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Abstract: Distributed generation (DG) is a low-capacity power generation installed close to the load center in the distribution network. DG installation is an effective solution to power loss and voltage regulation problems caused by distribution lines that are too long. However, the DG location and size must be chosen appropriately. This paper discusses optimizing DG location and size to decrease the loss of power and bus voltage deviation in a 51-bus radial distribution network. The adaptively modified firefly algorithm is applied for the optimal location and the differential evolution for the optimal size of DG. The most optimal locations for 3 DG units with a power factor of 0.95 lagging are on buses 16, 45, and 15 with a capacity of 358.5157, 500.0000, and 499.9781 kW. The reduction of active and reactive power losses is 44.6948% and 66.7038%, respectively. The results are validated by a genetic algorithm and an imperialist competitive algorithm.
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1. Introduction
The load power demand in the distribution network is fulfilled by sending it from the generating unit through the transmission line. The resistance and reactance of transmission lines over long distances will cause a non-negligible amount of power losses. This condition requires the generating unit to supply more power than the actual load needs so that the power losses on the line do not impact the fulfillment of power to the load. In addition, the length of the transmission line will cause poor voltage regulation [1].
Minimizing the loss of power and improving voltage regulation is to bring the generating unit closer to the load center on the power distribution network. Generating units sourced from renewable energy can produce environmentally friendly electrical energy. However, the existence of renewable energy is generally scattered and limited, 
which causes the ability to generate electrical power is also limited. This type of power generation system is referred to as distributed generation (DG). Integrating DG into the distribution network has several advantages, including clean, green, low complexity and risk, and low operational costs. The ability of DG to fulfill local load requirements also reduces power flows on transmission lines, which can delay the need to adjust transmission line capacity to load growth [2].
DG's benefits and advantages can be realized if the integration is done correctly. Improper DG integration will worsen the condition of the network. Determining the exact DG's location and size of DG can be done through optimization using an analytical approach or optimization by applying artificial intelligence algorithms.


Table 1. Comparison with the reviewed literature
	Key literature
	Power loss
	Sensitivity Index
	Voltage deviation
	Power factor of DG
	Algorithm

	[3]
	
	X
	
	X
	Accelerated PSO

	[5]
	
	
	X
	X
	BPO-SLFA

	[6]
	
	X
	
	X
	Stud krill herd

	[7]
	
	X
	
	X
	Bat algorithm

	[10]
	
	X
	
	X
	Dragonfly

	[11][12]
	
	X
	X
	X
	Genetic Algorithm

	This paper
	
	
	
	
	A hybrid of AMFA and DE


 

Various studies have been conducted to optimize DG's capacity, placement, and penetration rate in the radial distribution system (RDS). Optimizing DG capacity for mitigating the loss of power and strengthening the bus voltage profile on the IEEE 33-bus RDS has been done by implementing the Accelerated PSO, Backtracking Search, Binary PSO and shuffled frog leap (SLFA), and Stud Kril herd Algorithm [3,4,5,6]. Bat Algorithm with variations in loudness and pulse has been implemented to optimize DG with the goals are enhancing Voltage Stability Index and decreasing the loss of power [7]. The Voltage Stability Margin Index and Continuation Power Flow methods have also been used to optimize DG against changes in load conditions on the system [8]. The effect of residential and industrial load types on optimizing DG size and location for reducing power loss, DG cost, and the deviation of voltage has been studied with the Multi-objective Shuffled Bat and Dragonfly Algorithm [9,10]. DG optimization by considering load fluctuations and the availability of renewable energy to reduce power loss, line load, and DG investment costs has been carried out with the Genetic Algorithm (GA) [11,12]. 
This paper discusses optimizing the placement and size of multiple DGs using hybrid adaptively modified firefly (AMFA) and differential evolution (DE) algorithms. The objective of optimizing the position of DG is to maximize the sensitivity index while optimizing the size to decrease power loss and bus voltage deviation in a 51-bus RDS. Table 1 shows the paper's contribution compared to the reviewed literature.
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Figure. 1 The line connects bus i and j

2. Problem modelling
2.1. The Distribution Line Loss
The connecting line from bus i to j with an impedance Ri,j + jXi,j and a current of Ii,j, is shown in Fig. 1. The active power loss (Ploss) and reactive power loss (Qloss) on the line with resistance Rk, reactance Xk, and current |Ik| can be stated as Eq. (1) and Eq. (2).

