
MODELING OF A HYBRID SYSTEM FOR CURRENT AND FUTURE ENERGY SUSTAINABILITY WITH IMPROVED ECONOMIC DEVELOPMENTS USING PRESENT GRID NETWORK TOPOLOGY
ABSTRACT
Sustainable development can be achieved through; energy sustainability, industrial revolution, political stability, improved agricultural sector and mechanized farming, improved and adequate transportation network, adequate communication infrastructure, etc. Developing a sustainable Energy model that drives economic development is timely. A nation's energy availability as in Nigeria where numerous economic activities pose a challenge. It is observed that many of these private sectors, such as Manufacturers, run petrol or diesel generators, which add to air pollution. The nation is challenged by the presence of these dangerous gasses. This makes it necessary to improve the energy mix using a hybrid system. Thus, this paper models a hybrid (Solar PV, Wind, and the National grid) automated power system to provide constant energy to the thickly populated nation with diverse economic activities, thereby guaranteeing energy stability, reliability, and security.  The work is aimed at providing sustainable power that is environmentally friendly, less expensive, and has low maintenance costs. The model is developed using ETAP software which gives a better and reliable solution to power system utilizations and sizing. The present and future worth, initial cost, maintenance cost, solar irradiant, and load demand estimate were among the parameters of interest considered. When comparing the results with different energy sources in the network during simulation, it is observed that the renewable in the network has an 80.8% penetration level, and power quality availability rose 81%, the system witnessed 35% reductions in maintenance cost. These results justify the proposal of a hybrid system compared to a stand-alone system.
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Energy plays a pivotal role in the technological and economic development of contemporary society, serving as the linchpin for humanity’s aspiration for a better world. The sustainable growth of any nation hinges significantly on its Electricity infrastructure, with electricity acting as the lifeblood and propelling force of a burgeoning economy [1]. High penetration of renewable (hybrid) into the network gives a better effect on the bus voltage, voltage drop, energy stability, and reliability of the energy on the network and its connections with the inclusion of renewable energy on the network, energy stability is certain, economic and social development will improve and a voltage profile also improves on the network. Thus, an increase in energy generation results in end-user satisfaction with usage from the utility company [8, 9]. Due to the significant economic growth and increasing Industrialization, energy consumption has drastically increased in the last decade. A new survey by the International Energy Agency (IEA) predicts an increase of 4.5% registered for the total energy in 2021 [2]. The economic development deeply depends on the stability of electricity in the area. The increase in energy consumption, and the increase in economic and social development of the nation, thereby improving the welfare of the people [3]. Currently, energy systems are undergoing a paradigm shift towards more sustainability and diversification, this shift is happening quickly worldwide [4-6]. Energy services are widely recognized as the primary catalyst for socio-economic progress. Electric lighting, motors, electronics, and other applications of electricity offer indispensable services that have become integral to every society. Among the Due to their direct or indirect connection to human existence, health facilities account for a significant portion of all entities that depend on a steady supply of electricity. Therefore, making sure that health facilities have access to off-grid electricity is essential to allowing them to function at full capacity. Generally, the options are generators and/or solar PV systems with battery storage, though micro-hydro may be a viable alternative in some parts of Ethiopia. Although the cost of a hybrid PV–Generator is lower than that of solely battery-charged PV, the initial capital outlay is higher [10]. system is the best option. Local utility companies struggle with regular rolling blackouts, voltage surges, and excessive line losses.
 However, in Ethiopia, funding for fuel procurement for rural health facilities is consistently lacking or unavailable, making the effective design and implementation of a battery-charged stand-alone PV system the best option. Local utility companies face frequent rolling blackouts, voltage swells, and excessive line losses. The decision to incorporate renewable energy into the hybrid system for Shinshicho Primary Hospital is motivated by the goal of lowering maintenance costs and diesel consumption. Renewable energy sources, like wind, solar, and hydropower, have the peculiar quality of not being consistently available on demand; rather, their availability is somewhat sporadic. The revolutionary idea of hybrid power systems is the real breakthrough in the field of power generation. Contrary to the conventional belief that cost savings derive from utilizing the most potent solar panels or the most efficient diesel engines, the key lies in harmonizing the most economical energy production with the prevailing energy demand. Through the strategic coupling and coordination of diverse energy sources, these hybrid systems not only ensure a more dependable power supply but also enhance the overall quality of electricity delivered. Photovoltaic (PV) systems, in particular, have witnessed widespread deployment, ranging from expansive PV plants generating cumulative power in the order of several tenths of Watts to smaller-scale applications such as cameras, watches, and mobile devices. The versatility of PV systems extends beyond their environmental friendliness—requiring no external power input and being free from pollution—they also possess the distinct advantage of being deployable in any location, irrespective of local grid availability. The primary energy source for PV systems is solar power, widely acknowledged for its environmentally clean profile in energy production. These PV arrays harness the radiant energy from the sun to generate electricity, and notably, they operate without the need for any conventional fuel.  