	0.0008

	39
	Bus53
	Bus51
	1707
	49.98
	90.19
	1.91
	0.364
	5758
	1994.5
	348.1
	28.47
	5.42

	40
	Bus51
	OKELUE S/S
	206.8
	72.18
	11.58
	0.0079
	0.0026
	177.1
	61.82
	10.71
	0.007
	0.0022

	41
	Bus53
	ODIACHI I S/S
	691.9
	240.8
	38.68
	0.545
	0.181
	585.7
	203.9
	35.59
	0.461
	0.153

	42
	ODIACHI I S/S
	NDDC S/S
	236.5
	83.26
	13.25
	0.0516
	0.0171
	200.2
	70.48
	12.19
	0.044
	0.0145

	43
	ODIACHI II S/S
	ODIACHI I S/S
	221.2
	77.53
	12.39
	0.036
	0.012
	187.2
	65.63
	11.4
	0.031
	0.0101

	44
	MTN III S/S
	ODIACHI I S/S
	6.13
	2.04
	0.341
	0
	0
	5.19
	1.72
	0.314
	0
	0

	45
	Bus68
	Bus53
	2404
	291.7
	127.6
	4.59
	0.874
	5143.9
	1785.3
	312.5
	27.53
	5.24

	46
	Bus69
	Bus68
	611.7
	219.5
	34.25
	0.857
	0.217
	510.6
	183.2
	31.29
	0.715
	0.181

	47
	UMUAGU II S/S
	Bus69
	330.1
	119.3
	18.52
	0.039
	0.0099
	275.5
	99.57
	16.92
	0.033
	0.0082

	48
	BUDGET S/S
	Bus68
	3028
	513.5
	161.2
	12.21
	2.32
	4605.8
	1596.8
	281.2
	37.16
	7.07

	49
	STARCOM S/S
	ABBEY S/S
	2618
	956.6
	146.3
	0.503
	0.0957
	4270.4
	1485.7
	262.9
	1.62
	0.309

	50
	ABBEY S/S
	BUDGET S/S
	2624
	958.7
	146.6
	0.354
	0.0673
	4276.6
	1487.6
	263.2
	1.14
	0.217

	51
	FUNNAYA S/S
	OKECHUKWU OKAFOR S/S
	72.58
	25.39
	4.039
	0.0026
	0.0007
	59.11
	20.68
	3.645
	0.002
	0.0005

	52
	Bus87
	FUNNAYA S/S
	334.2
	118
	18.61
	0.106
	0.0351
	272.2
	96.14
	16.79
	0.086
	0.0286

	53
	Bus104
	Bus87
	2278
	836.7
	127.4
	6.87
	1.31
	3991
	1387.6
	245.9
	25.57
	4.86

	54
	AIRTEL S/S
	Bus104
	57.54
	19.88
	3.206
	0.0016
	0.0002
	46.56
	16.09
	2.884
	0.001
	0.0002

	55
	Bus112
	Bus104
	2213
	815.5
	124.2
	10.51
	2
	3918.8
	1366.7
	243
	40.23
	7.65

	56
	STADIUM OFFICE S/S
	BENITA I S/S
	468.1
	164.7
	26.26
	0.425
	0.108
	374.8
	131.8
	23.5
	0.341
	0.0862

	57
	Bus112
	STADIUM OFFICE S/S
	766.9
	271.7
	43.04
	0.241
	0.0609
	614
	217.5
	38.51
	0.193
	0.0488

	58
	BENITA I S/S
	BENITA II S/S
	243.1
	85.75
	13.65
	0.0545
	0.0138
	194.6
	68.65
	12.21
	0.044
	0.011

	59
	Bus121
	Bus112
	1436
	541.7
	81.18
	4.18
	0.795
	3264.6
	1141.5
	204.5
	26.52
	5.05

	60
	Bus121
	Bus122
	451.1
	156.8
	25.33
	0.098
	0.0325
	357.6
	124.3
	22.55
	0.078
	0.0258

	61
	Bus122
	Bus125
	341.1
	118.8
	19.17
	0.0647
	0.0215
	270.4
	94.19
	17.06
	0.051
	0.017

	62
	Bus125
	MTN IV S/S
	6.08
	2.02
	0.34
	0
	0
	4.82
	1.6
	0.303
	0
	0

	63
	Bus125
	PARKISON S/S
	335