 	(1)
 	(2)


The total loss of Ploss and Qloss in a system with n lines can be written in the form of Eq. (3) and Eq. (4).

 	(3)
  	(4)

Integration of DG will change the balance and power flow, which will determine the power loss on the transmission line in the system as a whole. The percentage reduction in Ploss and Qloss due to the installation of DG can be expressed as follows:

  	(5)

 and  are the loss of real power for the system after and before DG installation, respectively.
2.2. Voltage Deviation Index 
The voltage deviation (VD) is the accumulated square of the difference between the bus voltage and the minimum (Vmin) and maximum (Vmax) voltage for all buses except the substation. Voltage deviation index (VDI) is the ratio of VD for a system with DG to without DG, which can be expressed as follows:

	(6)

 and  are magnitudes of the voltage at bus-i for the system with and without DG, respectively. Vmin=0.95 p.u and Vmax=1.05 p.u are the bus voltage limits.
2.3. Sensitivity Index (Sk) 
The sensitivity index (Sk) is a parameter commonly used to measure the influence of the location of DG placement on a particular bus on the voltage of the overall bus in the system [11]. Based on these considerations, Sk is an important reference for determining the location of DG.. Mathematically, the sensitivity index can be expressed in the following:

 	(7)

Where:

 , i=2,3,...,nb	(8)
 	(9)

 is an active load, and  is a reactive load at bus i.  and  are voltage at bus i after and before DG is installed at bus k, and nb is the number of buses in the network.
2.4. Optimization objective
The optimization of DG includes the placement and size of DG. DG’s location is optimized using the AMFA with the objective being to maximize Sk in Eq. (7), which can be expressed as follows:

  	(10)

DG size optimization applies the DE algorithm intending to decrease the total Ploss according to Eq. (3) and the accumulated VDI according to Eq. (6), combined using the weighted sum method. This method is carried out by adding up each part of the objective after multiplying it by the weight factors w1 and w2. Mathematically it can be expressed in Eq. (11).

  	(11)

Optimization is carried out by taking into account the following constraints:
· Power balance constraint
For nDG optimization on a radial network system with nb and nl line, the power balance constraint can be expressed as follows:

	(12)
 	(13)

 is the power supplied from the substation.  and  are power generation on DG i;  and  are power loads on bus j; and  and  are power losses on line-k, respectively.

· Bus voltage constraint
 as the voltage of bus j must be between  and .

 , j = 1,2,....,nbus 	(14)

· DG generation capacity constraints

	, i=1,2, … ,nDG	(15)
 	, i=1,2, ... ,nDG	(16)

and  are DG's active power generation limits.  and  are DG's reactive power generation limits.  and  are active and reactive power generated from DG, respectively. nDG is the number of DG.

3. Proposed Method
3.1. Adaptive Modified Firefly
For the first time, Xin Zhe Yang  introduced the firefly algorithm referring to the behaviour of fireflies. The behaviour of individual fireflies has an interest in moving toward a brighter firefly. Ultimately, all fireflies in the population will gather at the same point.
The attractiveness of individual fireflies (i) to individuals (j) is related to the brightness (O), distance (r) between individuals, and the coefficient of light absorption (), which is written as Eq. (17):

	(17)

The distance between fireflies in positions Xi and Xj is stated in Eq. (18).

	(18)
The movement of the firefly in position Xi towards the brighter in position Xj is expressed by Eq. (19).

	(19)

Where  is a random number between 0 and 1, and  is the random movement coefficient.
The three components affecting the position of a firefly Xi in Eq. (19) are the initial position, the movement towards the lighter, and the random motion. The firefly algorithm is modified by reducing the random movement coefficient using Eq. (20) [13].

	(20)

The process of optimizing DG placement with AMFA can be described in the following pseudocode: 

Algoritma DG placement using AMFA
	Start
	%Set parameter and boundary
	nff  30;   0.25; βo  1;   1; 
	m_iterasi  100; nDim  1; 
	ub  [51 51 51]; lb  [2 2 2]

	%Initial population
	For i1=1:nff
		ff(i1,:)  lb+(ub-lb).*rand(1,nDim);
	Next i1

	%Main iteration
	For iterFF=1:m_iter

		%fitness 
		For i=1:nff
			Pos_DG  ff(i)
			Vbus_withDG  P_flow(Pos_DG)
			Sk  S_Index(Vbus_withDG)
			Fit(i)  1/Sk
		Next i
		[Best_fit idx]  min(Fit)
		Best_ff  ff(idx)

