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Abstract- Electricity is essential for accelerating the economic 

development of any country and is also taken as an important 

input to improve quality of life. Micro hydro power plants are 

very much successful for rural electrification in Nepal as 

compared to other countries in the world. Till 2018, more than 

3000 MHPs aggregating to 35 MW of generation capacity have 

been developed in Nepal. It cost about NPR17-25 per kWh for 

Nepal Electricity Authority (NEA)’s grid to deliver electricity in 

the rural hilly areas (depending on the distance) whereas it cost 

about 9-15 per KWH via a 50-100 KW MHP that is connected to 

the grid. So, In Nepal, it is more economically feasible for 

interconnected the existing isolated mini grid Or MHPs to the 

Local Distribution grid. Mini-Grids are electricity distribution 

systems containing loads & distributed energy resources within 

clearly defined electrical boundaries acting as a single 

controllable entity with respect to the utility grid that can be 

operated in a controlled and coordinated way to operate in both 

grid connected or island mode. This paper presents the impacts of 

installing mini-grid on a distribution grid. The work is focused on 

analyzing the impact of mini-grid installation on distribution grid 

operation including voltage analysis and power losses of the 

system. Different DG penetration levels, locations and the impacts 

of installing one large-scale DG on the main distribution line and 

distributing it several locations on voltage profile and losses are 

explored.  

The research involves several case studies that explore the 

impacts of installing distributed generation (DG) on a distribution 

network operation including the voltage profile and losses of the 

system. Water Turbine Generators are introduced as Distributed 

Generators (DGs) at various nodes and the impacts that DG 

produces on power losses and voltage profile is studied. Simulated 

results obtained using load flow are presented and discussed. 

  

Keywords – Voltage Profile, Losses, Local Distribution Network, 
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I. INTRODUCTION 

 

Electricity plays a key role in the modern society because of its 

versatility with respect to the input-energy form. Electric 

power in the form of synchronized alternating current is 

generated by generating plants, and delivered to users as per 

requirements. The electricity travels at about the speed of light 

and is consumed within a fraction of a second after it is 

generated [18]. Nowadays electricity generation from Small, 

Mini and Micro hydropower plants is becoming popular. In 

many remote hilly areas these power plants are generating 

power in isolated mode i.e., not grid connected, and supplying 

power in local areas due to unavailability of Distribution 

Grid[8]. In case of shut down of plant, power supply to those 

areas is affected. Hence to increase the reliability of the power 

supply to such areas, Mini Grid can be very effective solution 

[5]. 

The analysis by AEPC shows that the percentage of population 

having access of electricity till date is 87.55% indicating 

12.45% population deprived of access to electricity. Rural 

electrification serves 9.75% (Solar 6.25% and Micro hydro 

3.5%) of the population while NEA grid serves 77.8% [1]. 

Nepal is known for its successful rural electrification efforts 

through community owned and managed standalone MHP that 

have helped transform a large part of its remote and hilly 

districts [12]. Nepal’s green energy, which totals more than 36 

MW today, has not only brought electricity to more than 

350,000 families in remote areas away from the grid, it has 

created an environment conducive for new economic activities, 

relieved people of drudgeries, improved their health and 

helped better children’s education[9]. 

The adoption of renewable energy has been increasing in a 

very encouraging way all over the world [7]. The lack of 

productive activities in the rural areas have also resulted in 

underutilization of the mini grid or MHPs. During under-

utilization, the loss of energy can be as high as 72%. 

Connecting to the   Local distribution grid help to divert this 

extra energy via the Local distribution grid & reduce losses. 

Likewise, during under production, mini grid or MHPs can 

also receive power from the Local distribution grid.  

Load shedding of Nepal is being managed by significant 

import of electricity from India, thus increasing the trade 

deficit of Nepal [11]. 

Electrification in rural areas by grid extension seems 

particularly unfeasible in the country because of high 

transmission/distribution cost, low consumption per household 

and less number of consumers/sparse load [6].If isolated mini 

grids will be connected to the Local distribution grid, they 

could feed surplus electricity to the Local distribution grid and 

receive deficit energy from the Local distribution grid   [16]. 

The government policy for off grid/no connection regarding 

national electrification plan needs to be revised and rethought 

for future development and growth of this sector [9].The 
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existing mini grid power will contribute to stabilize the weak 

national grid that will serve to the rural villages [16]. 

