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Abstract 
The government has main concerns to provide the electricity 24/7 for each household in village across the country by 2020. To fulfill the 

demand for village electrification renewable energy sources are major focus. The isolated hybrid microgrid is playing the vital role for 

village electrification solution in India. The major sources for isolated hybrid microgrid are solar, bio-mass and wind energy for village 

electrification. In isolated microgrid, major challenges are reliability of system to fulfill the electricity demand in village 24/7 from renew-

able energy sources. In this work, a technical study carried out for load flow study of isolated PV hybrid microgrid for unbalance local 

distribution network in village. The study carried out by simulation approach with NR iterative method to analyze the unbalance load 

demand, load flow study, voltage profile, angle, THD% and power factor of isolated hybrid microgrid.  
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1. Introduction 

Driven by economical, clean energy sources and technical incen-

tives, the implementation of PV microgrid for distribution network 

close to the load is emerging as a complementary infrastructure over 

the traditional distribution system for village electrification [1].  So-

lar energy is an essential part of the global agenda for sustainable 

development for any country, which are struggling with depleting 

fossil fuel reserves for growing energy demand and impact of cli-

mate changes. The government of India also supporting solar power 

for future demands of electricity in grid connected or OFF grid 

mode.  Solar PV grid has become a promising alternative source for 

electrical demand in India due to its advantages: abundance, pollu-

tion free and renewability [2]. In India many remote villages or 

communities, do not have interconnection with power grid, due to 

economic and technical constraints. These villages are managing 

their daily energy requirements independently mainly from fossil 

fuels. For improving the life hood in villages, government of India 

introduce many programs like improvement of health, education, 

transportation and electricity [3]. The isolated PV microgrid is fu-

ture step for improving the reliability and quality of the power dis-

tribution system in the village. The microgrid is an interconnection 

with loads and distribution Energy sources such as PV DG or En-

ergy storage system with controllable loads within local electrical 

boundary, which act as a single controllable unit [3].  For improve-

ment of reliability and quality of local distribution system, the im-

pact of village load, demand response, network losses, voltage pro-

file are the major parameters. The study considering on aggregated 

load profile in power flow analysis problem. The load flow analysis 

is an essential tool for the efficient operation and control of isolated 

Hybrid microgrid [4]. In this paper, we analyze the power flow of 

isolated microgrid with PV and DG with connected load   with 

Newton Raphson iteration method in SKM tool of sequential power 

flow program for verifying various distribution parameters of the 

network.  The paper is organized as follows: Section-2 Model of 

isolated Hybrid microgrid with distribution connection, Section - 3    

discuss the load flow solution for isolated Hybrid microgrid, Sec-

tion-4 present and describe the simulation results, finally in Section-

5 highlights the main conclusion and contribution of paper.        

2. Model of Isolated Hybrid Microgrid With 

Distribution Connection  

The Hybrid isolated microgrid consist of PV power plant and Bio-

mass based DG set connected to load via power flow control with 

common bus as shown in Figure-1. 

 

Figure-1 Line diagram of isolated Hybrid microgrid 

 The balance equations for hybrid isolated microgrid are        

 

𝑷𝒑𝒗 + 𝑷𝑮 = 𝑷𝑳               (1) 

 

Where 𝑃𝑝𝑣 is power production from solar PV power plant and 𝑃𝐺   

power generation from Bio-mass based DG Set.  The 𝑃𝐿   repre-

sented to total load demand which is unidirectional [5]. Total load 

demand is depends on three phase unbalanced load connected to 

distribution unit. From distribution unit single phase unbalance 
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supply are connected to each household.  The three phase unbalance 

connection for distribution units are shown in Figure-2.   

 
Figure-2 Three phase unbalance line for Distribution  

The line parameters for distribution for village electrification can 

be obtained by method developed by Carson and Lewis. The self 

and mutual coupling of 3phase unbalanced distribution line can be 

expressed as[6]  

[𝒁𝒓𝒚𝒃𝒏] =

[
 
 
 
 
𝒁𝒓𝒓 𝒁𝒓𝒚 𝒁𝒓𝒃 𝒁𝒓𝒏

𝒁𝒚𝒓 𝒁𝒚𝒚 𝒁𝒚𝒃 𝒁𝒚𝒏

𝒁𝒃𝒓 𝒁𝒃𝒚 𝒁𝒃𝒃 𝒁𝒃𝒏

𝒁𝒏𝒓 𝒁𝒏𝒚 𝒁𝒏𝒃 𝒁𝒏𝒏]
 
 
 
 

            (2) 

Include the effects of neutral or ground  

[𝒁𝒓𝒚𝒃] =  [

𝒁𝒓𝒓−𝒏 𝒁𝒓𝒚−𝒏 𝒁𝒓𝒃−𝒏

𝒁𝒚𝒓−𝒏  𝒁𝒚𝒚−𝒏 𝒁𝒚𝒃−𝒏

𝒁𝒃𝒓−𝒏  𝒁𝒃𝒚−𝒏   𝒁𝒃𝒃−𝒏

]           (3)  

The relation between voltage and branch current in distribution unit 

are  

[

𝑉𝑟
𝑉𝑦
𝑉𝑏

]=[

𝑉𝑅

𝑉𝑌

𝑉𝐵

] − [

𝒁𝒓𝒓−𝒏 𝒁𝒓𝒚−𝒏 𝒁𝒓𝒃−𝒏

𝒁𝒚𝒓−𝒏  𝒁𝒚𝒚−𝒏 𝒁𝒚𝒃−𝒏

𝒁𝒃𝒓−𝒏  𝒁𝒃𝒚−𝒏   𝒁𝒃𝒃−𝒏

] [

𝐼𝑅𝑟

𝐼𝑌𝑦

𝐼𝐵𝑏

]          (4) 

In distribution line any phase failed to present, the corresponding 

row and column in equation 4 matrix will contain null entries [6].  

