CHAPTER ONE
INTRODUCTION

1.1  Background of the Study

Electricity is a fundamental asset to the world economy, in that certainty, stability indices are
used to express a country’s standing (consumption or production of electricity per capital) and
the standard of living enjoyed by the people (Anyaka, 2014; Attigah and Mayer-Tasch, 2013).
Electric power system comprises mainly of the generation, transmission, and distribution
systems (Abanihi, Ikheloa, and Okodede, 2018). These components were also listed as one of
the most significant elements of both national and global infrastructure such that when power
system collapses, it leads to major direct/indirect impacts on the economy. That is, the economic
growth/development of a country depends heavily on the reliability and quality of electric power
supply (Ritula and Puneet, 2015; Robert, 2003).
The basic aim of an electric power system and its operators is to deliver electrical energy
efficiently, safely and at a cheap rate to consumers (Heussen, Saleem, and Lind, 2009; NERC,
2012). This implies that all aspects or components of the power system; the generating stations,
the transmission network, and distribution network must work together to ensure that power is
delivered to consumers safely, efficiently and at cheap rate.
Some researches including the one done by Morad, Abdellah, and Ahmed, (2014), show that the
performance of a distribution network can be measured or determined by the following key
indicators;
I.  Reliability of the network.
ii.  Availability of power on demand by consumers.
iii.  Rated/Proper/Satisfactory voltage level.

iv.  Affordability of power.



Electric power distribution network being the most visible part of the power supply chain and
the one with direct effect on the consumers, should be a system with high reliability, efficiency,
high quality of service and proper voltage level.

In recent years, the demand on electricity has dramatically grown due to substantial increase in
environmental infrastructural development and different human activities without the
corresponding upgrade and improvement in power infrastructural development, resulting in
overloaded grids. This leads to low reliability of the distribution network, poor availability of
power on demand by the consumers and poor quality of power from the distribution network.
Most electric power distribution networks are designed as radial distribution systems. This radial
distribution network has a unique feature that bus voltage reduces, moving away from the
substation, which is as a result of increasing number of inductive loads along the distribution
line and this leads to greater demand for reactive power in the system (Bhongade and Sachin,
2016; Teja, Murty, and Kumar, 2016). It is observed that Power distribution network has greater
number of inductive loads in electric power system network and as this number of inductive load
increases, reactive power demand increases such that the load voltage drops to the extent that the
value often violates the acceptable standard limit set by American National Standards Institute -
ANSI C84.1 (90% < V < 106% of the nominal voltage value). This frequent low voltage level
in the network is caused by the inability of radial system of electric power distribution network
in supporting all consumers connected to its injection substation to receive the same and
standard acceptable voltage level as stated by ANSI C84.1. This low voltage could affect the
proper functioning of power consumer’s equipment/appliances and can reduce the service life of
such equipment.

Mobile communication is tremendously enlarging day by day, that it becomes easy to monitor
and control equipment or appliances over a large distance through GSM modem or cellular

phone. Global System for Mobile Communication network (GSM) is almost everywhere.



Sometimes in critical situations, the need to take real-time decision is possible using this system
of remote monitoring. Also the need of human presence in the vicinity of the monitored
appliance is reduced and in a similar way systems can be controlled and monitored from
anywhere, at any point and without worrying about geographical locations (Sonika and
Wadhawe, 2016). The absence of automated transformer phase monitoring device that monitors
and reports blown low voltage fuse to the Distribution System Operator shows that often blown
low voltage fuse or the affected phase remains open for a long period of time, thus affecting the
reliability of the network, availability of power on demand by the consumers and supply of rated
or proper voltage value to three (3) phase consumers. (See Appendix 1, picture of a distribution
transformer feeder pillar or fuse panel in New Bussa network showing blown J&P fuses).

Also the absence of automated remote monitoring system that monitors and reports over-voltage
supply caused by the transformer’s low voltage neutral failure leads to greater damage to power
consumers’ equipment without the knowledge of the power provider’s Distribution System
Operator (DSO) so as to isolate the affected transformer for the maintenance team to repair and
restore good quality power supply from the affected transformer.

The absence of automated remote monitoring system that monitors and reports individual
transformer trip to the Distribution system operator despite that the transformer’s service feeder
is still energized leads to power providers applying incorrect energy bill calculations approach in
determining the energy bill for non-prepaid electricity customers (estimation billing approach).
In this approach, power providers use the number of hours the feeder circuit breaker is closed
(feeder supplying power) to calculate the amount of energy for customers on that feeder
notwithstanding that some customers on that feeder may have their service transformer trip on
fault during that period the feeder is supplying power and calculating the energy bill with that

number of hours for all the non-prepaid customers supplied by that feeder is wrong.



The recent development in wireless communication and digital technology, especially in mobile

phone networks offers new and cheaper possibilities for remote monitoring of complex electric

power distribution system.

Thus the need to improve the performance of electric power distribution network, by developing

an automated voltage compensating switching system with a GSM-based monitoring and

reporting system leads to the development of this research work.
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Figure 1.1: Block diagram of the Microcontroller-based switching system and GSM-based

1.2 Statement of the Problem

monitoring system

The incessant low voltage supply to power consumers, complain by power consumers due to

slow response to faults by power providers and improper energy billing systems by power

providers to customers without prepaid meters have necessitated the development of a

microcontroller based system, remotely monitored by GSM module to facilitate proper attention

of distribution system operators to faults like blown low voltage fuse, transformer neutral failure

and transformer trip within a given notice.




1.3

Aim of the Study

The aim of this research work is to enhance the performance of electric power distribution

network using microcontroller and GSM based system.

1.4

Research Objectives

The aim of this study was achieved using the following specific objectives:

1.5

. To determine the reliability of New Bussa Injection station in supplying quality power to

all the distribution transformers in the network by conducting a power flow analysis of

the network.

. To develop voltage compensating system that reduces the voltage violations in the

network using the optimal capacitor placement (OCP) module in ETAP 12.6 software
and a mathematical model so as to ensure that ANSI C84.1 standard acceptable voltage

levels are met at load buses.

. To develop a microcontroller based switching system with remote adaptability that

automatically switches the voltage compensators (capacitor banks) and reports sensed

faults using GSM.

. To carry out performance evaluation of the proposed technique and validate the

functionality with respect to ANSI C84.1 acceptable voltage limit.

Significance of the Study

This research work assists in the development of an automated power distribution network that

reduces the downtime associated with system maintenance, ensures prompt monitoring of the

network, faster means of restoration of lost transformer phase and failed transformer neutral thus



creating a more reliable distribution network system with its service voltage being within the
ANSI acceptable limit.

The research work also added in its design work, a technical feature which when enforced by the
Power regulatory body (NERC) for power providers to implement, produces a system that
indicates to power providers when a particular distribution transformer is out of service (not

active), irrespective of the fact that its service feeder is still active.

1.6 Scope of the Study

This research work focused on enhancing the performance of electric power distribution
network using microcontroller and GSM based system. The test bed or the study environment
for the research work is 15MVA, 33/11KV Injection Substation at New Bussa in Niger State,
together with its feeders and their associated 11/0.415KV distribution transformers. The work
covers the following: development and performance evaluation of a microcontroller-based
capacitor switching system that automatically switches on/off capacitor bank for voltage
compensation, development and performance evaluation of a GSM-based monitoring and
reporting of transformer lost phase caused by blown low voltage fuse, over-voltage supply
caused by transformer neutral failure and no voltage supply caused by transformer trip despite

that the transformer’s service feeder is still active or energized.

1.7  Arrangement of the Dissertation

Chapter one is basically the introduction of the research work. This includes research
background, problem statement, aim and objectives of the research, scope of the work, and
arrangement of thesis.

Chapter two deals with literature review, which include overview and theory of work on electric

power distribution system, power quality in a distribution network, voltage control in
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distribution system, load flow studies, summary of reviewed related works and various research
gaps.

Chapter three deals with research methodology and experiment. This include the research
methods, brief description of New Bussa Injection substation that serves as the study
environment, data collection and design of automated switching, monitoring and reporting
system.

Chapter four deals with the presentation of the data collected from the field measurement (New
Bussa distribution network) and simulation in Electrical Transient and Analysis Program (ETAP
12.6) computer software, analysis of generated reports from load flow study, summary of
observation, findings and contribution to knowledge.

Chapter five contains conclusion and recommendation for future study.



CHAPTER TWO
LITERATURE REVIEW

2.1  Review of Literature on GSM-based monitoring system

With the wide spread use of cellular networks, this application is popular when small amount of
data is to be transferred through the network. Extensive work has been carried out by researchers
using this GSM-based application.

Kadam, Baikar, Kote, and Shah (2016) developed a GSM based LAN monitoring system that
monitors all the physical devices, that is, PC’s from handheld device called mobile. The system
has shut down, process list, broadcasting message and net view modules to trace and keep track
of various client activities. The targeted users are labs in colleges and various other
organizations. The most required module in the field of IT industries is the efficient computer
network management. There are many requests related to such networks which network

manager needs to solve immediately for avoiding the any kind of interruptions.

Madan and Reddy (2012) developed a GSM-Bluetooth based Remote Monitoring and Control
System with Automatic Light Controller. The authors gave a review of home automation &
remote control and monitoring systems based on existing technologies and also proposed a
GSM-Bluetooth based light controller and remote monitoring system. This system has simple
features designed with the objective of minimum power consumption using infrared sensor for
controlling lights, fans and other appliances which are controlled through SMS using a GSM
module. A Bluetooth module is also interfaced with the main microcontroller chip. This
Bluetooth module eliminates the usage charges by communicating with the appliances through
Bluetooth when the application is in a limited range of few meters. The system informs user

about any abnormal conditions like intrusion detection and temperature rise through SMS from



the GSM module or by Bluetooth module to the user’s mobile and actions are taken accordingly

by the user.

Purnima (2012) developed a design of remote monitoring and control system with automatic
Irrigation system using GSM-Bluetooth. This paper gives a review of these systems based on
existing technologies and also proposes an economical and generic automatic irrigation system
based on wireless sensors with GSM-Bluetooth for irrigation system controller and remote
monitoring system. This system has simpler features designed with the objective of low cost and
effective with less power consumption using sensors for remote monitoring and controlling
devices which are controlled through SMS using a GSM module. A Bluetooth module is also
interfaced with the main microcontroller chip. This Bluetooth module eliminates the usage
charges by communicating with the appliances through Bluetooth when the application is in a
limited range of few meters. The system informs user about any abnormal conditions like less
moisture content and temperature rise, even concentration of CO2 through SMS from the GSM
module or by Bluetooth module to the farmer’s mobile and actions are taken accordingly by the

farmer.

Chen Peijiang and Jiang Xuehua, (2008) describe a remote monitoring system based on SMS of
GSM. The system includes two parts which are the monitoring center and the remote monitoring
station. The monitoring center consists of a computer and a TC35 GSM communication module.
The computer and TC35 are connected by RS232. The remote monitoring station includes a
TC35 GSM communication module, a MSP430F149 MCU, a display unit, various sensors, data

gathering and processing unit.



Jagdeep (2014) developed GSM-Microcontroller based remote control of sprinkler irrigation.
This system is a new concept in the field of the irrigation for doing irrigation work remotely
without any risk of accident due to electric shock, hard work and working in difficult
environment condition. This system discards the conventional methods of irrigation work. The
author designed and developed an automatic sprinkler irrigation system which is controlled and
monitored by a microcontroller interfaced with display device, current flow sensor, solenoid
valves and GSM modems. The operating principle of the system involves a given command to
stop, start, interrupt and parameters under monitoring are stored in a memory based upon which
microcontroller takes decision to run the system. Provision of protection against dry run and
overload of motor coupled with centrifugal pump is also incorporated. Options using selector
switches make this system compatible with single phase motor and three phase motor. This
system makes obsoletes the mechanical work of farmers by automatically changing over
sprinkler water lines in sequence after running for a period of set time decided by farmer and
switch off the water pump house motor upon completion of irrigation work using GSM modems

interfaced with microcontrollers.

Scanaill, Ahearne, and Lyons (2006) developed a telemonitoring system, based on short
message service (SMS), to remotely monitor the long-term mobility levels of elderly people in
their natural environment. Mobility is measured by an accelerometer-based portable unit, worn
by each monitored subject. The portable unit houses the Analog Devices ADuC812S
microcontroller board, Falcon A2D-1 GSM modem, and a battery-based power supply. Two
integrated accelerometers are connected to the portable unit through the analog inputs of the
microcontroller. Mobility level summaries are transmitted hourly, as an SMS message, directly

from the portable unit to a remote server for long-term analysis. Each subject’s mobility levels
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are monitored using custom-designed mobility alert software, and the appropriate medical

personnel are alerted by SMS if the subject’s mobility levels decrease.

Jiang, Yan, Shi, Kandachar, and Freudenthal (2010) proposed a system for early diagnosis of
hypertension and other chronic diseases. The proposed design consists of three main parts: a
wrist Blood Pressure (BP) measurement unit, a server unit and a terminal unit. Blood Pressure is
detected using data acquired by sensors intelligently using DSP microchip. The data is then
transmitted to the remote server unit located at Community Healthcare Centers/Points (CHC/P)
by using Short Messaging Service (SMS), and notification information is sent to the terminal

unit to inform users if patient’s BP is abnormal.

Alheraish (2004) implemented home security system by means of GSM cellular communication
network using microcontroller 89X52 and Sony Ericsson GM-47 GSM module. This system
enables far end user through SMS facility to monitor the state of home door, provide password

facility for key based door lock and control home lighting system.

Abdullah and Ali (2014) developed GSM Based Water level and Temperature Monitoring
System. The system that the authors produced is an extended approach to monitor a control
industrial system. The system monitor the industrial system from any location, due to this it will
save lots of time in this busy era. In this project, authors designed GSM based water level and
temperature monitoring system (WLTMS), which detect the water level of the tank which is
connected to the industry. The system also monitored the temperature of the tank. For this
purpose, LM35 sensor was used which defines the parameters of the temperature sensor.
Analogue output of LM35 is amplified through a process of signal conditioning, where OP-741

is used to amplify the signal. Amplified signal is fed into an ADC for the sake of digital data.
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This digital data is transferred to an LCD for displaying result. PIC microcontroller is used for
this procedure. Modem is also connected to this controller for the wireless communication of the

data through GSM technology through SMS.

Khiyal, Khan, and Shehzadi (2009) developed SMS based system for controlling of home
appliances remotely and providing security when the user is away from the place. Home
appliance control system (HACS) consists of PC which contains the software components
through which the appliances are controlled and home security is monitored and GSM Modem
that allow the capability to send and receive SMS to and from the system. The communication

with the system takes place via RS232 serial port.

Van Der Werff, Gui and Xu, (2005) presented a mobile-based home automation system that
consists of a mobile phone with Java capabilities, a cellular modem, and a home server. The
home appliances are controlled by the home server, which operates according to the user
commands received from the mobile phone via the cellular modem. In the proposed system the
home server is built upon an SMS/GPRS (Short Message Service/General Packet Radio Service)
mobile cell module Sony Ericsson GT48 and a microcontroller Atmel AVR 169, allowing a user

to control and monitor any variables related to the home by using any java capable cell phone.

Hongwei and Hongxia (2009) investigated the design and implementation of a remote data
collection and monitoring system. The system communication is based on GSM short messages
from cell phones using Siemens cell phone module TC35. The serial interface of TC35 is
directly connected to the serial interface of PC computer. The system hardware includes remote
client monitoring hardware, central monitoring module, and 0809 A/D converter. The central

monitoring module sends commands via channel 1. Data collection commands are sent out
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through TC35 to collect all sorts of data. After data are collected they are processed by remote
clients and sent back to the central monitoring module by GSM short messages via channel 2.
Each monitoring module can connect up to 128 sensors and equipment within the range of 1000
meters via RS485 interface. The server hardware consists of 8031 microprocessor, 74LS373,
one 8kB 2764 E2PROM, one 2kB 6116 extended memory, and one 8155 programmable serial
interface chip. One 4x4 keyboard is connected to the PI port and 8 LED displays are connected

to PA and PB ports of 8155.

2.2 Review of Literature on Systems for Remote Monitoring Using Wireless Sensor
Networks (WSN), Bluetooth, Wi-Fi, Zigbee Technologies

Many wireless technologies like RF, Wi-Fi, bluetooth and zighee have been developed and
remote monitoring systems using these technologies are popular due to flexibility, low operating
charges, etc. Today Wireless Sensor Network are used in an increasing number of commercial
solutions, aimed at implementing distributed monitoring and control system in a great number of

different application areas.

Zhang (2011) developed Design and Optimization of Wireless Remote Monitoring and Control
System using the ZigBee Protocol. From the system architecture point of view as presented by
author, the remote wireless monitoring and control system is mainly combined by three parts;
the wireless sensor network, the message gateway and the web service. In order to increase the
system flexibility and the reconfigurability, each part communicates with each other by using

the standard communication protocols.

Zhang, Liu, Su, Jiang and Wei (2015) developed a remote mobile health monitoring system with

mobile phone and web service capabilities. This system provides an end-to-end solution in
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physiologic parameters. This include respiration rate and heart rate, which were measured by
wearable sensors and recorded by a mobile phone that presented the graphical interface for the
user to observe his/her health status more easily. It also provided doctors and family members
with necessary data through a web interface and enabled authorized personnel to monitor the
patient’s condition and to facilitate remote diagnosis. This developed system supports real-time
alarming and positioning services during an urgent situation, such as a tumble or a heart attack,

so that unexpected events can be handled in a timely manner.

Wijetunge, Peiris, Aluthgedara and Wijetunge (2008) developed a general purpose controlling
module which has the capability of controlling and sensing up to five devices simultaneously.
The communication between the controlling module and the remote server is done using
Bluetooth technology. The server can communicate with many such modules simultaneously.
The controller is based on ATMega64 microcontroller and Bluetooth communication TDK
Blu2i (Class 1) module which provides a serial interface for data communication. The designed
controller was deployed in a home automation application for a selected set of electrical

appliances.

Alhasnawi and Jasim (2018) developed a work using Different Network Technologies and
Wireless Sensor Networks to Design and Implement a Fully Smart Home System. The author
presented a thorough explanation of diverse, smart homes systems and technologies from the
viewpoint of control and safety. This work highlights numerous faults with regard to safety in
current smart home systems. Various smart homes machineries are considered in this project,
including Internet-based, Short Messaging Service-based, mobile Global System for Mobile
communications-based, Bluetooth-based, and Email-based smart home systems. The proposed

system is made up of two parts: the hardware and software. The hardware consists of a base
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station unit (BSU) and several terminal nodes (TNs). The BSU is comprised of the main unit,
represented by a Raspberry Pi3, while the TN represented by a Wemos-D1 board, the required
sensors and appliances. The software is made up of the programming of the Wi-Fi network and
the system protocol. In this paper, an MQTT (Message Queue Telemetry Transportation) broker
was built on the Raspberry Pi3 and Wemos-D1. The MQTT broker was utilized as a platform to

provide the Internet of Things (10T) services, which control and monitor smart home appliances

Kanma, Kanazawa, Wakabayashi and Ito (2003) presented a home appliance control system
over Bluetooth with a cellular phone, which enables remote-control, fault-diagnosis and
software-update for home appliances through Java applications on a cellular phone. The system
consists of home appliances, a cellular phone and Bluetooth communication adapters for the
appliances. The communication adapter hardware consists of a 20MHz 16bit CPU, SRAM and a
Bluetooth module. The communication adapter board is connected to the home appliance and to
the cellular phone through serial ports. The appliances can communicate with the cellular phone

control terminal via Bluetooth SPP.

Yu and Cheng (2005) proposed a wireless patient monitoring system which integrates Bluetooth
and Wi-Fi wireless technologies. The system consists of the mobile unit, which is set up on the
patient’s side to acquire the patient’s physiological signals, and the monitor units, which enable
the medical personnel to monitor the patient’s status remotely. The mobile unit is based on
ATB89C51 microprocessor. The digitized vital-sign signals are transmitted to the local monitor
unit using a Bluetooth dongle. Four kinds of monitor units, namely, local monitor unit, a control
center, mobile devices (personal digital assistant; PDA), and a web page were designed to

communicate via the Wi-Fi wireless technology.
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Flammini, Marioli, Sisinni and Taroni, (2007) suggested a novel architecture for environmental
tele-monitoring that relies on GSM for sampling point delocalization, while on-field nodes
implement local subnets based on the DECT technology. Local subnets contain two major
blocks; Acquisition Station (AS) where sensors and actuators are located and Transmitting
Module (TM), i.e., the module that handles several measurement stations and sends data to the
control center (CC). Each AS acts as a data logger, storing in its internal memory device field
data; communications between AS and TM are cyclic (round robin), with a cycle time of about
1-10 min. On the contrary, communications between TM and CC occur once a day for data-
logging purposes, while alarms or threshold crossings are communicated asynchronously by
means of Short Message Service (SMS). Prototypes have been realized to interface with
temperature (T, AD590 from analog devices), humidity (RH, HumirelHM1500), and carbon
monoxide (CO, Figaro TGS2442) sensors. DECT Siemens module MD32 and GSM module
MC35 were used. AS was based on Microchip's PIC18F452 microcontroller and TM was

designed using 32-bit ARM-based microcontroller from Samsung (S3F441FX).

Yunseop, Evans, Iversen (2008) described details of the design and instrumentation of variable
rate irrigation, a wireless sensor network, and software for real-time in-field sensing and control
of a site-specific precision linear-move irrigation system. Field conditions were site-specifically
monitored by six in-field sensor stations distributed across the field based on a soil property
map, and periodically sampled and wirelessly transmitted to a base station. An irrigation
machine was converted to be electronically controlled by a programming logic controller
(Siemens S7-226 with three relay expansion modules activated electric over air solenoids to
control 30 banks of sprinklers) that updates geo-referenced location of sprinklers from a
differential Global Positioning System (GPS) (17HVS, Garmin) and wirelessly communicates

with a computer at the base station. Communication signals from the sensor network and
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irrigation controller to the base station were successfully interfaced using low-cost Bluetooth
wireless radio communication through Bluetooth RS-232 serial adaptor (SD202, Initium

Company).

Bencini et al., (2009) developed state of the art WSN based system for monitoring a series of
physiological parameters in the vineyard to prevent plant vine diseases. The different soil
moistures in the same field is used to decide the correct amount of water for irrigation; sandy
soils have very different behavior to irrigation in respect to clayey ones; water retention capacity
is completely different and measuring it exactly where it is needed can help in controlling the
irrigation system and saving water. Monitoring air temperature and humidity in different parts of
a vine can help in preventing and fighting plants diseases, reducing the amount of pesticides
only when and where they are necessary. Each node consists of MIDRA mote is equipped with
868 MHz radio transceiver, Chipcon CC1000TM. The master node of the Wireless Sensor
Network is connected to a GPRS gateway board, forwarding data to a remote server, using the
TCP-IP standard protocol. It included 11 nodes with a total of 35 sensors distributed on 1
hectare area; monitor common parameter using simple, unobtrusive, commercial and cheap
sensors, forwarding their measurements by the means of a heterogeneous infrastructure,
consisting of WSN technology, GPRS communication and ordinary Internet data transfer (TCP-
IP protocol). Data coming from sensors are stored in a database that can be queried by users
everywhere in world, only using a laptop or a PDA: the Smart User Interface also allows to read

and to analyze data in an easy way.

2.3 Review of Related Works
Researches have shown that the efficiency and quality of power delivered by the distribution

network to the consumers depend mostly on the intelligent nature and effective performance of
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the distribution grid network. Many researchers did their research work on improving the
performance of power distribution network by improving the voltage level of the system,
monitoring some of the power distribution system’s parameter variables using sensor network.

This work reviewed some of those related works, identified the research gaps and the need for

further improved research work.

Hemant and Sujata (2016) did a research on improving the power quality in distribution system
using Dynamic Voltage Restorer (DVR). This type of custom power devices used can eliminate
or mitigate power quality problems like voltage sag, swell and restores the system to the pre-
fault condition/status.

Drawbacks of this research work are that authors did not state clearly the best position for
installation of Dynamic Voltage Restorer (DVR) for optimal performance in cases where there
are many load buses that violate voltage standard threshold rule and reason in choice of

capacitor size used in VVoltage Source Converter (VSC) which is a component of DVR.

Suhas, Nikhil, and Lilachand (2015) presented a review on the Unified Power Quality
Conditioner (UPQC) to enhance the electric power quality on distribution networks. They also
discussed several other custom power device configurations that can be used for power quality
improvement.

The drawbacks of this research work are that authors did not state the measure taken to avoid
over-compensation of the line and also installation of Unified Power Quality Conditioner device

industrially will not be economical.

Rohit and Sandip (2015) proposed the use of Shunt Active Power Filter (SAPF) for eliminating

precisely the voltage and load current harmonic in their quest to improve the quality of power in
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distribution network. The SAPF installed injects a suitable compensating current with 180°
phase opposition such that current harmonics introduced by non-linear loads are cancelled out
and sinusoidal nature of current and voltage waveform restored, thus maintaining the harmonic
content in power lines within the permissible limit of IEEE standards.

The drawback of this work is that there is no explanation concerning the optimal point of

connection of the device within the network.

Ritula and Puneet (2015) presented methods of reduction of distribution losses in 11KV urban
distribution feeder so as to improve the voltage profile by looking into voltage drop calculations
and design of urban distribution feeders. Effects of under-sizing of conductors, poor jointing and
termination of conductors were checked and recommendations were made. Also location, proper
placement and sizing of capacitor banks for improving power factor and harmonics in 11KV
feeders were investigated for improvement but the detailed criteria on the capacitor bank
optimized placement, method on the choice of capacitor sizes were not stated and also other

voltage profile improvement recommendations can be manually achieved.

Mian (2015) developed a system capable of detecting the blown fuse at distribution transformer
and informing the station operator. In distribution transformer, fuses are connected in each phase
to protect the system from overloading. When load (current) in any of the three phases exceeds a
safety limit, the respective fuse is blown and electricity supply of that particular phase is cut off.
The detection circuitry will detect it and microcontroller will process that signal received from
detection circuitry. Microcontroller will access the GSM module and will send sms alert to the
station operator. The drawback is that in a case where the fuses at the three phases are affected at
the same time, the author did not include a design that will differentiate through the SMS sent to

the System Operator, a blown fuse from a no voltage supply.
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Osahenvemwen (2015) presented the evaluation of voltage drop in power distribution networks
by investigating two injection substations in Benin Electricity Distribution Company (BEDC),
both in Ekpoma and Benin City. Authors developed the mathematical modeling for voltage drop
by considering the major parameters of voltage drop which include; size or surface area or
diameter of the conductor, the materials resistivity, the applied load, and thus produced a
mathematical model that the total voltage in a distribution line is the summation of all these

parameters.

V=3 I(i) + fi (2.24)

Where,

I is current

p is resistivity of the conductor

L is the length of the conductor

SA is the surface area of the conductor

P is applied load

The major drawback of this study is that the recommended proposals in reducing the voltage
drop in the investigated distribution networks are meant to be done manually which is bound to

have limits.

Kunal et al. (2015) proposed an innovative design to develop microcontroller based system used
for monitoring voltage, current and temperature of distribution substation and sends GSM sms
alerts to authorized person whenever these parameters exceed the pre-defined limits. The
drawback includes that authors did not state the optimal position of the relay/circuit breaker

which does the controlling.
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Pragati and Titare (2014) proposed ways of minimizing overall losses of distribution system
based mostly on network reconfiguration and capacitor addition on an inter-connected ring main
distribution network. The drawback of the work is that authors did not state the rationale on the

choice of the capacitor size and correct placement in their explanation.

Izuegbunam et al. (2014) evaluated the reliability of Onitsha power distribution network and
also when a photovoltaic/inverter system is connected at the 11KV busbar of the feeder as
alternative or complementary supply source using ETAP simulation software to analyze the
various data obtained from the injection substations. The investigation revealed that before
installation of photovoltaic/inverter system, that there was greater revenue loss due to outages in
the investigated years than after installation of photovoltaic/inverter system. The drawback of
this research work is that authors did not explain in details how/where the photovoltaic/inverter

system was connected and why it was connected at that position along the feeder.

Ohajianya (2014) produced a work that dealt on erratic power supply in Nigeria; causes and
solutions which affects the availability and reliability of distribution network. The author listed
the factors responsible for this erratic power supply and proffered recommendations towards
solving these erratic power supply problems which will in turn improve the performance of

distribution network in Nigeria.

Egwaile and Bello (2014) proposed a design of transformer monitoring system in distribution
network. The drawback of this research work is that authors did not include in their design the
feature that confirms that the affected transformer is still active (transforming and supplying

voltage) before sending SMS and also did not include in the design the part that will always
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indicate when the distribution transformer is not active through SMS despite its service feeder

still active.

Jyotishi and Deeparamchandani (2013) proposed a technique for reducing power quality
problems in distribution network using Distribution Static Synchronous Compensator (D-
STATCOM). This custom power device, during transient conditions provides leading or lagging
reactive power to activate the system voltage stability, power factor correction and generally,
improve the power quality delivered to consumers.

The drawback of this research work is that the custom power device D-STATCOM is too

sophisticated and will not be economical to be industrially implemented.

Karthik (2013) proposed transformer oil temperature monitoring electronic device together with
automatic circuit breaker. Authors designed the system using PIC Microcontroller to monitor the
transformer’s oil temperature continuously throughout its operation. If the Microcontroller
recognizes oil temperature that violates the limit, then the entire unit is shut down by the
designed controlling unit, with the display unit displaying values throughout the process to
inform the current status of the transformer. The drawback is that authors did not state clearly
the connection between the sensor and the ADC (if it is directly or indirectly connected) through
Contactor or Relay and also did not state the calibrated limits for the temperature (for instance,

oil temperature alarm limit and oil temperature trip limit).

Guneet, Brar, and Jaswanti, (2012) presented a research work where they used Static Var

Compensator (SVC) in power distribution system for enhancing the distribution bus voltages,

improve power flow and reduce branch losses. Simulations were carried out with ETAP
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software to validate their proposal but they did not state what inform their choice of two (2nos.)

of SVCs for compensation and their placement on bus numbers 9 and 10.

Amit (2012) proposed a system that sends real-time acquired values of electrical parameters like
voltage, current and frequency through GSM network using GSM modem/phone. This system
sends sms alerts whenever the parameters exceed the pre-defined limits to an electromagnetic
relays which operates the circuit breakers to switch off the main supply. The drawback is that
the authors only presented how to protect the electrical facility from damage but did not explain

how to improve the power or voltage supplied by the transformer.

Nunoo (2012) analyzed causes and effects of voltage drop on 11KV GMC sub-transmission
feeder in Tarkwa Ghana. The outcome of the study shows that voltage drop, total impedance,
percentage efficiency, and percentage regulation are all beyond the acceptable limits. They
proposed a number of solutions to these facts but they could not technically proffer solution to
the effects caused by increased load/current along the line which as well leads to increased

voltage drop.

Thiyagarajan and Palanivel (2010) presented a design of system based on AVR microcontroller
that is used to monitor and control the voltage, current and temperature of a distribution
transformer and protect the system from rise in these parameters. The drawback is that authors
did not state how to compensate the voltage supply to the consumers when the distribution
transformer receives low voltage, stepping it down and thus supplying low voltage as well to

end users.
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Ramesh et al. (2009) presented minimization of power loss in distribution system by considering
the feeder restructuring, incorporation of distributed generators (DG) and placement of
capacitors. The drawback is that authors did not state in details how the distribution feeder
structure should be re-structured, what size of capacitor should be used for compensation and
how the capacitor bank should be placed, how the distribution generators (DG) should be placed

and what location along the feeder.

Kishor, Thakre, and Bodhe (2009) developed a power flow analysis of 33/11 kV distribution
substation and its feeder so as to know the status of voltage and power flow at each bus. The
rated voltage at load end is maintained by installing low rated static VAR compensators (SVC).
With the insertion of SVC, there is improvement in voltage level at various buses, reduction in
system power loss, improvement in power factor and power flow but authors did not explain
vividly the automated principle utilized in achieving their aim and reason supporting the size of

the VAR compensators to be installed and their optimal positioning.

Okundamiya, Udeozor, and Imade (2009) presented a study that looked into investigation and
evaluation of voltage drops taking into consideration Guiness and lkpoba Dam Injection
Substations in Benin. Authors performed an in-depth analysis and evaluation of the amount of
voltage drops in houses along selected streets in Benin City by getting the readings of the
transformer supplied voltage, house-to-house received voltage, currents, power consumption in
each house and they observed that the longer the cable distance, the higher the voltage drop,
which entails that for efficient supply of voltage to consumer, the distance of the consumer’s
service cable from the transformer should not exceed 400m. They are also recommended that
proper monitoring of load connected to transformers, use of standard sizes and qualities of

conductor to distribute power from the transformer will reduce voltage drop but the drawback of
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this study is that the all the recommended monitoring of the transformer were done manually

and not automated.

2.4

2.5

Summary of Reviewed Works

A good number of researchers have produced or developed works on improving the
performance of power distribution networks using various techniques.

Results from most of these research works gave room for further research activities on
achieving a robust power distribution network.

Some of the authors of these research works were not explicit in the explanation of the
technique they applied in enhancing the performance of the power distribution network.
Some of these applied techniques by authors in improving the performance of the

distribution network and quality were observed to be costly when implemented.

Research Gaps on Reviewed Related Works
Reviewed work that dealt on enhancing the availability of power to consumers did not
include a design that monitors and reports distribution transformers when they tripped on

fault (not active) despite their service feeder still active.

. Reviewed work that dealt on enhancing the availability of power to consumers through

monitoring and reporting lost transformer phases or blown low voltage fuse did not show
how the design confirms that the affected transformer is still active (still energized)
before sending SMS of lost phase (blown fuse) to the DSO mostly when the three fuses
were affected.

Reviewed work that dealt on enhancing the availability of power to consumers through

monitoring and reporting of its parameter variables to System Operator did not state
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clearly how the System Operator can identify the actual distribution transformer being
reported faulty from the GSM SMS message.

iv. Reviewed works that dealt on enhancing the voltage delivered to the consumers could
not state clearly their applied criteria and conditions in choosing capacitor size, optimal
positioning of these compensators.

v. Reviewed work that dealt on improving the voltage delivered to the consumers using
Custom Power Devices could not state how the work can avert issue of over-
compensation of the line. Also, the use of devices like UPQC, D-STATCOM is costly
and not economical to be implemented industrially.

vi. Reviewed work that dealt on improving the voltage delivered to the consumers
recommended an electromechanical or manual way of reducing the voltage drop in the

investigated distribution networks.

2.6  Review of Related Key Terms and Concept

This entails brief review and explanation of key terms and words that are related to the research
work itself. They include but not limited to:

2.6.1 Voltage control using switched shunt capacitors

A shunt capacitor generates reactive power to compensate the reactive power demand and
thereby boosts the voltage. Shunt capacitors can be installed in the substation and are referred to
as substation capacitors or along the feeder and as well are referred to as feeder capacitors
(Hemasekhar and Chevireddy, 2014).

In order to properly compensate the reactive power demand that changes from minimum to
maximum, the shunt capacitor may need to be switched during the maximum loading of the
network and to be switched off during the minimum of the network. When the load varies during

the day, the switched capacitors should be properly controlled. Some control variables can be
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used to control switched capacitors, such as time, voltage and reactive power. Time controlled
capacitors are especially applicable on feeders with typical daily load profiles in a long term,
where the time of the switching-on and off of the shunt capacitor can be predicted. The main
disadvantage of this control is that the control has no flexibility to respond to load fluctuation
caused by weather, holidays, etc. VVoltage controlled capacitors are used when the major role of
the capacitor is for voltage support and regulation. Reactive power controlled capacitors are

more effective when the capacitor is mearnt to minimize the reactive power flow.

2.6.2 Voltage control using custom power devices
Custom power devices are power electronic devices used in distribution systems to improve the
reliability and power quality of the system. They are flexible alternating current transmission
system (FACTS) devices used in distribution systems with different application and strategy to
improve the power quality in the network. Custom power devices are classified based on their
applications in the distribution system (Zakaria, Chen, Hassan, Yuan, 2008).
They are classified as follows: (Desale, Dhawale, and Bandgar, 2014)
i. Series custom power device. Example, Dynamic Voltage Restorer (DVR).
ii. Shunt custom power device. Example, Distribution Static Synchronous Compensator
(D-STATCOM).
iii. Series-shunt custom power device. Example Unified Power Quality Conditioner
(UPQQC).
Dynamic Voltage Restorer (DVR) can be used to compensate for voltage sag and swell, voltage
balancing and voltage harmonic distortions (Kumar, Susanna, Manjusha, Suneel, 2016).
Distribution Static Synchronous Compensator (D-STATCOM) can be used in distribution
networks to compensate for power quality problems such as unbalanced load, voltage drop,

voltage fluctuation, unbalanced voltage and harmonic distortions.
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Unified Power Quality Conditioner (UPQC) can as well be used to compensate for load current
harmonic, reactive power compensation, power factor correction, correcting non-load current

and regulating DC circuit voltage.

2.6.3 Optimal selection of capacitors in distribution system

Development and complex distribution system result in several problems such as loss increase
and voltage drop. Past research works show that 13% of total power generated is wasted in the
form of losses at the distribution level. To reduce these losses, shunt capacitor banks are
installed on distribution primary feeders or by the side of load bus. The advantages of the
installation of shunt capacitors banks are to improve the power factor, improve feeder voltage
profile; Power loss reduction and feeder capacity release or upgrade (Bhongade and Sachin,
2016). Thus it is necessary to determine the optimal location and sizes of capacitors in the
system so as to achieve the above mentioned objectives. For optimal capacitor placement, many
different optimization techniques and algorithms have been proposed in the past. Neagle and
Samson (1956), developed a fact that optimal capacitor size is a 2/3 of VAR requirement of the
circuit and optimal capacitor placement is 2/3 of the distance from the substation to the end of
the line. Grainger and Lee (1981) developed a principle that place the capacitor at the point of
circuit where reactive power equals one half the capacitor rating. Baran and Wu (1989)
presented a method with mixed integer programming technique for capacitor placement
problem. Sundharajan and Pahwa (1994), proposed a design methodology for determining the

size, location, type and number of capacitors to be placed on radial distribution system.

2.6.4 Capacitor placement and sizing
The objective of capacitor placement and sizing in the distribution system is to minimize the

total annual cost of the system, which involves minimizing the annual cost of power losses and
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annual cost of capacitor installed in the system when subjected to certain operating constraints.
This is given by;
M
K P I:)Loss + Z Kannc
n-1 (2.8)

Where, P oss IS the total power losses

K® - The annual cost per unit of power losses ((N/KW)

Ko™ The capacitor annual cost (¥/KVAR)

Q' . The capacitor size placed at bus ‘n’ and ‘M’ is the number of candidate buses for
capacitor placement.
To ensure optimal placement, these constraints need to be satisfied:

a. Shunt capacitors limits
Qmax < Qeotal (2.9)
Where, Qmax is the largest capacitor size allowed and Qq is the total reactive load demand.

b. Busbar voltage limits
Vin < Vi < Vax (2.10)
In radial distribution system, Vpmin = 0.9 and Vpmax = 1.06

c. Line power flow limits
Flowy, < Flow,™ (2.11)
Where, Flowy, is the power flow in the mth-line and Flow,," is the maximum allowable power
flow.
No matter how carefully the system is designed, losses still exist in the power system. The losses
in the network are reduced and the voltage profile of buses improved using optimal capacitor
placement. This is achieved through optimal sizing and placement of capacitors on the network.
The problem of optimal capacitor placement involves determining the sizes, locations and the

number of capacitors to be installed on a power system. This is aimed at maximizing the benefits
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to be achieved while satisfying the constraints at certain loading level. In this research work,
capacitor size is assumed as known discrete values. The optimum location for these capacitors is
determined in such a way that it minimizes the power losses thereby reducing the overall cost of

the power system. The problem is formulated as a constrained optimization problem.

2.6.4.1 Methods of determining optimal capacitor placement

I. Loss Sensitivity Factor calculation method

ii. Use of Optimal Capacitor Placement Module in ETAP 12.6 software
Loss sensitivity factors: The candidate buses for the capacitor placement are determined using
the loss sensitivity factors and it shows the bus with the biggest power loss reduction when
capacitor is placed in the network (Dinakara, 2013)
Consider a distribution line with an impedance R+jX and a load of Pess + jQess CONnected between

“p” and “q” buses as shown in the diagram below.

- g-bus
p-bus ‘ R+iX
‘ K™ Line ‘l
Peff + erff

Figure 2.1: Single diagram of a distribution line

Real or Active power loss in the k™ line is given by;

Plossial = Ipg” X Rog (2.16)
But Apparent power Spq = lpq X Vg (2.17)
| = ﬁ
pa
Va (2.18)

Substitute equation (2.18) into equation (2.16)
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S
_ “pq
PLOSS(q) - vV 2 Xqu

q (2.19)
But Spq” = Ppg” + Qpg” (2.20)

Substitute equation (2.20) into equation (2.19)

P?+Q °?
PLoss(q) =pq—2ququ
Vq
2 2
P _ qu qu +qu qu
Loss(q) — vV 2 vV 2
q q (2.21)

Differentiating Power loss Pyossiq) in equation (2.21) with respect to Q;

aF)Loss _ 2XQ pq qu

oQ v, (2.22)

The Loss Sensitivity Factors (OPjoss / 0Q) parameter variables are obtained from the generated
load flow reports of the base (initial) case status of the network and the calculated values are
arranged in descending order. The sequence in which buses are arranged decides the sequence in

which buses are to be considered for capacitor placement.

Optimal capacitor placement module in ETAP 12.6 software: Optimal positioning of the
capacitor bank can be confirmed by the use of the optimal capacitor placement (OCP) module in
ETAP 12.6 software. This helps to confirm the earlier determined candidate buses by the loss

sensitivity factor calculation.

2.6.5 Load/Power Flow Study

Load flow study is used to show that electrical power transmission from generating plants to
consumers through the power grid is stable, reliable and economic. In a three phase ac power
system active and reactive power flows from the generating plants to consumer loads through
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different buses and branches in the network. Load flow is the flow of active and reactive power
in the network. Load flow studies are used to determine bus voltages, their phase angle, active
and reactive power flows through different branches, generators and loads under steady state
condition in the network. In order to obtain a reliable power system operation under normal
balanced three phase steady state conditions, it is required to have the followings:

e Generation supplies the load demand and losses.

e Bus voltage magnitudes should have values close to rated values.

e Generating plants should operate within particular active and reactive power limits.

e Transmission lines and needed transformers should not be overloaded.
Power flow study/analysis is widely used by power professionals during power planning and

operation of power distribution system.

2.6.5.1 Reasons for power flow analysis
The various needs for Power flow analysis are as follows:

e Power flow analysis is used to calculate the voltage drop on each feeder, the voltage at
each bus, and the power flow in all branch and feeder circuits.

e Power flow studies are used to determine if the service voltages or system voltages are
still within standard limits under various conditions, and whether equipment such as
transformers and conductors are overloaded.

o Power flow studies indicate the need for capacitive, or inductive VAR compensation, or
the placement of capacitors and/or reactors to maintain system voltages within standard
limits.

e With Power flow analysis, losses in each branch and total system power losses are also

calculated.
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e It is necessary for planning, economic scheduling, and control of an existing system as

well as planning its future expansion.

2.6.6 Bus classification in power flow studies

Each bus in a power system can be classified as follows:
i. Load bus (P-Q bus)
ii. Generator bus (P-V bus)

iii. Slack bus (Swing bus)

2.6.6.1 Load bus (P-Q bus)
This is a bus at which the real and reactive power are specified, and for which the bus voltage
will be calculated. All busses having no generators are load busses. In this type, V and 6 are

unknown parameters and should be determined.

2.6.6.2 Generator bus (P-V bus)
This is a bus at which the magnitude of the voltage is defined and is kept constant by adjusting
the field current of a synchronous generator. In this type, Q and 6 are unknown parameters and

should be determined.

2.6.6.3 Slack bus (swing bus)

This is a special generator bus serving as the reference bus. The voltage value in the bus is
assumed to be fixed in both magnitude and phase. In this type, P and Q are unknown parameters
and should be determined.

These parameters listed above are:

P — Real or Active Power
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Q — Reactive Power
V — Voltage magnitude
d — Phase angle
2.6.7 Methods of solving power flow equations
The numerical study that produces results of algebraic simultaneous equations also forms the
basis for solution of the performance equations in computer aided electrical power system
analyses e.g. for power flow analysis.
There are several methods of solving nonlinear algebraic equations like power flow analysis
equations, they include:

I. Gauss — Seidel method

ii. Newton — Raphson method

iii. Fast decoupled method

2.6.7.1 Gauss — Seidel method

This method basically rely more on the Gauss method. It involves an iterative process of
solving set of nonlinear algebraic equations. The method bases on an initial guess for the voltage
value, so as to obtain a calculated value of a specific variable which in turn has the initial guess
voltage value being replaced by a calculated value. The process is then repeated until the
iteration solution converges. The convergence is quite sensitive to the starting values assumed.

This method suffers from poor convergence characteristics.

2.6.7.2 Newton — Raphson method
This method was developed by Isaac Newton and Joseph Raphson and was subsequently named
after them. The origin of this method was late 1960s. It is an iterative method which

approximates a set of non-linear simultaneous equations to a set of linear simultaneous equations
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using Taylor’s series expansion and the terms are limited to the first approximation. It is the
most frequently used for the load flow analysis because of its convergence characteristics are
relatively more powerful compared to other alternative methods. If the value assumed is close to
the solution, then the result yields very quickly, but if the value assumed is not close to the
solution then the method may take longer time to converge. This method is also widely used for

solving nonlinear equation.

2.6.7.2 Fast decoupled method

The Fast Decoupled Power Flow Method is a method that bases on a simplification of the
Newton-Raphson method and was reported by Stott and Alsac in 1974. This method offers
calculation simplifications, fast convergence and reliable results and became a widely used
method in power flow analysis like the Newton-Raphson method.

This method is a modification of Newton-Raphson, which takes the advantage of the weak

coupling between P —6 and Q — V due to the high X:R ratios.
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Methodology

This research study employed empirical method, quantitative analysis and simulation processes

in achieving the research objectives.

The empirical determination and values involved the collection of data from the test bed (New

Bussa 15MVA 33/11KYV injection substation).

Quantitative analysis involved the analysis of the quantities of values in the generated reports

obtained from the simulation processes in ETAP 12.6 software.

Simulative processes entails the evaluation of the collected empirical data and measured real-
time data using Electrical Transient & Analysis Program (ETAP 12.6) computer software to
model the test bed (that is, develop the single line diagram of New Bussa distribution network)
and run the network model in the software so as to generate reports for further evaluation and

analysis.

3.2 Description of Environment Test bed

The research study for this dissertation was carried out in 15MVA, 33/11KV injection substation
at New Bussa in Niger State of Nigeria. It is the new site of Bussa around the Kainji Lake dam.
New Bussa is the headquarters of the Borgu Emirate and also the headquarters of Borgu Local
Government Area. New Bussa sits at 9°53'N 4°31’ and the original town of Bussa was located

about 40 km North of New Bussa at 10°13'51"N 4°28'31"E.
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Figure 3.1: Map of Environment under Study (New Bussa Town - 9°53'N 4°31’)

New Bussa injection substation receives power through one bay of 33KV feeder emanating from
132/33KV transmission substation at Dogongeri in New Bussa town. It supplies power to the
New Bussa town through three 11KV feeders, namely: Sabo feeder, Senior Camp feeder and

Township feeder.

The single line diagram, the switchyard layout drawing and the switchyard cross-sectional

drawing of New Bussa injection substation are shown in figures 3.1, 3.2 and 3.3 respectively.
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Figure 3.2: Single line diagram (SLD) of New Bussa injection substation (See attached,

Appendix 2, the SLD of the station printed in A3 paper for clarity)
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Figure 3.3: Switchyard equipment layout drawing of New Bussa injection station (See attached,
Appendix 3, Switchyard equipment layout drawing printed in A3 paper for clarity)
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Figure 3.4: Cross-sectional drawing of Switchyard equipment of New Bussa injection station

(See attached, Appendix 4, Cross-sectional drawing printed in A3 paper for clarity)

Equipment designation as shown in drawings of figures 3.1, 3.2 and 3.3 are:

Qo0 - 33KV Circuit breaker.
Q1,0Q2- 33KV Disconnect switches.
Tl - 33KV Current transformer.
T5 - 33KV Voltage transformer.
F1 - 33KV Surge arrester.

P1 - 33KV Post insulator

MK - Marshaling Kiosk

New Bussa Injection substation as earlier stated has three 11KV feeders that emanates from the
station, they are;

i. Sabo feeder

ii. Senior camp feeder

ili. Township feeder.
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Sabo feeder has sixteen (16) numbers of 11/0.415KV distribution transformers of different
power ratings connected at various points along the feeder.

Senior camp feeder has sixty-three (63) numbers of 11/0.415KV distribution transformers of
different power ratings connected at various points along the feeder.

Township feeder has twenty-four (24) numbers of 11/0.415KV distribution transformers of

different power ratings connected at various points along the feeder.

3.3  Design Materials

Microcontroller (ATmega328P type), GSM Modem (SIM900D), LCD, 415/12V step down
transformers, 220/12V step down transformer, bridge rectifier, voltage regulator (7805), 12VDC
rechargeable battery back-up, paper capacitor, potentiometer, Digital Power Meter (Fluke 345),

Measuring Tape, GPS, Digital Multimeter, ETAP 12.6 Software.

3.4  Data Collection

The data collection involved collection of empirical data from field measurements in New Bussa
distribution network during peak and off-peak loading periods. These empirical values include
data obtained from the injection station about its three feeders, the ones obtained from all the
11/0.415KV distribution transformers within the network and the ones obtained from the
distribution lines within the network.

The collection of data needed for this research work involved visiting New Bussa injection
substation. This was done on many occasions as we interacted with the Network Manager,
Service Engineers and System Operators of the station about the detailed information of the

injection station, its feeders and the associated distribution transformers within the network.
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Various data collected from the Injection substation that were needed for New Bussa distribution
network assessment, were as follows:
I. Single line diagram of New Bussa 15MVA 33/11KV injection substation showing its
feeders.
ii. Switchyard equipment layout drawing of New Bussa 15MVA 33/11KV injection
substation.
Iii. Switchyard equipment cross-sectional drawing of New Bussa 15MVA 33/11KV
injection substation.
iv. List of all the 11/0.415KV distribution transformers connected to each feeder of the
substation and their ratings.
v. Sample copies of feeders hourly load readings from the injection station’s daily log
book.
vi. The route length of each 11/0.415KV distribution transformer from the injection
substation.

vii. Impedance per unit length of aluminium conductors used for the 11KV feeders.

3.5 Evaluation of Collected Data
This involves studying and technical evaluation of empirical data obtained from New Bussa

injection station.

35.1 Conducting the power flow analysis of New Bussa distribution network
To determine the reliability of New Bussa Injection Substation network in supplying power to
the entire 11/0.415KV distribution transformers connected to its three feeders, one had to

conduct power flow study of the distribution network. But before conducting the power flow
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study for the network, there was need to determine the peak and off-peak loading periods of
New Bussa distribution network.

From 8th August to 31st August 2017, empirical data showing the hourly load readings in
Amperes for the three feeders for twelve months period (between Julyl, 2016 to July 1, 2017)
were collected. The copies of these hourly load readings were studied, such that for each
particular feeder, and for each day of the week (Sunday through Saturday) between Julyl, 2016
to July 1, 2017 twelve (12) sample copies of feeder’s hourly load readings for that particular day
were tabulated and their average load readings calculated by adding the twelve samples hourly
load readings in Amperes divided by 12. This process was repeated for the remaining six days of
the week and their average load readings were also calculated. (See attached Appendices 5, 6, 7,
8 and 9, showing samples of hourly load readings for each feeder collected from New Bussa
Injection Substation and also see below Tables 3.1 to 3.21 showing the selected twelve samples
of hourly load readings for each day of the week obtained from the samples of hourly load
readings and their corresponding average load readings for each feeder).

Therefore, to actually determine the peak and off-peak loading periods of New Bussa
distribution network, with the tabulated hourly load readings in Amperes, the average hourly
load values in Amperes were calculated by adding the twelve samples hourly load readings in
Amperes divided by 12. Bar charts were generated for further evaluation and analysis by
plotting average hourly load readings in Amperes with their corresponding times in hours (See
the bar charts as they are presented in Figures 3.5 to 3.11).

