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ABSTRACT

As a prerequisite for FYP, the author is required to submit a dissertation that records on-
going study of electrical power system in a Gas District Cooling (GDC) Plant located in
Putrajaya Precinct 5, which subsequently is simulated to explore the system behaviour
and response. Two major approaches of power system analysis, which has been covered,
are load flow and short circuit studies. In relation with the operation of the plant, it is

necessary to conduct such studies to ensure system’s stability and robustness,

The robustness of a power system is measured by the ability of the system to operate in a
state of equilibrium under normal and perturbed conditions. Power system stability deals
with the study of power system’s behaviour under conditions such as sudden changes in

load or short circuits on buses or branches.

The first section of this report will elaborate on the introductory part, which consists of
the brief description on the project, the scope of work and also the main activities that the

author has participated.

The second part of the report will cover the details of the literature review that the author
has undergone. The first study being carried out is the process requirements, which
encompass mechanical principles of the GDC system that is'Very important in designing
Electrical Load Analysis (ELA). ELA is then evaluated to calculate maximum demand
and peak load. Equipment sizing, power flow study using Newton-Raphson method and
short circuit study using Per Unit method based on comprehensive study has also been

conducted.



The third section will focus on the methodology that has been taken by the author
throughout her final year period in UTP. Consequently, this section will highlight

procedures and tools that have been utilized in

SKM® Power Tools [4]. SKM® Power Tools [4] have been extensively used in industry
as it usually has the simplest solution for most cases. The aim of this project is to
understand how the system works by creating a software simulation that represents
eleétrical power utilization. Prior to this, there is a need in understanding an electrical

system response with presence of a disturbance and interruption.

This next slot represents results and discussion that has been covered especially on short
circuit and load flow studies. The main intention is to develop a model for load flow and
short circuit studies to validate the accuracy based on the relevant data obtained from the

plant.

- The last section will outline some recommendations and will represent as conclusion of
the report. This chapter is focusing on the relevancy of this study and the achievement of
this project according to the objective and mile stone set that can be made out of this

project for the next project’s development.
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CHAPTER 1
INTRODUCTION

1.1  Background of Study

The emphasis is on the consideration of the system as a whole rather than on the
engineering d etails o fits constituents. According to S.Mattson (1998), modern electric
power systems are the most complex large-scale technical systems developed by mankind
since its main goal is providing continuous power supply to the facility with little or no
interruptions [1]. The power supply for GDC Plant is obtained from 11kV feeder of
Tenaga Nasional Berhad (TNB) supply for Phase 1. The computation for various buses
and interconnecting lines are as follows, starting from down-stream loads at 415V
Switchgear/MCC buses A and B that are supplied from 11/0.415-Tx1A and 1 1/0.415-
Tx1B respectively. These 11/0.415kV transformers are supplied at 11kV from the 11kV
Switchboard buses. Similarly, the 3.3kV Switchgear/MCC buses A and B are supplied by
11/3.3kV power transformers; 11/3.3-TxA and 11/3.3-TxB respectively, which in turn are
fed from the 11KV Switchboard buses. 33kV feeder is going to be tapped during
development of Phase 2 onwards due to the additional of future loads. The study analysis
that has been carried out is based on the power intake taken at 11kV to cater for the
present estimated loads. Distributions of electrical power to vartous loads of the plant via

different buses are as follows: -
e 11kV Switchboard Bus A and B (Phase 1)

¢ 3.3kV Switchgear/MCC Bus A and B (Phase 1 to Phase 4), as the 11/3.3kV step

down transformers has to be purchased at Phase 1 of the project

s 415V Switchgear/MCC Bus A and Bus B (Phase 1)



The anticipated maximum demand for all phases of the plant is approximately 7.5MVA
during basic engineering design. Additional equipment during detail engineering design

leads to increment in load demand up to 9.0MVA. Phase wise approximate load demand

estimated is as shown below: -

Table 1: Load Demand Estimation

Description Year Basic Engineering Detail Engineering
Design Design
Phase 1 2004 3.4 MVA 4.8 MVA
Phase 2 2007 1.7 MVA 1.8 MVA
Phase 3 2008 1.4 MVA 1.4 MVA
Phase 4 2012 1.0 MVA 1.0 MVA

1.2 Problem Statement

“Electrical Power System Modeling and Simulation”

“Electrical Power System” defines a set of complete electrical network that consists of all
the electrical distribution panels and loads at certain level of voltage rating. “Modeling”
here refers mathematical representation of clectrical motor and non-motor various loads.
“Simulation” is defined as generation of tests on a virtual-time basis to predict the short
circuit behavior and load flow analysis of the real system. Computer-aided tool that will

be used is SKM® Power Tools [4]; an electrical engineering software.

