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Summary: 
Fixed Series Compensation Systems (FSC) are installed to reach a more efficient use of the transmission lines. 

The diversification of generation, transmission and distribution, in additon to long transmission distances 

and large generating power plants are resulting in an increased demand for economic and reliable operation 

of transmission systems. The demand for increasing power transfer means either more transmission lines or 

compensantion of the existing lines. At this point, series compensation is one of the most economical ways 

to improve the power transmission capacity of lines. 
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As EMTA Group, since 1975 it has delivered more than 

2000 MW product across 50 countries on 5 continents. 
 

 

40 Years of Experince in Enegrg Sector  

 

EMTA Energy provides integrated designing, eng ineering, procurement, construction supply and 

management services. These services extend to independent and national transmissionlines and 

substations as well as those associated with new power generation, Oil&Gas, Industrial facilities 

such as Textile, Cement, Pulp & Paper and many others. We have designed and commissioned 

more than 50 substations and 1000 kilometers of transmission lines.  

 

For over 40 years, EMTA Energy has operated to become a reputable group of companies within 

the domestic and interna tional power generation & transmission & distribution markets with its 

own strong financial structure and specialist workforce . 
EMTA Energy is one of the most respected global engineering, procurment, and constraction 

companies.  

Our company focusses on eng ineering a sustainable future, by providing turnkey solutions in 

Turkey and provides innovative design and Project management solutions to a global client base 

in a variety of process and energy industries that foster long -term progress and economic 

growth . 

EMTA is strongly focused on serving the needs of international markets and is active in carrying 

out major power plant projects throughout Europe, theMiddle -East and Africa, with stronge 

emphasis on highly -efficient power plant construction technology.  

Our core objective is to create added value for our customers by offering a ɈOne Stop Shopɉ 

concept, which includes consulting, engineering, execution, commissioning, projectfinancing, 

built and operational services, spare part management and after -sales services under one 

contract. This gives our customers a strategic advantage to control their Project investment plan 

with the help of a reliable and experienced EMTA ENERGY team.  

 

http://emtagroup.com
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1- BASIC INFORMATION 
 

1.1- What is the Capacitance? 
 
When a charge is delivered to a conductor its potential is raised in proportion to the quantity of charge 
given to it. At a particular potential a conductor can hold a given amount of charge. Capacitance is the 
term to indicate the limited ability to hold charge by a conductor. 
 

¶ Let charge given to a conductor be = άqέ 
¶ Let άVέ be the potential to which it is raised. 

¢ƘŜƴ ǉ ʰ ±Σ ƻǊ q = CV 

C is constant for a conductor depending upon its shape size and surrounding medium. This constant is 
called capacitance of a conductor. 

If V = 1 Volt than C = Q, thus capacitance is defined as the amount of electric charge in coulomb 
required to raise its potential by one volt. 

If V = 1 Volt than C = Q, and Q = 1 Coulomb than C = 1 Farad thus one Farad is capacitance of a capacitor 
which stores a charge of one coulomb when a voltage of one volt is applied across its terminal. 

 

1.2- What is the Capacitor? 

A capacitor or condenser is a device for storing large quantity of electric charge. Though the capacity 
of a conductor to hold charge at a particular potential is limited, it can be increased artificially. Thus 
any arrangement for increasing the capacity of a conductor artificially is called a capacitor. 

¶ Capacitors are of many types depending upon its shape, like parallel plate, spherical and 
ŎȅƭƛƴŘǊƛŎŀƭ ŎŀǇŀŎƛǘƻǊǎ ŜǘŎΧΦ 

¶ In capacitor there are two conductors with equal and opposite charge say +q and ςq. Thus q 
is called charge of capacitor and the potential difference is called potential of capacitor 
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If a second conductor B is kept closed to A than electrostatic induction takes place. ςq units of charge 
are induced on nearer face of B and +q units of charge is induced on farther face of B. Since B is earthed 
the charge +q will be neutralized by the flow of electrons from the earth. 