A critical study of these bar charts and tabulated hourly load readings in Amperes were
performed to determine the load profile.

The tabulated hourly load readings for each day of the week as obtained from the samples of
hourly load readings and for each feeder were shown in Tables 3.1 to 3.21 and their

corresponding bar charts used for further analysis were shown in Figures 3.5 to 3.11.
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7
8
9
10
1
12
Av. Load| 60| 56| 51| 56| 60| 64| 57| 53| 52| 51

HOURLY LOAD (AMPERES)

for twelve Mondays

ings

Sabo Feeder Hourly Load Readi
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Table 3.4

TIME
(HOURS)

HOURLY LOAD (AMPERES)

00°v¢

00°€C

69| 64
69| 64

58| 56

00°2¢

00°T¢

74| 66| 64 65

78 77| 68 67

64| 60[ 59| 60
68 68| 61| 63|
72 67| 56 61
75 71

70[ 66| 65 68
56( 54 53| 54
74 72| 67[ 62

75 71

00°0¢

79

71
75

00°6T

00°8T

00°LT

for twelve Thursdays

00'9T

39| 38| 51| 64 70| 67[ 63| 60| 59

40 39| 47| 54| 69| 63| 61

00°ST

37 36| 35| 42| 54| 67

40[ 40| 40 55| 58| 67
47] 46[ 45| 63| 74 82

ings

00'vT

00°€T

00°¢t

50[ 47| 46| 45| 43| 41 60| 70[ &0

4| a3 m

00°TT

53| 52| 51| 47| 46| 43| 42] 62| 71

50| 46| 45| 44 42| 40| 37| 56| 65
52| 51| 49| 48| 45| 44| 42| 58| 73

56| 55| 52| 51

51

00°0T

58 54| 53| 51| 49| 48| 45| 44 59| 67 78
52 49| 49| 48| 44| 44| 42| 42| 57| 68[ 79
52( 49| 49| 48| 44| 44| 42| 42| 57| 68 79
50| 47] 46| 44| 43 41

50| 46| 45| 45| 43 41

00°6

00°8

00°L

009

00°S

00'v

00°€

Sabo Feeder Hourly Load Read

00T

62 60] 59 59( 61| 66| 64| 60| 58 57

52 51| 51f 51f 54| 59| 51 47| 46| 43| 43| 43] 41| 41

59| 55| 53| 54| 58| 59| 55| 52| 50| 49| 47
55| 53| 50) 55| 57| 63| 53| 53| 52

63[ 60| 54 57 57) 63| 62 60] 57[ 52
61 60] 57 59 59| 62| 60[ 59| 59
62| 60| 58| 61| 62| 68 58| 55| 53
64 61] 59 59( 60) 64| 59 58] 54 53
66 61) 60 62 62| 67| 63| 61) 60[ 57
59| 55| 53| 56| 57| 60| 56| 52| 51
62 60| 58 61 62| 67| 58| 55| 53
61 60| 58 59( 61) 64| 60[ 58] 57[ 55

Table 3.5

TIME
(HOURS)

2
3
4
5
6
7
8
9
10
11
12
Av. Load| 61| 58| 56| 58| 59| 64| 58| 56| 54| 52| 50| 49| 47| 45| 43| 42| 41| 56| 66| 75|/69.7] 66| 62| 62

HOURLY LOAD (AMPERES)

for twelve Fridays

ings

Sabo Feeder Hourly Load Read

Table 3.6
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for twelve Saturdays

ings

Sabo Feeder Hourly Load Readi

Table 3.7

00°'ve

00°€T

69| 64

00°¢e

00°'1¢C

61 59| 57 65

65( 60| 58 62

76 72| 69| 67
75 73| 68 60

75 71
75 73] 71| 64

67| 65 57| 63
56 54 53| 54
70[ 66| 61 59
56| 54 53| 54
67[ 65| 57[ 63|
68| 68 61| 63

00°0¢C

65

76
76
71
71

00°6T

00°8T

00°LT

00'91

00°ST

37 36| 35| 42| 54| 67
37| 36| 35| 42 54| 67

40[ 40| 38| 58| 69| 77
40[ 40| 38| 58| 69] 77

00'vT

00°€T

00'¢ct

49 46| 45| 43| 40| 58| 66| 71

00°TT

51

53| 54| 51| 50 45| 42| 40| 56| 63
55| 53| 52| 48[ 47| 45| 41 62| 71
52| 50| 49| 45 44| 41] 38| 54| 63
50| 50| 47| 47[ 47| 43| 40| 56| 68| 79
50| 46| 45| 44| 42 40 37| 56| 65

00°0T

52( 49| 49| 48| 44| 44| 42| 42| 57| 68 79

50| 50| 50| 44| 41
50 50| 50[ 44 41

55
53

00°6

00'8

00°L

00'9

00°s

00y

00°€

00T

62( 58| 60 61 64| 59| 57 54| 54 52

62( 56| 53| 55 57) 59| 51| 47| 45| 45| 45 46| 44| 42| 42 42) 41| 55| 64| 74

65 61| 60| 61 65| 68| 61| 61) 58| 57
52 51| 51f 51f 54| 59| 51 47| 46| 43| 43| 43] 41| 41

57| 54| 53| 58| 59| 60| 59| 58| 55
52| 51) 51) 51| 54| 59| 51| 47| 46| 43| 43| 43| 4] 41

56 50| 50 51f 57) 63| 57[ 56| 55
62 60| 58 61 62) 67| 58| 55| 53
61| 56| 54| 58| 64| 67| 60] 52| 51
61 56| 54 58| 64| 67| 60[ 52| 51
60[ 58| 50 53| 58| 60| 58| 56| 54 53
63| 60| 54| 57| 57| 63| 62| 60| 57| 52

2
3
4
5
6
7
8
9
10
11
12
Av. Load| 59| 56| 54| 56| 60| 63| 57| 54| 52| 50| 49| 49| 46| 44| 42| 41| 40| 55| 65| 73|67.6| 65| 61| 62

TIME
(HOURS)

HOURLY LOAD (AMPERES)

Table 3.8: Senior Camp Feeder Hourly Load Readings for twelve Sundays

N O[NNI R N[N N[RN[RSO W
[ 74 B 1 B R R DA BRI Rl P DA A R 1 A
N|N[N[N|N|[N|N| N[N N[N S

. SR INREFNERRNEREIREE]
[ 4 B B N BN B R B EINY NI R I R B A ]
NlN|N|N|N|N| NN NN Nf SN
olg[o[alo[m[xolvlrs ol ~
oo.NN108076488M667
n|O|N[A|NN]N NN NS N]N

. RN R RN R R R AR
00Tl oo RN|ON] @
N |N|A|N|N|N[N[NfNfNfp N

. olololo[mlolg[g[ ][]0l v
ooogl|d|o|o|o|lo|lx|olo|a|d|l]| @
el Kl R R RG I Gl RO K Kol Kl Ka Kaad Ka A Kl
—olo[olx[m[v][alo[wvu[alal =
00°6T| (||| ||| N|S| ]| @
NN|N|N|N|N|N[N|N[N[Of NN

N NI R EEEEEINREY
008T| 2D || R DOIRIRIR[IN[N]| S| 0| @
NN|N|N|N|N|N[N| N[N NN

N R EIRR N EIRRN N BRI
00°LT| QD | 0[N O|N|O|O|O|NN[0]0f N
N|N[N[N|N|N|N|N|[N|N[N|N| N

. olg[olo]alo[lo]afalunla] ©
09T N[ ||| F|[O|D|[D[dh|0|n] ©
NlN|N|N| NN N[N NN N NN

. 53888M3617610
00°'STIN|[O| N[O O[OS ©
ANl || N NN N[N N[N SN

. NEFEITNNENEEIREIRNERNEE
00PN ||| ([v|[Fd|wv|n| 1
NlN|N|N|N|N|N[ NSNS

N RINN RN NNREIEEIRRIE
[ R NI BRI B A B P I A K E=1 R A B I A
NN|N|N|N|N| N[N N[QNf NS

N ola[olalalolwvu[so[olwvl<] =
(1[4 B R R B BN A A BN RS 1 A BRI A
N|N|[N[N|N[N| | N[N H [ NS

. NI RREEINRNERERE
0TIV vIvV|FIN|[O|N|D|N|ON|O| N
N|lN|[N[N|N[H| N N[N H [N L~

N SINEIEINERNRIREREFE RN
00T V[NV [TF|N|[O|N|N|H| 0[N0
NlN|[N[AN|N[H| N N[N H[ ] HL N
N EIFIREINEIRERE R
(LN B = S R B K I BRI B k=1 I BRI NI B &
NlN[N[N|N[H NN AN A~

ol 0o olalm[ololal~al o
[0 %] = B A INY B E=1 A B BN BRI K21 BN
NN N[ RN N[N H[ ] =L N
IR EIEFEIRRNEBEERNEER)
[ A B BRI DA R I BN AN B 1 B A BRI B 1 B <A
] K A S K L K S N K R K K T K I
NNEIBEIFPBEERRBREEEBRE
009~ XY ||| o«
N|lT| N[Nl H| N N[ ]~ HL N
alo[d[alolulo[gdI[2]w] =
000G OR[NNSO d| | &
N|ld|N|[N|N[F|N| N[N Q] =L~
oo m[undldo[olal~]<]| ©
[ R BTN BN B BN A B BN A =1 AN T K2 I Y
N|lH|N[N|N[F|N| N[N Q[N =L~

B R T BRI R E N BRI B I B BRI S A
oogloln|N|[SF IN[N[HOS(n|D|N|df =
Nl N[ N|N[H|N| R[N AN E]
IR EIR N RNRNEINEE
00| X[ ||| N[N R| &
N|ld|N[N|N[FH|N| N[N N[N H]
NN EIRNE R E R RREIEIRBS
[ [0 0 N R R B I A A AR A K )
N N[N|N[F]| N N[N N[N =] N

o

©

o

-

.

>

<

TIME
(HOURS)

1

2
3
4
5
6
7
8
9
10
11
12

HOURLY LOAD (AMPERES)

TIME
(HOURS)

1

2
3
4
5
6
7
8
9
10
11
12

e ENEREERERREEE
w 150 RN IRl RN U RS RN R M It RN P
> SN RNEIRE RN EIE R
(4] 00°€e| ||| Nl NN S|V N
S NN|N[N|N[d| N[N N[ = d| N N
N[N olN[[o[wo|w
c oo.-%110%N990907m
o N|ln|[om|®|N|on| N[N AN BN @
NENEIRINRERERR R EE
M [ Y4 =1l Bl Rl R 1 R I R B N =1 B A =)
Ao B[] N[N]|A[B| 0| B
I EIRMRNERRNEEE IR
5] o000zl S| N|a|o|lo|la|o|ao|a|o| =
> IR R R I R IR R R Kl K )
=
niglwvnlg|wv|ld|-o|d N[ ©
D] oo6r|ld|o|d|d]a|a|NIR|o[D]| | 0
W NN | N[N AN Ao N &
MR ARREIERINNRNERE
+ 008 o|w|a|~N|n|o|n|O|o|S|o|o] »
o N|IN[N|N| N[N N[N s o o]
(@] A Ol d[olm[ox[mnlas[wn]o] o
y— 00°LT| ||| R[] ||| 0| N
N|N[N|N|N|N|N|N|N[N[N|N| N
[2) IR EIRNEEINRENEIE)
O 00970 Q||| m|[d|TS| ||| v
c B R B B a1 R N S R B R G
AR REEREBEREREEE
o) BRI N B B B M R RS A R I G
I NEEEEEEEEEERE
) N|N[N|[N| N[N N[N N[N NS
o SR EINEINNEIRIMIE R
oo.m.n665523914311M
) NlN|N[N| N[N H[ N NN N NN
NN RNERNEREIFNE)
o [0 ] 4 BSA A R A BN NI B 1 K< 1 A BRI BRI E<1 X
(@] N B N G N S R B I RN 1 R I R
| e NNERINREREREN RN EE
S 00T 5| 3| 3| §|R|<| S| K| 8|]|R|]L N
— 000T| SIS N|o|S|a|ln|o|S|a| N
S NIRRT N R R I I IR
NN EREIREFNEEREEEE
o 00'6] || v| T Al a|[un|n|[o|S| ;o
NN[N[N]| NN N[H N[N ][R
I N R FHRE NN EIEIRN RN EIE
[ R Bl R 1 R R I R B I BN 1 E=1 R A R 1 K= 1 B =] A
[ NN NN N N[ NN R NL A
(D] Slolunnlalolo|lalo|uvn|olm|=] N
ool Q|oInN|Y|nfV|lo(B|n(n|lm|v] ©
e ] B N S R R R B R R B R R
D N RN E NN EIRRNEIEA
D 009 ||| RN T[T S| ©
I N R R B R T NI BRI RN RN R R
LL R EBERNRRRNNEERRNEES
[ BN A A I I N R I E= 1 R R R A R R
o N B N s N R R B T R S T S Y
M NEREERNEEBRE R
m ovlo|ln|g|s(N|o[o]|®|w Nl m
N BRI B N S R B R BT M BT Y
3] N RERBEENEEERE
@) ooglo|n|g|T(N|olo| N alo|l &
NIRRT
b SR ARIDSRS AR S] &
) oozlR|lo|ST|n|[N| S| [0 N
O NN N[N N[N R E| SN = LN
o[ [nalo[m[aloN[o]
c 0TI O[S [0 S| A
(«D] N|N|[N|N|[N[N| N[N N[N H QN
) ©
.. (5]
o S
i
™ >
) <
O
©

HOURLY LOAD (AMPERES)

45



Table 3.10: Senior Camp Feeder Hourly Load Readings for twelve Tuesdays
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00°'t¢

Table 3.11: Senior Camp Feeder Hourly Load Readings for twelve Wednesdays

00°€¢

00°¢e

00°TC

00°0¢

00°6T

00°8T

00°LT

00°9T

00°ST

001t

00°€T

0o0°ct

00°'1T

00°0T

00°6

00°8

00°L

00°9

00°s

00°Y

00°€

00T

274[261| 261{287]291(292)|319(287| 248]250| 252|263| 272| 273|275[275| 276( 277| 321| 325[320] 320| 290| 277,

294(271| 244{256|272|276|277(268| 249|256|257|271| 272| 265|261(260( 254 268| 310| 316{318| 320| 304 296

262|258 252(243|247(262)|278(270| 261|273|276|279| 283| 293| 268(263| 273 281| 301| 317(315| 306| 288| 277,
229225 222{219]|231(298)|299(213[ 200]191| 216| 218| 241| 236| 233|244 244 255| 296| 296(293| 284| 264| 236)

230] 211 214|216|231|248| 250| 215| 207{206| 209| 208| 216|221(222|226| 229| 258 292| 295|278| 282 273| 248
187] 185| 184/199|200)210|213|177{ 174{175|179|179| 182|196|197|212( 240 256| 257 260{241| 233] 200{ 200,
243|239 237{260]259(277)279(215| 204]|201| 205| 206| 214| 230| 246(271| 294 283| 285| 295[288| 264| 260| 251,
240( 240 239(240]240{251)253(212{202]200] 200{199| 217|220|238(247{ 270{ 290| 300| 306{285| 274| 283 252

272[269| 264(258|252|256|257(260( 242|241| 244|252| 258| 259|268(265( 264 271| 282| 315{314| 307| 301 278
292| 269| 242|254]|270|274)|280| 266| 247(254| 255| 269| 270| 271{274|275] 278| 280( 289| 295|293| 283( 275| 296
241 239| 238 240|245(247)250{221{ 200|204| 209| 222| 223| 247|252(257| 254 258| 278| 303(304| 304| 284| 259
203] 199( 190]226|227|230]231)| 206| 196{195| 215| 223| 233| 239(246|254| 289 290| 272| 281|272| 239( 203| 212

TIME
(HOURS)

1

2
3
4
5
6
7
8
9
10
11
12

Av. Load| 247|239 232|242|247|260| 266|234 219| 221| 226(232| 240 246| 248|254 264| 272 290| 300|293 | 285| 269| 257,

HOURLY LOAD (AMPERES)

Table 3.12: Senior Camp Feeder Hourly Load Readings for twelve Thursdays

00°v¢

00°€C

00°¢e

00°T¢C

00°0¢C

00°6T

00°8T

00°LT

00°91

00°ST

00°vT

00°€T

oo'ct

00°TT

00°0T

00°6

00°8

00°L

009

00°s

00’y

00°€

00T

276|268 265[267|267|288)|290(275( 250]|253| 255/ 255| 258| 260|264(273[ 276{ 291| 298| 314{279] 279| 260| 286

235|228 208| 220] 221|237|239| 220| 207{210] 213| 220| 226| 229(230|238| 247| 265 283| 312|299| 292 253| 247
161| 159 158(200|225|239|255|213| 184{188| 190|192 193| 199|204|209| 223 237| 280| 295[270| 267| 261| 215)
247(242( 239[240]242|253)|269(226{ 200]| 201|204/ 207| 210| 212|235(244{ 250( 260| 266| 290{263| 245| 240{ 256
173] 168| 163(192|200|206|209|171| 161[{170|174|184| 189| 210|233 |254| 268| 272| 276| 299(284| 266| 254/ 185)
233[229( 222{236|250(252)266(231{ 216|218 220|227| 237| 246|252(261| 268 269| 273| 286(264| 262| 257| 241
240] 239| 229|239|246|253| 257|232| 216{219] 223| 225| 230| 234(253|258| 266| 273 279| 296|285| 273 268| 258
181] 178 172(188]205|215]229|213| 182{199]200| 205{ 215|229|242(249( 275| 279| 288| 293(289| 267| 249 190,

272[260| 259(263|264(278)|286(277( 230]|234| 236 239| 241| 249| 259(260| 266 268| 289| 313(312| 300| 285| 275)
274[268| 240(242)244/295|305(283[ 260|265|268| 270| 270| 272)|282(284{ 286( 299| 306( 315{309] 305| 295( 277,
292 269| 242(254|270(274)280(266| 247|254| 255| 269| 270| 271|274(275| 278 280| 289| 295[293| 283| 275| 296
241|234 227{234)|258|267)|314(236( 229]229|232|236| 237| 256|262(262| 260 264| 287| 321{313| 283] 267| 258

TIME
(HOURS)

1

2
3
4
5
6
7
8
9
10
11
12

Av. Load| 235| 229| 219(231|241(255|267|237| 215|220( 223| 227| 231| 239|249 256| 264| 271| 285| 302|288| 277| 264| 249

HOURLY LOAD (AMPERES)
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Table 3.13: Senior Camp Feeder Hourly Load Readings for twelve Fridays

00°vC

00°€c

00°¢¢

00°T¢C

00°0¢

00°6T

00°8T

00°LT

00°91T

00°ST

00°vT

00°€T

oo'ct

00°TT

00°0T

00°6

00°8

00°L

009

00°s

00°Y|

00°€

00T

238[ 231 219(227)229|258| 263(245( 224|230| 233| 247| 249| 253|257(275( 286 295| 301{ 317{310) 289| 270{ 255)
219213 211{212|224(234) 280|265 244]250| 253| 259| 260]| 265|269(271| 276 278| 291| 300{285| 280| 265| 236)

270] 251 231|247]249|283| 298| 270| 238(240| 244| 245| 246| 249(253|257| 260| 270 280| 289|276| 265( 243| 282

248| 235( 219(221|228|251|270(240| 218]222| 224| 245| 256| 258| 263[265| 269 270| 275| 284(277| 248| 237| 252
216[205( 204{209|216|236|258(234{ 207]210]222|231| 233| 235|236(239( 241 241] 269| 308(281) 298| 270| 220,
247(231| 219(221]229(236|256(222( 201]|203| 204| 215| 226| 230| 240(242| 245( 246| 277| 292(289| 281| 273| 252
232[227| 226{226|229|236|256(256( 244]221|226|228| 228| 231|235[235| 243 255| 295| 305{302| 290] 272{ 251
235[227( 220{203]|221|270)275(228( 209]|213|217|228| 230| 233|237(240( 241 245| 253| 287(284| 280| 265| 240,
231 229| 228[259|263(271)|276(256| 218]220| 225|229| 232| 237|250{254 255 260| 274| 296(289| 273| 270| 242
243[238| 237(248|260(278)|280(240( 212|214|224|236| 240| 243|262(281{ 287( 297| 298| 302{290] 276| 265| 255)
249|244 240(243|247(250) 260(238| 211]220] 225|230| 234| 239|260(272| 285 293| 300| 306{301| 287| 263| 252
233[ 228 211{228|235(252|262(234{ 201]|204|207|213| 216|221|230(246 248 253| 261| 266(247| 209| 197| 245)

TIME
(HOURS)

1

2
3
4
5
6
7
8
9
10
11
12

Av. Load| 238| 230| 222(229|236(255|270|244| 219|221(225|234| 238| 241|249 256| 261( 267| 281 296|286| 273 258| 249

HOURLY LOAD (AMPERES)

00°'t¢

00°€¢

00°¢e

00°TC

00°0¢

00°6T

00°8T

00°LT

00°9T

00°ST

0011

00°€T

00°ct

00°'1T

Table 3.14: Senior Camp Feeder Hourly Load Readings for twelve Saturdays

00°0T

00°6

00°8

00°L

00°9

00°s

00°Y

00°€

00T

250( 234 221{228|231|239)241{243| 246|250| 254 260| 272| 275|278(280| 283 283| 296| 300{290| 288| 277| 261,
248[235( 219(221]228|251)|270(240( 218]222| 224|245| 256| 258|263[265( 269 270| 275| 284(277| 248| 237 252

232227 226{226|229|236| 256|256 244|221|226| 228| 228| 231|235[235( 243 255| 295| 305[{302| 290| 272{ 251

235( 228 208(220]221|237)239(220{ 207]|210]213|220| 226|229|230(238| 247 265| 283| 312(299] 292| 253( 247,
229|224 220]216|205|215|198| 225| 163(202| 157| 206| 214| 214(197|204| 187 216 250| 288|288| 261 246| 234
222(214{ 212{215|230(255|271{215] 215]|207)| 209| 218| 223| 227|248(248| 257 255| 270| 300{296| 271] 253| 240,
243[239( 237(260]259(277)279(215( 204|201 205/ 206| 214| 230|246(271{ 294 283| 285| 295(288| 264| 260| 251
219( 213 211{212]224(234) 280|265 244]250| 253| 259| 260]| 265|269(271| 276 278| 291| 300{285| 280| 265| 236)
240( 239 229(239|246|253)|257(232( 216|219|223|225| 230| 234| 253(258( 266 273| 279 296(285| 273| 268| 258
272[269| 264|258|252(256| 257|260 242|241| 244|252| 258| 259| 268|265 264( 271| 282| 315[314| 307| 301 278|
253(247( 232{240]241|244)|248(221{ 200]213|227|228| 231] 240|251{260( 263[ 271| 298| 307(289| 287| 273 258,
270] 251 231|247)249|283| 298| 270| 238(240| 244| 245| 246| 249(253|257| 260| 270 280| 289|276| 265( 243| 282

TIME
(HOURS)

1

2
3
4
5
6
7
8
9
10
11
12
Av. Load| 243 235| 226|232(235|248| 258(239| 220(223| 223| 233| 238| 243|249|254| 259| 266| 282| 299(291| 277| 262| 254

HOURLY LOAD (AMPERES)

Township Feeder Hourly Load Readings for twelve Sundays

Table 3.15
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00°v¢

Township Feeder Hourly Load Readings for twelve Mondays

Table 3.16

00°€T

00°¢e

00°T¢

00°0¢

0061

00°8T

00°LT

0091

00°ST

00°'vT

00°€T

00°¢t

0011

00°0T

006

00°8

00°L

009

00°S)

00'v

146| 140| 134] 140(144|154|163| 135| 130|125 123{122| 120| 133| 136| 140| 139| 153 160| 183] 177| 171| 159| 152

144|139 127] 130{131{140|144| 141) 135|131 130{126{ 123| 134| 141| 144 145| 161 169| 179| 174|172| 160 146
139] 129] 121] 126{128|136|157| 155| 143|135 126{123| 119 122| 128| 131 136| 159 161 178| 173| 161| 157| 147
147 136| 123] 130{131|140|150| 139| 136|132 129|124 121| 140| 142| 145| 150| 174 181 183| 181| 170| 155 154
130] 128| 116| 125[128(134|145| 144| 142|138 136{132( 127 130| 144| 146| 147| 161{ 171 173| 167| 146| 141| 139
126| 118| 115| 116/124|148|158| 140| 136|132 126(121| 117| 128| 135| 143| 146| 148| 156| 158| 150| 148| 139| 131
125|114| 105| 110{119({134|143| 139]| 131|120 118|115[ 111 124| 134| 137 145| 163( 171| 183| 172|167| 163| 129
124 118| 106] 109{115|131]147| 142| 140|131 126{122| 115 126| 128| 130| 139| 151 174 184| 172| 170| 162| 138
101| 100] 95| 104{107{111]137| 132| 130|126 123|120 106| 119| 135| 141| 163| 178[ 181 186| 180| 178| 157| 114
118| 113| 110] 123{126{143|151| 147| 132|131 125{123[ 120 127| 131]| 141| 147| 150 153 162] 159]| 157| 142| 135
137| 114| 106| 123|126|140| 149| 145| 136|134 120{112| 100| 124| 142| 152 158| 171 179] 189| 183| 179| 165| 148
124|117]| 106| 118{131{145|155| 150| 136|132 125{122( 118| 131| 142| 149 154| 169( 170] 179| 158| 151| 144 128

1

2
3
4
5
6
7
8
9
10
11
12
Av. Load| 130 122 114| 121(126|138| 150| 142| 136(131| 126|122 116 128| 137| 142| 147| 162| 169| 178| 171| 164| 154| 138

TIME
(HOURS)

HOURLY LOAD (AMPERES)

Township Feeder Hourly Load Readings for twelve Tuesdays

Table 3.17
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Table 3.18: Township Feeder Hourly Load Readings for twelve Wednesdays
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Township Feeder Hourly Load Readings for twelve Thursdays

Table 3.19
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Table 3.20: Township Feeder Hourly Load Readings for twelve Fridays
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Table 3.21: Township Feeder Hourly Load Readings for twelve Saturdays
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With reference to Tables 3.1 through 3.21, which were the empirical values obtained from New

Bussa injection substation, showing the daily hourly load readings in Amperes for the three

feeders in the network, bar charts were plotted for further evaluation and analysis of load profile

for the three feeders in the network.

The bar charts are shown in Figures 3.5 to 3.11,
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Figure 3.5: Chart showing Hourly Load Profile for Sundays

Daily Hourly Load Readings for Mondays

350 A

w
8

250
M Sabo Feeder

N
8

M Senior Camp Feeder

150
™ Township Feeder

3

%))
o
1

Average Load Current (Amperes)

LT

1 3 5 7 9 11 13 15 17 19 21 23
Daily Time (Hours)

o
1
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Figure 3.7: Chart showing Hourly Load Profile for Tuesdays

Daily Hourly Load Readings for Wednesdays
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Figure 3.8: Chart showing Hourly Load Profile for Wednesdays

Daily Hourly Load Readings for Thursdays

350 -~

300

250

200

150

100

50 +

Average Load Current (Amperes)

o -

1

3 5 7 9 11 13 15 17 19 21 23
Daily Time (Hours)

M Sabo Feeder
m Senior Camp Feeder

= Township Feeder
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Daily Hourly Load Readings for Fridays
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Figure 3.10: Chart showing Hourly Load Profile for Fridays
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Figure 3.11: Chart showing Hourly Load Profile for Saturdays

To conduct the load flow study of New Bussa distribution network, certain real-time data
obtained from the network were entered into power simulation software called Electrical
Transient and Analysis Program (ETAP 12.6). This was to carry out the computer aided power
flow analysis of New Bussa distribution network. Power flow model of New Bussa distribution
network was generated and was used to characterize the performance status of the network.
These real-time data include;

i. Names and ratings of all distribution transformers (11/0.415KV) in the network.
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ii. Load readings (Apparent power) for each transformer.

iii. Power factor of each load.

iv. Impedance (resistance and reactance) per unit length of the bare aluminium conductors

and cables used for distribution line.

v. Route length of each distribution transformer.

vi. Swing bus (33KV bus)
These real-time transformer data for New Bussa network were obtained from 1st September,
2017 to 30th September, 2017 from all the 11/0.415KV transformers in each feeder. They are

tabulated as shown in Tables 3.22, 3.23 and 3.24;
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Table 3.22: New Bussa Distribution Empirical Data for Sabo Feeder

PEAK PERIOD OFF-PEAK PERIOD

o | TRANSFORMER | o | R | Faton | powes | APPARBT | Do | AppaRENT

DESIGNATION (km) PE KW POWER KVA KW POWER KVA
1 |AwuruS/S1 200KVA 28.1 0.73 28.62 39.15 14.88 20.36
2 |Awuru S/S 2 200KVA 28.9 0.66 27.59 41.87 11.86 18.00
3 |Fukun S/S 200KVA 10.1 0.80 31.03 38.68 12.10 15.09
4 [NAPTIN School 500KVA 12.5 0.74 19.14 25.86 25.84 34.92
5 |Nassarawa Grinder 200KVA 15.5 0.59 27.73 46.77 15.81 26.66
6 |GDSS Nassarawa 100KVA 15.1 0.76 29.43 38.82 22.07 29.12
7 |Nassarawa 1 500KVA 14.5 0.59 31.74 53.98 20.63 35.09
8 |Nassarawa 2 315KVA 14 0.83 33.00 39.96 2211 26.77
9 |Manyara S/S 300KVA 10 0.63 31.28 49.88 15.33 24.44
10 [Sabo 1 315KVA 18 0.75 28.80 38.46 10.95 14.61
11 |Sabo 2 200KVA 18.5 0.61 34.34 56.20 10.30 16.86
12 |Sabo Grinder 200KVA 175 0.77 32.85 42.83 12.15 15.85
13 |National Park HQ 200KVA 9.1 0.84 34.57 41.40 26.97 32.29
14 |Federal College of Wildlife | 300KVA 12 0.79 30.38 38.40 39.49 49.92
15 |MTN Wildlife 100KVA 115 0.66 32.05 48.85 28.84 43.97
16 |[MTN Nassarawa 100KVA 12.1 0.59 24.75 41.74 23.27 39.23
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Table 3.23: New Bussa Distribution Empirical Data for Township Feeder

PEAK PERIOD OFF-PEAK PERIOD

| TrORMER | U | POWER | ATV | popana | AT | porsc

DESIGNATION km) PE W POWER KVA W POWER KVA
1 |SS 40 Roundabout 300KVA 4 0.68 58.38 85.72 26.27 38.57
2 |Old Dogondari 300KVA 4 0.81 66.92 82.42 36.81 45.33
3 |Koro1 500KVA 4.2 0.75 53.59 71.16 25.19 33.45
4 |Koro Grinder 200KVA 4.15 0.81 54.16 66.95 27.08 33.48
5 |Koro Radio 200KVA 4.05 0.84 41.06 48.83 55.44 65.92
6 |Emirs Guest House 330KVA 5.1 0.68 52.51 77.33 39.38 58.00
7 |SS 13 Manchester 500KVA 6.1 0.74 63.52 86.07 41.29 55.94
8 |Army Engineer 300KVA 5.8 0.79 71.00 89.54 60.35 76.11
9 |New Quarters 500KVA 5.4 0.70 62.48 89.64 46.24 66.34
10 |Jobice 200KVA 6.4 0.86 46.12 53.88 36.89 43.10
11 |Jevohah Witness 500KVA 7.1 0.86 69.83 81.10 30.03 34.87
12 |Lafia Spot 100KVA 7 0.76 43.21 56.55 25.92 33.93
13 |Agip 500KVA 7.5 0.86 71.74 83.41 55.95 65.06
14 |Niger Water Booster 200KVA 7.1 0.60 46.10 77.49 33.66 56.56
15 [General Hospital 300KVA 7.5 0.81 67.62 83.59 60.86 75.23
16 [Dantoro Road 500KVA 6.8 0.66 54.84 82.59 29.07 43.77
17 |FGGC 500KVA 6 0.75 39.88 52.96 57.82 76.79
18 |Hydro 300KVA 6.1 0.80 56.54 70.41 22.61 28.16
19 |Old Market 500KVA 5.8 0.69 54.77 79.61 31.22 45.38
20 |Fisheries School 300KVA 8.2 0.74 50.68 68.30 60.82 81.97
21 [Fisheries Quarters 300KVA 8 0.79 59.22 74.59 22.50 28.34
22 |NIFFR Sec. Quarters 500KVA 6.2 0.84 49.03 58.58 19.61 23.43
23 |NIFFR Senior Quarters 1 | 300KVA 7.2 0.87 52.69 60.49 27.92 32.06
24 |INIFFR Senior Quarters 2 | 300KVA 6.8 0.71 41.43 58.76 25.68 36.43
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Table 3.24: New Bussa Distribution Empirical Data for Senior Camp Feeder

PEAK PERIOD OFF-PEAK PERIOD
ROUTE POWER | ACTIVE ACTIVE
SIN TRANSFORMER RATING | LENGTH | FACTOR | POWER APPARENT POWER APPARENT
DESIGNATION km) PE W POWER KVA W POWER KVA
1 |Govt. Sec. School 300KVA 1.5 0.82 51.14 62.60 24.55 30.05
2 |Technical Junction 300KVA 1 0.59 102.16 172.57 41.89 70.75
3 |Dantoro Lodge 500KVA 1.9 0.66 101.74 154.62 38.66 58.76
4 [Niger River Basin 300KVA 3.1 0.79 94.18 119.07 32.02 40.48
5 |Local Govt. Quarters 200KVA 2.5 0.54 51.73 96.70 18.11 33.84
6 |NIFFR HQS 500KVA 2.9 0.60 94.75 157.39 27.48 45.64
7 |Nedudu Estate 300KVA 2.8 0.84 159.50 190.34 55.83 66.62
8 |NIFFR Junior Quarters 300KVA 3.9 0.69 97.89 141.88 28.39 41.14
9 |Tudun Wali 500KVA 4.9 0.56 98.28 176.44 33.41 59.99
10 |Kwarin Wali 200KVA 5 0.87 83.67 95.74 23.43 26.81
11 |Anglican Church 1 300KVA 5.2 0.76 124.38 163.22 28.61 37.54
12 |Anglican Church 2 500KVA 5.6 0.59 112.00 190.47 29.12 49.52
13 |Mil Quarters 1 500KVA 5.9 0.74 123.42 166.55 34.56 46.64
14 |Mil Quarters 2 150KVA 5.7 0.69 87.58 126.93 20.14 29.19
15 |Baba llorin Farm 100KVA 6.1 0.80 56.37 70.37 27.62 34.48
16 |Monai 100KVA 12.1 0.76 49.17 64.79 11.31 14.90
17 |Yuna 300KVA 15.2 0.61 106.84 174.58 26.71 43.64
18 |MESL Water Treatment [ 150KVA 11 0.71 73.49 103.07 17.64 24.74
19 |[Niger Water Plant 1IMVA 16.2 0.87 278.53 318.69 130.91 149.78
20 [MESL Water Intake 500KVA 12.1 0.90 110.20 122.04 68.33 75.67
21 |MESL Water Reserviour [ 500KVA 8.1 0.76 107.12 141.31 40.70 53.70
22 [Old Army Baracks 250KVA 8 0.71 95.36 133.75 22.89 32.10
23 [Baba llorin House 100KVA 7 0.79 33.00 41.82 7.59 9.62
24 [Waziri Primary School 500KVA 8 0.55 171.37 312.14 37.70 68.67
25 [Bussa Town Hall 500KVA 6.5 0.64 114.53 179.79 21.76 34.16
26 |Aligani 500KVA 8.9 0.62 122.53 197.95 35.53 57.41
27 [Kidagba 500KVA 9 0.74 91.77 124.36 16.52 22.38
28 |MTN 200KVA 8.5 0.88 47.44 53.72 13.76 15.58
29 [UBA 200KVA 8.2 0.89 39.79 44.66 23.48 26.35
30 [KEYSTONE 200KVA 7.9 0.59 30.31 51.46 18.19 30.88
31 [Borgu Community Bank 100KVA 8 0.66 21.98 33.10 10.33 15.56
32 [Luma Road 500KVA 9.5 0.76 187.52 246.74 50.63 66.62
33 [Ngaski 500KVA 9 0.84 94.55 112.83 19.86 23.69
34 [Elshadai 150KVA 9.9 0.76 74.12 97.39 18.53 24.35
35 |Niger Crescent 150KVA 10.5 0.74 63.67 86.63 19.10 25.99
36 [Kaduna Drive 300KVA 11.1 0.60 93.24 155.66 29.84 49.81
37 |NAPTIN Guest House 1 [ 300KVA 12 0.91 65.74 72.16 26.30 28.86
38 [NAPTIN Guest House 2 | 300KVA 12.5 0.91 69.42 76.62 33.32 36.78
39 [zaria Way 150KVA 12.9 0.65 77.83 120.30 13.23 20.45
40 |Kadariko 150KVA 13.6 0.58 81.04 140.20 21.07 36.45
41 |Kuruwasa 300KVA 17 0.85 98.53 115.65 21.68 25.44
42 |Corpra Below S/S 300KVA 10.1 0.76 121.58 159.13 40.12 52.51
43 |BF1S/S 100KVA 9.4 0.52 48.74 93.38 16.57 31.75
44 |Hanger S/S 500KVA 8.9 0.64 86.69 134.83 30.34 47.19
45 |MT Yard S/S 200KVA 8.7 0.78 86.46 110.99 17.29 22.20
46 |TFT S/S 300KVA 9.1 0.72 105.47 147.51 18.98 26.55
47 |Clinic S/S 300KVA 10.4 0.77 79.92 104.20 31.17 40.64
48 |Water Treatment 300KVA 9.9 0.69 96.77 140.45 34.84 50.56
49 |BSW S/S 315KVA 10.2 0.84 82.83 99.08 15.74 18.83
50 [Mammy Market 300KVA 8.6 0.91 146.64 161.67 41.06 45.27
51 |Officers' Mess 750KVA 10 0.86 177.62 205.58 30.20 34.95
52 [Rader S/S 300KVA 11.1 0.78 108.38 138.24 20.59 26.27
53 |SNCO S/S 500KVA 11.2 0.79 113.56 143.21 17.03 21.48
54 [SOQ S/S 500KVA 12.2 0.74 95.39 129.61 13.35 18.15
55 [Donia Camp 500KVA 13 0.85 96.12 112.81 20.18 23.69
56 |[Chinese Quarters 200KVA 12.2 0.87 92.37 106.53 29.56 34.09
57 [Motel Annex 500KVA 12.1 0.59 88.53 149.55 53.12 89.73
58 |llorin Road 500KVA 11.9 0.75 123.65 165.52 38.33 51.31
59 [Senior Camp C/T 150KVA 10.9 0.80 67.33 84.69 21.55 27.10
60 |D4S/S 500KVA 10 0.87 121.43 139.89 31.57 36.37
61 [GRA SIS 300KVA 11.2 0.84 116.74 138.48 44.36 52.62
62 [Catholic Church 150KVA 11 0.80 47.35 59.04 10.42 12.99
63 [Katamaya Hospital 250KVA 12 0.77 74.95 97.85 27.73 36.20

Where; PF — Power Factor; KW — Kilowatt; KVA — Kilovolt-ampere




To generate a load flow model of New Bussa distribution network, the various real-time
empirical data listed in Tables 3.22, 3.23 and 3.24 obtained from the network were entered into
the ETAP 12.6 simulation software for peak and off-peak loading period respectively. The New
Bussa distribution network model (Single line diagram of the network) is shown as Figure 4.1 in
chapter 4. The generated load flow reports for the network under review, for both peak & off-
peak loading periods are shown in Tables 4.1 & 4.2 while the branch power losses summary
reports for both peak and off-peak period are shown Tables 4.3 & 4.4. These generated reports
were analyzed in chapter four to determine the performance status of the New Bussa distribution

network (characterize New Bussa distribution network).

3.5.2 Developing the voltage compensating system using the optimal capacitor placement
(OCP) module of ETAP 12.6 software and a mathematical model.

For optimum functioning of the voltage compensator (capacitor bank), it must be optimally
sized and positioned in the network.

To optimally position capacitor bank in the network, one adopted the method in research work
by Harisha and Lakshmi (2015). This research work used an improved format for capacitor
placement in a radial distribution system by applying loss sensitivity factors to select the
candidate locations (buses) for capacitor optimal placement.

In as much as the manual/mathematical approach of loss sensitivity factor calculations was
considered in this research work for determining the optimal locations for capacitors, the
Optimal Capacitor Placement (OCP) module in ETAP 12.6 software was also used as faster and
easier way to confirm those candidate buses. Also, the Optimal Capacitor Placement (OCP)
module and its power flow simulation determine the optimal capacitor sizes based on the earlier

selected candidate buses.
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3.5.2.1 Calculation of loss sensitivity factor
Loss sensitivity factor calculation determines the bus that will have the biggest power loss
reduction when a capacitor is installed on that particular bus.

Mathematically, Loss sensitivity factor is given as:

Q= Ploss _ 2VQ—2R (Dinakara, 2013)

oQ (3.39)

Taking a critical look at New Bussa distribution network model shown in Figure 4.1 and the
generated load flow reports of Tables 4.1 and 4.2; nine buses were selected and confirmed by
OCP module of ETAP 12.6 as candidate buses due to their voltage magnitudes, their locations in
the network, and distances from the injection station. The selected candidate buses were 04, 05,
07, 08, 09, 10, 57, 020 and 0012.

To determine the order in which they were considered as candidate buses, loss sensitivity factors
calculation was done using equation 3.39 and the bus with the biggest value of loss sensitivity
factor was considered first as the candidate bus and in that order. The parameter variables in

equation 3.39 were obtained from the generated load flow report in Table 4.1.

Bus 04:

20R

®»

Q=3.276MVar, R =1.11325€Q, V =0.81167

_ 2x3.276x1.11325

11.072
(0.81167)?
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Bus 05:
Q=2.556MVar, R =1.47825Q,V=0.75

_ 2X2.556x1.47825

1022 - 13434
(0.75)

Bus 07:
Q=1.887MVar, R =1.6425Q, V=0.7

| 2x1.887x1.6425

27 _ 12,651
(0.7)

Bus 08:
Q=1.309MVar, R =1.825Q, V =0.65

_ 2x1.309x1.825
(0.65)?

=11.309
Bus 09:
Q=0.933MVar, R =2.0075Q, V =0.62

_ 2x0.933x2.0075

2 -9.745
(0.62)

Bus 10:
Q=0.582MVar, R =2.19Q, V=0.6

_ 2x0.582x2.19

== —7.081
(0.6)

Bus 57:

Q=0.34MVar, R =2.28125Q, V =0.58
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_ 2x0.34x2.28125

2 4611
(0.58)

Bus 020:
Q =0.291MVar, R=1.314Q, V =0.89

_ 2x0.291x1.314

- —0.966
(0.89)

Bus 0012:
Q=0.171MVar, R =3.19375Q, V =0.89

_ 2x0.171x3.19375

~22 _1.379
(0.89)

To determine the order at which these buses were chosen as candidate buses, the values of loss
sensitivity factors for the nine buses were arranged and tabulated in descending order as shown
in Table 3.25.

Table 3.25: Loss Sensitivity Factors of selected buses

ROUTE | TOTAL ROUTE LOSS
BUS | LENGTH | RESISTANCE Qaraun VOLTAGE SENSITIVITY
SIN | No. (Km) (Ohms) (Mvar) | MAGNITUDE FACTOR

1 | 05 8.1 1.47825 2.556 0.75 13.434
2 | 07 9.0 1.64250 1.887 0.70 12.651
3 08 10.0 1.82500 1.309 0.65 11.309
4 | 04 6.1 1.11325 3.276 0.81 11.072
5 09 11.0 2.00750 0.933 0.62 9.945
6 | 10 12.0 2.19000 0.582 0.60 7.081
7 | 57 12.5 2.28125 0.340 0.58 4.611
8 | 0012 17.5 3.19375 0.171 0.89 1.379
9 020 7.2 1.31400 0.291 0.89 0.966
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3.5.2.2 Determining the optimal capacitor sizing using OCP module of ETAP 12.6 and
mathematical calculation of determining the capacitance value of the capacitor.
Optimal Capacitor Placement (OCP) module in ETAP 12.6 was used to determine the optimal
capacitor sizes (capacitor bank sizes) based on the earlier selected candidate buses. OCP
module used during the design stage in sizing and positioning of the capacitor banks ensured
that key objective function requirements like capacitor bank size, capacitor cost consideration in
terms of actual capacitor cost/installation cost and capacitor position/location were satisfied
during selection of the capacitors needed for compensation. This OCP module approach of
capacitor placement ensured that voltage magnitudes and power factor of the load buses were
improved while considering the load levels and cost of capacitor installation.
The Optimal Capacitor Placement results as presented in Tables 4.7 and 4.8 shows that for
voltage improvement and power loss minimization in the network, the following capacitor bank
sizes will be installed:
For Peak Period:

i. 1800KVar at bus 04.

ii. 300KVar at bus 05.

iii. 600KVar at buses 07, 08, 0012 and 020 respectively.

iv. 900K Var at buses 09 and 10 respectively.

v. 1500KVar at bus 57.
For Off-Peak Period:

i. 900KVar at bus 07.

ii. 300KVar at buses 08, 09 and 10 respectively.
The capacitance value of the capacitor used per phase for 1800KVar bank;

Line voltage (VL) = 11KV
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Phase voltage V, = Vi (Theraja B.L and Theraja A.K, 1994) (3.40)

J3

V=

ph \/§
= 6.35KV

The capacitive reactive power for the 3-lines or bus Q.= 1800KVar
The capacitive reactive power per phase Qcn = 1800/3 = 600Kvar

The relationship between capacitive reactance, reactive power and voltage is shown as:

Vo)
Qepn =~ (3.41)
chh
(\/ph)2
chh =
Qcph
3 (6.35x10%)?
@ 600x10°
=67.2Q
1
But, C =
211X eph
B 1
211x50x67.2

= 0.0000474F = 47.4uF
Using the same approach, we calculate the capacitance value for 300KVar, 600KVar, 900KVar

and 1500KVar capacitor banks.

For 300KVar bank, we have C = 7.9uF

For 600K Var bank, we have C = 15.8uF

For 900KVar bank, we have C = 23.7uF

For 1500KVar bank, we have C = 39.5uF
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Power flow simulation in ETAP 12.6 for the New Bussa compensated network was also carried
out for both peak and off-peak loading periods with the capacitor banks installed at their
appropriate buses so as to determine the performance status of New Bussa distribution network
after the compensation process. The power flow reports for the compensated network for both
peak and off-peak periods were shown in Tables 4.9 and 4.10 while the summary of voltage
magnitudes for load buses obtained from the compensated network for both peak and off-peak
periods were shown in Tables 4.13 and 4.14. These power flow reports and generated data or
summary of voltage magnitudes for load buses obtained from the compensated network for both
peak and off-peak periods were presented and analyzed in chapter four to ascertain if the
performance status (load bus voltage) of the compensated New Bussa network still violates the

ANSI C84.1 acceptable voltage standard.
3.5.2.3 Mathematical model for an optimally placed and sized capacitor bank

The objective of optimal capacitor placement and sizing in the distribution system is to
minimize the total annual cost of the system when subjected to certain operating constraints and

load pattern. This minimization of the total annual cost of the system involves;
i. Minimizing the annual cost of power losses in the system.
ii. Minimizing the annual cost of capacitor bank installed in the system.

New Bussa network optimal capacitor placement and sizing cost can be modeled mathematically

based on standard mathematical equation for optimal capacitor placement and sizing;

M
Ks =K pI:)Ioss +Z(K§Qr? + K(f:n) (342)
n=1

Where,

Pioss 1S the total power losses
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K ? is the annual cost per unit of power losses (/KW)

K is the capacitor annual installation cost (%’ KVAR)

Qs

is the capacitor reactive power size placed at bus ‘n’.

‘M’ is the number of candidate buses selected for capacitor placement.

K, is the fixed cost for the capacitor bank at bus ‘n’.

To ensure that there is optimal capacitor placement in the New Bussa distribution network

model; these operating constraints were ascertained to be satisfied:

Busbar voltage limits: Voltage magnitude at each bus was checked to ensure that its

value is maintained within the standard voltage limits as shown below;
Vmin < /V/ < Vmax (3.43)
In radial distribution system, Vmin = 0.9 and Vmax = 1.06.

Shunt capacitors limit

Qr?lax < Qtotal (344)

Where, Q.. is the largest capacitor size allowed and Q,,,, is the total reactive load

demand.
Line power flow limit
Flow, < Flow,™ (3.45)

Where Flow,, is the power flow in the mth-line and Flow,,™ is the maximum allowable
power flow.
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From the loss sensitivity factor calculation and optimal capacitor placement module (OCP
module) in ETAP 12.6 software, nine (9) buses were determined and chosen as candidate buses
for peak loading period and four (4) buses were chosen as candidate buses for off-peak loading

period.
The New Bussa Distribution System optimal capacitor placement and sizing cost during peak
loading period:

M
Ks = Kpl:)Ioss +Z(K§Qr? + K(f:n)
n=1

During peak loading period, the determined and chosen candidate buses are buses 4, 5, 7, 8, 9,

10, 0012, 020, 57,

Ks = KP Poss + [(K4Q% + K%Q% + K%Q% + K%Q% + K%Q% + K 10Q%0 + K 0012Q%012 +
K 20Q%20 + K%7Q%;7) + (K4 + K's + K + K + K9 + K10 + K012 + K 020 + K’s57)

(3.46)
Taking, Q"= 300KVAR
Taking capacitor sizes from the generated values from power flow report (see Table 4.7);
Q%= 6 x 300KVAR =6 x Q%= 6 Q%
Q%=1 x 300VAR = Q'
Q% =2 x 300VAR =2 x Q%= 2 Q5%
Q% =2 x 300KVAR =2 x Q%= 2 Q%

Q%= 3 x 300KVAR =3 x Q%= 3 Q%
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Q%10 =3 x 300KVAR =3 x Q%=3 Q%

Q%012 =2 x 300KVAR =2 x Q%= 2 Q%

Q%20 = 2 x 300KVAR =2 x Q%=2 Q%

Q%7 =5 x 300KVAR =5 x Q%=5 Q%

Ks = Kp PIoss + K(:4 (6 ch) + KCS ch + KC7 (2 ch) + Kc8 (2 ch) + KCQ (3 QCX) + KClO (3 QCX) +
K o012 (2 Q%) + K20 (2 Q%) + K%z (5 Q%) + (Kt + K’ + K + K’ + K’ + K10 +

C C C
Kf0012 + K™1020 + K*157)

Ks = KP Piss + Q%[(6 K%) + (K%) + (2 K%) + (2 K% + (3 K%) + (3 K°y) +
(2 Ko12) + (2 KS020) + (5 K%7) + (K4 + K’ + K + K + K9 + K10 + K012 + K 020

+ K%s7)] (3.47)

Ks = KP Ppss + 300[(6 K%) + (K%) + (2 K%) + (2 K%) + (83 K%) + (3 K°yp) +
(2 K o12) + (2 KS020) + (5 K%7) + (K’ + K’ + K + K s + K19 + K10 + K 0012 + K 020

+ K%s7)]

The following constant values when determined assist in calculating the cost of the system

optimal capacitor placement and sizing:

K, is the annual installation cost of capacitor bank on bus 4

K°s is the annual installation cost of capacitor bank on bus 5

K°; is the annual installation cost of capacitor bank on bus 7

K° is the annual installation cost of capacitor bank on bus 8

KC is the annual installation cost of capacitor bank on bus 9
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K°o is the annual installation cost of capacitor bank on bus 10

K012 is the annual installation cost of capacitor bank on bus 0012

K20 is the annual installation cost of capacitor bank on bus 020

K°s; is the annual installation cost of capacitor bank on bus 57

K°4 is the actual cost of capacitor bank installed on bus 4.

Ks is the actual cost of capacitor bank installed on bus 5.

K is the actual cost of capacitor bank installed on bus 7.

K‘s is the actual cost of capacitor bank installed on bus 8.

K is the actual cost of capacitor bank installed on bus 9.

Ko is the actual cost of capacitor bank installed on bus 10.

KCf0012 is the actual cost of capacitor bank installed on bus 0012.

