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ABSTRACT 

 

This thesis proposes an approach to determine the optimal location and sizing of Distributed 

Generation (DG) and Distribution STATCOM (DSTATCOM) simultaneously to improve the 

node voltage and power losses in radial distribution systems.The objective is to minimize active 

power losses while keeping the voltage profiles in the network within specified limits. Power- 

flow studies is carried out using forward/backward algorithm using BIBC and BCBV matrices. 

Teaching learning based optimization (TLBO) technique is used to find the optimal locations and 

sizes of DG and DSTATCOM. 

A 33-bus and a 69-bus radial distribution system are used to demonstrate the effectiveness of the 

method. The simulation results show that the reduction of power loss in distribution systems is 

possible if DG and DSTATCOM are optimally placed in the distribution system. The superiority 

of the approach has been shown by comparing the results with PSO and BFO (Bacterial Foraging 

Optimization) methods in the two systems. 

 

 

 

 

 

 

 

 

 

 

 



vi 
 

CONTENT 

Certificate           ii 

Declaration           iii 

Acknowledgement          iv 

Abstract           v 

Content           vi 

List of figures           ix 

List of table           x 

List of abbreviations  and symbols        xi 

CHAPTER-1 INTRODUCTION AND LITERATURE REVIEW   1 

1.1Introduction          1 

1.2 Objective of the work         2 

1.3 Literature Review          2 

1.4 Outline of the thesis         6 

CHAPTER 2 DISTRIBUTED GENERATION (DG)  AND DSTATCOM  7 

2.1 Introduction           7 

2.2 Distributed generation         7 

2.3 Types of Distributed Generation         8 

2.4 Benefits and problems of DG incorporation in distribution system   8 

 2.4.1 DG benefits         8 

 2.4.2 Problems with DG connection  to distribution system    9 

2.5 The Basic Technical Requirements of DG Connected To Grid    10 

2.6 Voltage stability          10 

 2.6.1 Static voltage stability         11 

2.7 Shunt capacitor, SVC and STATCOM       11 



vii 
 

 2.7.1 Shunt capacitor         11 

 2.7.2 SVC          12 

 2.7.3 STATCOM                                                  13 

2.8 DSTATCOM          13 

CHAPTER-3 LOAD-FLOW STUDIES OF DISTRIBUTION SYSTEMS  15 

3.1 Introduction          16 

3.2 Power-flow studies of radial distribution systems     16 

 3.2.1 Equivalent Current Injection Method      17 

 3.2.2 Formation of BIBC Matrix       17 

 3.2.3 Formation of BCBV matrix       19 

3.2.4 Solution Methods        22 

3.3 Algorithm for distribution network power-flow      24 

3.4 Incorporation of DG in into power-flow       26 

3.5 Incorporation of DSTATCOM into power-flow      27 

3.6 Algorithm for distribution network power-flows with DG and DSTATCOM  27 

CHAPTER -4 OPTIMAL ALLOCATION OF  DG AND DSTATCOM USING TLBO 

ALGORITHM          29 

4.1 Problem Formulation         29 

4.2 Optimization technique         30 

 4.2.1 Introduction         30 

 4.2.2 Teaching learning based optimization (TLBO)     30 

  4.2.2.1 Teacher phase        31 

  4.2.2.2 Learner phase        32 

4.3 Implementation of TLBO technique for DG and/or DSTATCOM placement   33 

 



viii 
 

CHAPTER 5 CASE STUDIES AND RESULTS      35 

5.1 33 bus radial distribution system        35 

5.2 Case studies with 33 bus radial distribution system     36 

 5.2.1 Allocation of single and multiple Type-1 DG     36 

 5.2.2 Allocation of single and multiple DSTATCOM    36 

 5.2.3 Allocation of single and multiple Type-3 DG     37 

 5.2.4 Allocation of multiple DG and DSTATCOM             37 

5.3  69 bus radial distribution system        38 

5.4  Case studies with 69 bus radial distribution system     38 

 5.4.1 Allocation of single and multiple Type-1 DG     38 

 5.4.2 Allocation of single and multiple DSTATCOM    39 

 5.4.3 Allocation of single and multiple Type-3 DG     39 

 5.4.4 Allocation of multiple DG and DSTATCOM     40 

5.5 Comparison of result with other existing technique     40 

 5.5.1    33 bus radial distribution system      40 

 5.5.2    66 bus radial distribution system      41 

CHAPTER-6 CONCLUSIONS AND SCOPE FOR FUTURE WORK   43

 6.1 Conclusions         43 

 6.2 Scope for future work        43 

REFERENCES          44 

APPENDIX           47 

 

   

 

  



ix 
 

 

LIST OF FIGURE 

 

Fig 2.1: Terminal characteristic of shunt capacitor      12 

Fig 2.2: basic structure of svc         12 

Fig 2.3: Terminal characteristic of SVC       12 

Fig 2.4: Basic structure of STATCOM       13 

Fig 2.5: Terminal characteristic of STATCOM      13 

Fig 3.1.  Simple distribution system        18 

Fig 3.2. The formation of BIBC matrix       19 

Fig 3.3. The formation of BVBC matrix       22 

Fig 3.4. Flowchart for load flow solution for radial distribution networks   25 

Fig 4.1 :Flow chart for TLBO algorithm       34 

Fig 5.1: 33 bus distribution system        35 

Fig 5.2: 69 bus distribution system        38 

Fig 5.3:-comparison of voltage profile of various cases in 33 bus radial distribution system 41 

Fig 5.3:-comparison of voltage profile of various cases in 69 bus radial distribution system 42 

 

 

 

 



x 
 

LIST OF TABLE 

Table 1: single and multiple type 1 DG allocation in 33 bus distribution system   36 

Table 2: single and multiple DSTATCOM allocation in 33 bus distribution system  36 

Table 3:single and multiple type 3 DG allocation in 33 bus distribution system  37 

Table 4: simultaneous DG & DSTATCOM allocation in 33 bus distribution system  37 

Table 5:single and multiple type 1 DG allocation in 69 bus distribution system   38 

Table 6:single and multiple DSTATCOM allocation in 69 bus distribution system   39 

Table 7:single and multiple type 3 DG allocation in 69 bus distribution system   39 

Table 8: simultaneous DG and DSTATCOM allocation in 69 bus distribution system 40 

Table 9: comparison with PSO and BFOA technique For 33 bus distribution system 40 

Table 10: comparison with PSO for 69 bus distribution system     41 

 

 

 

 

 

 

 

 

 

 

 

 



xi 
 

 

LIST OF ABBREVIATIONS AND SYMBOLS  
 

RDN radial distribution system 

𝑃𝑙𝑜𝑠𝑠 Power loss of the network 

𝑅𝑖 The resistance of i-th branch. 

𝑆𝑖 The complex power at i-th node. 

𝑃𝑖 The real power at i-th node. 

𝑄𝑖 The reactive power at i-th node. 

𝑉𝑖 I-th node voltage. 

𝐼𝑖 I-th node equivalent current injection 

𝑉𝑖
𝑘                   The node voltage at the k-th iteration for i-th node. 

𝐼𝑖
𝑘 The equivalent current injection at the k-th iteration for i-th node. 

𝐼𝑖
𝑟  the real parts  of the equivalent  current injection at   the k-th iteration 

for i-th node. 

    𝐼𝑖
𝑖 the  imaginary  parts  of  the  equivalent  current injection at the k-th 

iteration for i-th node. 

𝑃𝐷_𝑖
𝑤𝑖𝑡ℎ𝑜𝑢𝑡_𝑑𝑔

   active power demand without DG 

𝑃𝐷𝑖
𝑤𝑖𝑡ℎ_𝑑𝑔

         active power demand with DG 

𝑄𝐷_𝑖
𝑤𝑖𝑡ℎ𝑜𝑢𝑡_𝐷𝑆𝑇      reactive power demand withot DSTATCOM 

𝑄𝐷_𝑖
𝑤𝑖𝑡ℎ_𝐷𝑆𝑇           reactive power demand withot DSTATCOM 

        

  

 



1 
 

CHAPTER-1 

INTRODUCTION AND LITERATURE REVIEW  

1.1 INTRODUCTION 

Now a day with increased loading and demand in existing power systems, distributionnetworks 

are constantly facing increased burden and reduced bus voltages.The voltage at nodes 

decreasesin distribution network if the location of substation is at a distant from network. This 

voltage decrement is mainly due to the insufficientreactive power.At certain nodes,increase in 

loading may even lead to disintegrate voltage.To maintain voltage profile and to get rid of 

system failure we need reactive power compensation. This distribution system has high R/X 

ratio than the transmission network, this is the reason the losses in distribution network is much 

more than transmission network. These losses have significant effect on distribution 

equipment’s.That is why we need to reduce these losses for overall performance. Shunt 

capacitor and reconfiguration of network can be used for minimization of these losses, 

Distributed generation (DG) placement etc. These DG’s are for active power which help in 

minimizing MVA, current, energynlosses.Peak demandnlosses and it also improves voltage 

profile,stabilitynand power factor. 

DG’s play key role in smart grid. DG technologyare in two categories: renewable energy sources 

(RES)& nonrenewablebased energy sources. Non-conventional energy sources come in RES 

based DG’swhile conventional energy sources come in nonrenewable build DG’s. Other 

environmental and economic factors play big role in DG’s development. The demand is now 

rising as after Kyoto agreement on climate change. 

To increase system performance, FACTS (Flexible AC Transmission System) devices are 

installed at specific locations. D-STATCOM (Distribution STATCOM), shunt connected 

voltage source converter is one of the device used here to increasenthe accuracy and ability of 

distributionnsystems.Itsnadvantages are lower harmonicndistortion and losses, auto operation, 

and immune to resonance effect etc. In bothnsteady state and dynamicnconditions thesendevices 

play key rolenin maintaining voltage profile and to reduce losses 

A lot ofnresearch is goingnon to find ideal location and size of these devices.Addition of FACTS 

devices with DGs will improve system performance more efficiently. 
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1.2 Objective of the work 

The work presented in this dissertation is divided into two parts. The first part involves study of 

DG and DSTATCOM and the second one involves sizing and siting of DG(s) and 

DSTATCOM(s) using teaching learning based optimization (TLBO) technique. For validation, 

the Forward/Backward power-flow method using BIBC and BCBV matrices have been used in 

radial distribution systems. The objective function is to minimize the network power loss and the 

node voltage variation(s).  Teaching learning based optimization (TLBO) is usednfor computing 

the optimum sizenand locationof the DGs. Previous research focused mainly on the optimization 

of either DG or DSTATCOM placements. However it is necessary to integrate both DG and 

DSTATCOM in the distribution system with an objective of minimizing power loss, operational 

costs and the voltage profile enhancement of the system. TLBO is used for the solution strategy. 

1.3 LITERATURE REVIEW 

Power-flow studies 

Power-flowisessential for the steady-state analysis of distribution networks, The power-flow for 

distribution systems is different from that of transmission systems.There are several techniques 

used by the researchers. Teng et al. [1] have proposed thepower-flow of radial distribution 

networks using node-injection to branch-current (BIBC)and branch-current to node-voltage 

(BCBV) matrices. Dharmasa et al.[2] have presented a non-iterative power-flow solution for 

voltage improvement in radial distribution systems. 