		%update firefly
		For i = 1:nff
			For j = 1:nff
				If Fit (i)>Fit (j)
					%distance
					r1   (sqrt((ff(i)-ff(j))^2))/200
					%attractiveness
					Β  βo*exp(-*r1^2)
					%Update ff position
					ff(i)   (ff(i)*(1-β))+(*(ff(j)))+(*(rand-0.5))                
				End if
			Next j
		Next i

		%ceck boundaries  
		For ii=1:nff
			if ff(ii)>ub then ff(ii)  ub
			if ff(ii)<lb then ff(ii)  lb
		Next ii

 		%modified alpha
		  *(1/(2*m_iterasi))^(1/(m_iterasi+1));
	Next iter_FF

	%best DGs position
	Pos_DG  best_ff;	
End
3.2. Differential evolution
Initialization, mutation, crossover, and selection are sequential processes in a differential evolution (DE) algorithm [14]. Initialization is the first process to set the initial solution to the DE. The nDim-dimensional solution of the optimization problem in the t-th iteration can be stated as:

 , i=1,2,…,nP.	(21)

nP is the total population.
The initial population starting at t = 0 is arranged according to the bounds of the solution.

	(22)
 	(23)

For each i-th member of a population, there is a solution with dimension j which can be created using random numbers. Mathematically expressed in the following Eq. (24):

	(24)

j=1,2,…,nDim and   are random real numbers between 0 and 1.
A mutation is a process of generating mutants or donors from randomly selected targets. In DE, the mutant or donor is expressed as , generated from the mutation process from the selected target . Mathematically, the mutation process can be described as follows:

 	(25)

 is the index of the target;  and  are the indices of the selected solutions to create the mutants,   and ;  is the selected individual as the mutation target, and F is the mutation factor with a value between 0 and 1.
Crossover is a cross between a target and a mutant to produce a trial solution or offspring. The generation of trial solution or offspring is mathematically expressed as follows: 

	(26)

CR is the rate of crossover with a value between 0 and 1,  is a random value between 0 and 1, and k∈{1,2,3,…,nDim}.
The selection allows the DE to select the target (parent) or trial solution (offspring), which is retained for the next iteration (. Mathematically, the selection process can be expressed as follows:

	(27)

f(.) is a goal function that represents the fitness of the individual's solution.
The DG size optimization with DE can be described in the following pseudocode:

Algoritma DG sizing using DE
	Start 
	%Set parameter and boundary
	F  0.2; CR  0.9; w1  0.6; w2  1-w1; nP  30; 
	nDim  3; m_iter  100; 
	Xmax  [51 51 51]; Xmin  [2 2 2];

	%Initial population
	For i1=1:nP
		X(i1,:)  Xmin+(Xmax-Xmin).*rand(1,nDim);
	Next i1

	%Main iteration
	For iter=1:m_iter
		For m=1:nP
			%Mutation
			[V]  rand_1(X,nP,F,m);
			%Crossover 
			jrand  floor(rand()*nDim+1);
			For n=1:nDim
				R1=rand();
				if (R1<CR || n==jrand)
					U(1,n)  V(1,n);
				else
					U(1,n)  X(m,n);
				End if
			Next n

			%Fitness U and fitness Xm
			P_DG  U; 
			[Ploss, Qloss, VD]  Power_flow(P_DG);
			Fit_U  w1*Ploss+w2*VD;

    			P_DG  X(m,:);
			[Ploss,Qloss,VD]  Power_flow(P_DG);
			Fit_Xm  w1*Ploss+w2*VD;

			%Selection
			if Fit_U < Fit_Xm
				Tr  U; Fit(m,:)  Fit_U;
			else
				Tr  X(m,:); Fit(m,:)  Fit_Xm;
			end if
			%Replace Xm with the selection result
			X(m,:)  Tr;
		Next m          