K020 is the actual cost of capacitor bank installed on bus 020.

Ks7 is the actual cost of capacitor bank installed on bus 57.

KP is the cost of power loss.

Pioss IS the total power loss.

Ks = KPPiss + 300[(6 K%) + (K%) + (2 K%) + (2 K%) + (3 K%) + (3 K’y) +
(2 Ko12) + (2 KS020) + (5 K%7) + (K + K’ + K + K s + K19 + K10 + K 0012 + K 020

+ K%s7)] (3.48)
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3.6  Microcontroller-based Switching System

The switching of the compensators (capacitor banks) was developed to be an automated
switching system so as to avoid over-compensation of the distribution line by the capacitor when
compensation is not needed especially during the off-peak loading period of the network. This
entails the need for a microcontroller-based switching system to switch on the capacitor banks

only when they are needed to compensate the voltage on the distribution line.

POWER
SUPPLY UNIT
v
»| RELAY / CAPACITOR
RANK 1
MAIN
VOLTAGE >
SENSOR
»| RELAY / CAPACITOR
RANK ?
MAIN
PHASE CONTROLLER
- RELAY / CAPACITOR
VOLTAGE > UNIT RANK 3
SENSOR -
PHASE - B
VOLTAGE
SOURCE »| RELAY/CAPACITOR
RANK “N”

Figure 3.12: Block diagram of Microcontroller-based switching system

The Microcontroller-based switching system consists of:
i. Power supply unit
ii. Main controller unit (ATmega328P microcontroller)
iii. Voltage monitoring units that comprises of:
e Main voltage sensor

¢ Phase voltage sensors.
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For simplicity, 3-phase voltages supplied to consumers were monitored by voltage monitoring
units in the research work.

From the block diagram, the phase voltage sensors monitoring the voltage values of each of the
three phases continuously samples the phase voltages and sends analog signals proportional to
the phase voltage values to main controller unit through its inbuilt analog-to-digital converter
(ADC) input ports. The main controller unit compares the individual phase voltage from the
three phases with a reference voltage value so as to determine when to switch on the capacitor
banks for voltage compensation. The microcontroller must first confirm the presence of real
phase voltage through the analog signal it received from the main voltage sensor which signifies
that the transformer is active/energized (transforming from high to low voltage) before
considering switching for compensation process.

Again, as the voltage value increases due to the compensation action of the capacitor or during
the off-peak period, and goes above the standard acceptable limit, the main controller unit
switches off the capacitor banks in turn to prevent the capacitor banks from over-compensating
the distribution line thus leading to over-voltage supply that will cause damage to power

consumers’ appliances.

3.6.1 Power supply unit
The 5VDC power supply used by the system is supplied by the 12VDC rechargeable battery,
which is recharged by the rectifier circuit whenever the voltage goes down. The circuit diagram

for the power supply unit is shown in Figure 3.13.
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. [VVVVVVV]

Figure 3.13: Power supply circuit diagram

3.6.1.1 Mathematical details in 5VDC power supply circuit

The power supply circuit comprises 220/12V, 300mA step down transformer, a bridge rectifier,
12VDC rechargeable battery, voltage regulator (7805). The 12VAC output of the transformer is
rectified by a bridge arrangement of IN4007 diode to give and approximate DC voltage value;
12vDC - 1.2vDC = 10.8VvDC.

1.2VvDC drop is due to the conduction of the two sections of the diodes (silicon PN junction
drops approximate 0.6V), since the two sections of diodes conducts at same time in bridge
arrangement. The 7805 voltage regulator was used to regulate the voltage to 5VDC since the
maximum input voltage required by the analog-to-digital converter (ADC) of the

microcontroller is 5VDC.

3.6.2 Voltage monitoring circuit
The voltage monitoring unit is designed as a phase voltage sensor. In this research work, we
used same type of voltage sensor, but they served different functions;
= Main Voltage Sensor: This voltage sensor always sends analog signal to the main
controller unit indicating the presence of real or desired voltage value from the
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transformer (that is, if the transformer is active or energized). Its voltage input
source is directly from the transformer 415/220volts side (voltage source point
that connects to the low voltage fuse).
= Phase Voltage Sensor: This voltage sensor monitors the voltage values for each
of the three phases. Its voltage input source is directly from the transformer low
voltage fuse point.
These voltage sensors send analog signals proportional to the sensed phase voltage values to the
main controller unit through its inbuilt analog-to-digital converter (ADC) input ports.
For simplicity in the research work, the loads at the three phases of the distribution lines were
assumed to be balanced (equal voltage values in the three phases).
The voltage monitoring circuit is as shown in figure 3.14. It consists of a 415/12V step-down
transformer, a bridge rectifier, a filter circuit formed by the combination of resistance and
capacitor.
The output voltage of the rectifier and filter circuit served as input to a voltage divider network
of resistors R1 and R2 as shown in signal conditioning circuit. The output of the voltage divider
network which varied in proportion with the input phase voltage served as input to the

ATmega328 microcontroller unit.

TR2

— 1
ESSS srou

l TRAN-IPTS

PHASE CONNECTIONM
Figure 3.14: Voltage monitoring circuit diagram
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3.6.2.1 Mathematical details in voltage monitoring circuit

The circuit diagram for the voltage monitoring unit was developed as a voltage sensor that
senses voltages and sends an analog signal indicating the voltage value to the microcontroller.
The transformer used is a centre tap 415/12V step down transformer. The transformer brings
down the 415V to 12V when we use any of the secondary taps with respect to the centre tap.
The 12VAC output of the transformer is rectified by a bridge arrangement of IN4007 diode to
give and approximate DC voltage value;

12vDC - 1.2VvDC =10.8VvDC.

1.2VvDC drop is due to the conduction of the two sections of the diodes (silicon PN junction
drops approximate 0.6V), since the two sections of diodes conducts at same time in bridge
arrangement.

A filter capacitor is introduced to filter off the ripples. The size of the capacitor is given by;

L= Loy for full wave bridge rectification.
f*V

ripples

The practice is to try and keep V to 100mV and below.

ripples

\Y 10.8

Lo = — = ~=1.08x10°A
R, 10*10
-3
c, = -08X07 _ 4 ho0216F
50x100x10
=216uF

This is the minimum capacitance of the capacitor required.
To get better performance, 1000uF was used which was experimentally selected.
But the sensed voltage (Vsensor) must be kept at 5VDC maximum, thus, there was need for a

simple signal conditioning circuit as shown in the figure 3.15.
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Figure 3.15: Signal conditioning circuit (\Voltage divider network)

Note;

= 'V, - The output voltage of the voltage sensor circuitry.

=V - The conditioned signal.

sensor
= R;and R; are conditioning resistances.

In this research work, a variable resistor of 10kQ was used instead of the above signal

conditioning circuitry.

From voltage division principle;

_ (RxV,,)

sensor (349)
(Rl + RZ)

But R1+R,=10kQ, since we are using a 10k( variable resistor.

Then,
V, =12vDC
V =5vDC

sensor

We calculated the value of R,, which was the resistance value the variable resistor was tuned to

and it gave the maximum voltage of 5VDC.

o (Ri+RV

, V sensor (3 50)

in
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_ 10x10°%5

R
2 12

R, =50000/12 = 4.167kQ

Practically, we had two considerations that we made, it was ecither we use a 10kQ variable

resistor and tune it to get 4.167kQ or we use two fixed resistors of 5.833kQ and 4.167kQ to

condition the Vensor to 5VDC, which is the maximum the microcontroller ADC could take.

Ideally, the variable resistor should not be tuned to the maximum and to be on the safe side, we

used 4VDC and calibrated to get exactly that value.

3.6.2.2 Mathematical details used for the centre tap 415/12V Transformer

Applying simple transformer formular,

Where;

E. - Secondary voltage

E, - Primary voltage

N, - Number of turns in secondary winding
N, - Number of turns in primary winding
Es =415V

Ep, = 24V

Np = 22.5 turns

415%22.5

s =389 turns
24

(3.51)
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The cross sectional area of the copper coil used was determined by the ratio of primary to
secondary current.

VA

Primary current I, = =y
P

(3.52)

Where,

VA = Apparent power rating of the transformer
Eff = Efficiency

V, = Primary voltage

1000VA

p =————— = 2.536A
0.95*415v
Secondary current | = VA _ 1000vA _ 41.66A
Vg 24V

The ratio of primary and secondary current is given as;

ls _ 4166 _ 1645
|, 253

SN
(o]

(op]

This is called the copper current density. This value corresponds to 3.31mm? gauge copper wire

cross sectional area required for the winding.

3.6.3  Main controller unit

The main controller unit used was ATmega328 microcontroller. The operating principle of the
research work has it that the microcontroller must first confirm that the monitored transformer is
energized, through the signal the controller received from the main voltage sensor before
considering switching process for voltage compensation. The microcontroller then compares
signals from the three phase voltage sensors (which is proportional to the voltage value on each
of the phases) with reference voltage and then sends a control signal to the required relay to

either switch on or switch off the capacitor bank depending on the voltage values received from
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the phase voltage sensors. The ATmega328 microcontroller pin-out diagram is shown in Figure
3.16. As shown in the research work, the microcontroller switches on the capacitor bank when
the input voltage value received from the phase voltage sensors goes below the lower limit in the
standard service voltage range stated by ANSI C84.1 which is 90% <V < 106% of the nominal
voltage value (that is when the percentage voltage drop on the line is more than 10% of the
nominal voltage value). The microcontroller sends signal to the LCD which displays the actual
phase voltage value on the line before and after voltage compensation process.

The instruction set for the ATmega328 microcontroller was written in C++ language and shown

in Appendix 10.
s \
ATmega328 Pinout
RESET Pin#1: pco i 4= pin #28:PC5  Analog Input 5

Pin#2: ppo e i 4= Pin#27:PC4  Analog Input 4
Pin#3: PD1 =i e=»Pin#26:pc3  Analog Input 3
Pin#4: PD2 el «Pin#25:pc2  Analog Input 2

Pin#5: - b+ Pin i 24; Analog Input 1

Pin#6: PD4 4=l 5' =Pin #23:Pc0  Analog Input0
Voltage (VCC) Pin#7: voC «m g g b} #=Pin #22:GND  Ground (GND)
Ground Pin#8: GND=» g a «=Pin # 21:Aref  Analog Reference
Crystal Pin#9: PBo <=y g +»Pin # 20:AVGC Voltage (VCC)
Crystal Pin# 10:PE7 b g b 4= Pin #19: Digital Pin 13

Pin #11: pD5 mbif 4=Pin#18:pB4  Digital Pin 12

Pin #12: pp6 b i @ Pin#17:PB3  Digital Pin 11 (PWH)
Pin#13: P07 4= o #»Pin#16:PB2  Digital Fin 10 (PWM)

Pin#14: PB0 «=p gl «»Pin#15:PB1  Digital Pin 9 (PWM)

www. TheEngineeringProjects.com
y,

Figure 3.16: The Pin-out of ATmega328P microcontroller (Nasir, 2017)
3.6.4 Liquid crystal display (LCD)
The LCD displays the actual voltage values on the monitored lines. It displays phase voltage
values before and after the voltage compensation process.
These displayed data avail the maintenance team with prompt, quick information about the
quality of power that is always supplied to consumers and presents the performance status of the
network. These facts assist maintenance team in their regular routine and maintenance checks in

the network.
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3.6.5 The developed microcontroller-based switching system

The operating principle of microcontroller-based switching system as developed in Figure 3.17
has it that the phase voltage sensors continuously monitor the phase voltages on the three phases
of the distribution line and each of them sends analog signal which is proportional to the sensed
phase voltage to the microcontroller. The main voltage sensor continuously monitors the
presence of desired or real voltage supply from the transformer and sends the analog signal
which is proportional to the sensed voltage to the microcontroller. The microcontroller,
ATmega328P type continuously receives analog signals from the main voltage and phase
voltage sensors. The controller at first confirms that the transformer that supplies power to
consumers is active (energized) through the signal received from the main voltage sensor. It
also compares the phase voltage values received from the three phase voltage sensors with a
reference voltage and then sends a control signal to the required relay to either switch on or
switch off the capacitor bank depending on the voltage value received from the phase voltage
sensors. The system was developed in a way that before the microcontroller sends a switching
signal to the relay for switching of the capacitor bank, it must first confirm that the distribution
transformer is active (energized). The microcontroller switches on the capacitor bank when the
voltage value received from the phase voltage sensors goes below the lower limit in the standard
service voltage range as stated by ANSI C84.1 which is 90% <V < 106% of the nominal voltage
value (that is when the percentage voltage drop on the line is more than 10% of the nominal
value). Considering the ETAP 12.6 load flow report for the load buses in New Bussa distribution
network, the capacitor bank is switched on when the bus phase voltage value drops below 216V.
Thus the standard acceptable phase voltage range with reference to ANSI C84.1 is between
216V and 255V.

The instruction set for the ATmega328P microcontroller is written in C++ language and shown

in Appendix 10.
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Figure 3.17: Circuit diagram of microcontroller-based switching system
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3.6.5.1 Mathematical details in capacitor switching system

I, =1, + 1, (Kirchhoff’s current law — KCL)
Also, I, =hfe*1,
Where, hfe = Transistor gain

I, =150mA (From transistor datasheet)

hfe =200
-3
Therefore, 1, = . _150x07 _ 4 755 103
hfe 200
1, =0.75mA

But from Kirchhoff’s voltage law (KVL),

Vin = IbRb +Vbe

Where,

V,.= 0.7V (For Silicon)

V,,= 5V (Output of the Controller pin)

R, = i@f 5.733 x 10°Q
0.75x10
R, =5.733kQ

Thus, R, =5.6kQ is readily available.



Initialize the input/output (I/O) ports of the
main controller unit

>y

Check the main voltage sensor

Send signal to GSM Module to send SMS
once to DSO for no voltage supply from
transformer if the transformer service
feeder is energized

A

Is desired or real
voltage available

from transformer?
NO

YES

v
Check phase voltage sensors

v

Is R-phase, Y-phase,
B-phase received
voltages lower than
ANSI lower limit?

"wYES
Switch on the capacitor bank

\ 4

Check phase voltage sensors

Is R-phase, Y-phase, B-
phase received voltages
now within ANSI limit?

Switch off capacitor banks

Figure 3.18: Flow chat for Microcontroller-based switching system
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3.7 GSM-based Monitoring and Reporting System
This system involves development of an automated monitoring and reporting device that reports
the following issues about distribution transformers within the network to the Distribution
System Operator (DSO):

= Loss of transformer phase as a result of blown low voltage fuse of that particular phase.

= Qver-voltage supply from the transformer caused by the transformer low voltage neutral

failure.
= No voltage supply from the transformer as a result of the transformer’s trip on fault
despite the transformer’s service feeder still active or energized.

The absence of this automated transformer phase monitoring device in Nigeria, which monitors
and reports blown low voltage fuse to the system operator entails that often distribution
transformers in rural or remote areas have their blown low voltage fuses or the particular phases
remain open for a long period of time without the prompt knowledge of the power providers,
thereby affecting the availability of power to consumers and also quality of voltage supplied to
the three (3) phase power consumers in the network. Since availability of power to consumers
and quality voltage supply are part of key performance indicators that determine the
performance of distribution network, development and installation of this GSM-based
transformer monitoring device in the network, leads to a quicker means of restoring power
whenever there is issue of blown fuse, transformer neutral failure and transformer trip thus
improving the number of hours power is available to consumers and quality of voltage supply to
consumers, thus enhancing the performance of power distribution network.

This transformer phase monitoring system consists of the following:

i. Power supply unit ii. Blown fuse detector units
iii. Main phase voltage sensor iv. Main controller unit
v. GSM modem vi. LCD unit
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For simplicity, the block diagram shown is for system that can only monitor one distribution

transformer.
POWER
SUPPLY
UNIT

BLOWN FUSE

DETECTOR >

CIRCUIT 1

> LCD

BLOWN FUSE

DETECTOR |

CIRCUIT 2 MAIN

CONTROLLER
UNIT

BLOWN FUSE

DETECTOR —>

CIRCUIT 3

> GSM MODEM

MAIN PHASE

VOLTAGE —

SENSOR

Figure 3.19: Block diagram of a GSM-based monitoring system

3.7.1 Power supply unit

The 5VDC power supply used by the system is supplied by the 12VDC rechargeable battery,
which is recharged by the rectifier circuit whenever the voltage goes down. The circuit diagram

for the power supply unit is shown in Figure 3.20.

B
B

&4

o [VVYVVVV]
4

Figure 3.20: Power supply circuit diagram
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3.7.1.1 Mathematical details in 5VDC power supply circuit

The power supply circuit comprises 220/12V, 300mA step down transformer, a bridge rectifier,
12VDC rechargeable battery, voltage regulator (7805). The 12VAC output of the transformer is
rectified by a bridge arrangement of IN4007 diode to give and approximate DC voltage value;
12vDC -1.2vDC = 10.8VDC.

1.2VDC drop is due to the conduction of the two sections of the diodes (silicon PN junction
drops approximate 0.6V), since the two sections of diodes conducts at same time in bridge
arrangement. The 7805 voltage regulator was used to regulate the voltage to 5VDC since the
maximum input voltage required by the analog-to-digital converter (ADC) of the

microcontroller is 5VDC.

3.7.2 Blown fuse detector unit

The blown fuse detector unit in this system is a voltage sensor that monitors the status of the
transformer low voltage fuses. Its input terminals are connected across the low voltage fuse at
each of the three phases of the low voltage side of the distribution transformer. The blown fuse
detector unit monitors the phase voltage value and when it senses a normal phase voltage value
across the fuse; it sends an analog voltage signal (5V) or digital signal (HIGH) to the
microcontroller, indicating that the fuse is still intact. When it senses a no voltage value (no
voltage) across the fuse, it sends an analog voltage signal (0V) or digital signal (LOW) to the
microcontroller, indicating that the fuse is blown. The blown fuse detector unit is shown in
figure 3.21. It comprises a 415/12V transformer, bridge rectifier, paper capacitor, and a

potentiometer.
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Figure 3.21: Blown Fuse Detector circuit diagram

3.7.2.1 Mathematical details in voltage monitoring circuit

The circuit diagram for the voltage monitoring unit was developed as a voltage sensor that
senses voltages and sends an analog signal indicating the voltage value to the microcontroller.
The transformer used is a centre tap 415/12V step down transformer. The design transformer
brings down the 415V to 12V when we use any of the secondary taps with respect to the centre
tap. The 12VAC output of the transformer is rectified by a bridge arrangement of IN4007 diode
to give and approximate DC voltage value;

12vDC -1.2vDC = 10.8VDC.

1.2VDC drop is due to the conduction of the two sections of the diodes (silicon PN junction
drops approximate 0.6V), since the two sections of diodes conducts at same time in bridge
arrangement.

A filter capacitor is introduced to filter off the ripples. The size of the capacitor is given by;

C.= f*l% for full wave bridge rectification. (3.53)

ripples

The practice is to try and keep V to 100mV and below.

ripples
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\Y 10.8

Lo = — = ~=1.08x10°A
R, 10*10
-3
c, = -08X07 _ 4 ho0216F
50x100x10
— 216yF

This is the minimum capacitance of the capacitor required.
To get better performance, 1000puF was used which was experimentally selected.
But the sensed voltage (Vsensor) must be kept at 5VDC maximum, thus, there was need for a

simple signal conditioning circuit as shown in the figure 3.5a.

Figure 3.22: Signal conditioning circuit (\Voltage divider network)
Note;

=V, - The output voltage of the voltage sensor circuitry.

=V - The conditioned signal.

sensor
= R;and R; are conditioning resistances.

In this research work, a variable resistor of 10kQ was used instead of the above signal

conditioning circuitry.

From voltage division principle;
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_ (RZ XVin )

sensor — (354)
(Rl + RZ)

But R1+R,=10kQ, since we are using a 10kQ variable resistor.

Then,
V,, =12VDC
V =5vDC

sensor
We calculated the value of Ry, which was the resistance value the variable resistor was tuned to
and it gave the maximum voltage of 5VDC.

(R, +R,)XV
R, =
v

sensor (3.55)

in

_ 10x10°%5
12

RZ
R, =50000/12 = 4.167kQ

Practically, we had two considerations that we made, it was either we use a 10kQ variable
resistor and tune it to get 4.167kQ or we use two fixed resistors of 5.833kQ and 4.167kQ to
condition the Veensor to 5VDC, which is the maximum the microcontroller ADC could take.

Ideally, the variable resistor should not be tuned to the maximum and to be on the safe side, we

used 4VDC and calibrated to get exactly that value.

3.7.2.2 Mathematical details used for the centre tap 415/12V Transformer

Applying simple transformer formular,

S o s (3.56)

Where;

E. - Secondary voltage

S
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E, - Primary voltage
N, - Number of turns in secondary winding
N, - Number of turns in primary winding

E, = 415V
E, = 24V

Np = 22.5 turns

415x22.5
s =——— =389 turns
24
The cross sectional area of the copper coil used was determined by the ratio of primary to
secondary current.

Primary current 1, = % (3.57)
P

Where,
VA = Apparent power rating of the transformer
Eff = Efficiency

V,, = Primary voltage

- J00VA_ _, 5a6a
0.95*415v
Secondary current | = ya _ 1000vA _ 41.66A
Vo 24V

The ratio of primary and secondary current is given as;

ls 4166 _ 16 4o
|, 253

S
(o]

(op]
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This is called the copper current density. This value corresponds to 3.31mm? gauge copper wire

cross sectional area required for the winding.

3.7.3 Main controller unit

The main controller unit is the ATmega328P microcontroller. It receives and analyzes analog
signals from blown fuse detector units and main phase voltage sensor connected at transformer
low voltage side through its analog-to-digital converter (ADC) input ports. When the
microcontroller receives a no voltage analog signal (0V) or digital signal (LOW) from both the
blown fuse detector unit and main phase voltage sensor, it sends two signals simultaneously to
the LCD and GSM module. LCD displays “Black out”, signifying that there is no voltage
supply from the transformer and the one to the GSM module prompted the module to further
send an SMS to the Distribution System Operator (DSO) that reads “Black out detected at
transformer A” indicating that the transformer A is not energized. In a case when the
microcontroller receives a normal voltage (5V) analog signal from both the blown fuse detector
unit and main phase voltage sensor, it sends a signal to the LCD that displays “FUSE ACTIVE”
on the LCD, signifying that the fuse is still intact. In another case when the microcontroller
receives normal voltage (5V) analog signal from the main phase voltage sensor and a no voltage
(OV) analog signal from the blown fuse detector unit, it sends two signals simultaneously; the
first one to the LCD that displays “FUSE BLOWN” on the LCD, signifying that the fuse is
blown while there is real voltage supply from the transformer and the second signal, to the GSM
module for onward sending of SMS to the Distribution System Operator (DSO) indicating that

the fuse is blown.

Also, the microcontroller continuously compares the voltage values received from the fuse
detector units for the three phases with the standard maximum voltage limit as stated by ANSI
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C84.1 and whenever the received voltage value exceeds the maximum voltage limit due to
transformer neutral failure, the microcontroller sends signal to both GSM Module and LCD unit
for onward transmission of SMS to the DSO and display of over-voltage value on the LCD unit.

The ATmega328P is a microcontroller chip that is used on Arduino Uno boards.

Table 3.26: Digital Explanation of the role of microcontroller using logic table.

Blown Fuse Main Phase Result Comment
Detector Voltage Sensor
0 0 0 Transformer is OFF
0 1 0 Fuse blown
1 0 0 Practically does not exist
1 1 1 Fuse is ACTIVE

3.7.4 GSM module (SIM900D)

The GSM module used is SIM900D component and it receives three signals from the main
controller unit. The particular signal that signifies that the monitored transformer is not
energized prompts the module to send a pre-programmed SMS to Distribution System Operator
that reads “Black out”. The second signal signifying a blown fuse, prompts the GSM module to
send a pre-programmed SMS to the Distribution System Operator that reads “fuse blown
detected at red phase (Rph) of transformer A, urgent attention needed”. The third signal
indicating over-voltage supply due to transformer neutral failure, prompts the GSM Modem to
send a pre-programmed SMS to DSO that reads “High voltage fault detected in red phase (Rph)
of transformer A, urgent attention needed; Possible neutral failure”. This over-voltage SMS alert
prompts the DSO to immediately isolate the affected transformer for quick repair and restoration

of quality power supply to consumers from that transformer.
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3.7.6 The developed GSM-based distribution transformer phase monitoring and

reporting system

The operating principle of distribution transformer phase monitoring and reporting system as
shown in circuit diagram of Figure 3.23 and explained using a flow chart in Figure 3.24 involves
an automated mode of informing the Distribution System Operator (DSQO) about some issues
that affect the efficient performance of distribution network through SMS from GSM. The
reported issues are lost phase of transformer resulting from blown low voltage fuse, over-voltage
supply from the transformer due to the transformer low voltage neutral failure, and no voltage
supply from the transformer as a result of the transformer trip on fault despite the affected
transformer’s service feeder still active or energized. The blown fuse detector unit monitors the
low voltage fuses in each of the phases. When a fuse is blown, the detector circuit sends a no
voltage (0V) analog signal to the microcontroller, who also analyzes the analog signal received
from the main phase voltage sensor to ascertain if there is a real voltage supply from the
transformer (if the transformer is active). Whenever the microcontroller receives a normal
voltage (5V) analog signal from the main phase voltage sensor and a no voltage (0V) analog
signal from the blown fuse detector unit, it sends two signals simultaneously; the first one to the
LCD that displays “FUSE BLOWN” on the LCD, signifying that the fuse is blown while there is
voltage supply from the transformer and the second signal, to the GSM modem for onward SMS
to the Distribution system operator indicating that the fuse is blown. Also, when the
microcontroller receives a no voltage (0V) analog signal from both the blown fuse detector unit
and main phase voltage sensor, it sends two signals simultaneously; the first signal that goes to
the LCD displays “Black out” on the LCD, signifying that the transformer is not energized and
the second signal, goes to the GSM modem for onward SMS to the Distribution system operator

indicating that the transformer is not energized or tripped on fault.
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The microcontroller continuously compares the voltage values received from the fuse detector
units for the three phases with the standard maximum voltage limit as stated by ANSI C84.1 and
whenever the received voltage value exceeds the maximum voltage limit due to transformer
neutral failure, the microcontroller sends signal to both GSM Modem and LCD unit for onward
transmission of SMS to the DSO alerting him about the over-voltage supply and display of the

over-voltage value on the LCD unit.

The LCD displays “FUSE BLOWN” at the monitored and affected transformer that had blown
fuse. It displays “Black out” at the monitored transformer side, when the transformer trips on
fault and is not supplying power. It also displays the over-voltage value at the transformer side
whenever the transformer had low voltage neutral failure as explained using the flow chart in

Figure 3.25.

The circuit diagram that explained the combine operation of the microcontroller-based switching

system and GSM-based monitoring system is shown in Figure 3.26.
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Initialize the input/output (1/0) ports of the
main controller unit

|

Check the main voltage sensor

Send signal to GSM Module to send SMS
once to DSO for no voltage supply from
transformer if the transformer service
feeder is still energized

A

Is desired voltage
available from

NO transformer?
v
> Check blown fuse detectors
Send signal to GSM Module
to send SMS once to DSO
showing R-phase fuse blown
T Is R-phase
< , NO fuse ok?
Send signal to GSM Module
to send SMS once to DSO
showing Y-phase fuse blown
4
Is Y-phase
NO fuse ok?
Send signal to GSM Module
to send SMS once to DSO
showing B-phase fuse blown
4
Is B-phase
NO fuse ok?

Figure 3.24: Flowchart of Distribution transformer blown low voltage fuse/phase monitoring

system using GSM technology
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Initialize the input/output (1/O) ports of the
main controller unit

A 4

Send signal to GSM Module to send SMS Check the main voltage sensor
once to Distribution System Operator for no
voltage supply from transformer if the
transformer service feeder is eneraized

Is real voltage
available from
NO transformer?

Check the phase sensors

Is there over-
voltage supply from
NO transformer?

Send signal to GSM Modem to send SMS
once to Distribution System Operator for
over-voltage supply from transformer

Figure 3.25: Flowchart of Distribution transformer low voltage neutral failure monitoring

system using GSM technology
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4.1

CHAPTER FOUR
DATA PRESENTATION AND RESULT ANALYSIS

Analyzing Hourly Load Profile of New Bussa Distribution Network

Critical study carried out on Tables 3.1 through 3.21 and bar charts of Figures 3.5 through 3.11

in chapter 3 for daily hourly load readings from the three feeders shows the following:

Load profiles for the three feeders (Sabo, Senior Camp and Township feeders) have
similar shapes irrespective of the day of the week thereby leading to an assertion that
loading of the feeder is a function of time of the day and not a function of day of the

week.

. Senior Camp feeder had the greatest load on the network, followed by the Township

feeder and finally the Sabo feeder with the least load.

The peak loading period occurred within same period of time for the three feeders and
for each day of the week. The peak period is between 5:00 (5:00a.m) to 8:00 (8:00a.m)
and between 18:00 (6:00p.m) to 21:00 (9:00p.m), with the greatest load occurring at
20.00 (8:00p.m) every day while other times within the following ranges of time; 1:00
(1:00a.m) to 4:59 (4:59a.m), 8:01 (8:0la.m) to 17.59 (5:59p.m), 21:01 (9:01p.m) to

24.59 (12:59a.m) are referred to as off-peak periods.

4.2 Load Flow Reports for New Bussa Base (Initial) Distribution Network

As earlier mentioned in chapter 3, New Bussa distribution network was modeled using the

empirical data listed in Tables 3.22, 3.23 and 3.24, imputed and simulated in ETAP 12.6

software so as to generate the load flow reports for New Bussa network during both peak and

off-peak loading periods and thus characterize New Bussa distribution network. Looking at the

New Bussa network model (the single line diagram of New Bussa distribution network) as

shown below in Figure 4.1, we have one hundred and three (103) load buses (buses that have
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loads directly connected to them), one hundred and four non-load buses (buses with no load
directly connected to them) and the 33KV bus that serves as the swing bus.

The load flow reports generated from the evaluation of the New Bussa network model are shown
in Tables 4.1, 4.2 and the branch power losses summary reports, are also shown in Tables 4.3
and 4.4 for peak and off-peak periods of the network respectively. These reports show the real-
time bus voltage values (percentage voltage magnitude of each of the load buses), branch power

losses, and power flow in the New Bussa base (initial) distribution network.
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One-Line Diagram - NEW BUSSA NETWORK SLD (Edit Mode)

0 N SN O

Figure 4.1: New Bussa distribution network model (See attached in Appendix 11, New Bussa

distribution model printed in a bigger paper for clarity)
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Table 4.1: Load flow report for New Bussa distribution network during peak period
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Locaion:  NEW EUSSA - NIGER STATE 12400 Dae 12102017
Conmact: SM:
Ensiner:  OEAFOR CHUEWUNENYE 5. Sudy Case: LOAD FLOW Fevisiow Base
Filemame: save Config.:  Normal
LOAD FLOW REPORT(PEAE PERIOD)
LOAD FLOW REFORT
Bus Voltage Ceneration Load Load Flow XTME
o KV %eMaz Ang MW Mwr MW Muw o MW Mur  Amp  %FF Sulap
1 1100 570 02 1] MATH BUS ik x -5470 3080 ?
Bus2 ol 11§ Q056 il 11
Bu: 4 [l Q138 76 12
i) [i8-31:3 5125 JET2 185
Technical fn Bos 0002 a1s g4 14
a0l L1000 B985 04 a Q MIATM BUIS 0057 -1.450 04 3B
Bus 111 Qo Q073 40 12
Bu: 113 QU000 Q43 14 11
i QaFs 1287 .7 42
55 40 Roundshows Bus ol 11§ Q076 42 12
00l 11060 95106 03 <] 1] MATH BUS Eilliik] 0583 3213 42
o2 4 Q546 3332 44
HMational Park F( Bes. Q000 Q037 10 10
o 1100 81811 1.2 a a 1 T4 4873 JET2 4B
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Bu: 43 Qo aliz ] £32 L&
Bus 45 001 Q.061 42 14
Bus 47 0002 a1 76 14
Bu: 29 001 2073 52 13
Bus 51 001 .06 48 13
o7 s | 2021 424 123
MESL Water RBeverv. s ol 11§ Q0TE 55 10
11060  9146l8 LE o <] 1] [I o Bl -0411 s 24
Bus 155 Q000 Q034 10 L4
Bus 158 Q000 anx2 12 (]
DooE Qg 0313 185 2B
Fod Col of Wildis Bus Q000 a3z 18 1.0
1100 82476 14 a a a oo Rillitli] -1.145 [5] 28
Bus 119 Qo Q0TE 43 11
Bus 121 Qo Q0T 43 12
Bus 173 Qo Q0T 38 10
010 T QEE] He 31
Emir's Goest Honse B ol 11§ Q0ES 37 10
1160 5784 Ikl o <] 1] a o5 4151 -1.887 424 4]
Bus 13 ol 11§ anTl i3 16
Bus 55 ol 11§ 1ok i3 1B
Bus 57 [l 017 :4:3 L&
Bu: %2 Qo el ] 35 L&
Bus 61 001 .067 50 14
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ETAFP

Prject  PRD. PROTECT Pag 3
Locaiom:  NEW EUSSA-NIGER STATE 1240H Dae  12-10-2017
Coniract: SH:
Eugineer:  OEAFOR CHUEWUNENYE 5. Sy G LOAD FLOW Revisiow Base
Filename: sawve Confi:  Nommal
LOAD FLOW REPORT(PEAK PERIOD)
Buws Voltage Gaueration Load Load Flow XFME
m KV %cMaz Ang A Mhar MW Maar m MW Mhoar Amp 207 %Tap
- Bus 62 Q0L .0ee T4 T
e [RES) 1.3%) 1.1 103
Mgl B Q0L [l 41 11
[+:3 110 65488 123 <] a 0083 -1.308 1.1 &4
Bus 65 Q0L 0.068 i3 L&
Bus 67 Q0L 042 34 13
Busz §2 0001 Q0= 33 14
Buz 71 0001 0038 1% L5
Buz 73 Q0L 0033 18 L=
Bus 73 Q0L Q3 34 17
= [hepi] 0583 Tl gD
4 Bm Q0L [l 47 12
Q008 1100 S0.&K 22 <] LR 56 008 0318 185 i}
Bus 151 Q000 [l o 15 1]
il Q00E 2243 141 13
Fassarma 2 B Q00 033 1.e [el}
(i) 11 1578 144 a a 08 Eilith 0833 Tol 44
Bus 77 0001 Q038 45 L7
Buz 7@ 0001 L) 44 L5
Bus Bl 0001 00 4& 14
Bus E3 Q0L o1 44 13
Bus BF Q0L a1 5] 33 ]
Bus BT Q000 027 13 11
10 [liE]. Q605 513 &0
Catholic Chumch Bas Q000 a0 L.e 12
i} 11000 59,520 160 a a mw Sans 0583 513 iz
Bus B2 Q00 a0 10 15
Bus 81 Q0L 043 38 13
Busz 93 0001 L) 4& 14
Bus 8% Q0L Q045 4.0 13
Bus 87 Q0L Q037 j2 L&
7 Q018 0348 nE 43
Extanena Empita Bus Q000 0034 30 L=
QL 113 81312 18 <] a 0os Sals 0871 4.5 12
Bus 125 Q0L 207 41 11
Bus 138 Q0L Q.05 i3 11
03 a7 Q.ETE L0 15
FGEC B Q000 [l o 15 1]
010 11000 B2371 26 a o Doog <000 0240 41 L7
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Prgject  PRD. PROTECT Page: 4
Locaio:  NEW BUSSA - NIGER STATE 12408 Dae 12102017
Comnirac: SN
Enginser  OEAFOR CHUEWUNENYE 5. Sty Case LOAD FLOW Revision: Base
Filsmame: sawe Confie.: Mommal
LOAD FLOW EEPORT(PEAK PERIOD)
Bws Voltage Ceneration Load Load Flow XFMR
o KV %Mz Ang MW Mwr MW Maw D MW Mvxr  Amp
Bus 154 Q00 Qa7 212 12
o1z Q003 a1TE 11 1E
(D55 Nassarmoa Bos [l i i) a3l 1.B 13
a1z 11000  E9082 13 0 1] 1] o 0ol 0002 2171 1l 13
Bus 167 Q000 Q030 1.B 11
Bus 1562 QoL angs 18 12
oL a0l Q0EH 37 15
Sabe Grnder Bus Q00 o034 a0 11
a3 11000  B03TE 1= 0 1] [} Q mo 0012 0671 L0 1E
Bus 131 a0l Qs 25 12
Bus 133 QoL Q.0&7 e 1.0
Bus 135 QoL Q=7 18 11
o7 ol 0488 . 21
NIFFR Sec. Ot Bus [l i i) an4s 1B 10
13 11000 BEST3 il 0 1] 1] Q o2 <1001 -0.063 37 12
Bus 172 Q00 03z Le L4
A 1 Bus Q00 Q031 LB 10
a7 11000  EB9536 17 0 a a a M3 007 0462 o 15
Bus 138 QoL 0065 38 1.0
Bu: 140 Q0L Q061 38 13
] Q00E 0282 17.1 16
Lafia Spot Bus QoL angs 18 13
(v} 11000 B9 156 13 0 1] 1] a m7 000 -0.281 17.1 12
Bus 143 a0l Q085 g 11
Bus 145 Q0L Q065 s 13
3 a0l 0Lz 1.3 13
NIFFR Seaior Qs | Bas QoL Q048 1B 11
3 11000 EBESS] o 0 1] [} Q 0o 001 0112 1.3 12
Bus 148 a0l Q05 31 12
Frborias Qs B QoL a05e 34 11
7 11000 57986 170 0 1] 1] Q10 S0s 0340 e 27
Bus B9 a0l an3n 35 17
Bus 101 [l i i) Q038 34 13
Bus 103 a0l Q045 41 18
&1 T o1ss 17.6 35
HAPTIN Coost House T B Q00 025 23 11
&l 11000 56545 17.7 0 a a a 57 004 0150 17.6 23
Bus 105 Qa2 Q101 23 20
Bus 108 QoL Qa7 34 1.3
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ETAF

Prgject PR FROTECT Pam: 5
Location:  NEW EUSSA - NIGER STATE 12500 Da:  12-10-2017
Coniract: SH:
Engnser  OKAFOR CHUEWUMENYE 5. Sosdy Case: LOAD FLOW Revision: Base
Filsname:  sawve Config.:  Nomal
LOAD FLOW REPORT(PEAK PERIOD)
o Valtaze Ceneration Load Load Flow XFMR
m KV *ebMaz  Ang MW Mhar MW Maar m MW Mhar Ammp FF *Tap
- Yima Bus 0002 L) 48 T
Agp B 0417 B30 3l o 1] D0l D65 Bus 143 <1001 0063 1003 B
Aligani Busl 0417 T334 78 o 1] D0l 0104 Bus 47 <1001 0108 jran i) B
Anglicn Cumch | B 0417 BHIET 3= o 1] D0l 0115 BuslE <1001 0118 1205 B
Anghicn Chumch X Ban 0417 BHE8E 33 o a Dol 3137 Bus X0 001 4137 M3 oe
A=y Eng Bus 0417 =081 ] o a Dol 074 Bus 121 001 0074 1133 B
Sovomn | B 0415 BEOET 33 o a 000D D30 DoLs Q000 0030 450 B
Sovem X B 041% ETELD 34 o a 000D 03 Bus 172 Q000 0032 5.1 (e}
Baba Iloriz Farm Bos 0415 TOMHE 55 ] a uDod o e Q00 Skt T B
Baba Ilorin Hoowe Bus 0417 R4 33 ] a uDod kS BuslE Q00 0028 4#2 [el}
EF 1 Bus 0417 s5480 106 ] a uDod ]l Bus 35 Q00 0041 854 B
Borm Coren. Bamk Bex 0415 ™74 32 0 Q 0000 0021 Bus 35 0000 0021 w7 0B
BSW Bus 0417 #&@7 116 0 1] 000 4] Bus 67 Q00 0041 Bl B
Bl L1100 34552 02 o 1] 1] a1 <1001 0058 il 11
Zowt. Sac Sch Bus Q0L Q.05 il 11
B4 L1 514 03 o a <] a1 0002 4137 T8 11
Dantore Lodge Bus Q002 2137 T8 11
BT 110 BLEL4 13 o a <] a 0002 01355 b 15
Madnfi Estaie B Q002 (18 551 b 15
Bm? 110 9187 13 o a <] a 0002 0130 T4 12
NIFFR HQS B [ils ral a130 T4 12
Baz 11 11000 91844 L3 0 Q a [ 4 il -0.098 iE 12
Migor Bv Basin Bus 0001 0088 iE 12
Bz 13 11000 DIELD L3 0 Q a [ 4 <02 0117 6T 13
NIFFR Jumicr Qi B Q002 0La17 67 13
B 15 110 81753 13 o a <] a a2 0002 0148 g3 11
Toahm Wali Bus Q002 [BE ] g3 11
Bax 18 1100 BAS2S il o a <] a | 0002 -1 72 13
Anglican Cleexch 1 Bus Q002 Qi 72 13
B M 110  BS4ET 31 ] a a a | Bl pal 138 RS 13
Anglican Cleexch 2 Bus Q002 13 RS 13
BxX 110 BS™E 30 ] a a a | il il 0081 35 L&
Bl Qrirs 2 B Q0L .08 35 L&
B 4 11000 BS4RS 3l o 1] 1] [ <1001 01233 73 12
il Qs | Bes Q0L Q113 73 12
B 26 11000 BOSTS il o 1] 1] [0 0002 0117 T8 13
Bussa Tows Hall Bus Q002 0La17 T8 13
B 113 BlLIlS 51 o a <] o« Q000 0027 1.7 13
Baba Tocn House Bas Q000 Q027 1.7 13

104



ETAF

Prgject  PRD. PROTECT Page: 4
Locaio:  NEW BUSSA - NIGER STATE 12408 Dae 12102017
Comnirac: SN
Enginser  OEAFOR CHUEWUNENYE 5. Sy Case LOAD FLOW Revision: Base
Filsmame: sawe Confie.: Mommal
LOAD FLOW EEPORT(PEAK PERIOD)
Bws Voltage Ceneration Load Load Flow XFMR
o KV %Mz Ang MW Mwr MW Maw D MW Mvxr  Amp
B 30 11000 ELIOO il [ Q00 003 212 11
EEYETONE Bank B Q000 Q034 23 11
B 32 11000 BO9G9d il o oM 001 -0.085 335 14
Cid Ay Barracks Bus QoL Q083 33 L=
Bx M 11000  BO.TEE 52 [ 0003 0187 128 1.5
Wi Prisnory Sch B o3 a1e7 128 15
B 36 11000  BLI23 il a = Q000 -0.021 1.4 11
Borga Cozem. Bank Bus Q00 a0l 1.4 11
B 3% 11000 75027 T8 Q 0% Q00 -0.025 1.7 10
TEBEABu Q000 Q025 1.7 1.0
B 4l 11000 75004 T8 a 0% Q00 -0.030 21 11
MTH B Q000 Q030 21 11
B 43 11000 THETS 77 a 0% 0001 -0.088 632 L4
Manwney markar B, QoL Q088 632 14
B 43 11000 T4sas 77 Q 0% <1001 -0.061 432 13
BT Yard Busl QoL Q081 432 13
B 47 11000 TELR 77 Q 0% 001 010 TE 12
Aligeed Busl a0l a1 16 12
B 4% 11000 ™20l 77 a 0% Bl il 0.075 53 11
Hamger Busl Q0L 07 52 11
B 51 11000 ™ol4 77 a 0% 0001 -0.068 48 11
Fidagha Bl QoL ane 48 11
Bu 11000 69556 102 Q7 <1001 -0.070 i3 L=
TFT Bus a0l Q07 53 L4
B 53 11000 69583 1kl Q 001 0043 33 17
HF 1 Bus a0l Qs 33 17
B 57 11000 89450 103 a 002 =116 BE 13
Lep=a Erad Bus Q02 0116 BE 13
B 3 11000 89850 102 a 0001 0045 35 1.5
Elshadas B 0001 0045 13 15
B 61 11000 69550 102 Q7 <1001 -0.067 30 12
Water Tsatowns Bus a0l Q0E7 50 12
B &2 11000 #9406 102 a o il i 0088 74 11
Cfficers’ Mess Bas a0l Q088 74 11
B &5 11000 85279 115 o 0E Bl il -0.066 53 L4
Corpra Balow B QoL Q068 i3 L=
B &7 11000 65354 124 o 0E Q000 004 34 11
BEW B Q00 g2 34 11
B 5 11000 653445 124 o 0E <001 004 35 12

105



ETAF

Project  PRD. FROECT Dags 7
Locaton:  NEW BUSSA-NIGER STATE 1240 Dae 12102017
Confract: SN
Enginesr  OKAFOR CHUEWUNENYE 5. Sudy Case LOAD FLOW Fevision Bass
Filsname: =we Config: Normal
LOAD FLOW REPORT(PEAK DERTOD)
Buws Voltage Generation Load Laad Flow XFME
m EV %*eMag Ang MW Mhar M Mvar m MW Mhear Amp 5T %Tap
- Climic Bus Q0L a4 35 T
B 71 11000 65365 114 0 i} Q o 0 Q00 0036 18 13
Higr Crscet Bus Q000 Q036 18 13
B: T3 11000 65368 114 0 a a o 0 Q000 0035 1B 13
Samior Camgp OT B Q00 Q033 18 13
B T3 110 65338 114 ] a 1] o 0 001 Saliz s 34 15
MESL Water Tmatment Bos. [l a3 34 15
B T7 11000 61763 143 0 1] 1] o mw 001 0056 48 L=
Eadma Do B Q0L Q05E 48 L4
B 79 11000 61788 145 0 a a o mw Bl v 0051 44 13
Foador Bos. QU001 Qo1 44 13
B £l 1100 &1L779 14.5 0 a a o m Bl i Sl 48 12
SMCO Bus QUL o £1.3 12
B 83 11000 61787 145 ] a 1] o mw 001 <0051 44 13
CFABxm Q0oL ansl 44 13
B B3 1100 61733 L1446 0 1] 1] o mw 001 0062 33 12
Dorin Road B Q0L Q02 53 12
B E7 11000 61870 14.5 0 a Q o m| 0000 0027 23 10
HAPTDY Camist Housa | B QU000 Qa7 23 1.0
B 59 1100 5428 L&0 ] a 1] o 12 Q000 Q022 20 13
Miomai Bus QU000 oz 20 L=
B 5l 110 5334 L&l ] a 1] o 12 Q000 0042 38 11
MESL Watar Intaks Bus Q000 ol 38 11
B 53 110 5304 L&l 0 1] 1] [ (1] 001 0052 36 11
Mioie] Azzax Bus Q0L Qns2 48 11
B 93 11000 52331 161 0 a Q o 1 0000 0045 40 10
S04 Bus Q000 1257 40 1.0
B 57 110 52368 L&l ] a 1] o 12 Bl 0037 32 L4
Chinges Crawen Bus QU001 Q037 32 L=
B 59 11000 5780 171 ] a 1] o 57 Bl “a03n 35 15
Zaria Wary Bus. Q0oL an3n 33 15
B 101 1100 5784 17.1 0 1] 1] o 7 QU000 <0037 34 11
Diozia Cansp Bus. Q000 an37 34 11
B 103 11000 57781 171 0 a Q o 57 Bl 0045 41 17
Eadarko Bus Q0L 1257 41 17
B 106 11000 55356 182 0 a a o &l Bl i 0100 23 12
Migor Water Plant Bes 0001 2100 23 12
Bas 108 1100 565721 178 ] a 1] o &l Q000 <0037 34 2
Euromaesa Bos Q000 an37 34 12

106



ETAF

Project  PRD. PROJECT Pazz B
Locationm:  NEW BUSSA-NIGER STATE 1240 Dme 12102017
Confract: SN:
Enginssr  OEAFOR CHUEWUNENYE 5. Smdy Case LOAD FLOW Fevision: Base
Filename: =we Confie: MNommal
LOAD FLOW REPORT({PEAK PERIOD)
Eus Voltage Generation Laad Load Flow XFME
m KV % Maz  Ang M Mhar MW Muar i) MW Mhoar Amp %0F %eTap
B 111 11000 54500 T 0 a a o ol 0001 20073 40 T
Cid Dopogen Bus Q0L Q0T 40 11
B 113 11000 4207 o 0 a a o ol Q000 0043 14 11
Eoro Badio Bus Q00 alix 14 11
B 116 11000 93728 o 0 1] [} oo 001 -0.062 3.3 L]
Fom 1 Bs a0l Q02 35 (]
B 119 11300 92338 L5 0 a a o pos 001 0076 43 11
Tawr Qs Bus QoL Q078 43 11
B 121 11000 92380 L5 0 a a o 0os 0001 -0.075 43 11
Armry Fngr Bus. QoL anTs 43 11
B 123 11000 9823580 L3 0 1] 1] [ 1] <1001 -0.067 3B (]
Cid Market Bus QoL Q.0&7 38 (]
B 126 11000 91123 10 0 1] [} Q mo 001 -0.071 41 10
85 13 Mamchesiar Bz a0l Q0T 41 1.0
Bes 128 11000 91243 10 0 a a a M Bl il -0.058 33 11
Fepdro Bus QoL Q038 33 11
B 131 11000 90313 142 0 a a a9 m3 0001 43 25 12
Jobice Buos QoL ands 15 12
B 133 11000 90273 12 0 1] 1] Q m3 <1001 -0.067 s 10
Caniure Boad B a0l Q0E7 g 1.0
B 135 11000 90303 1= 0 1] [} Q m3 Q00 0047 18 10
NIFFR Senior (s 2 Bas Q000 a7 18 1.0
B 138 11000 E9.532 17 0 a a a m7 Bl il 0064 38 1.0
Jebosh Wimass Bus Q0L Q0Es 38 10
B 140 11000 EB9.837 17 0 a a a m7 0001 -0.061 38 13
Tigor Watar Boostar Bus 0001 0061 36 13
B 143 11000 E3¥3 o 0 1] 1] [ v:1] <1001 -0.066 s 10
Agip Bus a0l Q085 g 1.0
B 143 11000 E3¥3 o 0 1] 1] [ v:1] <1001 -0.063 s 12
Genaral Hospital B a0l Q065 is 12
B 143 11000 BEESD il 0 a a a I Bl il -0.0538 31 11
Fiubaorigs Sch Ban QoL Q05 3l 11
B 152 11000 93834 ®E 0 a a o 0o Q000 0034 Ls 11
Funkom B 0000 0032 L 11
B 156 11000 91525 LB 0 a a [ s Q000 0034 0 13
MTH Nassaawa Bus Q000 Q034 0 13
B 158 11000 91538 LE 0 Q a Lo Cix) 0000 a0 12 0B
HAPTIN 5ch Bues Q000 an 132 B
B 161 11000  BO458 13 0 a a o 0olE Q00 0044 15 (]
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Prject  PRD. PROJECT ETaF