Augugliaro et.al[3] have proposed a new backward/forward methodology for the analysis of 

distribution systems with constant power loads. In the proposed method, the loads are 

considered as constant impedances. 

Araujo[4] have presented performance comparisons between the well-known Backward-forward 

sweep and a Newton power-flow algorithm when applied to large scale, three-phase distribution 

systems. The Three-Phase Current Injection Method – TCIM applies the full Newton method to 

solve the nonlinear current injection equations which are derived using phase coordinates, and 

the complex variables are written in rectangular form. 

DG placement 

Acharya et al.[5] have proposed an analytical expression to compute theoptimum size and also 

suggested an effective methodology for corresponding optimum location of DGs in distribution 
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systems to minimize both active and reactive power losses. The proposed analytical expression 

is based on the exact loss formula.  

Gozel and Hocaoglu [6] have developed an analytical method based on sensitivity factors for 

the determination of the optimal size and location of distributed generation in distribution 

systems to minimize total power losses. This method works without the use of admittance 

matrix, inverse of admittance matrix or Jacobian matrix. In this research paper the loss 

sensitivity factor was formulated based on the equivalent current injection and it is employed 

for the determination of optimal size and location of DG unit(s) to be placed in distribution 

systems to minimize losses. 

Hedayati et al. [7] have suggested a method for the optimal placement of DG units in 

distribution systems which was based on continuation power-flow method. It also computes the 

most sensitive buses for voltage collapse. The improvement of voltage profile, reduction of 

power losses and enhancement of power transfer capacity were carried out by thesuggested 

method. 

Ghosh et al. [8]have developed a simple method for the optimal sizing and optimal placement 

of generators. A simple conventional iterative search technique along with Newton Raphson 

power-flow method had been implemented on three different systems. Both the cost and the 

losses are effectively reduced. 

Wang and Nehrir [9]  have suggested an analytical method to compute the optimal location to 

place a DG unit in radial as well as meshed distribution networks to minimize the power losses. 

This method was developed for the optimal placement of DG units in a networked system 

based on the bus admittance matrix, generation information and load distribution of the system. 

Kim et al. [10] have presented a Fuzzy-GA based approach for the optimal placement of DGs 

in a distribution system. The objective of this method was the reduction of power loss costs 

with considering the number or size of DG and the deviation of bus voltage as a constraint. 

Hung et al. [11] have successfully developed an analytical expressionbased on the exact loss 

formula for finding the optimal size and power factor of four types of DG units. The proposed 

analytical expressions were based on an improvement to the existing method that was limited 

to DG Type-I, which was capable of delivering real power only 

Shukla et al. [12] have presented a multi-location distributed generation problem to reduce the 
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active power losses of the radial distribution system using genetic algorithm (GA) based 

solution. The loss sensitivity to the change in active power injection was used to select the 

optimal node for DG placement. 

Moradi and Abedini [13] have proposed a novel GA / particle swarm optimization (PSO) to 

find the optimal size and location of DG units in a distribution system. The objective of this 

method was to minimize the network power losses, better voltage regulation and improve the 

voltage stability within a certain specified frame-work of system operation and system 

constraints in radial distribution systems. 

Mistry and Roy [14] have applied a PSObased technique with constriction factor to determine 

the optimal sizes and locations of multiple DG units. A predetermined load growth with voltage 

regulation for five year was considered as the constraints in this research paper. The results 

proved that by the incorporation of multiple DG units in distribution system reduced the real 

power loss, reactive power loss, purchase cost of energy and voltage deviation in the distribution 

system 

Khyati Mistry [15]have presented three different optimization techniques namely PSO, 

Craziness based particle swarm optimization (CRPSO) and Teaching-learning based 

optimization (TLBO) algorithm for optimal placement of DGs.The main objective of this paper 

is to minimize the active power loss and to improve the voltage profile of the overall system by 

optimal sizing and siting of DGs. 

Sulatna and Roy[16] have presented a novel quasi-oppositional teaching learning based 

optimization (QOTLBO) methodology in order to find the optimal location of DGs to 

simultaneously optimize power loss, voltage stability index and voltage deviation of radial 

distribution networks. 

Neeraj Kanwar et.al[17] have presented an improved variant of the Teaching Learning Based 

Optimization (TLBO) method to efficiently and effectively deal with the problem of 

simultaneous allocation of distributed resources in radial distribution networks 

Sajjadi et al. [18] have presented the simultaneous placement of DGs and capacitors for reducing 

active and reactive power loss reduction in a radial distribution network. Voltage stability was 

also considered as an objective function. 

 

 



5 
 

DSTATCOM placement 

Abhinav Jain et.al[19] have presented an effective method for the DSTATCOM placement for 

the minimization of power losses and improvement of voltage profile in radial distribution 

systems. 

A. R. Gupta[20] have proposed D-STATCOM Placement in Radial Distribution System Based 

on Power Loss Index Approach. 

Atma Ram Gupta[21] presents Energy savings using D-STATCOM placement in radial 

distribution system 

Gupta and Ashwini [20] have determined the optimal location and size for D-STATCOM for 

radial distribution networks under reconfigured network to reduce the power loss. 

 

Combined DG and DSTATCOM placement 

 K.R. Devabalaji et.al [22] have presented an approach to carry out optimal sizing and siting of 

multiple DGs and DSTATCOMs in radial distribution systems using Bacterial Foraging 

Optimization Algorithm (BFOA). 

S.Devi[23] have used PSO for both DG and DSTATCOM placement in radial distribution 
systems. 
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1.4  OUTLINE OF THE THESIS:- 

The work carriednout in this Report hasnbeen concluded in six chapters. 

Chapter-2 represents the overview of DISTRIBUTION GENERATION (DG) and DSTATCOM. 

In this chapter, the advantages and disadvantages associated with DG as well as DSTATCOM 

connection to the grid is addressed. 

Chapter-3 presents the power-flow analysis of radial distribution networks using 

Forward/Backward sweep power-flow technique. 

Chapter-4 presents the details of TLBO, its flow chart, and   the implementation of TLBO in DG 

and DSTATCOM in distribution system. 

Chapter-5 discusses the case studies corresponding to incorporation of both DG and STATCOM 

in distribution systems using TLBO technique and its comparison with other optimization 

techniques like PSO. 

Chapter-6 presents the conclusion and the scope of further work. 
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CHAPTER 2 

DISTRIBUTED GENERATION (DG) AND D-STATCOM 

2.1   INTRODUCTION 

In current scenario, power networks Loss Minimization has understood greater importance.In 

literature it shows that In distribution network 70% of total power loss are happening  while in 

transmission system it is only 30 %of total power loss. For improving the overall efficiency of 

the power system powernutilities have to decrease thenloss, mainly at thendistribution level.The 

followingnmethods are used for minimization of distribution networks power losses. 

 DG placement 

 Reactive power compensation 

 Feeder reconfiguration 

 Reinforcement of the feeders. 

 High voltage distribution networks 

 Grading of conductor 

To meet the load demand of the radial distribution network, a large number of DG will be 

required in the distribution network.This large number of DG plays a key role in improving the 

system consistency, security, and quality of  electric system by providing active power and 

reactive power support for regulating the voltage. Distributed generation(DG)  refers to a 

selection of technology thatngenerate electricity atnor near wherein it will likely benused, 

including solar panals which is combination of haet and power. DG may supply a single unit, 

such as anhome ornbusiness,or itnmay be part of a major industrial facility. When related to 

connection of electrical supply to lower voltage, distributed generation can supply clean and 

reliable power to customer end and decrease power losses in transmission and distribution 

network.Onenof the characteristicsnof future  electricitynsystem undernsmart grid ideanis to have 

an cost efficientntransmission and distributionnnetwork that willnminimize the  linenlosses. 
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2.2 DISTRIBUTED GENERATION 

Distributed Generation (DG) is defined as small-scale technologies to produce electricity close 

to the end users of power. Withnpeople, attentionnto sustainable improvement andnenvironmental 

pollutants, DG generation with its particular environmentnand economic system raises 

increasingly more subject. Innrecent years, distributedngeneration technologies arendeveloping 

swiftly, becomingnan significant area ofnenergy researchndirection.The speedy developmentnof 

DG induced itsnlarge capacityndistributed power integrated into thengrid, and the addition of 

distributednpower in the nearby gridnis graduallynhigh. 

2.3 Types of Distributed Generation 

The different types of renewable and non renewable DGs are classified on the basis of real and 

reactive power delivering capability.In this thesis four types of DG are considered for 

comparative studies which are described as follows: 

Type1: DG is capable of delivering only active power such as micro turbines, photovoltaic, fuel 

cells, which are incorporated to the main grid with the help of converters/inverters. 

Type2: This type of DG is capable of delivering only reactive power. Synchronous 

compensators such as gas turbines are the example of this type and operate at zpf (zero power 

factor) 

 Type3: This type of DG is capable of delivering both active and reactive power. DG units based 

on synchronous machines (gas turbine) come under this type. 

Type4: This type of DG is capable of delivering active power but consuming reactive power. 

Mainly induction generators, which are used in wind farms, come under this category. 

2.4 BENEFITS AND PROBLEMS OF DG INCORPORATEDnINTO THE 

DISTRIBUTION NETWORK 

Distributed Generation(DG) provides flexible power supply support in distribution  power 

system as a newnform of cleannenergy generation it has anpositive meaning fornimproving 

electricnpower quality and power systemnstability,so an increasing number of interest is attracted 

all overnthe world. But DGncapacity normally isnsmaller, lower voltagenlevels, and it is 

integrated into electric powernsystem at distribution networknside.Therefore, DG included into 

electric powernsystem has added manynproblems;DG has a poor impact on powernsystem quality 

andnstability, power system controlnand protection of distribution network. 
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2.4.1 DISTRIBUTED GENERATION BENEFITS 

The_majornbenefits of the integrationsnof DG into electricnpower networks arenas follows: 

 DGnunits are usuallyninstalled near the loadnsite on the radialndistribution networks. 

Thus,partnof thentransmission power isnreplaced by theninjected DGnpower, causing a 

reduction inntransmission and distributionnline losses, which minimizesncosts relatednto 

loss. 

 Injectingnactive and reactivenpower by DG units improvesnsystem voltage profilesnand 

the loadnfactor, which minimizesnthe number ofnrequired voltagenregulators, capacitors 

andntheir_ratings andnmaintenancencosts. However, the amount ofnimprovement depends 

on thensize and locationnof the DG unit. 

 Increasesnin power demandsnas a result of loadngrowth can be covered by DGnunits 

without needinnto increase existingntraditional generationncapacity; it also reducesnor 

delay the neednfor building newnT&D lines, upgradesnthe present_powernsystems and 

reducesnT&D network_capacitynduring_the planningnphase. 

 DGs arenflexible devicesnthat can beninstalled atnload centres rathernthan at substations, 

where difficultiesndue geographical constraintsnor scarcity of landnavailability may 

occur. 

 DG technologynis available in anwide capacity range_ (i.e., from ten kW up to 15 MW), 

so it cannbe installed on mediumnand/or low voltagendistribution networks, giving it 

flexibility fornsizing andnsitting. 