	116.8
	18.83
	0.0749
	0.0249
	265.5
	92.57
	16.76
	0.059
	0.0197

	64
	STADIUM S/S
	Bus121
	980.5
	384.2
	55.86
	0.293
	0.0558
	2880.5
	1012.2
	181.9
	3.11
	0.592

	65
	ICON S/S
	STADIUM S/S
	552.7
	232.7
	31.82
	0.595
	0.113
	2539.1
	891.7
	160.5
	15.13
	2.88

	66
	Bus151
	Bus150
	17.09
	-29.28
	1.801
	0.0006
	0.0001
	2073.5
	728.8
	132.1
	3.28
	0.624

	67
	Bus150
	ABUTA S/S
	280.2
	99.96
	15.8
	0.0587
	0.0195
	218.9
	78.08
	13.97
	0.046
	0.0152

	68
	Bus150
	ICON S/S
	263.2
	129.3
	15.57
	0.057
	0.0108
	2297.4
	807.9
	146.1
	5.01
	0.954

	69
	Bus160
	Bus151
	1859
	614.7
	103.6
	6.82
	1.01
	641.4
	227.5
	40.97
	1.07
	0.157

	70
	Bus160
	MTN V S/S
	6.11
	2.03
	0.341
	0
	0
	4.71
	1.56
	0.299
	0
	0

	71
	Bus160
	ENGR. ENENMOH S/S
	67.82
	22.97
	3.79
	0.0029
	0.001
	52.28
	17.71
	3.328
	0.002
	0.0007

	72
	Bus160
	INALU II S/S
	1936
	640.2
	107.8
	3.32
	0.489
	583.3
	208.1
	37.34
	0.398
	0.0587

	73
	INALU II S/S
	INALU I S/S
	2210
	734
	122.2
	16.12
	2.38
	384.7
	137.8
	24.65
	0.656
	0.0967

	74
	Bus151
	Bus172
	1835
	643
	103.3
	4.74
	0.699
	1428.9
	500.7
	91.14
	3.69
	0.544

	75
	Bus152
	Bus172
	1609
	564.7
	90.8
	0.969
	0.184
	1253
	439.7
	80.13
	0.754
	0.144

	76
	IBUSA RD I S/S
	Bus152
	1355
	474.9
	76.5
	4.4
	0.837
	1055.2
	369.8
	67.51
	3.43
	0.652

	77
	IBUSA RD I S/S
	OGBEAMAI S/S
	384
	135.1
	21.75
	0.0834
	0.0277
	299
	105.2
	19.2
	0.065
	0.0216

	78
	ST. JOSEPH S/S
	Bus195
	252.9
	89.57
	14.3
	0.0096
	0.0032
	197
	69.75
	12.62
	0.008
	0.0025

	79
	MTV VI S/S
	IBUSA RD I S/S
	611.6
	214.6
	34.64
	0.0705
	0.0234
	476.2
	167.1
	30.57
	0.055
	0.0182

	80
	OGBEKE SQ. S/S
	MTV VI S/S
	610.3
	214.6
	34.58
	0.562
	0.107
	475.3
	167.1
	30.51
	0.438
	0.0832

	81
	ONAJEI S/S
	OGBEKE SQ. S/S
	225.4
	79.2
	12.78
	0.115
	0.0219
	175.5
	61.67
	11.28
	0.09
	0.0171

	82
	Bus152
	Bus195
	253
	89.58
	14.3
	0.0673
	0.0128
	197
	69.76
	12.62
	0.052
	0.01

	83
	Bus199
	Bus198
	257.1
	924.4
	50.72
	0.39
	0.193
	8213.9
	2858.2
	470.2
	33.49
	16.58

	84
	Bus199
	FAVORITE S/S
	621.2
	217.5
	34.8
	0.114
	0.0378
	589
	206.2
	33.88
	0.108
	0.0358

	85
	FAVORITE S/S
	NWOBOSHI S/S
	529.3
	186
	29.67
	0.465
	0.154
	501.9
	176.4
	28.89
	0.441
	0.146

	86
	NWOBOSHI S/S
	ARCH. MARTINS ODIAKA S/S
	322.6
	113.9
	18.11
	0.0116
	0.0038
	305.9
	108
	17.63
	0.011
	0.0036

	87
	ARCH. MARTINS ODIAKA S/S
	DAVNOTCH S/S