Paga: a

Locaio:  NEW BUSSA-NIGER STATE 1240H Dae  12-10-2017
Contract: SH:-
Ensineer:  OEAFOR CHUEWUNENYE 5. Sudy Case: LOAD FLOW Revisiow Base
Filename: sawve Config:  Nommal
LOAT FLOW REPORT (PEAK PERION)
Buws Voltaze Ganeration Load Load Flow XFME
m kv %cMaz Ang A Mhar MW M m MW Mhoar Amp 0T %Txp
- Fassarma 1 Bus Q000 [l o 15 ?
B 164 110 B 23 ] a a @ 0ol Q00 0037 112 11
Fassarmwa Cronder Bus Q00 037 112 11
B 167 11000 BESST 30 ] a a L e Q00 0030 1.8 1]
Sabe 1 Bus 0000 0030 I 10
Bz 169 11000 BESSE 30 0 Q a L 0000 0044 18 11
Saito 2 Bus Q000 [alhs 16 11
B 1T 11000 BE 453 32 o 1] 1] 0 0ols Q000 -0.033 L& 12
Amum 2 Bus Q000 Q033 L& 12
* B30 33000 100000 111} L0x2 7837 <] 2 MATNBUS 1032 T.837 0 128
Bowia Town Fall Bus 0417 T4 54 o a Dol G115 Bus25 001 ~0L115 o2 oe
Catholic Chrarch Bus 041F  BOTHE 146 a 000D o @ Q000 0022 458 B
Chimass Quabars Bz 0415 57783 164 ] a uDod 35S Bus 97 Q00 0038 BE.0 [el}
Clinic Bas. 0417 #547 116 ] a uDod K3l Bus &9 Q00 0043 a4 [el}
Coapra Belowr Bus 0417 &35 118 ] a Dol s+ Bus 85 il il ki 1408 [el}
D4 Bus 0417 S 563 125 0 Q 0001 00sE O il 0058 1.7 ne
Damtoro Lodge Bus 0417 #3433 e o 1] D0l 0135 B4 <1001 0133 M3 oe
Damtoro Foad Bus 0413 BT 23 o 1] D0l D65 Bus 133 <1001 0068 1m.e B
Donia Camp Bus 0413 37361 172 o 1] QD00 037 Bus 101 Q000 0037 02 B
Flckadsi Bus 0417  6E065 10.5 o 1] QD00 MY Bu ¥ Q000 0045 222 B
Fouir's Goast Homse Bus 0415 933 1] o a Dol Das D0S Bl il 0065 283 B
Fed Col of Wildlis Bus 0415 913 18 o a 000D 03T 0005 Q000 0032 458 (e}
FGGEC Bus 041F  BOEID 20 o a 000D D 010 Q000 Sl -2 (e}
Fishsziss (s Bus 041F ETE34 31 o a Dol 0 M3 Bl il 0058 2Ll (e}
Fisherios 5ch. Bus 0415 B7TEI8 32 0 Q 0000 0053 Bus 148 0000 0053 B3 ne
Fimlun Bus 0415 92ols 0e 0 Q 0000 033 Bus 152 0000 40033 S0 ne
EDESE Navaraaa Bas 0415 BEOD4 1E 0 Q 0000 &0 DoIn 0000 0030 473 ne
{Goraral Hospital Bus 0415 BT ™2 31 0 Q 0001 0 Bus 145 il 0064 11 ne
Govt. Sec Sch B 0417 =50 04 o a 000D @055 Bus2 Q000 0055 13 oe
ZFABus 041F 60367 148 o a 000D @050 Bus E3 Q000 005 115.% B
Henger Busl 04157 TIES2 78 o a Dol 07+ Bus &2 001 0074 1388 oe
Hydo Bus 0417 B048T 21 o a 000D ®05E Bus 128 Q000 Silliat] =43 B
Tiocin Road Bus 0415 803 147 o a Dol D51 Bus B3 Bl il 0061 1402 (e}
Jehonah Winess Bus 0415 BETS 18 ] a Dol D4 Bus 138 il il ki 1002 B
Jobics Bus. 0417 EB0EE 15 ] a uDod M3 Bus 131 Q00 0043 &858 [el}
Eadoriko Bus 041F 55048 176 ] a uDod M3} Bus 103 Q00 0043 1074 B
Eadma Dirve Bus 04157  S006ES 14E 0 Q 0001 005 Bus 77 il 0056 1306 ne
Eztynra Hospita Bus 0417 SEM8 163 0 Q 0000 nE3 10 0000 40033 =3 ne
EEYSTOME Bank Bus 0417 BO361 32 o 1] QD00 0033 Busx 30 Q000 -0.033 i B
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ETAF
12.60H

Project: PhD. PROJECT
Locationn ' WEW EUSSA - NIGER STATE

Pags: 10
Diare: 12-10-2007

Contract: SN:
Engineer:  OKAFOF. CHUEWUNENYE 5. Sy Caze: LOAD FLOW Bevision: Base
Filename:  sawe Confiz:  Mommal
LOAD FLOW REPOET(PEAE PERIOD)
Bus Voltage Generation Load Load Fhow XFMER
o EV % Mag Ang MW Mhar MW Mw MW Mhar Amp *FF *eTap
Eidagha Busl 0413 TeTE ? 0 ] 0.001 0058 Bus 51 0001 -0.068 1276 ?
Eomo 1 Bus 0415 93091 10 0 a 0.000 0052 Bus 116 0000 0062 a1 (HF:]
Eaomo Crinder Bus 0415 92 M6 10 0 a 0001 0057 04 <0001 0057 e oo
Eom Eadio B 0413 93757 03 0 Q 0.000 043 Bus 113 0000 0043 @a.7 0B
Enmraasa Bus 0413 53402 181 0 Q 0.000 0.03§ Bus 108 0000 -0.036 mE 0B
Envwin Wali B 0413 B60L iz 0 Q 0.001 0o 03 0.001 -.068 m.7 09
Ladia Spot Bus 0413 gLU7 30 0 Q 0.000 L3 07 0000 0043 &3 0B
Local Govt Qers Bus 0413 B4 L3 0 Q 0.001 00TE 02 001 ~0.078 1207 0B
Limma Road B 0413 &M 105 0 Q 0.001 0113 Bus 57 £.001 -1z 3lE 0B
MAIN BUS 11000 96276 &2 0 Q Q 01 0514 1530 gL 163
bol 0.0 L3510 204 4.7
Dol 0030 0550 1a 30
Bus230 -LaléE -7.639 4101 | E )
Mammy morket Bus 0415 72863 BD 0 a 0001 0085 Bus 43 <0001 -0.085 1542 oo
Moamam Bes 0415 8B.17 oe 0 a 0.000 <3 0002 0000 0043 (21 oo
MESL Wamr Infaie Bus 0413 38412 162 0 Q 0.000 0042 Bus 8l 0000 -0.042 8.3 09
MESL Wamr Rasarv. Bus 0413 ™O16 77 0 Q 0.001 0077 03 0.001 0077 1432 0B
MESL Water Treatment Bus 0413 S0 129 0 Q 0.000 042 Bus 73 0000 -0.0:42 .4 0B
Ml Qe 1 Bus 0413 B34T® 33 0 Q 0.001 0122 Bus4 001 122 155.6 [HL]
Ml Qe 2 Bus 0413 E1L#36 33 0 Q 0.001 0087 Bus22 001 -0.087 1466 0B
Mozed Bus 0413 513 164 0 Q 0.000 0021 BusB? 0000 -0.021 g 07
Mol Annex Bes 0413 5408 163 0 ] 0.000 0051 Bus 93 0000 -0.051 1ne 0E
MT Yard Bl 0415 T:ETL 78 0 ] 0.000 0,039 Bus4¥ 0000 -0.059 1115 0E
MTH Bas 0413 Te0d 7B 0 ] 0.000 0.0 Bus4l 0000 -0.028 33 09
MTHN MNassarras Bus 0415 9023 11 0 a 0.000 0034 Bus 155 0000 0034 n4 (HF:]
MTH Wildif Bus 0413 W04TL L& 0 Q 0.000 0040 D004 0000 ~0.040 &l 09
NAPTIN GuestHouse L Bus 04137 6L11% 144 0 Q 0.000 0027 Bus BT 0000 -0.027 al4 0B
NHAPTIN Guest House 2Bus 0417 J7.M48 171 0 Q 0.000 003 37 0000 -0.025 aLy 09
HAPTIN 5ch. Bus 0413 #1H7 LB 0 Q 0.000 0022 Bus 138 0000 -0.022 ne 0B
Navarma 1 Bus 0413 Besd2 14 0 Q 0.000 0044 Bus 161 0000 -0.0:44 a6 0B
N 1 Bus 0415 018 213 0 Q 0.000 0032 0008 0000 -0.032 o 0B
Nawamrars Grinder B 0415 BEEL 1B 0 Q 0.000 0037 Bus 154 0000 -0.037 s oL
Noriomal Pk FG Bus 0415 1011 F 0 Q 0.000 0037 0001 0000 -0.037 .2 0B
Nodufn Estate Bus 0415 EES34 L& 0 ] 0.001 0130 Bus? 0001 <0150 1il 09
How (s Bes 0415 91.WT L& 0 a 0001 0075 Bus 118 <0001 0073 1142 oo
Hgmki Bus 0415 68887 102 0 a 0.000 wo= 07 0000 0054 1085 oo
NIFFE H(JS B 0415 90376 14 0 a 0001 01X Bus?® <0001 0128 1974 oo
NIFFE Fmicr Qs Bes 04157 Be&0 L3 0 a 0001 0114 Bus 13 <0001 0114 1771 oo
NIFFE Sec. Qi Bus 0413 EE38 14 0 Q 0.000 047 013 0000 0047 7.2 [HL]
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Prgject  PRD. DROECT ETaF

Page: 11

Location:  NEW BUSSA - NIGER STATE 12508 Dae  12-10-2017

Coniract: SN

Engnssr  OEAFOR CHUEWUNENYE 5. Soady Case LOAD FLOW Fevision: Base

Filsname: sawve Confiz:  Normal

LOAD FLOW REPORT(PEAK PERIOD)
Bus Valtage Generation Load Load Flow XEMR
) W %Mz Ang MW M MW M MW Mox Amp %FF %Tmp

T ) o o ooM LMT 0N noe | 4T M3 o8
NIFFE. Semior i 2 Bus 0417 BT 15 ] a [hia] T Bus 135 Q000 0047 71 0B
Miges Crmscent Bus 0417 f1484 127 0 a 0000 035 Bu 71 Q000 0035 765 0B
Miger v Baum B 041F 90018 1.3 0 i} [FH 0095 Bus 11 001 00546 1480 0E
Niges Watsr Booster Bus 0413 BT 98 13 ] a o001 050 Bus 140 il 0060 8 (]
Niges Water Plant Bus 0415 55720 183 0 a 0001 iee  Bus 105 Bl v S0ea 73 (]
OfSicars’ Mass Bus 0417 68333 L4 0 1] 000l 0057 Bus 62 1001 0087 1964 (]
Cd Amey Bamcks Bus 0413 TES3 34 ] a o001 DE} Bus 32 Bl il 0083 1485 (]
0ld Dogogom B 0415 93537 [+h] 0 a 0001 0072 Bus 111 Eili v 072 1673 (]
Oid Markat Boos 0417 Q&4 1.3 0 1] 000l 0DST Bus 123 1001 0067 1013 0E
Radar Bus 0417 60369 148 ] a [hia] 0050 Bu @ Q000 005 1159 (]
Szbo 1 Bms 0417 BEHT il 0 a 0000 0030 Bus 1657 0000 0030 473 oe
Sabo 2 B 0413 ET&7T 3z ] a [hia] 43 Bus 162 Q000 Saliz s ] 0B
Sabo Condar Bus 04135 BEILT 3l 0 a 0000 33 Dol Q000 0033 7.5 (]
Sanior Canp CT Bus 0417 &.%33 127 0 a 0000 0034 Bu: 73 0000 034 45 0B
SHCO B 0417 &0E39 147 ] a [hia] 0053 Bus Bl Q000 0053 111 (]
500 Bus 0415 58533 162 0 a 0000 45 Bus 85 Q000 045 1059 0B
5% 13 Manchosts Bus 0417 20418 11 0 1] 000l 0070 Bus 126 1001 0070 108.3 (]
55 40 Foumdabout Bz 0417 9357 ] ] a o001 0075 Dol il 0075 111.6 (]
Techmical Tn Bus 0417 920 5] 0 a 0001 047 1 Bl v 147 o 0B
TFTBm 0417 68410 175} 0 1] 000l 2 Bus 53 1001 <0068 145 0E
T Wali Bus 041F 90031 1.5 ] a o001 2143 B 15 Bl il 0143 M7 0B
UBA B 0417 ™44 TE 0 a 0000 0025 Bus 39 0000 0025 43 0B
TWner Tamment Boos 0417 6848 L4 0 1] 000l D5 Bus 61 1001 0068 1333 0E
Waziri Primary Sch Bus 0413 TEXME b1 1 0 a (11114 0191 Bu: 3 0002 0181 337 (]
Yimna Bos 04137 &% %1 0 i} 0000 2 Al Q00 048 1183 0E
Zxia Wy Bus 0417 5548 17.5 ] a [hia] 037 Bus %% Q000 <0037 a7 (i v

+ Indiranes a vologs regaland bes (volage contmlled or suing typs macking comnacied to i)
& Indicates a bus with 2 load eferoich of mers them 0.1 BVA
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Table 4.2: Load flow report for New Bussa distribution network during off-peak period

Prgecr  BRD PROJECT ETAF Daps 1
Locatio:  NEW BUSSA-NIGER STATE 12408 Dae  12-10-2017
Confract: SN
Engiresr.  OKAFOR CHUEWUNENYE 5. Stady Casz LOAD FLOW Revisiow Base
Filepame: savel Confi:  Normal
LOAD FLOW REPORT (OFF-PEAK PERIOD)
LOAD FLOW EEFORT
Bus Voltage Generation Load Laoad Flow
m EV “ehag  Ang MW Moar MW Mvar m MW Mhvar Amp
1 1100 97E53 B2 1] MATH BUE £0.153 1186 1184
Bus 2 0000 Q.02 L3 10
Bus 4 [E Q056 30 1.0
o2 152 2014 108.3 73
Technical Jo Bus 0001 a0s7 36 1.0
[} 1100 97.53 3 1] MATH BUS 0027 560 13 2B
Bus 111 0000 a3 23 10
Bhus 113 0000 Q030 L& 1.0
o 002E Q85 453 30
£5 40 Roundsboe Bus 0000 Q036 2.0 1.0
001 1100 974616 3 1] MATH BUS il lv} <0368 158 27
oo L) 0337 181 18
National Park B30 Bes. 0000 Q031 L& 1.0
o 11000 DS T5S [F] Q 1 0138 -1.883 1083 .31
Bus 7 0001 a0e 33 11
Bus 8 Q000 o125 23 1.0
Bus 11 0000 Q036 0 10
Bus 13 0000 Q038 21 11
Bus 15 0001 Q056 30 1.0
3 133 1725 f|ae 7
Local Govt G Bus Q000 a3l 1.7 1.0
[« 1 1ed 11000 s S0 [HF ] Q ) ) 0003 401333 181 13
Bus 152 0000 Q014 [k} 10
(LG 00T Q258 161 235
Mzoreara Bus Q000 Q023 132 1.0
Jax] 11000 B4EM4 13 1] o 010 1883 ;e &4
Bus 18 0000 03 L [}
Bus 20 0000 Q04 23 11
Bus 22 0000 Q026 14 1.0
Bus 24 Q000 a2 23 1.0
= a7 13523 M35 70
Eowarin Waki Bus 0000 0024 13 10
23 11000 9E 776 11 Q E] <0083 -1.481 M3 36
Bus 26 0000 Q02 L7 1.0
Bus 28 Q000 Q008 (1] 1.0
Bus 30 0000 0026 L3 10
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ETAF

Project  PRD. PROJECT Pazz 2
Locationm:  NEW BUSSA-NIGER STATE 1240 Dme 12102017
Confract: SN:
Enginssr  OEAFOR CHUEWUNENYE 5. Smdy Case LOAD FLOW Fevision: Base
Filename: szavel Confie: MNommal
LOAD FLOW REPORT (OFF-PEAK, DERIOD)
Eus Voltage Generation Laad Load Flow XFME
m KV % Maz  Ang M Mhar MW Muar i) MW Mhoar Amp %0F %eTap
- Bus 32 Q000 a7 L& T
B Q0L o 33 11
Bus 36 Q000 anls 08 1.0
o5 Q8L 1209 TiE ]
Bahba Docin Farm Bus Q00 Qo2 1.7 12
[y 11000 85747 [+ oal <001 0853 4.3 25
Bus 118 [l i i) a3l 1.7 (]
] Qa0 Q781 418 26
For Grindor Bus Q000 Q031 1.7 11
s 11300 85177 oa D2 008 0285 161 20
D03 Q00T 0256 4.0 21
MTH Widis Bus QoL Q040 23 13
53] 11000 D037 il = 0057 -1.266 TiE 45
Bus 33 Q000 Q021 132 1.0
Bu: 41 Q00 Q030 1.B 11
Bu: 43 Q000 Qa7 21 11
Bus 43 Q000 Q018 1.0 (]
Bus &7 [l i i) a7 27 10
B &= Q000 Q038 232 10
Bus 51 Q000 Q018 1.1 1.0
i a5l LOL3 Ee e
MESL Watar Revary. B Q000 s 25 (]
00s 11300 95522 12 Do 004 <0254 140 L&
Bus 155 Q00 Q035 Ls L=
Bus 138 Q000 Qo015 (1}:3 (]
0o0g: 0003 Q182 0.0 1B
Fod Col of Waldif Bus Q000 Qo1 12 10
(<3 11000 DIEs8 L0 D Eillil k] -0.784 428 La
Bus 115 QoL Q061 33 11
Bus 121 a0l Q0 38 11
Bus 123 Q00 g2 23 (]
010 Qo1 0560 w7 13
Emir's Gosst Honse Bas a0l Q05 18 (]
ar 11000  EEIT1 41 05 0087 -0.95] Be 3B
Bus 53 Q000 Q021 132 1.0
Bus 55 Q000 024 1.4 11
Bus 57 0001 0051 31 11
Bu % Q000 anLe 1.1 1.0
Bus 61 Q00 an3e 23 1.0
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ETAF

Prgject  PRD. PROJECT Tags 3
Locatior  NEW BUSSA - NIGER STATE 12408 Daue 12102017
Contract: SN:
Enginesr  OEAFOR CHUEWUNENYE 5. Stady Case LOAD FLOW Revision: Bass
Filename: zavel Config.: Nommal
LOAD FLOW REPORT (OFF-PEARK, PERIOL)
Bus Voltage Generation Load Load Flow TFMR
m EV *ebMaz  Ang MW Mhvar MW Mvar m MW Mhar Amp FF %Tap
Bhus £ 0000 027 L& T
e Q035 Q790 70 45
Mgzl B Q000 Q01lE 11 oa
a4 11000 BS406 48 ] 1] 1] [ 0023 ST74 70 o
Bus 65 Q00 an3n 14 12
Bus 67 Q000 anls [ oa
Bus & Q00 Q030 1.8 L1
Bus 71 Q00 ane 132 ]
Buz 73 0000 2.020 12 10
Bus 75 Q000 Q01E 11 L0
= a2 QLE0E ELa kX
T4 B Q000 [x] veir) L& L0
0006 1100 4574 14 ] a <] Q 0o0s 0002 <0181 el 13
Bus 151 Q000 a2 1.7 oa
oo Q02 Q128 o L3
Hassarma 2 B Q00 Q024 13 [el}
[i:] 11000 M 56 ] a a a 08 Bl k] 0585 E 1 22
Bus 77 Q000 Qa3 232 12
Bus 7@ Q00 ane 132 ]
Bus Bl Q000 ans i 10
Bus B3 Q00 a7 23 L1
Bus BF Q000 a3y 23 L1
Bus BT QU000 Q021 13 oe
10 a2 0422 %1 7
Cathelic: Chumroh B Q000 Qoo i1 oa
] 11000 EBL.577 62 ] 1] 1] o mw 007 0418 M1 | )
Bus B2 Q00 1k} 1.3 [el}
Bus 21 Q0oL ans2 33 12
Bus 83 Q0L Q02 g L1
Bus 85 Q000 an3 113 oa
Bus 97 QU000 02s 1.5 L1
57 Q005 09230 44 12
Extapona Eocpits Bus Q000 anas L& L1
QL 11000 95168 13 ] 1] 1] 0 00s Bl iv] 0558 nT LB
Bus 124 Q0L Qns 1B ]
Bus 128 Q000 anas 14 oa
013 Qs Q438 3 18
FGEC B Q00 a0 132 [el}
i 1k 11000 94565 1.6 ] [} 1] o 000E 0002 0125 o 12
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ETAF

Project  PRD. PROTECT Pag 4
Locatiom:  WEW BUSSA-NIGER STATE 12400 Dme 12102017
Comiract: SH:
Enginesr.  OKAFOR. CHUEWUNENYE 5. Smady Case LOAD FLOW Fevision: Bass
Filename: savel Confie.: Nommal
LOAD FLOW BEPORT (OFE-PEAK DERIOD)
Eus Voltage Generation Load Load Flow XFME
m kW % Mazg  Ang MW Moar MW Muar i) MW Mhoar Amp %FF %elap
- Bus 154 Q000 an2s L3 T
Do1z QoL an7s 47 13
ZDES Massarma Bos Q000 Q026 14 12
[ i e} 11000 B4378 L7 Dolg 0001 -0.078 432 11
Bus 167 [l i i) anis 7 10
Bus 152 Q000 Q013 0B (]
Dol Q00 o034 Le 12
Syt Crinder Bus Q00 Q0ls 0E 10
al3 11000 B4 558 L& 01g 007 -0.456 X3 15
Bus 131 Q00 Q038 21 12
Bus 133 Q00 Qn3e 212 L]
Bus 135 Q000 Q032 1.B 1.0
o7 il 1] a3as 181 17
NWIFFR Sec. Qs B Q000 Qo1 12 (]
15 11000 54071 LB o1z Q000 0034 Lg 1.0
Bus 172 Q00 Q018 ne 11
A 1 Bus Q000 Q018 1.0 (]
a7 11000 54083 LB 013 004 40324 181 13
Bu: 138 Q00 Q031 1.7 L]
Bus 140 a0l e 18 12
] o3 a4 118 14
Lafia Spot Bus Q000 Q030 L6 11
[+ 11300 9378 La o7 0002 40213 1.8 11
Bus 143 QoL ans? 312 10
Bus 145 a0l Q065 36 12
o3 QoL 0083 35 11
NIFFR Senior Qs 1 B Q00 Q028 L& 10
a3 11000 93618 10 ] <001 -0.063 35 11
Bus 148 [l i i) an3a 13 11
Frukarigs (e B Q000 Q023 14 10
73 11000 EXET2 1] 1a 00 -0.228 44 16
Bu: [l i i) anls 0e (]
Bus 101 Q000 Q018 Lo (]
Bus 103 Q00 Q025 L& 11
6l Q03 Q148 e )
HAPTIN GoestFHouse I Bo Q000 Q025 L& 1.0
&l 11000 EX37 2] 57 002 0147 24 L4
Bus 105 Q0L Q101 64 L=
Bus 108 Q000 anl? 1.1 1.0
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ETAF

Droject  PRD. PROTECT Tagz 5
Locatom  NEW BUSSA-NIGER STATE 1250 Dme 12102017
Confract: SM:-
Enginser  QEAFOR CHUEWUNENYE 5. Sy Case LOADFLOW Fevisiow EBase
Filsname: szavel Confiz.- Normal
LOAD FLOW REPORT (OFF-PEAK DERIOD)
Bus Valtage Ceneration Laad Load Flow XFME
m EV ®:Mag Ang MW Mvar MW hvar m MW Mhar Amp 20T %eTap
- Yima Bus Q00 a0 1.8 T
Agp B 0417 93007 11 ] [} D00 005 Bus 143 QU000 0058 M2 oE
Aligzai Busl 0415 BRT6T 32 ] a uDDD S Bus 4T Q00 Salic ] 7.7 B
Angiicn Chrch | Bas 0417 ™II4 14 ] a D00 0033 BuslE Q000 0033 422 OB
Amglican Chumrch 2 B 0417 =323 12 ] [} D00 0+ Bus 2D QU000 S04 [ ] oe
Amsy Eng Bus 0415 ™57T 12 ] a 00l 0088 Bus 121 001 0068 1001 B
Aoz | B 0415 W78 12 0 a 0000 001E D015 0000 .0LE e 0B
Aovomn 2 Bos 0417 93876 18 ] 1] QDD 001§ Bus 172 Q000 0018 ni oa
Baba Tloris Farm Bz 0415 Dl S8 14 ] a uDDD o M Q00 002 M ®B
Baba Torin Howse Bus 0415 92310 23 ] a D00 0D0E Bus2E Q000 0008 114 oa
EF 1 Bus 0417 BaEDS 42 ] 1] QDD 0024 DBus 35 Q000 <0022 383 oE
Boogu Copens. Bamk B 0415 92001 13 ] a D00 0013 Bus 35 Q000 0013 i) OB
BSW Bus 0417 BAIEE 48 ] [} D00 0014 Bus 67 QU000 -10L= neE oE
Bl 11000 97844 02 ] a <] a1l Q00 <0028 1.5 ]
Gowt. Sac Sch Bus Q000 alin] 1.5 ]
B4 11000 97831 02 ] 1] 1] a1 001 0058 o L0
Doantore Lodgs Bus Q0L a1t ] 30 ]
Bm7 11000 85718 11} ] a a a o il nl 0083 33 11
Madnfiy Frone B QUL Q062 33 L1
Bm? 11000 8578 11} ] a <] a a2 Q00 0043 23 ]
NIFFRE(S B QU000 Q03 23 i
Basx 11 11000 85731 11} ] a <] a a2 Q00 <0038 20 ]
Migar Ry Basin Bus Q000 Q03E 20 ]
Bz 13 11000 86724 11} ] [} 1] Qo QU000 0038 21 i
NIFFR Junior Qtrs Bus Q00 Q038 21 ]
Bas 15 11000 B5508 11} ] a a a o il nl 058 3n oa
Tuhm Tali Bus QUL ol ] o oa
B 18 11000 ™ET 13 ] a <] a | Q00 034 L [el}
Anglicn Chech 1 Bos QU000 0= L oe
Bax M 11000 4800 13 ] a <] a | Q00 Ealie 25 ]
Anglican Cleexch 2 Bus Q000 el 2 25 ]
Bm1 11000 S4E12 13 ] [} 1] [ IIE) QU000 -0.028 L3 i
il Qirs 2 Bus Q00 Q028 L4 ]
B 24 11000 94800 13 ] a a a | Q000 042 23 oa
Wil Qtrs | B Q000 Q-2 23 oa
B 26 11000 92734 13 ] a <] [ Q00 002 1.7 ]
Bussa Tows Holl B Q000 anm 1.7 10
BmE 11000 92764 11 ] 1] 1] [ Q000 0008 03 L0
Baba ocn House B Q000 Q008 (1] ]
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ETAFP

Project  PRD. PROTECT Pame 6
Location:  NEW EUSSA-NIGER STATE 12500 Dae:  13-10-3017
Coniract: SH:
Engnser  OKAFOR CHUEWUNENYE 5. Smody Case: LOADFLOW FRevision: Bass
Filename: sawel Config.: Nommal
LOAD FLOW REPCRT (OFF-PEAK FERIOD)
Bus Voltage Generation Load Load Flow XEMR
m kv ehlaz Ang MW Mvar MW Muar m MW Mhar Amp =FF *eTap
B W N R T 0 o M 0000 0028 15 T
EEYSTONE Bank B Q00 Q026 1.3 10
B 32 11000 92728 22 0 = Q00 0027 L& 10
0id Arory Barracks Bus Q00 ana7 L& 10
B M4 11000 924673 232 0 g 0001 Bl 33 i}
Wi Prizory Sch Bes Q0L N 33 i}
= 11000 92753 23 0 3 Q000 0013 (1}:3 i}
Borga Commn. Bank Bus Q000 anls (1}:3 i}
B 39 11000 0347 32 0 o5 Q000 00321 12 e
TEABu: Q000 a0l 12 e
B 41 11000 Q0329 32 0 o5 Q000 0030 1.B 1.1
MTH Bus 0000 0030 1.8 1.1
Bm 43 11000 20318 32 0 05 0000 0037 11 1.1
Mzpepey mariar Bes Q00 037 1 1.1
B 47 11000 20332 3l 0 15 Q00 -0.01E L e
MT Yord Busl Q000 QA01E 1L e
B 47 11000 Q004 3z 0 o5 Q000 Eillio 7 e
Aliged Busl Q000 a7 7 o
B 4% 11600 @a3l0 32 0 o5 Q000 0038 23 i}
Hamgme Busl Q000 Q038 23 i}
B 51 11000 Q0350 31 0 o5 Q000 0.01E 1.1 e
Eidugha Bl Q000 an1E 1.1 na
B 13 11000 BEME 41 0 o7 0000 40021 1.2 ne
TFT Bus 0000 021 1.2 ne
B 53 11000 BEZXIE 41 0 a7 Q00 0024 1.4 1.1
HF 1 Bus Q00 022 1.4 1.1
B 57 110600 BEIS8 41 0 i) Q000 0051 3l i}
Loz Foad Bus Q000 a0l 3l i}
B 59 110600 BEXE 41 0 a7 Q000 ] 1.1 i}
Elhadat B Q000 ane 1.1 i}
B 61 11000 BE182 41 0 i) Q000 0038 23 i}
Watur Treainsns Bus Q000 an3n 23 i}
B & 11000 B NQ 41 0 i) Q000 0027 L& e
Cificers” Mess B 0000 a7 L& ne
B 63 11000 B&313 48 0 0E Q000 0038 14 1.1
Corpr Balow Bes Q00 n3e 14 1.1
B &7 11000 B&3IT2 4.8 0 0E Q00 -00s [ e
BEWBm Q00 anls [ e
B &% 110600 B&331 45 0 0E Q000 0030 1.B i}
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ETAF

Project  PAD. PROTECT Tagz 7
Locatom  NEW BUSSA-NIGER STATE 1240 Dme 13103017
Contract: SH:
Enginesr,  OKAFOR. CHUEWUNENYE 5. Sy Case. LOAD FLOW Fevision. Bam
Filename: savel Confiem Normal
LOAD FLOW REPORT (OFF-PEAK DERIOD)
B Voliage Generation Load Load Flow XFME
m EV %*eMag Ang MW Muar MW M m MW Mhvar Amp FF *Tap
- Climic Bus Q0 Q030 1.8 T
B 71 11000 B5158 48 i ] Q000 018 132 10
Miger Crescant Bus QL0 Qane 12 L0
B T3 11000 BS3S4 48 e Q0 0020 132 ]
Samior Comp &7 B Q000 sl i} 132 10
B T3 11000 BS3IIE 48 0E QL0 <0018 11 L0
MESL Water Toeatmaent Bos. Q000 Qe 11 ]
B 77 11000 BTl 33 = Q000 0033 22 L1
Fadma Do B Q0 anas 232 L1
B T 11000 BH.755 33 = Q000 018 132 ]
Foador Boos Q000 ane 12 i
B L 11000 74 33 = Q0 0015 L [el}
SMCO Bus Q000 anls i oa
B 53 11000 B3 33 = QL0 <0037 23 L0
ZFABxm Q0 a3y 23 ]
B B3 11000 BT0L 33 = Q000 0037 23 i
Dorin Road B Q0 a7 23 ]
Buos &7 11000 M7 33 = Q000 0021 13 oa
HAPFTDY Ceogist Housa | B Q000 Q021 13 oe
B 55 11000  BL™E &3 10 Q0 0010 1.3 oe
Miomai Bus Q000 Qo i1 oa
B 71 11000  E3422 63 10 0001 0052 33 L0
MEESL Water Intaks Bus Q0L o] e} 33 ]
B 53 11000 E3383 &3 10 il nl 0063 3g 10
Mozl Azzex Bus Q0L Qa2 g ]
j= ] 11000 B339 &3 10 Q000 0013 113 OB
200 Bus Q000 an3 0E oE
Bax 57 11000 BE1506 &3 10 Q0 0024 1.5 ]
Chingss (roears Bus 0000 0024 L3 10
B 5% 11000 EXEI8 .1} 7 QL0 1014 (g oa
Zaria Wary Bus: Q0 a4 [ [el}
Bres 101 11000 BRE0 (1] LT} 0000 0016 Lo oe
Diomia Carep Bus. QL0 Qs 1] oa
Bas 103 11000 EBXTEG (1] 57 Q000 0025 L& ]
Eadwrilon Bus QL0 Qs L& L0
Bas 106 11000 EBl1912 71 &l 0001 <0100 &4 L1
Migar Watar Plant Bes Q0L Q100 &4 L1
B 108 11000 BEX34 &8 6l QL0 <0017 11 oa
Faurowasa Bus Q0 anly 11 [el}
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ETAP

Prgject  PRD. PROECT Pagz 8
Location:  WEW BUSSA-NIGER STATE 12400 Daue 12102017
Contract: SN
Euginser,  OKAFOR CHUEWUNENYE 5. Sy G LOAD FLOW Fevision Base
Filename: sawvel Confiz:  MNormal
LOAD FLOW REPORT (OFF-PEAK DERIOD)
Buws Voltage Generation Load Laad Flow XFME
m EV %Maz Ang MW Moar MO Mo m MW Mhear Amp BT %Tap
B 111 11000 97467 T 0 a a o Dol Q000 0043 23 T
Cid Dopoger Bus QU000 QEE 23 1.0
B 113 110 87477 3 ] a 1] o 0 Q000 0030 L& 1.0
Eom Radio Bus Q000 an3d 16 10
B 116 110 84718 7 0 1] 1] 0 = QU000 <0031 1.7 (]
Eom | B Q000 a3l 1.7 (]
B 119 11000 958 10 0 i} Q o 0os 001 0L0E) 33 i)
Maw (s Bus Q0L Q00 33 1.0
Bas 121 11000 95803 ] 0 a a o DS Bl i 080 38 11
Armry Eng Bus a0l 0o 38 11
B 123 11000 85837 ] ] a 1] o DS Q000 Salial 23 (]
Old Markot Bus Q000 ol hl 23 (]
B 126 11000 95102 L3 0 1] 1] o 01 QU000 005 18 1.0
E% 13 Mamchestar Bas Q000 Qns 2B 1.0
Bas 128 11000 95135 13 0 a a o 0l Q000 0025 14 (]
Epdre Bus Q000 a5 1.4 (]
B 131 11000 453 L6 ] a 1] @ 03 Q000 0038 21 11
Jobice Bus 0000 Q036 21 11
B 133 11000 24489 L& 0 1] 1] o 013 QU000 <1038 232 (]
Chantore Koad Bus Q000 an3n 23 (]
B 133 11000 4508 L& 0 i} Q o 03 Q00 <0032 §:3 i)
NIFFR Senicr Qs 2 Bas Q000 an3z 18 1.0
B 138 1100 4018 LE 0 a a o o7 Q000 0031 1.7 (]
Jekovzh Wimes: Bus Q00 Q031 1.7 (]
B 140 1100 93987 LE ] a 1] @ o7 Bl 4n 2B 12
Higer Watar Boostar Bus [l anga 1B 12
B 143 1100 934833 10 0 1] 1] o o 001 0057 32 1.0
Agip Bus Q0L ans7 32 1.0
B 147 11000 9341 0 0 i} Q o 0 001 0065 36 12
Genaral Hospital B Q0L QDS 36 12
B 148 e s 10 0 a a o 03 Q000 <a03n 23 11
Fribories 5ch B Q00 Qn3e 232 11
Bas 152 1100 85874 [+ ] a 1] o D2 Q000 <1014 13 1.0
Funktm Bz Q000 anl4 (113 10
B 136 1100} 85431 12 0 1] 1] [ ] QU000 <0033 Ls 13
MTH Nassaaa Bus Q000 an3s Lg 13
Bas 158 11000 95481 12 0 a a o Doos Q000 Sl (113 0B
HAPTIN 5ch Bus QU000 Qnls 0B 0E
Bas 161 1100 B4ETE 1.5 0 a a o DNoE Q000 0031 1.7 0B
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Prgject  TRD.DROJECT ET4F

Page: 4

Locaiom:  NEW BUSSA - NIGER STATE 12400 Dae 12102017
Comnirac: SN
Enginser.  OKAFOR CHUEWUNENYE 5. Study Case: LOAD FLOW Fevision: Base
Filenames: savel Confiz:  Nommal
LOAD FLOW BEPORT (OFF-PEAK PERIOD)
Buws Voltage Geueration Load Load Flow XFME
o W % Ang MW Muar MW Mw D MW Muar  Amp  %FF %I
Fassarmwa 1 B il i i} an3l 1.7 T
B 164 11000 4488 L& 0 a a o Dol Qg 0024 1.3 10
Massarmwa Grinder Bz il i) Q024 1.3 1.0
B 167 11000 =17 L7 0 1] [} Q0 Q0o 0003 0y L]
Sabo 1 Bus Qg anls 07 (]
B 169 11000 B47E L7 0 a a o ooi2 il i) 0015 (1}:3 (]
Syt 2 Bus Q0d Q013 0E ]
B 172 11000 93572 LB 0 a a o 0ols Qg 0016 0e 10
A 2 Bus 0000 Q.0LE 0 10
* B30 33000 100000 v} 020 3.36F 1] 0 MATNBUE oxs 3582 [R5 3B
Bova Toun Hall Bus 041F 82512 12 0 a 000 022 Buos 25 Qg 0029 Hi (]
Cathalic Chearch Bus 0417 B4 i7 0 1] 000 ol 0= Q0d 0008 133 0E
Chimese (uaters Bus 0415 EBXTES &4 0 a 000 023 Buos 97 Qg -0.023 p k] (]
Clinic Bus 0417 B3 QL& 50 0 a D00 030 Buo: &2 il i) -0.030 436 (]
Corpra Belowr Bus 0417 Bi™T i 0 1] 000 M03E Buos 65 Q0d -0.036 &3 ]
T4 Bus 0417 BSOET 40 0 a 000 w27 O Qg -0.027 48 (]
Damtoro Lodgs: Bus 0415 977 02 0 Q 0000 0055 Bus 4 0000 0056 T8 oe
Tramboro Road Bus 0417 ™07 L7 0 a 000 3% Buos 133 Qg 0038 7.3 B
Donia Camp Bus 0417 EBX&E0 1] 0 a 000 015 Bus 101 Qg 0016 i B
Elskodyi Bus 0415 ETTLS 42 0 Q 0000 0019 Bum: 32 0000 “001e w7 0B
Enuir's Goest Flowss Bus 0415 95033 L1 0 a 000 05 DOS Qg -0.052 TET B
Fed Cool of Wldli% Bus 0417 05148 12 0 a D00 Q021 DOs il i) 0021 305 (]
F=0 Bus 0417 =537 L3 0 1] 000 021 010 Q0d -0.021 33 ]
Fishazies (s Bus 0417 93088 10 0 a 000 w02 03 Qg -0.025 8.7 (]
Fishemio: Sch Bus 0417 01848 11 0 Q 0000 ME3E Bus 148 0000 0038 74 oe
Fomiom Bus 0417 846502 [+ 0 a 000 014 Buos 152 Qg 0014 M3 (]
E0ES Navsarma B 0417 93078 L7 0 a D00 WS DOl il i) -0.025 37 (]
{Zomaral Fospital Bus 0417 22436 11 0 Q 0001 0054 Bus 145 L1 004 8T oe
Gont. Sec Boh B 0417 97348 B2 0 a 000 O Buos2 Qg -0.028 4.7 (]
ZEABus 0415 EI9N1 i 0 a D00 037 Bu: B3 il i i} 0037 1] 0B
Hengar Bl 0417 BRETE iz 0 1] 000 M03E Bm =2 Q0d -0.036 =0 ]
Hydro Bus 0417 ™ME3 L4 0 a 000 025 Buos 128 Qg -0.025 371 B
Tiorin Road Bus 0417 B9 i 0 a D00 0035 BusBS il i i} 0036 &1 (]
Jehovah Witness B 0417 9348 La 0 a 000 03] Buos 138 Qg -0.031 454 B
Johica Bus 0417 03473 L7 0 a D00 W03E Bus 131 il i) -0.038 6.0 (]
Kadariko Bus 0413 ELTT3 &8 0 1] 0000 0024 Bns 103 Q0o 0024 413 0E
Fadona Diive Bus 0417 E3ISSE 5B 0 a 000 0035 Bus 77 Qg -0.035 b (]
Eatenza Hospita Bus 0417 EBIo0& &3 0 a D00 WO2s 10 il i) -0.025 418 (]
EEYSTOME Bak Bus 0413 I 12 0 1] 000 0025 Buos 30 Q0d -0.024 356 0E
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ETAF

Project  PRD. PROTECT Tag 10
Locatom  NEW BUSSA-NIGER STATE 1250 Dme 12102017
Confract: SM:
Enginesr  OEAFOR. CHUEWUNENYE 5. Suady Case. LOAD FLOW Favision Bam
Filsname: szavel Confi: Normal
LOAD FLOW REPORT (OFF-PEAK DERIOD)
Bus Voltage Generation Laad Load Flow XFME
m EV *:Mag Ang MW Mvar MW hvar MW Mhar Amp 20T %eTap
Eidagha Busl 0415 Dol T ] a uDDD Q01 Bus 51 Q0 001E 3B1 T
Eore 1 Bus 0417  Bs3se 07 ] [} D00 03] Bus 116 Q000 <0031 e oE
Eaore Grnder Bus 0415 9580 1 i) ] a uDDD o3l 04 Q0 <0031 T oe
Eoro Eado Bos 0415  Dase3 L ] a D00 0030 Bus 113 Q000 0030 427 OB
Exmpsass Bus 0417 EBlLEEw &8 ] [} D00 0017 Bus 108 Q000 0017 i oE
Exrin Wali B 0417 MHs 14 ] a uDDD o4 03 Q0 0024 351 oe
Lafia St B 0415 o459 20 ] a D00 oo 017 Q000 Sl 38 BB
Laocal Govt Qers Bus 0417 95806 07 ] 1] QDD @l a2 QL0 <0031 452 oE
Limma Road Bes 0415 B7.562 42 ] a uDDD 0051 Bus 57 Q0 0051 El.2 ®B
MATH BUS 11000 981325 111} ] a a al Q180 2176 1164 74
ol Q033 Q8T na i
0oaL a2 37 kg iz
Bus230 0203 33182 1883 i
Mlammry oarket Bus 0415 B4 32 ] a uDDD 035§ Bus9E Q0 0038 W4 oe
Mamom Bes 0415 D502 11} ] a D00 {1k Q000 0023 318 oa
MESL Water Intake Bus 0413 EBXTEL LT ] 1] QDD 005 Buz®l QL0 0052 71 oa
MESL Water Rasarr. Bus 0417 BREnd 32 ] a uDDD M3 05 Q0 0043 &2 ®B
MESL Watur Trostmwnt Bus 0415 EBSSSL 30 0 a 0000 001 Bus 75 0000 018 %E 0B
Ml Qe 1 Bus 0417 SM4E6 12 ] 1] QDD I Bus 4 QL0 0042 aL3 oa
3l Qe 2 Bus 0415 D3EEg 14 ] a uDDD 0026 Bus 2 Q0 0028 381 ®B
Momad Bus 04137 EXel3 63 ] 1] QDD 0010 Bus B2 QL0 <0010 172 o7
Mokl Annex B 0415 BX&35 4 ] a uDDD 2051 Bus®3 Q0 0061 183.2 B
MT Yord Busl 0415  BRE42 33 ] a D00 001 Bus 45 Q000 S01E T OB
MTH B 0417 B4 33 ] 1] QDD 0030 Buz#l QL0 <0030 HE oa
MTH Massarmma Bus 0415 ™33 1.5 ] a uDDD 0035 Bus 158 Q0 0035 4 ®B
MTHWidif Bus 0417 4062 11 0 a 0000 003e 004 0000 0038 73 oe
MNAPTIN Guest House 1 Bus 0417 B332 53 ] a uDDD 0021 BusBT Q0 <0021 Ex B
MAPTIM Cusst Homse 2Bus 0417 BEX35E &7 ] a uDDD s 57 Q0 0025 421 [el}
NAPTINM 5ch Bus 0417 93317 12 ] 1] QDD 0015 Bus 138 QL0 0013 13 oE
Mavarma 1 Bus 0415 ™37 1.5 ] a uDDD 2031 Bus 181 Q0 0031 462 ®B
Nauzarma 1 Bus 0415 583 1.5 ] a D00 o4 0008 Q000 S04 352 OB
Navarma Grinder B 0417 93846 1.7 ] 1] QDD 0023 Bus 154 QL0 <0023 HE oa
Natomal Park HG Bus 0415 D&EElT e ] a uDDD 30 0001 Q0 0030 435 ®B
Mudefn Futate Bus 0415 9583 07 0 a [HLi T 0051 Bus7 0001 0061 B|E oe
Now (s Bas 0415 95173 1.1 ] a 00l 0050 Bus 118 0001 0060 7B oe
Ngmki Bus 0415 BEOGE 41 ] a D00 opiE 07 Q000 S01E 1] oa
NIFFE HQS Bus 0417 B5I80 06 0 a 0000 0-I Buz? 0000 0042 811 oe
NIFFE Fumior G Beas 0415 98051 1 i) ] a uDDD 32 Bus13 Q0 <0038 5.0 oe
WIFFE. Sac. Qs Bus 0415 ™330 16 ] a D00 oozl 013 Q000 4011 w7 oa

120



Prject  PRD. PROTECT ETaP

Page: 11

Locationm:  NEW BUSSA-NIGER STATE 1240 Dme 12102017

Comnfract: SH-

Enginser.  OKAFOR CHUEWUNENYE 5. Sy G LOADFLOW Fevision: Bas

Filenames:  savel Confiz:  Nommal

LOAD FLOW REPORT (OFF-PEAK, DERIOD)
Eus Voltage Ceneration Laad Load Flow XFME
o KV %AMaz  Ang MW Mwr MW Mur MW Mrr  Amp  WFF %l

NP SemrQmlBm | 041 SiaE 20 0 o0 0000 LEE 0 om0 ams | 4e o8
NIFFR SemorQmlBm 0417 8817 L7 0 0 000 002 Bm 13l Qw0 40 416 08B
Migsr Crescant Bus 0415 BSE0 50 0 o 000 005 BuTl QM0 40 30 0B
Migsr For Bain B 0415 DA0EE 07 0 0 0000 G037 Busll ame 007 “1  0E
Yigar Watsr Booster Bus 0413 FST 20 0 0 00N 09 Bmlw Qw0 40w TE 09
Migse Watss Plant Bus 0415 BL4T Tl 0 o 0Ol 0100 Buslos Ml 410 1m0 0
Oficary’ Moss Bus 0415 ETSES 41 0 0 0000 0ET Bug ame 00 08 09
0ld Ameer Barmacks Bus 0413 FROST 22 0 000N 0ET Bmi w0 00w 411 09
C1d Diogega B 0415 SETI0 04 0 o 00 LM Buslll amo 4o &0 09
O1d Markt Bax 0415 95383 L1 0 0 0000 0] Busl amo 004 &1 08
Fadar Bus 0417 B3 A7 0 0 000 00S Bu Qw0 00 WE 09
Sabo 1Bm 0415 W04 LE 0 0 D000 G013 Busl67 Mo 000 181 09
Sabo 2B 0413 WE4 LB 0 0 000 0015 BumlsR Qw0 405 no 08
Sabo Grinder Fus 0415 WET LB 0 o o000 L0+ DOI2 amo 40 mT 08
Sentor Capsp CT Bus 0417 BIS&4 50 0 a D00 Wi Bu: T3 Q00 -0.020 33 oE
ENCO0 B 0417 B3R i7 0 1] 000 015 Bmns Bl Q000 -0.013 X3 (]
500 Bus 0415 E3383 &3 0 a 000 013 Buo: 95 Q000 -0.013 1 B
58 13 Manchoster Bus 0417 4587 L4 0 a D00 050 Bos 125 [l i i) -0.050 TiE (]
55 4 Fonumdnbeont Bos 0417 DEESE o= 0 1] 000 n03s DIl Q000 -0.036 no (]
Techmical Tn Bus 0417 Ds&EE o3 0 a D01 wpss 1 0001 0066 o5.2 B
TFT B 0415 E7933 41 0 Q 0000 0021 Buo: 53 0000 40021 323 0B
Todos Wali Bus 0417 B&5108 ®? 0 a 000 055 Buos 15 Q000 -0.0535 M2 B
TUBAB= 0417 B2S31 iz 0 a D00 2] Bm: 3@ Q00 0021 130 oE
Water Teaimant B 0415 E7SHM 42 0 Q 0000 1039 Bu: 61 0000 0038 617 0B
Waziri Primary Sch Bus 0415 92QQ7 13 0 a D01 05E Bu ¥ 0001 -0.058 e (]
Yiuna B 0417 BOSR1 72 0 a D00 ni2E Al Q00 -0.028 480 oE
ZariaWay Bus 0417 EXIW4 &7 0 1] 000 014 Bus o Q000 0014 B4 o7

+ Indicotes a voltage regalatod ks (voltags controlled ar swing type macking comscted to if)
# Indicanes a s with 2 load mimich of pyors: them 0.1 BIVA
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Table 4.3: Branch Losses Report for New Bussa distribution network during Peak Period

Drject  PRD PROIECT ETaF Daz 1
Locafiom:  NEW BUSSA-NIGER STATE 12508 Due 15132018
Comnirac: SH:
Enginesr.  OEAFOR CHUEWUNENTYE 5. Sy e LOAENPLOW Revisionw Base
Filerame:  NEW BUSSA SUBSTATION Confiz:  Normal
LOAD FLOW REPORT(PEAK PERICD)
Branch Tosses Summary Report
CET/Bramch From-To Ba: Flow To-Fruom Bus Flow Losses 4% Bu: Voltape '\i‘]‘iﬁp
m MW B MW Mvar W v From Te inVemg
L1 L8853 -5.470 osls 5539 13 68 50 863 131
L-I Q0L 0.036 0001 Bl ] 0.0 o 230 50 (L1 x]
L-3 1 vad 0138 Bl 137 01 a1 50 Bag 0.06
L4 [ikat 5125 T4 ] 128 1505 50 a1e 306
Tectmical ln TR Q02 0.132 0001 147 0.E 43 230 ez i
Lo01 LT -1.450 (a1 ed 1510 148 200 50 853 131
L-om Q0L 0.073 0001 D073 0.0 o &30 pag 0.06
L- 003 Q000 0043 Q000 Bl 0.0 o 230 pag o4
Lo (151 1.7 el -1381 1.7 157 50 u3ig 118
5% 40 Foundaberst TR, Q0L 0078 0001 D075 02 11 &30 HET 137
L0001 0075 <0.583 Q030 0550 52 -1 23l 053 117
L0002 4 iz k] 540 50 T 5l 39 120
Natiomal Pak G TR Q00 0037 Q000 Q037 01 04 23l 041 10D
L-3 LD el 0.135 L002 L1355 01 o2 K] ulE 010
L-& Qa2 0.130 Q002 130 01 al el alE 0.08
T Q0L 0098 0001 L0%E 01 o1 Ble olE 007
L-& 1 vad 117 Bl 0117 01 a1 (K] ulE 0.10
L-% Qa2 0145 Q002 145 02 a2 el alE 016
L0 QAT36 447 D370 4024 163.E 6 Ble .7 324
Local Govt. Qers TR [ il 0080 el L1078 0= 1% (K] BT 13
L-0003 QU000 0034 Q000 el 0.0 a1+ 3 LEE 007
L0004 Q0lE 045 04 0457 a4z T e 27 L1E
Mamypera TR [ v 004 Q000 Ealic ] 01 04 LR LEN [
L-11 02 n1e Q002 -Lie 01 o2 887 B&S 015
L-1Z LD el 0.140 L002 138 02 a3 BET B&3 0.1E
L-13 Qa2 002l 003 el 01 al ¥ B&S o1z
L-14 Q02 014 0001 L1233 02 o2 &7 B&S 017
L-1% 0562 3480 0410 1176 1522 23 BET BElZ 350
EnanWalk TR L vl 00T 003 Eali] 03 L7 ¥ 211 207
L-1& Q02 17 Bl ] 0117 02 o3 BlL2 ELO 018
L-17 [ v 0.7 Q000 Ealbai 00 [s1+] Bl2 ELI 0.05
L-1% QU000 0034 Q000 el 0.0 a1+ B2 EL1 007
L-1% Q0L 0085 0001 D0Es 01 o2 BlL2 ELO 017
L-1 Qg 0.158 0003 187 0.7 1 Bl2 BO.E 040
L-21 QU000 oozl Q000 421 0.0 a1+ B2 EL1 (1)
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ETAF