 DG technologiesnproduce electric powernwith few emissions(and sometimes_zero 

emissions). Thisnfeature makes them morenenvironmentally friendlyncompared to 

traditionalnpower plants. 

 DGsncan help in systemnservice continuity andnreliability, as therenare manyngeneration 

spots, notnjust one_largencentralized generationnsite. 
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2.4.2 Problems with DGs connected to the grid 

DG connectednto the grid at thendistribution sidenwill necessarily have annimpact on power 

systemnstability. Whennthe largennumber of DG is connectednto the grid, it will critically affect 

thendistribution systemncontrol, design, operationnand protection, affectnsecurity and reliability 

of_system.Thisnrequires_planning_methodsnof_traditional_distributionnnetwork_makenapprop-

riatenmodifications. DG is usuallynconnected to the grid at the distributionnside, there are mainly 

twonaspects of DG connectednto the gridncontrol and powernregulation. How to connectednto the 

gridnand to minimizenthe impact onnpower system.There are following problem associated with 

DG placement in distribution network:- 

 Effect on system voltage 

 The impact on protection 

 The impactnon combined power system gridnstability 

 The impact on grid scheduling 

2.4.3 The Basic Technical Requirements of DG Connected To Grid 

Distributedngeneration connected to the distributionnnetwork will affectnthe operationnmode and 

performancenof distributionnnetwork. In ordernto ensure thensafe operationnof distribution 

networknand the powernsupply quality ofnusers, the connectionnof distributed generationnto grid 

mustnmeet the followingnbasic requirements: 

 It mustnensure that the voltagendeviation caused by DG connectionnto the grid does not 

exceednthe limit. 

 The normalnoperation current andnthermal stabilityncurrent should not exceednthe 

allowable range. 

 Short circuitncapacity should not exceednthe permissiblenlimit for distribution network 

such asncircuit breaker,cablenetc. 

 The powernproduced by DG shouldnbe qualified fornpower quality, voltagensag, swell, 

flicker andnharmonic.There valuenshould not exceednthe permissiblenvalue. 
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2.7 Voltage stability  

Modernnelectric power utilities arenfacing many challenges duento evernincreasing complexity in 

theirnoperation andnstructure. In recentnyears, one problemnhas that receivednwide attention is 

voltageninstability.Thenlack_ofnnewngeneration_andntransmissionnfacilities,andnoverexploitation

of existing facilitiesntogether with the increasenin load demandnmake these problemsnmore 

likelynin modern powernsystems.  

Voltage stabilitynis the abilitynof anpower system tonmaintain adequatenvoltagenmagnitude so 

that whennthe system nominalnload is increased,the actualnpower transferred tonthat loadnwill 

increase. The mainncausenofnvoltageninstability is theninability of thenpower systemnto meet the 

demand fornreactive power. Voltageninstability is the causenof system voltage collapse, innwhich 

the systemnvoltage decays to anlevel from which it is unablento recover. Voltagencollapse may 

lead tonpartial or fullnpower interruptionnin the system.  

Providing adequatn reactive power supportnat the appropriate locationnsolves voltage instability 

problems. There arenmany reactive compensationndevices used by the utilitiesnfor this purpose, 

each ofnwhich has its ownncharacteristics andnlimitations. However, nthe utility wouldnlike to 

achieve thisnwith the mostnbeneficial compensationndevice. Hence, thisnthesis reportncompares 

the advantagesnandndisadvantagesnof the currentlynavailable and most commonlynused shunt-

compensationndevices. 

 

2.7.1 Static voltage stability 

Staticnvoltage instabilitynis mainly associatednwith reactive powernimbalance.Thus,the 

loadability of anbus in a systemndepends on the reactivenpower supportnthat the bus cannreceive 

from the system. As thensystem approachesnthe maximumnloading point or voltagencollapse 

point,both thenreal andnreactive powernlosses increasenrapidly.Therefore, the reactivenpower 

supportsnhave to benlocallynadequate.With staticnvoltage stability,slowlyndevelopingnchanges in 

thenpower systemnoccur that eventuallynlead to a shortage ofnreactive power andndeclining 

voltage. This phenomenonncan be seen from anplot of power transferrednversus voltagenat the 

receiving end. Thesenplots are popularly referrednto as P–V curves. As powerntransfer increases, 

the voltage atnthe receiving endndecreases. Eventually, ancritical(nose) point, nthe pointnat which 

thensystem reactivenpower is out ofnusage, is reachednwhere any furthernincrease innactive power 

transfernwill lead tonvery rapidndecrease innvoltagenmagnitude. Before reachingnthe 
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criticalnpoint, a largenvoltage drop due to heavy reactivenpower losses isnobserved. The only way 

to saventhe system fromnvoltage collapse is tonreduce the reactivenpower load or addnadditional 

reactive powernprior to reaching thenpoint of voltage collapse. 

2.8 Shunt capacitor, SVC and STATCOM 

2.8.1 Shunt capacitor 

Shuntncapacitors are relativelyninexpensive to installnand maintain. Installingnshunt capacitorsnin 

the loadnarea or atnthe pointnthat they arenneeded willnincrease the voltagenstability. However, 

shuntncapacitors have thenproblem of poornvoltage regulationnand, beyond ancertain levelnof 

compensation,anstable operatingnpoint isnunattainable.Furthermore, thenreactive powerndelivered 

by the shuntncapacitor is proportional tonthe square of thenterminal voltage,duringnlownvoltage 

conditions Varnsupport drops, thusncompounding the problem. Thencharacteristic of the shunt 

capacitornis shown in Fig. 1 

    

                       Fig 1: Terminal characteristic of shunt capacitor.  

2.8.2 Static Var compensator (SVC) 

SVC is anshunt connectednstatic Var generator/load whosenoutput is adjustednto exchange 

capacitivenor inductive currentnso as to maintainnor control specific powernsystem variable. 

Typically, thenpower system controlnvariable is the terminalnbus voltage.There are twonpopular 

configurationsnof SVC. One is anfixed capacitor (FC) nand thyristor controllednreactor (TCR) 

configurationnand the othernone is a thyristornswitched capacitor (TSC) nand TCRnconfiguration. 

In the limitnof minimum or maximumnsusceptance, SVCnbehaves like anfixed capacitornor an 

inductor.Choosingnappropriate size is onenof thenimportant issuesnin SVC applicationsnin 

voltagenstabilitynenhancement.Figures 2.2 and 2.3 shownthe basic structurenand terminal 

characteristicnof a SVC,respectively. 



13 
 

                 

Fig 2.2:basic structure of svc   Fig 2.3: Terminal characteristic of SVC 

2.8.3 Static synchronous compensator (STATCOM) 

STATCOM is anvoltagensource converternbasedndevice, whichnconverts a DC inputnvoltage into 

an AC outputnvoltage in order to compensatenthe active andnreactive needs of thensystem. 

STATCOM has betterncharacteristics thannSVC; when the systemnvoltage drops sufficientlynto 

force the STATCOMnoutput to its ceiling, its maximumnreactive power output willnnot be 

affected by the voltagenmagnitude. Therefore, it exhibits constantncurrent characteristics when 

thenvoltage is low under thenlimit. A schematic diagram andnSTATCOM characteristic are 

shownnin Figs. 2.4 and 2.5, respectively. 

 

 

Fig 2.4: Basic structure of STATCOM.  Fig 2.5: Terminal characteristic of 
STATCOM 
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2.6 DSTATCOM 

The alternative of thenfixed or the switchedncapacitors are the FACTSndevices.The devicesnare 

originally developednfor the transmissionnsystem but nownthey have beennin use in the 

distributionnsystem for thensame purpose.Theynprovide the reactive powerncompensation 

according tonthe systemnneeds. They actsnlike isncapacitor whennthe systemnrequires reactive 

power and actsnlike inductornwhen systemnhas more reactivenpower. To compensate thenreactive 

power devices arenused such as DVR,DSTATCOMnand UPQC. These powerndevices are 

provide a fastnefficient and reliable controlnover the distribution parametersnlike voltage, phase 

anglenand linenimpedance betweennsending and receivingnend node.It hasnbeen observed that 

amongstnall, the D-STATCOMnserves allnthe purposes with thenrequired reactivenpower 

compensation.  

D-STATCOM is a shuntnconnected voltagensource converter based staticncompensator thatnis 

used for thenimprovement ofnbus voltagenprofile. It isnconnected in shuntnto thendistribution 

system throughna standard powerndistribution transformer.The DSTATCOMnis capable of 

generatingncontinuously variablenreactive power atna levelnup its maximumnMVA rating. Then 

D-STATCOMnconstantly checksnthe linenwaveform withnrespect to anreference acnsignal, and 

hence, it cannoffer the precisenquantity of leadingnor lagging reactivencurrent compensation to 

minimize  thenamount of voltagenvariations. The main componentsnof a D-STATCOMnare a dc 

capacitor, an acnfilter, onenor moreninverter modules, a PWMncontrol strategynand antransformer 

to matchnthe inverternoutput to the linenvoltage. D-STATCOMnhas beennutilized to increasenthe 

reliability and efficiencynof distribution systems duento its various advantagesnsuch as low 

harmonicndistortion,smallnsize, lownlosses, automaticnoperation, no resonancenproblems, 

continuous operationsnetc.Thesendevicesnplay an important role innimproving 

voltagenregulation,voltage balancingnand reducing power lossesnetc of distribution systems 

under both steadynstate and dynamicnconditions. 
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CHAPTER-3 

POWER-FLOW STUDIES IN DISTRIBUTION SYSTEMS 

3.1 INTRODUCTION 

The power flow ofna power networknprovides the steadynstate  solution  throughnwhich various  

parameters nof  interest   likencurrents,voltages, losses   etcncan  be calculated. The  loadnflow  is  

importantnfor  the  analysisnof  distributionnsystem, to investigatenthe issues relatednto planning, 

designnand the operationnand control.Some applicationsnlike optimal DGnand dstatcom 

placement inndistribution system, requiresnrepeated power-flownsolution. Many methodsnsuch 

Gauss-Seidel, Newton-Raphsonnare well reportednto carry the power-flownof transmission 

system.The usenof these methods forndistribution systemsnmay not be advantageousnbecause 

they arenmostly based onnthe general meshedntopology of a typical transmissionnsystem whereas 

mostndistribution systems have anradial or treenstructure. Furtherndistribution system possesnhigh 

R/X ratio, whichncause the distribution systems to benill conditioned fornconventional loadnflow 

methods.  

Some other inherent characteristics of electricndistribution systems  are 

(i) Radialnor weakly meshednstructure 

(ii) unbalancednoperation  and unbalanced distributednloads 

(iii) largennumber of buses andnbranches 

(iv) has widenrange of resistance and reactancenvalues 

(v) Distributionnsystem has multiphasenoperation. 