	224.8
	78.9
	12.61
	0.0617
	0.0205
	213.2
	74.82
	12.28
	0.059
	0.0194

	88
	FIRS S/S
	Bus199
	364.9
	-706.7
	42.04
	0.43
	0.109
	7591.4
	2635.4
	436.3
	46.36
	11.74

	89
	TOBI I S/S
	FIRS S/S
	371.4
	-704.5
	42.1
	0.432
	0.109
	7539.3
	2621.8
	436
	46.29
	11.72

	90
	Bus213
	TOBI I S/S
	606
	-622
	45.89
	0.342
	0.0866
	7276.2
	2533.8
	423.3
	29.1
	7.37

	91
	CHYKES S/S
	Bus213
	276.9
	-358.3
	23.93
	0.232
	0.0588
	5701.6
	1989.5
	333.1
	45.04
	11.4

	92
	ANWAI I S/S
	Bus213
	906.9
	-63.73
	47.97
	1.49
	0.378
	1016.8
	353.8
	59.39
	2.29
	0.58

	93
	Bus1
	TOBI II S/S
	289.8
	101.4
	16.18
	0.085
	0.0215
	263
	92.03
	15.41
	0.077
	0.0195

	94
	TOBI II S/S
	SKY LYN HOTEL S/S
	68.55
	23.91
	3.828
	0.0048
	0.0012
	62.2
	21.7
	3.646
	0.004
	0.0011

	95
	MTN ANWAI RD S/S
	Bus1
	1405
	110.2
	74.24
	0.895
	0.227
	562.8
	195.4
	32.96
	0.176
	0.0447

	96
	MTN ANWAI RD S/S
	DESIRE&LESURE GARDEN S/S
	1466
	131
	77.45
	1.07
	0.271
	508.9
	176.8
	29.82
	0.159
	0.0402

	97
	DESIRE&LESURE GARDEN S/S
	ZANZIBAR S/S
	1623
	185.9
	85.81
	2.99
	0.757
	369.4
	127.8
	21.64
	0.19
	0.0481

	98
	ZANZIBAR S/S
	ANWAI II S/S
	1722
	219.9
	91.12
	1.62
	0.409
	281.3
	97.57
	16.49
	0.053
	0.0134

	99
	CHINEDU OKO S/S
	Bus213
	576
	199.5
	32.21
	0.0842
	0.0213
	528.7
	183.1
	30.86
	0.077
	0.0196

	100
	TEMPO CLINIC I S/S
	CHINEDU OKO S/S
	446.1
	154.3
	24.95
	0.202
	0.0512
	409.5
	141.7
	23.9
	0.186
	0.047

	101
	TEMPO CLINIC II S/S
	TEMPO CLINIC I S/S
	216.5
	75.79
	12.13
	0.0549
	0.0139
	198.7
	69.56
	11.62
	0.05
	0.0128

	102
	Bus237
	CHYKES S/S
	550.9
	-260.9
	32.19
	0.471
	0.119
	5409.4
	1890.1
	318.5
	46.12
	11.68

	103
	Bus237
	UDUAGHAN II S/S
	3910
	911.2
	211.6
	7.27
	1.84
	2388.4
	839.9
	141.9
	3.27
	0.828

	104
	UDUAGHAN II S/S
	HILIOUS TOWER S/S
	81.37
	28.69
	4.547
	0.0067
	0.0017
	71.75
	25.3
	4.27
	0.006
	0.0015

	105
	Bus272
	Bus237
	3352
	1170
	187.5
	10.27
	2.6
	2974.8
	1038.6
	176.6
	9.12
	2.31

	106
	UDUAGHAN I S/S
	UDUAGHAN II S/S
	4220
	1019
	227.9
	17.08
	5.67
	2127
	748.7
	126.6
	5.27
	1.75

	107
	SOBOTE S/S
	UDUAGHAN I S/S
	2074
	731
	115.4
	4.7
	1.56
	1805.2
	636.1
	107.7
	4.09
	1.36

	108
	SOBOTE S/S
	SSS OFFICE S/S
	2063
	727.4
	115.1
	3.11
	1.03
	1795.7
	633
	107.4
	2.71
	0.899

	109
	SSS OFFICE S/S
	Bus248
	1826
	643.8
	102
	3.42
	1.14
	1588.8
	560.3
	95.14
	2.98
	0.988

	110
	Bus248
