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EMTA Energy provides integrated designing, eng ineering, procurement, construction supply and
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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 Energyhas 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 Energyis 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
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EMTAIs strongly focused on serving the needs of international markets and is active in carrying
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emphasis on highly -efficient power plant construction technology.

Our core objective is to create added valwue for our
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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
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1- BASIC INFORMATION

1.1- What is the Capacitare?

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 ch@egacitances the
term to indicate the limited ability todid charge by a conductor.

1 Letcharge given to a conductor bége
1 LetdVve be the potential to which it is raised.

¢CKSY ljg2Cvtz 2NJ

Cis constant for a conductor depending upon its shape size and surrounding medium. This constant is
calledcapacitarce 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=1Voltthan C = Q, and Q = 1 Coulomb than C = 1 Farad thus one Farad is capazitapeeitdr
which stores a charge of one coulomb when a voltage of one volt is applied across its terminal

1.2- What is theCapacitor?

A capacitor or condenser is a device for storing large quantity of electric charge. Though the capacity
of a conductorto 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.

1 Capacitors are of many types depending upon its shape, like paralte| spherical and
Ot AYRNROIf OIF LI OAlG2NRA SGOXd

1 In capacitor there are two conductors with equal and opposite charge-gandcq. Thus g
is called charge of capacitor and the potential difference is called potential of capacitor




If a second conductd is kept closed to A than electrostatic induction takes plegeunits 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 fitbm earth.

Potential of A due to self charge =V
Potential of A due togq charge on B == Q
Thus net potential of A=V +{ QU -+ $KAOK A& fSaa (KIy =

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
resultantforce of repulsionis reduced on unit psitive 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 DielectricStrengti?

The material between the two conductofsand 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, straelgfctrons

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 conductingveeh 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 albity 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

Si.No. Dielectric Material Dielectric strength [KV/mm)]
1 Air 3
2 Impregnated Paper 4-10
3 Paraffin Wax 8
4 Porcelain 9-20
5 Transformer Oil 135
6 Bakelite 20-25
7 Glass 50 - 120
8 Micanite 30
9 Mica 40 - 150




Dielectric Strength for capacitor is the maximum peak voltage thatchpacitor is rated to withstand
at room temperature. Test by applying the specified multiple of rated voltage for one minute through
I OdzZNNBy (i tAYAGAYy3a NBaradlkryOS 2F mnn m LISNI @2t (d

1.4- What is the Power Factor (PEorrection?

ThePower Facto(PF)Correctionof 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 powe

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

1 Resistive
1 Inductive
1 Capacitive

The most common of these on modern systems isitiokeictive load
Typical examples includes;

transformer,

fluorescent lighting,

AC induction motors,
Arc/induction, furnaces etc.

=A =4 =4 =9

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 electromagnetic fidd. This reactive power though is necessary for the equipment to operate
correctly but could be interpreted as an undesirable burden on the supply"

LT 6S ljdzZ ydAFe LI26SNI FIFOG2NI AYLINRBSYSyG FaLlsSoa ¥
the average operating power factor of the network from 0.7 to 0.9 means:

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

These figures speak for themselves: it means saving hundfgdeusands 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 inefiety of the system that taps energy.

It is a weHknown fact that electricity users relying on alternating currenith the exception of
heating elementg 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.

t263NJ CHOG2NI Aa Fta2 RSTAYSR a 02a q I 12 k Y#!

One can see after compensation requirement of kKVARdEmUKVARY, kVAR?2) 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 note 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 neguiteof that
particular load (or group of loads) from parallel connected capacitor banks. The source is now relieved
of providing some amount VAR (=kVAR4 kVAR?2).

COMPENSATED kVAR=kVARE ! wu I tédl yilgigml ¢li? yo@HBgm

kw

wa,
KVAR,

kva,

COMPENSATED
kvaR >

kvar,

Power Faair Triangle

Hence Required Rating of Capacitor banks to be connected = o idiyfgym q H 8
Where,
O02a gm I hLISNIXdAy3a t26SNI Cl Oi2NJ

024 gu I' ¢ NBSG t26SNICIHOG2NI 2NJ t26SNI CFOG2NI | Fil
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2-INTRODUCTION TO FSC

FixedSeries Compensation SysteffSChare installedto reach a more efficient use of the
transmission linesThe diversification of generation, transmission and distribution, in additon
to long transmission distances and large generating power plants aréingsim 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 linesAt this point, series compensation is one of theost economical ways to
improve the power transmission capacity of lines

The cost of series compensation systerapproximately 10%of the cost a new transmission
line.

Thus, the payback time for the series compensation system investment is onlyyadesv
Fixed Series CompensatigaSCwill :

increase power transmission capability,
improve system stability,

reduce system losses

improve voltage profile of the lines
optimize power flow between parallel lines.

= =4 =4 -4 4

In the Fixed Series Compensatigoality is the result of a comprehensive engineering design
and fully optimized deliveryTesting the equipment to the best required standards brings a
final touch to deliverythis proves that the design can perform under reliable conditions.

In countries suclas 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 compensaleductive
Reactanceof 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, balastedility and power transmission capacity.

Testing of Series Compensation Equipment

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

The transmission systertrgnsmission line distances, short circuit power, compensation
degree, stability requirements, et¢.determines the main system data and is then verified
by detailed system and equipment operations.