Theneffectiveness ofnthe optimizationnproblem ofndistribution networksnrelies onnupon the 

load flow algorithmnon the grounds thatnload flow result need tonrun for ordinarily.The load 

flow resultnof distributionnnetworks oughtnto have time proficientnqualities.A technique 

whichncan discovernthe load flownresult ofnradial distributionnnetworks specificallynby 

utilizingntopological normalnfor distributionnsystem is utilized. Innthis strategy, the plannof 

tedious Jacobian matrix ornadmittance matrix, whichnare needed in customaryntechniques, 

is stayednaway from.Thisnsystem isnillustrated in annutshell 

 

 

 

 



3.2 POWER-FLOW IN RADIAL DISTRIBUTION

A feedernbrings power

networks . Singlenor multiple radial

RDNntotal power lossesncan

transported electricalnpower from transmission

locally meetingnby localnDG). To determine

feedernbranch andnthe maximum voltage deviation

flow.ThenForward/Backward

impedancenof a feedernbranch 

conductorsnused in the branch

method consistntwo steps (i) backward

Backward sweep: In thisnstep, the load

networknhavingN numbernof nodes

   IL̅ (m)=ቀ

where, PL(m) and QL(m) represent

overbarnnotation (x̅) indicatesn

branch ofnthe network isncomputed as:

I(̅  mn) =

where,  the set Γ consistsnof all nodes which

Forward sweep: This stepnis used after

each nodenof andistribution network as

where, nodesnn andnm represent

branchnmn and Z(mn) is 

methodologynutilized within the

current injections (ECI), (ii) the node

branch-current tonnode-volta

will bendepicted  in  subtle

operating conditionnwith constant power
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RADIAL DISTRIBUTION  NETWORKS

brings powernfrom substationnto loadnpoints/nodes in r

or multiple radialnfeeders are used innthis planning approach. Basically,the

can be minimized bynminimizing the branch

power from transmissionnnetworks (i.e. nsome percent

DG). To determinenthe totalnpower lossnof then

the maximum voltage deviationnare determinednby performing

Forward/BackwardnSweep Power-flow techniquenis usednin

branch isncomputed bynthe specifiednresistance and reactance

the branchnconstruction. The Forward/Backward Sweep

backwardnsweep and (ii) forwardnsweep. 

step, the loadncurrent of eachnnode ofna distribution 

of nodesnis determinednas: 

ቀ ౌై(ౣ)షೕ్ై(ౣ)
ೇ∗()

ቁ     

representnthe active andnreactive powerndemand at node

nthe phasornquantities,such as IL̅ , V̄  ∗. Then,th

computed as: 

= IL̅ (n) + ∑m∈T   IL̅ (m)    

of all nodes whichnare located beyondnthe node n 

s used afternthe backward sweepnso as tondetermine the voltage

distribution network asnfollows 

m representnthe receivingnand sendingnend nodes, respectivel

 the impedancenof thenbranch Innthis work the

utilized within thenforward/backward power-flownis based on (i)

(ECI), (ii) the node-injectionnto branch- currentnmatrix (BIBC)

voltagenmatrix (BCBV). In thisnarea,the advancement

depicted  in  subtlenelement.Load  flownfor distribution networks

with constant powernload model can  benunder remained through

NETWORKS 

radialndistribution 

this planning approach. Basically,the 

branch powernflow or 

some percentagenof loadnare 

nnetwork orneach 

by performingnpower-

in thisncase.The 

resistance and reactancenof the 

ion. The Forward/Backward SweepnPower-flow 

a distribution 

 (3.1) 

demand at nodenm and the 

hencurrentnin each 

 (3.2) 

determine the voltagenat 

 

end nodes, respectivelynfor the 

work thenestimation 

is based on (i) nequivalent 

matrix (BIBC) and (ii) the 

area,the advancementnmethodology 

distribution networksnunder balanced 

under remained throughnthe 
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accompanyingnfocuses 

3.2.1 Equivalent Current Injection 

Thentechnique is basednon thenequivalent currentninjection of a nodenin  distributionnnetworks, 

the equivalent-current-injection modelnis morenpractical. For anynnode of distribution 

networks, the complexnload ܵ    isnexpressed by 

ܵ = ܲ + ݆ܳ
  (3.4) 

Now, the equivalent currentninjection is expressed as 

ܫ=ܫ 
(ܸ݅)+ jܫ

(ܸ݅)=
ುశ ೕೂ

ೇ

∗
             (3.5) 

For the power-flow solutionnequivalentncurrent injection (ECI) at the k-th iteration at i-th node 

nis computednas 

ܫ
 =ܫ

( ܸ
)+ jܫ

( ܸ
)=

ುశ ೕೂ
ೇ

∗
             (3.6) 

3.2.2Formation of BIBC Matrix 

 

The powerninjections at everynnode might bentransformed into thenequivalent current 

injectionsnusing the eq. (3.6) and applyingnKirchhoff’s CurrentnLaw (KCL) at each 

andnevery node anset ofncomparisons could be composed. Nowneach and every 

branchncurrents ofnthe networkncan benshaped as anfunction of thenequivalent current 

injectionsn (ECI).Asnshown innFigure 3.1, the branchncurrentsnIB5, IB4, IB3, IB2 and IB1 

cannbe expressednas: 



 
 

 

Figure 3.1.  Simple distribution system
 

ۏ
ێ
ێ
ێ
ۍ
1ܤܫ
2ܤܫ
3ܤܫ
4ܤܫ
ے5ܤܫ

ۑ
ۑ
ۑ
ې

=

ۏ
ێ
ێ
ێ
ۍ
1 1 1 1 1
0 1 1 1 1
0 0 1 1 0
0 0 0 1 0
0 0 0 0 ے1

ۑ
ۑ
ۑ
ې

ۏ
ێ
ێ
ێ
ۍ
2ܫ
3ܫ
4ܫ
5ܫ
ے6ܫ

ۑ
ۑ
ۑ
ې

 

he generalnform as ofneq. (3.12) can be

[IB] = [BIBC][I] 

The detailingnof BIBC

givennin eq. (3.13). Forngeneral network,the

accompanying stepsnand then

Step 1:  Makenan initialnnull BIBC matrix

n are thennumber ofn

Step 2: initiallynset i=1 and read

receivingnendnnode)

Node ‘x’ andnNode ‘y’. Check,that

to the firstnnode of the

BIBC matrix by ‘+1’.Increment ‘i’ by

Step 3: If the in step#2 the

network. Then copy

to the columnnsegment

matrixnby ‘+1’. Increment 

3.2 
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Figure 3.1.  Simple distribution system 

ے
ۑ
ۑ
ۑ
ې

ۏ
ێ
ێ
ێ
ۍ

ے
ۑ
ۑ
ۑ
ې

       

eq. (3.12) can benexpressed as: 

 

of BIBCnmatrix for distributionnnetworks demonstrated in

general network,thenBIBC matrix mightnbe shaped

nexample is donenby thenhelp ofnFigure 3.1: 

null BIBC matrixnwith a dimensionnof (m × (n − 1)). Where m

number ofnbranches  andnnodes  availablenin thennetwork. 

set i=1 and readnthe IBi (i=1, 2, 3…m) branchndata (i.e. sending

node)from line-datanmatrix. Ifna line sectionnIBi is located

Node ‘y’. Check,thatnthenIBi branch section of thennetwork is

node of thennetwork ornnot. If itnis, then makenthe (y

BIBC matrix by ‘+1’.Increment ‘i’ bynone or go tonthe step#3. 

p#2 thenIBi branch sectionnis not belongs tonthe first node of

network. Then copynthe column segment ofnthe ‘(x-1)-th’ node of BIBC

segment of ‘(y-1)-th’ node andnfill (y-1, y-1)-th 

by ‘+1’. Increment ‘i’ by onenand go tonthenstep#2.This isn

  

  (3.12) 

 (3.13) 

demonstrated innFigure 3.1 is 

be shapednthrough the 

− 1)). Where mnand 

 

data (i.e. sendingnend and 

is locatednbetween 

network isnbelongs 

(y-1, y-1)-thnbit of 

first node ofnthe 

node of BIBCnmatrix 

 bit of thenBIBC 

nexplained in  fig  
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Step 4: Repeatnstep#2 and step#3 until allnthe branches of thennetwork included in tonthe 

BIBCnmatrix 

 
 

Step#1 i=1 i=2 → 

 

 
In step#2 Copy 1st column In step#3 

 
 
 

i=3 → i=4 → 

 

 
Copy 2nd column In step#3 Copy 2nd column In step#3 

 
 
 

i=5 → 

 
 
 

Copy 2nd column In step#3 

 
 

Copied column Updated column 

Figure 3.2. The formation of BIBC matrix 

3.2.3 Formationnof BCBVnmatrix 

The BranchnCurrent to Node voltagen (BCBV) matrixnsummarizes thenrelation 

between branchncurrent and nodenvoltages. The relationsnbetween the branchncurrents  and 

nodenvoltages cannbe obtainedneasily by applyingnKirchhoff’s Voltage Law (KVL). As 

shown in Figure 3.1, thenvoltages of Noden2, 3, and 4nare expressednas: 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

 

1 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

 

1 1 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

 

1 1 0 0 0 

0 1 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

1 1 1 0 0 

0 1 1 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

 

1 1 1 1 0 

0 1 1 1 0 

0 0 1 1 0 

0 0 0 0 0 

0 0 0 0 0 

 

1 1 1 1 0 

0 1 1 1 0 

0 0 1 1 0 

0 0 0 1 0 

0 0 0 0 0 

1 1 1 0 0 

0 1 1 0 0 

0 0 1 0 0 

0 0 0 0 0 

0 0 0 0 0 

 

1 1 1 0 0 

0 1 1 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

 

Branch 
no Sending node Receiving node 

1 1 2 

2 2 3 

3 3 4 

4 4 5 

5 3 6 

1 1 1 1 1 

0 1 1 1 1 

0 0 1 1 0 

0 0 0 1 0 

0 0 0 0 1 
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Substitutingnequations (3.14) and (3.15) intoneqn. (3.16), the voltagenof Node 4 can be 

rewrittennas: 

 

From equation itncan be seen that the nodenvoltage of the networkncan be expressednas a 

function ofnthe branchncurrents,line nparameters and mainnsubstation voltage.Similar 

approachncan benemployed for othernnodes,andnthe Branch-Current tonNode-Voltage (BCBV) 

matrixncan benderivednas: 

ۏ
ێ
ێ
ێ
ۍ
V1
V1
V1
V1
V1ے

ۑ
ۑ
ۑ
ې

-

ۏ
ێ
ێ
ێ
ۍ
V2
V3
V4 V5

V6 ے
ۑ
ۑ
ۑ
ې

=

ۏ
ێ
ێ
ێ
ۍ
Z12 0 0 0 0
Z12 Z23 0 0 0
Z12 Z23 Z34 0 0
Z12 Z23 Z34 Z45 0
Z12 Z23 0 0 Z56ے

ۑ
ۑ
ۑ
ې

ۏ
ێ
ێ
ێ
ۍ
IB1
IB2
IB3
IB4

IB5ے
ۑ
ۑ
ۑ
ې

  

 

The generalnform of eq. (3.18) cannbe expressednas: 

Or,  [∆V] = [BCBV][IB] (3.19) 

The formulationnof BCBVnmatrixnfor distributionnnetworks shown innFigure 3.1 isngiven eq. 