		%Best fitness
		[best_fit idx]  min(fitness); 
		best_X  X(idx,:);  
	Next iter

	% DGs size
	P_DG  best_X;
	End
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Figure. 2 Single line diagram of the 51-bus radial network
4. Result and discussion
Fig. 2 shows the line configuration of the 51-bus RDS used in the DG optimization simulation. Bus 1 acts as the slack bus. The power of the load is 2463 kW and 1569 kVAR, respectively[11].
The simulation is carried out with the first stage of optimizing DG placement, then proceeds with optimizing DG size by considering DG’s power factor (pf). The amount of pf used includes pf=1 and pf=0.95 lagging.
4.1. DG placement optimization
Optimization of DG placements is carried out to maximize the sensitivity index (Sk) in Eq. (10). The number of optimized DGs is 10 with a unity power factor, so 10 DG placements have the highest sensitivity obtained. The penetration rate is 10% of the total Ploss at the load attached to the system. Table 2 presents the results of optimizing DG placement using the AMFA compared to 3 other metaheuristic algorithms, namely DE, GA, and ICA.
Table 2 shows 10 DG locations with a sensitivity index arranged sequentially from the highest value. The optimization results of all the algorithms used show that the optimal locations for the first to seventh DGs are the same, namely on buses 16, 45, 15, 44, 14, 43, and 13. For the next 3 DGs, the AMFA algorithm produces optimal locations on buses 12, 22, and 42, while the DE, GA, and ICA algorithms have optimal locations on buses 51, 12, and 50. The top three rankings are used as a location of DG.
4.2. DG size optimization
Optimization of 3 DG units installed on buses 16, 45, and 15 is carried out to minimize the loss of power and accumulation of voltage deviation according to Eq. (7). It is subject to the constraints according to Eq. (12-16). The weight factor used for active power loss and voltage deviation is w1=0.6 and w2=0.4, respectively. The impact of the power factor is also studied by simulation for DG with a unity power factor and 0.95 lagging.

Case 1: DG with pf=1
Table 3 presents the optimization results of 3 DGs with pf=1. Optimizing the DG size with the DE algorithm provides Ploss and Qloss of 86.4569 kW and 54.4044 kVAR, respectively. The lowest bus voltage is 0.95703 p.u on bus 51. The VD is 0.57553 p.u. Fig. 3 shows the overall bus voltage of the system. These results are validated by comparing optimization with AMFA, GA, and ICA algorithms.



Table 2. DG location and sensitivity index (Sk)
	Rank
	AMFA
	DE
	GA
	ICA

	
	Bus
	Sk
	Bus
	Sk
	Bus
	Sk
	Bus
	Sk

	1
	16
	0.6667
	16
	0.6667
	16
	0.6667
	16
	0.6667

	2
	45
	0.0612
	45
	0.0612
	45
	0.0612
	45
	0.0612

	3
	15
	0.0601
	15
	0.0601
	15
	0.0601
	15
	0.0601

	4
	44
	0.0597
	44
	0.0597
	44
	0.0597
	44
	0.0597

	5
	14
	0.0567
	14
	0.0567
	14
	0.0567
	14
	0.0567

	6
	43
	0.0548
	43
	0.0548
	43
	0.0548
	43
	0.0548

	7
	13
	0.0542
	13
	0.0542
	13
	0.0542
	13
	0.0542

	8
	12
	0.0520
	51
	0.0537
	51
	0.0537
	51
	0.0537

	9
	22
	0.0503
	12
	0.0520
	12
	0.0520
	12
	0.0520

	10
	42
	0.0498
	50
	0.0508
	50
	0.0508
	50
	0.0508





Table 3. DG size optimization results with pf=1
	Parameter
	Without 
DG
	With optimized DG

	
	
	DE
	AMFA
	GA
	ICA

	Size of DG (kW)
 
	-
	308.0097
	287.6826
	294.1836
	287.6332

	
	-
	499.9999
	500.0000
	488.7974
	500.0000

	
	-
	478.9099
	500.0000
	497.5241
	500.0000

	The total size of DG (kW)
	-
	1286.9195
	1287.6826
	1280.5051
	1287.6332

	Total P loss (kW)
	129.5555
	86.4569
	86.2623
	86.2265
	86.2586

	Total Q loss (kVAR)
	111.6832
	54.4044
	54.3316
	54.4368
	54.3313

	Lowest bus voltage (p.u)
	0.90812
	0.95703
	0.95705
	0.95698
	0.95705

	Lowest voltage bus
	16
	51
	51
	51
	51

	Voltage deviation
	0.57553
	0.35940
	0.35930
	0.35970
	0.35930




Figure 3. Bus voltage profile of the system with DG at pf=1.