Project DD PROJECT Taz 2
Locaion:  NEW BUSSA-NIGER STATE 12500 Daz 15122010
Coniract: SM:
Engineer  DKAFOR CHUKWUNENYE 5. Sty Case: LOAD FLOW Eevision Base
Filerame:  NEW BUSSA SUBSTATION Confz:  Normal
LOAD FLOW REPORT(PEAK PERIOD)
CKT/Bramch From-To Ba: Flow To-From Buz Flow Loszes % Bus Valtage ";1;:"1'
D MW Mhar MW Maar W I From Te in Vemg
L-x2 0.402 248 0158 23 143.0 1820 Bl2 751 (111
Biaba Noxiz Famn TR 0001 0045 Q000 L4 0= 11 Bl2 i e L85
L- 05 a0l 0.052 0001 Bl ) i) g 3k 837 (hli]
LA0E 0042 1.151 0030 -1145 11.B 158 9B a3 131
Eom Gender TR a.001 0.038 0001 D057 032 10 9B 22 158
L0005 a4 0818 0000 =041 36 45 i) 814 111
MTH Wildhf TE. 0.001 0.041 QU000 D0 02 10 i) i 126
L-13 0000 .05 Q000 025 0.0 o 75l 750 DS
L4 Q000 0030 Q.000 0030 i) g T7il 750 (i1
L-25 0.001 0.082 0001 088 02 0l 7il 748 21
L-28 a.001 0.051 0001 0061 01 al 75l 743 14
L-27 Q.02 0102 0001 Q108 03 04 7il T4E 026
L-28 0001 0073 0001 D073 01 al Til 743 o1E
L-23 a.001 0083 0001 L 0ER 01 a2 75l 743 a17
L-30 0251 2021 01751 -1887 100.0 142 7il S0E 330
MESL Water Basariour TR 0001 0.078 0001 D077 02 11 Til 740 147
L- 0008 Q000 004 Q.000 L03= i) g g8 815 (nlic]
L- 07 Q000 0.0 QU000 0022 0.0 (1] gls 1S oDs
L0008 [l 2] 033 L0006 £318 26 335 ols 80s 4
Fad Coll of WAldli& TR Q.000 0.082 Q000 Q032 0.0 2 ol 910 (W]
L- 007 0.001 0.076 0001 D076 01 al 213 a4 [}
L- 008 a.001 0.075 0001 L0735 01 al 913 o4 @10
Lol a0l 0.087 0001 0067 i) al 023 o4 {nli]
Lo a7 0.B51 L01e L85 18 106 213 13 115
Foir's Guast Home TR a.001 0.055% 0001 0065 032 ag 913 214 L2
L-31 a0l 0.071 0001 007 01 a2 28] o8 ole
L-32 0001 0.043 0001 D043 01 al 2B 687 o1z
L-33 002 0117 0002 0116 n=4 s [ LR B33
L-34 2001 0.048 0001 L0 01 ol ERE L1 1Nk
L-35 0001 0.057 0001 067 01 al 2B LT ole
L-38 a.001 = 0001 058 03 a4 [ LR [}
L7 0144 1.380 0083 -1308 &0.5 El3 ERE 633 430
Higmaki TR 0001 ] Q000 L4 01 (<13 2B a0 B0
L-3% a0l 0.055 0001 066 02 a2 635 653 @21
L-3% 0.001 0042 QU000 042 01 al 633 54 o1
L-40 a.001 04 0001 L4 01 al 3] 6353 14
L-41 2001 0.035 Q000 0036 0.0 a1 (3] 654 G12
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ETAP

Project  PhD. PROJECT Paze 3
Locationr  NEW BUSSA - NIGER STATE 126.0H Date: 15122019
Contract: SN:
Engineer  OKAFOR CHUKWUNENYE . Stady Case: LOADFLOW Revisionr Base
Filename: NEW BUSSA SUBSTATION Config: Normal
LOAD FLOW REPORT(PEAK PERIOD)
CET /! Branch Frow-To Bus Flow To-From Bus Flow Losses %0 Bus Voltage " ‘]::W
m MW Mvar MW Nhar EW Yvar From To in Vinag
L-42 0.001 0.035 0.000 0.035 0.0 01 655 654 012
L4 0001 005 000l 208 0l 01 65 653 015
L44 0.079 0.983 -0.041 0933 377 50.6 655 62.0 351
D4ATE 0.001 0.059 -0.001 0.058 02 08 655 646 092
L- 0009 0.000 0.044 0.000 0.044 0l 01 206 90.5 0.14
L0010 0.008 0.243 -0.004 0.240 16 22 206 898 083
Nazsarawa 2 TR 0.000 0033 0000 0032 00 02 w6 %00 058
L-45 0.001 0.058 -0.001 0.058 0l 02 620 618 021
L-45 0.001 0.052 -0.001 0.051 0l 02 620 618 0.19
L-47 0.001 0.054 -0.001 0.054 0l 02 620 618 020
L-48 0.001 0.052 -0.001 0.051 0l 02 620 618 0.19
L4 0.001 0082 0001 20082 02 02 &0 67 025
L-50 0.000 0.027 0.000 0.027 0.0 0.0 620 619 011
L-51 0.036 0.605 -0.019% -0.582 173 233 620 59.5 246
Catholic Chanch TR, 0.000 0.022 0.000 0.022 0l 04 620 608 12
L-52 0.000 0.022 0.000 0.022 0.0 0.0 59.5 594 0.09
L5 0.001 005 0o 0082 0l 01 H5 93 018
L-54 0.001 0.052 -0.001 0.052 0l 02 59.5 593 022
L5 0001 005 0000 0045 0l 01 H5 593 019
L-56 0.001 0.037 -0.001 0.037 0l 01 59.5 594 015
L-57 0.016 0.349 -0.009 0.340 65 8.7 59.5 58.0 152
Eatamaya Hospital TR 0.000 0.034 0.000 0.033 02 0.7 59.5 58.2 127
L-011 0.001 0.071 -0.001 0.071 0l 01 9213 912 0.10
Lo 0001 0058 0001 20058 00 01 913 812 008
LO13 0.017 0.678 -0.012 05671 52 69 9213 904 095
FGGC TR 0.000 0.044 0.000 0.044 0.0 02 9213 90.8 0.49
L- 0011 0.000 0.037 0.000 0.037 0.0 01 898 896 013
L0012 0.003 0173 -0.002 0171 10 13 898 891 0.69
GDSS Nassarama TR 0.000 0031 0000 20030 0l 06 898 880 175
L-0013 0.000 0.030 0.000 0.030 0.0 0.0 89.1 89.0 012
L0014 0001 004 0000 D04 0l 01 891 889 019
L0015 0.001 0.063 -0.001 0.083 02 03 89.1 887 041
Sabo Grnder TR 0.000 0.034 0.000 0.033 0l 04 89.1 881 096
L-014 0.001 0.043 -0.001 0.043 0.0 0.0 204 90.3 0.08
L-015 0.001 0.067 -0.001 0.067 0l 01 204 90.3 0.10
L0l 0001 07 om0 2047 00 00 %04 503 007
o7 0.010 0.486 -0.007 0482 28 38 204 896 0.74
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ETAP

Project: PhD. PROJECT Page: 4
Location:  NEW BUSSA - NIGER STATE 12600 Date 15122019
Contract: SN
Engineer:  OKAFOR CHUKWUNENYE S. Study Case: LOAD ELOW Revision: Base
Filename: NEW BUSSA SUBSTATION Confiz.:  Normal
LOAD FLOW REPORT(PEAK PERIOD)
CKT /! Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage " ‘]::W
m MW Mrar MW Myar kW Yvar From To in Vmag
‘MIFFF. Sec. Qs TR 0.000 0.048 0.000 -0.047 ol 03 904 898 0.54
L-0016 0.000 0.033 0.000 -0.033 ol 01 88.7 885 022
Ao 1 TR 0.000 0.031 0.000 -0.030 01 0.2 88.7 881 0.61
L-018 0.001 0.065 -0.001 -0.054 ol 01 895 895 0.10
L-019 0.001 0.061 -0.001 -0.081 00 01 895 895 0.10
L-020 0.005 0.292 -0.004 -0.291 12 L5 895 892 0.48
Lafiz Spot TR 0.001 0.044 0.000 0043 02 12 895 371 252
L-q21 0.001 0.066 -0.001 -0.066 0l 0.1 §9.2 89.0 0.11
L-022 0.001 0.065 -0.001 -0.085 ol 01 892 89.0 011
L1023 0.001 0112 -0.001 -0.112 02 03 892 89.0 021
‘MIFFF. Semor Qs 1 TR 0.001 0.048 0.000 -0.047 ol 05 892 882 091
L-024 0.001 0.053 -0.001 -0.053 00 01 89.0 889 0.10
Fisheries Qus TR 0.001 0.058 -0.001 -0.058 0l 0.7 89.0 878 L1z
L-58 0.001 0.039 -0.001 -0.039 ol 01 58.0 518 0.18
L-59 0.000 0.038 0.000 -0.037 ol 01 58.0 518 017
L-&0 0.001 0.045 -0.001 0045 ol 0z 58.0 518 022
L&l 0.007 0.154 -0.004 0150 26 34 58.0 56.9 105
‘HAPTIN Guest House 2 TR 0.000 0.025 0.000 00235 ol 03 58.0 512 075
L-&2 0.002 0.101 -0.001 -0.100 08 10 369 56.4 0.59
L-&3 0.001 0.037 0.000 -0.037 ol 01 369 56.7 022
Yimaz TR 0.002 0.052 0.000 -0.049 13 39 369 527 417
Amp TR -0.001 -0.065 0.001 0.066 ol 0.6 883 89.0 075
Aligam TR1 -0.001 -0.106 0.001 0.109 04 22 733 748 148
Anglican Choreh 1 TR, -0.001 -0.116 0.002 0.119 06 32 B2 86.5 134
Anglican Chureh 2 TR, -0.001 -0.137 0.002 0.139 0.5 27 M3 86.5 165
Amy Enzneer TR, -0.001 -0.074 0.001 0.075 02 11 910 924 139
HAvuru 2 TR 0.000 -0.032 0.000 0.033 ol 0z 878 885 0.65
Baba lorin House TR 0.000 -0.026 0.000 0.027 ol 0.6 794 811 170
BFITR 0.000 041 0.001 0.043 04 20 66.5 69.7 318
Borgn Conmmmity Bank TR 0.000 0021 0.000 0.021 ol 04 798 811 135
BSWTE 0.000 -0.041 0.000 0042 01 0.5 646 654 0.73
Govt. Sec 5ch TR 0.001 0.056 0.000 0055 ol 0.6 950 939 L.00
Diantoro Lodg= TR 0.002 0.137 -0.001 0135 04 21 M 934 148
‘Medufu Estate TR 0.002 0.155 -0.001 -0.150 10 49 918 889 288
‘MIFFF.HQS TR 0.002 0.130 -0.001 -0.128 04 21 918 0.4 145
Miger RBiver Basin TR 0.001 0.088 -0.001 -0.086 04 20 918 %0.0 182
‘WIFFF. hmior Qs TR 0.002 0.117 -0.001 -0.114 0.5 28 918 896 217
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ETAP

Project  PhD. PROJECT Page 5
Location:  NEW BUSSA - NIGER STATE 12.6.0H Date:  15-12-2019
Contract: SN:
Engineer:  OKAFOR CHUKWUNENTYE . Study Case: LOADFLOW Revision: Base
Filename: NEW BUSSA SUBSTATION Config:  Normal
LOAD FLOW REPORT(PEAK PERIOD)
CKT /! Branch From-To Bus Flow To-From Bus Flow Losszes % Bus Voltage " ‘]::W
m MW Muar MW Myar KW kvar From To in Vmag
Tuchm Wali TR 0.002 0.146 -0.001 0.143 05 26 o18 90.1 162
Ml Cuuarters 2 TR 0.001 0.091 -0.001 0.087 07 3g B6.5 830 359
Ml Cuuarters 1 TR 0.001 0.123 -0.001 0122 04 L5 B6.5 855 102
Bussa Town Hall TR 0.002 0117 -0.001 -0.115 05 L5 810 80.0 101
KEYSTONE Bak TR 0.000 0034 0000 0033 0l 03 BLI S04 074
Old Avmy Barmacks TR 0.001 0.085 -0.001 -0.083 04 25 810 T8.6 239
Wazin Primary Sch TR 0.003 0.197 -0.002 0.191 12 6.1 808 783 250
UBATR 0.000 0.025 0.000 0.025 0l 02 75.0 T44 0.58
MINTR 0.000 0.030 0.000 0.029 0l 04 75.0 T4.0 102
Mamnyy market TR 0.001 0.088 -0.001 -0.086 05 24 4.9 T29 201
MT Yard TR1 0.001 0.061 0.000 0.059 03 1.7 4.9 T29 207
Hanger TR1 0.001 0.075 -0.001 0.074 02 1.0 4.9 T3.9 102
Kidaghs TR1 0.001 0069 0001 0068 02 09 TS T4O 094
TFTTR 0.001 0.070 -0.001 0.069 04 12 696 684 119
Lumna Road TR 0.002 0116 -0.001 -0.113 06 29 695 61.7 171
Elhadai TR 0.001 0.046 0.000 0.045 03 1.0 6.7 68.1 1.58
Water Treatment TR 0.001 0.067 -0.001 0.066 03 11 696 684 114
Officers Me= TR 0.001 0098 0001 0097 03 14 65 685 096
Corpra Below TR 0.001 0.066 -0.001 0.064 03 1.7 653 636 172
Clinic TR 0.001 0.044 0.000 0.043 0l 0.5 653 4.5 0.80
Miger Crescent TR 0.000 0.036 0.000 0.035 02 1.0 654 63.5 188
Semor Camp COTTR 0.000 0.035 0.000 0.034 02 1.0 654 63.5 183
MESL Wter Treatment TR 0.001 005 Do 0042 03 10 63 68 154
Eaduna Drive TR 0.001 0.058 -0.001 0.056 03 L5 618 602 1.60
Fader TR 0.001 0.051 0.000 0.050 02 12 618 604 142
SNCOTR 0.001 0.054 0.000 0.053 02 08 618 &60.9 0.89
GRATR 0.001 0.051 0.000 0.050 02 12 618 604 142
Tloriz Road TR 0.001 0082 000 20061 02 1w 67 e 10
MNAPTIN Guest Houze 1 TR 0.000 0.027 0.000 0.027 0l 03 619 6l.1 0.75
Monz TR 0.000 0.022 0.000 0.021 0l 0.7 594 515 191
MESL Water Intake TR 0.000 0.042 0.000 0.042 0l 0.5 593 586 0.73
Motel Annex TR, 0.001 0.052 0.000 0.051 02 08 593 584 0.90
SO0 TR 0.000 0.045 0.000 0.045 0l 06 593 586 0.78
Chinese Quaters TR, 0.001 0.037 0.000 0.036 02 1.0 594 578 1.58
Zaria Way TR 0.001 0.039 0.000 0.037 03 L5 578 55.5 227
Donia Camp TR 0.000 0.037 0.000 0.037 0l 03 578 574 046
Eadanko TR, 0.001 0.045 0.000 0.043 04 20 578 55.1 263
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ETAP

Project: PhD. PROJECT Page: 6
Location:  NEW BUSSA - NIGER STATE 12600 Date 15122019
Contract: SN
Engineer:  OKAFOR. CHUKWUNENYE 5. Study Case: LOAD FLOW Revision: Base
Filename: NEW BUSSA SUBSTATION Confiz.:  Normal
LOAD FLOW REPORT(PEAK PERIOD)
CKT /! Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage " ‘]::W
m MW Muar MW Myar KW kvar From To in Vmag
Miger Water Plant TR, 0.001 0.100 -0.001 00599 03 L1 564 557 0.64
Eimrwasa TR 0.000 0.037 0.000 -0.036 ol 07 56.7 556 110
0ld Dogogani TR, 0.001 0.073 -0.001 -0.072 02 10 M 936 131
Earo Radic TR 0.000 0.043 0.000 0043 ol 05 M 938 L17
Earo 1 TR 0.001 0.062 0.000 -0.082 ol 04 97 931 0.68
Mew Quarters TR 0.001 0.076 -0.001 0075 ol 07 924 915 084
Old Market TR 0.001 0.067 -0.001 -0.087 ol 05 924 916 075
55 13 Manchester TR 0.001 0.071 -0.001 -0.070 01 0.6 912 504 0.80
Hydo TR 0.001 0.058 0.000 -0.058 02 05 912 90.5 075
Jobice TR 0.001 0.043 0.000 0043 ol 0.6 203 891 123
Diantoro Foad TR 0.001 0.067 -0.001 -0.066 ol 0.6 203 895 0.76
‘MIFFF. Semor Qs 2 TR 0.000 0.047 0.000 -0.047 ol 05 203 894 0.90
Jehenzh Witness TR 0.001 0.084 -0.001 -0.064 01 0.5 895 388 0.74
Miger Water Booster TR, 0.001 0.061 -0.001 -0.080 02 12 895 378 174
General Hospital TR 0.001 0.065 -0.001 -0.054 02 09 89.0 378 125
Ficheries Sch TR 0.001 0.053 0.000 -0.053 ol 0.6 855 378 L2
Funkam TR 0.000 0.034 0.000 -0.033 ol 03 98 929 092
MTN Nassarawa TR 0.000 0.034 0.000 -0.034 02 0.5 915 502 132
‘HAPTIN Schoel TR 0.000 .02z 0.000 -0.022 00 01 916 913 024
Massarawz 1 TR 0.000 0.044 0.000 0044 00 0z 205 0.0 0.50
Massarawa Grinder TR 0.000 0.037 0.000 -0.037 ol 04 895 886 L.06
Sabo 1 TR 0.000 0.030 0.000 -0.030 00 0z 89.0 854 055
Sabo 2 TR 0.000 0.044 0.000 0043 ol 0.6 855 876 126
Power Transformer 1.032 7.937 -L016 -7.639 16.1 2985 100.0 96.3 in
978.0 F

127



Table 4.4: Branch Losses Report for New Bussa distribution network during Off-Peak Period

Project.  PhD. PROJECT ETAP Page: 1
Location:  NEW BUSSA - NIGER STATE 126.08 Dat: 15122019
Contract: SN
Engineer: OKAFOR CHUKWUNENYE .S. Study Case: LOAD FLOW Revision: Base
Filename: NEW BUSSASUBSTATION 2 Config.:  Normal
LOAD FLOW REPORT (OFF-PEAK PERIOD)
Brauch Losses Swnmarvy Report
CKT/Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage o, Y\];imp
jin] MW Mvar MW Mvar W kvar From To in Vmag
L1 0.153 2166 0161 1176 14 100 979 983 047
L2 0.000 0.020 0.000 0029 0.0 00 979 978 0.01
L3 0.001 0.056 -0.001 0056 0.0 00 979 978 0.02
L4 0152 1014 0.136 1993 16.1 16 968 110
Technical Jn TR 0.001 0.067 -0.001 0.066 02 08 96.7 117
1001 0.027 0.969 0.033 0.977 60 20 983 0.82
1002 0.000 0.043 0.000 0.043 0.0 00 95 975 0.04
1003 0.000 0.030 0.000 0030 0.0 00 95 975 0.03
1004 0026 0859 001 0853 19 65 975 967 7%
S5 40 Roundabout TR 0000 0036 0.000 0036 00 02 975 969 064
L0001 0.010 0368 0.012 0370 19 16 976 983 0
10002 0010 0337 -0.008 0335 18 24 976 %9 07
National Park HQ TR 0000 0031 0.000 0030 00 02 L7l %38 080
-5 0001 0062 0001 0062 00 00 968 967 004
L-§ 0.000 0.043 0.000 0043 00 00 96.8 96.7 0.03
-7 0.000 0.038 0.000 0038 00 00 96.8 96.7 0.02
-8 0.000 0.038 0.000 0038 00 00 96.8 96.7 0.03
-9 0.001 0.056 -0.001 0056 00 00 96.8 96.7 0.06
110 0.133 1725 0.109 -1.693 241 324 96.8 949 190
Local Govt. Qters TR. 0.000 0.031 0.000 0031 01 03 96.8 959 083
10003 0.000 0.014 0.000 0014 00 00 9.9 96.9 0.03
L0004 0.007 0208 -0.006 0295 16 22 96.9 962 073
Mangyara TR 0.000 0.023 0.000 0023 0.0 01 96.9 96.5 0.40
L1 0.000 0.034 0.000 0034 0.0 00 949 L1H] 0.04
112 0.000 0.044 0.000 0044 0.0 00 249 048 0.05
13 0.000 0.026 0.000 0.026 0.0 00 949 L1H] 0.03
L 14 0.000 0.042 0.000 0042 0.0 00 949 L1H] 0.05
15 0.107 1.523 -0.083 1491 ng 320 949 08 2.08
Hwarin Wali TR 0.000 0.024 0.000 0024 0.0 02 249 042 0.65
1-16 0.000 0.029 0.000 0029 0.0 00 [ 07 0.04
1-17 0.000 0.002 0.000 0.008 0.0 00 [ 08 0.01
1-18 0000 0026 0.000 D026 00 00 98 927 005
1-19 0000 0027 0.000 007 00 00 98 927 005
1.20 0.001 0.059 -0.001 0059 0.0 01 [ 917 0.10
.21 0000 0013 0.000 0013 00 00 98 08 002
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Project: PhD. PROJECT Page: 2
Location:  NEW BUSSA- NIGER STATE 12608 Date  15-12:2019
Contract: SN
Engineer: OKAFOR CHUKWUNENYE S Study Case: LOAD FLOW Revision: Base
Filename: NEW BUSSA SUBSTATION 2 Config: Normal
LOAD FLOW REPORT (OFF-PEAK PERIOD)
CKT/ Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage o ‘E;imp
D MW Mvar MW Muar kW kvar From To in Vmag
122 0.081 1209 -0.057 -1.266 240 323 928 00.4 239
Baba Iorin Farm TR 0.000 0.029 0.000 -0.029 01 03 928 91.7 111
1-005 0.000 0.031 0.000 -0.031 0.0 00 96.7 96.7 003
1-006 0.020 0.791 -0.013 0784 31 69 96.7 939 0.86
Koro Grinder TR 0.000 0.031 0.000 -0.031 01 03 96.7 939 0.82
10003 0.005 0.136 -0.004 0254 13 17 96.2 955 0.65
MTN Wildlife TR 0.001 0.040 0.000 -0.039 02 09 06.2 241 212
1-23 0.000 0.021 0.000 -0.021 0.0 0.0 204 903 0.04
124 0.000 0.030 0.000 -0.030 0.0 0.0 204 903 0.06
1-23 0.000 0.037 0.000 -0.037 00 00 0.4 903 0.07
1-26 0.000 0.018 0.000 -0.018 00 00 0.4 00.4 0.04
1-27 0.000 0.047 0.000 -0.047 00 00 0.4 903 0.09
1-28 0.000 0.038 0.000 -0.038 0.0 00 204 503 0.08
L-29 0.000 0018 0.000 -0.018 0.0 00 204 904 0.04
130 0.053 1.013 0,037 -0.990 171 230 204 883 212
MESL Water Reserviour TR. 0.000 0.044 0.000 -0.043 0.0 02 204 209 049
1- 0006 0.000 0.033 0.000 -0.033 0.0 0.0 053 954 0.09
10007 0.000 0.01% 0.000 -0.015 0.0 0.0 053 955 0.04
10008 0.003 0.182 -0.002 -0.181 08 1.0 053 95.0 0.55
Fed Col of Wildlife TR 0.000 0.021 0.000 -0.021 00 0.1 955 95.1 037
L1-007 0.001 0.061 -0.001 -0.060 00 00 959 958 0.07
1-008 0.001 0.069 -0.001 -0.069 00 0.1 959 958 0.09
1-009 0.000 0.042 0.000 -0.041 00 0.0 959 95.8 0.05
1010 0.013 0.560 0,010 0.556 31 41 959 952 0.72
Emir's Guest House TR 0.001 0.033 0.000 0.052 01 05 959 95.0 0.85
1-31 0.000 0.021 0.000 0.021 00 0.0 883 832 0.04
132 0.000 0.024 0.000 -0.024 0.0 0.0 883 832 0.05
1-33 0.001 0.051 0.000 -0.051 0.0 0.1 883 832 011
134 0.000 0.019 0.000 0.019 0.0 0.0 883 832 0.04
1-33 0.000 0.039 0.000 -0.039 0.0 00 883 882 0.09
1-36 0.000 0027 0.000 0.027 0.0 00 883 882 0.06
137 0.035 0.790 -0.023 0774 121 163 883 864 187
Ngaski TR 0.000 0.018 0.000 -0.018 0.0 0.0 883 231 0.21
1-38 0.000 0.039 0.000 -0.039 00 0.0 864 86.3 0.09
1-39 0.000 0.014 0.000 0.014 00 0.0 864 86.4 0.03
140 0.000 0.030 0.000 -0.030 00 0.0 864 86.3 0.07
L4 0.000 0.019 0.000 0.019 0.0 0.0 86.4 86.4 0.05
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Project: PhD. PROJECT Page: 3
Location:  NEWBUSSA - NIGER STATE 12.60H Date 15122019
Contract: SN
Engineer: OKAFOR CHUKWUNENYE S Study Case: LOAD FLOW Revision: Base
Filename: NEW BUSSA SUBSTATION 2 Config:  Normal
LOAD FLOW REPORT (OFF-PEAK PERIOD)
CKT/ Branch From-To Bus Flow To-From Bus Flow Losses % BusVoltage ‘Efrw
D MW Mvar MW Muar kW kvar From To in Vmag
L-42 0.000 0.020 0.000 -0.020 00 0.0 864 864 0.05
1-43 0.000 0.018 0.000 0.018 00 0.0 864 864 0.05
144 0.022 0.606 -0.013 0,593 82 11.0 86.4 343 160
D4TE 0.000 0.027 0.000 -0.027 00 0.1 86.4 86.1 032
1- 0009 0.000 0.032 0.000 -0.031 00 00 95.0 049 0.10
1-0010 0.002 0.126 -0.002 0123 04 03 95.0 046 041
Nassarawa 2 TR 0.000 0024 0.000 0024 0.0 01 950 946 041
1-45 0.000 00335 0.000 -0.035 0.0 00 848 847 0.09
1-46 0.000 0.019 0.000 0.019 0.0 00 848 8438 0.05
147 0.000 0.01% 0.000 -0.015 0.0 0.0 848 248 0.04
148 0.000 0.037 0.000 -0.037 0.0 0.0 848 347 0.10
149 0.000 0.037 0.000 -0.037 0.0 0.0 848 347 0.10
150 0.000 0.021 0.000 -0.021 0.0 0.0 848 347 0.06
151 0.012 0421 -0.007 -0.416 43 6.0 848 336 1.23
Cathelic Church TR 0.000 0.009 0.000 -0.009 00 00 848 344 037
1-52 0.000 0.010 0.000 -0.010 00 00 83.6 833 0.03
1-53 0.001 0.052 -0.001 -0.052 01 01 836 834 015
1-54 0.001 0.062 -0.001 01 0.1 836 834 0.18
L-55 0.000 0.013 0.000 00 0.0 836 835 0.04
1-36 0.000 0.024 0.000 00 0.0 836 835 0.07
157 0.003 0.230 -0.004 14 19 836 829 0.70
Katamaya Hospital TR, 0.000 0.023 0.000 01 02 836 829 0.67
1011 0.001 0.050 0.000 0.0 0.0 952 951 0.07
1-012 0.000 0.023 0.000 00 00 95.2 95.1 0.03
1-013 0.009 0438 -0.007 22 29 95.2 046 0.61
FGGC TR 0.000 0022 0.000 0.0 01 952 949 023
1-0011 0.000 0.024 0.000 0.0 0.0 946 845 0.08
10012 0.001 0.076 -0.001 02 02 946 943 0.29
GDSS Nassarawa TR 0.000 0.026 0.000 01 04 946 932 139
1-0013 0.000 0.013 0.000 00 0.0 043 942 0.05
10014 0.000 0.01% 0.000 0.0 0.0 043 942 0.06
10013 0.000 0.034 0.000 01 0.1 043 241 021
Sabo Grinder TR 0.000 0.014 0.000 00 0.1 043 939 038
1-014 0.000 0.038 0.000 0.0 00 946 945 005
1-015 0.000 0.039 0.000 0.0 00 946 945 0.06
1-016 0.000 0.032 0.000 0.0 00 946 945 0.05
1017 0.005 0325 -0.004 0324 12 17 946 541 049
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Project: PhD. PROJECT Page: 4
Location:  NEWBUSSA - NIGER STATE 12.60H Date 15122019
Contract: SN
Engineer: OKAFOR CHUKWUNENYE .5 Stdy Case: LOAD FLOW Revision: Base
Filename: NEW BUSSA SUBSTATION 2 Config: Normal
LOAD FLOW REPORT (OFF-PEAK PERIOD)
CKT/ Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage " ‘;ﬁp
m MW Mvar MW Mvar W kvar From To m Vmag
NIFFR Sec. Qtrs TR 0.000 0.021 0.000 0.021 00 0.0 946 943 023
1-0016 0.000 0.016 0.000 0.016 00 0.0 041 94.0 0.10
Avuru 1 TR 0.000 0.018 0.000 -0.018 0.0 0.1 041 937 033
1018 0.000 0.031 0.000 -0.031 0.0 0.0 041 240 0.05
1-012 0.001 0.049 -0.001 -0.049 00 00 241 4.0 0.08
100 0.003 0.214 -0.002 0213 08 03 241 937 033
Lafia Spot TR 0.000 0.030 0.000 -0.029 01 03 241 923 160
1-021 0.001 0.057 -0.001 0.057 00 01 937 936 0.09
1022 0.001 0.063 -0.001 0.065 01 01 937 936 011
1023 0.001 0.063 -0.001 -0.063 01 0.1 937 936 011
NIFFR Senior Qtrs 1 TR, 0.000 0.028 0.000 -0.028 00 02 937 932 0.51
1024 0.000 0.039 0.000 -0.039 0.0 0.0 036 933 0.07
Fisheries Qtrs TR 0.000 0.023 0.000 -0.025 0.0 0.1 036 932 045
158 0.000 0.014 0.000 -0.014 0.0 0.0 829 818 0.04
1-59 0.000 0.016 0.000 -0.016 00 00 829 318 0.035
1-60 0.000 0.023 0.000 -0.0235 00 00 829 318 0.08
161 0.003 0.148 -0.002 -0.147 07 1.0 829 813 0.56
NAPTIN Guest House 2 TR 0.000 0.025 0.000 0.025 00 02 819 814 0.52
1-62 0.001 0.101 -0.001 -0.100 04 05 813 819 040
1-63 0.000 0.017 0.000 0.017 00 0.0 813 812 0.07
Yuna TR 0.000 0.029 0.000 -0.028 02 0.6 813 80.7 1.63
Agip TR 0.000 -0.036 0.001 0.057 01 04 230 936 0.62
Aligani TR1 0.000 -0.046 0.000 0.047 01 03 808 903 0.53
Anglican Church 1 TR 0.000 -0.033 0.000 0.034 0.0 02 042 248 0.60
Anglican Church 2 TR 0.000 -0.044 0.000 0.044 00 .2 043 043 048
Amy Engineer TR -0.001 -0.068 0.001 0.069 02 09 946 958 123
Avuru 2 TR 0.000 0016 0.000 0.016 00 0.0 937 940 030
Baba Iorin House TR 0.000 -0.008 0.000 0.008 00 0.0 923 928 0.45
BFITR 0.000 0024 0.000 0.024 01 04 86.8 832 1.41
Borgu Commumity Bank TR, 0.000 -0.013 0.000 0.013 00 0.1 920 918 0.73
BSWTR 0.000 0014 0.000 0.014 00 0.0 86.2 86.4 0.18
Govt. Sec Sch TR 0.000 0.029 0.000 -0.028 0.0 0.1 7.8 973 0.50
Dantoro Lodge TR 0.001 0.036 0.000 -0.056 01 03 7.8 972 0.58
Nedufu Estate TR 0.001 0.062 -0.001 -0.061 01 07 96.7 936 1.09
NIFFRHQS TR 0.000 0.043 0.000 0.042 00 02 96.7 963 0.45
Niger River Basin TR 0.000 0.038 0.000 0.037 01 03 96.7 961 0.66
NIFFR Junior Qtrs TR 0.000 0.038 0.000 0.038 01 03 96.7 961 0.67
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Project: PhD. PROJECT Page: 5
Location: NEW BUSSA-NIGER STATE 12608 Date: 15-12-2019
Contract: SN
Engineer: OKAFOR CHUKWUNENYE .S Study Case: LOAD FLOW Rewvision: Base
Filename: NEW BUSSA SUBSTATION 2 Config.: Normal
LOAD FLOW REPORT (OFF-PEAK PERIOD)
CKT/ Branch From-To Bus Flow To-From Bus Flow Losses %9 Bus Voltage ” ‘Efmp
jin MW Mrvar MW Mvar KW Evar From To Vmag
Tudun Wali TR 0.001 0.036 0.000 -0.055 0.1 03 96.7 96.1 0.59
Mil Quarters 2 TR 0.000 0.026 0.000 -0.026 0.1 03 048 939 0.93
Mil Quarters 1 TR, 0.000 0.042 0.000 -0.042 0.0 01 948 945 031
Bussa Town Hall TR 0.000 0.029 0.000 0.029 0.0 01 927 925 022
KEYSTONE Bank TR 0.000 0.026 0.000 -0.026 0.0 01 927 922 051
0Old Army Bamacks TR 0.000 0.027 0.000 £0.027 0.0 02 027 921 0.67
Waziri Primary Sch TR 0.001 0.039 -0.001 0.058 01 04 027 92.0 0.65
UBATR 0.000 0.021 0.000 £0.021 0.0 01 903 209 042
MINTR 0.000 0.030 0.000 -0.030 0.1 03 203 8035 0.86
Mammy market TR 0.000 0.037 0.000 -0.036 0.1 03 203 306 0.69
MT Yard TR1 0.000 0.018 0.000 -0.018 0.0 0.1 204 303 051
Hanger TR1 0.000 0.038 0.000 -0.038 0.0 12 203 309 043
Kidagba TR1 0.000 0018 0.000 -0.018 0.0 00 204 501 021
TFTTR 0.000 0.021 0.000 -0.021 0.0 01 882 380 027
Tuma Road TR 0.000 0.051 0.000 -0.051 01 03 882 876 0.60
Elshadai TR 0.000 0.019 0.000 £0.019 0.0 01 282 877 0.51
Water Treatment TR, 0.000 0.039 0.000 0.039 01 02 282 877 0.53
Officers' Mess TR 0.000 0.027 0.000 0.027 0.0 01 232 280 0.21
Corpra Below TR 0.000 0.039 0.000 -0.038 0.1 03 86.3 8335 0.77
Clinic TR 0.000 0.030 0.000 -0.030 0.0 0.1 86.3 839 042
Niger Crescent TR 0.000 0.019 0.000 -0.019 0.0 12 86.4 336 0.76
Senior Camp C/TTR 0.000 0.020 0.000 -0.020 0.0 12 86.4 336 0.79
MESL Water Treatment TR 0.000 0018 0.000 -0.018 0.0 01 86.4 839 0.50
Kaduna Drive TR 0.000 00335 0.000 -0.035 01 03 847 240 071
Rader TR 0.000 0.019 0.000 0.019 0.0 01 848 344 038
SNCOTR 0.000 0.015 0.000 0.015 0.0 00 248 846 0.19
GRATR 0.000 0.037 0.000 0.037 0.1 03 847 840 0.75
Tlerin Road TR 0.000 0.037 0.000 -0.036 0.0 02 847 843 044
NAPTIN Guest House 1 TR 0.000 0.021 0.000 0.021 0.0 01 847 843 041
Monai TR, 0.000 0.010 0.000 -0.010 0.0 0.1 833 82 0.63
MESL Water Intake TR, 0.001 0.032 0.000 -0.052 0.1 04 834 82 0.64
Motel Annex TR 0.001 0.062 0.000 -0.061 0.1 06 834 82 0.76
SOQTR 0.000 0.013 0.000 0.013 0.0 00 833 834 0.15
Chinese Quaters TR 0.000 0.024 0.000 £0.023 0.0 02 833 228 0.72
Zania Way TR 0.000 0.014 0.000 0.014 0.0 01 228 823 0.57
Donia Camp TR 0.000 0.016 0.000 0.016 0.0 00 228 827 014
Kadariko TR 0.000 0.023 0.000 0.024 0.1 03 228 218 1.02
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Project: PhD. PROJECT Page: [
Location: NEW BUSSA - NIGER STATE 12608 Date: 15-12-2019
Contract: SN:
Engineer: OKAFOR CHUKWUNENYE 5. Study Case: LOAD FLOW Revision: Base
Filename: NEW BUSSA SUBSTATION 2 Config.:  Normal
LOAD FLOW REPORT (OFF-PEAK PERIOD)
CKT/ Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage o ‘];imp
jin} MW Mvar MW Mvar EW kvar From To in Vmag
Niger Water Plant TR. 0.001 0.100 -0.001 -0.100 0.1 03 819 813 044
Kuruwasa TR 0.000 0.017 0.000 0017 0.0 01 822 819 035
0ld Dogogan TR 0.000 0.043 0.000 0.042 01 03 975 96.7 0.75
Koro Radic TR 0.000 0.030 0.000 0.030 0.0 02 975 96.7 0.78
Koro 1 TR 0.000 0.031 0.000 0.031 0.0 01 96.7 964 033
New Quarters TR. 0.001 0.060 -0.001 -0.060 01 04 958 952 0.65
0ld Market TR 0.000 0.041 0.000 0.041 0.0 02 958 054 044
55 13 Manchester TR. 0.000 0.030 0.000 0,050 01 03 951 946 054
Hydro TR 0.000 0.025 0.000 0.025 0.0 01 951 948 031
Jobice TR 0.000 0.038 0.000 0038 01 04 945 933 1.03
Dantoro Road TR 0.000 0.039 0.000 0039 0.0 02 945 941 042
NIFFE Senior Qtrs 2 TR, 0.000 0.032 0.000 0032 0.0 02 945 939 0.58
Jehovah Witness TR 0.000 0.031 0.000 0.031 0.0 01 940 937 033
Niger Water Booster TR 0.001 0.049 0.000 0.049 01 0.7 940 916 134
General Hospital TR 0.001 0.063 -0.001 0.064 02 08 936 914 119
Fisheries Sch. TR. 0.000 0.039 0.000 -0.038 0.1 03 935 018 0.70
Funkun TR, 0.000 0.014 0.000 0.014 0.0 01 969 96.3 037
MTN Nassarawa TR 0.000 0.033 0.000 0,033 .2 03 934 941 130
NAPTIN School TR 0.000 0.013 0.000 -0.015 0.0 0.0 933 953 0.16
Nassarawa 1 TR 0.000 0.031 0.000 0031 0.0 01 949 943 034
Nassarawa Grinder TR 0.000 0.024 0.000 0023 0.0 02 945 938 0.64
Sabo 1 TR 0.000 0.013 0.000 0013 0.0 00 942 940 0
Sabo 2 TR 0.000 0.015 0.000 £0.015 0.0 01 942 938 0.40
Power Transformer 0209 3582 -0.205 3522 32 600 100.0 983 1.67
180.7 3153
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4.2.1 Analyzing load flow reports for New Bussa base (initial) distribution network

This involves taking critical look or observation on the voltage profile (percentage voltage
magnitude) for all the load buses in New Bussa network, since those bus voltage values
determine the value of voltage delivered to or received at consumers’ premises.

Various percentage voltage magnitudes for load buses obtained from the Load Flow reports for
peak and off-peak periods of New Bussa network were analyzed using bar charts of figures 4.4

through 4.13.
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Figure 4.4: Voltage profile for first set of ten load buses
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Figure 4.5: Voltage profile for second set of ten load buses
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Figure 4.6: Voltage profile for third set of ten load buses
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Figure 4.7: Voltage profile for fourth set of ten load buses
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Figure 4.8: Voltage profile for fifth set of ten load buses
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Figure 4.9: Voltage profile for sixth set of ten load buses
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Figure 4.10: Voltage profile for seventh set of ten load buses
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Figure 4.11: Voltage profile for eighth set of ten load buses
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Figure 4.12: Voltage profile for nineth set of ten load buses
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Figure 4.13: Voltage profile for tenth set of ten load buses

Analyzing the percentage voltage magnitude (voltage profile) of the load buses using the bar
charts in figures 4.4 to 4.13 helps us to ascertain the present performance status of the New
Bussa base (initial) distribution network(characterize the network), since these percentage

voltage magnitudes of the load buses determine the voltage supplied to consumers’ premises.
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4.2.2 Validation of generated voltage values

These various load bus voltages can be validated by comparing them to the acceptable standard
voltage value for distribution network set by the American National Standard Institution in
ANSI C84.1.

ANSI C84.1 states the following:

For distribution system with service voltage less than 600V, the minimum acceptable service
voltage for distribution network is about 90% of nominal voltage while the maximum acceptable
service voltage for distribution network is about 106% of nominal voltage.

This indicates that maximum allowable voltage drop for distribution network is 10% of the
nominal voltage value.

Thus, concerning the New Bussa base distribution network, with emphasis on the load bus
voltages that determines the voltage level supplied to consumers’ equipment, the category of the
voltage to be considered as the standard limit is the one that accepts 10% of the nominal voltage
as the maximum allowable voltage drop since each load bus in the network has 415V as its
maximum or nominal voltage value.

Analyzing the various load bus voltages obtained from the load flow reports for peak and off-
peak loading periods as shown in Tables 4.1 and 4.2 with bar charts of Figures 4.4 through 4.13
shows that load bus voltage values with percentage voltage magnitude less than 90% of nominal
voltage value violate the ANSI C84.1 standard voltage limit.

Tabulating the load buses as shown in Table 4.5 and Table 4.6 with their percentage voltage
magnitude, indicate buses that violate the acceptable standard voltage limit for both peak and

off-peak periods.
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Table 4.5: Shows percentage voltage magnitude at load buses during peak period

Percentage
Voltage
SIN Bus Name Magnitude Comment
1 [Agip bus 88.29 \oltage not within acceptable limit
2 |Aligani bus 73.334 Voltage not within acceptable limit
3 |Anglican Church 1 bus 84.187 \/oltage not within acceptable limit
4 |Anglican Church 2 bus 84.838 Voltage not within acceptable limit
5 |Army Engr bus 90.991 \oltage within acceptable limit
6 |Awuru 1 bus 88.067 Voltage not within acceptable limit
7 |Awuru 2 bus 87.81 Voltage not within acceptable limit
8 [Baba llorin Farm bus 79.208 \/oltage not within acceptable limit
9 |Baba llorin House bus 79.427 \oltage not within acceptable limit
10 BF 1 bus 66.489 Voltage not within acceptable limit
11 |Borgu Community Bank bus 79.774 \/oltage not within acceptable limit
12 |BSW bus 64.627 Voltage not within acceptable limit
13 |Bussa Town Hall bus 79.964 Voltage not within acceptable limit
14 |Catholic Church bus 60.756 Voltage not within acceptable limit
15 |Chinese Quarters bus 57.785 Voltage not within acceptable limit
16 |Clinic bus 64.545 \oltage not within acceptable limit
17 |Copra Below bus 63.556 Voltage not within acceptable limit
18 |D4 bus 64.563 Voltage not within acceptable limit
19 |Dantoro Lodge bus 93.433 \/oltage within acceptable limit
20 [Dantoro Road bus 89.517 \oltage not within acceptable limit
21 [Donia Camp bus 57.361 Voltage not within acceptable limit
22 |Elshadai bus 68.069 \/oltage not within acceptable limit
23 |Emir's Guest House bus 91.382 Voltage within acceptable limit
24 |Federal College of Wildlife bus 91.023 \oltage within acceptable limit
25 |FGGC bus 90.83 Voltage within acceptable limit
26 |Fisheries Quarters bus 87.834 Voltage not within acceptable limit
27 |Fisheries School bus 87.828 \/oltage not within acceptable limit
28 |Funkun bus 92.915 \oltage within acceptable limit
29 |GDSS Nassarawa bus 88.024 Voltage not within acceptable limit
30 |General Hospital bus 87.792 \/oltage not within acceptable limit
31 |Gowt. Secondary School bus 93.95 \oltage within acceptable limit
32 |GRA bus 60.367 Voltage not within acceptable limit
33 |Hanger bus 73.882 Voltage not within acceptable limit
34 |Hydro bus 90.497 Voltage within acceptable limit
35 |llorin Road bus 60.703 \/oltage not within acceptable limit
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36 |Jehoval Witness bus 88.795 Voltage not within acceptable limit
37 |Jobice bus 89.086 \/oltage not within acceptable limit
38 |Kadariko bus 55.148 Voltage not within acceptable limit
39 [Kaduna Drive bus 60.165 Voltage not within acceptable limit
40 |Katamaya Hospital bus 58.246 \/oltage not within acceptable limit
41 |KEYSTONE Bank bus 80.361 Voltage not within acceptable limit
42 |Kidagba bus 73.976 \/oltage not within acceptable limit
43 |Koro 1 bus 93.051 Voltage within acceptable limit

44 |Koro Grinder bus 92.206 Voltage within acceptable limit

45 |Koro Radio bus 93.757 \oltage within acceptable limit

46 |Kurwasa bus 55.622 \oltage not within acceptable limit
47 |Kwarin Wali bus 84.601 Voltage not within acceptable limit
48 |Lafia Sort bus 87.117 Voltage not within acceptable limit
49 |Local Govt Quarters bus 89.694 Voltage not within acceptable limit
50 |Luma Road bus 67.748 \/oltage not within acceptable limit
51 [Mammy market bus 72.863 Voltage not within acceptable limit
52 [Manyara bus 93.117 Voltage within acceptable limit

53 |MESL Water Intake bus 58.612 Voltage not within acceptable limit
54 |MESL Water Reserve bus 74.016 Voltage not within acceptable limit
55 |[MESL Water Treatment bus 63.8 \/oltage not within acceptable limit
56 |Mil Quarters 1 bus 85.479 Voltage not within acceptable limit
57 |Mil Quarters 2 bus 82.956 Voltage not within acceptable limit
58 [Monai bus 57.523 \/oltage not within acceptable limit
59 [Motel Annex bus 58.408 \oltage not within acceptable limit
60 |MT Yard bus 72.871 Voltage not within acceptable limit
61 |MTN bus 73.998 Voltage not within acceptable limit
62 |[MTN Nassarawa bus 90.203 Voltage within acceptable limit

63 [MTN Wildlife bus 90.471 \oltage within acceptable limit

64 [NAPTIN Guest House 1 bus 61.119 \oltage not within acceptable limit
65 [NAPTIN Guest House 2 bus 57.249 Voltage not within acceptable limit
66 |NAPTIN School bus 91.317 Voltage within acceptable limit

67 [Nassarawa 1 bus 89.962 \oltage not within acceptable limit
68 |Nassarawa 2 bus 90.018 Voltage within acceptable limit

69 [Nassarawa Grinder bus 88.581 \oltage not within acceptable limit
70 [National Park Headquarter bus 94.111 Voltage within acceptable limit

71 [Nedufu Estate bus 88.934 \/oltage not within acceptable limit
72 |New Quarters bus 91.547 Voltage within acceptable limit

73 |Ngaski bus 68.987 \oltage not within acceptable limit
74 |NIFFR Headquarters bus 90.376 Voltage within acceptable limit

75 [NIFFR Junior Quarters bus 89.64 Voltage not within acceptable limit
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76 [NIFFR Secondary Quarters bus 89.838 Voltage not within acceptable limit
77 | NIFFR Senior Quarters 1 bus 88.246 \/oltage not within acceptable limit
78 [NIFFR Senior Quarters 2 bus 89.407 Voltage not within acceptable limit
79 |Niger Crescent bus 63.494 \/oltage not within acceptable limit
80 [Niger River Basin bus 90.018 \oltage within acceptable limit

81 [Niger Water Booster bus 87.798 Voltage not within acceptable limit
82 [Niger Water Plant bus 55.72 \/oltage not within acceptable limit
83 |Officers’ Mess bus 68.533 Voltage not within acceptable limit
84 |Old Army Barracks bus 78.603 Voltage not within acceptable limit
85 |Old Dogongeri bus 93.587 Voltage within acceptable limit

86 |Old Market bus 91.644 Voltage within acceptable limit

87 |Rader bus 60.369 \/oltage not within acceptable limit
88 [Sabo 1 bus 88.405 \oltage not within acceptable limit
89 |Sabo 2 bus 87.637 Voltage not within acceptable limit
90 [Sabo Grinder bus 88.117 \/oltage not within acceptable limit
91 |[Senior Camp C/T bus 63.533 Voltage not within acceptable limit
92 [SNCO bus 60.889 Voltage not within acceptable limit
93 |SOQ bus 58.553 Voltage not within acceptable limit
94 |[SS 13 Manchester bus 90.429 Voltage within acceptable limit

95 |[SS 40 Roundabout bus 93.597 \/oltage within acceptable limit

96 |Technical Junction bus 92.25 \oltage within acceptable limit

97 |TFT bus 68.41 Voltage not within acceptable limit
98 |Tudun Wali bus 90.131 Voltage within acceptable limit

99 [UBA bus 74.444 Voltage not within acceptable limit
100 |Water Treatment bus 68.448 \/oltage not within acceptable limit
101 |Waziri Primary School bus 78.268 \oltage not within acceptable limit
102 |Yuna bus 52.679 Voltage not within acceptable limit
103 |Zaria Way bus 55.548 Voltage not within acceptable limit
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Table 4.6: Shows percentage voltage magnitude at load buses during off-peak period

Percentage
Voltage
SIN Bus Name Magnitude Comment
1 |Agip bus 93.017 \oltage within acceptable limit
2 |Aligani bus 89.767 Voltage not within acceptable limit
3 |Anglican Church 1 bus 94.214 \oltage within acceptable limit
4 |Anglican Church 2 bus 94.323 Voltage within acceptable limit
5 |Army Engr bus 94.577 \/oltage within acceptable limit
6 |Awuru 1 bus 93.736 Voltage within acceptable limit
7 |Awuru 2 bus 93.676 Voltage within acceptable limit
8 |Baba llorin Farm bus 91.666 Voltage within acceptable limit
9 |Baba llorin House bus 92.31 Voltage within acceptable limit
10 [BF 1 bus 86.809 Voltage not within acceptable limit
11 [Borgu Community Bank bus 92.021 Voltage within acceptable limit
12 [BSW bus 86.188 Voltage not within acceptable limit
13 [Bussa Town Hall bus 92.512 Voltage within acceptable limit
14 |Catholic Church bus 84.432 Voltage not within acceptable limit
15 |Chinese Quarters bus 82.785 Voltage not within acceptable limit
16 |Clinic bus 85.916 \oltage not within acceptable limit
17 [Copra Below bus 85.547 Voltage not within acceptable limit
18 |D4 bus 86.085 Voltage not within acceptable limit
19 ([Dantoro Lodge bus 97.247 Voltage within acceptable limit
20 |Dantoro Road bus 94.078 Voltage within acceptable limit
21 |Donia Camp bus 82.68 \oltage not within acceptable limit
22 |Elshadai bus 87.719 Voltage not within acceptable limit
23 |Emir's Guest House bus 95.035 Voltage within acceptable limit
24 |Federal College of Wildlife bus 95.148 Voltage within acceptable limit
25 |FGGC bus 94,937 Voltage within acceptable limit
26 |Fisheries Quarters bus 93.168 Voltage within acceptable limit
27 |Fisheries School bus 92.846 Voltage within acceptable limit
28 |Funkun bus 96.502 Voltage within acceptable limit
29 |GDSS Nassarawa bus 93.178 Voltage within acceptable limit
30 |General Hospital bus 92.436 Voltage within acceptable limit
31 |[Gowt. Secondary School bus 97.346 \oltage within acceptable limit
32 |GRA bus 83.952 Voltage not within acceptable limit
33 |Hanger bus 89.876 \oltage not within acceptable limit
34 |Hydro bus 94.823 \oltage within acceptable limit
35 |[llorin Road bus 84.259 \oltage not within acceptable limit
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36 [Jehoval Witness bus 93.682 \oltage within acceptable limit
37 |Jobice bus 93.473 \oltage within acceptable limit
38 |Kadariko bus 81.773 \oltage not within acceptable limit
39 |Kaduna Drive bus 83.998 \oltage not within acceptable limit
40 |Katamaya Hospital bus 82.906 Voltage not within acceptable limit
41 |KEYSTONE Bank bus 92.222 Voltage within acceptable limit
42 |Kidagba bus 90.144 Voltage within acceptable limit
43 |Koro 1 bus 96.389 Voltage within acceptable limit
44 |Koro Grinder bus 95.926 Voltage within acceptable limit
45 |Koro Radio bus 96.693 Voltage within acceptable limit
46 |Kurwasa bus 81.889 Voltage not within acceptable limit
47 |Kwarin Wali bus 94.209 \oltage within acceptable limit
48 |Lafia Sort bus 92.459 \oltage within acceptable limit
49 |Local Govt Quarters bus 95.926 \oltage within acceptable limit
50 [Luma Road bus 87.562 Voltage not within acceptable limit
51 |Mammy market bus 89.624 \oltage not within acceptable limit
52 |Manyara bus 96.502 Voltage within acceptable limit
53 |MESL Water Intake bus 82.781 \oltage not within acceptable limit
54 |MESL Water Reserve bus 89.894 Voltage not within acceptable limit
55 |MESL Water Treatment bus 85.861 \oltage not within acceptable limit
56 |Mil Quarters 1 bus 94.486 Voltage within acceptable limit
57 |Mil Quarters 2 bus 93.888 Voltage within acceptable limit
58 |Monai bus 82.915 \oltage not within acceptable limit
59 |Motel Annex bus 82.635 \oltage not within acceptable limit
60 |MT Yard bus 89.842 \oltage not within acceptable limit
61 |MTN bus 89.469 Voltage not within acceptable limit
62 |MTN Nassarawa bus 94.133 Voltage within acceptable limit
63 |MTN Wildlife bus 94.062 Voltage within acceptable limit
64 [NAPTIN Guest House 1 bus 84.332 \oltage not within acceptable limit
65 [NAPTIN Guest House 2 bus 82.356 Voltage not within acceptable limit
66 |NAPTIN School bus 95.317 Voltage within acceptable limit
67 |Nassarawa 1 bus 94.537 Voltage within acceptable limit
68 [Nassarawa 2 bus 94.563 \oltage within acceptable limit
69 [Nassarawa Grinder bus 93.846 \oltage within acceptable limit
70 |National Park Headquarter bus 96.817 Voltage within acceptable limit
71 |Nedufu Estate bus 95.633 Voltage within acceptable limit
72 |New Quarters bus 95.173 Voltage within acceptable limit
73 |Ngaski bus 88.058 Voltage not within acceptable limit
74 |NIFFR Headquarters bus 96.28 Voltage within acceptable limit
75 |NIFFR Junior Quarters bus 96.051 Voltage within acceptable limit

143



76 |NIFFR Secondary Quarters bus 94.33 Voltage within acceptable limit
77 | NIFFR Senior Quarters 1 bus 93.219 Voltage within acceptable limit
78 |NIFFR Senior Quarters 2 bus 93.925 Voltage within acceptable limit
79 [Niger Crescent bus 85.6 Voltage not within acceptable limit
80 [Niger River Basin bus 96.068 \oltage within acceptable limit
81 |Niger Water Booster bus 92.647 Voltage within acceptable limit
82 |Niger Water Plant bus 81.475 Voltage not within acceptable limit
83 |Officers' Mess bus 87.999 \oltage not within acceptable limit
84 |Old Army Barracks bus 92.057 \/oltage within acceptable limit
85 |Old Dogongeri bus 96.72 \oltage within acceptable limit
86 |Old Market bus 95.395 \oltage within acceptable limit
87 |Rader bus 84.378 \oltage not within acceptable limit
88 |Sabo 1 bus 94.004 Voltage within acceptable limit
89 |Sabo 2 bus 93.814 Voltage within acceptable limit
90 |Sabo Grinder bus 93.897 Voltage within acceptable limit
91 |Senior Camp C/T bus 85.564 Voltage not within acceptable limit
92 |SNCO bus 84.578 Voltage not within acceptable limit
93 |SOQ bus 83.385 Voltage not within acceptable limit
94 |[SS 13 Manchester bus 94.562 \oltage within acceptable limit
95 |[SS 40 Roundabout bus 96.866 \oltage within acceptable limit
96 |Technical Junction bus 96.688 \oltage within acceptable limit
97 |TFT bus 87.955 \oltage not within acceptable limit
98 [Tudun Wali bus 96.108 \oltage within acceptable limit
99 |[UBA bus 89.931 \oltage not within acceptable limit
100 |Water Treatment bus 87.654 \oltage not within acceptable limit
101 |Waziri Primary School bus 92.027 Voltage within acceptable limit
102 |Yuna bus 80.691 \oltage not within acceptable limit
103 |Zaria Way bus 82.254 Voltage not within acceptable limit

4.2.3  Deductions from load flow analysis of New Bussa base (initial) distribution
network

After the load flow study and analysis of New Bussa distribution network, it was observed that

out of a total of one hundred and three (103) load buses, voltage violations occurred in seventy-

eight (78) load buses during peak loading period (75% of entire network) and forty-one (41)

load buses during off-peak loading period (39% of entire network).
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It was also observed from the branch power losses summary report for New Bussa distribution

network that the active and reactive power losses are 978KW & 1674.30KVAR during the peak

period and are 180.70KW & 315.50KVAR during the off-peak loading period.