12



During and after the production of the equipment of the Series Compensation System,
different subequipment isroutinely type-tested.

In full delivery, the onlyvay 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 Compensatioftull scale type testd&~AT)are performed in the laboratory environment

(in factory conditiong orin the field where the installation is carried out (SAT) 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, wavould like
to give some information about the Project of ITM
222 KAYSERK SERIES CAPACI TOI
ADDITION , which we realized as EMTA Energy.
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3- KAYSERTAPACITOR BANK PROJECT BASICS
420kM396MVar/ 2000A

3.1- Introduction

The Compensation System we have installeBA8KV and less Fixed Series Compensation Device
(FSC).

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

A 2 4 A 9~

C{/ Aa O2yySOGSR (2 DIfolFO6P b2NIK FyR {2dziK NIy
inductive reacance of long linesThese 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, 1(its)

Spark GapGl and G2)

Damping device (Damping Resistor and Damping Rgactor
Unbalance Current Transformer

Toroid Current Transformers (Total 9 pcs)

Bypass Circuit Breaker (one phasesdolr each platform),
Serial and Bypad3isconnectorg2 series, 1 bypass),
EarthDisconnectors,

Protection and Control System,

It consists of Automation System and Fiber Optic Communication Infrastructure.

=4 =4 =4 = -4 -8 -8 -8 -8 -8 -89 9

3.2- Project Basic Information

The degree of Sigcated in KAYERI substation, as shown in Figiteare both38% The figure shows
part of the grid retained for calculating the equivalent circuit.

Gokgekaya HEPP
KebanHEPP

| l— Elbistan TPP

Kayas

1S4 kv
IgAnadolu §GTPP

400 kV G&lbasi Substation

7]

_/O% 154 kv

400 kV Kayseri Substation

Figurel: Locations ofFSC of KAYSERI System
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3.3 The Main Parmeters

Parameters Value ‘
Reated Reactancéq faz) 33
Reated Current (Arms) 2000
Three-phase Reactive Power Capacity 396
(Mvar)

Capacitance(e F/faz) 96.46
Compensation degree 38%

3.4- Main Circuit Scheme of FCS

The primary equipment of SC delivered to thee siicludes series capacitor bank unik8OV, spark
GAR Damping devicddamping reactor&damping resistoBypass switcl{bypass breakeyetc.

The main circit scheme of FSC is showrFigure2.

Bypass Ayirici

\-_Seri Ayirici Seri Ayirici \-_
i 1

Kapasitér Banklar

Mov

Sénilmleme Cihaz

e
> €
Bypass Kesici

1
| —

Figure2: Main circuit schene of FSC System
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3.5 Fault Sequence and Duty Cycle

Fault sequence of power system lie in theee pointsbelow:
1) 100 ms maximum normal fault clearing time

2) 1500 ms dead time
3) 240ms spare Protection failure clearing period (one plmasaker failure in multiple fault)

The external fault duty cycle dfSC

Time (ms) Power System Events SC Duty Cycle
0 External fault occurs.
Fault remains. MOV withstands the fault and limits the voltage
0to 100 across the capacitor banks. Spark gap and
bypass breaker are not permitted to bypass the
capacitor banks.
100 Line circuit breakers clear the fault.
100 to 1600 | The line is tripped. Current flows through the capacitor banks.
Line circuit breakers reclose without
1600
clearance of the fault.
Fault remains. MOV withstands the duty associated with the
1600 to fault and accumulates energy. Spark gap and
1600+100 bypass breaker are not permitted to bypass the
series capacitor banks.
Line circuit breakers clear the fault. | MOV stops conducting as the voltage across
1700 the series capacitor banks decreases.

The internal fault duty cycle of FSC

Time (ms) Power System Events S5C Duty Cycle
0 Fault occurs.
Fault continues. MOV withstands the duty associated
0100 with the fault. Spark gap and bypass
breaker may bypass the series capacitor
banks.
Line circuit breakers
100
open.
Line  breakers  keep
After 100ms

opening.

On energy transmission lines, when series capacitor bank exists, single phaqdease 8
closing shall not be allowed

e
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3.6- Electical primary technical requirement drawing

Single Line Diagram

| sl ]
E!’
'EE E'E — — g
b

32 ég " .E ’ 8
“ R 3 - & _L° £ ..
x ) |3 E
lﬂE - — % .g g

gt TR » b
3 5 T 5 s i
EA.—L\ AA AN AN © | -]
- R B & &
$—'=3 5§ EE :
a Z Z Z 4
3.7- Layout of one phase platform
5500 %500
;g 3000 200 , B0 B 85 , 85 , W0 0
Iz g B
> E
S TR TR | 10 11 - I T T
3 S __[? g 5. ps 7 S 7'w‘m [Connection series disconnector

i

=1,
= 2

Detail of connection in series disconnector’s terminal

‘Connection series disconnector
e e
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3.8 Section viewof one phase platform
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3.10- Monitoring and control system diagram

‘ IEC 61850
IEC 61850

Piatform mousure box (A/B)
7
-

19



3.12 Protection System Schematic Diagram:

’ System A |

Spark GAP Triggering Box Platform Measuring Box A
8 %‘7
=]
X
I_ AL Protection Device of System A|
B =3

Data Transmission

§ TFR Unit
Protection Action Signal (GOOSE end Hard Contact S}

Line Protection

3.13 Measure System Schematic Diagram:

20











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