1.2.1 Problem Identification

Electrical Engineers need to perform specific study to avoid fault current from occurring
and load flow study to determine power consumption. Accurate load flow and short
circuit is of great importance for power system operation to be stable under any
circumstances and conceivable disturbances. Disturbances in industrial power systems
are large in magnitude and the typical duration ofa faultistenths ofa second. Right
assumptions need to be obtained especially in short circuit and load flow analysis to

simplify calculation. {2]



1.2.2 Project Significance

The results of the analysis can conclude on how much electricity needed by the plant,
how big the equipment will be and what type of protective devices required. The project
can serve as a baseline for modelling of more advanced and complex power systems.
Further expansion plans for the power system in the plant can be facilitated more easily
with the help of the model and simulation. It serves as a starling point for future
undergraduates to acquire more knowledge on power systems and expand the models

developed for further refinement and extended studies.

1.3 Obijectives and Scope of Study

* To develop the GDC plant power system model in the SKM® Power Tools [4]
environment to simulate comprehensive short circuit and load flow studies

» To specify losses for all busses

e To obtain the switchgear rating and size of capacitor banks

The scope of study will be narrowed to a specific section in the GDC Plant where the
electrical loads are concern. Continuous load will be the major type of load to be studied
followed by Intermittent Load and Stand-by Load. The power system that covers all
important elements and components will be modelled and simulated to predict the system
performance and manners. Comprehensive studies based on per unit method for short
circuit simulation and Newton-Raphson method for load flow analysis is the major

concern involved.

1.4  Feasibility of Project

Supported data on clectrical power system obtained from the engineering consultant
company should be adequate to view general concept of the electrical components of the
system and to impart all the required d ata for the analysis. The availability o f S KM®
Power Tools [4] software in the laboratory proved to be helpful and the project is feasible

to be carried out within the given time and scope.



CHAPTER 2
LITERATURE REVIEW / THEORY

2.1 Per Unit Method Short Circuit
2.1.1 Objectives

The fault current study can be evaluated by circuit simplification when all data ratings are
collected and all the impedances are converted to per unit values. Per unit system is
convenient to normalize system variables due to computational simplicity by eliminating
units and expressing system quantities as dimensionless ratios. The objectives of short
circuit currents can be summarized as follows: -

¢ Determination of short circuit duties on switching devices, i.e., high-, medium- and

low voltage circuit breakers and fuses.
» Evaluations of adequacy of short-circuit withstand ratings of static equipment like

cables, conductors, bus bars, reactors and transformers.
2.1.2  Per Unit (PU) Notation

1) For utility contributions:

Zow = kVApase / KV Ay pu Equation 1
Where

®  kVA gy = The system three-phase power base specified for the study

*  KkVA iy = The utility system three-phase short circuit capability



2) For motor and generator contributions:

Zow = X (KVotor / KVBase ) (KV Agase / KV Aptotor) puQ =-=eenm- Equation 2
Where

e X”d = Motor subtransient reactance
®  kV mMowr = Line-to-line motor rated voltage

*  kV pg = Line-to-line bus nominal system voltage at the point of the motor

3) For feeders:

Zpw = Zcasie | (KVpaso *1000 / KV Apage) pUQ =---ermmmmeemmmmeeeee Equation 3
Where

*  Zcawe = Per phase feeder impedance in ohms

4) For transformers:

Zpu = (ZTransformer %)*(k_VTransformer )2* (kVABase) qu Equation 4
(1 OO) (kVBase) ? (kVATransformcr)
Where

¢ ZTunstormer = 1ransformer % impedance on its self-cooled

The three-phase fault current base is:

Ishort cireuit = (V' / Zrheyenin) PUA =-mmmmmmmmm oo Equation 5
Expressed in Amperes:
Ishort circuit = Ishort circuit pU*IBase - ---- Equation 6

Where the base current is defined as:

T B QS ---- Equation 7

2.2 Load Flow Studies

The load flow study is intended to:
e Determine the steady-state loading of the various buses and lines (cables) in the GDC

Plant to ensure that they are operating within their performance ratings



e Determine the voltages at the various buses to ensure voltage drops do not exceed
+5% and —10%, consistent with the tap~changer range at the distribution transformers

e Evaluate the amount of capacitive reactive power compensation necessary to bring
the power factor level to 0.93 lagging |

The modelling of loads is complicated because a typical load bus is composed of a large

number of devices such as pumps. Consider a simple system as shown in Figure 1. {2]

Load

Source Q Bus 1 | Bus 2 |
P+jQ
| El R +iX E2 | i

Figure 1: Radial System Losses

The equations relating the above diagram are as follows: -
[ =P+HQ/ Ep™ mrmmmmm e Fquation 8
Where E, is the voltage conjugate at bus 2. The voltage drop along the line is:

Nl () ——— Equation 9
Therefore,
Bz = (Bn — IR) +j(Bit — IX) mmemmmmememmem e Equation 10

Putting Equations 8 and 10 in another form, three unknowns are existed as follows:
I=1 +in, E,=En +jE2i and (EQ* =Hn +jE25)

Equations above can be solved by iterative technique, Newton-Raphson.