	ALUME DRIVE S/S
	642.3
	225.5
	35.93
	0.273
	0.0906
	559
	196.2
	33.52
	0.238
	0.0789

	111
	ALUME DRIVE S/S
	NEW SSG S/S
	412.8
	144.9
	23.1
	0.295
	0.0746
	359.2
	126.1
	21.55
	0.256
	0.0649

	112
	NEW SSG S/S
	ONWUKA ST. S/S
	271.3
	96.44
	15.21
	0.113
	0.0285
	236.1
	83.93
	14.19
	0.098
	0.0248

	113
	Bus248
	Bus255
	824.7
	293.8
	46.21
	0.426
	0.142
	717.7
	255.7
	43.11
	0.371
	0.123

	114
	Bus255
	MARCULEY II S/S
	313.6
	112.8
	17.6
	0.0546
	0.0181
	272.9
	98.19
	16.42
	0.048
	0.0158

	115
	Bus255
	VICTOR OCHIE S/S
	510.6
	180.8
	28.61
	0.216
	0.0718
	444.4
	157.4
	26.69
	0.188
	0.0625

	116
	VICTOR OCHIE S/S
	JAMES IBORI S/S
	304.5
	108.9
	17.09
	0.072
	0.0239
	265
	94.78
	15.94
	0.063
	0.0208

	117
	JAMES IBORI S/S
	FITMAURICE ESTATE S/S
	6.15
	2.03
	0.342
	0
	0
	5.35
	1.77
	0.319
	0
	0

	118
	SSS I S/S
	Bus248
	355.2
	123.3
	19.85
	0.121
	0.0308
	309.1
	107.3
	18.51
	0.106
	0.0268

	119
	SSS I S/S
	MARCULEY I S/S
	131.3
	44.83
	7.323
	0.0296
	0.0075
	114.2
	39.01
	6.832
	0.026
	0.0065

	120
	EBUBE S/S
	Bus272
	3283
	1147
	184.2
	11.02
	2.79
	2913.7
	1018.2
	173.5
	9.78
	2.47

	121
	EBUBE S/S
	AIRTELS S/S
	81.19
	28.66
	4.575
	0.0102
	0.0026
	72.05
	25.43
	4.31
	0.009
	0.0023

	122
	INFANT JESUS II S/S
	EBUBE S/S
	2940
	1027
	165.4
	24
	6.08
	2608.9
	911.4
	155.9
	21.3
	5.39

	123
	INFANT JESUS I S/S
	ELGREEN HOTEL S/S
	2333
	815.5
	132.9
	3.58
	0.907
	2070.5
	723.7
	125.2
	3.18
	0.805

	124
	IKECHUKWU HOUSE S/S
	INFANT JESUS II S/S
	2643
	923.8
	149.9
	4.38
	1.11
	2345.6
	819.8
	141.3
	3.89
	0.984

	125
	INFANT JESUS SCH. GAT S/S
	CHYZ PETRO. S/S
	2069
	725.1
	118.4
	1.71
	0.432
	1836.5
	643.5
	111.5
	1.51
	0.383

	126
	CHYZ PETRO. S/S
	LEASURE HOME S/S
	2121
	742
	121.1
	3.21
	0.814
	1881.9
	658.5
	114.1
	2.85
	0.722

	127
	LEASURE HOME S/S
	INFANT JESUS I S/S
	2128
	744.2
	121.4
	2.63
	0.666
	1888.5
	660.5
	114.3
	2.33
	0.591

	128
	Bus306
	ANWAI GRA II S/S
	1237
	434
	70.9
	1.71
	0.434
	1097.5
	385.2
	66.79
	1.52
	0.385

	129
	ANWAI GRA II S/S
	INFANT JESUS SCH S/S
	1463
	513.6
	83.84
	0.228
	0.0578
	1298.1
	455.8
	78.99
	0.203
	0.0513

	130
	INFANT JESUS SCH S/S
	INFANT JESUS SCH. GAT S/S
	1756
	616.2
	100.5
	2.05
	0.519
	1558.5
	546.9
	94.72
	1.82
	0.461

	131
	PHASE II COMMUNITY S/S
	INFANT JESUS SCH S/S
	240.1
	84.89
	13.78
	0.272
	0.0903
	213.1
	75.34
	12.98
	0.241
	0.0801