Potential of A due to self charge = V 

Potential of A due to ςq charge on B = -±Ω 

Thus net potential of A = V + (-±Ωύ Ґ ± -±Ω ǿƘƛŎƘ ƛǎ ƭŜǎǎ ǘƘŀƴ ± 

Hence potential of A has been decreased keeping the charge on it fixed, hence capacitance has been 
increased 

With the presence of B the amount of work done in bringing a unit positive charge from infinity to 
conductor A decreases as there will be force of repulsion due to A and attraction due to B. Thus 
resultant force of repulsion is reduced on unit positive charge and consequently the amount of work 
doe is less and finally due to this potential of A decreases 

Therefore capacity of A to hold charge (Capacitance) is increased 

 

1.3- What is the Dielectric Strength? 
 

The material between the two conductors A and B as shown in figure above is always some dielectric 
material. Under normal operating conditions the dielectric materials have a very few free electrons. If 
the electric field strength between a pair of charged plates is gradually increases, some of the electrons 
may be detached from the dielectric resulting in a small current. 

When the electric filed strength applied to a dielectric exceeds a critical value, the insulating properties 
of the dielectric material gets destroys and starts conducting between the two conductors A and B. 

This is called breakdown of dielectric which is fault condition for a capacitor bank. The minimum 
potential gradient required to cause such a break down is called the dielectric strength of the material. 
It measures the ability of a dielectric to withstand breakdown. It is expressed as kV/mm. 

It is reduced by moisture, high temperature; aging etc. Below table gives dielectric strength of some 
dielectrics 
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Dielectric Strength for capacitor is the maximum peak voltage that the capacitor is rated to withstand 
at room temperature. Test by applying the specified multiple of rated voltage for one minute through 
ŀ ŎǳǊǊŜƴǘ ƭƛƳƛǘƛƴƎ ǊŜǎƛǎǘŀƴŎŜ ƻŦ млл ʍ ǇŜǊ ǾƻƭǘΦ 

 
 

1.4- What is the Power Factor (PF) Correction? 
 
The Power Factor (PF) Correction of electrical loads is a problem common to all industrial companies. 
Every user which utilizes electrical power to obtain work in various forms continuously asks the mains 
to supply a certain quantity of active power together with reactive power 
 

Most loads on an electrical distribution system can be placed in one of three categories: 

¶ Resistive 
¶ Inductive 
¶ Capacitive 

The most common of these on modern systems is the inductive load.  

Typical examples includes;  

¶ transformer,  

¶ fluorescent lighting,  

¶ AC induction motors,  

¶ Arc/induction, furnaces etc.  

which draw not, only active power from the supply, but also inductive reactive power (KVAr). Common 
characteristics of these inductive loads is that they utilize a winding to produce an electromagnetic 
field which allows the motor or transformer to function and requires certain amount of electrical 
power in order to maintaining the field 

''Therefore Active Power (KW) actually performs the work whereas Reactive Power (KVAr) sustains 
the electro-magnetic field. This reactive power though is necessary for the equipment to operate 
correctly but could be interpreted as an undesirable burden on the supply'' 

LŦ ǿŜ ǉǳŀƴǘƛŦȅ ǇƻǿŜǊ ŦŀŎǘƻǊ ƛƳǇǊƻǾŜƳŜƴǘ ŀǎǇŜŎǘ ŦǊƻƳ ǘƘŜ ǳǘƛƭƛǘȅ ŎƻƳǇŀƴȅΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΣ ǘƘŀƴ ǊŀƛǎƛƴƎ 
the average operating power factor of the network from 0.7 to 0.9 means: 

¶ Cutting costs due to ohmic losses in the network by 40% 
¶ Increasing the potential of production and distribution plants by 30%. 

These figures speak for themselves: it means saving hundreds of thousands of tons of fuel and making 
several power plants and hundreds of transformer rooms available. 

Thus in the case of low power factors utility companies charge higher rates in order to cover the 
additional costs they must incur due to the inefficiency of the system that taps energy.  