2.3 Overview of SKM® Application Software

SKM® Power Tools [4] offers a full spectrum of analysis capabilities such as: -

o [*SIM Transient Stability - to evaluate performance and stability of power system

o  Harmonic Analysis — to simulate harmonic content and distribution

o  DAPPER balanced system studies — to simulate load flow and short circuit studies.
The sub-tool that will be concentrated is DAPPER Balanced System Study.

Single line diagrams drawn in SKM® Power Tools for basic and detail engineering

design of Putrajaya Precinct 5 GDC Plant are as shown in Figure 2 and Figure 3.
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CHAPTER 3
METHODOLOGY/PROJECT WORK

Literature reviews on books and journals are accomplished throughout the early stage.
Apart from that, the author has chosen a case study for a better understanding in real
application. The next step is to simulate the electrical power system using appropriate

power analysis software. Suggested milestone for whole year is shown in APPENDIX 1.

3.1  Load Flow Analysis Method

Load flow steps in SKM® Power Tools [4] are illustrated as below: -

Define System Data
Define system topology and connections
Define utility connections (swing bus)
Define individual loads
Define feeder and transformer sizes

Define generator sizes

\ 4

Run Load Flow Study

\ 4

Saved in Database

For each branch

Voltage drop

Power flow
Study Setup For each bus
Cable Library Voltage
Transformer Library ' Voltage angle
Demand Loads Voltage drop
Connected Loads Power flow
Study Setup Power factor

I

Data
Blocks

Figure 4: Load Flow Analysis Flow Chart



In order to come out with ELA, process and mechanical equipment data need to be
analysed first since it plays myriad roles to meet the required demand and conditions of
the GDC Plant. The absorbed load for all equipments will be converted to electrical load
using certain formulas. Overall process flow diagram is as shown in APPENDIX 2.
Demand load and connected load can be determined from ELA, shown in APPENDIX 3

for both basic and detail engincering design.

3.2 Short Circuit Analysis Method

Figure 5 below shows procedures in SKM® Power Tools [4].to develop comprehensive

short circuit study.

Define System Data

Diefing syalan topology asd connections
Define ulity conngelion {swing bus)
Dafine feedur arg {ransformer gizes
Define Izt condrivution dats

Study Setup

Cabls Libraty
Transformer Libray
Gludy Belup

Run Short Circuit Study

Usad by Logs.
Sehedules

Saved in Datahase

Theze-phass faul currents
Unbafarged fault currents
Hlompntary snd aaymenetrdeal faull corrents

¢ Used By Time Current '},
\Caordination (CAPTORI 4

Dalablocks

Figure 5: Comprehensive Short Circuit Study Flow Chart
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Comprehensive short circuit study models the current that flows in the power system
under abnormal conditions and determines the prospective fault currents in an electrical
power system. [3]. Comprehensive short circuit analysis procedure involves reducing the
network at the short circuit location to a single Thevenin equivalent impedance,
determining the associated fault point R/X ratio calculated using complex vector algebra
and defining a driving point voltage (assuming the effect of the transformer taps on bus

voltage).

3.3  Developing Model in SKM ® Power Tools [4]

In developing model for analysis in SKM® Systems Analysis [4], design specifications

and descriptions of all major equipments need to be verified first as depicied below: -

3.3.1 Switchboard

The switchboard s designed for each voltage rating. An example of switchboard buses

component editor that displays essential data to be entered is as shown in Figure 6.

Name: (1707 SoomdA
Bus Libras : ' P
Hatmonisgwmﬂ .
| Flalistilly Data Nomingd Syctem Vellane: {51000
L iUserDefined Figlds ) .
1 Datablock o

£ Nods Bt

L AL FemGo To"
| Ouery © Errass

-0 b
i e 3R Shoaid A . _
-5 Bt : Lrnld
- 515 Bus?
w5V Essertiol
o IS0026 ; ;
| Lwepycomg BSATEL e
- 0000 : E

|- 150050

Figure 6: Switchboard Component Editor
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3.3.2 TNB Utility

TNB Utility is designed based on Tenaga Nasional Berhad’s (TNB’s) requirement.