(3.18) andneq.  (3.19).Fornuniversal  network, thenBCBV matrixncan  be  formednthrough  

the following steps: 

Step 1:  Makenan initialnnullnBVBC matrix with a dimensionnof ((n − 1) × m).Where mnand 

nnare thennumber of branchesnand nodes availablenin thennetwork. 

Step 2: initiallynset i=1 andnread the IBin (i=1, 2, 3…m) branchndata (i.e. sendingnend and 

receivingnendnnode) from line-datanmatrix. If anline sectionnIBi is locatednbetween 

Noden‘x’ andnNode ‘y’. Check,that thenIBi branchnsection of thennetwork isnbelongs 

to the firstnnode of the networknor not. Ifnit is,then makenthe (y-1, y-1)-thnbit 

ofnBVBC matrixnby thencorresponding branchnimpedance(Zxy). Increment ‘i’ bynone 

or gonto thenstep#3. 

Step 3: If thenin step#2 thenIBi branch sectionnis not belongs tonthe first node ofnthe 

network.Then copynthe row segment ofnthe ‘(x-1)-th’ nodenof BVBC matrixnto 

the row segmentnof ‘(y-1)-th’nnode andnfill (y-1, y-1)-th bitnof thenBVBC matrix 

by thencorresponding branchnimpedance (Zxy).Increment ‘i’ by one andngo 

tonthe step#2.This isnexplained innFigure 3.2. 
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Step 4: Repeatnstep#2 and step#3 untilnall the branches ofnthe network includednin the 

BVBCnmatrix. 

FromnFigure (3.2) andnFigure (3.3), itncan benseen that thenalgorithms for thenboth BIBC   

and BCBVnmatrices arenvirtually identical. Basicnformation difference of BIBCnmatrix   

and BCBVnmatrix is that, innBIBC matrixn (x-1)-th nodencolumn is copied tonthe column of  

the (y-1)-th nodenand fillnwith +1 in then (x-1)-th rownand the (y-1)-th nodencolumn,while 

innBCBV matrixn row ofnthe (x-1)-th nodenis copiednto thenrow of the (y-1)-th nodenand fill 

thenlinenimpedance (Zxy) in thenposition ofnthe (y-1)-th nodenrownand the i-th  column. 

 

[BCBV]= 

ۏ
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ۍ
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[BCBV] = [BIBC][ZD] 
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The general formnof eq. (3.23) can benexpressednas: 

[∆V] = [BCBV][ZD][IB] (3.24) 

[∆V] = [BIBC]T[ZD][IB] (3.25) 
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Step#1 i=1 i=2 → 

 

 
In step#2 Copy 1st row In step#3 

 
 
 

i=3 → i=4 → 

 

 
Copy 2nd crow In step#3 Copy 2nd row In step#3 

 
 
 

i=5 → 

 
 
 

Copy 2nd row In step#3 

 
 

Copied row Updated row 

Figure 3.3. The formation of BVBC matrix 
 

3.2.4 SolutionnMethods 

The developmentnof BIBCnand BCBVnmatrices isnclarified innsection 3.2.2 andn3.2.3.These 

matricesninvestigate thentopological structurenof distributionnnetworks.Basicallynthe BIBC 

matrix isnmaking an easynrelation betweennthennode current injectionsnand branch currents. 

These relationngive a simple solutionnfor branch currentsnvariation,which isnoccurs due tonthe 

variationnat thencurrent injectionnnodes,thesencan benobtained directlynby usingnBIBC matrix. 

The BCBVnmatrix build anneffective relations betweennthe branch currents andnnode voltages. 

The concernnvariation of the nodenvoltages isnproduced by thenvariantnof the branchncurrents. 

Thesencould bendiscovered specificallynby utilizingnthe BCBV matrix. Joiningneqs. (3.13) and 

(3.19),the relationsnbetween the nodencurrent injectionsnand nodenvoltages couldnbe 

communicatednas: 
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The iterativensolution for thendistribution systemnpower-flow can benobtained by solvingneqs. 

(3.32)  and (3.33) whichnare specifiednbelow: 

ܫ
 =ܫ

( ܸ
)+ jܫ

( ܸ
)=

ುశ ೕೂ
ೇ

∗
                                     (3.32) 

                [∆Vk+1] = [DLF]. [Ik] (3.33) 
 

[Vk+1] = [V0] + [∆Vk+1] (3.33) 

 

Thennew definitionnas illustratednuses justnthe DLFnmatrix to takencare of power-flow 

problem.Subsequentlynthis strategynis extremely timenefficient, which isnsuitable for on- 

line operationnand optimizationnproblemnof distributionnnetworks. 

 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



  
  
3.3 ALGORITHM FOR DISTRIBUTION NETWORK 

The algorithmnsteps fornpower

below: 

 Step 1: Readnthe distribution

Step 2: Calculate theneach node current

relationship  can 

[ܫ]  = ቀ
ௌ


ቁ

∗
=ൣುష

ೇ

Step 3: Calculate the BIBC

Step 4: Evaluate thenbranch current

(ECI). Thenrelationship can

[IB] = [BIBC][I]

Step 5: Formnthe BCBV

therefore cannbe expressed

[∆V]  = [BCBV][

Step 6: Calculate thenDLF 

Step 7: SetnIteration k =0. 

Step 8: Iteration k = k + 1.

Step 9: Updatenvoltages by using

ܫ                   
 =ܫ

( ܸ
)+ jܫ

( ܸ

                     [∆Vk+1] = [DLF

[Vk+1] = [V0] +  

Step 10: Ifnmax  ((|V(k + 1
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OR DISTRIBUTION NETWORK POWER

power-flownsolution of distributionnnetworks isngiven 

the distributionnnetworks line datanand busndata. 

each node currentnor node currentninjection matrix

can benexpressed as – 

ൣ షೕೂ
ೇ∗ ൧

Calculate the BIBCnmatrix by using stepsngiven in sectionn3.2.2.

branch currentnby using BIBC nmatrix and currentninjection

relationship cannbenexpressed as - 

] 

the BCBVnmatrix bynusing stepsngiven innsection 3.2.3.

be expressednas - 

][IB] 

DLF matrix bynusing theneq. (3.30). The relationship 

=0. 

1. 

voltages by usingneqs. (3.32), (3.33), (3.34) 

ܸ
)=൫ುశ ೕೂ

ೇ
൯

∗
 

DLF]. [Ik] 

+  [∆Vk+1] 

k + 1)| − |V(k)|) > tolerance) go tonstep 6.  

 

POWER-FLOW 

given 

injection matrix.There 

3.2.2. 

injection matrix 

section 3.2.3.Thenrelationship 

nship willnbe  - 



Stepn11: Calculate branchn

Step 12: Display the noden

Step 13: Stop 

The abovenalgorithm steps are shown

 

Fig 3.4:- Flowchart for 
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ncurrents, and losses from final nodevoltages. 

nvoltage magnitudes and angle,branch currentsnand

algorithm steps are shownnin Flowchart givennas Figure 3.4. 

Flowchart for load flow solution for distribution networks. 

and losses. 
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3.4 INCORPORATION OF DGs IN POWER-FLOW 

Assumenthatna singlensource radialndistribution networksnwith NL branches andna DG isnto be 

placednatnnode i and α bena set of branchesnconnected between thensource and node i .Itnis 

knownnthat  the DGnsupplies activenpower to thenpower systemnbut in case of reactivenpower 

it is depensd uponndistribution generation (DG) and/or DSTATCOM, either it isnsupplies to 

the system ornconsume from thensystem. The currentnof other branches are unaffectednby the 

DG. 

Total ApparentnPower at  ith  node: 

S = ܵ_=∑( ܲ + ݆ܳ) i = 1, … NB      (3.34) 

Current at  ith node: 

ܫ = ܫ
௪௧ _ீ=(ೄ

ೇ
)∗ 

To incorporate thenDG model, the active andnreactive power demandnat i-th node at whichna 

DG unit isnplaced, is modifiednby: 

ܲ
௪௧_ௗ = ܲ_

௪௧௨௧_ௗ + ܲ
ீ        (3.36) 

      

ܳ
௪௧_ௗ = ܳ_

௪௧௨௧_ௗ ∓ ܳ
ீ        (3.37)  

DG power at ith  node: 

ܵீ_ = ܲீ _
ீ ± ܳீ_

ீ  

Total newnapparent power at  ith  node: 

S = ܵ_− ܵீ_ (3.39) 

Now the updatednnetwork power can benexpressed in matrixnform 

 

[S] = [ܵ_]− [ܵீ_] (3.40) 
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3.5 INCORPORATION OF DSTATCOM IN POWER-FLOW 

Assumenthat a singlensource radial distributionnnetworks with NB branchesnand DSTATOM 

is to benplaced at node i.The DSTATCOMnproduces reactivenpower (ܳீ_
ௌ்)duento thisna 

reactivencurrent(ܫௌ்
 ) flow throughnthe radial networknbranches which changesnthe reactive 

componentnof current ofnbranch. To incorporatenthe DSTATCOMnmodel, the reactivenpower 

demand at i-th nodenat which anDSTATCOM unitnis placed, isnmodified by: 

   ܳ_
௪௧_ௌ் = ܳ_

௪௧ _ௌ் ∓ ܳீ_
ௌ்     (3.41) 

   [ܵ] = ൣܵ_൧ − ൣܵௌ்_൧                                                              (3.42) 

3.6 ALGORITHM FOR DISTRIBUTION NETWORK POWER-FLOW 

WITH BOTH DSTATCOM AND DG 

The algorithm stepsnfor power-flow solutionnof distribution networks isngiven below: 

Step 1: Readnthe distributionnnetworks line datanand busndata. 

Step 2: CalculatenDG powernand DSTATCOM powernforneach nodes and updatenthe 

system busndata. 

Step 3: Calculate the totalnpower demand withnDG or DSTATCOMnor with both bynthe 

helpnof eq. (3.40) (3.42). The relationshipncan be expressednas – 

  [ܵ] = ൣܵ_൧ − ൣܵீ_൧ − ൣܵௌ்_൧                                                                                                                      

Step 4: Calculate theneach node current ornnode current injectionnmatrix. The relationship 

can benexpressed as – 

[ܫ]   = ቀ
ௌ


ቁ

∗
=ൣುషೕೂ

ೇ∗ ൧ 

Step 5: Calculate the modifiednimpedance matrix andnmodified current injectionnmatrix 

Step 6: Calculatenthe BIBCnmatrix bynusing stepsngivennin sectionn3.2.2. 

Step 7: Evaluatenthenbranch currentnbynusing BIBCnmatrix andncurrent injectionnmatrix 

(ECI). The relationshipncan benexpressed as - 

    [IB] = [BIBC][I] 

Step 8:Formnthe BCBVnmatrix by usingnstepsngiven in  sectionn3.2.3. 

                                              [∆V]  = [BCBV][IB] 

 



Stepn9: Calculate thenDLF matrix

Stepn10: Set Iterationnk = 0. 

Stepn11: Iterationn k = k + 1. 