One of the greatest and the most obvious problem that Nepal 

and the other developing countries are facing today is the 

increasing demand of electricity and its poor supply [15]. The 

rising gap between demand and supply of electricity is the 

major factor of concern to developing countries like Nepal. At 

the same time, customers often suffer from poor power 

quality such as variations in voltage or electrical flow that 

results from a variety of factors, including poor switching 

operations in the network, voltage dips, interruptions, 

transients, and network disturbances from loads [14]. The DG 

can be placed at several locations depending upon the network 

to address these issues. Overall, DG proponents highlight the 

inefficiency of the existing large-scale electrical transmission 

and distribution network [10]. Properly coordinated DG can 

improve the voltage profile of the system and enhance the 

power system stability. Placing the DG at optimal location 

can reduce the losses on the feeder. With the growing use of 

DG, [12] it is critical to study its impacts on the distribution 

system operation. 

The power system is prone to failures and disturbances due 

to weather related issues, accidents, human errors [14] [15]. 

Having the DG as a backup source ensures the reliability of 

power supply which is critical to business and industry. The 

overall reliability of the system can be improved. One of the 

main advantages of DG is their close proximity to the 

customer loads they are serving [12]. DG can play an 

important role in improving the reliability of the current grid, 

reducing the losses, providing voltage support and improving 

power quality [15]. The major obstacle for the distributed 

generation has been the high cost. However, the costs have 

decreased significantly over the past 20 years [3]. The 

distributed generation also reduces greenhouse gas emission 

addressing pollutant concerns by providing clean and 

efficient energy [17]. Distributed generation is the key to 

meeting growing demands of electricity and provides benefits 

to customers, utility and market. 
Interconnecting a DG to the distribution feeder can have 

significant effects on the system such as power flow, voltage 

regulation, reliability etc. A DG installation changes traditional 

characteristics of the distribution system. Most of the 

distribution systems are designed such that the power flows in 

one direction [15]. The installation of a DG introduces another 

source in the system. When the DG power is more than the 

downstream load, it sends power upstream reversing the 

direction of power flow and at some point between the DG and 

substation; the real power flow is zero due to back flow of 

power from DG [14]. 

The DG installation can impact the overall voltage profile and 

losses of the system. Inclusion of DG can improve  feeder  

voltage  of  distribution  networks  in  areas  where  voltage  

dip  or blackouts are of concern for utilities[10]. 

II.  METHODOLOGY 

 

It specifically employs the case study approach to explore the 

power generation and surplus power exported from mini-grid 

to the nearest distribution grid. The analytical software ETAP 

(Electrical Transient Analyzer Program) is used to study grid 

impact. Amarpur Substation is selected to analyses the grid 

impact upon integration of mini grid. 

A. Case Study Area 

The study area for this paper is chosen as Taplejung District of 

Nepal. Taplejung lies approximately 850 km North East of 

Kathmandu. Taplejung district lies in the Mechi zone of 

Provience no 1 of Nepal. The economy of the district is 

dependent on the agricultural production in which water, one 

of the known natural resources of the district, plays a great 

role. Taplejung district is one of the district which is recently 

powered by central grid electricity. There are 6 Micro Hydro 

Project in the proposed area currently operating in islanding 

mode. The house mark in the figure represents the isolated 

MHP. These micro hydropower projects are proposed for 

interconnection forming 11kV transmission line in connected 

to Local Distribution grid. The layout of MHP in isolation 

mode is presented in the figure below:

 

Fig.1:- Layout of MHP in isolation mode (district development 

commiunity, 2016)  

 

Figure2:- Interconnection View of Taplejung Mini Grid 

(district development commiunity, 2016) 
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B. Local Distribution Grid in Taplejung District 

Taplejung district is one of the districts recently powered by 

central grid electricity. 33 KV Line is connected from 

Amarpur132/33 KV, 30 MVA Power Transformer S/S of 

Pachathar districit about 40 km with Dog Conductor. 6/8 MVA 

Power Transformer is installed in Phuling Bazar. The load of 

Taplejung is 2 MVA (NEA, 2018/19). 

C. Data Collection 

Basic data regarding the mini grids are collected which 

includes length of grid, single line diagram, capacity of 

generator, type of conductor, transformer (Gyawali, 2014). 

D.  Modelling 

The model developed containing Taplejung substation 

distribution network, NEA distribution and transmission 

systems with step-up transformer for grid impact study is 

shown in Figure 3. The simulation study is done with 

following assumptions (NEA, 2018/19). 