The combination of different generating systems whose sources differ with the emphasis of providing sustainable, reliable, and clean/cheap energy for economic improvements of the common user terms hybrid […]. These can be possible by joining two generators of different sources, or it can be three or more depending on the investors' ability and technical know-how. It can be renewable-renewables, renewable–renewable-renewable sources. For instance, solar PV and wind, wind and gen set, solar PV and nuclear. However, it depends on the availability of sources in a particular area. Toward the southern part of the country solar Pv and hydro hybrid, toward the west, solar Pv and nuclear with wind as a backup, on the East, Solar Pv and wind and towards the North, solar Pv and wind hybrid with gen-set as a backup. Nothing that, there stand-alone and grid-connected hybrid. These will help tremendously in energy sustainability [1, 2]. Economic development depends on energy usage by individuals and nations, and constant energy for production helps reduce the cost of living and commodities. [1, 3] Compared to other energy vectors, electricity is a high-quality energy carrier that is more productive, adaptable and emits no pollution when used. When it comes to applications like lighting, electricity is significantly more thermodynamically efficient than any other technology. Several high-value uses cannot be replaced by electricity, like computing and telecommunications. The high cost of energy restricts its usage to relatively high-value applications when there are alternatives. Nevertheless, where power is subsidized, it will also be employed in low-value applications. Conventional fuels are dirty and can need a large amount of household labor for collection, processing, and usage. The development offers ways to mitigate the harmful impacts of traditional fuels and creates job possibilities in the market. Thus, households gradually move up an "energy ladder" as earnings rise by using higher-quality fuels, like electricity.  A reliable electricity supply necessitates both expensive investment and expert management of the electrical grid. Network collapse can only be avoided by maintaining a constant instantaneous balance between supply and demand for electricity. In the meantime, the demand for energy fluctuates throughout the day and night, throughout the week, during the seasons, and in response to meteorological phenomena. Network and generation capacity that is occasionally only needed for a few hours a year are needed to meet annual peak demand. [4,5,6]. Among the available renewable energy resources, solar and wind power are considered to yield the highest social, economic, and environmental benefits, making their amalgamation a favorable option [7]. Renewable energy, derived from natural resources such as sunlight, rain, tides, wind, and geothermal heat, is characterized by its renewability these sources are replaceable and reusable [1].  It serves as a viable alternative to conventional fossil fuels and has often been referred to as alternative energy. The phrase refers to any naturally existing energy in the environment that may be used for human advantage; the sun, gravity, and the rotation of the Earth are the main sources. Notably, the growth of the Gross National Product (GNP) per capita is directly correlated with the annual rise in energy consumption. The present trajectory of fossil fuel usage is anticipated to result in an inadequate energy supply to fulfill global demand post-2020.  Compared to conventional energy sources, renewable energy sources (RESs) provide a number of benefits, such as instant access to dependable electricity, the avoidance of lengthy wait times for grid extension, decreased reliance on changes in oil prices, lower fuel transportation costs, better healthcare and rural development, increased economic productivity, and the creation of local job opportunities. Additionally, by enabling a more effective use of regional natural resources, RESs aid in the global battle against poverty and climate change [10].  Urban dwellers connected to grid supplies are increasingly turning to renewable energy due to concerns about limited fossil fuel reserves and global environmental issues associated with their usage in power generation. These sustainable energy sources, which are referred to as "green energy," include geothermal, solar, wind, and others. Opportunities for exploiting solar resources to generate electricity globally have been made possible, especially by photovoltaic technology. These technologies are now economically viable enough to be used in small-scale standalone applications for public, private, and commercial settings in addition to large-scale ones. In response to the growing need for grid stability and dependability, the idea of renewable energy hybrid systems first surfaced in the middle of the 1980s and gained popularity in the early 1990s. The incorporation of significant amounts of wind power into tiny autonomous grids was the driving force behind this explosion in hybrid system literature. The investigation and use of renewable energy solutions remain at the forefront of sustainable development as the globe struggles to fulfill energy demands while reducing environmental impact [11,12]. The output characteristics of conventional photovoltaic (PV) systems are inherently unstable and are strongly linked to the erratic weather during short time periods [13]. A deliberate attempt has been made to integrate solar PV with other renewable resources or conventional electricity in order to increase efficiency and make use of energy conversion technologies. There are difficulties with this integration since it has to deal with the complicated issues brought on by the variety of solar energy sources.
The complex web of difficulties is influenced by aspects like stochastic elements, low energy densities, and sporadic availability. The main focus of energy harvesting efforts is solar energy, a ubiquitous substance made up of the sun's heat and radiant light. A constantly developing range of technologies, including solar thermal, photovoltaic, and heating, enable this harnessing. Photovoltaic (PV), wind turbines, hydropower, generators driven by different prime movers like diesel, biogas, or coal-fired choices, electric utility networks, microturbines, or fuel cells are just a few of the many types of power sources that are present in the vast terrain of power sources. [14-18]. In the context of energy storage, battery banks and hydrogen repositories are mentioned.  Primary and deferred loads are introduced as a dichotomy by load considerations.  Primary loads, like lighting, must be completed right away, but deferrable loads, like water pumping, must be completed within a certain window of time. [16-20].