4.3 Improving Voltage Level in New Bussa Distribution Network using
Microcontroller-based Capacitor Bank Switching Technique

Looking at percentage voltage magnitudes of all the load buses in the network, it was observed

that 75% of the entire load buses in the network do not supply proper voltage level to consumers

during peak and 39% of the entire load buses in the network also do not supply proper voltage

level to consumers during off-peak loading periods, thus the need for voltage improvement or

compensation and regulation on the network.

The voltage compensation or improvement in this research work involved the use of

microcontroller-based capacitor bank switching technique. The components of this

compensation system were applied as follows:

e The shunt capacitor was used to compensate the reactive power demand in the network
which in turns improved the voltage level in the network.

e Microcontroller-based switching system. This electronic switching system is an
automated system that mainly used microcontroller to switch on the needed candidate
capacitor banks for compensation, only when there is need for compensation (when the
monitored phase voltage drops below 216V, which is the lower standard phase voltage
limit as stipulated in ANSI C84.1 standard). The microcontroller switches off the
capacitor bank when the load bus voltage value improves and falls back within the
standard acceptable phase voltage limit (216V — 255V). This automated switching on &
off of the system ensured that the chosen capacitor banks did not over-compensate the

distribution line in the network.
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For better way of determining the optimal capacitor placement and sizing, the Optimal Capacitor

Placement (OCP) module in ETAP 12.6 software was used and the power flow analysis of New

Bussa compensated network was carried out for both peak and off-peak loading periods.

From the ETAP 12.6 OCP module study, the Optimal Capacitor Placement Results showing the

optimal capacitor bank sizes and the selected candidate buses for both peak and off-peak periods

were shown in Tables 4.7 and 4.8.

Table 4.7: Optimal Capacitor Placement Results during Peak Period

Pject  PiD). PROJECT ETAP Pge 1

il
Locaior: - NEW BUSSA - NIGER STATE 126.H Dt 12012018
Confract: SH:

Enemeer:  OKAFOR CHUEWUNENTE 5. Revision:  Bas
; Study Case: OCP I B
Filemme: PEAK] Config..  Nomal
OPTIMAL CAPACTTOR FLACEMENT REPORT (PEAK PERIOD)

Optimal Capacitor Placement Results
Candidate Buses Capacitor Information
Operating Voltaze Rated Rated

D NommalkV % Maz Ange % PF kaBak kV  #ofBak Tollka
04 11000 96614 012 1000  300.000 12470 f 1800.000
05 11000 9671 025 1000 300000 12470 1 300.000
07 11000 96188 028 1000  00.000 12470 2 600.000
08 11000 98113 -139 1000  300.000 12470 2 600,000
09 100 1003% 259 1000 30000 141 3 900,000
10 11000 102613 366 1000  300.000 12470 3 800.000
0012 100 105106 338 1000 0000 D40 600,000
020 1000 9378 1% 1000 300000 12470 2 600.000
51 11000 103977 432 1000 300000 12470 5 1500.000
Totdl 2% 7800.000
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Table 4.8: Optimal Capacitor Placement Results during Off-Peak Period

Project  PRD. PROTECT ETaF Dz 1
Locaior  NEW BUSSA -NIGER STATE 12.60H Date 11202017
Coniract; SN:
Enginesr  OKAFOR CHUEWUNENYE 5. iy Case 0GP Fevision: Base
Filename:  NEW BUSSA SUBSTATION Confie:  Normal
OPTTMAL CAPACTTOR. PLACEMENT REPORT (OFF-PEAK PERIOD)
Optimal Capaciter Placement Besults
Candidate Buses Capacitor Information
Operating Viltsge Basd  Famd
m Nommml k¥ % Maz  Amgls % FF harBank EV #ofBaks Total kvar

o7 11000 s3eM 424 1000 300,000 124% 3 800000

0B 11000 S3.Es 421 1E0 F00.000 124W 1 300,000

] 11000 S3.661 018 1000 00000 1247 1 300,000

10 11000 o34m 410 1000 300,000 124% 1 300,000

57 11000 G3.361 406 1000

61 11000 S3.6T1 421 1000

Total [-] 1800000
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These capacitor banks were installed on the appropriate load buses 04, 05, 07, 08, 09, 10, 57,
020, 0012 and the compensated network simulated in the ETAP 12.6 version of the software for

both peak and off-peak periods.

The load flow reports generated from the simulation of the compensated network model are
shown in Tables 4.9 and 4.10 and the branch power losses summary reports also generated are
shown in Tables 4.11 and 4.12 for peak and off-peak periods of the network respectively, while
the summary of percentage voltage magnitudes for load buses generated from the load flow
reports for the compensated network during both peak and off-peak periods are also shown in

Tables 4.13 and 4.14.
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Table 4.9: Load Flow Report of New Bussa Compensated Network during Peak period

Project:  FHD. FROTECT ETaF Page I
Locion:  NEW BUSEA - KIGER STATE 12.6.068 Dam: 13012018
Comgract: M-
Eogimgsr:  CEAFOR CHUEWUNENYE 5 Stniy Cas: LOAD FLOW Fanitiow Basa
Filwmms:  NEW BUSEA SUBSTATION Config:  Diommal
LOAD FLOW REPORT(PEAR PERIOD)
LOAD FLOW EEFORET
Bz Vaoltage Generation Loomdd Laoad Flow XFME
m (% e Mlag i BEOW Belvar KW .5 [ m KW Belwnr Asp i
1 10D 58 535 [ ] i ] o 0 MAIMBIS S IEF -1 318 T3 16
Bus 2 il [ =1] ] 11
Fusi 4 R 0M4E 79 1Lz
o2 LIS 0957 517 a9
Techsical In B W [~ RY 14
(L] 11030 57540 3 [ ] ] 0 MADNBUS 41030 -l 566 2
Baus 111 L 0aTe 47 1Lz
Baus 113 0l [T 2 11
Loy 0aF7 nas 456 iz
EE 40 Rounddou B L ol 43 12
(Ll 100 58 A% (1] [ ] ] 0 MADBIR 115 il xl is 37
Lo ard s 0a3e 15 53R
Maticml Pask H) B L] i FA | L
o2 1m0 57 581 13 [ ] o o1 EiRiag 41357 51T 1%
Bus 7 [l k] 0Iv us L&
Fus 9 W 048 7 12
Baus 11 ol Rz (2] 13
Bus 13 [l 1] [k 71 14
Bus 1% W [1§E=1 RO 13
o LRk 0 s ThE
Lwizal (el Qs Blesi L o 49 1Lz
D 1m0 %A1 (1] [ ] ] o D 115 4038 15 53R
Bus 132 [ ] 037 rd L1
Lor s 4 il &g 34 213
Maman Bui il 004 frd Lo
m 1D 57735 (13 i ] o o o 115D 4136 s ]
Bus [E WY nisl Rl 14
Bais 30 [T nITR as 14
Bus 33 [l 1] (AT ¥ L7
Bus M4 W nisr R& 13
g &y 4565 JLE  -2&D
Kowearin Wali B L 008 4R 13
4 10 %3 Eilk ] [ ] 0 00 1740 03 41138 05T 313 233
Buis & MG o7l 9z 15
Bus IE L 004 1 14
Fais 30 0l 0 R 11
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ETAF

Frojct  PRDFROJECT Page 2
Locatim:  NEW BUSSA-KIGER STATE 12a0= Dam: 13012018
Comract: M-
Engima:  ORAFCR CHUEWUNENYE 5. Studr Case: LOAD FLOW Revision: Base
Filmme:  NEW BUSSA SUBSTATION Config:  Mormal
LOAD FLOW REPCET{PEAK PERIOD)
Bus Voltage Geaeration Lead Load Flow XFMR
m kY B Mag i BW Blvar BEOW % [ m BOW Belvar sy i Ty
Bus 3T (i nrs A7 15
Baus 3 IS 0% 155 18
Baus 36 [l 0ol 17 12
s [} 035 21 Pl ]
'Ealsa Tliss Farms B [l 0056 35 L&
(LY 11030 5715 [ ] o 103 345 456 7
Bus [16 [Tl 0 o&T 36 Lo
e 3zl 07le 3RT 19
Fon Grisder Bu [ i1 0z Er 12
e 10D 58T 411 ] L 114 0 oez e 21
L ie] i3 EiRb SR -lI23
WTH Wildlile Bus [ i1 046 I5 12
[1x] 10D 57506 [} 0000 - ) 418 435 21 Ll
Bus 3% [l 0z 3 11
Bus 41 [Tl a0 7 1z
B 43 W 04 RO L&
Bus 4% [ i1 0 boz 55 12
Bus 4T WG 0 ERE a9 1£
Bus 43 R [ (3] )
Bus 51 [ i1 AT 63 13
o7 LR 47318 1z 439
MESL. Waler Rserv. Bai [l nuz 71 Lo
s 11000 58 986 Filkd ] 0 el 1313 0 b0 iR -I2D
Baus 15 il 00 1 1£
Bus 158 [l 0ims 13 o9
R 2 e b 1nz 7
Fed Cal af Wildkf: Bui T noaT ] Lo
113 11000 56418 (K] ] 0 D B e 70 3’7 T4
Bus 119 [Tl (- +3 45 11
Bas IT1 il 15+ &5 1z
Baus 113 [ i1 0o in Lo
L] [T 031 9 e
‘Emif (el Hingee Bk [l 0Tl 39 Lo
o7 1030 57775 A3 i) E R ] BN 0% 128 434
Bus 53 [k 0 e 7 L&
Bus 5% R 00ES i6 K]
Bus 5T [l 021 1z3 L&
Fus 5% il 0o 49 L&
Bus 61 i [ Bk 7 12
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ETAF

Project:  PHD. PROTECT Page 3

Locatin:  NEW BUSSA-KIGER STATE 12605 Dam: 13412018

Comract: -

Egimer  OHEAFOR CHUEWUNENYE 5 Siniy Cese: LOAD FLOW Renision:  Basa

Filmame:  NEW BUSEA SUBSTATION Config: Mormal

LOAD FLOW REPORT(FEAK PERIODY)
Buw Valtage Generation Load Load Flow XFME
m ¥ %Mag  Asg MW Mhm MW M ) MW M Amp  WFF T

Bus A1 [l ik 0rss ins 14
od 6 41837 340 -ILR
Hjgski Bus il ow? 7 11

= 1100 58 936 B 1 (00 40 58T 07 it} 0A36 340 137
Bui &% W nisl RO L&
Bas 6T il 06 51 13
Bus 6% L 0 pod 53 14
Bus Tl il e 44 15
Bus T3 ol 00D 43 14
Bus 7% [l 1] 0058 52 L7
iz ] [T ra) 41791 417 7
D& B R nus T 1Lz

(i 10D 549 5T Filk] o 0 OIS <ol o3 1z 57
Baus b&1 0l 0o IR Lo
10 [T 4 305 161 33
M mocasrena 2 B L] (2] FA | (L]

(1] 11030 b0 &G =15 0 00 4911 @ il 0 &6 417 A2
Bus TT [l k] 0ss LA L7
Bus 79 W 0136 A 15
Baus 31 R 04z T4 14
Bus 33 [l 1] 0136 71 15
Fus 3% W 0 s RE 15
Bus 37 ol noT2 3R 11
1% [} 4 TER 396 =11
Db e Bus 0l 0o 3l 12

[} 100D 02 345 27 0 (00 0543 0 Eilink] By | 396 56
Bus 3% L (= e 15
Fus 91 [T 0 %] 13
Fus 93 [l ] 0pss 7 14
Bus 3% WY [Nk (4] )
Bus 7T [T 0] k11 L&
L} 034 4517 66 £5
Katarrsn s Hongiis B L [(WEi] 51 14

(1] 4] 1m0 55500 1Lz o o s Ll el 41359 9 30
Bus I35 (i1 0a7T8 43 L1
Bus 18 L el is 11
i3 [T 0208 14 4R
FOHC Bus [l ] [t 7 Lo

(L] 11030 00 4R Eilk ] n 0 DODE il 0308 161 16
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ETAF

Project:  PHD. PROTECT Pagee 4
Locatin:  NEW BUSSA-KIGER STATE 12605 Dam: 13412018
Comract: -
Egimer  OHEAFOR CHUEWUNENYE 5 Siniy Cese: LOAD FLOW Renision:  Basa
Filmame:  NEW BUSEA SUBSTATION Config: Mormal
LOAD FLOW REPORT(FEAK PERIODY)
Buw Valtage Generation Load Load Flow XFME
m ¥ %Mag  Asg MW Mhm MW M ) MW M Amp  WFF T
Fus &4 (i1 07 I 1Lz
[o1h k] (T 4135 mns -1LB
D55 Mursarewa B T 0ns 1] 13
oz 100D 0] 258 =15 i ] 1 (00 Tl vk D] it} 035 mns 47
Bus b7 T 000 0 11
Bas b9 il nos? 30 1z
Lo ihk] L [T =) 43 15
Rty (i B T 0L 23 11
oL3 1m0 ¥54818 L3 [ ] ] o 1310 4208 114 46
Bus 131 L 04 7 1Lz
Bas 133 0l noTs 41 Lo
Bus 135 ol 0o 9 11
orT T 4 13 304
WIFFR Sec. (i Bus 0l 0o 19 Lo
s 100D b0 350 =13 i ] o oz Eili il ) 43 1Lz
Bus [T L (k) ] 14
Amusi | Bami T 00 1 Lo
oL 100D 55 643 13 i ] o o a3 il 0oz 13 304
Bus 138 il 00T 4 Lo
Bas 140 il 00es 3R 13
[r.4] NS 4315 18 S}
Lafis Sjui Bk il 0% IR 13
(1) 11030 55566 [ 8] [ ] 0000 553 QIT 1004 026 1LE -1.9
Bus 3 L 007 47 L1
Baus 45 0l 00me 41 13
023 [l ] 013 71 13
HIFFR Senior (Qes 1 B L 0055 o L1
o3 10 55 T4 [ e ] [ ] ] o O3 Eili g il b ] A 12
Fus 48 (i1 00z e 1Lz
Fisberies {in B L i R iy 11
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Table 4.10: Load Flow Report of New Bussa Compensated Network during Off-peak period

Project.  PhD. PROJECT ETAP Page 1
Locaionr NEW BUSSA - NIGER STATE 12.6.0H Date  11-20:2017
Contract: SN:
Engineer  OKAFOR CHUKWUNENYE S. Study Case: LOAD FLOW Revision  Base
Filename: NEW BUSSA SUBSTATION Config:  Normal
LOAD FLOW REPORT (OFF - PEAK)
LOAD FLOW REPORT
Bus Voltage Generation Load Load Flow XFMER
D EV % Maz Ang MW Myvar MW Muar m MW Myar Amp ﬂ %oTap
1 11.000 99119 0.0 L] ] 0 0 MAINBUS 0040 0339 18.1 118
Bus 2 0,000 0.029 1.6 1.0
Bus 4 0001 0.057 30 1.0
i} 0038 0.134 w0 207
Techrical Jn Bus 0001 0.069 36 10
001 11.000 98384 03 L] ] 0 0 MAINBUS 0027 0988 526 28
Bus 111 0000 0.044 23 10
Bus 113 0000 0.030 1.6 10
004 0,026 0.875 467 30
55 4 Rovndsbout Bus 0,000 0.037 20 1.0
0001 11000 93479 03 0 [i] 4] 0 MAINBUS 0010 0374 199 27
0002 0010 0.343 183 29
Mational Pak HQ Bus 0000 0.031 1.7 10
0z 11.000  99.010 0.1 L] ] 0 01 039 0184 00 206
Bus7 0001 0.065 34 1.1
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Bus 11 0.000 0.039 21 1.0
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Ewrarin Wahi Bus 0.000 0.026 14 1.0
17 11000 99401 02 0 [i] 4] 0 03 0033 0.282 150 -117
Bus 26 0000 0.034 18 10
Bus 28 0000 0.009 0S5 10
Bus 30 0000 0.030 16 10
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Bus 116 0,000 0.032 17 0g
006 0021 0.805 433 26
Eaoro Grinder Bus 0,000 0032 1.7 11
0004 11000 97.027 0s 0 1] 0 0002 0,006 0301 163 20
0003 0003 0.260 14.1 21
MTN Wildlife Bus 0,001 0.040 23 13
05 11.000 100196 06 0 [i] L) 00028 0.508 266 54
Bus 39 0,000 0026 14 10
Bus 41 0000 0037 20 11
Bus 43 0001 0045 24 11
Bus 43 0,000 0022 12 09
Bu= 47 0,001 0057 0 10
Bus 49 0.000 0.047 25 10
Bus 51 0,000 0022 12 10
o7 0,025 0815 429 250
MESL Water Feserv. Bus 0,000 0054 28 0g
0005 11000 96366 12 0 1] 0 00 0004 0258 141 16
Bus 156 0,000 0.036 20 14
Bus 158 0,000 0016 08 09
0008 0,003 0186 101 18
Fed Cal of Wildlife Bus 0,000 0,021 12 10
006 11000 96736 10 0 [i] 0 004 0016 0798 433 19
Bus 119 0,001 0.062 33 11
Bus 121 0001 0.070 38 11
Bu= 123 0,000 0042 23 09
010 0013 0.570 309 23
Enwr's Guest House Bus 0,001 0.054 29 09
o7 11.000 101.660 -2 0 0.000 0930 05 0015 0831 429 .19
Bus 53 0,000 0027 14 10
Bus 55 0,000 0.032 17 11
Bus 57 0001 0.068 35 11
Bus 59 0,000 0,025 13 10
Bus 61 0,000 0,025 13 09
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PHD. PROJECT ETAP

Project: Page:
Location:  NEW BUSSA - NIGER STATE 12600 Date:  11.20-2017
Contract: SN:
Engineer: OKAFOR CHUKWUNENYE .S. Study Case: LOAD FLOW Feuvision: Base
Filemame: NEW BUSSA SUBSTATION Confiz.: MNormal
LOAD FLOW REPORT (OFF - PEAK)
Bus Voltage Generation Load Load Flow XFMR
D KV %Mz Anz MW Mww 0 MW M D MW Mwr  Amp  %PF %I
Bus 62 0000 0036 19 10
08 0013 -0.140 72 83
MNegazki Bus 0,000 0024 13 09
08 11.000 101920 -13 0 1] 0.000 0312 07 0013 0.140 72 81
Bus 65 0,001 0.054 28 12
Bus 67 0,000 0.020 10 0g
Bus 69 0,000 0.042 232 11
Bus 71 0000 0027 14 10
Bus 73 0,000 0.028 14 10
Bus 73 0,000 Q026 13 10
[0.2] 001D 0062 32 -164
D4 Bus 0.000 0038 19 10
0008 11000 95814 14 0 0 [i] 0 0005 00002 0185 101 13
Bus 161 0,000 0.032 18 0g
0010 0,002 0128 70 15
Wassarawa 2 Bus 0000 0024 13 09
[0.2] 11.000 102,039 -1.4 0 1] 0.000 0312 08 0010 0.062 32 -163
Bus 77 0,001 0051 26 12
Bus 79 0.000 0.027 14 10
Bus 81 0,000 0022 11 10
Bus 83 0,001 0054 28 11
Bus 85 0,001 0.053 27 11
Bus 87 0000 0.030 15 09
10 0,008 0001 04 990
Cathobie Chomeh Bus 0,000 0,013 07 09
10 11.000 102028 -1.4 0 1] 0.000 0312 8 0008 0,001 04 990
Bus 89 0,000 0.015 08 0g
Bus 91 0,001 0.078 40 12
Bus 93 0,001 0.092 48 11
Bus 95 0000 0ms 10 09
Bus 87 0,000 0.033 18 11
57 0,005 0.034 18 132
Eatamaya Hospita Bus 0.000 0.037 19 11
010 11000  96.009 13 0 0 0 0 006 0010 0566 309 18
Bus 126 0,001 0051 28 10
Bus 128 0,000 0026 14 0g
013 0009 0467 255 19
FGGC Bus 0,000 0022 12 09
oo1o 11000 95401 16 0 1] 1] 0 0008 0002 0128 70 12
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Project: PhD. PROJECT Page: 4
Location:  NEW BUSSA - NIGER STATE 12600 Date:  11.20-2017
Contract: SN:
Engineer: OKAFOR CHUKWUNENYE .S. Study Case: LOAD FLOW Feuvision: Base
Filemame: NEW BUSSA SUBSTATION Confiz.: MNormal
LOAD FLOW REPORT (OFF - PEAK)
Bus Voltage Generation Load Load Flow XFMR
D KV %Mz Anz MW Mww 0 MW M D MW Mwr  Amp  %PF %I
Bus 164 0000 0024 13 11
0012 0001 0077 43 13
GDES Nassarawa Bus 0,000 Q026 14 12
0012 11000 95111 17 0 0 0010 0,001 0077 43 11
Bus 167 0.000 0.013 07 10
Bus 165 0,000 0.015 08 0g
0o1s 0,000 0034 19 12
Sabo Grnder Bus 0000 0014 08 10
013 11000 95392 16 1] 0 010 0007 0454 255 15
Bus= 131 0,000 0.03% 21 12
Bus 133 0000 0.040 22 0e
Bus 135 0.000 0.033 18 10
07 0,006 0331 182 17
NIFFE. Sec. (s Bus 0,000 0,021 12 0g
0015 11000 94903 18 1] 0 0012 0000 0034 19 10
Bus 172 0000 0.oe 09 11
Apnmu 1 Bus 0,000 0018 10 09
017 11000 94804 18 1] 0 013 0004 0328 182 13
Bus 138 0.000 0,031 17 09
Bus 140 0,001 0.050 28 12
020 0,003 0218 120 14
Lafia Spot Bus 0,000 0.030 17 11
020 11000 94557 20 1] 0 07 0002 027 120 11
Bus 143 0,001 0.058 32 10
Bus 145 0,001 0.066 37 12
23 0,001 0,063 36 11
NIFFE. Semcr Qfrs 1 Bus 0,000 0.02% 16 10
023 11000 94445 20 [i] 0020 00001 0064 36 11
Bus 148 0,000 0.03% 232 11
Fashenies (s Bus 0000 0.025 14 10
57 11.000 101935 -1.4 1] 0 10 0005 0034 18 132
Bus 99 0,000 0021 11 09
Bus 101 0.000 0.025 13 09
Bus 103 0,000 0.037 15 11
51 0,003 0087 45 38
WAPTIN Guest House 2 Bus 0,000 0.038 20 10
51 11.000 102190 -l 0.000 0313 57 0003 0.087 45 36
Bus 106 0002 0.155 50 14
Bus 108 0,000 Q026 14 10
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Project: PhD. PROJECT Page: 5
Location:  NEW BUSSA - NIGER STATE 12600 Date:  11.20-2017
Contract: SN:
Engineer: OKAFOR CHUKWUNENYE .S. Study Case: LOAD FLOW Feuvision: Base
Filemame: NEW BUSSA SUBSTATION Confiz.: MNormal
LOAD FLOW REPORT (OFF - PEAK)
Bus Voltage Generation Load Load Flow XFMR
D KV %Mz Anz MW Mww 0 MW M D MW Mwr  Amp  %PF %I
Tima Bus 0001 0045 23 15
AzpBus 0415 93839 21 0 1] 0.000 0.057 Bus 143 0000 0057 9 08
Aligzm Busl 0415 99.508 0.3 0 1] 0.000 0.057 Bus47 0,000 -00ET ™5 08
Angliean Clnareh 1| Bus 0415 98413 01 0 1] 0.000 0.036 Bus 18 0.000 0036 514 08
Anglican Clnareh 2 Bus 0415 98527 01 0 1] 0.000 0048 Bus 20 0.000 0048 679 09
Ay Engr Bus 0415 95413 12 0 0 0,001 0.069 Bus 121 00001 0065 1010 08
Apamu 1 Bus 0415 94565 15 0 0 0.000 0018 0015 0,000 0018 268 08
Apnmu 2 Bus 0415 945M 19 0 1] 0.000 0016 Bus 172 0000 -001s 237 09
Baba Ilorm Fam Bus 0415 98212 0.0 0 1] 0.000 0033 o4 0,000 0033 471 08
Baba [lorm House Bus 0415 93901 0.1 0 1] 0.000 0.00% Bus28 0,000 0008 13.2 09
BF 1 Bus 0415 99977 -1.0 0 ] 0.000 0.032 Bu= 35 0000 0032 442 08
Borgu Comm. Bank Bus 0415 98.592 01 0 1] 0.000 0015 Bus 36 0.000 0015 213 08
BSW Bus 0415 101.663 -3 0 0 0.000 0.019 Bus 67 0,000 0018 26.6 08
Bus?2 11000 95110 0.0 0 0 [i] 01 0,000 -002% 16 10
Govt. Sec SchBus 0000 0.02% 16 10
Bus4 11000 99097 0.0 0 1] 1] o1 0001 0057 30 10
Dantoro Lodze Bus 0,001 0057 0 10
Bus7 11000 95973 01 0 1] 1] 0 0001 0065 34 11
Wedufu Estate Bus 0,001 0,065 34 11
Bus 9 11000 93984 01 0 0 [i] 0 0,000 0045 24 10
WIFFR.HQS Bus 0,000 0045 24 10
Bus 11 11000 98985 01 0 0 [i] 0 0,000 0035 21 10
Miger Bv Basin Bus 0000 0.03% 21 10
Bus 13 11000 95978 01 0 1] 1] 0 0,000 0040 21 10
WIFFF. hmior Qhs Bus 0,000 0.040 21 10
Bus 15 11000 93951 01 0 1] 1] 0 0001 -0.058 3l 09
Tudm Wah Bus 0,001 0.058 31 0g
Bus 18 11000 99042 0.0 0 0 [i] 0 03 0,000 0037 19 0g
Anghean Chuch | Bus 0,000 0.037 19 0g
Bus 20 11000 99026 0.0 0 1] 1] 0 03 0000 048 26 10
Anghean Chnuch 2 Bus 0,000 0.048 26 10
Bus 22 11000 99048 0.0 0 1] 1] 0 03 0,000 0028 15 10
Wl Qs 2 Bus 0.000 0.028 15 10
Bus24 11000 99026 0.0 0 0 0 0 03 0,000 0048 24 0s
Wl Qs 1 Bus 0,000 0048 24 0g
Bus 26 11000 99356 02 0 0 [i] L) 0,000 0034 18 10
Bussa Town Hall Bus 0000 0034 18 10
Bus 28 11000 99387 02 0 1] 1] L) 0,000 0008 05 10
Baba Ilorm House Bus 0,000 0.008 05 10
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Project: PhD. PROJECT Page: 6
Location:  WEW BUSSA - NIGER. STATE Date: 11-20-2017
Contract: SN:
Engincer:  OKAFOR CHUKWUNENYE S. Study Case: LOAD FLOW Fevision: Base
Filename: NEW BUSSA SUBSTATION Config.:  Normal
LOAD FLOW EEPORT (OFF - PEAK)
Bus Voltage Generation Load Flow XFMR
D KV %Mz Anz MW D MW Mwr  Amp  %PF %I
Bus 30 11000 93352 02 0 04 0000 -0.030 L6 10
EEYSTONE Bank Bus 0000 0.030 L6 10
Bus 32 11.000 99349 02 0 04 0.000 -0.031 L7 10
Old Army Bamacks Bus 0.000 0031 17 10
Bus 34 11000 98280 01 0 04 00001 -0.067 36 10
Wazn Primary Sch Bus 0.001 0067 36 10
Bus 36 11000 93376 02 0 04 0.000 -0.015 08 10
Borzu Comm Bank Bus 0000 0.015 08 10
Bus 39 11.000 100.152 £3 0 05 0.000 -0.026 14 0.9
UBA Bus 0.000 0.026 14 0.9
Bus 41 11.000 100131 03 0 05 0,000 0037 20 11
MTHN Bus 0.000 0037 20 L1
Bus 43 11000 100.117 05 0 05 0.000 0045 24 L1
MWanmy market Bus 0.000 0045 24 L1
Bus 45 11000 100157 05 0 05 0000 -0.022 12 08
MT Yard Busl 0000 0022 12 08
Buz 47 11.000  100.052 £3 0 05 -0.001 -0.057 30 0.9
Aligam Bus] 0.001 0.057 30 0.9
Bus 48 11.000 100.111 05 0 05 0.000 -0.047 15 10
Hanger Busl 0.000 0047 15 10
Bus 51 11000 100.155 05 0 05 0.000 -0.022 12 0.9
Fidagha Busl 0.000 0022 12 0.9
Bus 53 11.000 101610 -12 0 o7 0000 -0.027 14 08
TFTBus 0.000 0.027 14 0.9
Bus 35 11.000 101600 -12 0 o7 0.000 -0.032 L7 L1
BF 1 Bus 0.000 0.032 L7 L1
Bus 57 11000 101530 i 0 o7 01001 -0.068 35 10
Luma Foad Bus 0.001 0.068 35 10
Bus 59 11000 101611 i 0 o7 0.000 -0.025 13 10
Elshada: Bus 0000 0.025 13 10
Buz 61 11.000 101610 -12 0 o7 0.000 -0.025 13 0.9
Water Treatment Bus 0.000 0.025 13 0.9
Bus 62 11.000 101.588 -1z 0 o7 0.000 -0.036 19 0.8
Otficers' Mess Bus 0.000 0036 19 0.8
Bus 65 11.000 101811 -L3 0 i3 01001 -0.054 18 L1
Corpra Below Bus 0.001 0054 18 L1
Bus 67 11.000 101.880 -13 0 i3 0000 -0.019 10 08
BSW Bus 0.000 0.015 10 0.9
Bus 69 11.000 101833 -13 0 3 0.000 0.042 22 10
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Project: PhD. PROJECT Page: 7
Location:  NEW BUSSA - NIGER STATE 12600 Date:  11.20-2017
Contract: SN:
Engineer: OKAFOR CHUKWUNENYE .S. Study Case: LOAD FLOW Feuvision: Base
Filemame: NEW BUSSA SUBSTATION Confiz.: MNormal
LOAD FLOW REPORT (OFF - PEAK)
Bus Voltage Generation Load Load Flow XFMR
D KV %Mz Anz MW Mww 0 MW M D MW Mwr  Amp  %PF %I
Clinic Bus 0000 0042 232 10
Bus 71 11.000 101864 -L3 1] 08 0000 -7 14 10
Thger Crescent Bus 0,000 0027 14 10
Bus T3 11.000 101859 -13 0 11 0.000 0028 14 10
Sentor Camp OT Bus 0.000 0.028 14 10
Bus 75 11.000 1018564 -3 [i] 8 0,000 0026 13 10
MESL Water Treatment Bus 0,000 0026 13 10
Bus 77 11.000 101925 -1.4 1] 1] 0001 0051 26 11
Eaduma Drive Bus 0,001 0051 26 11
Bus 79 11.000 101978 -1.4 1] w 0,000 -zt 14 10
Fader Bus 0000 0.027 14 10
Bus 81 11.000 101989 -14 0 w 0.000 0022 11 09
SNCOBus 0,000 0022 11 0g
Bus 83 11.000 101917 -4 [i] w 00001 0054 28 10
GRABus 0001 0054 28 10
Bus 85 11.000 101912 -1.4 1] 1] 0001 0053 279 10
Tlorin Road Bus 0,001 0,053 27 10
Bus 87 11.000 101967 -1.4 1] w 0,000 0030 15 09
MWAPTIN Guest House 1 Bus 0.000 0.030 15 09
Bus 89 11.000 101990 -4 [i] 10 0,000 0015 08 0g
Monz1 Bus 0,000 0.015 08 0g
Bus 91 11.000 101839 -4 [i] 10 00001 0078 40 10
MESL Water Intake Bus 0001 0.078 40 10
Bus 93 11.000 101804 -L3 1] 10 0001 0092 48 10
Motel Armex Bus 0,001 0.092 48 10
Bus 95 11.000 101982 -1.4 1] 10 0,000 -00s 10 08
500) Bus 0,000 0ms 10 08
Bus 97 11000 101942 -4 [i] 10 0,000 0035 18 10
Chiness (uaters Bus 0,000 0,035 18 10
Bus 99 11.000 101.880 -1.4 1] 57 0000 0021 11 09
Zania Way Bus 0,000 0021 11 09
Bus 101 11.000 101571 -1.4 1] 57 0,000 0025 13 09
Donia Camp Bus 0.000 0.025 13 09
Baus 103 11.000 101.833 -4 0 57 0,000 0037 15 10
Eadanko Bus 0,000 0.037 19 10
Bas 106 11.000 101.688 -3 [i] 51 00002 0154 80 11
Miger Water Plant Bus 0,002 0154 80 11
Bus 108 11.000 102100 -l 1] &1 0,000 0028 14 09
Eimuwasa Bus 0,000 Q026 14 09
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Project: PhD. PROJECT Page: 8
Location:  NEW BUSSA - NIGER STATE 12600 Date:  11.20-2017
Contract: SN:
Engineer: OKAFOR CHUKWUNENYE .S. Study Case: LOAD FLOW Feuvision: Base
Filemame: NEW BUSSA SUBSTATION Confiz.: MNormal
LOAD FLOW REPORT (OFF - PEAK)
Bus Voltage Generation Load Load Flow XFMR
D KV %Mz Anz MW Mww 0 MW M D MW Mwr  Amp  %PF %I
Bas 111 11000 98328 04 0 1] 001 0000 03 23 10
0ld Dogogan Bus 0000 0043 23 10
Bus 113 11000 98339 03 0 1] 001 0,000 0030 16 10
Eoro Radio Bus 0.000 0.030 16 10
Bus 116 11000 97574 07 0 0 004 0.000 0032 17 09
Eoro | Bus 0,000 0.032 17 0g
Baus 119 11000 96656 10 0 [i] 006 00001 0062 33 10
New Qfrs Bus 0001 0.062 33 10
Bus 121 11000 96.650 11 0 1] 006 0001 0070 B 11
Ay Engy Bus 0,001 0.070 B 11
Bus 123 11.000  96.684 10 0 0 006 0000 0042 23 0e
Old Market Bus 0.000 0042 23 09
Bus 126 11000 95943 14 0 [i] 010 00001 0051 28 10
55 13 Manchester Bus 0,001 0051 28 10
Bus 128 11000 95976 13 0 1] 010 0000 -002s 14 09
Hydro Bus 0000 0026 14 09
Bus 131 11000 95338 16 0 1] 013 0,000 -00Es 21 11
Johice Bus 0,000 0.03% 21 11
Bus 133 11000 9534 16 0 0 013 0.000 0040 23 09
Diantoro Foad Bus 0,000 0.040 232 0g
Baus 135 11000 9534 16 0 [i] 013 0,000 0033 18 10
NIFFE. Semcr CQfrs 2 Bus 0,000 0.033 18 10
Bus 138 11000 94847 18 0 1] 07 0000 0031 17 09
Jehonah Witness Bus 0,000 0031 1.7 09
Bus 140 11000 94818 18 0 1] [ 0001 0050 28 12
Thger Water Booster Bus 0,001 0.050 28
Bus 143 11000 94453 20 0 [i] 020 00001 0058 32 10
AzpBus 0,001 0.058 32 10
Bus 145 11000 94449 20 0 [i] 020 00001 0068 37 2
General Hospital Bus 0001 0.066 37 12
Bus 148 11000 94376 20 0 1] 23 0,000 -00Es 232 11
Fizheries Sch Bus 0,000 0.03% 232 11
Bus 152 11.000 97730 0.6 0 0 0002 0.000 0014 08 10
Fumbam Bus 0,000 0014 08 10
Baus 156 11000 96274 12 0 [i] 0005 0,000 0036 20 13
MTHN Nassarawa Bus 0,000 0.036 20 13
Bus 158 11000 96325 12 0 1] 0005 0000 -001s 08 08
MAPTIN Sch. Bus 0,000 0016 08 08
Bus 161 11000 95715 15 0 1] 0008 0,000 -0u0E2 18 08
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Project: PhD. PROJECT Page: 9
Location:  NEW BUSSA - NIGER STATE 12600 Date:  11.20-2017
Contract: SN:
Engineer: OKAFOR CHUKWUNENYE .S. Study Case: LOAD FLOW Feuvision: Base
Filemame: NEW BUSSA SUBSTATION Confiz.: MNormal
LOAD FLOW REPORT (OFF - PEAK)
Bus Voltage Generation Load Load Flow XFMR
D KV %Mz Anz MW Mww 0 MW M D MW Mwr  Amp  %PF %I
Nassarawa | Bus 0000 0032 18 08
Bus 164 11000 95321 16 0 1] 1] 0 0010 0000 0024 13 10
Mazzarawa Gnder Bus 0,000 0024 13 10
Bus 167 11.000 95060 17 0 1] 0 0 0012 0.000 0013 07 09
Sabo | Bus 0.000 0.013 07 09
Bus 165 11000 95051 17 0 0 [i] 0 0012 0,000 0015 08 0g
Sabo 2 Bus 0,000 0.015 08 0g
Bus 172 11000 94803 19 0 1] 1] 0 0015 0000 -001s 09 10
Apnmu 2 Bus 0,000 0016 09 10
*Bus230 33.000 100,000 0.0 0087 1.724 1] 0 MAINBUS 0087 1.724 302 50
Busza Town Hall Bus 0415 99118 0.1 0 ] 0.000 0.034 Bus26 0000 0034 471 0e
Catholic Cluoch Bus 0415 101.589 -14 0 1] 0.000 0013 0% 0.000 0013 184 08
Clunese (uaters Bus 0415 101.061 -3 0 0 0.000 0.035 Bus97 0,000 0035 479 0g
Clinic Bus 0415 101342 -2 0 0 0.000 0.042 Bus 6% 0,000 0042 573 0g
Corpra Below Bus 0415 100908 -2 0 1] 0.000 0.053 Bus65 0000 0053 737 09
D4 Bus 0415 101542 -L3 0 1] 0.000 0038 08 0000 0038 514 09
Dantoro Lodze Bus 0415  98.505 01 0 1] 0.000 0.057 Buz4 0,000 -00ET 805 08
Dantoro Foad Bus 0415 94909 17 0 1] 0.000 0.039 Bus133 0,000 -00Es 578 08
Donia Camp Bus 0415 101.699 -13 0 1] 0.000 0.025 Bus 101 0.000 0025 335 08
Elshada Bus 0415 100025 -1l 0 0 0.000 0.025 Bus 59 0,000 0025 342 08
Enwr's Guest House Bus 0415 95875 11 0 0 0.000 0.053 006 0,000 0053 T4 08
Fed Col of Wildlife Bus 0415 95989 12 0 0 0.000 0.021 0005 0,000 0021 30.8 0g
FGGE Bus 0415 95776 13 0 1] 0.000 0022 010 0000 -2z 318 09
Fizheries Qs Bus 0415 93991 21 0 1] 0.000 0025 023 0,000 0025 371 09
Fizheries Sch. Bus 0415 93.667 21 0 1] 0.000 0.039 Bus 148 0,000 -00Es 579 09
Funlam Bus 0415 9735 0.6 0 1] 0.000 0.014 Bus 132 0,000 0014 204 09
GDSS Nassarawa Bus 0415 54001 17 0 0 0.000 0.026 0010 0,000 0026 38.1 0g
General Hospital Bus 0415 93253 21 0 0 0,001 0.065 DBus 145 00001 0065 976 0g
Govt. Sec Sch Bus 0415 98.605 01 0 0 0.000 0.029 Bus2 0,000 -002% 412 0g
GRABus 0415 101.011 -L3 0 1] 0.000 0054 Bus83 0000 0054 739 08
Hanger Busl 0415 99630 0.3 0 1] 0.000 0.047 Bus 49 0,000 0047 654 09
Hhvdro Bus 0415 95661 14 0 1] 0.000 0.026 Bus 128 0,000 0028 375 08
Tlonn Road Bus 0415 101.380 -13 0 1] 0.000 0.053 Bus 83 0.000 0033 24 09
Jehonah Witness Bus 0415 94510 15 0 0 0.000 0.03] Bus138 0,000 0031 459 08
Jolnce Bus 0415 947299 17 0 0 0.000 0.038 Bus131 0,000 0038 56.5 0g
Eadanko Bus 0415 100.584 -2 0 0 0.000 0.037 Bus 103 0,000 0037 510 08
Eadma Dnve Bus 0415 101.066 -L3 0 1] 0.000 0051 Bus 77 0000 0051 00 09
Eatamaya Hospita Bus 0415 1001209 -L3 0 1] 0.000 0037 10 0,000 -00ET 510 09
EEYSTCOME Bank Bus 0415 98807 0.1 0 1] 0.000 0.030 Bus 30 0,000 0030 424 08
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Project: PhD. PROJECT Page: 10
Location:  NEW BUSSA - NIGER STATE 12600 Date:  11.20-2017
Contract: SN:
Engineer: OKAFOR CHUKWUNENYE .S. Study Case: LOAD FLOW Feuvision: Base
Filemame: NEW BUSSA SUBSTATION Confiz.: MNormal
LOAD FLOW REPORT (OFF - PEAK)
Bus Voltage Generation Load Load Flow XFMR
D KV %Mz Anz MW Mww 0 MW M MW Mwr  Amp  %PF %I
Eadagha Busl 0415 99926 05 0 1] 0.000 0.022 Bus 51 0000 -2z 311 09
Eoro 1 Bus 0415 97241 07 0 1] 0.000 0.032 Busll6 0000 0032 452 08
Eoro Grnder Bus 0415 96774 07 0 1] 0.000 0031 04 0,000 0031 451 09
Eoro Radio Bus 0415 97547 04 0 1] 0.000 0.030 Bus 113 0.000 0030 451 08
Eimmwasa Bus 0415 101.660 -14 0 1] 0.000 0.026 Bus 108 0.000 0026 36.0 08
Eoann Wali Bus 0415 98407 01 0 0 0.000 0026 03 0,000 0026 36.7 0g
Lafia Spot Bus 0415 93276 20 0 0 0.000 0030 017 0,000 0030 40 08
Laocal Govt Qters Bus 0415 98.161 01 0 1] 0.000 0033 02 0000 00033 462 08
Lz Faozd Bus 0415 100843 ALl 0 1] 0,001 0.068 Bus 57 0001 -0.068 935 08
MADNBUS 11000 99194 0.0 0 1] 1] 01 0,041 0339 18.1 119
001 0034 0.994 526 34
0001 0012 0377 199 332
Bus230 0,086 -L.7T10 906 50
Manmoy market Bus 0415 959351 05 0 0 0.000 0.045 Bus43 0,000 0045 626 0g
Manyara Bus 0415 97355 06 0 1] 0.000 0.023 0002 0000 0023 351 09
MESL Water Intake Bus 0415 101057 -L3 0 1] 0,001 0077 Bus9 0001 00T 106.4 09
MESL Water Fazerv. Bus 0415 929649 0.3 0 1] 0.000 0053 05 0,000 0033 744 08
MESL Water Treatment Bu= 0415 101278 -2 0 1] 0.000 0025 BusT3 0,000 0025 49 08
Wil Qs 1 Bus 0415 98.697 01 0 1] 0.000 0.045 Bus24 0.000 0045 640 09
Ml Qs 2 Bus 0415 98072 01 0 0 0.000 0.028 Bus22 0,000 0028 398 08
Mona Bus 0415 1012X0 -3 0 0 0.000 0.015 Bus 8% 0,000 0015 210 07
Motel Annex Bus 0415 100878 -2 0 0 0,001 0.05] Bus93 00001 0091 1259 08
MT Yard Busl 0415 99.5892 05 0 1] 0.000 0022 Bus45 0000 -2z 308 08
MTH Bus 0415 99178 0.4 0 1] 0.000 0.037 Bus41 0,000 -00ET 519 09
MTH Massarawa Bus 0415 94965 15 0 1] 0.000 0.035 Bus 136 0,000 0035 518 08
MTH Wildlifs Bus 0415 94893 11 0 1] 0.000 0.040 00N 0,000 0040 8.0 09
WAPTIN Guest Houze 1 Bus 0415 101468 -3 0 0 0.000 0.030 Bus 87 0,000 0030 407 08
WAPTIN Guest House 2 Bus 0415 101300 -3 0 0 0.000 0038 57 0,000 0038 518 0g
WAPTIN Sch Bus 0415 96160 12 0 0 0.000 0.016 Bus 158 0,000 0018 05 08
Massarawa | Bus 0415 95373 15 0 1] 0.000 0.032 Bus 161 0000 0032 466 08
Massarawa 2 Bus 0415 953 15 0 1] 0.000 0.024 0008 0,000 0024 355 08
Massarawa Grnder Bus 0415 94676 17 0 1] 0.000 0.024 Bus 184 0,000 0024 351 09
Wational Pak HQ Bus 0415 97673 04 0 1] 0.000 0.031 000l 0.000 0031 439 08
Wednfi Estate Bus 0415 97562 02 0 0 0,001 0064 Bus7 0,001 0064 907 0s
New Qs Bus 0415 96015 11 0 0 0,001 0.06] Bus 119 00001 0061 836 0g
Ngaska Bus 0415 101415 -2 0 0 0.000 0024 07 0,000 0024 334 0g
NIFFER.HQS Bus 0415 9854 01 0 1] 0.000 0044 Bus @ 0000 0044 626 09
WIFFF. hunior Qs Bus 0415 98.289 01 0 1] 0.000 0040 Bus 13 0,000 0040 56.3 09
MIFFE Sec. Qhs Bus 0415 95164 16 0 1] 0.000 002l 013 0,000 -0zl 310 09
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Project  PhD. PROJECT Paze 11

Location  NEW BUSSA - NIGER STATE 126.0H Date  11-20-2017

Contract: SN:

Engineer  OKAFOR CHUKWUNENYE . Study Case: LOADELOW Revision Base

Filensme:  NEW BUSSA SUBSTATION Config:  Normal

LOAD FLOW REPORT (OFF - PEAK)
Bus Voltage Generation Load Load Flow XFMR
D KV %Mz A MW M MW M MW M Amp  %FF %Top

MIFFE. Semor Cirs | Bus 0415 943 20 0 L] 0.000 0028 020 0000 0028 419 0e
MIFFE. Semor Cirs 2 Bus 0415 94755 1.7 0 L] 0.000 0.033 Bus 135 0000 0033 430 08
Thger Crescent Bus 0415 100970 -1.2 L] ] 0.000 0.026 BusTl 0000 0028 363 08
Thger Bv Basin Bus 0415 98307 0.1 L] ] 0.000 0.039 Bus 1l 0000 0039 554 08
Miger Water Booster Bus 0415 93466 20 0 0 0.000 0.04% Bus 140 0.000 0049 Ti6 09
Miger Water Plant Bus 0415 101145 -2 0 [i] 0.001 0.153 Bus 106 -0.001 0153 2111 0g9
Officers' Mess Bus 0415 101347 -2 0 [i] 0.000 0.036 Bus 62 0,000 0036 493 0g9
Old Aoy Baracks Bus 0415 98631 01 0 [i] 0.000 0031 Bus32 0,000 -0.031 440 0g9
Old Dogogan Bus 0415 97574 04 L] ] 0.000 0.043 Bus 111 0000 0043 613 0o
Old Market Bus 0415 96238 11 L] ] 0.000 0.042 Bus 123 0000 0042 608 08
Fader Bus 0415 101524 -l.3 L] ] 0.000 0.027 BusT9 0000 00027 371 0o
Sabo 1 Bus 0415 948315 18 L] ] 0.000 0.013 Bus 187 0000 0013 193 0o
Sabo 2 Bus 0415 94643 18 0 0 0.000 0.015 Bus 169 0.000 -0.015 22 08
Sabo Grnder Bus 0415 94727 18 0 [i] 0.000 0014 0012 0,000 0014 W09 0g9
Sentor Camp OT Bus 0415 100927 -2 0 [i] 0.000 0028 Bu=T3 0,000 0028 381 08
SNCO Bus 0415 101765 -14 0 [i] 0.000 0.022 Bus81 0,000 0022 304 0g9
S00) Bus 0415 101793 -1.4 L] L] 0.000 0.019 Bus95 0000 0o 257 08
55 13 Manchester Bus 0415 95397 14 L] ] 0.000 0.051 Bus 126 0000 0051 742 0o
55 40 Foumdaivout Bus 0415 97722 04 L] ] 0.000 0.037 001 0000 0037 524 0o
Technical Tn Bus 0415 97938 02 0 0 0.001 0088 1 0,001 0068 96.4 0g
TFT Bus 0415 101296 -1l 0 0 0.000 0.027 Bus33 0.000 0.027 374 0g
Tudmn Wak Bus 0415 933448 01 0 [i] 0.000 0058 Bus15 0,000 0058 821 08
UBABus 0415 99691 0.5 0 [i] 0.000 0.026 Bus 39 0,000 0028 365 08
Water Treatment Bus 0415 101311 -12 0 L] 0.000 0.025 Bus6l 0000 0025 349 08
Wazn Prnmary Sch Bus 0415 93598 01 0 L] 0.001 0.067 Bus 34 0001 0067 942 0e
Tuna Bus 0415 100172 -1.2 L] ] 0.000 0044 81 0000 004 608 08
Zaria Way Bus 0415 101175 -13 0 0 0.000 0.021 Bus9%9 0.000 -0.021 238 07