Table 4. DG size optimization results in a power factor of 0.95 lagging
	Parameter
	Without 
DG
	With optimized DG

	
	
	DE
	AMFA
	GA
	ICA

	The optimal size of DG (kW)
 
	-
	358.5157
	358.4900
	379.0565
	358.0000

	
	-
	500.0000
	500.0000
	488.7974
	500.0000

	
	-
	499.9781
	500.0000
	483.5395
	500.0000

	The total size of DG (kW)
	-
	1358.4938
	1358.4900
	1351.3934
	1358.0000

	Total P loss (kW)
	129.5555
	71.6509
	71.6502
	71.9267
	71.6094

	Total Q loss (kVAR)
	111.6832
	37.1862
	37.1861
	37.4129
	37.1836

	Lowest bus voltage (p.u)
	0.90812
	0.96511
	0.96511
	0.96539
	0.96550

	Lowest voltage bus
	16
	39
	39
	39
	39

	Voltage deviation
	0.57553
	0.30855
	0.30855
	0.30903
	0.30855




Case 2: DG with power factor 0.95 lagging
To observe the influence of the DG power factor on the optimization results, the following simulation to be carried out is to set the DG power factor at 0.95 lagging. Load condition, DG penetration level, and objective weight factor remained the same as in case-1. Table 4 presents the optimization results with the DE algorithm and is validated with the AMFA, GA,

[bookmark: _GoBack]
Figure. 4 Bus voltage profile of the system with DG at pf=0.95 lagging


Figure. 5 Convergence properties of the DE, AMFA, GA, and ICA algorithms used in DG size optimization.

Table 5. Comparison of optimization results for DG with pf=1 and pf=0.95 lagging.
	pf DG
	Parameter
	With optimized DG

	
	
