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ABSTRACT

This report describes how an electric utility system is modeled by using load flow techniques to establish a
validated power flow case suitable for simulating and evaluating alternative system scenarios. Details of the
load flow model are supported by additional technical and descriptive information intended to correlate
modeled electrical system parameters with the corresponding physical equipment that makes up the system.
Pictures and technical specifications of system equipment from the utility, public, or vendor are provided to
support this association for many system components. The report summarizes the load flow model construction,
simulation, and validation and describes the general capabilities of an information query system designed to
access load flow parameters and other electrical system information. Unlike the generators in large hydro
power stations, which operate in voltage control mode, the generators in small hydro power stations (SHPs) are
forced to operate in power factor control mode due to their limited reactive power support. In fixed power
factor operation, smaller variations of voltage at the evacuation bus are managed by on load tap changing at
the generator transformers. However, during large and frequent variations in voltage, such SHPs face difficulty
in evacuating the power due to delayed response by the operators and inadequate tap settings of the generator
transformers. In this thesis identification of power evacuation system performance for network will be carried
out. The work will also study the existing and the proposed power evacuation system and carries out detail
study of an existing transmission line and conduct detail study of power evacuation systems. The power
evacuation studies will ultimately determine the transmission system capacity and availability of the
transmission margin. Also for distribution system performance study, computer program (MATLAB) will be
developed for calculation of transmission line performance and Load flow solutions for radial distribution
network.

I INTRODUCTION

In a hydro power plant system, the energy present in water is converted into mechanical or electrical energy by
the use of hydropower plant. Generic hydro power systems can be categorized in many different ways. Some of
the methods of classification are based on how the electricity is generated by the plant, what kind of grid system
is utilized for the distribution of electricity, the type of load capacity and the type of storage used by the system.
Hydroelectric generating plants are generally located away from load centers. Accordingly power generated is
stepped up to a suitable high voltage in step up substation at generating end and transmission lines laid for

interconnection with the grid at a suitable point. The development of a hydro plant electrical single line diagram
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is the first task in the preliminary design of the plant. In evaluating a plant for good electrical system design, it is
easy to discuss system design in terms of the plant’s single line electrical diagram. A power station is where
water flows though turbines using hydropower to generate Hydroelectricity. Power is captured from the
gravitational force of water falling through penstocks to water turbines connected to generators. The amount of
power available is a combination of height and flow. A wide range of Dams may be built to raise the water
level, and create a lake for storing water. A power station (also referred to as a generating station, power plant,
powerhouse, or generating plant) is an industrial facility for the generation of electric power. Most power
stations contain one or more generators, a rotating machine that converts mechanical power into electrical
power. The relative motion between a magnetic field and a conductor creates an electrical current. The energy
source harnessed to turn the generator varies widely.As part of the effort of Kano state government towards
solving the prolonging lack of electricity in the state, a 35MW small hydro Power project is recently awarded
for the generation of power to supply the essential loads of the state. It is a well-known fact that Evacuation of
small hydro power plant is a major challenge for independent power producers (IPP) in the field of power sector
especially with stringent conditions of electric power regulating authorities. In this paper identification of power
evacuation system performance for network will be carried out. The work will also study the existing and the

proposed power evacuation system and carries out detail study of an existing transmission line and conduct

detail study of power evacuation systems.

Il MATERIAL AND METHODOLOGY
TIGA Hydro Power Project is a Surface Power Station comprising of two generating units of 1 X 8 MW &
1X2MW capacity. The station will generate power at 11kV and it will be stepped up to 33 kV through three

phase generator transformer. The step up transformer 11 kV / 33kV shall be connected to generator through
XLPE cables. The LV terminals of Generator transformer will be connected to 11kV Indoor Switchgear
Equipment. The offered system is a process control & visualization system that is specifically designed for
hydroelectric power plants. The Unit Control Board for Unit 1 & 2 is integrated with digital governor for proper

control of the machines in an optimal way. The purpose of this design memorandum is to elaborate the major
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basic parameters / guidelines considered for the design of Control system and digital Governor for the paper
project.

Project Information:

Tiga Hydro Power Project is a Surface Power Station comprising of two generating units of 1 X 8MW &
1X2MW capacity.

