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Abstract 

This Project is about the Impact of DG in a meshed transmission system Voltage Profile is an important aspect of the Power 

system but due to various load changes in the system the voltage is not constantit varies according to the changes in the load. 

This causes the problem of instability in the power system and it may lead to the damage of equipment’s connected to the 

system. Newton Raphson method is used for load flow analysis for the determination of the weakest Bus. In this work the 

integration of DG with SVC is used to improve the voltage profile of the system. By this integration both active and reactive 

power control is obtained. By injecting the reactive power at correct instance the voltage profile of the system is improved and 

thereby system stability is also increased. 

Keywords: DG (Distributed Generation), SVC (Static Var Compensator) 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Distributed Generation refers to generation units which are directly connected to the distribution network rather than the high 

voltage transmission network.DG operates as stand-alone remote applications with the required power. Distributed Generation is 

a small generating units installed in strategic points of the electric power system close to the load centers. DG can be used in an 

isolated way of supplying energy to the consumer’s local demand, or in an integrated way of supplying energy to the remaining  

part of the electric power System. In Distribution systems, DG can provide benefits for the consumers as well as for the utilities, 

especially in sites where there are central generation is impracticable or where there deficiencies in the transmission system. The 

load flow problem solution aims at the best way to find the weakest bus in the IEEE 14 bus system. The load flow problem 

consists of determining the Voltage magnitude and phase angle at each bus, real and reactive power flow in each line. The 

transmission system plays a major role in the power system because the power generated must be efficiently transmitted with 

good voltage profile. Since the generated power must be transmitted without any decrease in voltage profile and with reduced 

losses DG is used .After proper placement and sizing of DG in anIEEE-14 bus meshed transmission network, active network 

losses will be reduced and voltage profile of the system will be increased and thus the system stability is also increase.  

Transmission networks are usually meshed in structure. Meshed transmission involves diverse loads like industrial, commercial,  

etc., The Load profile of the demands will fluctuate from time to time and possibly will cause imbalance power flow in the line 

and may lead to voltage collapse on account of low voltages When there is a more active power loss in the transmission , the 

voltage in the buses may break up the voltage constraint. This can affect the quality of power supply and the stability of the 

network and the fall in the voltage at the buses and the power losses are due to the lack of reactive power.One of the ways and 

means to sustain the security and reliability of the network is to provide reactive power compensation in meshed transmission 

system. This can be achieved by using DG.Distributed generation is commonly employed to provide reactive power 

compensation. The installation of distributed generation   involves determination of size (kVAr ratings), location of DG.  

II. DISTRIBUTED GENERATION 

Nowadays, the load at the distribution side is increasing day by day and thus the power received at the distribution side is also 

not enough.In order to meet the demand, the generation should be increased. But increasing   generation side is not possible   as 
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source of fuel is constant. So here comes the need of Distribution Generation (DG) or decentralized energy  is generated or 

stored by a variety of small, grid-connected devices referred to as distributed energyresources (DER) or distributed energy 

resource systems, DG is a small energy source formed from small sources like hydel, biomass, gas plants. DG generates power 

which supplements the generator power, gives more power to transmission side.DGs are the part of distributed energy resources 

(DERs) which also include energy storage and responsive loads. The major driving forces behind the increased penetration of 

DGs can be categorized into environmental, commercial and regulatory factors.There are several small generators which produce 

very small or no greenhouse gas emissions. Another environmental driver is to reduce the transmission and distribution 

expansion along with the avoidance of large power plants.In the commercial driver, the uncertainty in electricity markets favors 

small generation schemes and DGs are now cost effective to improve the power quality and reliability. DER systems typically 

use renewable energy sources, including small hydro, biomass, biogas, solar power, wind power, and geothermal power, and 

increasingly play an important role for the electric power distribution system.A grid-connected device for electricity storage can 

also be classified as a DER system, and is often called a distributed energy storage system (DESS). By means of an interface, 

DER systems can be managed and coordinated within a smart grid. Distributed generation and storage enables collection of 

energy from many sources and may lower environmental impacts and improve security of supply. 