Supply may be provided at any of the declared voltages: -

Low Voltage

1. Single-phase, two-wire, 240V, up to 12kVA maximum demand

2. Three-phase, four-wire, 415V, up to 45kVA maximum demand

3. Three-phase, four-wire, C.T. metered, 415V, up to 1500kVA maximum demand

Medium Voltage and High Voltage

1. 3-phase, 3-wire and 11kV for load of 1.5MVA maximum demand and above

2. 3-phase, 3-wire, 22kV and 33kV for load of SMVA maximum demand and above

3. 3-phase, 3-wire, 66kV, 132kV and 275kV for exceptionally large load of above
20MVA maximum demand

Data from TNB that has been included in SKM® Power Tools [4] is 3-phase, 3-wire and

11kV as shown in utility component editor in Figure 7.

e ’ Name |ms ‘ l ¥ InService m
gzﬁfggﬁgr;?zdance : vinit:ai UQE&RIHQ L'lmcﬁhaw i e :
UserDefined Fislds 1! Vokage: [1.000 Angle: Degress
Datablock . : _
. Enter MVAKVA/Amps ™ EnterPer Ui Update...
“‘Ufl!ii}‘ Contribution-— : -
' Contrbution R

Scenarios Manager.,. | Threa F’hase' 1150093 H,&mm v
' I o L e

F’_sr-Uﬁlt Cﬁnmbuhor;._ i —
|| Base/Ratedbiva: -":Eﬁsithfe [327867 ][5 010875]
| | BassiRated Votage: ELL} .'gem |fcaum_:aé°||mm] i
“Bus ﬁurmechuu = : : ——
1 By BUSOMS _Connection.. |

Figure 7: Utility Component Editor
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3.3.3 Transformer

Transformers shall be connected in parallel, where each transformer capacity shall be
adequate to carry all the loads connected via bus-tie in case of failure or maintenance of
either of transformers (100% redundancy). All the data required to be entered for
transformer is as shown in 11/0.415kV transformer component editor in Figure 8 to
Figare 11. Pop-menu windows for component sub views as listed below will not be
shown since all the data need not to be entered as it is automatically calculated by SKM®
Power Tools [4]: -

» Reliability Data

o User-Defined Fields

o Datablock

Component Subwiews: Hame: [T#1170.415A ] M InSewvice @
T ansto
| Transfomnar [mpadance Manufachas Type

I™ LirktoLlib ]NGNE [ i

Autoratic LTC
E= T ~J =+
| Relisbiltp Data . ) ] _ TxitDAts A
| |UsarDefined Fields Nominglk: 18000 | FullLoad kv 18008 1 I DoTenii .
| | Datablock - Primayy - Secanday _ y !
| Connection: {Deita > |wWyeSwund v _ =g
R-jaiegi\}olkége: 111009 Vildy (433 WA
BusVohage: - - JHIED vtk 8 |eed
Fulloadpmps 84D 73k <Y S
Teoz po_ ] B CBL-089
Pos, Seq Pri Voltagedeads Sac. [00 | dsg I Link Phase Shit
B " Conresgions Hj | 19 Thies Phass
T B - % £~ Syl Phave
- From; BUS0050 e MidTap . ¢
“Foi - BUS-00E7 | € Single Phase |

} ACB

Figure 8: Transformer Component Editor (2-Winding Transformer)
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Companant Subvisws: - '~ Sequence Tmpedante in Pércent on Trarsformer Biase ——s-r-rm-mm
ind i ' : - Calculate fom:
%R xR
Damage Curve = s
Rslabiy Dt Pogtive: 00080 |B000O . | i F &
Hscr Defined Fields Dz [BE0E0 | [EO000 - _IECFomat). |
_IECFomat2. |
Scenaiios Manoget,,, | Noutral lpedar Sising Informaion '
~Neutra) lpedaiEe - Sizing Information -
GoTo w1 Jump. P
T — A (Ohms} X {Ohins) | " DolotSize
P.rimarg:. ) F 1 lz,:{}‘}ﬁﬁg !“gfi é .3§ziﬂ§_tme;ia; - [ CBLOG6S
Seconday: [200000_] [D0500D ] ol | | [Demend
+NoLoadLoss in Percent on Transformer Base ¢ Tramformer Basgo e -
L L . & Moinal KA
~ (pooe |josooo | " FubLosdk¥a
- ALB
Figure 9: Transformer Component Editor (Transformer Impedance)
CEL-8
Note: LT is only availsbls with the single-phase / unbelanced Iphase LF |
Movable Tep Bus; ;?'15:): m‘l’j
Damags Curve .
Reliabilty Data ~Controlled Quanity Limits o
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Figure 11: Transformer Component Editor (Damage Curve)