	DE
	AMFA
	GA
	ICA

	1
	% Reduction in Ploss
	33.2665
	33.4167
	33.4443
	33.4196

	
	% Reduction in Qloss
	51.2869
	51.3520
	51.2578
	51.3523

	
	% Reduction in voltage deviation
	37.5532
	37.5706
	37.5011
	37.5706

	0.95
lagging
	% Reduction in Ploss
	44.6948
	44.6954
	44.4819
	44.7269

	
	% Reduction in Qloss
	66.7038
	66.7039
	66.5009
	66.7062

	
	% Reduction in voltage deviation
	46.3885
	46.3190
	46.3885
	46.3885





and ICA algorithms. The optimization results show that the loss of power is 71.6509 kW and 37.1862 kVAR, respectively. The lowest bus voltage is 0.96511 p.u on bus 39. The voltage profile of the overall bus is shown in Fig. 4. Fig. 5 shows the convergence properties of the algorithms used in optimization. Table 5 compares the optimization results for DG with pf=1 and 0.95 lagging. The comparison includes percent power loss reduction and voltage deviation.
4.3. Discussion
Optimizing DG placement with Sk's objective has resulted in the best ten buses for DG placement. The selection of the best bus refers to the SK value of the bus. The bus with the highest Sk means that the installation of DG on that bus will provide the most significant improvement in the bus voltage profile. Bus 16, which occupies the top rank, is the priority compared to other buses ranked below. Applying the sensitivity index as an objective is advantageous because of the equation's simplicity, so the algorithm converges quickly.
The optimized DG installation has been able to improve the system condition. These improvements include reducing the loss of power and voltage deviation and increasing the profile of bus voltage in the distribution network. The DG’s power factor is also very influential on the results. DG with a power factor of 0.95 lagging gives better results than the unity power factor. The loss of power and voltage deviation decrease and the profile of bus voltage increases most significantly.
The description above proves that installing DG on the distribution network to be closer to the load center has solved the problems caused by the long power delivery lines. The location dan size of DG must be chosen precisely to achieve the desired goals. Optimizing DG placement and size by applying a metaheuristic algorithm is practical and has been widely presented in various studies.
5. Conclusion and future works
The installation of DG in the RDS aims to improve system conditions by minimizing the loss of power and increasing the profile of bus voltage. DG placement and size must be chosen appropriately. The sensitivity index determines how placing DG on a bus in the system improves the overall system voltage profile. Optimization of DG placement by applying the differential evolution (DE) metaheuristic algorithm and sensitivity index as an objective has reduced the loss of power. In addition, the improvement of the bus voltage profile increases significantly.
In a system with DG pf=1, the reduction in Ploss and Qloss is 33.2665% and 51.2869%, respectively. The lowest voltage is 0.95703 occurs on bus 51. The voltage deviation in the system as a whole has decreased by 0.21613 or 37.5532% from the system without DG with a voltage deviation of 0.57553. When the DG power factor is chosen at 0.95 lagging, the percentage of Ploss and Qloss reduction is 44.6948% and 66.7038%, respectively. The lowest bus voltage is 0.96511 p.u on bus 39. The voltage deviation in the system as a whole has decreased by 0.26698 or 46.3885% from the system without DG with a voltage deviation of 0.57553. Overall, installing DG with a power factor of 0.95 lagging on buses 16, 45, and 15 gives the most optimal results. All optimization results are validated by comparing the DE with the AMFA, GA, and ICA algorithms.
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Without_DG	1	0.98919201818181823	0.98388400454545455	0.97313237636363636	0.97012133545454549	0.95843752818181815	0.9526135481818182	0.94866041090909092	0.9413332636363636	0.92990190636363634	0.9226104654545455	0.9170537227272727	0.91456028181818183	0.91200054454545454	0.90940547272727268	0.90811646999999995	0.97473641454545457	0.97228593636363636	0.96899865090909088	0.96681011727272725	0.96475348181818177	0.96399913545454541	0.9678977636363636	0.96370127999999999	0.96160790727272727	0.96034188545454546	0.95992910545454546	0.95927554818181815	0.95916125272727271	0.95511355909090911	0.95238410181818178	