Site Information:

Project Title: TIGA HPP (1 X8 MW + 1 X 2MW)

Project Location: Kano, Nigeria.

Environmental Conditions:

Max.: 40°C

Min: 11-14°C

Max Relative Humidity: 80%

Altitude: 540m from MSL

Seismic Zone:  Seismic hazard (PGA - (0.2 - 0.8 m/s) Richter scale magnitude 3,0 - 3, 9
Electrical Network Data:

The equipment supplied will be designed to operate under the following electrical environment.
MV Network

Rated Voltage: 11kV (+/-10%)
Highest system Voltage: 12kV
Rated Frequency: 50Hz (+3%, -5%)

Auxiliary Power Supply

LV AC Power supply (If required)
Rated voltage : 415V, 3phase, 4 wire & 240V single phase.
Variation range: +10%, -10%

Rated Frequency: 50Hz (+3%, -5 %,)
Distribution: 3 phases + neutral
Earthing mode: Solidly Earthed

LV DC power supply

Rated Voltage: 110V

Variation Range: +10%, -10%
Earthing Mode: Isolated

111 RESULT ANALYSIS AND DISCUSSION

The main focus of this paper is to ensure smooth evacuation of real power generated by Small Hydropower
Plant (Tiga Independent Power Plant) units to the neighboring grid. While doing such research, the practical
limitations faced by such units have been considered carefully in this work. Among few major issues, the two
most important operational issues such as (i) Operation in constant power factor mode and (ii) Operation in

voltage control mode have been well addressed in the project work. During the simulation of the study, it is
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observed that the existing control mechanisms of SHP units (i.e. exciter control) exhibit limited scope of real
power evacuation to the grid. In order to overcome this difficulty, the authors have attempted the application of
SVC control mechanism and the corresponding results are found to be very much satisfactory. From the above
results it is inferred that the application of SVC control in SHP units could provide a viable option for ensuring
smooth and secure evacuation of real power to the grid.

This work uses impedance to achieve the required accuracy starting with power flow analysis. Power flow
analysis is a steady state analysis. It analyzes the response of a power system long time after switching occurs.
Two variables are critical in power flow analysis. They are voltage magnitude and power angle. Before

analyzing such variables, review of electrical quantities as complex number and per unit value is appropriate.

IV CONCLUSION

Kano state government changed its policy of power generation in order to overcome power crisis in the state and
encourage private industries in this field. Kano state has many renewable energy resources across the state.
Since the state fall under north-west region of the country where solar, wind and hydro are available. Tiga area
has a high potential for hydro power generation. The state will benefits in many ways with an implementation of
a mini hydropower project especially in means of improving infrastructure and the standard of living in the
state.

Plant sizing, selection of electro-mechanical equipment was done in proper manner. Adequate protections for
the network as well as for the generator and the personnel were accommodated. Control system for power flow
and synchronizing were also accommodated as per the practical applications. Monitoring system give a better
transparency on operation. Generator performances were tested even by modeling the system. Power line was
design in such a way that to satisfy utility constrains and to minimize line losses. In overall this design
comprised of a complete electrical system and it confirmed the performances of the project. The evacuation
process of the project show the real work and the minimum power losses where shown. The study for the power
generation project have been carried out considering the transmission lines that are available with the existing
generations in kano state as well as transmission system that developed along with the independent power plant
(tiga hydro power generation plant). Any change in the generation schedule of the project may affect the result.

So the result of the above study would valid only with the generation scenario considered in the study.

V RECOMMENDATION

The Tiga Dam is in Kano State in the Northeast of Nigeria, constructed in 1971-1974. It is a major reservoir on
the Kano River, the main tributary of the Hadejia River. The dam was built during the administration of
Governor AuduBako in an attempt to improve food security through irrigation projects.[31] The dam covers an
area of 178 square kilometres (69 sqmi) with maximum capacity of nearly 2,000,000 cubic meters
(71,000,000 cu ft).[32] Water from the dam supplies the Kano River Irrigation Project as well as Kano City.[33]
Due to that condition if the government can improve the power plant, because tiga dam is the largest dam and
the former administration of the state was proposed to build a power plant at a dam, the dam still have two extra
canel that will use for power production. The site also has large area that if government can proposed the solar

power plant can also been constructed there and connect it to the grid for the benefit of state indigenes.
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