3.3.4 Cables

Current ratings for cables shall be calculated in accordance with the cable manufacturers
declared current ratings, and rating factors derived from the laying pattern, and local
environmental conditions. A positive tolerance of 5-10% can be allowed on the overall
rating factor. Allowable voltage drop percentage during motor running and motor starting
is fixed to be 5% and 20% respectively for safety in design. All the data required for
cable is as shown in cable component editor in Figure 12 to Figure 15. Pop-menu

windows for component sub views as listed below will not be shown since all the data

need not to be entered as it is automatically calculated by SKM® Power Tools [4]: -

¢ Conductor and Raceway

s Reliability Data

o User-Defined Fields

e Datablock
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3.3.,5 Induction Machines — Motor Load

Induction motors are calculated based on maximum demand as shown below from
Figure 16 to Figure 22. Pop-menu windows for component sub views as listed below
will not be shown since all the data need not to be entered as it is automatically calculated
by SKM® Power Tools [4]: -

¢ Harmonic Source

+ Reliability Data

o Load Profiles

o User-Defined Fields
» Datablock

Name:  [CU-041080421 W InService

.
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Figure 16: Motor Component Editor (Induction Motor)
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Efficiency)
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Figure 22: Motor Component Editor ('TCC.Starting Curve)
3.3.6 Distribution Load — Non-motor Load

Distribution loads are non-motor loads such as lighting. The essential data that need to be

entered 1s as shown in Figure 23 and Figure 24.
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Pop-menu windows for component sub views as listed below will not be shown since all
the data need not to be entered as it is automatically calculated by SKM® Power Tools
[4]: -

¢ Harmonic Source

¢ Reliability Data

e Load Profiles

e User-Defined Fields

¢ Datablock
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Figure 23: Distribution Load Component Editor (General Load)
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Figure 24: Distribution Load Component Editor {Load Diversity)

3.3.7 Protective Devices -

Protective devices are used for power flow control and safe maintenance purposes.
Numbers of protective devices available in industry but only Air Circuit Breakers
(Figure 25), Vacuum Circuit Breakers (Figure 26), Capacitor Banks (Figure 27) and
Bus-Ties (Figure 28) are used in this project. Pop-menu windows for component sub
views as listed below will not be shown since all the data need not to be entered as it is
automatically calculated by SKM® Poweér Tools [4]: -

e Settings

o Reliability Data

o User-Defined Fields

¢ Datablock
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CHAPTER 4
RESULTS AND DISCUSSION

4.1  Electrical Equipment Sizing

Charles A.Gross (1979) wrote that attempts to model mathematically the electrical power
system for analysis is heavily dependent on circuit concepts [1]. Crucial information such
as transformer rating, distribution cable impedance, generator rating is important before
designing the single line diagram in SKM® Power Tools [4].

4.1.1 Transformer Sizing

Table 2: Calculation Results for Transformers

Design Rated | Phase | Phase | Maximum Size Standard
kV 1 2+3+4 | Demand (kVA) Rated
(kVA) | (kVA) Load (MVA)
(kVA)
A B C=A+B | D=1.25C
Basic Engineering 1/ 1253 | Future 1253 1563.3 1.6
0.415 Stage
11/33 |1836.2]23282| 41644 5205.5 6.0
Detail 1/ 1719 | Future 1719 2148.7 22
Engineering 0.415 Stage
(Without power 11733 | 3082 | 24064 5547 6933 6.95
factor correction)
Detail 11/ 1414 | Future 1414 1768 1.77
Engineering 0.415 Stage
{(With power factor 11/33 | 2646 | 2412 5058 6323 6.325
correction)

Transformer kV A size = Maximum demand load on the transformer + 5% losses + 20%

spare capacity
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From the table, it is shown that two 11 / 3.3kV transformers at rated size of 6MVA and
two 11 / 0.415kV transformers at rated size of 1.6MVA are used for basic engineering
design. Detail engineering design is encompassed of two 11 / 3.3kV transformers at rated
size of 6.325MVA and two 11/ 0.415kV transformers at rated size of 1.77MVA since the

main focus and interest is on detail engineering design with power factor correction.

4.1.2 Cable Rating and Sizing

The current carrying capacity is based on the assumption that the ambient temperature is

at 40°C. The cable arrangement diagrams are as shown in APPENDIX 4.

e Sample calculation in determining sizes for high voltage (3.3kV) cables: -

a) Cable ampacity

Cable ampacity derating is taken from the IEE Wiring Regulation book. Cable ampacity
shall be bigger than the motor rated current. In this case, for highest rated pump of
280kW, the rated current after diversity (100%) is 61A,

For example:

The running current of Secondary Chilled Water Pump, P-0101 shall be as follows:-

= (Rated motor) / (3 * *voltage*power factor*efficiency) ----------------------- Equation 11
= (280*1000) / (3 * *3300%0.84*0.955) = 61 Ampere

Therefore, cable used shall have ampacity greater than 61A. The cable size to be used
can be as small as 25 sq mm as shown in Table 2 for 3-core cables in APPENDIX 5.

b)  Fault level at load terminals

Cables used shall have short circuit {(SC)} withstand capacity greater than short circuit

level at cable terminal point.