2.0	Modelling
Modeling an electricity network of 72 buses, 14 generators, and 69-line connections is done using ETAP19.0. The load flow simulations on the network is modeled using the fast decouple method as follows
The voltage equation for (k+1)th iteration is
; by choosing   =                                         						(1)
                                                                                           						(2)
                                                                                       						(3)
The principle is based on the following. 
  is much larger than  approximately zero and 
  is much larger than   approximately zero. 
By incorporating these approximations in the Jacobian equation, we have 
           (4)                                       
  (5)                                                  
The equations are decoupled in nature
Thus 
				        (6)
2.1	Decoupled Newton Method 
It can be further factored out as;       
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The elements of the Jacobian Equation 8 can be simplified as:
         and                 	    (10)
From Eq. 9 & 10
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Off-diagonal elements of H (i.e. when i≠k) are:
		(13)
Expanding by trigonometric function yields,
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We know that    
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Likewise, the off-diagonal element of L (i.e. normalized form) is
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From Eqs 18 and 19 we can see that
                                     						(21)
The diagonal elements of H are given as:
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Similarly, the diagonal element of L are given as:
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2.2	Modelling of the Pv System
	Modelling of photo voltaic source
Considering the equivalent circuit of the solar cell.


Fig: 1.: equivalent circuit of the solar cell

In an ideal solar cell, RS= 0 and RSH = infinity. The net current of the cell is the difference between the photocurrent, IL, and the normal diode current, which is given by 
[image: ][image: ]			(29)
But the photocurrent depends on the reference temperature T1 and T2 for the first and second temperatures respectively.
[image: ][image: ]			(30)
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Where G is the present solar radiation and Gnorm is the solar radiation at the reference test. 
The saturation current of the diode Io is given by
[image: ][image: ]			(33)
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Figure 2-V characteristics curve of a solar cell
The series resistance of a solar cell is given by
[image: ][image: ]	
Where 
[image: ][image: ]				(35)
The voltage at no light condition of the cell
[image: ][image: ]			(36)
Where [image: ][image: ] is known as the thermal voltage and T is the absolute cell temperature.
The maximum power point is at the operating point A in which the power dissipated in the resistance load is its maximum value and is given by 
[image: ][image: ]				(37)
The maximum efficiency of a solar cell is the ratio between the maximum power and the incident light power and is expressed as 
[image: ][image: ]			(38)
where A is the area of the Pv modules and Ga is radiation.
The fill factor (FF) is a measure of the real I-V characteristics for efficient solar cells the value should be greater than 0.7.  The FF diminishes as the cell temperature increase. The FF is expressed as
[image: ][image: ]				(39)

Considering the diagram below


Fig. 2.: Double diode Pv model
The output current base on the double diode model is describe by
[image: ][image: ]						(40)
Where ID1 and ID2 are the diode saturation currents of first and second diodes respectively and Vt1 and Vt2 are the diode thermal voltages and they can be given as
[image: ][image: ]				(41)
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Where a1 and a2 are the diode identity factor that represent the component of diffusion and recombination current.

2.2	Modelling of Pv panel and array: Due to inadequate voltage produced by a solar cell, there is a need to combine several cells together. This is done by connecting them in series to increase the voltage. Several of the cells can also be connected in parallel to increase the current.

Fig. Schematic diagram of a Pv module 
The relationship between the cell is voltage (Vc) and current (Ic), and the modules voltage (Vm) and current (Im) are given by the following equation.
[image: ][image: ]				(43)
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Where Nsm is the number of series cells, Npm is the number of parallel cells and Rsm is the equivalent series resistance of the Pv module.

2.3	Modelling of Pv system power electronic features 
1. Maximum power point tracker
1. DC – AC inverter
1. Pv array tilt angle
1. Storage battery 



2.3.1	Modelling of maximum power point tracker
The maximum power extracted from a Pv array depends on three parameters, which are insulations, load impedance and cell temperature. When Pv system is directly connected to load. The system will operate at the intersection of the current – voltage (I – V) curve and load line. Here one need an MPP which is based on the load line adjustment under varying atmospheric condition. This variation has to be as a function of temperature and irradiation shows that, the temperature affect the output voltage while the irradiation affects the Pv module, there is a unique point in the I – V and a P – V curve, namely, the MPP in which the Pv system operate at its maximum efficiency and produces its maximum power output. 

2.3.2	IC Method
This is derived by differentiating the Pv power with respect to voltage and setting the results to zero.
[image: ][image: ]	(46)
If [image: ][image: ]				(47)
The left-hand side of equation 3.54 represents the opposite of the instantaneous conductance, [image: ][image: ] whereas the right-hand side represent its IC. The incremental variations, dVPv and dIPv can be approximated by the increments of both the parameters, [image: ][image: ] and [image: ][image: ] with the aim of measuring the actual values of VPv and IPv. The incremental variation dVPv and dIPv are expressed as follows
[image: ][image: ]		(48)
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Fig. 3. shows the basics of the IC Method