 

Fig.3 Single Line Diagram of System 

 

 

 The power generation from each generators is 90%. 

 The conductor used for 11kV and 33kV are RABBIT 

and DOG conductor respectively.  

 Amarpur substation 33kV bus is considered as slack 

bus. 

E. The grid integration study is done with seven 

cases.  

a) In Case-1, Load flow analysis for Local Distribution 

Grid Only. 

 

Fig.4 Load flow analysis of LDG System 

Table 1: Simulation Data for Local Distribution Grid (LDG) 

supply only 

 

 

b) In Case-2, simulation is done with Local Distribution 

grid and Chimal plant (90 KW).  
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Figure 5: Load flow analysis for Local Distribution 

Grid (LDG) and Chimal MHP . 

Table 2: Simulation Data for Local Distribution grid and 

Chimpal MHP 

 

 

      

             

c) In Case-3, simulation is done with Local Distribution 

grid and 500 KW MHP  

 

Figure 6: Load flow analysis for Local Distribution Grid 

(LDG) and 500 KW MHP  Plant. 

Table 3: Simulation Data for Local Distribution Grid (LDG) 

and 500 KW MHP  Plant. 
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d) In Case-4, simulation is done with Local Distribution 

grid and Without 500 KW MHP Plant . 

 

Figure 7: Load flow analysis for Local Distribution Grid 

(LDG) and Without 500 KW MHP Plant . 

Table 4: Simulation for mini grid and Chimpal MHP  

 

 

e) In Case-5 , simulation is done with mini grid and 

Chimal plant (90 KW). 

 

Figure 8: Load flow analysis for Mini-grid and Chimal MHP 

(90 KW). 

Table 5: Simulation Data for mini grid and Chimpal MHP  

Plant 
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f) InCase-6, simulation is done with grid integration of 

Chimal plant (90 KW), mini grid and Local Distribution grid . 

 

Figure 9: Load flow analysis for Local Distribution Grid 

(LDG),Mini grid and Chimal MHP Plant. 

Table 6: Simulation Data for mini grid , Chimal MHP and 

Local Distribution grid . 

 

 

 

g) InCase-7, simulation is done only for   mini grid . 

 

Figure 10: Simulation Diagram for Mini  Grid Only. 

Table 7: Simulation for mini grid  Only. 
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III. GRID IMPACT STUDY 

A technical evaluation is performed using ETAP to illustrate 

the viability of integration of MHP plant and mini grid with 

Local distribution grid. 

A. Load Flow Analysis 

For load flow analysis ,the Taplejung substation distribution 

network and the existing electrical network at Mini grid 

together with digitized on ETAP software as per the 

information collected and then simulated for the corresponding 

load.  Amarpur substation 33 kV bus is considered as slack bus 

for load flow analysis. 

With load flow analysis, the total losses on different Cases is 

analyzed under different cases and depicted in Figure 11. The 

total power loss of the system is maximum in case-1, which is 

around 206 KW, and the loss decreases as the power exported 

from mini grid increases. The losses on the system is minimum 

for case-6 and it is around 3.7 KW. This is because the line 

loss is proportional to square of the current flowing through the 

line. Likewise the voltage drop in the line and terminal voltage 

at the different load point is observed and shown in Figure12. 

It is seen that the voltage drop in the lines decreases and 

terminal voltage at different load points get improved as the 

surplus power is exported from mini grid and MHP plant.  

IV. RESULTS AND DISCUSSION 

• Power Losses at different cases is presented in the 

diagrams below indicating reduction for the 

interconnection of mini grid with Local Distribution 

grid. 

• The interconnection of mini grids with Local 

Distribution grid is seen to be significant in 

minimizing the distribution system losses in 

Taplejung Mini grid, hence, it shall greatly impart the 

benefits to the economy. 

 

Figure 11: Power losses in system at various cases 

The quality of electricity supply through combined system of 

interconnected mini grid & LDG is found to be better 

examining the terminal voltage at equipment. The terminal 

voltage is found to be acceptable limits when the mini grid, 

MHP is connected with the LDG which can be well illustrated 

by the figure below. 