 Role and integration of DGs in the Power Systems 

Different types of Distributed Generations (DG) are available and it is expected to grow in the future years. DG includes the 

application of small generators, scattered throughout a power system, to provide the electric power needed by electrical 

customers. Such Locally distributed generation integrated to power system has several merits from the view point of 

environmental restriction and location limitations, as well as transient and voltage stability in the power system The suitable size 

of DGs for efficient and reliable supply is also a concern. However, the size of the DGs depends on the several factors such as 

availability of input energy, space, economic and environmental concerns IEEE has set up interconnecting standards for 

distributed resources .A methodology for planning of DG in DS using safety  index (ratio of reserve power to its standard 

deviation) has been proposed. . Multi objective performance index based size and location determination of distributed 

generation in distribution systems with different load models has been proposed and found that load Models  can significantly 

affect the optimal location and sizing of distributed generation (DG) resources in distribution systems 

 Benefits  

Distributed generation, operated as complement to traditionally supplied power, may offer significant benefits. It could lower the 

nations overall costs of producing and delivering power. It could also promote the development and use of renewable energy 

sources and fuel efficient technologies, which could improve the quality of the air and the security of the nations energy supply. 

Distributed power has a wide range of benefits to both consumers and power providers, and many of these benefits are currently 

difficult to measure. Combined heat and power, energy storage, and energy efficiency measures can be integrated with 

distributed generators to increase the economic value, and enhance the other benefits, of distributed power systems.Distributed 

generation offers important benefits for generation, transmission and distribution activities, the environment and the final 

customers as reliability and quality of power.In general, from the electricity industry perspective, the benefits include the 

following:  

 Generator can be sited close to the end-user for lower transmission distributed costs and electrical losses. 

 Sites for small generators are easier to find. 

 Distributed generators are more quickly planned and installed. 

 Energy can be ‘stored’ as fuel (e.g., gas) and easily ‘released’ at peak times.  

 The network can ‘close ranks’ if one generator is taken off-line, resulting in higher reliability. 

 Newer technologies are environmentally clean (low emissions and low land impact) and not noisy. 

 Newer distributed generators can run on multiple types of fuels, even bio-gas, thus increasing flexibility and reducing fuel 

transportation costs. 

 Services and benefits that can be provided by other resources.  

 These include spinning reserve, black start capability (micro turbines can go from cold start to full load in two minutes), load 

following and reactive power. From the customer point of view the benefits include the following:  

 Power is readily available and offers better quality and reliability 

 Depending on the fuel used, electricity prices are often lower. • Since the generators can be operated on command, peak 

shaving is possible, which reduces demand charges. • Co-generation of heat and electricity improves the overall energy 

efficiency of the installation. 

DGs are the part of distributed energy resources (DERs) which also include energy storage and responsive loads. The major 

driving forces behind the increased penetration of DGs can be categorized into environmental, commercial and regulatory 

factors. There are several small generators which produce very small or no greenhouse gas emissions. Another environmental 

driver is to reduce the transmission and distribution expansion along with the avoidance of large power plants. In the commercial 

driver, the uncertainty in electricity markets favors small generation schemes and DGs are now cost effective to improve the 

power quality and reliability. DER systems typically use renewable energy sources, including small hydro, biomass, biogas, solar 
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power, wind power, and geothermal power, and increasingly play an important role for the electric power distribution system. A 

grid-connected device for electricity storage can also be classified as a DER system, and is often called a distributed energy 

storage system (DESS). By means of an interface, DER systems can be managed and coordinated within a smart grid. 

Distributed generation and storage enables collection of energy from many sources and may lower environmental impacts and 

improve security of supply. 

 DG development: 

Concerns over perceived externalized costs of central plant generation, particularly environmental concerns, The increasing age, 

deterioration, and capacity constraints upon T&D for bulk power;  The increasing relative economy of mass production of 

smaller appliances over heavy manufacturing of larger units   Along with higher relative prices for energy, higher overall 

complexity and total costs for regulatory oversight, tariff   administration,  and metering and billing 

 Distributed Generation Technologies 

The some of the popular DG technologies are listed Below :  

 Reciprocating Diesel or Natural Gas Engines 

 Micro-Turbines 

 Combustion Gas Turbines 

 Fuel Cells 

 Photovoltaic (PV) system 

 Wind Turbines 

III. STATIC VAR COMPENSATOR 

A Static VAR Compensator is a set of electrical devices for providing fast-acting reactive power on high-voltage electricity 

transmission networks.SVCs are part of the Flexible AC transmission system device family, regulating voltage, power factor, 

harmonics and stabilizing the system. Unlike a synchronous condenser which is a rotating electrical machine, a static VAR 

compensator has no significant moving parts.Prior to the invention of the SVC, power factor compensation was the preserve of 

large rotating machines such as synchronous condensers or switched capacitor banks. 