2.4	DC – AC Inverters
The inverter has two main functions in a Pv system. For a standalone system, the inverter converts the DC to an AC signal. For a grid-connected Pv system, the inverter is responsible for synchronizing the output signal with the grid in term of frequency and phase shift. 
The inverter is model in terms of it efficiency curve, and it can be described by a power function as 
[image: ][image: ]	
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Where PPv and PINVC are Pv module output power and inverter’s rated power respectively. Which C1, C2, and C3 are model coefficients.
2.5	Modelling of battery storage 


Fig. 4: equivalent circuit of a storage battery

Considering Figure 4. as an equivalent circuit of a storage battery. The internal voltage of the battery is represented by V1 and an internal resistance R1. The charging and discharging current Ibat depends on the system’s voltage level. If the applied voltage, Vbat, the current Ibat, will flow in the battery as charging current, that is, if the applied voltage is less than the battery voltages the current will flow out of the battery as discharging currents. 
The state of charge (SoC) of bathing is expressed as
[image: ][image: ]		(51)
From equation 3.58, Q represents the battery charge and C represents the battery capacity.
The depth of charge (DoD) of the battery is given by 
[image: ][image: ]				(52)
During the charging mode, suppose that V1 = Vch and R1 = Rch, the charging voltage Vch is given by
[image: ][image: ]			(53)
In which 
[image: ][image: ]	
SoC, represents initial state of charge of the battery, and SOCm represent the maximum value of battery SOC. Ns is the number of 2V series cells. 
Rch represents the charging resistance and it is calculated by 
[image: ][image: ]			(54)
But Vbat = Vch + Ich Rch			(55)
In order to calculate the SOC of the battery during charging mode, equation 3.62 is used
[image: ][image: ]						(56)
Where K and D are charging efficiency and the self-discharging rate respectively 
[image: ][image: ]		(57)
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One of the important parts of the battery storage model is the estimation of the instantaneous value of the SoC. The following equation describes the SoC at time (t + dt)
[image: ][image: ]	 (60)
Simplifying previous equation
[image: ][image: ]		(61)
The right side of equation 3.65 is the first derivation of the SoC(t), so the instantaneous SoC can be obtained by integration as shown below
[image: ][image: ]							 							(62)
Where t is the interval time response of the simulations.

2.6	Modelling of Pv array tilt angle
The components of incident global solar radiation on a tilted surface can be expressed by
[image: ][image: ]			(63)
Where GTLT, DTLT, BTLT, and RTLT are global, direct (beam), diffuse and reflected solar energy on tilt surface. However, equation 3.70 can be rewritten as
[image: ][image: ]			(64)
Where G and D are the global and diffuse solar energy on horizontal surface.
Meanwhile, RB, RD, and RR are coefficients and ꝭ is the ground albedo. RB is the ratio between global solar energy on a horizontal surface and global solar energy on a tilt surface RD is the ratio between diffuse solar energy on a horizontal surface and diffuse solar energy on a tilt surface, RR is the amount of reflected solar energy on a tilt surface.
Calculating RB
[image: ][image: ]								(65)
The surface in the southern hemisphere slopes toward the equator. The RD is given by
[image: ][image: ]							(66)
Where LAT is the latitude of the location and TLT is the tilt angles. DEC and Wss are the angles of declination and sunshine hour angle respectively. DEC is given by
[image: ][image: ]				                           		 (67)
While Wss is given by
[image: ][image: ]								(68)
The equation for RR is given by
[image: ][image: ]											(69)
[image: ][image: ]											(70)
Meanwhile, other formulas for RD are 
[image: ][image: ]										(71)
Using equation 3.78, RD can be calculated as
[image: ][image: ]										(72)
RD is defined as
[image: ][image: ]				(73)
By considering the anisotropy property on the RD can be defined as 
[image: ][image: ]								(74)
A more complex equation of RD is
[image: ][image: ].						(75)
	The equation for calculating RD is
[image: ][image: ]							(76)



Fig.5.: DC – AC three-phase inverter circuit
The fundamental frequency (50Hz) phase-to-neutral voltage is
[image: ]		[1, 5, 19]								(77)
3.0	Modelling of Wind Turbine
Power Equation
The power extracted from the wind is given by:
[bookmark: _Hlk212720977]P = (1/2) * ρ * A * v^3 * Cp			(78)
Where P = power output,  ρ = air density, A = swept area of the rotor, v = wind speed, Cp = power coefficient
Torque Equation
The torque produced by the wind turbine is given by:
T = (1/2) * ρ * A * v^2 * Ct * R			(79)
Where: T = torque, Ct = thrust coefficient, R = rotor radius
Power Coefficient (Cp)
The power coefficient is a measure of the turbine's efficiency:
Cp = P / (1/2 * ρ * A * v^3)			(80)
Tip-Speed Ratio (λ)
The tip-speed ratio is the ratio of the blade tip speed to the wind speed:
λ = ω * R / v					(81)
Where ω = angular velocity of the rotor
Dynamic Equations
The dynamic behavior of the wind turbine can be modeled using equations of motion:
J * dω/dt = T - Tload				(82)
Where:
 J = moment of inertia of the rotor,  Tload = load torque