It is a well-known fact that electricity users relying on alternating current ς with the exception of 
heating elements ς absorb from the network not only the active energy they convert into mechanical 
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work, light, heat, etc. but also an inductive reactive energy whose main function is to activate the 
magnetic fields necessary for the functioning of electric machines. 

tƻǿŜǊ CŀŎǘƻǊ ƛǎ ŀƭǎƻ ŘŜŦƛƴŜŘ ŀǎ Ŏƻǎ q Ґ ƪ² κ Y±! 

One can see after compensation requirement of kVAR (equal to kVAR1 ς kVAR2) from the system has 
gone down. 

Since kVA = kW + kVAR decreased kVAR requirement from the system has will result in decreased kVA 
requirement, which will consequently result in lower current consumption from the source. 

Point to be noted in this case that any load which was operating at a power factor of 0.85 before 
compensation continues to operate on same power factor of 0.85 even after compensation. It is the 
source power factor which has been improved by compensating the kVAR requirement of that 
particular load (or group of loads) from parallel connected capacitor banks. The source is now relieved 
of providing some amount of kVAR (=kVAR1 ς kVAR2). 

COMPENSATED kVAR = kVAR1 ς ƪ±!wн Ґ ƪ² ǘŀƴqм ς ǘŀƴ qн Ґ ƪ² ώǘŀƴqм ς ǘŀƴ qнϐ 

 

 
Power Factor Triangle 

 

Hence Required Rating of Capacitor banks to be connected = ƪ² ώǘŀƴqм ς ǘŀƴ qнϐ 

Where, 

Ŏƻǎ qм Ґ hǇŜǊŀǘƛƴƎ tƻǿŜǊ CŀŎǘƻǊ 

Ŏƻǎ qн Ґ ¢ŀǊƎŜǘ tƻǿŜǊ CŀŎǘƻǊ ƻǊ tƻǿŜǊ CŀŎǘƻǊ ŀŦǘŜǊ ƛƳǇǊƻǾŜƳŜƴǘ 
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2- INTRODUCTION TO FSC 
 

Fixed Series Compensation Systems (FSC) are installed to reach a more efficient use of the 
transmission lines. The diversification of generation, transmission and distribution, in additon 
to long transmission distances and large generating power plants are resulting in an increased 
demand for economic and reliable operation of transmission systems. The demand for 
increasing power transfer means either more transmission lines or compensantion of the 
existing lines. At this point, series compensation is one of the most economical ways to 
improve the power transmission capacity of lines. 

The cost of series compensation system is approximately 10% of the cost a new transmission 
line.  

Thus, the payback time for the series compensation system investment is only a few years. 

Fixed Series Compensation (FSC) will : 

¶ increase power transmission capability, 
¶ improve system stability, 
¶ reduce system losses, 
¶ improve voltage profile of the lines, 
¶ optimize power flow between parallel lines.  

In the Fixed Series Compensation, quality is the result of a comprehensive engineering design 
and fully optimized delivery. Testing the equipment to the best required standards brings a 
final touch to delivery, this proves that the design can perform under reliable conditions. 

In countries such as Brazil, Finland, Canada and China, where have large cities with large land 
area are located, electricity; It is distributed to customers with high voltage transmission lines 
(EHV lines). The fixed series compensation system is used to compensate the Inductive 
Reactance of the transmission line in the HV (High Voltage) and EHV (Extra High Voltage) 
transmission lines. 

AC transmission lines are not designed to control voltage and current easily and quickly; this 
causes problems with dynamic balance, balance stability and power transmission capacity. 

Testing of Series Compensation Equipment 

The advantage of series compensation is that compensates the line automatically and the 
compensation power changes according to the line current. Serial Compensation generates 
reactive power when there is even current. Reactive power will increase power transfer 
capacity and stabilize the system. 

The transmission system (transmission line distances, short circuit power, compensation 
degree, stability requirements, etc.) determines the main system data and is then verified 
by detailed system and equipment operations. 
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During and after the production of the equipment of the Series Compensation System, 
different sub-equipment is routinely type-tested. 