 

3. Load Flow Solution for Isolated Hybrid Mi-

crogrid  

Load flow is used to determine the static performance of isolated 

Hybrid microgrid with distribution system. A load flow study uses 

simplified notation of distribution system such as one line diagram, 

voltage drop, load flow current, per unit voltage, power factor, real 

power and reactive power [7]. The Newton Raphson(NR) Exact it-

erative method is very well known algorithm for load flow or power 

flow solution in power system. The NR based power flow algo-

rithms have a common system equation for solving power flow or 

load flow problem with iterative step. The Generalized minimal re-

sidual (GMRES) and Conjugate Gradients (CG) algorithms are im-

plement for solution, where error decreases from one iteration to the 

next and the exact solution is obtained within a given maximum 

number of iterations [8].  

Consider a system equation   

 

𝒇(𝒙) = 𝟎             (5) 

 

Consider an equation for fixed point iteration method  

 

𝒙 = 𝒈(𝒙)             (6) 

 

In equation (6) the fixed point 𝒈 is a solution of equation (5) 

Algorithm  

1. Start from any point 𝒙𝟎  

2. Consider the recursive process  

 𝒙𝒏+𝟏 = 𝒈(𝒙𝒏), 𝒏 = 𝟎, 𝟏, 𝟐, 𝟑 …… .. 
3. If 𝒇 is continuous and (𝒙𝒏) Converges to some 𝑰𝟎 

4. Than it is clear that  𝑰𝟎 is a fixed point of 𝒈 

5. (𝒙𝒏) Can be considering as an approximate solution of 

the equation.  

In this paper, the isolated hybrid microgrid has distribution loads 

and sources, which are assumed to be equivalent injected power in 

power or load flow analysis. Here 𝑃𝑛
(𝑘)𝑠𝑝𝑒𝑐

 and 𝑄𝑛
(𝑘)𝑠𝑝𝑒𝑐

 represent 

the equivalent active and reactive power injection of the bus and 

𝑃𝑛
(𝑘)𝑐𝑎𝑙

 and 𝑄𝑛
(𝑘)𝑐𝑎𝑙

 are calculated values of the injected active and 

reactive power of the bus [9].  

The resultant Active Power  

∆𝑷𝒏
(𝒌)

= 𝑷𝒏
(𝒌)𝒔𝒑𝒆𝒄

− 𝑷𝒏
(𝒌)𝒄𝒂𝒍

              (6) 

The Reactive Power  

∆𝑸𝒏
(𝒌)

= 𝑸𝒏
(𝒌)𝒔𝒑𝒆𝒄

− 𝑸𝒏
(𝒌)𝒄𝒂𝒍

              (7) 

Here 𝑷𝒏
(𝒌)𝒄𝒂𝒍

= ∑ |𝑽𝒏
(𝒌)

|𝒏
𝒊=𝟏  |𝑽𝒊

(𝒌)
| |𝒀𝒏𝒊| 𝐜𝐨𝐬(𝜽𝒏𝒊 + 𝜹𝒊

(𝒌)
− 𝜹°

(𝒌)
) (8) 

𝑸𝒏
(𝒌)𝒄𝒂𝒍

= −∑ |𝑽𝒏
(𝒌)

|𝒏
𝒊=𝟏  |𝑽𝒊

(𝒌)
|  |𝒀𝒏𝒊| 𝐬𝐢𝐧(𝜽𝒏𝒊 + 𝜹𝒊

(𝒌)
− 𝜹°

(𝒌)
)        (9) 

 

4. Simulation Results and Discussion 
 

The loads from village vary their demand for reactive power alt-

hough they differ widely in their range and rate of variation. The 

voltage variation is due to the imbalance load demand in the iso-

lated hybrid microgrid. If the generated reactive power is more than 

demand in distribution system, than voltage levels on each Bus im-

prove. On other hand if the generated reactive power from solar and 

bio-mass is less than the demand in distribution system, than volt-

age drop will be more in the Buses [10]. In isolated hybrid mi-

crogrid variation in load demand for reactive power causes varia-

tion in the voltage drop in each Bus as shown in Table-1.   

 
 

Figure-3 Per Unit voltage on each Bus Bar  

Table-1 Load Flow parameters for isolated Hybrid Microgrid  
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In this paper NR iteration Method was applied to solve the load flow 

of the isolated hybrid microgrid for village electrification, which 

contain solar (PV) power plant and bio-mass based DG genset as an 

energy sources for fulfill the demand of electricity 24/7 in the vil-

lage. The three phase unbalanced supply is distributed to village,  

each household connect single phase supply and common loads of 

village like water supply are connected to three phase supply.  The 

load flow or power flow analysis conduct in SKM simulation tool 

for per unit voltage as shown in Figure-3, voltage drop as shown in 

Figure-4 , Angle degree as shown in figure-5 and fault current SLG 

& LL as shown in Figure-6 & Figure-7 THD % at each Bus in 32 

buses distribution system.  

 

 
Figure-4 Voltage Drop on each Bus 

 

 
Figure-5 Angle Degree on each Bus 

 

 

Figure-6 Fault Current on each Bus 

 

Figure-7 THD % on each bus 

 

5. Conclusion 
 

The load flow analysis for isolated hybrid microgrid carry out with 

NR iteration Method for radial distribution Network for village 

electrification with SKM tool. By using the iteration method volt-

age drop, voltage magnitude, losses on each bus are calculated. The 

iteration method has fast coverage ability. The results for 32 Buses 

have been tabulated and shown in figures. It was found that isolated 

hybrid microgrid is suitable for village electrification to fulfill the 

electric demand in 24/7 from the non- convention energy sources.    
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