[image: ]
Fig.6.: Graph of Etap model of the network with hybrid PV solar and Wind power with grid network.
4.0 
5.0 RESULTS AND DISCUSSION
Figure 6. was used to generate the results, which are shown in Tables 1., 2., and 3.. Fig. 7. shows the voltages against bus simulation graph. outcomes of the hybrid network concept (wind and solar PV). In terms of increased generation and energy availability, it displays the network's advancements. Lower voltages are experienced by some buses (such as ALAOJI T.S, Gamo, IKOT ABASI, and OKEARO), which may indicate locations with higher demand or those that are farther from generating stations. The greater voltages experienced by other buses (such as ALAIJA, Bus23, LEKKI, and YENOGOA) may be caused by their close proximity to renewable energy sources or by a lower local load. When evaluating voltage stability and identifying busses that could need strengthening or voltage management, the graph is helpful.
TABLE 1.: SIMULATION OF THE 52 BUS NETWORK

There are noticeable variations in the voltage profile across different buses in the simulated power network using hybrid renewable energy sources (wind and solar PV). Although most bus voltages stay within a reasonable range around the stated 100%, certain buses show notable variations. A number of buses, including ALAOJI T.S., IKOT ABASI, and OKEARO, exhibit undervoltage, with values that are close to or fall below 97%. These might be signs of poor network connectivity or strong local demand. Buses like ALADJA, Bus23, and YENOGOA exhibit overvoltage circumstances, with voltages exceeding 105%, which may cause connected equipment to be overstressed.
The variance in voltages across the network illustrates the impact of intermittent renewable energy, especially where municipal generation is not matched with suitable management techniques or reactive power compensation. The long-term economic benefits of hybrid solar and wind systems, such as low operating costs, energy security, grid dependability, and environmental benefits, make them an affordable option for sustainable power growth, even though the initial investment may be high. Strategic policy support and investment in grid infrastructure are crucial to fully achieving these economic gains.



	BUS ID
	%MAG
	ANG
	BUS ID
	%MAG
	ANG
	BUS ID
	%MAG
	ANG

	AES
	99.068
	-5.7
	GEREGU
	99.865
	-2.0
	OSHOGBO
	99.903
	-1.9

	AFAM
	99.800
	-0.6
	GOMBE
	99.310
	6.6
	OWERRI
	99.072
	-4.7

	AJA
	98.761
	1.1
	GWAGWALADA
	99.272
	-3.9
	PAPALANTO
	100.007
	-1.4

	AJAKUTA
	99.859
	-2.0
	IKEJA WEST
	99.957
	-1.3
	PORT HARCOURT
	99.710
	-0.6

	AJAKUTA2
	99.876
	-2.3
	IKOT ABASI
	99.815
	-0.6
	SAKETE
	99.963
	-1.3

	AKANKPA
	99.963
	-1.3
	IKOT EKPENE
	99.809
	-0.6
	SAPELLE
	100.026
	-1.8

	ALADE
	99.053
	-4.0
	JALINGO
	99.187
	-16.1
	SHIHIRO
	99.216
	-4.0

	ALADJA
	99.893
	-1.9
	JEBBA
	99.566
	-3.9
	YOLA
	98.906
	-14.8

	ALAGBON
	97.550
	2.3
	JOS
	97.869
	-4.5
	OSHOGBO
	99.903
	-1.9

	ALAHDE
	99.961
	-1.6
	KADUNA
	98.888
	-4.1
	OWERRI
	99.072
	-4.7

	ALAOJI
	99.865
	-0.6
	KANJI
	99.699
	-4.2
	PAPALANTO
	100.007
	-1.4

	BENIN
	99.950
	-1.6
	KANO
	104.480
	45.8
	PORT HARCOURT
	99.710
	-0.6

	BENIN KEBBI
	100.041
	-7.7
	KATEMPE
	99.317
	-3.7
	SAKETE
	99.963
	-1.3

	BININ NORTH
	99.884
	-1.7
	LOKOJA
	99.751
	-2.4
	SAPELLE
	100.026
	-1.8

	Bus13
	101.355
	-6.0
	MADUGURI
	98.918
	-6.3
	SHIHIRO
	99.216
	-4.0

	CALABAR
	99.795
	-0.6
	MARKUDI
	98.466
	-4.3
	YOLA
	98.906
	-14.8

	DAMATURU
	99.103
	-6.2
	NEW HEAVEN 1
	99.631
	-3.7

	DELTA
	99.959
	-1.7
	NEW HEAVEN 2
	99.807
	-3.0

	egbema
	99.030
	-5.2
	OKPAI
	99.927
	0.0

	*EGBIN
	330.000
	
	Omoku
	98.940
	-5.3

	EYEAN
	99.990
	-1.9
	OMOTOSHO
	99.959
	-1.4

	GANMO
	99.677
	-2.9
	ONITSHA
	103.114
	-3.7












		