27



However it is safe to use a cable having SC withstand capacity smaller than SC at cable
terntinal as long as its SC withstand capacity is greater than let through energy of fuse.
SC withstand capacity of 25mm? cable for 0.2 sec = 8.5kA as shown in APPENDIX 6.

Therefore, SC withstands encrgy shall be as follows:-

=TI’ Equation 12
= (8.5*10°)* A*0.2sec = 1.45%107 A sec

¢) Fuse selection: _
This is done by referring to fuse selection curves graph for motor starting as shown in
APPENDIX 7. Selection of rated current of the fuse relies on 3 criteria, which are:

¢ I, =motor starting current '
s Ny = number of motor starts per hour

o T, =maximum starting starting time
In our case: |

I, = 61A x 6 = 366A (Actual vendor data = 400A)

Ny=6

Ta = 5s (typical values for DOL started motors)

From the graph, for which the motor run-up times not exceeding 6 seconds, the fuse
rating is 160 A. The maximum let through energy of fuse rating 160A is 50x10% Let
through energy of the fuse (50x10* sec) must be less than cable SC withstand capacity
(1.45x107 A sec) and SC at cable terminal (13.2kA or 1.32x10%). Ratio is as follows:-

= (Let through energy of fuse) / (Cable SC withstand capacity)*100% -Equation 13

= (50x10* A% sec) / (1.45x107 A? sec) * 100%

=3.45%

The ratio implies that the cable SC withstand capacity is 1/0.0345 or 29 times bigger than

the maximum let through energy of the 160A fuse. So, the 25mm? cable is well protected
by the 160A fuse. Full result of proposed cables sizes can be referred to APPENDIX 8.
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42  SKM® Power Tools Report

The pop up menu window that show the studies that need to be run is shown below: -

alamced &

Fig. 31. Stucy selection and Setup screen,

32, After selecting the stodies, ¢lick on the Rup buston,

Figure 29: Study Selection and Setup Screen

Comprehensive short circuit study will calculate the initial symmetrical and asymmetrical
short circuit current given the fault location R/X ratios at various times during the onset
of the fault as shown in APPENDIX 9 based on basic engineering design drawing and
APPENDIX 10 based on detail engineering design drawing. Both results are in crystal
report format. Load flow study indicates the apparent power and current at each buses
and within each branches in the electrical power system, excluding local generation and
power lost through impedance devices. Load flow study results in crystal report format
are as shown in APPENDIX 11 based on basic engineering design drawing and
APPENDIX 12 based on detail engineering design drawing.
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4.3  Data Comparison

To attain maximum power consumption at various switchgear buses, the worst but
practical operational configuration is considered for this study. According to the
consideration:-

» Only one out of two TNB Supply is on and supplying all loads to the plant

¢ Both transformers at each voltage level is supplying power to the entire switchgear

» Bus tie breakers of all switchgear are opened

To get maximum short circuit-current at various switchgear buses, the worst but practical
operational configuration is considered for this study. According to that consideration,

s Only one out of two TNB supply is on and supplying all loads to the plant

¢ Only one out of two transformers at each voltage level is supplying power to the

entire switchgear
» Bus tic breakers of all switchgear are closed

¢ All motor and non-motor loads are running
The study settings specified for both simulation analyses are as follows: -

Table 3: Parameter Settings for Both Simulation Analyses

Short Circuit Study Load Flow Study
» 3-phase fault ¢ Newton-Raphson solution method
»  Single-line-to-ground fault e Connected load specification
" Transformer tap and phase shift * Source impedance is included
= Faulted buses at all buses e Generation acceleration factor is 1.00

* Initial symmetrical RMS with 2|, [ ¢ad acceleration factor is 1.00

cycle asymmetrical ¢ Bus voltage drop is 5.00%
= Asymmetrical fault current at time

0.55

e Branch voltage drop is 3.00%

From the simulation results obtained in SKM® Power Tools [4], the below data for both

designs is extracted, compared and summarized.
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44  SKM® Power Tools Simulation Studies Diagram

Diesel engine generator in this GDC plant is only functional to cater essential loads for
building services, which involves small amount of load. For simplicity in simulation, the
emergency standby switchboard will not be drawn in the power system model for both

designs since its absence will not affect the study result.