In full delivery, the only way to understand whether the specifications are fulfilled is that to 
make a full scale type test and compare the results with the design and simulations of Fixed 
Serial Compensation. Full scale type tests (FAT) are performed in the laboratory environment 
(in factory conditions) or in the field where the installation is carried out (SAT) to verify the 
appropriate structure for the constructed Series Compensation. 

 

 

 

Thanks so much for listening to me patiently J 
 
 

 

 

 

 

 

 

In the light of the basic information  we provide about 
Fixed Series Compensation (FSC) System, we would like 

to give some information about the Project of  ITM 
222 KAYSERĶ SERIES CAPACITOR BANK 

ADDITION , which we realized as EMTA Energy. 
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3- KAYSERI CAPACITOR BANK PROJECT BASICS - 
420kV/396MVar/ 2000A 

3.1- Introduction 

The Compensation System we have installed is: 500kV and less Fixed Series Compensation Device 
(FSC). 
 

FSC: 420kV Voltage, 396MVar, 2000A load carrying capacity 
and is designed for 50HZ frequency. 

 

C{/ ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ DǀƭōŀǒƤ bƻǊǘƘ ŀƴŘ {ƻǳǘƘ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ǘƘŜ 
inductive reactance of long lines. These transmission lines are equipped by FSC to increase system 
transmission capacity, improve system voltage quality and reduce transmission loss. 

FSC device (for each platform); 
 

¶ Galvanized Steel Platform, 

¶ Platform Support System, 

¶ Capacitor Banks (total 200 units) 

¶ Metal Oxide Varistor (MOV, 10 units) 

¶ Spark Gap (G1 and G2), 

¶ Damping device (Damping Resistor and Damping Reactor), 

¶ Unbalance Current Transformer  

¶ Toroid Current Transformers (Total 9 pcs) 

¶ Bypass Circuit Breaker (one phase pole for each platform), 

¶ Serial and Bypass Disconnectors (2 series, 1 bypass), 

¶ Earth Disconnectors, 

¶ Protection and Control System, 

¶ It consists of Automation System and Fiber Optic Communication Infrastructure. 

 

3.2- Project Basic Information 
 
The degree of SC located in KAYSERI substation, as shown in Figure-1, are both 38%. The figure shows 
part of the grid retained for calculating the equivalent circuit.  

 

 
Figure 1: Locations of FSC of KAYSERI System 
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3.3- The Main Parmeters: 
 
Parameters Value 

Reated Reactance (ɋ/faz) 33 

Reated Current (Arms)  2000 

Three-phase Reactive Power Capacity 

(Mvar)  

396 

Capacitance (ɛF/faz)  96.46 

Compensation degree 38% 

 

 

 

3.4- Main Circuit Scheme of FCS 
 
The primary equipment of SC delivered to the site includes series capacitor bank units, MOV, spark 
GAP, Damping device (damping reactor&damping resistor), Bypass switch (bypass breaker), etc.  
 
The main circuit scheme of FSC is shown in Figure 2. 
 
 

 

 

Figure 2: Main circuit scheme of FSC System 
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3.5- Fault Sequence and Duty Cycle: 

Fault sequence of power system lie in the three points below: 
 
     1) 100 ms maximum normal fault clearing time 
     2) 1500 ms dead time 
     3) 240ms spare Protection failure clearing period (one phase breaker failure in multiple fault) 

 
The external fault duty cycle of FSC:  

 

 
 

 
The internal fault duty cycle of FSC:  

 

 
 

On energy transmission lines, when series capacitor bank exists, single phase or 3-phase re 

closing shall not be allowed. 
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3.6- Electrical primary technical requirement drawing 
 
 

Single Line Diagram: 
 

 

 
 

 
 
3.7- Layout of one phase platform:   
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3.8- Section view of one phase platform: 

 
 

 

 

3.9- Total layout of FSC cabinet: 
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3.10- Monitoring and control system diagram: 
 

 
 

 

 
 
3.11- Protection Configuration Diagram: 
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3.12- Protection System Schematic Diagram: 
 
 

 
 

 

 
3.13- Measure System Schematic Diagram: 
 
 

 


















































































































































































































































































































































































































































































































































































































