	BUS ID
	%MAG
	ANG
	BUS NO.
	BUS ID
	%MAG
	ANG
	BUS ID
	%MAG
	ANG

	AES
	103.060
	-3.7
	
	GEREGU
	99.911
	-2.0
	OSHOGBO
	99.903
	-1.9

	AFAM
	98.200
	-0.3
	
	GOMBE
	99.322
	16.6
	OWERRI
	99.072
	-1.7

	AJA
	100.761
	2.8
	
	GWAGWALADA
	100.272
	-3.9
	PAPALANTO
	100.007
	-1.4

	AJAKUTA
	101.259
	-2.0
	
	IKEJA WEST
	101.757
	-1.3
	PORT HARCOURT
	99.710
	-0.6

	AJAKUTA2
	99.356
	-2.3
	
	IKOT ABASI
	99.995
	-0.6
	SAKETE
	96.663
	-1.3

	AKANKPA
	99.993
	-1.3
	
	IKOT EKPENE
	99.809
	-0.6
	SAPELLE
	102.026
	-1.8

	ALADE
	97.053
	-4.0
	
	JALINGO
	99.187
	-16.1
	SHIHIRO
	99.216
	-4.0

	ALADJA
	99.993
	-1.5
	
	JEBBA
	99.266
	-3.9
	YOLA
	98.906
	-12.6

	ALAGBON
	98.550
	1.4
	
	JOS
	97.163
	-4.5
	OSHOGBO
	100.103
	-1.3

	ALAHDE
	99.969
	-1.6
	
	KADUNA
	99.668
	-4.1
	OWERRI
	99.072
	-2.8

	ALAOJI
	99.865
	-0.4
	
	KANJI
	99.331
	-4.2
	PAPALANTO
	100.007
	-1.4

	BENIN
	99.950
	-1.2
	
	KANO
	103.900
	35.8
	PORT HARCOURT
	99.710
	-0.6

	BENIN KEBBI
	101.041
	-3.3
	
	KATEMPE
	99.317
	-3.7
	SAKETE
	98.963
	-1.3

	BININ NORTH
	99.884
	-1.7
	
	LOKOJA
	99.751
	-2.4
	SAPELLE
	100.076
	-1.6

	Bus13
	104.355
	-4.0
	
	MADUGURI
	98.918
	-4.3
	SHIHIRO
	98.162
	-3.0

	CALABAR
	99.795
	-0.6
	
	MARKUDI
	98.116
	-4.3
	YOLA
	105.00
	-12.8

	DAMATURU
	99.103
	-7.2
	
	NEW HEAVEN 1
	99.316
	-3.7

	DELTA
	102.959
	-1.1
	
	NEW HEAVEN 2
	99.207
	-3.0

	egbema
	98.130
	-2.2
	
	OKPAI
	104.971
	0.0

	*EGBIN
	330.000
	
	
	Omoku
	98.640
	-5.3

	EYEAN
	99.995
	-1.4
	
	OMOTOSHO
	99.339
	-1.4

	GANMO
	99.977
	-2.1
	
	ONITSHA
	103.112
	-3.7




Fig.7.: Graph of Voltages against Buses Simulation Results of the network model with Hybrid (Solar Pv & Wind)
TABLE 2: CASE 1, SIMULATION OF THE 52 BUS NETWORK WITH WIND AND SOLAR PV

Table 3.: Branch Results of the Grid network with Hybrid (Solar Pv & Wind)
	From Bus
	To Bus
	kW Flow
	kvar Flow
	Amp Flow
	% PF
	% Voltage Drop
	KW Losses
	kvar Losses