Stepn12: Update voltagesnby using

ܫ
 =ܫ

( ܸ
)+ jܫ

(ܸ

[∆Vk+1] = [DLF

[Vk+1] = [V0] + 

Stepn13: Ifnmax((|V(k + 1)| − |

Stepn14: Calculatenbranch currents, and

Step 15: Display the nodenvoltage magnitudes and

Step 16: Stop 
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DLF matrixnby usingnthe eq. (3.30).The relationshipnwill be 

by usingneqs. (3.32), (3.33), (3.34),as 

ܸ
)=൫ು  ೕೂ

ೇ
൯

∗
 

DLF]. [Ik] 

+ [∆Vk+1] 

|V(k)|) > tolerance) gonto step 6. 

branch currents, andnlosses from final nodenvoltages. 

tage magnitudes andnangle, branch currentsnand losses.

 

 

 

 

 

 

 

 

 

will be – 

and losses. 
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CHAPTER -4 

OPTIMAL DG AND DSTATCOM ALLOCATION USING TLBO 

ALGORITHM 

4.1 PROBLEM FORMULATION  

Total power loss in a distribution network will be formulated using current injection method as 

ܫ = ൫ುశ ೕೂ
ೇ

൯
∗

          (4.1) 

Real and imaginary part of current Ii can be divided as following: 

re(ܫ) = ು ౙ౩ ഇశೂ ౩ ഇ
หೇห

                              im(ܫ) = ು ౩ ഇషೂ ౙ౩ ഇ
หೇห

             (4.2) 

than total power loss can be reperents as using BIBC matrix using eq(3.12):- 

ܲ௦௦ =∑ |ଶܤܫ|
ୀଵ *ܴ=[ܴ]்|(ܥܤܫܤ).  ଶ                                                                       (4.3)|(ܫ)

ܲ௦௦ = [ܴ]்|(ܥܤܫܤ). ்[ܴ]= ଶ|(ܫ) ቀ൫(ܥܤܫܤ). ଶ൯[(݅)݁ݎ] + ൫(ܥܤܫܤ). [݅݉(݅)]ଶ൯ቁ            (4.4) 

By substituting the equivalent bus injection expression 

ܲ௦௦ =[ܴ]் ቀ(ܥܤܫܤ). ൫Pcos Qsin+ߠ ߠ
ܸ  ൯ቁ

ଶ
+[ܴ]் ቀ(ܥܤܫܤ). ൫Psinθ − Qcosߠ

ܸ ൯ቁ
ଶ
                 (4.5) 

Power loss at ݅௧ℎ branch:- 

 

ܲ௦௦ = ܴ ቀ∑ ,݆)ܥܤܫܤ ݅ − 1). ቀܲ݅ cos ݅ܳ+݅ߠ sin ݅ߠ
หܸ݅ห

 ቁ
ୀଶ ቁ

ଶ
+ ቀ∑ ,݆)ܥܤܫܤ ݅ − 1). ܲ݅ sin ݅ܳ−݅ߠ cos ݅ߠ

หܸ݅ห

ୀଶ ቁ

ଶ
൨ 

           (4.6) 

Total power loss can be written as:- 

Ploss=∑ ܴ ቀ∑ ,݆)ܥܤܫܤ ݅ − 1). ቀܲ݅ cos ݅ܳ+݅ߠ sin ݅ߠ
หܸ݅ห

 ቁ
ୀଶ ቁ

ଶ
+ ቀ∑ ,݆)ܥܤܫܤ ݅ − 1). ܲ݅ sin ݅ܳ−݅ߠ cos ݅ߠ

หܸ݅ห

ୀଶ ቁ

ଶ
൨

ୀଵ  

           (4.7) 

Minimization of this ܲ௦௦ is our main constraint in distribution system network 
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4.2OPTIMIZATION TECHNIQUE 

4.2.1 INTRODUCTION 

Optimizationnis a processnby whichnwe try tonfind outnthe bestnsolution fromnset ofnavailable 

alternative. InnDG and DSTATCOM allocationnproblem, DG and DSTATCOM locationsnand 

sizes mustnbe optimizenin such a waynthat it give mostneconomical, efficient,technicallynsound 

distributionnsystem. In general distributionnsystem have many nodesnand itnis very hardnto find 

outnthe optimalnDG andnDSTATCOM location andnsize bynhand. Therenarennumerous 

optimizationnapproaches used in thenliterature. All evolutionary and swarmnintelligence based 

optimizationnalgorithms require commonncontrol parameters likenpopulation size, numbernof 

generations,elitensize, etc. Besides thencommon control parameters,differentnalgorithms require 

their ownnalgorithm-specificnparameters. For example, GAnuses mutation probabilitynand 

crossover probabilitynand selection operator;PSO usesninertia weight andnsocial and 

cognitivenparameters; ABCnalgorithm usesnnumber of bees(scout, nonlooker, and 

employed) andnlimit; and NSGA-IInrequires crossovernprobability, mutationnprobability, and 

distributionnindex.Properntuning of thesenalgorithm-specificnparameters isna veryncrucial factor 

whichnaffectsnthe performancenof thenalgorithms. Thenimproper tuningnof algorithm-specific 

parameters eithernincreases the computationalneffort ornyieldsna local optimalnsolution. In 

additionnto thentuning ofnalgorithm-specificnparameters, thencommonncontrol parameters also 

need tonbe tuned whichnfurther enhances theneffort. Thus, there isna need to developnan 

algorithm whichndoes not require anynalgorithm-specific parametersnand teaching-learning-

based optimization (TLBO) is such annalgorithm. 

4.2.2 TLBO ALGORITHM 

The TLBOnalgorithm is anteaching-learningnprocess inspirednalgorithm proposednby Rao et 

al[19] and Raonand Savsani [20] based on the effectnof influence of a teachernon thenoutput of 

learnersnin anclass. Thenalgorithm describesntwonbasic modesnof the learning: (i) through 

teachern (known as teachernphase) and (ii) through interactionnwith the othernlearners (known 

asnlearner phase). In thisnoptimization algorithm, a groupnof learners is considerednas population 

and differentnsubjects offered tonthe learnersnare considerednas differentndesign variables ofnthe 

optimizationnproblem andna learner’snresult isnanalogous tonthe ‘fitness’valuenofnthe 

optimization problem.Thenbest solutionnin thenentire population isnconsidered as 

thenteacher. The designnvariables are actually thenparameters involved in the 

objectivenfunction of the givennoptimization problem andnthe best solution isnthe bestnvalue of 
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the objectivenfunction. The workingnof TLBOnis divided into twonparts, ‘Teachernphase’and 

‘Learner phase’. Workingnof both the phasesnis explainednbelow. 

4.2.2.1  TEACHER PHASE 

It is thenfirst part of thenalgorithm where learnersnlearn through thenteacher.During 

thisnphase, anteacher tries to increasenthe mean resultnof thenclass in the subject taughtnby him or 

her dependingnon his or herncapability. At anyniteration i, assumenthat there are ‘m’ numbernof 

subjects (i.e., designnvariables), ‘n’ numbernofnlearners (i.e., populationnsize, k = 1, 2,…, n) and 

Mj,inbe thenmean resultnof thenlearners inna particularnsubject ‘j’ (j = 1, 2,…, m) Thenbest overall 

resultnXtotal-kbest,inconsidering allnthe subjectsntogether obtainednin thenentirenpopulationnof 

learnersncan benconsidered as thenresult ofnbest learnernkbest. However, nasnthenteacher isnusually 

considerednas a highlynlearned personnwho trains learners so thatnthey cannhave betternresults, 

thenbest learnernidentified isnconsidered by the algorithmnas thenteacher. The differencenbetween 

the existing meannresult of eachnsubject andnthe corresponding resultnof the teacher forneach 

subject is givennby 

  Difference Meanj;k;i=  ݎ ( ܺ,௦௧,-TF,Mj,i)    (4.1) 

where, Xj,kbest,i is thenresult of the bestnlearner in subject j. TF isnthe teaching factornwhich 

decides the valuenof meannto be changed,and  ݎ isnthe randomnnumber in the range [0, 1].Value 

of TF cannbe either 1nor 2. The valuenof TF isndecided randomlynwith equalnprobability as, 

    TF=round[1 + ሼ2(0,1)݀݊ܽݎ − 1ሽ]                           (4.2) 

TF isnnot a parameternof the TLBOnalgorithm.The value ofnTF is not givennasnan input tonthe 

algorithm andnits valuenis randomlyndecided  by the algorithmnusing Eq. (4.2). Afternconducting 

a number ofnexperiments on manynbenchmark functions it isnconcluded that thenalgorithm 

performs betternif the value of TF isnbetween 1 and 2. However,thenalgorithm is foundnto 

perform muchnbetter if the valuenof TF is either 1 or 2 andnhence to simplifynthe algorithm, the 

teachingnfactor is suggested tontake either 1nor 2 dependingnon thenrounding upncriteria 

givennby Eq. (4.2). Basednon thenDifference_Meanj,k,i, thenexisting solutionnis updated in 

thenteacher phase accordingnto the following expression. 

ܺ,,
′ = ܺ,, + Difference_݉݁ܽ݊,, 

where, Xʹj,k,i is thenupdated value of Xj,k,i. Xʹj,k,i isnaccepted if it gives betternfunction 

value. All thenaccepted functionnvalues at the endnof the teachernphase are maintainednand these 
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values becomenthe input tonthe learnernphase. The learnernphase dependsnupon the teacher 

phase. 

4.2.2.2 Learner Phase 

It isnthe second part of thenalgorithm where learnersnincrease their knowledge byninteracting 

amongn themselves. A learnerninteracts randomly with othernlearners for improvingnknowledge. 

A learner learnsnnew things if the othernlearner has morenknowledge than himnor her. 

Considering anpopulation sizenof ‘n’, thenlearning phenomenonnof thisnphase isnexplained 

below. 

Randomlynselect two learnersnP and Q suchnthat Xʹtotal-P,i ≠ Xʹtotal-Q,i (where, 

Xʹtotal-P,inand Xʹtotal-Q,i are thenupdated function valuesnof Xtotal-P,i and Xtotal-Q,i ofnP andnQ, 

respectively, atnthe end ofnteachernphase) 

 ܺ,,
ᇱᇱ = ܺ,,

 + )ݎ ܺ,,
ᇱ − ܺ,ொ,

ᇱ ) ,if ܺ௧௧ି
ᇱ < ܺ௧௧ିொ

ᇱ                     (4.4) 

 ܺ,,
ᇱᇱ = ܺ,,

 + )ݎ ܺ,ொ,
ᇱ − ܺ,,

ᇱ ) ,if ܺ௧௧ିொ
ᇱ < ܺ௧௧ି

ᇱ                      (4.5) 

Xʹʹj,P,is acceptednif it gives a betternfunctionnvalue. The Eqs. (4.4) and (4.5) arenfor minimization 

problems. In thencase of maximizationnproblems, the Eqs. (4.6) and (4.7) arenused 

 ܺ,,
′′ = ܺ,,

 + )ݎ ܺ,,
′ − ܺ,ொ,

′ ) ,if ܺ௧௧ିொ
′ < ܺ௧௧ି

′                        (4.6) 

 ܺ,,
′′ = ܺ,,

 + )ݎ ܺ,ொ,
′ − ܺ,,

′ ) ,if ܺ௧௧ି
′ < ܺ௧௧ିொ

′                        (4.7) 

Teaching-learning-basednoptimisation (TLBO) nis a population-basednalgorithm 

whichnsimulates thenteaching-learning processnof the classnroom. Thisnalgorithm 

requires onlynthe common controlnparameters such asnthe population sizenand 

the number ofngenerations and doesnnot require anynalgorithm-specificncontrol 

parameters. 