0.94982446545454546	0.94751065636363641	0.94583527000000001	0.94504861454545452	0.94423801454545453	0.94350325272727276	0.94278936909090905	0.94240965181818181	0.9451303081818182	0.93600205636363631	0.93002368727272722	0.92575053545454544	0.9225700545454546	0.92205853363636359	0.93848884636363639	0.93606070363636362	0.93364416454545451	0.93106390545454543	0.9299087054545454	0.92937960363636363	DG - AMFA	1	0.99236717636363636	0.98864087363636366	0.98166394454545458	0.97990318454545455	0.97431512090909089	0.9725286154545455	0.97104798181818186	0.96865981545454549	0.97560000818181813	0.98206684454545456	0.99019342545454547	0.99408761454545458	0.99881187000000005	1.0061628354545455	1.0120632381818182	0.97953875727272732	0.97710047090909091	0.97382957454545449	0.97165197727272723	0.96960563636363639	0.96885506818181821	0.97647583999999998	0.97231676272727274	0.97024206909090904	0.96898734909090911	0.9685782581818182	0.96793054272727275	0.96781726909090904	0.9710466490909091	0.96836286272727268	0.96584609636363639	0.96357108181818185	0.96192381181818187	0.96115037272727277	0.96035339909090911	0.95963099545454544	0.95892912363636362	0.95855579909090904	0.97333704454545455	0.97718604545454546	0.98178066636363637	0.98686274454545453	0.99297930818181823	0.99534060909090905	0.96589709090909093	0.96353885272727269	0.96119196545454544	0.95868616636363635	0.95756434363636367	0.9570505327272727	DG - DE	1	0.99236479363636365	0.98863730090909085	0.98165751818181823	0.97989580909090912	0.97430320181818186	0.97251367727272731	0.97103002181818177	0.96863580272727268	0.97555393636363641	0.98200423454545449	0.99011434272727272	0.99400084090909091	0.99871631909090908	1.0060552854545455	1.0124517154545454	0.97953515090909093	0.97709685454545459	0.9738259463636364	0.97164834090909091	0.96960199272727277	0.96885142090909093	0.97646937909090914	0.97231027363636369	0.97023556636363639	0.96898083818181813	0.96857174454545458	0.96792402454545456	0.96781075000000005	0.97103468909090906	0.96835086909090906	0.9658340709090909	0.96355902727272724	0.96191173727272727	0.96113828818181823	0.96034130454545452	0.95961889181818183	0.95891701181818179	0.95854368181818184	0.97332211272727276	0.97717116272727278	0.98176584727272731	0.9868479963636364	0.99296464818181818	0.99532598272727268	0.9658730081818182	0.96351471090909091	0.96116776363636358	0.95866190181818178	0.95754004999999998	0.95702622636363632	DG - GA	1	0.99235069636363638	0.98861615545454551	0.98161948545454547	0.97985215999999997	0.97423174454545458	0.97242373636363633	0.9709537536363636	0.96858703636363641	0.97561169818181814	0.98214217090909095	0.99033248818181818	0.99425648	0.99901480181818181	1.0064125227272727	1.0124699209090908	0.97951380363636364	0.97707545454545452	0.97380447363636369	0.97162682	0.96958042545454548	0.96882983727272731	0.97643114090909089	0.97227187000000004	0.97019708000000004	0.96894230181818186	0.96853319181818187	0.96788544636363638	0.96777216636363639	0.97096298636363632	0.96827896454545459	0.96576197636363637	0.96348676090909091	0.96183934636363633	0.96106583909090904	0.96026879454545455	0.95954632727272726	0.95884439363636365	0.9584710363636364	0.9730598872727273	0.97663813636363639	0.98101143818181813	0.98589715727272731	0.99181803090909093	0.99411864000000005	0.96582410090909088	0.96346568272727273	0.96111861454545455	0.95861262363636368	0.95749071454545454	0.95697686363636358	DG - ICA	1	0.99236707363636367	0.98864072000000003	0.98166366818181816	0.97990286727272724	0.97431460090909094	0.97252795909090906	0.97104719090909086	0.96865875272727275	0.9755979127272727	0.98206397363636366	0.99018978000000002	0.99408360818181818	0.99880745000000004	1.0061578518181817	1.0120570790909091	0.97953860272727278	0.97710031545454545	0.97382941909090914	0.97165182090909086	0.96960548000000002	0.96885491090909093	0.97647556272727276	0.97231648363636358	0.97024178909090908	0.96898706909090904	0.96857797818181823	0.96793026272727267	0.96781698818181816	0.97104612727272732	0.96836233909090907	0.96584557090909096	0.96357055545454551	0.9619232845454545	0.9611498454545454	0.96035287090909094	0.95963046636363636	0.95892859545454545	0.95855526999999996	0.97333639000000005	0.97718539272727267	0.98178001636363632	0.98686209727272722	0.99297866545454549	0.99533996818181814	0.96589602454545453	0.96353778454545458	0.96119089454545459	0.95868509272727276	0.95756326818181814	0.95704945727272728	Bus number