	kno
	damaturu
	18587.3
	-39918.8
	77.53
	-42.21
	6.36
	27567.3
	744.3

	kaduna
	shiroro
	497475
	287726
	1010
	86.56
	155
	1811479
	-1671258

	kebbi
	KANJI
	14539.1
	-95972.9
	182.1
	-14.98
	7.26
	4135.7
	-102422

	KANJI
	jebba
	266945
	-212247
	581
	-78.27
	11.1
	196206
	40122.7

	kno
	kaduna
	35904.6
	-45753.5
	102.2
	-61.73
	0.24
	727
	-9983.7

	shiroro
	jebba
	1973440
	-928183
	3715
	-90.49
	451.3
	10388315
	3808744

	kaduna
	jos
	44183.2
	92124.4
	226.4
	43.24
	24.3
	21813.3
	-39717.7

	gombe
	jos
	95546.7
	-147694
	389.8
	-54.32
	11.53
	97178.1
	-8166.7

	damaturu
	gombe
	3553.1
	-77125.2
	152.2
	-4.6
	6.16
	6320.6
	-39823.8

	marduguru
	damaturu
	5609.3
	-75565.3
	141.1
	-7.4
	5.45
	4275
	-75701.1

	yola
	gombe
	4245.3
	-61919.5
	122.4
	-6.84
	4.36
	2936.1
	-62146.3

	jos
	makurdi
	365657
	-150642
	620.4
	-92.46
	38.38
	314027
	82783.8

	jebba
	osogbo
	84528
	-1399268
	1168
	-6.03
	126.4
	116000
	-1835994

	jebba
	ganmo
	511726
	-1146850
	2139
	-40.75
	47.57
	989804
	497039

	ganmo
	osogbo
	469632
	1630048
	2074
	27.68
	78.83
	858082
	393488

	osogbo
	IKEJA WEST
	2734889
	2463341
	3067
	74.3
	42.29
	587576
	239635

	osogbo
	AYEDE
	502432
	526372
	606.4
	69.05
	45.6
	113498
	-178114

	AYEDE
	IKEJA WEST
	3594976
	1600601
	2801
	91.35
	3.31
	39648.4
	18148.3

	IKEJA WEST
	SAKETE
	63868.6
	25551.9
	49.07
	92.85
	0.66
	143.5
	-48737.1

	IKEJA WEST
	AKANGBA
	391038
	197196
	311.7
	89.29
	3.94
	5277.9
	-38071.6

	EGBIN G.S
	AJA
	1114305
	512154
	861.9
	90.86
	8.6
	32319.6
	-17573.6

	LEKKI
	ALAGBON
	178728
	115419
	145.6
	84.01
	2.31
	1377.7
	-56755.5

	AJA
	ALAGBON
	100234
	108534
	100.9
	67.85
	1.57
	609.1
	-62846.4

	AJA
	LEKKI
	116717
	21283.1
	81.2
	98.38
	0.74
	281.1
	-33602

	IKEJA WEST
	OKEARO
	49762.9
	100332
	79.7
	44.43
	1.19
	339.6
	-71281

	EGBIN G.S
	OKEARO
	132756
	61456.9
	103.7
	90.75
	2.47
	1078.2
	-85404.3

	Bus11
	KATEMPE
	1364628
	-1184781
	1097
	-75.51
	58.25
	474079
	-98048.6

	Bus11
	GWAGWALADA
	1415635
	-1199577
	1120
	-76.29
	61.39
	497188
	-87801.7

	LOKOJA
	GWAGWALADA
	415429
	-1729079
	1074
	-23.36
	131.2
	474810
	-1849950

	GWAGWALADA
	KATEMPE
	3458321
	-1449160
	2264
	-92.23
	3.14
	25916.6
	9595

	LOKOJA
	AJAOKUTA
	61401.2
	-122627
	497.7
	-44.77
	0.15
	3882.7
	1712.4

	Bus9
	BENIN
	80165.3
	-450899
	878.9
	-17.5
	68.54
	414610
	86410.6

	BENIN
	EGBIN G.S
	352846
	715575
	934.8
	44.23
	117.4
	485636
	-108061

	BENIN
	OMOTOSHO
	215944
	592371
	738.7
	34.25
	50.06
	180311
	-17694.3

	OMOTOSHO
	IKEJA WEST
	402403
	577367
	642
	57.18
	63.69
	165096
	-162753

	BENIN
	IHOVBOR
	856483
	1916714
	2460
	40.8
	42.19
	527941
	258226

	osogbo
	IHOVBOR
	1232008
	2096635
	2298
	50.66
	29.27
	345177
	133116

	sapelle TS
	ALADJA
	79909.2
	512329
	573.1
	15.41
	13.92
	58870.6
	-24071.6

	Bus13
	ALADJA
	199809
	-127015
	257.7
	-84.39
	2.43
	5925.1
	-21493.7

	EGBIN G.S
	IKORODU
	103363
	145950
	125.7
	57.79
	1.4
	748.8
	-35432

	AES
	EGBIN G.S
	145232
	172604
	158.5
	64.38
	4.6
	2692.8
	-115919

	IKORODU
	SHAGAMU
	46282.1
	-56484.5
	51.08
	-63.38
	0.54
	124.8
	-74152.6

	UGWUAJI
	makurdi
	339333
	-158045
	566.3
	-90.65
	4.13
	19962.2
	2393.5

	UGWUAJI
	NEW HEAVEN
	579001
	-38920.7
	855.8
	-99.77
	2.98
	15192.4
	5238.6

	NEW HEAVEN
	ONITSHA
	564822
	-45412.9
	683.1
	-99.68
	26.51
	111168
	18608.2

	ONITSHA
	BENIN
	26937.7
	81971.2
	104
	31.22
	4.93
	1234.8
	-95354.5

	BENIN
	ASABA
	1176039
	1692180
	2451
	57.07
	2.2
	30370.2
	15184.4

	ONITSHA
	ASABA
	1141987
	1331900
	2115
	65.09
	1.98
	22619.2
	11049.3

	ONITSHA
	Bus15
	518564
	-1183291
	1783
	-40.14
	18.36
	548021
	261182

	ONITSHA
	ALAOJI T.S
	360013
	-23689.5
	677.6
	-99.78
	51.98
	201108
	41838.2

	ALAOJI T.S
	OWERRI
	601227
	-46746
	1133
	-99.7
	30.38
	221162
	91904.6

	OWERRI
	AHOADA
	355000
	-149195
	1073
	-92.19
	6.8
	64973.3
	32924.4

	Bus18
	YENOGOA
	81562.1
	26288.5
	297.9
	95.18
	3.81
	5270.3
	1166.6

	IKOT EKPENE
	ALAOJI T.S
	90557.3
	-55585.3
	194.6
	-85.23
	2.36
	4287.1
	-8630.5

	UGWUAJI
	IKOT EKPENE
	138978
	122168
	338.9
	75.11
	20.14
	27880.7
	-30680.6

	ALAOJI T.S
	ABA
	35561
	52979.7
	119.8
	55.73
	7.21
	3535.5