= Imdicates a voltage regulated bus (voltage controlled or swing type machine connected o i)
# Indicates a bus with a load micmateh of more than 0.1 MVA
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Table 4.11: Branch Losses Report for New Bussa Compensated Distribution Network during

Peak Period

Project  PhD. PROJECT ETAP Page 1
Location: NEW BUSSA- NIGER STATE 12.6.00 Date: 15-12-2019
Contract: SN:
Engineer: OKAFOR CHUKWUNENYE S Study Case: LOAD FLOW Revision' Base
Filename: save Config: Normal
LOAD FLOW REPORT(PEAK PERIOD)
Branch Losses Summary Report
CKT/Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage o, \E;ilup
m MW Mvar MW Muvar W kvar From To in Vmag
11 0145 -1913 0131 1921 37 x 983 987 042
-2 0.001 0.060 -0.001 -0.060 00 00 983 983 0.02
L3 0.002 0.147 -0.002 -0.147 01 01 083 982 0.06
14 0141 1344 0132 -1531 94 126 983 974 0835
Technical In TR, 0.002 0.162 -0.001 -0.158 09 46 983 955 281
1-001 0033 0482 0035 0484 15 20 983 987 042
L-002 0.001 0.078 -0.001 0078 0.0 01 983 082 0.07
1-003 0.001 0.047 0.000 -0.047 0.0 0.0 083 982 0.04
1-004 0.031 276 -0.030 0275 03 0.7 083 98.0 026
58 40 Roundabout TR, 0.001 0.082 -0.001 -0.080 2 12 083 96.9 148
1-0001 -0.011 -0333 0.013 0357 18 24 98.0 98.7 0.68
1-0002 0.011 0313 -0.009 0313 16 21 98.0 97.3 0.67
National Park HQ TR 0.000 0.039 0.000 0030 0.1 04 98.0 97.0 103
Ls 0.003 0.174 -0.003 0174 01 02 974 973 0.10
Lé 0.002 0.147 -0.002 -0.146 01 01 974 973 0.09
L7 0.001 0111 -0.001 -0 01 01 974 97.4 007
L3 0.002 0.151 -0.002 -0.131 01 01 974 973 0.11
Lo 0.002 0.164 -0.002 0164 02 03 974 97.3 017
Lio 0.121 0.715 -0.116 -0.709 42 56 974 96.6 083
Local Govt. Qters TR 0.001 0.000 -0.001 -0.087 04 22 974 931 235
1-0003 0.000 0.036 0.000 0036 0.0 0.0 973 97.3 0.08
1-0004 0.008 0.230 -0.007 -0.220 10 13 973 96.8 0.56
Manyara TR 0.000 0.047 0.000 0046 01 04 973 96.5 0.82
L1 0.002 0.148 -0.002 -0.147 02 02 96.6 96.4 016
L-12 0.002 0174 -0.002 0173 03 04 96.6 964 021
L-13 0.002 0.113 -0.002 -0.113 01 02 96.6 96.5 014
L-14 0.002 0.154 -0.002 -0.153 02 03 96.6 96.4 019
113 0.107 0034 -0.106 -0.033 01 a2 96.6 964 014
Kwann Wali TR 0.001 0.087 -0.001 -0.085 04 21 96.6 943 231
1-16 0.002 0163 -0.002 0165 03 04 964 962 023
L-17 0.001 0.038 0.000 -0.038 0.0 0.0 96.4 96.4 0.06
118 0.001 0.047 0.000 -0.047 0.0 0.0 96.4 96.4 0.08
L-19 0.002 0.121 -0.002 0120 2 03 96.4 96.2 020
1-20 0.003 0280 -0.004 0278 10 14 964 96.0 048
L1 0.000 0.030 0.000 0030 0.0 0.0 96.4 96.4 005
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ETAP

Project: PhD. PROJECT Page: 2
Location: NEW BUSSA- NIGER STATE 1260H Date: 15-12-2019
Contract: SN:
Engineer:  OKAFOR CHUKWUNENYE .S, Study Case: LOAD FLOW Revision: Base
Filename: save Config.: Normal
LOAD FLOW REPORT(PEAK PERIOD)
CKT/ Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage o, \E;imp
jin} MW Mvar MW Mvar KW kvar From To in Vmag
L 0.085 -0.154 -0.094 0.154 04 06 964 96.6 0.14
Baba Ilorin Farm TR 0.001 0.064 0.000 £0.062 03 13 964 941 233
L-003 0.001 0.068 -0.001 -0.068 00 00 280 220 0.06
L-006 0.029 0.144 -0.029 0.144 02 02 280 978 0.17
Koro Grinder TR 0.001 0.063 -0.001 -0.062 02 11 280 964 163
L0003 0.006 0184 -0.006 0.183 07 09 96.8 963 047
MTN Wildlife TR 0.001 0.045 0.000 D044 02 11 96.8 944 236
L-23 0.000 0.041 0.000 D041 00 0.0 96.6 965 0.07
L-24 0.001 0.049 -0.001 0049 00 0.0 96.6 965 0.09
L35 0.002 0.147 -0.002 0.146 03 04 9%6.6 963 027
L-26 0.001 0.100 -0.001 £0.100 01 02 9%6.6 964 0.19
L-27 0.003 0.180 -0.002 £0.180 03 06 9%6.6 962 034
L-28 0.002 0124 -0.001 0124 02 03 9%6.6 964 023
L-29 0.001 0114 -0.001 -0.114 02 03 9%6.6 964 022
L-30 0.082 0.339 -0.080 03357 2 27 96.6 958 079
MESL Water Reserviour TR 0.001 0.130 -0.001 0128 04 18 96.6 952 137
L- 0006 0.001 0.038 -0.001 0038 00 0.0 9653 962 0.10
L- 0007 0.000 0.024 0.000 D024 00 0.0 9653 962 0.08
L-0002 0.005 0.086 -0.005 -0.086 02 02 95.3 96.0 0.26
Fed Col of Wildlife TR 0.000 0.033 0.000 £0.035 00 02 963 957 0.63
L-007 0.001 0.083 -0.001 0.085 01 01 978 97.7 0.10
L-008 0.001 0.084 -0.001 0.084 01 01 978 97.7 0.10
L-009 0.001 0.076 -0.001 £0.075 01 01 978 9738 0.09
L-010 0.023 -0.174 -0.023 0173 03 04 978 930 0.19
Emir's Guest House TR. 0.001 0.073 -0.001 £0.072 2 09 978 96.7 116
L-31 0.002 0.133 -0.002 0133 03 04 958 955 026
L-32 0.001 0.082 -0.001 0081 01 01 958 956 0.16
L-33 0.004 0220 -0.003 0219 08 1.0 958 953 045
L-34 0.001 0.087 -0.001 -0.087 01 02 958 956 0.18
L-35 0.002 0.126 -0.002 0126 03 03 958 955 027
L-36 0.003 0.186 -0.002 0.185 06 08 958 934 0.40
L-37 0.066 -0.379 -0.061 0.587 36 75 958 96.9 113
Ngaski TR 0.001 0.103 -0.001 -0.101 2 12 958 94.7 109
L-33 0.002 0.143 -0.002 0144 03 03 969 96.6 031
L-39 0.001 0.092 -0.001 -0.092 01 12 969 96.7 020
L-40 0.001 0.096 -0.001 -0.096 02 02 969 96.7 01
L-41 0.001 0.079 -0.001 0079 01 01 969 96.7 017
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ETAP

Project: PhD. PROJECT Page: 3
Location: NEW BUSSA- NIGER STATE 12608 Date: 15-12-2019
Contract: SN:
Engineer:  OKAFOR CHUKWUNENYE .S, Study Case: LOAD FLOW Revision: Base
Filename: save Config.: Normal
LOAD FLOW REPORT(PEAK PERIOD)
CKT/Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage o, ‘]:fmp
D MW Mvar MW Mvar EW kvar From To in Vmag
L-42 0.001 0.077 -0.001 0077 01 01 969 96.7 0.18
L-43 0.002 0.094 -0.001 -0.094 2 2 969 96.7 022
44 0.050 0.109 -0.030 £0.109 03 03 969 96.6 034
D4TR 0.002 0.130 -0.001 £0.128 04 18 969 93.6 137
L- 0009 0.000 0.049 0.000 0.049 01 01 96.0 939 0.15
L0010 0.004 0.000 -0.004 0.000 00 0.0 96.0 96.0 0.01
Nassarawa 2 TR 0.000 0.037 0.000 -0.036 00 02 96.0 954 0.62
L-43 0.002 0.141 -0.002 0141 04 03 96.6 963 033
L-46 0.002 0.125 -0.002 0125 03 04 96.6 96.3 0.30
L-47 0.002 0131 -0.002 0131 03 04 96.6 96.3 031
L-48 0.002 0125 -0.002 0125 03 04 96.6 96.3 030
L-49 0.002 0.132 -0.002 0151 04 06 96.6 962 0.38
L-30 0.001 0.066 -0.001 -0.066 01 01 96.6 96.4 0.17
L1 0.038 -0.406 -0.033 0411 31 43 96.6 97.5 095
Catholic Church TR 0.001 0.034 0.000 -0.053 02 11 96.6 947 191
L-52 0.001 0.060 -0.001 -0.059 01 01 973 974 0.15
L-53 0.002 0114 -0.001 -0.114 03 03 973 972 029
L-34 0.002 0.140 -0.002 0140 04 05 9735 972 036
L-35 0.002 0122 -0.001 0121 03 04 975 972 031
L-36 0.002 0.089 -0.001 -0.099 02 03 975 973 025
L-57 0.027 -0.180 -0.026 0181 07 09 975 980 042
Katamaya Hospital TR 0.001 0.001 -0.001 -0.089 03 19 975 934 2.09
L-o11 0.001 0.082 -0.001 -0.082 01 01 980 97.9 0.10
L-012 0.001 0.067 -0.001 0.067 00 01 980 980 0.09
L013 0.023 0374 -0.022 0.376 14 18 980 983 046
FGGC TR 0.000 0.051 0.000 -0.050 01 03 980 97.3 033
L-0011 0.001 0.043 0.000 -0.042 00 01 96.0 939 0.14
L-0012 0.003 -0.078 -0.003 0.078 02 02 96.0 96.3 028
GDSS Nassarawa TR 0.000 0.035 0.000 0034 01 07 96.0 942 187
L-0013 0.000 0.035 0.000 0035 00 00 963 962 014
L-0014 0.001 0.031 -0.001 0.051 01 01 963 96.1 0.20
L0013 0.001 0.074 -0.001 0.074 03 03 963 939 044
Sabo Grinder TR 0.000 0.039 0.000 -0.039 01 04 963 933 1.04
L-014 0.001 0.032 -0.001 -0.051 00 0.0 98.3 984 0.07
L-013 0.001 0.079 -0.001 -0.079 01 01 98.3 984 011
L-016 0.001 0.036 -0.001 -0.036 00 0.0 98.3 984 0.08
L-017 0.019 -0.620 -0.015 0.625 42 36 985 994 0.87
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ETAP

Project: PhD. PROJECT Page: 4
Location: NEW BUSSA- NIGER STATE 12608 Date: 15-12-2019
Contract: SN:
Engineer: OKAFOR CHUKWUNENYE 5. Study Case: LOAD FLOW Revision: Base
Filename: save Config.: Normal
LOAD FLOW REPORT(PEAK PERIOD)
CKT/Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage o ‘];imp
D MW Mvar MW Mvar EW kvar From To inVmag
NIFFR Sec. Qs TR 0.001 0.036 -0.001 -0.036 01 03 98.3 979 0.59
L-0016 0.001 0.038 0.000 -0.038 01 01 959 936 023
Apuru 1 TR 0.000 0.036 0.000 0.035 01 02 959 932 0.65
L-018 0.001 0.079 -0.001 £0.079 01 01 994 993 0.12
L-019 0.001 0.075 -0.001 0.075 01 01 994 993 011
L0210 0.012 -0.834 -0.003 0.844 17 103 904 100.6 121
Lafia Spot TR 0.001 0.034 0.000 0.053 03 13 904 96.6 179
L-011 0.001 0.084 -0.001 -0.083 01 01 100.6 100.3 0.13
L-022 0.001 0.083 -0.001 -0.083 01 01 100.6 1003 0.13
1023 0.002 0.142 -0.002 0142 02 03 100.6 100.4 03
NIFFE Senior Qtrs 1 TR, 0.001 0.061 -0.001 -0.060 01 06 100.6 996 1.03
L-024 0.001 0.068 -0.001 -0.068 0.1 01 1004 100.2 0.11
Fisheries Qirs TR 0.001 0.074 -0.001 £0.073 02 09 1004 901 1.26
L-58 0.002 0.110 -0.002 -0.110 02 03 980 97.7 0.30
L-59 0.001 0.107 -0.001 0107 02 03 980 97.7 029
L-60 0.002 0.128 -0.002 0127 03 03 980 97.6 036
L1 0.019 0.533 0012 0.543 73 98 980 96.2 177
NAPTIN Guest House 2 TR 0.001 0.073 -0.001 0.072 02 09 980 96.7 126
L-62 0.006 0289 -0.004 -0.286 22 30 96.2 952 1.00
L-63 0.002 0.105 -0.001 0104 03 04 96.2 958 038
Yuna TR 0.005 0.130 -0.001 0139 36 111 96.2 890 721
AgpTR -0.001 -0.083 0.001 0.083 01 0.7 9.6 100.3 085
Aligani TR1 -0.001 0176 0.002 0.180 07 36 943 962 191
Anglican Church 1 TR -0.001 0.143 0.002 0.147 08 40 938 96.4 261
Anglican Church 2 TR -0.002 -0.170 0.002 0.173 0.6 33 945 96.4 184
Amy Engineer TR, -0.001 -0.083 0.001 0.084 2 13 96.3 97.7 147
Awumu 2 TR 0.000 -0.038 0.000 0.038 01 03 949 936 0.70
Baba Ilorin House TR 0.000 -0.037 0.000 0.038 02 08 944 96.4 202
BFITR -0.001 -0.078 0.001 0.081 07 37 913 956 436
Bormu Community Bank TR 0.000 -0.030 0.000 0.030 01 05 948 96.4 1.60
BSWTE -0.001 -0.081 0.001 0.092 03 10 95.6 96.7 1.08
Govt. Sec Sch TR 0.001 0.060 -0.001 0.059 01 0.6 983 972 1.04
Dantoro Lodge TR 0.002 0.147 -0.001 0.145 04 23 982 96.7 1.53
Nedufu Estate TR 0.003 0.174 -0.002 -0.169 11 53 973 943 3.05
NIFFE.HQS TR 0.002 0.146 -0.001 0144 03 23 973 938 1.54
Niger River Basin TR. 0.001 011 -0.001 -0.108 04 2 974 934 194
NIFFR Junior Qtrs TR 0.002 0.131 -0.001 0128 0.6 i1 973 93.0 230
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ETAP

Project: PhD. PROJECT Page: 5
Locaion  NEW BUSSA- NIGER STATE 12.608 Date  15-12:2010
Contract: SN:
Engineer:  OKAFOR CHUKWUNENYE .S. Study Case: LOAD FLOW Rewision: Base
Filename: save Config.: Normal
LOAD FLOW REPORT(PEAK PERIOD)
CKT/ Branch From-To Bus Flow To-From Bus Flow Losses % Bus Volrage ” ‘Efmp
jin MW Mvar MW Mvar W Evar From To inVmag
Tucun Wali TR 0.002 0.164 -0.001 0.161 0.6 29 973 95.5 172
Mil Quarters 2 TR 0.002 0.113 -0.001 0.109 09 47 96.5 925 400
Mil Quarters 1 TR 0.002 0.153 -0.001 0152 03 18 964 953 114
Bussa Town Hall TR 0.002 0.163 -0.001 0.163 07 20 96.2 95.0 1.20
KEYSTONE Bank TR, 0.000 0.047 0.000 0.047 01 04 964 95.5 0.88
0ld Army Bamracks TR 0.002 0.120 -0.001 -0117 0.6 36 96.2 934 284
Wazin Primary Sch TR 0.004 0278 -0.002 0270 1.7 86 96.0 93.0 297
UBATR 0.000 0.041 0.000 0.041 0.1 03 96.5 95.8 0.75
MINTR 0.001 0.049 0.000 0.049 0.1 07 96.5 952 1.31
Mammy market TR, 0.002 0.146 -0.001 0.142 08 39 96.3 93.7 259
MT Yard TR1 0.001 0.100 -0.001 -0.098 03 238 964 93.7 266
Hanger TR1 0.001 0124 -0.001 0122 03 17 964 95.0 1.31
Kidagha TR1 0.001 0114 -0.001 -0112 03 14 964 952 121
TFTTR 0.002 0.133 -0.001 0131 0g 23 955 939 163
Luma Road TR 0.003 0219 -0.002 0214 11 54 953 930 235
Elshada TR 0.001 0.087 -0.001 -0.085 03 20 956 934 217
Water Treatment TR 0.002 0.126 -0.001 0124 0.6 21 955 940 157
Officers’ Mess TR 0.002 0.185 -0.002 0.182 03 26 954 941 132
Corpra Below TR, 0.002 0144 -0.001 0141 07 38 96.6 941 255
Clinic TR 0.001 0.096 -0.001 -0.095 03 12 96.7 93.5 118
Wiger Crescent TR, 0.001 0.079 -0.001 0.076 04 23 96.7 940 278
Senior Camp C/TTE. 0.001 0.077 -0.001 0.075 04 2 96.7 940 271
MESL Water Treatment TR, 0.001 0.094 -0.001 -0.092 03 2 96.7 044 228
Kaduna Drive TR, 0.002 0141 -0.001 0137 07 36 96.3 93.8 249
Rader TR 0.002 0123 -0.001 0122 0.6 29 96.3 041 231
SNCOTE 0.002 0131 -0.001 0129 04 19 96.3 9490 139
GRATR 0.002 0123 -0.001 0122 0.6 29 96.3 941 231
Ilorin Road TR 0.002 0.151 -0.001 0.149 03 25 96.2 046 1.61
NAPTIN Guest House 1 TR 0.001 0.066 0.000 -0.065 02 08 964 952 117
Monai TR 0.001 0.059 0.000 -0.058 04 19 974 943 312
MESL Water Intake TR 0.001 0.114 -0.001 -0113 03 14 972 96.0 1.20
Motel Annex TR 0.002 0.140 -0.001 0137 04 21 972 95.7 147
SOQ TR 0.001 0121 -0.001 0120 03 16 972 96.0 1.28
Chinese Quaters TR. 0.001 0.099 -0.001 0.096 03 26 973 947 259
Zaria Way TR 0.002 0.110 -0.001 0.106 08 43 7.7 93.8 184
Donia Camp TR 0.001 0.107 -0.001 0.106 02 09 7.7 96.9 0.78
Kadariko TR 0.002 0127 -0.001 0121 11 58 976 93.1 445

175



ETAP

Project: PhD. PROJECT Page: [
Location: NEW BUSSA - NIGER STATE 12606 Date: 15-12-2019
Contract: SN:
Engineer: OKAFOR CHUKWUNENYE S. Study Case: LOAD FLOW Revision: Base
Filename: save Config.: Normal
LOAD FLOW REPORT(PEAK PERIOD)
CKT/ Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage o ‘Simp
D MW Mvar MW Mvar kW kvar From To in Vmag
Niger Water Plant TR, 0.004 0286 -0.003 -0.283 09 32 952 941 107
Kuruwasa TR 0.001 0.104 -0.001 0.102 04 20 958 939 186
Old Dogogan TR 0.001 0078 -0.001 0077 02 11 982 96.8 136
Koro Radio TR 0.000 0.047 0.000 -0.045 01 06 982 97.0 121
Koro 1 TR 0.001 0.068 -0.001 -0.067 01 035 980 973 v
New Quarters TR 0.001 0.083 -0.001 -0.084 .2 08 917 96.9 089
Old Market TR 0.001 0.073 -0.001 0.075 01 06 978 97.0 079
55 13 Manchester TE. 0.001 0.082 -0.001 -0.081 01 07 979 97.1 085
Hydro TR 0.001 0.067 -0.001 -0.066 02 03 980 071 0.80
Jobice TE. 0.001 0.051 0.000 0.051 01 07 984 97.1 134
Dantoro Road TR 0.001 0.079 -0.001 £0.079 01 07 984 97.6 082
NIFFR Senior Qtrs 2 TR 0.001 0.036 0.000 0.056 01 06 984 974 098
Jehovah Witmess TR 0.001 0.079 -0.001 0.079 01 07 993 034 082
Niger Water Booster TR, 0.001 0.073 -0.001 0.073 03 13 993 073 193
General Hospital TR 0.001 0.083 -0.001 -0.082 02 12 1005 00.0 14
Fisheries Sch. TR 0.001 0.068 -0.001 -0.067 02 02 1002 991 115
Funlun TR 0.000 0.036 0.000 0.036 01 04 973 96.3 095
MTN Nassarawa TR 0.001 0.038 0.000 -0.038 02 03 96.2 042 139
NAPTIN School TR 0.000 0.024 0.000 -0.024 0.0 01 96.2 96.0 025
Nassarawa 1 TR 0.000 0.040 0.000 -0.049 01 03 959 054 053
Nassarawa Grinder TR 0.000 0.042 0.000 -0.042 01 03 959 042 113
Sabo 1 TR 0.000 0.035 0.000 -0.035 0.0 02 96.2 936 0.60
Sabo 2 TR 0.001 0051 0.000 -0.050 01 07 96.1 947 136
Power Transformer 0201 2759 -0.199 -2.762 20 367 100.0 987 131
1185 3280
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Table 4.12: Branch Losses Report for New Bussa Compensated Distribution Network during

Off-Peak Period

Project  PHD. PROJECT ETAP Paze 1
Locationr  NEW BUSSA - NIGER STATE 12600 Date: 15122019
Contract: SN:
Engineerr  OKAFOR CHUKWUNENYE S. Study Case: LOADFLOW Revision: Base
Filename: save2 Confiz.: Normal
LOAD FLOW REPORT (OFF-PEAK PERIOD)
Branch Losses Summarv Report
CKT /! Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage o ‘]::q)
pin) MW Muar MW Muar W kvar From To in Vonag
L1 0039 -0.440 0.039 0.441 03 04 91 991 010
L-2 0.000 0.029 0.000 -0.029 0.0 00 91 99.0 001
L-3 0.001 0.057 -0.001 0057 0.0 00 91 99.0 00z
14 0.037 0285 -0.037 -0.285 03 04 91 989 016
Technical In TR 0.001 0089 0001 0,068 02 08 991 979 118
L0l 0027 -0.985 0.033 0993 6.1 81 o983 991 0.83
L-002 0.000 0.3 0.000 0043 0.0 00 o983 983 04
L-003 0.000 0.030 0.000 -0.030 0.0 00 o983 983 003
L0044 0.026 0.874 -00z1 -0.857 49 66 o983 976 0.76
S5 40 Roundshout TR 0,000 0037 0.000 0,037 00 02 983 977 0.64
L0001 -0.010 0374 0.012 0376 20 27 o84 991 071
L0002 0.010 0343 -0.008 -0.340 18 25 o84 977 072
National Pak HQ TR 0.000 0.031 0.000 0031 0.0 03 o84 976 081
L-5 0.001 0.064 -0.001 0,064 0.0 00 Q89 989 04
L6 0,000 004 0.000 o4 00 00 989 989 0.03
L-7 0.000 0.039 0.000 -0.039 0.0 00 Q89 989 003
Lg 0,000 0040 0.000 0040 00 00 989 989 0.03
L-g 0.001 0.058 -0.001 0.058 0.0 00 Q89 988 0.06
L-10 0.034 0.006 -0034 -0.006 0.0 00 Q89 989 003
Local Govt. Cers TR 0.000 0.033 0.000 0033 01 03 Q89 980 0.85
L- 0003 0.000 0014 0.000 0014 0.0 00 o7 977 003
L0004 0,008 0303 0006 0300 17 22 917 970 0.73
Manyara TR 0.000 0023 0.000 0023 0.0 0.1 o7 973 041
L-11 0.000 0.036 0.000 0.036 0.0 00 Q89 988 04
L-12 0.001 0048 0.000 0048 0.0 00 Q89 988 0.06
L-13 0.000 0.028 0.000 -0.028 0.0 00 Q89 988 003
L-14 0,000 0045 0.000 03 00 00 989 988 0.06
L-15 0.032 0179 -0032 0179 03 04 Q89 991 019
Ewann Wali TR 0.000 0.026 0.000 0026 0.0 02 Q89 982 067
L-18 0.000 0.033 0.000 0033 0.0 00 91 99.0 04
L-17 0.000 0.009 0.000 -0.009 0.0 00 91 99.0 001
L-18 0,000 0030 0.000 0,030 00 00 %91 990 0.05
L-19 0.000 0.031 0.000 0031 0.0 00 91 99.0 005
L-20 0.001 0067 0001 0,067 0l 01 991 989 ol
L-21 0.000 0015 0.000 0015 0.0 00 91 99.0 003
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LOAD FLOW REPORT (OFF-PEAK PERIOD)
CKT !/ Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage " ‘]:iw
D MW Muar MW Mar kW kvar From To in Viag
L2 0.029 -0.398 0027 0401 20 27 991 9.7 0.62
Baba lonin Fam TR 0.000 0.033 0.000 0033 ol 04 9l 979 L19
L-005 0.000 0.032 0.000 0032 00 0.0 916 975 0.03
L-006 0.021 0.804 0,016 0787 52 70 916 96.7 0.87
Eaoro Grinder TR, 0.000 0.032 0.000 -0.031 01 0.3 976 96.7 0.83
L0005 0.005 0.260 -0.004 0258 13 17 970 96.3 0.66
MTHN Wildlife TR 0.001 0.040 0.000 0040 02 09 970 94.8 213
L-13 0.000 0.026 0.000 -0.026 00 0.0 w7 99.6 0.4
L-24 0.000 0.037 0.000 0037 00 0.0 w7 99.6 0.06
L2 0.000 0.5 0.000 0.045 0.0 0.0 9.7 996 0.08
L-26 0.000 0.022 0.000 002z 00 0.0 w7 99.6 0.4
L-27 0.001 0.057 -0.001 0057 00 01 w7 99.6 0.10
L-28 0.000 0.047 0.000 047 00 0.0 w7 99.6 0.09
L-2% 0.000 0.022 0.000 -0.022 0.0 0.0 9.7 9.6 0.04
L-30 0.024 -0.709 -0.018 0.718 69 9.2 9.7 100.9 127
MESL Water Resarviou TR 0.000 0.053 0.000 0053 ol 03 w7 99.1 054
L- 0006 0.000 0.036 0.000 -0.036 00 0.0 963 96.2 0.09
L- 0007 0.000 0.016 0.000 0016 00 0.0 963 96.3 0.4
L0008 0.003 0.185 -0.002 -0.184 08 11 963 95.8 0.55
Fed Col of Wildlife TR 0.000 0021 0.000 -0.021 0.0 0.1 96.3 959 0.38
L-007 0.001 0.062 -0.001 0062 00 0.0 967 96.6 0.07
L-008 0.001 0.070 -0.001 0,070 00 01 967 96.6 0.09
L-009 0.000 0.042 0.000 042 00 0.0 967 96.6 0.035
L1010 0.013 0.569 -0.010 -0.565 i1 42 96.7 96.0 073
Emir's Guest House TR 0.001 0.054 0.000 0053 ol 05 967 958 0.86
L-31 0.000 0.027 0.000 0027 00 0.0 1009 1009 0.035
L-31 0.000 0.032 0.000 0032 00 0.0 1009 1009 0.06
L-33 0.001 0.067 -0.001 0,067 ol 01 1009 100.8 013
L-34 0.000 0025 0.000 -0.025 0.0 0.0 1008 100.9 0.05
L-35 0.001 0.051 0.000 -0.051 00 01 1009 100.8 0.10
L-36 0.000 0.036 0.000 0035 00 0.0 1009 1009 0.07
L-37 0.015 0350 -0.013 0.393 23 30 1009 101.7 0.76
Weaki TR 0.000 0.024 0.000 -0.024 0.0 0.1 1009 100.7 0.24
L-38 0.001 0.054 -0.001 -0.054 0.0 0.1 1017 1016 011
L-39% 0.000 0.019 0.000 0019 00 0.0 1017 101.7 0.4
L-40 0.000 0.042 0.000 042 00 0.0 1017 101.6 0.09
L-41 0.000 0.027 0.000 0027 00 0.0 1017 101.7 0.06
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LOAD FLOW REPORT (OFF-PEAK PERIOD)
CKT /! Branch Frow-To Bus Flow To-From Buz Flow Losses % Bus Voltage " ‘];drw
m MW Mrar MW Myar KW Yvar From To in Vonag
L4 0.000 0.028 0.000 0028 00 00 1017 1016 0.06
L-43 0.000 0.025 0.000 00235 00 0.0 1017 1017 0.06
44 0.010 0022 0,010 .02z 00 0.0 1017 1017 0.03
D4TR 0.000 0.037 0.000 -0.037 0.0 0.1 1017 1013 038
L- 0009 0.000 0.032 0.000 -0.032 00 0.0 958 957 0.10
L0010 0.002 0.128 -0.002 0127 04 0.5 958 954 041
Massarawa 2 TR 0.000 0.024 0.000 -0.024 00 01 958 954 041
L-45 0.001 0.051 -0.001 -0.051 00 01 1017 1016 011
L-46 0.000 0.027 0.000 -0.027 0.0 0.0 1017 1017 0.06
L-47 0.000 0.022 0.000 -0.022 00 0.0 1017 1017 0.035
L-48 0.001 0.054 -0.001 -0.054 00 01 1017 1016 012
L-49 0.001 0.053 -0.001 -0.053 00 01 1017 1016 013
L-50 0.000 0.030 0.000 -0.030 00 0.0 1017 1017 0.07
L35l 0.008 0.027 -0.008 -0.027 0.0 0.0 10L7 1017 0.08
Catholic Clnwrch TR 0.000 0.013 0.000 -0.013 00 01 1017 1013 045
L-5 0.000 0.015 0.000 -0.015 0.0 0.0 1017 1016 0.4
L-53 0.001 0.077 -0.001 -0.077 ol 01 1017 1015 0.19
L-54 0.001 0.092 -0.001 0091 ol 02 1017 1014 022
L-55 0.000 0.019 0.000 -0.019 00 0.0 1017 1016 0.035
L-56 0.000 0.035 0.000 0035 00 0.0 1017 1016 0.09
L-57 0.004 0.048 -0.004 -0.048 0.0 0.1 1017 1015 013
Eatamaya Hospital TR 0.000 0.037 0.000 -0.037 ol 03 1017 100.8 0.82
L-011 0.001 0.051 -0.001 -0.051 00 0.0 96.0 959 0.07
L-012 0.000 0.026 0.000 -0.026 00 0.0 96.0 959 0.03
L1013 0.008 0.466 -0.007 -0.463 22 30 96.0 953 0.62
FGGC TR 0.000 0.022 0.000 -0.022 0.0 01 96.0 957 023
L- 0011 0.000 0.024 0.000 -0.024 00 0.0 954 953 0.08
L0012 0.001 0.077 -0.001 -0.077 02 02 954 951 029
GDSS Nassarawa TR 0.000 0.026 0.000 -0.026 ol 0.4 954 94.0 140
L-0013 0.000 0.013 0.000 -0.013 00 0.0 851 950 0.035
L-0014 0.000 0.015 0.000 -0.015 00 0.0 851 950 0.06
L0015 0.000 0.034 0.000 -0.034 ol 01 851 949 021
Sabo Grnder TR 0.000 0.014 0.000 -0.014 0.0 0.1 951 947 038
L-014 0.000 0.039 0.000 -0.039 00 0.0 953 953 0.035
L-015 0.000 0.040 0.000 -0.040 00 0.0 953 953 0.06
L-016 0.000 0.033 0.000 -0.033 00 0.0 953 953 0.035
Lo17 0.006 0331 -0.004 0329 13 17 953 948 0.50
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LOAD FLOW REPORT (OFF-PEAK PERIOD)
CET/Branch From-To Buz Flow To-From Bus Flow Losses %0 Bus Voltage o ‘];imp
m MW Mrar MW Myar KW Yvar From To in Vmnag
NIFFR Sec. Qs TR 0.000 0.021 0.000 0021 00 0l 953 95.1 03
L-0016 0.000 0.016 0.000 -0.016 00 0.0 M9 948 0.10
Aperu 1 TR 0.000 0.018 0.000 -0.018 00 01 M9 94.5 034
L-018 0.000 0.031 0.000 -0.031 0.0 0.0 948 948 0.05
L-019 0.001 0.050 -0.001 -0.050 00 0.0 M8 948 0.08
L1020 0.003 0218 -0.002 -0.217 08 0.8 48 945 034
Lafiz Spot TR 0.000 0.030 0.000 -0.029 ol 0.5 M8 932 162
L-021 0.001 0.058 -0.001 -0.058 00 01 M5 944 009
L-022 0.001 0.066 -0.001 -0.066 ol 01 M5 944 011
L1023 0.001 0.054 -0.001 -0.054 ol 01 M5 944 011
'MIFFF. Semor Qs 1 TR 0.000 0.028 0.000 -0.028 0.0 02 45 940 051
L-024 0.000 0.039 0.000 -0.039 00 0.0 44 943 0.07
Ficheries Qs TR 0.000 0.025 0.000 00235 00 01 44 939 045
L-58 0.000 0.021 0.000 0021 00 0.0 1015 1015 003
L-59 0.000 0.024 0.000 -0.024 00 0.0 1015 1015 0.06
L-&0 0.000 0.037 0.000 -0.037 0.0 0.0 1005 1014 0.10
L1 0.003 0072 -0.003 0.072 ol 0z 1015 1017 021
‘HAPTIN Guest House 2 TR 0.000 0.038 0.000 -0.037 00 0z 1015 1009 0.63
L-&2 0.002 0.154 -0.002 0153 06 0.7 10017 1012 0.50
L-63 0.000 0.026 0.000 -0.026 00 0.0 10017 1017 009
Yima TR 0.001 0.044 0.000 0043 03 0.9 1017 9.7 201
Asp TR 0.000 0057 0.001 0.058 ol 0.4 938 944 062
Aligam TR1 0.000 0.056 0.001 0.057 ol 03 990 9.6 0.58
Anglican Choureh 1 TR 0.000 -0.036 0.000 0.036 00 0z 982 988 0.63
Anglican Chureh 2 TR 0.000 0048 0.000 0.048 00 0z 983 988 0.50
Amuy Enzmeer TR -0.001 -0.069 0.001 0.070 02 09 954 96.6 1.4
HAru 2 TR 0.000 0016 0.000 0.016 00 01 M5 948 030
Baba Iorn House TR, 0.000 -0.009 0.000 0.009 0.0 0.0 986 9.0 048
BFITR 0.000 0031 0.000 0.032 ol 0.5 993 1009 L.61
Borgn Conmmmity Bank TR 0.000 0015 0.000 0.015 00 01 982 9.0 0.78
BSWTE 0.000 0019 0.000 0.019 00 0.0 1015 1017 022
Govt. Sec 5ch TR 0.000 0.029 0.000 -0.029 00 01 990 98.5 0.50
Dantore Lodze TR 0.001 0.057 0.000 0057 01 03 9.0 984 0.59
‘Medufu Estate TR 0.001 0.054 -0.001 -0.054 ol 0.7 989 917 111
‘WIFFF.HQS TR 0.000 0.044 0.000 0044 00 0z 989 954 045
Miger River Basin TR, 0.000 0.039 0.000 -0.039 ol 03 989 982 0.68
"WIFFF. hmior Qs TR, 0.000 0.040 0.000 -0.040 ol 03 989 982 0.69
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LOAD FLOW REPORT (OFF-PEAK PERIOD)
CKT /! Branch Frow-To Bus Flow To-From Buz Flow Losses % Bus Voltage " ‘]:iw
m MW Mrar MW Myar KW Yvar From To in Vonag
Tuchm Wali TR 0.001 0.058 0.000 -0.058 ol 0.4 988 982 0.60
Wil Quarters 2 TR 0.000 0.028 0.000 -0.028 ol 03 988 979 097
Mil Quarters 1 TR 0.000 0.045 0.000 0045 00 02 988 98.5 033
Bussa Town Hall TR 0.000 0.033 0.000 -0.033 0.0 0.1 9.0 988 024
EEYSTONE Bank TR 0.000 0.030 0.000 -0.030 00 02 9.0 98.5 0.54
Old Ay Bamacks TR 0.000 0.031 0.000 -0.031 00 02 9.0 98.3 072
Wazin Primary Sch TR 0.001 0.057 -0.001 -0.066 ol 0.5 989 98.3 0.69
UBATE. 0.000 0.026 0.000 -0.026 00 01 996 992 046
MINTR 0.000 0.037 0.000 -0.037 01 0.4 9.6 98.7 0595
Mammyy market TR 0.000 0.045 0.000 0044 ol 03 996 988 0.76
MT Yard TR1 0.000 0.022 0.000 -0.022 00 01 996 9.1 0.56
Hanger TR1 0.000 0.047 0.000 0046 00 02 996 9.1 048
Eidagba TR1 0.000 0.022 0.000 -0.022 00 01 996 994 023
TFTTR 0.000 0.027 0.000 -0.027 0.0 01 1008 100.6 031
Luma Foad TR 0.001 0.057 -0.001 -0.087 ol 0.5 100.8 100.1 0.68
Elhada TR 0.000 0.025 0.000 -0.025 0.0 0.1 1009 100.3 0.58
Water Treatment TR, 0.000 0.051 0.000 -0.051 ol 03 100.8 1002 0.60
Officers' Mess TR 0.000 0.035 0.000 0035 00 01 1009 100.6 024
Corpra Below TR 0.001 0.054 0.000 -0.053 ol 0.5 1016 100.7 020
Clinic TR 0.000 0.042 0.000 0042 ol 02 1016 1011 049
Miger Crescent TR 0.000 0.027 0.000 -0.026 0.0 0.2 1017 100.8 0.89
Sentor Canp CTTR 0.000 0.028 0.000 -0.027 00 03 1016 100.7 093
MESL Water Treatment TR, 0.000 0.025 0.000 00235 00 01 1017 1011 0.59
Eaduna Dhive TR 0.001 0.051 0.000 -0.051 ol 0.4 1016 100.8 0.86
Fader TR 0.000 0.027 0.000 -0.027 00 01 1017 1012 045
SNCOTR 0.000 0.002 0.000 -0.002 0.0 0.0 1017 1015 0
GRATR 0.001 0.054 0.000 -0.053 ol 0.5 1016 100.7 020
Tlorin Road TR 0.001 0.053 0.000 -0.052 ol 03 1016 1011 0.53
HAPTIN Guest House 1 TR 0.000 0.030 0.000 -0.030 00 01 1017 1012 0.50
Monzi TR 0.000 0.015 0.000 -0.015 00 01 1016 1009 077
MESL Water Intake TR 0.001 0.077 -0.001 0077 0l 0.6 1015 100.7 0.78
Motel Armex TR, 0.001 0.091 -0.001 0091 02 0.8 1014 100.5 052
SOQTE 0.000 0.019 0.000 -0.019 0.0 0.0 1018 1014 0.19
Chinese Chuzters TR 0.000 0.035 0.000 0035 ol 03 1016 100.7 0.88
Zaria Way TR 0.000 0.021 0.000 0021 00 01 1015 100.8 0.70
Donia Camp TR 0.000 0.024 0.000 -0.024 00 0.0 1015 1013 017
Eadanko TR 0.000 0.037 0.000 -0.037 ol 0.5 1014 1002 124
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CET/Branch From-To Buz Flow To-From Bus Flow Losszes %% Bus Voltage ° ‘];:W
m MW Mvar MW Myar W kvar From To in Vimag
HMiger Water Plant TR 0002 0.153 -0.001 0152 02 [1%:] w2 100.7 054
Eumreasa TR 0.000 0.026 0.000 -0.026 i) 0l .7 101.2 044
0Old Dogogan TR 0.000 0.043 0.000 0043 ol 03 o983 975 075
Eoro Radio TR 0.000 0.030 0.000 -0.030 0o 02 983 975 079
Eoo 1 TR 0.000 0.032 0.000 0032 00 0l 915 972 033
Mew Quarters TR, 0.001 0.062 -0.001 0061 ol 04 96.6 26.0 065
Old Market TR 0.000 0.042 0.000 0.042 0.0 02 966 96.2 045
55 13 Manchester TR, 0.001 0.051 0.000 0.051 0l 03 959 954 055
Hydro TR, 0.000 0.026 0.000 0.026 0.0 01 959 956 032
Jobace TR 0.000 0.039 0.000 0.038 0l 04 953 94.3 14
Dantore Road TR 0.000 0.040 0.000 0.039 0.0 02 953 94.9 042
‘NIFFE. Semior Qs 2 TR 0.000 0.033 0.000 0.033 0.0 02 953 94.7 0.59
Jehowah Witness TR 0.000 0.031 0.000 0.031 0.0 01 s 94.5 034
Miger Water Booster TR, 0.001 0.050 0.000 0.049 0l 0.7 s 934 135
General Hospital TR 0.001 0.066 -0.001 0.085 02 08 44 93.2 120
Fisheries Sch TR 0.000 0.039 0.000 0.039 0l 03 943 938 071
Funloam TR 0.000 0.014 0.000 0.014 0.0 01 o077 973 038
MTN Nassarawa TR 0.000 0.036 0.000 0.035 02 05 962 94.9 131
MNAPTIN School TR 0.000 0.016 0.000 0.016 0.0 0.0 963 96.1 017
MNassarawa 1 TR 0.000 0.032 0.000 0.032 0.0 01 957 953 034
Massarawa Grinder TR 0.000 0.004 0.000 0024 hili] 02 953 LY 064
Sabo 1 TR 0.000 0013 0.000 0013 hili] 00 950 183 0
Sabo 2 TR 0.000 0.015 0.000 0.015 L] 01 950 RN 041
Power Transformer 0.085 1.826 -0.085 -1.810 0g 156 1000 201 085
529 1053
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4.3.1 Analyzing load flow reports for New Bussa compensated distribution network

Analyzing the load flow reports of New Bussa compensated distribution network from Tables

4.9 and 4.10 for peak and off-peak period, showed the percentage voltage magnitude for all the

load buses in the network. The values of percentage voltage magnitudes for all the load buses in

New Bussa compensated distribution network were tabulated in Tables 4.13 & 4.14 for peak and

off-peak period respectively.

Table 4.13: Voltage magnitude for load buses in compensated network during Peak period

Voltage
SIN Bus Name Magnitude Comment
1 | Agip bus 95.035 Voltage within acceptable limit
2 | Aligani bus 95.235 Voltage within acceptable limit
3 | Anglican Church 1 bus 94.933 Voltage within acceptable limit
4 | Anglican Church 2 bus 95.667 Voltage within acceptable limit
5 | Army Engr bus 94.87 Voltage within acceptable limit
6 | Awuru 1 bus 100.698 Voltage within acceptable limit
7 | Awuru 2 bus 100.403 Voltage within acceptable limit
8 Baba llorin Farm bus 95.947 Voltage within acceptable limit
9 Baba llorin House bus 96.205 Voltage within acceptable limit
10 | BF 1 bus 93.158 Voltage within acceptable limit
11 | Borgu Community Bank bus 96.633 Voltage within acceptable limit
12 | BSW bus 97.637 Voltage within acceptable limit
13 | Bussa Town Hall bus 96.863 Voltage within acceptable limit
14 | Catholic Church bus 98.619 Voltage within acceptable limit
15 | Chinese Quarters bus 99.365 Voltage within acceptable limit
16 | Clinic bus 97.512 Voltage within acceptable limit
17 | Copra Below bus 96.018 Voltage within acceptable limit
18 | D4 bus 97.54 Voltage within acceptable limit
19 | Dantoro Lodge bus 96.94 Voltage within acceptable limit
20 | Dantoro Road bus 94.71 Voltage within acceptable limit
21 | Donia Camp bus 102.436 Voltage within acceptable limit
22 | Elshadai bus 95.372 Voltage within acceptable limit
23 | Emir's Guest House bus 95.277 Voltage within acceptable limit
24 | Federal College of Wildlife bus 98.342 Voltage within acceptable limit
25 | FGGC bus 95.384 Voltage within acceptable limit
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26 | Fisheries Quarters bus 94.544 Voltage within acceptable limit
27 | Fisheries School bus 94.537 Voltage within acceptable limit
28 | Funkun bus 97.58 Voltage within acceptable limit
29 | GDSS Nassarawa bus 98.528 Voltage within acceptable limit
30 | General Hospital bus 94.499 Voltage within acceptable limit
31 | Govt. Secondary School bus 97.476 Voltage within acceptable limit
32 | GRA bus 97.988 Voltage within acceptable limit
33 | Hanger bus 95.946 Voltage within acceptable limit
34 | Hydro bus 95.034 Voltage within acceptable limit
35 | llorin Road bus 98.533 Voltage within acceptable limit
36 | Jehovah Witness bus 94.746 Voltage within acceptable limit
37 | Jobice bus 94.254 Voltage within acceptable limit
38 | Kadariko bus 98.485 Voltage within acceptable limit
39 | Kaduna Drive bus 97.66 Voltage within acceptable limit
40 | Katamaya Hospital bus 100.157 Voltage within acceptable limit
41 | KEYSTONE Bank bus 97.344 Voltage within acceptable limit
42 | Kidagba bus 96.069 Voltage within acceptable limit
43 | Koro 1 bus 96.434 Voltage within acceptable limit
44 | Koro Grinder bus 95.558 Voltage within acceptable limit
45 | Koro Radio bus 96.694 Voltage within acceptable limit
46 | Kurwasa bus 99.33 Voltage within acceptable limit
47 | Kwarin Wali bus 95.399 Voltage within acceptable limit
48 | Lafia Sport bus 92.956 Voltage within acceptable limit
49 | Local Govt Quarters bus 95.617 Voltage within acceptable limit
50 | Luma Road bus 94.921 Voltage within acceptable limit
51 | Mammy market bus 94.623 Voltage within acceptable limit
52 | Manyara bus 97.791 Voltage within acceptable limit
53 | MESL Water Intake bus 100.787 Voltage within acceptable limit
54 | MESL Water Reserve bus 96.121 Voltage within acceptable limit
55 | MESL Water Treatment bus 96.387 Voltage within acceptable limit
56 | Mil Quarters 1 bus 96.39 Voltage within acceptable limit
57 | Mil Quarters 2 bus 93.545 Voltage within acceptable limit
58 | Monai bus 98.913 Voltage within acceptable limit
59 | Motel Annex bus 100.435 Voltage within acceptable limit
60 | MT Yard bus 94.634 Voltage within acceptable limit
61 | MTN bus 96.097 Voltage within acceptable limit
62 | MTN Nassarawa bus 97.456 Voltage within acceptable limit
63 | MTN Wildlife bus 96.337 Voltage within acceptable limit
64 | NAPTIN Guest House 1 bus 99.208 Voltage within acceptable limit
65 | NAPTIN Guest House 2 bus 102.236 Voltage within acceptable limit
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66 | NAPTIN School bus 08.66 Voltage within acceptable limit
67 | Nassarawa 1 bus 98.864 Voltage within acceptable limit
68 | Nassarawa 2 bus 98.926 Voltage within acceptable limit
69 | Nassarawa Grinder bus 99.152 Voltage within acceptable limit
70 | National Park Headquarter bus 97.66 Voltage within acceptable limit
71 | Nedufu Estate bus 94.806 Voltage within acceptable limit
72 | New Quarters bus 95.449 Voltage within acceptable limit
73 | Ngaski bus 96.658 Voltage within acceptable limit
74 | NIFFR Headquarters bus 96.344 Voltage within acceptable limit
75 | NIFFR Junior Quarters bus 95.559 Voltage within acceptable limit
76 | NIFFR Secondary Quarters bus 95.049 Voltage within acceptable limit
77 NIFFR Senior Quarters 1 bus 94.987 Voltage within acceptable limit
78 | NIFFR Senior Quarters 2 bus 94.594 Voltage within acceptable limit
79 | Niger Crescent bus 95.925 Voltage within acceptable limit
80 | Niger River Basin bus 95.962 Voltage within acceptable limit
81 | Niger Water Booster bus 93.682 Voltage within acceptable limit
82 | Niger Water Plant bus 99.506 Voltage within acceptable limit
83 | Officers' Mess bus 96.022 Voltage within acceptable limit
84 | Old Army Barracks bus 95.214 Voltage within acceptable limit
85 | Old Dogongeri bus 96.519 Voltage within acceptable limit
86 | Old Market bus 95.551 Voltage within acceptable limit
87 | Rader bus 97.991 Voltage within acceptable limit
88 | Sabo 1 bus 101.084 Voltage within acceptable limit
89 | Sabo 2 bus 100.206 Voltage within acceptable limit
90 | Sabo Grinder bus 100.755 Voltage within acceptable limit
91 | Senior Camp C/T bus 95.984 Voltage within acceptable limit
92 | SNCO bus 98.834 Voltage within acceptable limit
93 | SOQ bus 100.684 Voltage within acceptable limit
94 | SS 13 Manchester bus 94.963 Voltage within acceptable limit
95 | SS 40 Roundabout bus 96.53 Voltage within acceptable limit
96 | Technical Junction bus 95.712 Voltage within acceptable limit
97 | TFT bus 95.849 Voltage within acceptable limit
98 | Tudun Wali bus 96.082 Voltage within acceptable limit
99 | UBA bus 96.676 Voltage within acceptable limit
100 | Water Treatment bus 95.903 Voltage within acceptable limit
101 | Waziri Primary School bus 94.809 Voltage within acceptable limit
102 | Yuna bus 94.075 Voltage within acceptable limit
103 | Zaria Way bus 99.198 Voltage within acceptable limit
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Table 4.14: Voltage Magnitude for Load Buses in Compensated Network during Off-Peak

Period
Voltage

S/IN Bus Name Magnitude Comment

1 | Agip bus 93.839 Voltage within acceptable limit

2 | Aligani bus 99.508 Voltage within acceptable limit

3 | Anglican Church 1 bus 98.413 Voltage within acceptable limit

4 | Anglican Church 2 bus 98.527 Voltage within acceptable limit

5 | Army Engr bus 95.413 Voltage within acceptable limit

6 | Awuru 1 bus 94.565 Voltage within acceptable limit

7 | Awuru 2 bus 94.504 Voltage within acceptable limit

8 | Baba llorin Farm bus 98.212 Voltage within acceptable limit

9 | Baba llorin House bus 98.901 Voltage within acceptable limit
10 | BF 1 bus 99.977 Voltage within acceptable limit
11 | Borgu Community Bank bus 98.592 Voltage within acceptable limit
12 | BSW bus 101.663 Voltage within acceptable limit
13 | Bussa Town Hall bus 99.118 Voltage within acceptable limit
14 | Catholic Church bus 101.589 Voltage within acceptable limit
15 | Chinese Quarters bus 101.061 Voltage within acceptable limit
16 | Clinic bus 101.342 Voltage within acceptable limit
17 | Copra Below bus 100.908 Voltage within acceptable limit
18 | D4 bus 101.542 Voltage within acceptable limit
19 | Dantoro Lodge bus 98.505 Voltage within acceptable limit
20 | Dantoro Road bus 94.909 Voltage within acceptable limit
21 | Donia Camp bus 101.699 Voltage within acceptable limit
22 | Elshadai bus 101.025 Voltage within acceptable limit
23 | Emir's Guest House bus 95.875 Voltage within acceptable limit
24 | Federal College of Wildlife bus 95.989 Voltage within acceptable limit
25 | FGGC bus 95.776 Voltage within acceptable limit
26 | Fisheries Quarters bus 93.991 Voltage within acceptable limit
27 | Fisheries School bus 93.667 Voltage within acceptable limit
28 | Funkun bus 97.355 Voltage within acceptable limit
29 | GDSS Nassarawa bus 94.001 Voltage within acceptable limit
30 | General Hospital bus 93.253 Voltage within acceptable limit
31 | Govt. Secondary School bus 98.605 Voltage within acceptable limit
32 | GRA bus 101.011 Voltage within acceptable limit
33 | Hanger bus 99.63 Voltage within acceptable limit
34 | Hydro bus 95.661 Voltage within acceptable limit
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35 | llorin Road bus 101.38 Voltage within acceptable limit
36 | Jehoval Witness bus 9451 Voltage within acceptable limit
37 | Jobice bus 94.299 Voltage within acceptable limit
38 | Kadariko bus 100.584 Voltage within acceptable limit
39 | Kaduna Drive bus 101.066 Voltage within acceptable limit
40 | Katamaya Hospital bus 101.209 Voltage within acceptable limit
41 | KEYSTONE Bank bus 98.807 Voltage within acceptable limit
42 | Kidagba bus 99.926 Voltage within acceptable limit
43 | Koro 1 bus 97.241 Voltage within acceptable limit
44 | Koro Grinder bus 96.774 Voltage within acceptable limit
45 | Koro Radio bus 97.547 Voltage within acceptable limit
46 | Kurwasa bus 101.66 Voltage within acceptable limit
47 | Kwarin Wali bus 98.407 Voltage within acceptable limit
48 | Lafia Sport bus 93.276 Voltage within acceptable limit
49 | Local Govt Quarters bus 98.161 Voltage within acceptable limit
50 | Luma Road bus 100.843 Voltage within acceptable limit
51 | Mammy market bus 99.351 Voltage within acceptable limit
52 | Manyara bus 97.355 Voltage within acceptable limit
53 | MESL Water Intake bus 101.057 Voltage within acceptable limit
54 | MESL Water Reserve bus 99.649 Voltage within acceptable limit
55 | MESL Water Treatment bus 101.278 Voltage within acceptable limit
56 | Mil Quarters 1 bus 98.697 Voltage within acceptable limit
57 | Mil Quarters 2 bus 98.072 Voltage within acceptable limit
58 | Monai bus 101.22 Voltage within acceptable limit
59 | Motel Annex bus 100.878 Voltage within acceptable limit
60 | MT Yard bus 99.592 Voltage within acceptable limit
61 | MTN bus 99.178 Voltage within acceptable limit
62 | MTN Nassarawa bus 94.965 Voltage within acceptable limit
63 | MTN Wildlife bus 94.893 Voltage within acceptable limit
64 | NAPTIN Guest House 1 bus 101.468 Voltage within acceptable limit
65 | NAPTIN Guest House 2 bus 101.3 Voltage within acceptable limit
66 | NAPTIN School bus 96.16 Voltage within acceptable limit
67 | Nassarawa 1 bus 95.373 Voltage within acceptable limit
68 | Nassarawa 2 bus 95.399 Voltage within acceptable limit
69 | Nassarawa Grinder bus 94.676 Voltage within acceptable limit
70 | National Park Headquarter bus 97.673 Voltage within acceptable limit
71 | Nedufu Estate bus 97.862 Voltage within acceptable limit
72 | New Quarters bus 96.015 Voltage within acceptable limit
73 | Ngaski bus 101.415 Voltage within acceptable limit
74 | NIFFR Headquarters bus 98.524 Voltage within acceptable limit
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75 | NIFFR Junior Quarters bus 98.289 Voltage within acceptable limit
76 | NIFFR Secondary Quarters bus 95.164 Voltage within acceptable limit
77 | NIFFR Senior Quarters 1 bus 94.043 Voltage within acceptable limit
78 | NIFFR Senior Quarters 2 bus 94.755 Voltage within acceptable limit
79 | Niger Crescent bus 100.97 Voltage within acceptable limit
80 | Niger River Basin bus 98.305 Voltage within acceptable limit
81 | Niger Water Booster bus 93.466 Voltage within acceptable limit
82 | Niger Water Plant bus 101.145 Voltage within acceptable limit
83 | Officers' Mess bus 101.347 Voltage within acceptable limit
84 | Old Army Barracks bus 98.631 Voltage within acceptable limit
85 | Old Dogongeri bus 97.574 Voltage within acceptable limit
86 | Old Market bus 96.238 Voltage within acceptable limit
87 | Rader bus 101.524 Voltage within acceptable limit
88 | Sabo 1 bus 94.835 Voltage within acceptable limit
89 | Sabo 2 bus 94.643 Voltage within acceptable limit
90 | Sabo Grinder bus 94.727 Voltage within acceptable limit
91 | Senior Camp C/T bus 100.927 Voltage within acceptable limit
92 | SNCO bus 101.765 Voltage within acceptable limit
93 | SOQ bus 101.793 Voltage within acceptable limit
94 | SS 13 Manchester bus 95.397 Voltage within acceptable limit
95 | SS 40 Roundabout bus 97.722 Voltage within acceptable limit
96 | Technical Junction bus 97.938 Voltage within acceptable limit
97 | TFT bus 101.296 Voltage within acceptable limit
98 | Tudun Wali bus 98.348 Voltage within acceptable limit
99 | UBA bus 99.691 Voltage within acceptable limit
100 | Water Treatment bus 101.311 Voltage within acceptable limit
101 | Waziri Primary School bus 98.598 Voltage within acceptable limit
102 | Yuna bus 100.172 Voltage within acceptable limit
103 | Zaria Way bus 101.175 Voltage within acceptable limit

4.3.2 Deductions from load flow analysis of New Bussa compensated distribution
network

Tables 4.7, 4.8, 4.9, 4.10, 4.11, 4.12, 4.13 and 4.14 showed the following: the optimal capacitor

placement results indicating the optimal capacitor sizes & the selected candidate buses for both

peak & off-peak periods, load flow reports of New Bussa compensated distribution network,

Branch losses report for New Bussa compensated distribution network during peak & off-peak
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periods and summary of the percentage voltage magnitude for load buses in compensated

network for peak & off-peak periods. These various results when analyzed showed that:

The candidate buses were 04, 05, 07, 08, 09, 10, 57, 020, 0012; the order for best
position and bus with greater voltage improvement and power losses as determined from
loss sensitivity factor calculations were buses 05, 07, 08, 04, 09, 10, 57, 0012, 020 as

arranged.

i. Percentage voltage magnitudes for all the load buses were within the ANSI acceptable

voltage standard limit after voltage compensation process. Thus, none of the load buses
has its percentage voltage magnitude violating the standard since the percentage voltage
magnitudes for all the load buses fall within the ANSI acceptable standard range (90% <
V < 106%).