4.4.1 Comprehensive Short Circuit Study Simulation Diagram

Comprehensive short circuit study simulation diagrams that indicate branch and bus fault
current for basic and detail engineering design are as shown in APPENDIX 13 and
APPENDIX 14 respectively. The voltage drops are very minimal for high voltage cables
and not a dominant factor in cable sizing for the higher voltages. However, the thermal
capacity of the cables against short-circuit fault has to be verified by use of the heat
equation:
Pt=S%"

Where S — nominal cross-sectional area of the conductor (sq.mm)

[~ fault current that can flow through the cable (A)

T- opening time of protective breakers associated with the cable (S)

including that for fuse rupturing (maximum fuse operating time)

K- factor, which takes into account the resistivity, temperature coefficient

and heat capacity of the conductor material, and the appropriate initial and

final temperatures

Full thermal capacity of cables are normally evaluated for t at1.0 second (circuit breaker
operation normally within 1 second for back-up circuit breakers). As the cables selected
are mainly of XLPE insulated type, over copper conductor material, the corresponding k
value is 143 (assuming initial temperature 90°C and final temperature 250°C). For 3.3kV
cables feeding large 3.3kV motors or 3.3/0.433kV inverter transformers, the thermal
capacity is normally evaluated for at 0.2 second as these cables are protected by high

votage fuses which have current or fault limitation capabilities.
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4.4.2 ‘Load Flow Study Simulation Diagram

A load flow study will be carried out based on the present estimated loads to check the
{ollowing: - _
e The voltages on the 3.3kV and 415V bus are within their limits
o The proper tapping set rénge for the step down transformers
e The quantum of capacitor banks required to maintain the power factfor at the
(temporary) TNB 11kV supply point (Point of Commen Coupling-PCC)
Load flow study under full load conditions is based on three criteria: -
a) Basic engineeﬁng design without any power factor correction capacitor banks shown
in APPENDIX 15
b) Detail engineering design with the adequate amount of capacitor banks to correct the
power factor (PF) at the TNB 11kV incomer to 0.93 PF lagging shown in
APPENDIX 16

The load flow study is focused more on detail engineering design as it involves capacitor
bank and it may be seen that the power factor correction required is as follows: -

a) At 3.3kV =1650kVAR (for all phases)

b) At415V =700kVAR (for Phase | only)

Total capacitor banks to be added at 3.3kV and 415V are 2350kV AR, so that the TNB
11kV incomer pow_ér factor 1s more than 0.93. Any shortfall below 0.85 will incur
penalty.char'gcs from TNB. Hence, for economic operation, the power factor level of the
GDC plant must be cdntinuously monitored and regulated to be above 0.93 powér factor
lagging. By definition, power factor, cos @ where O is the phase angle between the
voltage vector and the current \}ector. For a lagging power factor, the current is ‘lagging’
behind the voltage by a phase angle of 8. An equivalent definition for power factor is the
cosine of the phase angle between the real power flow P and the apparent power flow S

as shown in Figure 30.
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Figure 30: Voltage Drop

Before capacitive compensation, cos 0 is equal to P/S1.
To improve the power factor cos 01, the angle 81 must be reduced to 02. As real power P

is fixed, apparent power S1 must be reduced to S2 such that cos 82 is equal to P divided
by S2, bigger than 0.93,

The load-flow analysis involves calculation of power flows and voltages of a

transmission network for specified terminal or bus conditions. Associated with each bus

are four quantities; active power P, reactive power Q, voltage magnitude V and voltage
angle, 0. The following types of buses (nodes) are represented and at each bus two of the
above four quantities are specified:-

e Voltage-controlled (PV) bus: Active power, voltage magnitude and limits to the
reactive power are specified depending on the characteristics of the devices.

e Load (PQ) bus: Active and reactive power are specified. Normally loads are assumed
to have constant power. If the effect of distribution transformer operation is
neglected, load P and Q are assumed to vary as a function of bus voltage.

e Device bus: Special boundary conditions associated with devices are recognized.

o Slack (swing) bus: Voltage magnitude and phase angle are specified. One bus must
have unspecified P and Q because the power losses in the system are not known a
priori.

Overall single line diagrams for basic, detail and construction engineering design are

shown in APPENDIX 17. GDC Plant Layout is shown in APPENDIX 18 as reference.
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

¢ Short Circuit Analysis

The three-phase symmetrical rms fault current (balanced circuit) is often considered the
maximum fault current and the most severe type occurred at the bus [4]. The selection
short circuit rating of each bus shall be from the next available rating of bus bar obtained
from manufacturer’s standard based on initial symmetrical three-phase fault. The
asymmetrical peak current is the sum of the dc decay and ac decrement components
produced by a sudden application of a sinusoidal voltage source on resistors, capacitors

and inductors.