	132
	ANWAI RIVER S/S
	Bus306
	639.8
	225.9
	36.75
	0.11
	0.0278
	567.8
	200.5
	34.62
	0.097
	0.0246

	133
	Bus306
	Bus307
	595.2
	207.7
	34.15
	0.199
	0.0503
	528.2
	184.3
	32.17
	0.176
	0.0447

	134
	Bus307
	IBORI GOLF I S/S
	214.1
	74.88
	12.29
	0.0515
	0.013
	190
	66.46
	11.58
	0.046
	0.0116

	135
	IBORI GOLF I S/S
	MOCIWS S/S
	5.84
	1.93
	0.334
	0.0001
	0
	5.19
	1.71
	0.314
	1E-04
	0

	136
	Bus307
	IBORI GOLF II S/S
	380.9
	132.8
	21.85
	0.163
	0.0412
	338
	117.8
	20.59
	0.145
	0.0366

	137
	JASMINE SCHOOL S/S
	IBORI GOLF II S/S
	47.02
	16.14
	2.695
	0.0122
	0.004
	41.73
	14.32
	2.539
	0.011
	0.0036

	138
	ANWAI CAMPUS S/S
	ANWAI RIVER S/S
	385.6
	135.6
	22.15
	1.31
	0.332
	342.2
	120.4
	20.86
	1.16
	0.294

	139
	MTN CAMPUS S/S
	ANWAI CAMPUS S/S
	5.81
	1.92
	0.333
	0.0001
	0
	5.16
	1.7
	0.313
	1E-04
	0

	140
	Bus10
	MTN I S/S
	71.35
	24.97
	4.005
	0.0013
	0.0003
	65.85
	23.04
	3.848
	0.001
	0.0003

	141
	Bus18
	DSEIRE & LEASURE S/S
	111.1
	38.34
	6.225
	0.0091
	0.003
	101.2
	34.93
	5.942
	0.008
	0.0028

	142
	Bus69
	UMUAGU I S/S
	280.7
	100
	15.73
	0.0602
	0.0152
	234.3
	83.5
	14.37
	0.05
	0.0127

	143
	STARCOM S/S
	Bus87
	2612
	954.8
	146
	0.501
	0.0953
	4264.7
	1484.1
	262.7
	1.62
	0.308

	144
	Bus122
	BENCLINTON S/S
	109.9
	37.91
	6.167
	0.0043
	0.0011
	87.1
	30.05
	5.491
	0.003
	0.0009

	145
	Bus172
	BAKARE S/S
	221.1
	77.56
	12.48
	0.0173
	0.0025
	172.2
	60.4
	11.01
	0.014
	0.002

	146
	Bus1
	ANWAI I S/S
	1115
	8.6
	58.74
	1.12
	0.284
	826.5
	287.6
	48.38
	0.76
	0.192

	147
	DESIRE&LESURE GARDEN S/S
	Bus2
	154.2
	54.16
	8.601
	0.0188
	0.0028
	139.3
	48.95
	8.177
	0.017
	0.0025

	148
	Bus272
	MIKE OKECHUKWU S/S
	58.64
	20.29
	3.286
	0.0053
	0.001
	52.04
	18.01
	3.096
	0.005
	0.0009

	149
	ELGREEN HOTEL S/S
	IKECHUKWU HOUSE S/S
	2462
	859.7
	139.9
	5.4
	1.37
	2184.7
	763
	131.8
	4.79
	1.21

	150
	CHINEDU OKO S/S
	CHINEDU OKO
	129.8
	45.15
	7.263
	2.12
	3.19
	119.1
	41.44
	6.959
	1.95
	2.93

	151
	CHYKES S/S
	CHYKES
	273.6
	97.34
	15.34
	6.32
	9.48
	247.2
	87.94
	14.58
	5.71
	8.57

	152
	CHYZ PETRO. S/S
	CHYZ PETRO.
	47.94
	16.11
	2.73
	0.3
	0.45
	42.54
	14.29
	2.572
	0.266
	0.4

	153
	DAVNOTCH S/S
	DAVNOTCH
	224.8
	78.88
	12.61
	4.27
	6.41
	213.1
	74.8
	12.28
	4.05
	6.07

	154
	DSEIRE & LEASURE S/S
	DESIRE & LEASURE
	111.1
	38.34
	6.225
	1.56
	2.34
	101.2
	34.93
	5.942
	1.42
	2.13

	155
	Bus2
	DESIRE&LESURE GARDEN
	154.2
	54.16
	8.601
	2.98
	4.47
	139.3
	48.95
	8.177
	2.69
	4.04

	156
	EBUBE S/S
	EBUBE
	251.3
	88.89
	14.16
	5.38
	8.08
	223
	78.89
	13.34
	4.78
	7.17

	157
	ECOBANK S/S
	ECOBANK
	21.88
	7.26
	1.22
	0.0599
	0.0899
	20.51
	6.81
	1.181
	0.056
	0.0843

	158
	ELGREEN HOTEL S/S
	ELGREEN HOTEL
	123.3
	42.86
	7.019
	1.98
	2.98
	109.4
	38.04
	6.612
	1.76
	2.64

	159
	ENGR. ENENMOH S/S
	ENGR. ENENMOH
	67.81
	22.97
	3.79
	0.579
	0.868
	52.28
	17.71
	3.328
	0.446
	0.669

	160
	FAVORITE S/S
	FAVORITE
	91.76
	31.4
	5.128
	1.06
	1.59
	87.01
	29.77
	4.994
	1
	1.51

	161
	FIRS S/S
	FIRS
	6.14
	2.03
	0.342
	0.0094
	0.0141
	5.75
	1.9
	0.331
	0.009
	0.0132

	162
	FITMAURICE ESTATE S/S
	FITMAURICE ESTATE
	6.15
	2.03
	0.342
	0.0094
	0.0141
	5.35
	1.77
	0.319
	0.008
	0.0123

	163
	FMC S/S
	FMC
	361.4
	126.5
	20.28
	6.63
	9.94
	324.1
	113.5
	19.21
	5.94
	8.92

	164
	FUNNAYA S/S
	FUNNAYA
	261.5
	92.62
	14.57
	5.7
	8.55
	213
	75.43
	13.15
	4.64
	6.96

	165
	GOVERNMENT CORE AREA INJ.
	GOVERNMENT CORE ASABA
	868.7
	1702
	33.43
	0.729
	14.59
	16490
	7014
	313.5
	64.14
	1282.9