 

4.3 Implementation of TLBO technique for optimal DG and/or DSTATCOM   

placement problem 

The stepwise procedure for the implementation of TLBO algorithm in solving the optimal 

placement of DG and DSTATCOM is given by following steps. 
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Step 1. Initialize the following optimization parameters: population size (NP), maximum number 

of iterations, number of design variables (ND) and limits of design variables to be installed in 

the distribution network. 

Step 2. Randomly generate different locations for the placement of DG and DSTATCOM 

depending upon number of DG and DSTATCOM. 

Step 3. Randomly generate different size ofnthe DGs withinntheir operating limitsnwhich are 

installednin the distributionnnetwork. The operating KW and KVAR ofnall the installednDGs and 

DSTATCOM comprise anvector which representsnthe grade of differentnsubjects of anparticular 

student and itnalso represents a candidatensolution for the optimalnDG and DSTATCOM 

placementnproblems 

Step 4. Run the power-flow to find the power losses of the distribution network. Afterward, the 

objective functions arenevaluated. Based on thenobjective value, sortnthenstudents from bestnto 

worst andnthe best solutionnobtained so farnis assigned asnthe teacher ofnthe class. 

Stepn5. Modifynthe grade pointnof each subject(KW/KVArnof DG/DSTATCOM)usingnthe 

concept ofnteaching phase  

Step 6. Update the grade point of each subject(KW/KVAr of DG/DSTATCOM)  of all students 

using the concept of learning phase  

Step 7. Checknwhether the updated KW/KVAR ofnthe any installednDG and DSTATCOM 

violates thenoperating limitsnor not. Ifnanynvalue is less thannthe minimum valuenit is madenequal 

to minimum limitnand if it is greaternthan the maximumnvalue it is madenequal to thenmaximum 

limit. 

Step 8. Check for the stopping criteria. If it is satisfied, then stop the iterationnprocess and print 

the bestnsolution else go to step no. 4 and repeat the whole process. 
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Fig :Flow chart for TLBO algorithm 
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CHAPTER 5 

CASE STUDIES AND RESULTS 

 

5.1   33 BUS RADIAL DISTRIBUTION SYSTEM:- 

The IEEE 33-bus radial distribution system consists of 33 buses and 32 branches. The bus data 
and line data of this system are taken from The base values are 100 MVA and 12.66 kV and the 
total real and reactive power loads of this system are 3715 kW and 2300 kVAr. The schematic 
diagram of 33 bus distribution system is shown in figure,the first bus is considered as slack bus 
or feeder bus and remaining bus is considered as candidate location for DG and DSTATCOM 
placemant.Total real and reactive power loss for base case as 210.98 kW and 143.13 kVAr. 

 

Fig 5.1:-33 bus radial distribution system 

There are four different case studies is considered in this section, size and location of DG and 
DSTATCOM is shown in the result and compare with single and multiple DG and DSTATCOM 
conditions. 
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5.CASE STUDIEDS OF 33 BUS RADIAL DISTRIBUTION SYSTEM:- 

CASE 1: ALLOCATION OF  SINGLE AND MULITPLE TYPE 1 DG IN DISTRIBUTION 
SYSTEM:- 

 Base case No of DG =1 No of DG =2 No of DG =3 

DG size in 
kw(bus) 
 

_ 2590.24(6) 851.50(13) 
1157.63(30) 

801.70(13) 
1091.33(24) 
1053.64(30) 

ܲ௦௦(kw)  
 

210.98 111.03 87.16 72.78 

%loss reduction 
 

_ 47.37% 58.68% 65.50% 

Table 1: single and multiple type 1 DG allocation in distribution system 

Power loss reduces to 72.78 kw from 210.98kw as number of DG increases. DG sizing and 
location is showing in the table. 

 

CASE 2 ALLOCATION OF SINGLE AND MULITPLE DSTATCOM IN DISTRIBUTION 
SYSTEM:- 

 Base case No of 
DSTATCOM =1 

No of 
DSTATCOM =2 

No of 
DSTATCOM =3 

DSTATCOM 
size in kw(bus) 
 

_ 1257.99(30) 465.13(12) 
1063.36(30) 

387.91(13) 
544.21(24) 
1037.02(30) 

ܲ௦௦(kw)  
 

210.98 151.378 141.841 138.264 

%loss reduction 
 

210.98 28.25% 32.77% 34.46% 

Table: single and multiple DSTATCOM allocation in distribution system 

Power loss reduces to 138.264kw from 210.98 through reactive power compensation using 
DSTATCOM.As number of DG increases power loss also reduces to 34.46%. 
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CASE 3 ALLOCATION OF TYPE 3 DG IN DISTRIBUTION SYSTEM:- 

 Base 
case 

No of DG =1 No of DG =2 No of DG =3 

DG size in 
KW/KVAr(bus) 
 

_ 2558.5/1761.35(6) 845.587/398.76(13) 
1137.04/1064.31(30) 

793.874/373.37(13) 
1070.02/517.15(24) 
1029.735/1011.51(30) 

ܲ௦௦(kw)  
 

210.98 67.86 28.50 11.74 

%loss reduction 
 

_ 67.83% 86.49 94.43 

Table 3:single and multiple type 3 DG allocation 

As type 3 DG gives both active and reactive power compensation so power loss reduces 
efficiently.power loss reduces to 11.74kw from 210.98 using three type 3 DG in the system 

 

CASE 4 ALLOCATION OF MULTIPLE DG AND DSTATCOM IN DISTRIBUTION 
SYSTEM:- 

 Base case No of DG =1 No of DG =2 No of DG =3 

DG size in 
kw(bus) 
 

_ 2531.737(6) 846.15(13) 
1137.53(30) 

765.33(14) 
1075.132(24) 
1041.37(30) 

DSTATCOM 
size in 
KVAr(bus) 
 

_ 1255.798(30) 446.554(12) 
1043.719(30) 

372.775(13) 
517.264(24) 
1011.766(30) 

ܲ௦௦(kw)  
 

210.98 58.456 28.49 11.72 

%loss reduction 
 

_ 72.29% 86.49% 94.44% 

Table 4:single and multiple DG & DSTATCOM in distribution system. 

Simultaneous allocation of DG and DSTATCOM gives more efficient result in radial 
distribution system as power losses reduces to 94.44% 
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5.2 FOR 69 BUS RADIAL DISTRIBUTION SYSTEM 

The totalnload of the networksnis 4.660MWn (3802.19 kW activenpower and 2694.6kVAR 
reactivenpower) andnthe slacknnode isndelivering 4.902MWnpower. The distributionnloss innthe 
networksnis 0.247 MW.The powernloss duento activencomponent ofncurrent is 224.995 KWnand 
power lossndue tonreactive componentnof the current isn102.198 

kVAR.All nodenvoltages arenwithin 0.90919 - 1np.u. 

 

Fig 5.2:-69 bus radial distribution system 

There are four different case studies is considered in this section, size and location of DG and 
DSTATCOM is shown in the result and compare with single and multiple DG and DSTATCOM 
conditions. 

CASE STUDIEDS OF 69 BUS RADIAL DISTRIBUTION SYSTEM:- 

CASE 1 ALLOCATION OF TYPE 1 DG IN DISTRIBUTION SYSTEM:- 

 Base case No of DG =1 No of DG =2 No of DG =3 

DG size in 
kw(bus) 
 

_ 1872.70(61) 531.48(17) 
1781.47(61) 

526.84(11) 
380.35(18) 
1718.96(61) 

ܲ௦௦(kw)  
 

224.995 83.22 71.67 69.42 

%loss reduction 
 

_ 63.01% 68.14% 69.14% 

Table 5:single and multiple DG allocation in 66 bus distribution system 

 

Power loss reduces to 69.42 kw from 225kw using three type 1 DG in the distribution system 
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CASE 2 ALLOCATION OF ONLY DSTATCOM IN DISTRIBUTION SYSTEM:- 

 Base case No of DG =1 No of 
DSTATCOM =2 

No of 
DSTATCOM =3 

DSTATCOM 
size in kw(bus) 
 

_ 1329.99(61) 361.06(17) 
1275.05(61) 

413.09(11) 
230.61(18) 
1232.41(61) 

ܲ௦௦(kw)  
 

224.995 152.03 146.43 145.11 

%loss reduction 
 

_ 32.43% 34.91% 35.50% 

Table 6:single and multiple DG allocation in 66 bus distribution system 

As allocation of only DSTATCOM in the system is reduce losses to 145.11 kw from 225 kw. 

 

 

CASE 3 ALLOCATION OF TYPE 3 DG  IN DISTRIBUTION SYSTEM:- 

 Base case No of DG =1 No of DG =2 No of DG =3 

DG size in 
KW/KVAr(bus
) 
 

_ 1828.47/1300.69 
(61) 

522.345/353.43(17) 
1734.676/1238.461 
(61) 

494.544/353.84(11) 
379.07/251.53(18) 
1674.32/1195.4(61) 

ܲ௦௦(kw)  
 

224.995 23.171 7.204 4.268 

%loss reduction 
 

_ 89.70% 96.79 98.10% 

Table 7:single and multiple type 3 DG allocation in 66 bus distribution system  

Allocation of single and multiple type 3 DG gives better results,it reduces power loss to 4.268 
from 225kw for three type 3 DG allocation. 
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CASE 4 ALLOCATION OF TYPE 1 DG and DSTATCOM IN DISTRIBUTION SYSTEM:- 

 Base case No of DG =1 No of 
DG&DSTATCOM 
=2 

No of 
DG&STATCOM 
=3 

DG size in 
kw(bus) 
 

_ 1828.475(61) 522.345(17) 
1734.676(61) 

494.646(11) 
378.963(18) 
1674.31(61) 

DSTATCOM 
size in 
KVAr(bus) 
 

_ 1300.609(61) 353.43(17) 
1238.461(61) 

374.887(11) 
230.459(21) 
1195.455(61) 

ܲ௦௦(kw)  
 

224.995 23.71 7.204 4.255 

%loss reduction 
 

_ 89.70% 96.79% 98.10% 

Table 8: simultaneous DG and DSTATCOM allocation in 66 bus distribution system 

 

COMPARISION WITH OTHER EXISTING TECHNIQUE:-For 33 bus distribution system 

method method Ploss(kw) %loss 
reduction 

DG size in 
KW 
(location) 

DSTATCOM 
SIZE KVAr 
(location) 

Single DG PSO[34] 
 
 (TLBO) 

203.98 
 
111.03 

3.33% 
 
47.37% 

1996(21) 
 
2590.24(6) 

_ 

Multiple 
DG(type 1) 

BFOA[33] 
 
 
 (TLBO) 

75.53 
 
 
72.78 

65% 
 
 
65.50% 

779(14) 
880(25) 
1083(30) 
801.70(13) 
1091.33(24) 
1053.64(30) 

_ 

Single DG and 
DSTATCOM 

PSO[34] 
 
 (TLBO) 

60.482 
 
 
58.456 

71.33% 
 
 
72.29% 

137.1(21), 
 
2531.737(6) 
 

163.4 (21) 
 
1255.798(30) 

multiple DG and 
DSTATCOM 

BFOA[33] 
 
 
 
 (TLBO) 

15.07 
 
 
 
11.72 

92.85% 
 
 
 
94.44% 

850(12) 
750(25) 
860(30) 
 
765.33(14) 
1075.132(24) 
1041.37(30) 

400(12) 
350(25) 
850(30) 
 
372.775(13) 
517.264(24) 
1011.766(30) 

Table 9:-comprision with PSO and BFOA technique. 