The SVC is an automated impedance matching device, designed to bring the system closer to unity power factor. SVCs are 

used in two main situations 

 Connected to the power system, to regulate the transmission voltage ("Transmission SVC") 

 Connected near large industrial loads, to improve power quality ("Industrial SVC") 

In transmission applications, the SVC is used to regulate the grid voltage. If the power system's reactive load is capacitive 

(leading), the SVC will use thyristor controlled reactors to consume VARs from the system, lowering the system voltage. 

Under inductive (lagging) conditions, the capacitor banks are automatically switched in, thus providing a higher system voltage. 

By connecting the thyristor-controlled reactor, which is continuously variable, along with a capacitor bank step, the net result is 

continuously variable leading or lagging power 

 Principle 

Typically, an SVC comprises one or more banks of fixed or switched shunt capacitors or reactors, of which at least one bank is 

switched by thyristors. Elements which may be used to make an SVC typically include 

Thyristor controlled reactor (TCR), where the reactor may be air- or iron-cored 

Thyristor switched capacitor (TSC) 

By means of phase angle modulation switched by the thyristors, the reactor may be variably switched into the circuit and so 

provide a continuously variable MVAR injection (or absorption) to the electrical network. In this configuration, coarse 

voltage control is provided by capacitors; the thyristor-controlled reactor is to provide smooth control. Smoother control and 

more flexibility can be provided with thyristor-controlled capacitor switching.The thyristors are electronically controlled. 

Thyristors, like all semiconductors, generate heat and deionized water is commonly used to cool them. Chopping reactive load 

into the circuit in this manner injects undesirable odd-order harmonicsand so banks of high-power f ilters are usually provided to 

smooth the waveform. Since the filters themselves are capacitive, they also export MVARs to the power system 
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IV. LOAD FLOW ANALYSIS 

To meet the present growing domestic, industrial and commercial load day by day, effective planning of radial distribution 

network is required. To ensure the effective planning with load transferring, the load flow study becomes utmost importantLoad 

flow analysis is concerned with describing the operating state of an entire power system, by which we mean a network of 

generators, transmission lines, and loads. Given certain known quantities, typically, the amount of power generated and 

consumed at different locations, load flow analysis allows one to determine other quantities.The most important of these 

quantities are the voltages at locations throughout the transmission system, which, for alternating current (AC), consist of both a 

magnitude and phase angle. Once the voltages are known, the currents flowing through every transmission link can be easily 

calculated. Load flow analysis is the most important and essential approach to investigating problems in power system operating 

and planning. Based on a specified generating state and transmission network structure, load flow analysis solves the steady 

operation state with node voltages and branch power flow in the power system.Load flow analysis is a steady state analysis of 

power system, which provides information about the current state of the system for a given generation and load conditions. The 

R/X ratios of branches in a distribution system are relatively high compared to a transmission system and makes the distribution 

system ill conditioned. Newton-Raphson method exploits the radial nature of the distribution system and it is computationally 

more efficient. 

 Need for load flow analysis  

Load flow study is instrumental in the planning, design, and operation of distribution system for industrial facilities. This study 

can be used to evaluate the effects of various equipment configurations, additions or modifications to generators, motors, or other 

electrical loads. Modern systems are complex and have many paths or branches over which power can flow. Electric power flow 

will divide among these branches until a balance is reached in accordance with Kirchhoff’s laws. 

V. NEWTON RAPHSON METHOD 

Step 1: Choose the initial values of the voltage magnitudes|(0) of all np loads buses and n1 angles δ(0) of the voltages of all the    

buses  except the slack bus. 
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                                              (1) 

Step 2: Use the estimated |V|(0) and δ(0) to calculate a total n-1number of injected real power Pcalc(0) and equal number of real 

Power  mismatch ΔP( 
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Step 3: Use the estimated |V|(0) and δ(0) to calculate a total np number of injected reactive power Qcalc (0) and equal number of 

real  Power mismatch ΔQ(0). 

Step 4: Use the estimated |V|(0) and δ(0) to formulated the Jacobin matrix J(0). KCL for current injection, 
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Real and reactive power injection, 
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Substitute for real and reactive power, 
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Divide into real and reactive parts, 

                  

)sin(

)cos(

1

1

jiijj

n

j

ii

jiij

n

j

jii

VVQ

VVP

















                                          

(6) 

The sequence of steps for solution of load flow problem using N-R method are explained as follows:  

1) Step1: Assume a suitable solution for all buses except slack bus. Assume 𝑉𝑃 =1+j0.0 for p= 1,2….n, p≠ s, 𝑉𝑠= a+j0.0  

2) Step 2: Convergence criterion is set to ∈ that means if the largest of absolute of the residues exceed ∈ the process repeated 

else terminated. 