	166
	HELIUS TOWER S/S
	HELIUS TOWER
	68.04
	23.74
	3.814
	1.17
	1.76
	59.16
	20.64
	3.556
	1.02
	1.53

	167
	HILIOUS TOWER S/S
	HILIOUS TOWER
	81.36
	28.69
	4.547
	1.67
	2.5
	71.75
	25.3
	4.27
	1.47
	2.2

	168
	IBORI GOLF I S/S
	IBORI GOLF I
	208.2
	72.94
	11.96
	3.84
	5.76
	184.8
	64.73
	11.26
	3.41
	5.11

	169
	IBORI GOLF II S/S
	IBORI GOLF II
	333.7
	116.6
	19.16
	5.91
	8.87
	296.1
	103.5
	18.05
	5.25
	7.87

	170
	IBUSA RD I S/S
	IBUSA RD I
	355.1
	124.3
	20.11
	6.51
	9.77
	276.5
	96.83
	17.74
	5.07
	7.61

	171
	ICON S/S
	ICON
	288.9
	103.3
	16.3
	7.13
	10.69
	226.5
	81
	14.43
	5.59
	8.39

	172
	IKECHUKWU HOUSE S/S
	IKECHUKWU HOUSE
	177
	62.95
	10.08
	4.09
	6.13
	157
	55.87
	9.491
	3.63
	5.44

	173
	INALU I S/S
	INALU I
	509
	182.5
	28.38
	12.98
	19.46
	384.1
	137.7
	24.65
	9.79
	14.69

	174
	INALU II S/S
	INALU II
	258.3
	91.49
	14.48
	5.63
	8.45
	198.2
	70.22
	12.69
	4.32
	6.48

	175
	INFANT JESUS I S/S
	INFANT JESUS I
	201.5
	70.37
	11.49
	3.54
	5.32
	178.8
	62.45
	10.82
	3.15
	4.72

	176
	INFANT JESUS II S/S
	INFANT JESUS II
	272.6
	97.15
	15.5
	6.45
	9.67
	241.9
	86.22
	14.6
	5.72
	8.59

	177
	INFANT JESUS SCH S/S
	INFANT JESUS SCH
	51.2
	17.23
	2.922
	0.344
	0.516
	45.44
	15.29
	2.753
	0.305
	0.458

	178
	INFANT JESUS SCH. GAT S/S
	INFANT JESUS SCH. GAT
	311.6
	108.4
	17.83
	5.12
	7.68
	276.6
	96.22
	16.79
	4.54
	6.81

	179
	JAMES IBORI S/S
	JAMES IBORI
	298.3
	106.9
	16.74
	7.53
	11.29
	259.6
	93
	15.62
	6.55
	9.83

	180
	JASMINE SCHOOL S/S
	JASMINE SCHOOL
	47.01
	16.14
	2.695
	0.585
	0.877
	41.72
	14.32
	2.539
	0.519
	0.779

	181
	JOBAS S/S
	JOBAS
	254.8
	90.21
	14.32
	5.51
	8.26
	235.2
	83.26
	13.76
	5.08
	7.63

	182
	LEASURE HOME S/S
	LEASURE HOME
	4.74
	1.56
	0.269
	0.0029
	0.0044
	4.2
	1.38
	0.253
	0.003
	0.0039

	183
	MARCULEY I S/S
	MARCULEY I
	131.2
	44.82
	7.323
	1.44
	2.16
	114.2
	39
	6.832
	1.25
	1.88

	184
	MARCULEY II S/S
	MARCULEY II
	313.6
	112.8
	17.6
	8.32
	12.48
	272.9
	98.17
	16.42
	7.24
	10.86

	185
	MIKE OKECHUKWU S/S
	MIKE OKECHUKWU
	58.64
	20.29
	3.286
	0.87
	1.3
	52.04
	18.01
	3.096
	0.772
	1.16

	186
	MOCIWS S/S
	MOCIWS
	5.84
	1.93
	0.334
	0.009
	0.0134
	5.19
	1.71
	0.314
	0.008
	0.0119

	187
	MTN ANWAI RD S/S
	MTN ANWAI RD
	59.29
	20.52
	3.305
	0.88
	1.32
	53.7
	18.58
	3.145
	0.797
	1.19

	188
	MTN CAMPUS S/S
	MTN CAMPUS
	5.81
	1.92
	0.333
	0.0089
	0.0134
	5.16
	1.7
	0.313
	0.008
	0.0119

	189
	MTN I S/S
	MTN I
	71.35
	24.97
	4.005
	1.29
	1.94
	65.85
	23.04
	3.848
	1.19
	1.79

	190
	MTN II S/S
	MTN II
	57.53
	19.89
	3.222
	0.836
	1.25
	50.31
	17.39
	3.014
	0.731
	1.1

	191
	MTN III S/S
	MTN III
	6.13
	2.04
	0.341
	0.0188
	0.0282
	5.19
	1.72
	0.314
	0.016
	0.0238

	192
	MTN IV S/S
	MTN IV
	6.08
	2.02
	0.34
	0.0186
	0.0279
	4.82
	1.6
	0.303
	0.015
	0.0221

	193
	MTN V S/S
	MTN V
	6.11
	2.03
	0.341
	0.0187
	0.0281
	4.71
	1.56
	0.299
	0.014
	0.0216

	194
	MTV VI S/S
	MTV VI
	1.2
	0.001
	0.064
	0.0007
	0.001
	0.938
	0.0008
	0.057
	5E-04
	0.0008

	195
	NDDC S/S
	NDDC
	236.5
	83.25
	13.25
	4.71
	7.07
	200.2
	70.47
	12.19
	3.99
	5.99

	196
	NEW SSG S/S
	NEW SSG
	141.2
	48.37
	7.888
	1.67
	2.51
	122.9
	42.1
	7.358
	1.45
	2.18

	197
	NWOBOSHI S/S
	NWOBOSHI
	206.3
	72
	11.56
	3.59
	5.38
	195.6
	68.28
	11.26
	3.4
	5.11

	198
	ODIACHI I S/S
	ODIACHI I
	227.5
	77.81
	12.7
	2.6
	3.9
	192.5
	65.87
	11.69
	2.2
	3.3

	199
	ODIACHI II S/S
	ODIACHI II
	221.2
	77.52
	12.39
	4.12
	6.18
	187.2
	65.62
	11.4
	3.49
	5.23

	200
	OGBEAMAI S/S
	OGBEAMAI
	383.9
	135.1
	21.75
	7.62
	11.43
	298.9
	105.2
	19.2
	5.94
	8.9

	201
	OGBEKE SQ. S/S
	OGBEKE SQ.
	384.3
	135.3
	21.8
	7.65
	11.48
	299.3
	105.4
	19.24
	5.96
	8.94

	202
	OKECHUKWU OKAFOR S/S
	OKECHUKWU OKAFOR
	72.58
	25.39
	4.039
	1.31
	1.97
	59.11
	20.68
	3.645
	1.07
	1.61

	203
	OKELUE S/S
	OKELUE
	206.8
	72.18
	11.58
	3.6
	5.4
	177.1
	61.82
	10.71
	3.08
	4.62

	204
	ONAJEI S/S