As result shown in the table proposed method is better than PSO [34](practical swan 
optimization technique) and for multiple DG and DSTATCOM allocation method is better than 
BFOA[33]technique. 
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For 69 bus distribution system:- 

Table 10: comparison with PSO  

method method Ploss(kw) %loss 
reduction 

DG size in 
KW 
(location) 

DSTATCOM 
SIZE KVAr 
(location) 

Single DG PSO[34] 
 
Proposed method 
(TLBO) 

83.22 
 
83.21 

63.01% 
 
63.01% 

1876.1(61) 
 
1872.70(61) 

_ 

Multiple 
DG(type 1) 

PSO[33] 
 
 
 (TLBO) 

83.68 
 
 
69.42 

62.79% 
 
 
69.14% 

500(9) 
521(33) 
1929(62) 
526.84(11) 
380.34(18) 
1718.56(61) 

_ 

Single DG and 
DSTATCOM 

PSO[34] 
 
 (TLBO) 

32.56 
 
23.71 

 
 
89.70% 

122.3(61), 
 
1828.5(61) 
 

0.1634 (21) 
 
1300(30) 

 

From above table we can stat that proposed method is better than existing PSO method as power 
loss reduces significantly. 

From above table we can stat that proposed method is better than existing PSO method as power 
loss reduces significantly. 

 

Fig 5.3:-comparison of voltage profile of various cases in 33 bus radial distribution system 
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Fig 5.1 shows the voltage profile of different nodes in 33 bus radial distribution system from 

figure it is very clear that voltage is maintain to 1 p.u. in multiple type-3 DG and multiple DG & 

DSTATCOM. 

 

Fig 5.4:-comparison of voltage profile of various cases in 69 bus radial distribution system 

Fig 5.4 shows the voltage profile or each node in 69 bus radial distribution system.In graph it 

shows the result for various cases it is very clear that voltage is maintain to 1p.u. in multiple 

type-3 DG and DSTATCOM case. 
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CHAPTER-6 

 CONCLUSIONS AND SCOPE FOR FUTURE WORK 

6.1 CONCLUSIONS 

DG and DSTATCOM installment in distribution network is more important nowadays. The 

benefits of DSTATCOM and DG’s on distribution network are luring companies to adapt to this 

new system. The benefits that we are talking about are Reduced Power Loss, Good Voltage 

profile, Improved Power Quality and emission impacts. These benefits include, it is helping to 

prevent transmission and distribution network capacity in the planning stage only to avoid 

upgrading later.These benefits can only be achieved on the capacity and placing of DSTATCOM 

in the distribution network. 

In this thesis,using forward/backward load flow, load flow problem was solved. Adaptive 

optimization technique has been used in to find the ideal location in distribution system and also 

presented that installation of DG with DSTATCOM in reduces power loss and improves system 

performances in distribution systems.The capability of this method is established on the IEEE 

33-node and IEEE 69-node reliability test system. 

. 

6.2 SCOPE FOR FUTURE WORK 

These areas are identified for future work: 

1. This samenwork can bencontinued on network with 119 nodes.  

2. Optimization is done with basic adaptation scheme. There are several improved versions for 

the optimization which can be used for the same. 

3. Balanced distribution network is considered here. The installation of DG’s and DSTATCOM 

can be continued to unbalance networks too. 

4. The extremity conditions (Rating, reactive power compensation)cannbe mutated andnapplied 
into thesennetworks. 

5. The DSTATCOMallotment problemncan be continued for reactivenpower compensation 
devices(eg SVC,UPQC). 
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APPENDIX 
 
BUS DATA 
 
Table-1: Bus Data for IEEE-33 Bus System 
BASE KV= 12.66, BASE MVA= 100 
 
Bus NO.  Bus Code  -------------------Load------------------ 

  
In kW In Kvar 

1  1  SLACK BUS 
2  0  100  60 
3  0  90  40 
4  0  120  80 
5  0  60  30 
6  0  60  20 
7  0  200  100 
8  0  200  100 
9  0  60  20 
10  0  60  20 
11  0  45  30 
12  0  60  35 
13  0  60  35 
14  0  120  80 
15  0  60  10 
16  0  60  20 
17  0  60  20 
18  0  90  40 
19  0  90  40 
20  0  90  40 
21  0  90  40 
22  0  90  40 
23  0  90  50 
24  0  420  200 
25  0  420  200 
26  0  60  25 
27  0  60  25 
28  0  60  20 
29  0  120  70 
30  0  200  600 
31  0  150  70 
32  0  210  100 
33  0  60  40 
 
 
 



48 
 

Table-2: Line Data for IEEE-33 Bus System 

Sending end Bus  
Receiving end 
Bus  

R(in ohm)  X(in ohm) 

1  2  0.09220  0.04700 
2  3  0.49300  0.25110 
3  4  0.36600  0.18640 
4  5  0.38110  0.19410 
5  6  0.81900  0.70700 
6  7  0.01872  0.61880 
7  8  0.71140  0.23510 
8  9  1.03000  0.74000 
9  10  1.04400  0.74000 
10  11  0.19660  0.06500 
11  12  0.37440  0.12380 
12  13  1.46800  1.15500 
13  14  0.54160  0.71290 
14  15  0.59100  0.52600 
15  16  0.74630  .054500 
16  17  1.28900  1.72100 
17  18  0.73200  0.57400 
2  19  0.16400  0.15650 
19  20  1.50420  1.35540 
20  21  0.40950  0.47840 
21  22  0.70890  0.93730 
3  23  .045120  0.30830 
23  24  0.89800  0.70910 
24  25  0.89600  0.70110 
6  26  0.20300  0.10340 
26  27  0.20420  0.14470 
27  28  1.05900  0.93370 
28  29  0.80420  0.70060 
29  30  0.50750  0.25850 
30  31  0.97440  0.96300 
31  32  0.31050  0.36190 
32  33  0.34100  0.53020 
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Table-3: Bus Data for IEEE-69 Bus System 
BASE KV= 12.66, BASE MVA= 10 
Bus NO.  Bus Code  -------------------Load------------------ 

  
In kW In Kvar 

1  1  SLACK BUS 
2  0  0  0 
3  0  0  0 
4  0  0  0 
5  0  0  0 
6  0  2.6  2.2 
7  0  40.4  30 
8  0  75  54 
9  0  30  22 
10  0  28  19 
11  0  145  104 
12  0  145  104 
13  0  8  5.5 
14  0  8  5.5 
15  0  0  0 
16  0  45.5  30 
17  0  60  35 
18  0  60  35 
19  0  0  0 
20  0  1  0.6 
21  0  114  81 
22  0  5.3  3.5 
23  0  0  0 
24  0  28  20 
25  0  0  0 
26  0  14  10 
27  0  14  10 
28  0  26  18.6 
29  0  26  18.6 
30  0  0  0 
31  0  0  0 
32  0  0  0 
33  0  14  10 
34  0  19.5  14 
35  0  6  4 
36  0  26  18.55 
37  0  26  18.55 
38  0  0  0 
39  0  24  17 
40  0  24  17 
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41  0  1.2  1 
42  0  0  0 
43  0  6  4.3 
44  0  0  0 
45  0  39.22  26.3 
46  0  39.22  26.3 
47  0  0  0 
48  0  79  56.4 
49  0  384.7  274.5 
50  0  384.7  274.5 
51  0  40.5  28.3 
52  0  3.6  2.7 
53  0  4.35  3.5 
54  0  26.4  19 
55  0  24  17.2 
56  0  0  0 
57  0  0  0 
58  0  0  0 
59  0  100  72 
60  0  0  0 
61  0  1244  888 
62  0  32  23 
63  0  0  0 
64  0  227  162 
65  0  59  42 
66  0  18  13 
67  0  18  13 
68  0  28  20 
69  0  28  20 
 
Table-4: Line Data for IEEE-69 Bus System 

Sending end Bus  
Receiving end 
Bus  

R(in ohm)  X(in ohm) 

1  2  0.0005  0.0012 
2  3  0.0005  0.0012 
3  4  0.0015  0.0036 
4  5  0.0251  0.0294 
5  6  0.366  0.1864 
6  7  0.3811  0.1941 
7  8  0.0922  0.047 
8  9  0.0493  0.0251 
9  10  0.819  0.2707 
10  11  0.1872  0.0691 
11  12  0.7114  0.2351 
12  13  1.03  0.34 
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13  14  1.044  0.345 
14  15  1.058  0.3496 
15  16  0.1966  0.065 
16  17  0.3744  0.1238 
17  18  0.0047  0.0016 
18  19  0.3276  0.1083 
19  20  0.2106  0.0696 
20  21  0.3416  0.1129 
21  22  0.014  0.0046 
22  23  0.1591  0.0526 
23  24  0.3463  0.1145 
24  25  0.7488  0.2745 
25  26  0.3089  0.1021 
26  27  0.1732  0.0572 
3  28  0.0044  0.0108 
28  29  0.064  0.1565 
29  30  0.3978  0.1315 
30  31  0.0702  0.0232 
31  32  0.351  0.116 
32  33  0.839  0.2816 
33  34  1.708  0.5646 
34  35  1.474  0.4873 
3  36  0.0044  0.0108 
36  37  0.064  0.1565 
37  38  0.1053  0.123 
38  39  0.0304  0.0355 
39  40  0.0018  0.0021 
40  41  0.7283  0.8509 
41  42  0.31  0.3623 
42  43  0.041  0.0478 
43  44  0.0092  0.0116 
44  45  0.1089  0.1373 
45  46  0.0009  0.0012 
4  47  0.0034  0.0084 
47  48  0.0851  0.2083 
48  49  0.2898  0.7091 
49  50  0.0822  0.2011 
8  51  0.0928  0.0473 
51  52  0.3319  0.1114 
9  53  0.174  0.0886 
53  54  0.203  0.1034 
54  55  0.2842  0.1447 
55  56  0.2813  0.1433 
56  57  1.59  0.5337 
57  58  0.7837  0.263 
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58  59  0.3042  0.1006 
59  60  0.3861  0.1172 
60  61  0.5075  0.2585 
61  62  0.0974  0.0496 
62  63  0.145  0.0738 
63  64  0.7105  0.3619 
64  65  1.041  0.5302 
11  66  0.2012  0.0611 
66  67  0.0047  0.0014 
12  68  0.7394  0.2444 
68  69  0.0047  0.0016 
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