3) Step 3: iteration count is set to K=0  

4) Step4: Bus count is set to p=1 

5) Step 5: Say p is slack bus .if yes skip to step 10 

6) Step 6: real and reactive powers 𝑃𝑝𝑎𝑛𝑑𝑄𝑝 are calculated respectively using equations  

𝑃𝑝 = 𝑒𝑝𝑒𝑞𝐺𝑝𝑞 + 𝑓𝑝𝐵𝑝𝑞 + 𝑓𝑝 (𝑓𝑞𝐺𝑝𝑞 − 𝑒𝑞𝐵𝑝 ) 𝑛𝑞=1 

𝑄𝑝= 𝑓𝑝𝑒𝑞𝐺𝑝𝑞 + 𝑓𝑞𝐵𝑝𝑞 − 𝑒𝑝 (𝑓𝑞𝐺𝑝𝑞 − 𝑒𝑞𝐵𝑝 ) 𝑛𝑞=1 

7) Step 7: Calculate ∆𝑃𝑝𝑘= 𝑃𝑠𝑝 − 𝑃𝑝 . 

8) step 8: Check for bus to be generator bus.if yes compare the reactive power 𝑄𝑝𝑘 with the upper and lower limits. if 

𝑄𝑔𝑒𝑛>𝑄𝑚𝑎𝑥 set , 𝑄𝑔𝑒𝑛 = 𝑄𝑚𝑎𝑥 else if 𝑄𝑔𝑒𝑛<𝑄𝑚𝑖𝑛 set, 𝑄𝑔𝑒𝑛 = 𝑄𝑚𝑖𝑛 else if the value is within the limit ,the value is 

retained. If the limits are not violated ,voltage residue is evaluated as |∆𝑉𝑝 | 2=|𝑉𝑝 | 2 𝑠𝑝𝑒𝑐 - 𝑉𝑝𝑘 2 and then goto step 10. 

9) Step 9: ∆𝑄𝑝𝑘= 𝑄𝑠𝑝 − 𝑄𝑝𝑘 is evaluated 33| P a g e 

10) Step 10: bus count is incremented by 1,i.e p=p+1 and check if all buses have been accounted else,go to step 5. 

11) Step 11: Determine the largest of the absolute value of residue.  

12) Step 12: If the largest of the absolute value of the residue is less than ∈ then go to step 17 

13) Step 13: jacobian matrix elements are evaluated.  

14) Step 14: voltage increments ∆𝑒𝑝𝑘 and ∆𝑓𝑝𝑘 are calculated 

15) Step 15: calculate new bus voltages 𝑒𝑝𝑘+1 = 𝑒𝑝𝑘 + ∆𝑒𝑝𝑘 and ∆𝑓𝑝𝑘= 𝑓𝑝𝑘 + ∆𝑓𝑝 . Evaluate cos 𝛿 and sin 𝛿 for all voltages.  

16) Step 16: Advance iteration count is K =K+1,then go to step 4 

17) Step 17: Finally bus and line powers are evaluated and results printed 

VI. RESULTS 

 Loading factor 0.1 with penetration level 0.1, 0.2, 0.3 with and without SVC 
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 Loading factor 0.2 with penetration level 0.1, 0.2, 0.3 with and without SVC 

 

 Loading factor 0.3 with penetration level 0.1, 0.2, 0.3 with and without SVC 

 

 Loading factor 0.4 with penetration level 0.1, 0.2, 0.3 with and without SVC 
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 Loading factor 0.5 with penetration level 0.1, 0.2, 0.3 with and without SVC 

 

 Loading factor 0.6 with penetration level 0.1, 0.2, 0.3 with and without SVC 

 

 Loading factor 0.7 with penetration level 0.1, 0.2, 0.3 with and without SVC 
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VII. CONCLUSION 

The implementation of the combination of the DG and SVC is to minimize active and reactive power losses the proposed 

technique is applied in IEEE 14-bus meshed transmission system. Newton Raphson load flow method is used to do the load flow 

analysis. In primary transmission system the implementation of DG only cannot supply the sufficient real and reactive power. 

Also the sizing of DG could be done to a certain limit only. Upto the penetration level of 0.3 can only be used in the transmission 

system. The corresponding cost of the DG also increases with large sizing of the DG. By the implementation of the combination 

DG and SVC the sufficient real and reactive power could be supplied to the system. Also by using the SVC the size of DG can 

also be minimized. 
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