	ONAJEI
	225.3
	79.18
	12.78
	4.39
	6.58
	175.4
	61.66
	11.28
	3.41
	5.12

	205
	ONOCHIE S/S
	ONOCHIE
	287
	102.5
	16.12
	6.98
	10.46
	247.2
	88.29
	14.96
	6.01
	9.01

	206
	ONWUKA ST. S/S
	ONWUKA ST.
	271.2
	96.41
	15.21
	6.21
	9.32
	236
	83.9
	14.19
	5.41
	8.11

	207
	PARKISON S/S
	PARKISON
	334.9
	116.8
	18.83
	5.71
	8.56
	265.5
	92.55
	16.76
	4.53
	6.79

	208
	PHASE II COMMUNITY S/S
	PHASE II COMMUNITY
	239.9
	84.8
	13.78
	5.09
	7.64
	212.9
	75.26
	12.98
	4.52
	6.78

	209
	SKY LYN HOTEL S/S
	SKY LYN HOTEL
	68.54
	23.91
	3.828
	1.18
	1.77
	62.2
	21.7
	3.646
	1.07
	1.61

	210
	SOBOTE S/S
	SOBOTE
	6.2
	2.05
	0.344
	0.0095
	0.0143
	5.4
	1.78
	0.321
	0.008
	0.0124

	211
	SPC S/S
	SPC
	379.9
	133.5
	21.33
	7.33
	11
	345.5
	121.4
	20.34
	6.67
	10

	212
	SSS I S/S
	SSS I
	223.8
	78.49
	12.52
	4.21
	6.31
	194.8
	68.31
	11.68
	3.66
	5.5

	213
	SSS OFFICE S/S
	SSS OFFICE
	234.7
	82.55
	13.11
	4.61
	6.92
	204.3
	71.84
	12.23
	4.01
	6.02

	214
	ST. JOSEPH S/S
	ST. JOSEPH
	252.9
	89.57
	14.3
	5.49
	8.24
	197
	69.75
	12.62
	4.28
	6.41

	215
	STADIUM OFFICE S/S
	STADIUM OFFICE
	298.6
	107
	16.78
	7.56
	11.34
	239
	85.65
	15.02
	6.05
	9.08

	216
	STADIUM S/S
	STADIUM
	427.5
	151.4
	24.06
	9.33
	13.99
	338.3
	119.8
	21.41
	7.38
	11.07

	217
	STARCOM S/S
	STARCOM
	4.99
	1.64
	0.276
	0.0031
	0.0046
	4.07
	1.34
	0.249
	0.003
	0.0037

	218
	TEMPO CLINIC I S/S
	TEMPO CLINIC I
	229.4
	78.51
	12.82
	2.65
	3.97
	210.6
	72.06
	12.28
	2.43
	3.65

	219
	TEMPO CLINIC II S/S
	TEMPO CLINIC II
	216.5
	75.77
	12.13
	3.95
	5.92
	198.7
	69.55
	11.62
	3.63
	5.44

	220
	TOBI I S/S
	TOBI I
	234.3
	82.42
	13.13
	4.63
	6.94
	216.8
	76.27
	12.63
	4.28
	6.42

	221
	TOBI II S/S
	TOBI II
	221.1
	77.48
	12.35
	4.1
	6.15
	200.7
	70.31
	11.77
	3.72
	5.58

	222
	UDUAGHAN I S/S
	UDUAGHAN I
	363.7
	127.3
	20.23
	6.59
	9.88
	316.5
	110.8
	18.87
	5.73
	8.6

	223
	UDUAGHAN II S/S
	UDUAGHAN II
	211.3
	73.84
	11.8
	3.74
	5.61
	186.4
	65.12
	11.08
	3.3
	4.94

	224
	UMUAGU I S/S
	UMUAGU I
	280.7
	100
	15.73
	6.64
	9.96
	234.3
	83.49
	14.37
	5.54
	8.31

	225
	UMUAGU II S/S
	UMUAGU II
	330.1
	119.3
	18.52
	9.21
	13.82
	275.5
	99.56
	16.92
	7.69
	11.53

	226
	USONIA HOUSE S/S
	USONIA HOUSE
	120.7
	41.82
	6.757
	1.84
	2.76
	104.6
	36.23
	6.29
	1.59
	2.39

	227
	VICTOR OCHIE S/S
	VICTOR OCHIE
	205.9
	71.86
	11.52
	3.56
	5.35
	179.2
	62.53
	10.75
	3.1
	4.65

	228
	WATER BOARD S/S
	WATER BOARD
	1.23
	0.404
	0.068
	0.0001
	0.0002
	1.13
	0.372
	0.066
	1E-04
	0.0002

	229
	ZANZIBAR S/S
	ZANZIBAR
	97.76
	33.52
	5.429
	1.19
	1.78
	87.94
	30.15
	5.149
	1.07
	1.6

	 
	TOTAL LOSSES
	 
	565.09
	596.16
	 
	1329
	2031.2
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Figure 3: Section of the Modelled Single Line Diagram of Network of Study on ETAP 12.6 Edit Modes.

Figure 3: Section of the Modelled Single Line Diagram of Network of Study on ETAP 12.6 Edit Modes.
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Figure 4:  Section of Network diagram of load flow analyses without DG on ETAP 12.6


Figure 5: Bus ID versus Loss sensitivity factor.

Table 2: Power loss Reduction before and after DG placement.
	Power loss
	Before DG placement
	After DG placement
	% Reduction 

	Active(kW)
	1329.08
	565.09
	57.5

	Reactive(kVar)
	2031.16
	596.16
	70.7



5. DISCUSSION OF RESULTS
The results presented in Table 1 and 2, as well as Figures 4 and 6, show the real and reactive power flow, together with the associated line losses in the network. Figure 3 presents an extract from the load flow analysis of the power network, illustrating sections of the voltage limits across the various buses of the Benin Electricity Distribution Company (BEDC) Asaba 33/11kV 2 × 15MVA injection substation. The power flow analysis revealed that, within the statutory voltage range of 394.25V to 435.75V (0.95 p.u to 1.05 p.u), which is the acceptable voltage limit for distribution networks in Nigeria, only ten (10) out of the ninety-six (96) buses in the network operated within the permissible range, largely due to their proximity to the injection substation. The remaining eighty-six (86) buses were found to be operating outside the statutory voltage limits. In addition, the total active and reactive power losses in the network were determined to be 1,329.08 kW and 2,031.16 kVAr, respectively.