	-36908.9

	ITU
	ABA
	23400.5
	20785.6
	54.56
	74.76
	2.64
	583.9
	-36466.3

	ITU
	EKET
	5281.4
	40213.2
	68.89
	13.02
	1.49
	337
	-47367.6

	Line62~
	IKOT ABASI
	9130.9
	-8245.7
	22.02
	-74.22
	0.12
	19.78
	-6309.6

	IKOT EKPENE
	IKOT ABASI
	56570.8
	8160.3
	104.7
	98.98
	2.22
	1285
	-10782.1

	IKOT EKPENE
	AFAM
	46063.7
	166522
	336
	26.66
	5.56
	8215.3
	-39613.7

	Bus17
	AFAM
	55081.3
	-232094
	463.9
	-23.09
	1.67
	16393.6
	176.1

	IKOT EKPENE
	ODUKPANI TS
	48597.9
	59290.3
	147.7
	63.39
	4.7
	3396.4
	-14460.9

	Bus20
	ADIABO TS
	140308
	82942.5
	278.8
	86.08
	3.11
	3707.7
	-29663.1

	ITU
	ADIABO TS
	26240.2
	-79650.3
	143.4
	-31.29
	0.72
	2968.7
	-18161.3

	AFAM
	Bus23
	93454.4
	-337274
	721.9
	-26.7
	5.14
	69737.8
	20632

	Bus23
	PH MAIN TS
	375207
	-249650
	779.1
	-83.25
	16.38
	275597
	80718.6

	BENIN
	Bus7
	247460
	-406313
	552.9
	-52.02
	1.43
	44517.1
	-20276.7

	BENIN
	Bus12
	41107.3
	-451769
	594.7
	-9.06
	18.71
	101302
	-30994.8

	KANJI
	Bus4
	45953
	-162824
	296
	-27.16
	0.06
	2.19
	98.54

	Bus8
	jebba
	699103
	-693357
	3125
	-71
	0.23
	61.02
	2745.9

	Bus11
	shiroro
	13004264
	4984159
	9305
	93.38
	3.74
	5410.5
	243471

	EGBIN G.S
	IKEJA WEST
	109593
	1715925
	1208
	6.37
	3.66
	476.9
	21459.8

	AJAOKUTA
	Bus9
	88667.2
	-182696
	389.7
	-43.66
	1.38
	65.27
	2937.1

	Bus7
	sapelle TS
	266786
	480060
	638.3
	48.58
	5.2
	365.6
	18280.3

	Bus12
	Bus13
	168927
	-341746
	415
	-44.31
	3.45
	205.6
	9250.6

	Bus14
	AJAOKUTA
	37780.3
	-55810.8
	2444
	-56.06
	0.09
	1.47
	66.29

	Bus15
	OKPAI T.S
	126281
	-301313
	448.5
	-38.65
	0.68
	38.1
	1905.2

	ALAOJI T.S
	Bus17
	18532.8
	-285471
	537.3
	-6.48
	1.53
	104.8
	4714

	AHOADA
	Bus18
	38857.3
	-96306.6
	324.6
	-37.42
	0.61
	27.32
	1229.2

	ODUKPANI TS
	Bus20
	234896
	76404.3
	475.9
	95.1
	14.58
	89.65
	4034.2

	PH MAIN TS
	Bus24
	19965.3
	-2455
	26.08
	-99.25
	0.02
	1.1
	49.35

	PH MAIN TS
	Bus25
	73805.2
	-60683.8
	165.1
	-77.24
	0.02
	130.1
	195.1



5.0	CONCLUSION
Energy plays a critical role in the economy of any Nation, and enhance her prosperity and development. A Country like Nigeria that is naturally blessed with diverse natural resources located in different Geographical zones such as abundant sun (solar) and wind, and with the current surge in population, there is need to boost the Generation capacity of the current National Grid by adding a Hybrid energy system (Solar PV, Wind) into the present Grid Network. Hybrid energy system helps the present Grid Network by increasing the capacity of energy generated and providing constant energy to the dense population of Nigeria with diverse economic activities, hence guaranteeing energy stability, reliability and security. The increment of Solar PV and Wind energy (Hybrid energy system) in Nigeria helps in reducing Carbon emissions drastically making Nigeria to fulfill her international pledge of Carbon reduction with this shift towards renewable energy sources, and also significant reduction in maintenance cost, hence saving funds for other Infrastructural developments for the benefits of Nigerian citizens. The constant power blackout and outages have brought hardship to Nigerians and can be reduced drastically with the use of solar and wind (Hybrid energy system). Increased energy reliability and sustainability is crucial for economic expansion and continuous development, employment opportunities in different sectors of the economy such as manufacturing, operations and maintenance are facilitated by the development and installation of solar and wind (Hybrid and wind energy system) infrastructure. This helps in reducing unemployment situation and brings about the much-anticipated economic development of the Nation. The economy of Nigeria can be more diverse with the help of renewable energy sources. Effective energy storage policies are needed to manage the erratic nature of renewable energy sources (solar and wind) by constructing energy storage facilities, which will be crucial for energy preservation and a steady supply of electricity.
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