Voltage (p.u)




Without_DG	1	0.98919201818181823	0.98388400454545455	0.97313237636363636	0.97012133545454549	0.95843752818181815	0.9526135481818182	0.94866041090909092	0.9413332636363636	0.92990190636363634	0.9226104654545455	0.9170537227272727	0.91456028181818183	0.91200054454545454	0.90940547272727268	0.90811646999999995	0.97473641454545457	0.97228593636363636	0.96899865090909088	0.96681011727272725	0.96475348181818177	0.96399913545454541	0.9678977636363636	0.96370127999999999	0.96160790727272727	0.96034188545454546	0.95992910545454546	0.95927554818181815	0.95916125272727271	0.95511355909090911	0.95238410181818178	0.94982446545454546	0.94751065636363641	0.94583527000000001	0.94504861454545452	0.94423801454545453	0.94350325272727276	0.94278936909090905	0.94240965181818181	0.9451303081818182	0.93600205636363631	0.93002368727272722	0.92575053545454544	0.9225700545454546	0.92205853363636359	0.93848884636363639	0.93606070363636362	0.93364416454545451	0.93106390545454543	0.9299087054545454	0.92937960363636363	DG - AMFA	1	0.99392505090909089	0.99097779909090911	0.98586573818181822	0.98472394818181819	0.98115652636363637	0.98069789545454544	0.98013117272727268	0.97956022636363638	0.98978865818181816	0.99866068181818179	1.0091327045454546	1.01410946	1.0200581872727272	1.0290636954545453	1.037322970909091	0.98189786000000001	0.97946551999999998	0.97620261636363637	0.97403035181818187	0.97198903181818186	0.97124030545454543	0.98070023909090909	0.97655934	0.97449372454545458	0.97324449727272733	0.97283719909090904	0.97219232272727274	0.97207954454545453	0.97791139636363633	0.97524681727272722	0.9727480790909091	0.97048937909090904	0.96885393272727272	0.96808605181818186	0.96729480727272732	0.96657759909090912	0.96588077909090908	0.96551014272727276	0.98227548636363637	0.98728432181818182	0.99279417272727277	0.99866642090909086	1.0055513136363636	1.0081453918181817	0.97682878545454543	0.97449731272727269	0.97217709181818179	0.96969979727272726	0.96859075181818177	0.96808279454545454	DG - DE	1	0.99392506181818185	0.99097781545454544	0.98586576636363632	0.98472398090909086	0.98115657727272731	0.98069795818181815	0.98013124727272727	0.97956032545454541	0.98978883454545452	0.99866091545454549	1.0091329963636364	1.014109779090909	1.0200585363636363	1.0290640863636364	1.0373240263636363	0.98189787636363635	0.9794655354545454	0.97620263181818179	0.97403036818181821	0.97198904727272728	0.97124032090909096	0.9807002672727273	0.97655936909090912	0.97449375363636359	0.97324452636363634	0.97283722818181817	0.97219235090909095	0.97207957363636366	0.97791144727272727	0.97524686818181816	0.97274813090909096	0.97048942999999999	0.96885398454545457	0.96808610272727269	0.96729485909090906	0.96657765090909087	0.96588083090909094	0.96551019363636359	0.98227554909090908	0.98728438363636362	0.99279423454545457	0.99866648181818185	1.0055513736363637	1.0081454518181818	0.97682888454545458	0.97449741181818184	0.97217719090909094	0.96969989727272732	0.96859085181818183	0.9680828945454546	DG - GA	1	0.99390083818181818	0.99094149181818181	0.98580049000000003	0.98464909090909092	0.98103979272727271	0.98055344727272731	0.97999982818181819	0.97945519090909094	0.9897710027272727	0.9987085690909091	1.0092460509090908	1.0142533418181818	1.0202369272727272	1.02929022	1.0380816281818182	0.98186120909090913	0.97942877636363634	0.97616574909090914	0.97399340181818184	0.97195200363636358	0.97120324909090905	0.98063464	0.97649346090909095	0.97442770454545458	0.97317839272727269	0.97277106636363642	0.97212614636363637	0.97201336090909096	0.97779426727272722	0.97512936272727269	0.97263031909090913	0.97037134272727277	0.96873569636363632	0.96796772090909089	0.96717637909090914	0.96645908363636368	0.9657621781818182	0.9653914954545455	0.98194387545454542	0.98665948363636369	0.9919303318181818	0.99759098909090904	1.0042653836363635	1.0067942481818182	0.97672345181818176	0.97439172454545453	0.97207124909090914	0.96959368454545458	0.96848451636363642	0.96797650363636367	DG - ICA	1	0.99392356818181815	0.99097557636363631	0.98586174272727267	0.9847193645454545	0.9811493827272727	0.98068905727272726	0.98012063818181816	0.97954630272727272	0.98976380545454545	0.99862766272727277	1.0090915745454545	1.014064549090909	1.0200089663636365	1.0290085881818183	1.0372555699999999	0.98189561636363631	0.97946327	0.97620035818181816	0.9740280890909091	0.97198676454545452	0.97123803636363637	0.98069622181818183	0.97655530636363641	0.97448968181818185	0.97324045000000003	0.97283315000000004	0.97218827090909088	0.97207549272727267	0.97790422818181821	0.97523963000000002	0.97274087272727272	0.97048215545454541	0.96884669727272732	0.96807880999999996	0.96728756000000005	0.96657034636363637	0.96587352090909095	0.96550288181818178	0.98226665999999996	0.98727553727272732	0.99278543545454545	0.99865773272727276	1.0055426836363637	1.0081367845454545	0.9768148218181818	0.97448331545454547	0.97216306090909088	0.96968573090909094	0.96857666909090911	0.96806870454545457	Bus number


Voltage (p.u)




AMFA	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0.12714	0.12714	0.12470000000000001	0.12470000000000001	0.12395	0.12389	0.12386999999999999	0.12386	0.12386	0.12386	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	DE	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0.12422999999999999	0.12422999999999999	0.12422999999999999	0.12393999999999999	0.12386999999999999	0.12386999999999999	0.12386	0.12386	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	GA	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0.12737999999999999	0.12737999999999999	0.12737999999999999	0.12514	0.12479	0.12479	0.12476	0.12466000000000001	0.12466000000000001	0.12464	0.12463	0.12456	0.12456	0.12456	0.12456	0.12456	0.12456	0.12456	0.12454	0.12452000000000001	0.12452000000000001	0.12452000000000001	0.1245	0.1245	0.1245	0.1245	0.1245	0.1245	0.1245	0.12411	0.12411	0.12411	0.12411	0.12406	0.12406	0.12406	0.12406	0.12406	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404999999999999	0.12404	0.12404	0.12404	0.12404	0.12404	0.12404	0.12404	0.12404	0.12404	0.12404	0.12404	0.12404	0.12404	ICA	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0.12625	0.12625	0.12542	0.12519	0.12484000000000001	0.12475	0.12411999999999999	0.12408	0.12404999999999999	0.12404999999999999	0.12393999999999999	0.12393999999999999	0.12393999999999999	0.12386	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	0.12385	Iteration
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