To compensate for and mitigate these losses, as well as to determine the priority order for candidate buses suitable for DG installation, the loss sensitivity factor for optimal DG placement and sizing was calculated using Equations (6) and (13). Based on reactive power demand, voltage magnitude, and network resistance, eleven (11) candidate buses were identified, as shown in Figure 5. The DG placement process was then carried out according to the loss sensitivity ranking in order to determine the optimal locations and sizes. A total DG capacity of 16 MW was integrated into the distribution network, and its most significant impact was observed when allocated across Uduaghan I (2.3 MW),
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Figure 6: Section of Network diagram of load flow analyzes with DG placement on ETAP 12.6
Section










Figure 6: Network diagram of load flow analyses with DG placement on ETAP 12.6










             Figure 7: Power loss Reduction before and after DG placement.


                 Figure 8: Percentage Reduction of Power loss after DG placement.
Anwai Campus (3.7 MW), Budget (4.0 MW), and Inalu I (6.0 MW), in accordance with the optimal placement and sizing algorithm. The comparative results before and after DG integration, presented in Tables 1 and 2 as well as Figures 4 and 6, show significant improvements in network performance. After DG installation, ninety-one (91) out of ninety-six (96) buses operated within the statutory voltage limits, while only five (5) buses remained outside the acceptable range. Furthermore, the active power losses were reduced by 57.5%, decreasing from 1,329.08 kW to 565.09 kW, while the reactive power losses were reduced by 70.7%, decreasing from 2,031.16 kVAr to 596.16 kVAr, as shown in Table 2 and Figure 7 and 8.
These results demonstrate that the optimal placement and sizing of DG units play a significant role in minimising active and reactive power losses, improving voltage regulation, enhancing system reliability, increasing operational efficiency, and maintaining overall network stability. The integration of DG therefore had a positive impact on the overall power flow performance of the network under study.

6. CONCLUSION

This research evaluated the impact of distributed generation on the Benin Electricity Distribution Company (BEDC) Asaba 33/11kV 2 × 15MVA injection substation, with the aim of mitigating network violations and reducing power losses through the integration of distributed generation. The results obtained show that the optimal placement and sizing of DG units significantly improve voltage profiles across the distribution network while substantially reducing power losses. The integration of DG enabled additional power injection into the network, thereby enhancing overall system performance. Based on these findings, it is recommended that the network under study should be upgraded to fully realise the benefits of distributed generation. Furthermore, stakeholders and government at all levels in Nigeria should prioritise, encourage, and invest in distributed generation, particularly renewable energy-based DG systems, due to their abundance, environmental sustainability, and ability to improve network performance when optimally integrated.
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