 

Figure 12: Terminal Voltage at various conditions 

The terminal voltage at various loads modelled is plot 

graphically each point indicating percentage of terminal 

voltage received to that should have been received. The results 

of simulation shows that when the interconnected system is 

operated, loads receive terminal voltage at an acceptable level 

of supply. The cases LDG(NEA) supply only, LDG & 

Chimpal show terminal voltage below standard limit at some 

loads while the cases interconnected Mini Grid-LDG-Chimpal, 

LDG-Mini Grid and Mini Grid-Chimpal show the supply at 

standard level of terminal voltage.  

Onl

y

LD

G

LD

G+

Chi

mpa

l

Onl

y

Mini

grid

LD

G+

500

KW

Unit

LD

G+

Wit

hout

500

KW

Unit

Mini

Grid

+Ch

imal

LD

G+C

him

pal+

mini

grid

Series1 206 145 57.8 31.9 22.3 9.7 3.7

206 

145 

57.8 

31.9 
22.3 

9.7 3.7 0

50

100

150

200

250

L
o

ss
 i

n
 K

W
 

Power losses 

333 349 
389 391 396 399 400 

0
50

100
150
200
250
300
350
400
450

V
O

LT
A

G
E 

 

Terminal Voltage at Different case 



International Journal of Engineering and Applied Sciences (IJEAS) 

                                                                                                                                        ISSN: 2394-3661, Volume-7, Issue-4, April 2020 

                                                                                                       27                                                                              www.ijeas.org 

              

Figure 13: Terminal Voltage at various loads in different 

conditions of Operation 

The voltage drop in the different case is observed and shown in 

figure 14 .From figure it is seen that the voltage drop decrease 

as the power is exported from mini grid and MHP Plant. 

 

Figure 14: Percentage Voltage drop at different conditions of 

Operation 

The KVA chart illustrates that the load supplied by LDG is 

greatly reduced when the mini grid & isolated generator both 

are interconnected with the LDG indicating the economy of 

electric supply. 

 

Figure15: KVA Chart at various cases 

The current chart illustrates the reduction in current flowing 

during the interconnected system operation, which eventually 

minimizes loss serving benefits to the system. 

 

Figure 16: Current Chart at various Cases 

V.  OPTIMIZATION OF DG 

 To improve the voltage magnitudes and reduce power losses, 

Distributed Generators were placed optimally in the Network 

[10][12]. 

A. Simulation Phase I: Power System without DG 

In Phase-I of optimization, the load flow analysis was executed 

on power system without being installing the DG so that the 

impact of power losses was studied. The simulation shows 

total losses of entire power system as shown in fig 4 and Table 

1. 

The overall system losses after execution of load flow analysis 

without DG were 206 KW. This is the huge power losses for 

any power system that must be minimized by insertion of 

distribution generation. We have selected DG with the rating 

of 826KW. The DG must be placed in optimal location so that 
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DG may be connected to the bus which gives lowest overall 

power system losses and improve in voltage profile. 

B. Simulation Phase II: Power System with DG 

Distributed generation having capacity 826KW is now 

connected to the power system and find out the effect of DG 

on the entire system. Bus-2 is connected to the main grid 

station so its voltage rating is 33KV; while the remaining buses 

are rated with 11KV.   

a) Power system when DG to Bus-3 

 

Figure 17: Load flow analysis of power system when DG to 

Bus 3 

 Table 8: Data of Load flow analysis of power system when 

DG to Bus 3. 

 

 

The Percentage voltage drop, load terminal voltage, KVA and 

current flowing  at each bus is shown in Table 8 and Figure 17. 

From table , it is clear that he overall system losses after 

execution of load flow analysis when DG to Bus 3 was 96.7 

KW and three phase load terminal voltage is 363 V. 

b) Power system when DG to Bus-4:  

 

           Figure 18: Load flow analysis of power system when 

DG to Bus 4 

 Table 9: Data of Load flow analysis of power system when 

DG to Bus 4. 
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The Percentage voltage drop, load terminal voltage, KVA and 

current flowing at each bus is shown in Table 9 and Figure 18. 

From table , it is clear that he overall system losses after 

execution of load flow analysis when DG to Bus 4 was 145 

KW and three phase load terminal voltage is 349 V. 

c) Power system when DG to Bus-5 

 

           Figure 19: Load flow analysis of power system when 

DG to Bus 5 

 Table 10: Data of Load flow analysis of power system when 

DG to Bus 5. 