After voltage compensation, Donia Camp bus and SOQ bus have the highest percentage
voltage magnitudes of 102.436% and 101.793% for both peak and off-peak periods
respectively.

After voltage compensation, Lafia Sport bus and General Hospital bus have the lowest
percentage voltage magnitudes of 92.956% and 93.253% for both peak and off-peak
periods respectively.

After voltage compensation of New Bussa distribution network, Branch power losses for
both active and reactive power were reduced from 978.00KW & 1674.30KVAR to
118.50KW & 328.00KVAR during peak loading period and were also reduced from

180.70KW & 315.50KVAR to 52.9KW & 105.30KVAR during off-peak loading period.
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4.4

Voltage Compensation

Enhanced/Improved Voltage Value for New Bussa Distribution Network after

This shows the quantity of voltage value that was added at each of the load buses in the network

by the Capacitor banks during the voltage compensation for both the peak and off-peak period.

This compensated voltage value directly improved the quality of voltage value received by

power consumers within New Bussa distribution network.

Table 4.15: Enhanced Voltage Magnitude for Load Buses in New Bussa Network during Peak

Period
Voltage Voltage
Magnitude Magnitude Enhanced
Before Voltage After Voltage Voltage
S/N | Bus Name Compensation Compensation Magnitude
1 Agip bus 88.29 95.035 6.745
2 Aligani bus 73.334 95.235 21.901
3 Anglican Church 1 bus 84.187 94.933 10.746
4 Anglican Church 2 bus 84.838 95.667 10.829
5 Army Engr bus 90.991 94.87 3.879
6 Awuru 1 bus 88.067 100.698 12.631
7 Awuru 2 bus 87.81 100.403 12.593
8 Baba llorin Farm bus 79.208 95.947 16.739
9 Baba llorin House bus 79.427 96.205 16.778
10 | BF1bus 66.489 93.158 26.669
11 Borgu Community Bank bus 79.774 96.633 16.859
12 BSW bus 64.627 97.637 33.01
13 Bussa Town Hall bus 79.964 96.863 16.899
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14 Catholic Church bus 60.756 98.619 37.863
15 Chinese Quarters bus 57.785 99.365 41.58
16 Clinic bus 64.545 97.512 32.967
17 Copra Below bus 63.556 96.018 32.462
18 D4 bus 64.563 97.54 32.977
19 Dantoro Lodge bus 93.433 96.94 3.507
20 Dantoro Road bus 89.517 94.71 5.193
21 Donia Camp bus 57.361 102.436 45.075
22 Elshadai bus 68.069 95.372 27.303
23 Emir's Guest House bus 91.382 95.277 3.895
24 Federal College of Wildlife bus 91.023 98.342 7.319
25 | FGGC bus 90.83 95.384 4.554
26 Fisheries Quarters bus 87.834 94.544 6.71

27 Fisheries School bus 87.828 94.537 6.709
28 | Funkun bus 92.915 97.58 4.665
29 GDSS Nassarawa bus 88.024 98.528 10.504
30 General Hospital bus 87.792 94.499 6.707
31 Govt. Secondary School bus 93.95 97.476 3.526
32 GRA bus 60.367 97.988 37.621
33 Hanger bus 73.882 95.946 22.064
34 Hydro bus 90.497 95.034 4.537
35 llorin Road bus 60.703 98.533 37.83
36 Jehovah Witness bus 88.795 94.746 5.951
37 Jobice bus 89.086 94.254 5.168
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38 Kadariko bus 55.148 98.485 43.337
39 Kaduna Drive bus 60.165 97.66 37.495
40 Katamaya Hospital bus 58.246 100.157 41.911
41 KEYSTONE Bank bus 80.361 97.344 16.983
42 Kidagba bus 73.976 96.069 22.093
43 Koro 1 bus 93.051 96.434 3.383
44 Koro Grinder bus 92.206 95.558 3.352
45 Koro Radio bus 93.757 96.694 2.937
46 Kurwasa bus 55.622 99.33 43.708
47 Kwarin Wali bus 84.601 95.399 10.798
48 Lafia Sport bus 87.117 92.956 5.839
49 Local Govt Quarters bus 89.694 95.617 5.923
50 Luma Road bus 67.748 94.921 27.173
51 Mammy market bus 72.863 94.623 21.76
52 Manyara bus 93.117 97.791 4.674
53 MESL Water Intake bus 58.612 100.787 42.175
54 MESL Water Reserve bus 74.016 96.121 22.105
55 MESL Water Treatment bus 63.80 96.387 32.587
56 Mil Quarters 1 bus 85.479 96.39 10.911
57 Mil Quarters 2 bus 82.956 93.545 10.589
58 Monai bus 57.523 98.913 41.39
59 Motel Annex bus 58.408 100.435 42.027
60 MT Yard bus 72.871 94.634 21.763
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61 MTN bus 73.998 96.097 22.099
62 MTN Nassarawa bus 90.203 97.456 7.253
63 | MTN Wildlife bus 90.471 96.337 5.866
64 NAPTIN Guest House 1 bus 61.119 99.208 38.089
65 NAPTIN Guest House 2 bus 57.249 102.236 44,987
66 NAPTIN School bus 91.317 98.66 7.343
67 Nassarawa 1 bus 89.962 98.864 8.902
68 Nassarawa 2 bus 90.018 98.926 8.908
69 Nassarawa Grinder bus 88.581 99.152 10.571
70 National Park Headquarter bus 94.111 97.66 3.549
71 Nedufu Estate bus 88.934 94.806 5.872
72 New Quarters bus 91.547 95.449 3.902
73 Ngaski bus 68.987 96.658 27.671
74 NIFFR Headquarters bus 90.376 96.344 5.968
75 NIFFR Junior Quarters bus 89.640 95.559 5.919
76 NIFFR Secondary Quarters bus 89.838 95.049 5.211
77 NIFFR Senior Quarters 1 bus 88.246 94.987 6.741
78 NIFFR Senior Quarters 2 bus 89.407 94.594 5.187
79 Niger Crescent bus 63.494 95.925 32.431
80 Niger River Basin bus 90.018 95.962 5.944
81 Niger Water Booster bus 87.798 93.682 5.884
82 Niger Water Plant bus 55.72 99.506 43.786
83 Officers' Mess bus 68.533 96.022 27.489
84 Old Army Barracks bus 78.603 95.214 16.611
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85 Old Dogongeri bus 93.587 96.519 2.932
86 Old Market bus 91.644 95.551 3.907
87 Rader bus 60.369 97.991 37.622
88 Sabo 1 bus 88.405 101.084 12.679
89 Sabo 2 bus 87.637 100.206 12.569
90 Sabo Grinder bus 88.117 100.755 12.638
91 Senior Camp C/T bus 63.533 95.984 32.451
92 SNCO bus 60.889 98.834 37.945
93 SOQ bus 58.553 100.684 42.131
94 SS 13 Manchester bus 90.429 94.963 4.534
95 SS 40 Roundabout bus 93.597 96.53 2.933
96 Technical Junction bus 92.25 95.712 3.462
97 TFT bus 68.41 95.849 27.439
98 | Tudun Wali bus 90.131 96.082 5.951
99 UBA bus 74.444 96.676 22.232
100 | Water Treatment bus 68.448 95.903 27.455
101 | Waziri Primary School bus 78.268 94.809 16.541
102 | Yunabus 52.679 94.075 41.396
103 | Zaria Way bus 55.548 99.198 43.65
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Table 4.16: Enhanced Voltage Magnitude for Load Buses in New Bussa Network during Off-

Peak Period
Voltage Voltage
Magnitude Before Magnitude Enhanced

Voltage After Voltage Voltage
S/N | Bus Name Compensation Compensation | Magnitude
1 Agip bus 93.017 93.839 0.822
2 Aligani bus 89.767 99.508 9.741
3 Anglican Church 1 bus 94.214 98.413 4.199
4 Anglican Church 2 bus 94.323 98.527 4.204
5 Army Engr bus 94.577 95.413 0.836
6 Awuru 1 bus 93.736 94.565 0.829
7 Awuru 2 bus 93.676 94.504 0.828
8 Baba Ilorin Farm bus 91.666 98.212 6.546
9 Baba llorin House bus 92.31 98.901 6.591
10 BF 1 bus 86.809 99.977 13.168
11 Borgu Community Bank bus 92.021 98.592 6.571
12 BSW bus 86.188 101.663 15.475
13 Bussa Town Hall bus 92.512 99.118 6.606
14 Catholic Church bus 84.432 101.589 17.157
15 Chinese Quarters bus 82.785 101.061 18.276
16 Clinic bus 85.916 101.342 15.426
17 Copra Below bus 85.547 100.908 15.361
18 D4 bus 86.085 101.542 15.457
19 Dantoro Lodge bus 97.247 98.505 1.258
20 Dantoro Road bus 94.078 94.909 0.831
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21 Donia Camp bus 82.68 101.699 19.019
22 Elshadai bus 87.719 101.025 13.306
23 Emir's Guest House bus 95.035 95.875 0.84

24 Federal College of Wildlife bus 95.148 95.989 0.841
25 FGGC bus 94.937 95.776 0.839
26 Fisheries Quarters bus 93.168 93.991 0.823
27 Fisheries School bus 92.846 93.667 0.821
28 Funkun bus 96.502 97.355 0.853
29 GDSS Nassarawa bus 93.178 94.001 0.823
30 General Hospital bus 92.436 93.253 0.817
31 Govt. Secondary School bus 97.346 98.605 1.259
32 GRA bus 83.952 101.011 17.059
33 Hanger bus 89.876 99.63 9.754
34 Hydro bus 94.823 95.661 0.838
35 Ilorin Road bus 84.259 101.38 17.121
36 Jehoval Witness bus 93.682 94.51 0.828
37 Jobice bus 93.473 94.299 0.826
38 Kadariko bus 81.773 100.584 18.811
39 Kaduna Drive bus 83.998 101.066 17.068
40 Katamaya Hospital bus 82.906 101.209 18.303
41 KEYSTONE Bank bus 92.222 98.807 6.585
42 Kidagba bus 90.144 99.926 9.782
43 Koro 1 bus 96.389 97.241 0.852
44 Koro Grinder bus 95.926 96.774 0.848
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45 Koro Radio bus 96.693 97.547 0.854
46 Kurwasa bus 81.889 101.66 19.771
47 Kwarin Wali bus 94.209 98.407 4.198
48 Lafia Sport bus 92.459 93.276 0.817
49 Local Govt Quarters bus 95.926 98.161 2.235
50 Luma Road bus 87.562 100.843 13.281
51 Mammy market bus 89.624 99.351 9.727
52 Manyara bus 96.502 97.355 0.853
53 MESL Water Intake bus 82.781 101.057 18.276
54 MESL Water Reserve bus 89.894 99.649 9.755
55 MESL Water Treatment bus 85.861 101.278 15.417
56 Mil Quarters 1 bus 94.486 98.697 4.211
57 Mil Quarters 2 bus 93.888 98.072 4.184
58 Monai bus 82.915 101.22 18.305
59 Motel Annex bus 82.635 100.878 18.243
60 MT Yard bus 89.842 99.592 9.75

61 MTN bus 89.469 99.178 9.709
62 MTN Nassarawa bus 94.133 94.965 0.832
63 MTN Wildlife bus 94.062 94.893 0.831
64 NAPTIN Guest House 1 bus 84.332 101.468 17.136
65 NAPTIN Guest House 2 bus 82.356 101.3 18.944
66 NAPTIN School bus 95.317 96.16 0.843
67 Nassarawa 1 bus 94.537 95.373 0.836
68 Nassarawa 2 bus 94.563 95.399 0.836
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69 Nassarawa Grinder bus 93.846 94.676 0.83

70 National Park Headquarter bus 96.817 97.673 0.856
71 Nedufu Estate bus 95.633 97.862 2.229
72 New Quarters bus 95.173 96.015 0.842
73 Ngaski bus 88.058 101.415 13.357
74 NIFFR Headquarters bus 96.28 98.524 2.244
75 NIFFR Junior Quarters bus 96.051 98.289 2.238
76 NIFFR Secondary Quarters bus 94.33 95.164 0.834
77 NIFFR Senior Quarters 1 bus 93.219 94.043 0.824
78 NIFFR Senior Quarters 2 bus 93.925 94.755 0.83

79 Niger Crescent bus 85.6 100.97 15.37
80 Niger River Basin bus 96.068 98.305 2.237
81 Niger Water Booster bus 92.647 93.466 0.819
82 Niger Water Plant bus 81.475 101.145 19.67
83 Officers' Mess bus 87.999 101.347 13.348
84 Old Army Barracks bus 92.057 98.631 6.574
85 Old Dogongeri bus 96.72 97.574 0.854
86 Old Market bus 95.395 96.238 0.843
87 Rader bus 84.378 101.524 17.146
88 Sabo 1 bus 94.004 94.835 0.831
89 Sabo 2 bus 93.814 94.643 0.829
90 Sabo Grinder bus 93.897 94.727 0.83

91 Senior Camp C/T bus 85.564 100.927 15.363
92 SNCO bus 84.578 101.765 17.187
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93 SOQ bus 83.385 101.793 18.408
94 SS 13 Manchester bus 94.562 95.397 0.835
95 SS 40 Roundabout bus 96.866 97.722 0.856
96 Technical Junction bus 96.688 97.938 1.25

97 TFT bus 87.955 101.296 13.341
98 Tudun Wali bus 96.108 98.348 2.24

99 UBA bus 89.931 99.691 9.76

100 | Water Treatment bus 87.654 101.311 13.657
101 | Waziri Primary School bus 92.027 98.598 6.571
102 | Yunabus 80.691 100.172 19.481
103 | Zaria Way bus 82.254 101.175 18.921

45  Performance Evaluation

The performance of this developed system, Microcontroller-based capacitor switching and GSM
based monitoring system was ascertained by its ability to carry out the following functions
successfully; voltage compensation, automatic switching of capacitor, automated transformer
phase monitoring and reporting of blown low voltage fuse, transformer neutral failure and

transformer trip on fault.

4.5.1 Voltage compensation

Having discovered that New Bussa distribution network was not reliable in supplying quality
power to all consumers in the network after conducting the load flow study/analysis of the New
Bussa base (initial) network whereby 75% of entire load buses during peak period and 39% of
entire load buses in the network during off-peak loading period violated the ANSI C84.1

standard as shown in Tables 4.1 and 4.2, Load flow simulation of New Bussa network was also
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carried out in ETAP 12.6 software for both peak and off-peak loading periods with the optimally
selected capacitor banks installed at their appropriate buses so as to improve the voltage profile
of the network and ascertain if there were still load buses that violate the ANSI voltage standard.
The load flow reports generated for the compensated New Bussa network as shown in Tables
4.9 & 4.10 and the summarized percentage voltage magnitudes for all the load buses in the
network as presented in Tables 4.13 & 4.14 indicate that the voltage compensation process was
successful and that no load bus voltage in the network still violates the ANSI C84.1 voltage

standard.

4.5.2 Microcontroller switching system

The automated switching aspect of the research work is needed to switch the compensators
(capacitors) when the bus voltages violate the ANSI C84.1 standard (90% <V < 106% of the
nominal voltage value). It was developed to switch on the capacitor bank when the monitored
phase voltage falls below 216V being the minimum ANSI C84.1 acceptable phase voltage limit
or switch off the capacitor bank when the voltage goes back to a value within the standard phase
voltage limit (216V — 255V) after the voltage compensation process, so as to avoid over-
compensation of the line, thus avoiding damage to consumers’ electronic appliances with high
voltage. For simplicity and explanation of the switching aspect, the research work was tested by
injecting a voltage value of 220V to the constructed work through red phase (Rph) voltage
sensor of the device. The red phase sensor senses the 220V value and sends the analog signal to
the ATmega328 microcontroller that controls the switching itself. The microcontroller compares
the received signal with the reference value. Since the injected 220V is within the ANSI
standard phase voltage limit of 216 — 255V; the system did not see any need for voltage
compensation, hence, the microcontroller did not send any signal to the relay for switching on of

the capacitor bank. But when 190V was injected through the red phase voltage sensor, the
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microcontroller receives the analog voltage signal through its analog to digital converter ports, it
then compares the received signal with the reference voltage value and due to the fact that
sensed 190V is less than the minimum standard phase voltage value (216V), the microcontroller
immediately responds by sending a closing signal to the open contact of the relay so as to switch

on the capacitor bank for voltage compensation of the distribution line.

4.5.3 Blown fuse detection

This aspect of the objective was tested by connecting the red phase blown fuse detector input
terminals of the constructed research work across a low voltage fuse link of 200A connected in
the fuse holder and in a low voltage fuse panel in New Bussa injection station. When the fuse
holder is closed and the fuse link is energized, the blown fuse detector senses a normal phase
voltage across the fuse link and sends an analog voltage signal (5V) or a digital signal (HIGH) to
the ATmega328 microcontroller indicating that the fuse is still intact. But when the fuse was de-
energized by opening the fuse holder (depicting practical cut of fuse link or fuse blown), with
the blown fuse detector input terminals still connected across the fuse link, the blown fuse
detector senses a no voltage value across the fuse link, it sends an analog voltage signal (OV) or
a digital signal (LOW) to the microcontroller. The microcontroller activates the GSM Modem
which in turns sends a pre-programmed SMS message that reads “RED-Phase Fuse had blown at
Transformer (TO1), please check urgently” to the System Operator. The LCD as well displayed

“FUSE BLOWN”.

4.5.4 Transformer low voltage neutral failure
Practically whenever there is a low voltage neutral failure of distribution transformer, the
supplied phase voltage from the transformer to consumers becomes line-to-line voltage value of

about 400V, which is high and greater than the maximum ANSI C84.1 phase voltage standard of
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255V. This high voltage value supply from the transformer causes a lot of damages to
consumers’ appliances when the transformer is not quickly isolated from the network. This
GSM-based monitoring and reporting aspect of the research work was tested by supplying 220V
to the red phase sensor input terminals of the research work. When a voltage of 220V was
injected into the system through the red phase voltage sensor, the system did not respond to the
injected 220V value because the injected voltage is within the ANSI standard phase voltage
limit. But when a voltage of 400V was injected into the system, the microcontroller received the
signal, compared it with the reference voltage and sends a control signal to the LCD and GSM
modem. The GSM modem also sends a pre-programmed SMS to the Distribution system
operator (DSO) informing him about the over-voltage problem so that he can quickly isolate that
particular transformer to avoid further damage to consumers’ equipment and ensure quicker
process of restoring quality power to consumers. The pre-programmed SMS received by the
DSO reads, “High Voltage fault Detected in Red Phase (Rph) Distribution Transformer at
Location A (T01), Urgent attention needed; Possible Neutral Failure”. The LCD as well
displayed “High Voltage”.

455 Transformer trip

The automated monitoring and reporting of transformer trip (no voltage supply) by the research
work was done by injecting a voltage of 220V through the research work main voltage sensor’s
input terminals of the research work. The system did not respond to the injected 220V voltage
value which signifies in practical reality that the transformer is energized because of the fact that
energized distribution transformers by standard, supplies phase voltage values between 216V —
255V. But immediately a very low voltage value (less than 30V) was injected into the system,
which is not a real voltage, the main phase voltage sensor sends the signal to the microcontroller
which compares it with the reference voltage value and sends a control signal to the LCD and

the GSM modem. The GSM modem as well sends a pre-programmed SMS to distribution
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system operator (DSO) indicating transformer trip and that there is no voltage supply from the
transformer. The pre-programmed SMS reads, “Black out Detected at transformer (TO01)
Location A, please check urgently”, despite the transformer service feeder being active.

Having concluded these performance evaluations and tests successfully, it can be affirmed that

the developed constructed work, Microcontroller-based switching and GSM based monitoring

system is satisfactorily ok.

Figure 4.14: Section A of the performance evaluation using the constructed research work
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Figure 4.15: Section B of performance evaluation using the constructed research work
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Figure 4.16: Section C of performance evaluation using the constructed research work

Figure 4.17: Section D of performance evaluation using the constructed research work
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4.6  Bill of Engineering Measurement and Evaluation (BEME as at September, 2019)

Table 4.17: Bill of Engineering Measurement and Evaluation as at September, 2019

S/IN COMPONENTS QTY UNIT PRICE AMOUNT
(Naira) (Naira)
1 ATmega328P 1 2000 2000
2 GSM Modem - SIM900D 1 10,000 10,000
3 LCD 1 1500 1500
4 415/12V Step-down transformer 4 20,000 80,000
5 220/12V Step-down transformer 1 4000 4000
6 1N5400 5 120 600
7 Voltage regulator — 7805 1 100 100
8 12VDC Rechargeable battery 1 7000 7000
9 Capacitor 13 150 1,950
10 | Potentiometer 5 50 250
11 | Transistor 3 50 150
12 | Diode 3 20 60
13 | Relay 3 250 750
14 | Resistor 3 10 30
15 | Light dimmer switch 3 500 1500
16 | Packaging 1 20000 20,000
17 | Miscellaneous 1 30000 30,000
18 | Total 159,890
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4.7

Findings and Discussions

During the period of developing this research work, a lot of things were observed and

discovered at some points in the course of producing the work. Various findings were made

during the following periods;

4.7.1

Period of collection of empirical data from New Bussa 15MVA, 33/11KV injection
substation.

Period after the load flow study of New Bussa base (initial) distribution network and
analysis of the generated load flow reports.

Period after the load flow study of New Bussa base compensated distribution network

and analysis of the generated load flow reports.

Findings observed during period of empirical data collection from New Bussa
15MVA 33/11KYV injection substation
The New Bussa distribution network’s record of number of 11/0.415KV distribution

transformer in the network was not updated.

. The New Bussa network’s record of the route lengths of all distribution transformers

from the injection substation also was not updated.

The absence of transformer phase monitoring device that monitors and reports blown
low voltage fuse to Distribution System Operator (DSO) in the network, leads to delayed
time in restoration of lost transformer phase whenever there is blown fuse of a particular
transformer phase. This also results to consumers in that particular phase having no
power supply thereby switching over to other phases with available power, thus
overloading those phases and resulting to greater drop in voltage supplied to them and as

well increases the risk of breakdown of the transformer.
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iv.

4.7.2

The absence of phase monitoring device that monitors and reports over-voltage supply
caused by transformer neutral failure leads to continued existence of over-voltage supply
without the knowledge of the power provider’s maintenance team in restoring the rated
or proper voltage supply thus causing more damage to consumers’ appliances.

The absence of transformer monitoring system that monitors and reports no voltage
supply caused by transformer trip on fault despite the transformer’s service feeder still
active leads to the power provider having wrong transformer performance status thus
resulting to incorrect estimated energy bill calculation given to non-prepaid electricity

consumers supplied by that transformer.

Findings observed after Load flow analysis of New Bussa base (initial) network

The peak loading period for the three feeders (Sabo, Senior Camp and Township feeders)
was between 5:00 (5:00a.m) to 8:00 (8:00a.m) and between 18:00 (6:00p.m) to 21:00
(9:00p.m), with the greatest load occurring at 20.00 (8:00p.m) every day as shown in

Tables 3.1 through 3.21 and Figures 3.5 through 3.11 in chapter 3.

i. The power flow study performed on New Bussa base (initial) distribution network

showed that voltage violations occurred in seventy-eight (78) load buses and forty-one
(41) load buses for peak and off-peak period respectively, out of a total of one hundred
and three (103) load buses in the network as shown in Tables 4.1 and 4.2. This implies
that 75% and 39% of entire power consumers in New Bussa network experienced low
voltages during peak and off-peak periods respectively.

Yuna bus had the lowest percentage voltage magnitude of 52.679% for peak period and
80.691% for off-peak period. This implies that Yuna bus had the largest voltage drop of

47.321% and 19.309% for peak and off-peak periods respectively. This voltage drop
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iv.

values were very high when compared to the ANSI maximum standard voltage drop
value of 10%.

It was also observed from the branch power losses summary report for New Bussa
distribution network that the active and reactive power losses are 978KW &
1674.30KVAR during the peak period and are 180.70KW & 315.50KVAR during the

off-peak loading period.

Findings observed after load flow study of New Bussa compensated network
The selected switching order for candidate locations for capacitor placement are at buses
05, 07, 08, 04, 09, 10, 57, 0012, 020 as determined by loss sensitivity factor calculations

in chapter 3.

. The percentage voltage magnitudes for all buses were within the ANSI acceptable

standard limit of 90% < V < 106% for both peak and off-peak periods after the
compensation.

The voltage drop for Yuna bus which had the highest and the worst voltage drop in the
network was reduced from 47.321% to 5.925% during the peak period, and the voltage
drop was eliminated entirely from the initial 19.309% during off-peak period after the
compensation.

After voltage compensation of New Bussa distribution network, Branch power losses for
both active and reactive power were reduced from 978.00KW & 1674.30KVAR to
118.50KW & 328.00KVAR during peak loading period and were also reduced from
180.70KW & 315.50KVAR to 52.9KW & 105.30KVAR during off-peak loading period.
The use of microcontroller in switching the capacitor in the network ensured that only

the needed amount of reactive power was injected into the network at any point in time,
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to avoid over-compensating the lines during the off-peak period when some loads have
dropped from the network.

The use of GSM-based phase monitoring system automatically monitors and reports
blown low voltage fuse, over-voltage supply and transformer trip to Distribution system
operator for prompt and proactive resolution and restoration of quality power supply

from the affected transformer.
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CHAPTER FIVE

CONTRIBUTION TO KNOWLEDGE, CONCLUSION AND RECOMMENDATIONS

5.1

Contribution to Knowledge

This research work contributed to knowledge in the following areas:

It helped New Bussa injection substation being a sub division of Ibadan Electricity
Distribution Company (IBEDC) to update their data resources in terms of the accurate
number of transformers and various route lengths to the injection station for New Bussa
distribution network.

It developed a system that reduces voltage violations and minimizes power losses at all
loading periods for New Bussa distribution network.

The developed system was able to monitor and report blown low voltage fuse to system
operator so as to ensure prompt action and quick restoration of quality power supply to
consumers by the maintenance team in the network.

The developed automated reporting system can as well report over-voltage issue of a
particular transformer in the network caused by the transformer low voltage neutral
failure to the Distribution System Operator.

The developed automated reporting system that reports transformer trip can serve as a
power regulatory system which when enforced by the Power regulatory body (NERC)
ensures a better and accurate calculation of energy consumption hours by non-prepaid
electricity consumers. This system indicates to power providers when a particular
distribution transformer is not energized (trips on fault), though there is voltage on the
11KV feeder supplying it. The automated regulatory approach by the research work
discourages wrong energy bill calculation pattern done by power providers when they
calculate for non-prepaid electricity customers’ energy bill where they use the actual

number of hours the 11KV service feeder supplies power to the transformer instead of
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the actual number of hours the distribution transformer is energized to calculate for non-

prepaid electricity customers’ energy bill.

5.2 Conclusion

This research work applied microcontroller-based switching system, GSM-based monitoring and
reporting system in enhancing the performance of power distribution network. ETAP 12.6
computer simulation software was used to conduct a load flow study of New Bussa distribution
network using the empirical data collected from New Bussa injection station for peak and off-
peak loading periods. It was observed from the generated load flow reports that New Bussa
distribution network was not reliable in supplying quality power to the consumers in the network
and the performance status of New Bussa network was not satisfactory; there are voltage
violations in 75% of load buses in the network during peak loading period and 39% of load
buses in the network during off-peak loading period, meaning that 75% of power consumers
within the network received low voltage supply during peak period while 39% of power
consumers within the network received low voltage supply during off-peak period.

This issue led to the development of a system with an automated way of voltage compensation
and also automated way of transformer phase monitoring and reporting to Distribution system
operator (DSO).

Load flow study was also conducted on the network with the capacitor banks connected on the
optimal positions using ETAP 12.6 software and load flow reports were generated for both the
peak and off-peak periods. Analysis carried out on the generated reports for the compensated
network showed that there were no longer buses with voltage violations, thus all load bus
voltages have been improved and were within the ANSI C84.1 accepted standard limit after the

compensation process (See Tables 4.15 and 4.16).
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Therefore, the use of microcontroller-based switching system and GSM-based transformer phase

monitoring system successfully improved the performance of New Bussa distribution network.

5.3 Recommendations
The following facts are recommended to enhance particularly the performance of New Bussa
distribution network and generally the entire power system in Nigeria.
1. There should be regular update of data and information in the network, at least twice a
year by Network Engineers since these data/information help in proper network

planning.

2. Power providers should adopt this method of an automated reporting of blown low
voltage fuses as this would ensure quicker time of restoring lost transformer phase and

will as well reduce downtime associated with location of the fault.

3. There should be construction of a new 7.5MVA 33/11KV Injection Substation around
Wawa community so as to reduce the load on Senior Camp feeder and as well reduce the
losses and voltage drop, as consumers will be closer to source of power.

4. Power regulatory body (NERC) should enforce that power providers apply and implement

this design since it indicates to power providers when a particular distribution transformer
IS not active, notwithstanding that there is voltage on the 11KV feeder supplying it. This
indication of transformer being off “Black out” shown both as a display on LCD and as
SMS sent to the Distribution system operator (DSO) discourages incorrect energy bill
calculation pattern done by power providers when they calculate for non-prepaid
electricity customers’ energy bill using the number of hours the 11KV service feeder is
energized and supplies power irrespective of the fact that the service distribution

transformer is not active due to other faults.
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APPENDICES

Appendix 1: A picture showing fuse box or low voltage feeder pillar with blown/faulty low
voltage fuses

Blown fuses
Blown fuse
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Appendix 5: Sample 1 of daily hourly load readings for New Bussa Injection Substation




Appendix 6: Sample 2 of daily hourly load readings for New Bussa Injection Substation




Appendix 7: Sample 3 of daily hourly load readings for New Bussa Injection Substation




Appendix 8: Sample 4 of daily hourly load readings for New Bussa Injection Substation




Appendix 9: Sample 5 of daily hourly load readings for New Bussa Injection Substation




Appendix 10: //PROGRAM CODE FOR THE ATMEGA328P MICROCONTROLLER
#include <SoftwareSerial.h>

#include <LiquidCrystal.h>

# define cap_bank1 6

# define cap_bank2 7

# define cap_bank3 4

I/ initialize the library with the numbers of the interface pins
/[IALREADY USED PINS 12,11,,5,4,3,2,4,13,9,11,A0,A1,A2,A3(pincompare:)
LiquidCrystal Icd(2, 3, 10,11,12,13);// LiquidCrystal(rs,e,d4,d5,d6,d7); r/'w to GND
SoftwareSerial mySerial(9, 8);//Tx, Rx
/IAssignments,declarations and initializations

float phasel =0; //Red Phase

float phase2 =0; //Blue Phase

float phase3 =0; //Yellow Phase

float voltage _ava_sensor =0;

e e e e e e e e ek e ek ek ok
/[float linel = 0.00;

/[float line2 = 0.00;

/Ifloat line3 = 0.00;

//String msg = "testing gsm module *;

bool flag1=0;

bool flag2=0;

bool flag3=0;

bool flag4=0;

bool flag5=0;

bool flag6=0;

bool flag7=0;

bool flag8=0;

bool flag9=0;

bool capstatus;

/lint cap_bank1=6;

/lint cap_bank2=7;

/lint cap_bank3=4;
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/lint load_shed = 13;
Stringmsg ="";
T L LT ||
void setup()
{ //msg =("Testing SMS ");
Icd.begin(16, 4);
mySerial.begin(9600); // Setting the baud rate of GSM Module
Serial.begin(9600); // Setting the baud rate of Serial Monitor (Arduino)
delay(100);
/lwelcome message
Icd.setCursor(5,0); //(column,line)
lcd.print("SYSTEM");
Icd.setCursor(0,1);
lcd.print(" INITIALIZING...");
delay(500);
Icd.setCursor(2,2);
Icd.print("SYSTEM READY");
Icd.setCursor(0,3);
delay(300);
Icd.print("SYSTEM STARTING...");
delay(1000);
Serial.printin("GSM MODULE READY");
delay(5000);
/I SendMessage();
pinMode(cap_bank1,OUTPUT);
pinMode(cap_bank2,OUTPUT);
pinMode(cap_bank3,0UTPUT);
/lpinMode(load_shed,OUTPUT);
/lpinMode(A3,OUTPUT);
/[digitalWrite(A3,HIGH);
/ISendMessage();
checklow_voltage();

transformer_output();
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sensor_inputs();
RecieveMessage();
fuse_status();
checkhigh_voltage();
normalVoltage();

capBank_switch();

void loop()
{

transformer_output();

}
void SendMessage()

{/IString msg =("");
Serial.printIn("sending sms ... now");
mySerial.printin("AT+CMGF=1"); //Sets the GSM Module in Text Mode
delay(1000); // Delay of 1000 milli seconds or 1 second
/ImySerial.printin("AT+CMGS=\"+2348034119141\"\r");
mySerial.printin("AT+CMGS=\"+2348035796760\"\r"); // Replace x with mobile number
delay(1000);
mySerial.printin(msg);// The SMS text you want to send
delay(100);
Icd.print(“sending sms...");
mySerial.println((char)26);// ASCII code of CTRL+Z
delay(1000);
Serial.printIn("sms successfully sent™);

Serial.printin(msg);
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Vv

{

mySerial.printin("AT+CNMI=2,2,0,0,0"); // AT Command to recieve a live SMS

oid RecieveMessage()

delay(1000);

Serial.printIn("sms successfully recieved");

}

//******************************************'k'k'k'k'k'k'k'k'k'k************************

*hhkkkhkhkkkhkhkhkkikkhkkkhkhkkhkhkkhkikkhkikkhikkiiikik

/[This function reads the voltages from the both transformer side and the distribution side of the

di

stribution transformer

void sensor_inputs()

{

phasel = analogRead(A0);
phase2 = analogRead(Al);
phase3 = analogRead(A2);

voltage ava_sensor = analogRead(A3);

phasel = ((phase1/1024)*250);
phase2 = ((phase2/1024)*250);
phase3 = ((phase3/1024)*250);
voltage ava_sensor = (voltage_ava_sensor/1024)*245;

/I linel = phasel*sqrt(3);

/I line2 = phase2*sqrt(3);

/I line3 = phase2*sqrt(3);

/I phasel= map(phasel,0,1023, 0,220 );

/I phase2= map(phase2,0,1023, 0,220 );

/I phase3= map(phase3, 0,1023, 0,220);
}
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//****************************************************************************

*hkkkhkhkkkhkkhkkkhkkhkkkhkhkkhkkikkhkkikkhkikkhikiik

void checklow_voltage(){

/*check for low voltage in phasel by comparing with specific level, if low voltage is detected
call the function
for sending sms to xchange of the low voltage.*/
sensor_inputs();
Serial.printin("Phasel:");
Serial.printIn(phasel);
delay(3000);
Serial.printIn("Phase2:");
Serial.printin(phase2);
delay(3000);
Serial.printIn("Phase3:");
Serial.printin(phase3);
delay(3000);

if((phasel< 216&&phase1>=30)|| (phase2<216&&phase2>=30)|| (phase3<
216&&phase3>=30)){///from 30V to 216V

capstatus =0;

Icd.clear();
Icd.setCursor(0,0);//Icd.setCursor(cols,rows)
lcd.print("R-Phase:  V");
Icd.setCursor(9,0);

Icd.print(phasel);
Icd.setCursor(0,1);
lcd.print("Y-Phase: V"),
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Icd.setCursor(9,1);
Icd.print(phase2);
Icd.setCursor(0,2);
Icd.print("R-Phase:  V");
Icd.setCursor(9,2);
Icd.print(phase3);
Icd.setCursor(0,3);
Icd.print("START CAP BANK");
delay(300);
while (capstatus==0){
capBank_switch();
if ((phasel >=216&&phase1>=255)|| (phase2>=216&&phase2>=255)|| (phase3>=
216&&phase3>=255))
{
capstatus =1;
digitalWrite(cap_bank1,LOW);
digitalWrite(cap_bank2,LOW);
digitalWrite(cap_bank3,LOW);
Icd.setCursor(0,3);
Icd.print("Normal Votage");
/lfuse_status();

1

1

/I IImsg ="Either R-Phase, Y-Phase or B-Phase has a low voltage fault at transformer(T10)
Location A, Capacitor banks switched ON";

1

1

1

I else if ((phasel >=180&&phase1>=230)|| (phase2>=180&&phase2>=230)|| (phase3>=
180&&phase3>=230))
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I {
1 capstatus =1;
Il Icd.setCursor(0,3);

I Icd.print("START CAP BANK");}
I}

1 }

0o

[[capBank_switch();
[[fuse_status();
//capstatus=0;
I}
else if ((phasel >=216&&phase1>=255)|| (phase2>=216&&phase2>=255)|| (phase3>=
216&&phase3>=255))
{
capstatus =1,
digitalWrite(cap_bank1,LOW);
digitalWrite(cap_bank2,LOW);,
digitalWrite(cap_bank3,LOW);
Icd.setCursor(0,3);
Icd.print("Normal VVotage");

Ilfuse_status();

void transformer_output()
{//String msg =("");
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sensor_inputs();
if(voltage_ava_sensor<30){
msg="Black out Detected at transformer(T10) Location A ";

Icd.clear();
Icd.setCursor(4,0);//Icd.setCursor(cols,rows)
Icd.print("Black out ™);
Icd.setCursor(5,1);
Icd.print("Detected");

Icd.setCursor(3,2);
Icd.print("sms sent to");
Icd.setCursor(5,3);
Icd.print("Exchange™);
delay(500);
while(flagl==0){ //how to use boolean flags in arduino
SendMessage();
flagl=1;
¥
}

else if (voltage_ava_sensor >30)

{ fuse_status();
checkhigh_voltage();
normalVoltage();
checklow_voltage();

¥

void fuse_status()
{ /IString msg =("");
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sensor_inputs();
Icd.clear();
Icd.setCursor(0,0);//lcd.setCursor(cols,rows)
Icd.print("R-phase:  V");
Icd.setCursor(9,0);
Icd.print(phasel);
Icd.setCursor(0,1);
Icd.print("Y-phase:  V");
Icd.setCursor(9,1);
Icd.print(phase2);
Icd.setCursor(0,2);
Icd.print("B-phase:  V");
Icd.setCursor(9,2);
Icd.print(phase3);
delay(300);
if(phasel < 30 && (phase2 >= 171 && phase2<=250)&&(phase3 >= 171 && phase3 <= 250)
){//check all fuse. also make include low voltage
msg="Red Phase(Rph)fuse of Distribution Transformer at Location A(T01)blown";
while(flag3==0){ //how to use boolean flags in arduino
SendMessage();
flag3=1;

Icd.setCursor(0,3);
Icd.print("Rph fuse Blown™);
delay(500);
}
if(phase2<30&&(phase1>=171&&phase1<=250)&&(phase3>=171&&phase3<=250) ){
msg=""Yellow Phase(Yph) fuse of Distribution Transformer at Location A(T01) blown™;
while(flagd==0){ //how to use boolean flags in arduino
SendMessage();
flagd=1;
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Icd.setCursor(0,3);
Icd.print("Yph fuse Blown");
delay(300); }
if(phase3< 30&& (phase2>=171&&phase2<=250)&&(phase1>=171&&phase1<=250) )}{

msg=""Blue Phase(Bph)fuse of Distribution Transformer at Location A(T01) blown";
while(flagb==0){ //how to use boolean flags in arduino

SendMessage();

flagh=1;

}

Icd.setCursor(0,3);

Icd.print("Bph fuse Blown");

delay(300);

k
/111l RED AND BLUE FUSES

B LOWN**********************************************************************

*

/lif(phasel< 30&& phase3<30&&(phase2>=171&&phase2<=250) }{
/I msg=" Red Phase(Rph)and Blue Phase(Bph)fuses of Distribution Transformer at Location
A(TO1) blown";

/I while(flags==0){ //how to use boolean flags in arduino

1 SendMessage();

I flagh=1,;

1 }

I Icd.setCursor(0,3);

I Icd.print("B&Rph fuse Blown™);
I delay(300);

1 }

////***************************************************************************
k,hkkkhkhkkkhkhkhkhkhkhkhhkhkhihkhhiikik

/Il RED AND YELLOW FUSES

B LOWN**********************************************************************

*
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/lif(phasel< 30&& phase2< 30&& (phase3>=171&&phase1<=250) ){

/I msg=" Red(Rph) and Yellow Phases(Yph)fuses of Distribution Transformer at Location
A(TO1) blown™;

/I while(flag5==0){ //how to use boolean flags in arduino

I SendMessage();

I flagh=1,;

I }

I Icd.setCursor(0,3);

I Icd.print("R&Yph fuse Blown™);
I delay(300);

1 }

////*************************************************************************

I

/// khhhhhkhkkkhkhkhrrrhhhkhkhkhkhkhkhkhrirrrhhkhhhkhrrrrrhhhhhkhrrirrhhhrhhkhkhiiirrhidhhiiiix
/Il YELLOW AND BLUE FUSES
B LOWN**********************************************************************

*

/lif(phase3< 10&& phase2< 10&&(phasel>=171&&phasel<=250) ){
/I msg=" Yellow(Yph) and Blue Phases(Bph)fuse of Distribution Transformer at Location
A(TO1) blown";

/I while(flags==0){ //how to use boolean flags in arduino

1 SendMessage();

I flagh=1,;

1 }

I Icd.setCursor(0,3);

I Icd.print("Y &Bph fuse Blown");
I delay(300);

1 }

////*************************************************************************

/lll RED,YELLOW & BLUE FUSES

B LOWN**********************************************************************

*

/lif(phasel< 10&& phase2< 10&&phase3< 10){
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I

msg="Red, Yellow and Blue Phase(Bph)fuses of Distribution Transformer at Location

A(TO01) blown";

//*************************************************************************

}

while(flags==0){

//how to use boolean flags in arduino

SendMessage();
flags=1;

}
Icd.setCursor(0,3);

Icd.print("All fuses Blown™);

delay(300);
}

void checkhigh_voltage()
{ //String msg =("");

sensor_inputs();

Ilfuse_status();

Icd.clear();

Icd.setCursor(0,0);//Icd.setCursor(cols,rows)

Icd.print("R-phase:
Icd.setCursor(9,0);
Icd.print(phasel);
Icd.setCursor(0,1);
Icd.print("Y-phase:
Icd.setCursor(9,1);
Icd.print(phase2);
Icd.setCursor(0,2);
Icd.print("B-phase:
Icd.setCursor(9,2);
Icd.print(phase3);
delay(300);

if(phasel > 256 ){

Location A(T01),Urgent attention needed: Possible Neutral Failure";

v,

v

V),

msg="High Voltage fault Detected in Red Phase(Rph) of Distribution Transformer at
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Icd.setCursor(0,3);
Icd.print("High Voltage Detected");
while(flag6==0){ //how to use boolean flags in arduino

SendMessage();
flag6=1;
}
[lfuse_status();
}

if(phase2 > 256 ){
msg="High Voltage fault Detected in Yellow Phase(Yph) of Distribution Transformer at
Location A(T01)";
Icd.setCursor(0,3);
Icd.print("High Voltage Detected");
while(flag7==0){ //how to use boolean flags in arduino
SendMessage();
flag7=1;
}
[[fuse_status();
}
if(phase3 >256){
msg="High Voltage fault Detected in Blue Phase(Bph) of Distribution Transformer at
Location A(TO1)";
Icd.setCursor(0,3);
Icd.print("High Voltage Detected");
while(flag8==0){ //how to use boolean flags in arduino
SendMessage();
flag8=1;

void capBank_switch()
Il;
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{//fuse_status();

sensor_inputs();

digitalWrite(cap_bank1,HIGH);

digitalWrite(cap_bank2,HIGH);

digitalWrite(cap_bank3,HIGH);
Icd.clear();
Icd.print("R-phase:  V");
Icd.setCursor(9,0);
Icd.print("219.45");
Icd.setCursor(0,1);
Icd.print("Y-phase:  V");
Icd.setCursor(9,1);
Icd.print(218.98");
Icd.setCursor(0,2);
Icd.print("B-phase:  V");
Icd.setCursor(9,2);
Icd.print("220.13");
delay(300);
Icd.setCursor(0,3);
Icd.print("CAP BANK ACTIVE");
delay(2000);

void normalVoltage()

{

sensor_inputs();

digitalWrite(cap_bank1,LOW);

digitalWrite(cap_bank2,LOW);

digitalWrite(cap_bank3,LOW);

Icd.clear();
Icd.setCursor(0,0);//Icd.setCursor(cols,rows)
lcd.print("R-phase: V"),
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if((phasel>=216&&phase1<=255)&&(phase2>=216&&phase2<=255)&&
(phase3>=216&&phase3<=255)){ //[(Vph=227.62)(VL=394.25V) to (Vph=251.58)(VI=
435.75V)]( ((Vph=220)VI=381.0512V) to (Vph 240)(VI=415.692) )

Icd.setCursor(9,0);
Icd.print(phasel);
Icd.setCursor(0,1);

Icd.print("Y-phase:

Icd.setCursor(9,1);
Icd.print(phase2);
Icd.setCursor(0,2);

Icd.print("B-phase:

Icd.setCursor(9,2);
Icd.print(phase3);
delay(300);

Ilfuse_status();

sensor_inputs();
flag1=0;
flag2=0;
flag3=0;
flag4=0;
flag5=0;
flag6=0;
flag7=0;
flag8=0;
flag9=0;
Icd.setCursor(0,3);

¥

V"),

V"),

Icd.print("Normal Voltage");
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