 

 

The Percentage voltage drop, load terminal voltage, KVA and 

current flowing  at each bus is shown in Table 10 and Figure 

19. From table , it is clear that he overall system losses after 

execution of load flow analysis when DG to Bus 5 was 31.9 

KW and three phase load terminal voltage is 389 V. 

d) Power system when DG to Bus-8 

 

           Figure 20: Load flow analysis of power system when 

DG to Bus 8 

 Table 11: Data of Load flow analysis of power system when 

DG to Bus 8. 

 

 

The Percentage voltage drop, load terminal voltage, KVA and 

current flowing at each bus is shown in Table 11 and Figure 

20. From table , it is clear that he overall system losses after 

execution of load flow analysis when DG to Bus 8 was 50.3 

KW and three phase load terminal voltage is 383 V. 
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e) Power system when DG to Bus-9 

 

           Figure 21: Load flow analysis of power system when 

DG to Bus 9 

 Table 12: Data of Load flow analysis of power system when 

DG to Bus 9. 

 

 

 

The Percentage voltage drop, load terminal voltage, KVA and 

current flowing at each bus is shown in Table 12 and Figure 

21. From table , it is clear that he overall system losses after 

execution of load flow analysis when DG to Bus 9 was 21 KW 

and three phase load terminal voltage is 391.2 V. 

f) Power system with DG to Bus-10 

 

           Figure 22: Load flow analysis of power system when 

DG to Bus 10 

 Table 13: Data of Load flow analysis of power system when 

DG to Bus 10 

 

 

The Percentage voltage drop, load terminal voltage, KVA and 

current flowing at each bus is shown in Table 13 and Figure 

22. From table , it is clear that he overall system losses after 

execution of load flow analysis when DG to Bus 10 was 41.6 

KW and three phase load terminal voltage is 390 V. 
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g) Power system when DG to Bus-11 

 

Figure 23: Load flow analysis of power system when DG to 

Bus 11 

 Table 14: Data of Load flow analysis of power system when 

DG to Bus 11. 

 

 

The Percentage voltage drop, load terminal voltage, KVA and 

current flowing at each bus is shown in Table 14 and Figure 

23. From table , it is clear that he overall system losses after 

execution of load flow analysis when DG to Bus 11 was 62 

KW and three phase load terminal voltage is 384.6 V. 

h) Power system when DG to Bus-13 

 

           Figure 24: Load flow analysis of power system when 

DG to Bus 13 

 Table 15: Data of Load flow analysis of power system when 

DG to Bus 13. 
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The Percentage voltage drop, load terminal voltage, KVA and 

current flowing at each bus is shown in Table 15 and Figure 

24. From table , it is clear that he overall system losses after 

execution of load flow analysis when DG to Bus 13 was 50.3 

KW and three phase load terminal voltage is 388 V. 

VI. COMPARISON 

Comparing Power Losses and Voltages at Different Busses 

after Installation of DG, the summary is presented in the table 

16 below. 

Table 16: Comparison Of Losses and voltage Data of Load 

flow analysis of power system when DG installation to 

Different Bus. 

 

 

Figure 25: Power Losses at Different Busses after Installation 

of DG  

 

 

Figure 26: Voltage at Different Busses after Installation of DG  

Above results of simulation show the losses of the power 

system. DG is connected at different buses step by step and 

Bus-9 is the only bus where losses of the power system are 

least recorded which is21 KW and voltage of bus 9 is highest 

among the buses which is 391.2 V, therefore, the Bus-9 bus is 

the optimal placement of distributed generation for power 

system. Consequently, the Bus-9 is the optimal placement of 

the system because at this location the voltage profile is 

generally improved while losses are drastically minimized. 

CONCLUSION 

Demonstration of the grid impact study shows the losses on 

lines as well as percentage voltage drop on the network 

decreases with the increase in power export from Mini grid and 

MHP Plant. Terminal voltage at different load point also get 

improved with increase in power export from Mini grid and 

MHP Plant. The overarching view from the results is that the 

outlook for Local Distribution grid interconnected mini grid 

and MHP plant in future is positive in Nepal. 

In this research, detailed analysis on some of the impacts of 

distributed generation (DG) on a distribution network 

operation is conducted.   

The obtained results have shown that the DG influences the 

distribution network and that their precise location are vital in 

reducing power losses and improving the voltage Profile. It is 

noted that DG placement cannot always results to effective 

loss reduction i.e., it depends on the location of DG unit. DG 

implementation as a source of active power has a great positive 

impact on improving the voltage profile through the entire 

distribution network. 
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