After analyzing the study results, short circuit ratings of various switchboards for
reliability of the design are recommended as follows:

e 11kV switchgear & accessories shall be suitable for 25kA for 3 sec

e 3.3kV swiitchgear & acceSsori_es shall be suitable for 25kA for 1 sec

o 0.415kV switchgear for phase 1 shall be suitable for S0kA for 1 sec - | | |
The results are verified by comp_arin_g the above to contréctor’é electrical equipment
selection drawing. The magnitudes of fault currents are usually important paraineters and
help system engineers in determining the type of protective devices to be used to isolate
the fault at a given location safely with minimum damage to circuits and equipment and
also a minimum amount of shutdown of plant operation. Cables thermal withstand

capabilitics during short circuit are also checked.
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e Load Flow Analysis

The lesser the power f actor't.ha_n unity the larger will the a pparent p ower be than real
power. It can be concluded from Table 5 that the power system is efficient and well
performed since the line losses for each buées are con.side.red small. These losses are the
difference between the kW and kVAR ﬂowing into the bus from another bus and the
value that reaches the bus. Prior to.the analysis, the magnitude of all the voltages is set to
be one per unit. Subsequently, the network elements such as lines or cableé, switchboard
buses, circuit breakers and. transformers have been verified 'against manufacturer’s data

for adequate capacity to carry the loads.

Voltage drops over the transformers and lines are found to be insignificant and well
within the limit of 5% and -10%. The transformer tap settihg is set at 0% for each
transformer. Power factor improvement in the system is considered to maintain the TNB
power factor at 11kV to be more than 0.93 power factor lagging. Capacitor banks are
- required to be added at 3.3kV and 415V to maintain this power factor. Power factor
improvement in the system required is as follows: -

a) At3.3kV =1650kVAR (for all phases)

b) At 415 V =700kVAR (for Phase 1 only)

Total capacitor banks to be added at 3.3kV and 415V are 2350kVAR, so that the TNB

11kV incomer power factor is more than 0.93 power factor.

» Data Comparison Analysis

Bdsed-on_the short circuit report in Table 4, most of the féult currents have increased in
Detail Engincering Design compared to Basic Engineering Design due to the additional
equipment as noted below. This concept is also applied to the load flow currents at every
bus namely 11kV bus, 3..3kV buses and 415V buses as shown in Table 5. Real, reactive
and apparent power at every bus is larger in Detail Engineering Design rather than Basic

Engineering Design due to bigger power consumption.
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Additional equipment in detail engineering design includes:-
— Additional busbar and pie equivalent bus-tic added to each existing busbar
— Protective devices which includes vacuum circuit breaker, air circuit breaker and
fuses -
— Additional motors
~ 3.3/0.415kV transformer
— Capacitor bank

¢ Power System Utilisation

This project is carried out in several phases namely collection of data, calculation of short
circuit currents and load flow, development of mathematical model of each component in
the power system, and f{inally implementation and simulation of model on simulation tool
SKM® Power Tools [4]. Based on the model developed, system behaviour and response

to any disturbance in real-time operation should be able to be predicted.

e Case Study on GDC Putrajaya Precinct 5 Plant

In order to enhance the knowledge on electrical power system, a real application is taken
into study for further analysis. The GDC power plant of Putrajaya Precinct 5 has adopted
this scheme into implementation. A case study helps in widening the knowledge not only
in theory but also for real application in power plant such as GDC Plant. Dynamic studies
shall be used to verify the electrical power system. In this project, the dynamic studies are
conducted via computer-analysis simulation, SKM® Power Tools [4] is the software used
to demonstrate the power system network. A circuit is constructed using components that
are available from the software library. Using this circuit, a number of conditions are set
and the results of the simulations are analyzed. From the start, there are several stages
that need to be completed from the collection of data, calculation until the development
of the model. From the model, the author can simulate the behaviour of the system. The

accuracy of the simulation depends on the type of parameter entered to the input file.
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5.2 Recommendation

~ Apart from demonstr_aﬁ.ng the short circuit- and load flow analysis through compﬁter
simulations, on¢ can develop a hardware prototype to represent the power .system
network. A microcontroller PIC can b.e used .as the pbwer system CPU where all data are
processed and outputs are produced. Loss of generation can be demonstrated by
connecting a voltage regulator to the system and the voltagé is varies from it. Fault can
easily be .done by short-circuiting the wire to ground by a push'button or a toggle switch.
This could make the project more iﬁtere_stiing and easier to understand. Other software for
example ERACS, PSCAD, MATLAE can be used to simulafe the electrical power
system. It is an advantage if the user has the basic knowledge not only in using the

existing software but also the other electrical software.

Conducting a full protection study, which will include breaker ratings and relay setting
using positive or zero sequence impedance network calculation and verifying the required
seiting using SKM® Power Tools [4] is also recommended. Circuit breaker ratings are
determined by the fault MVA at théir particular locations, not only has the circuit breaker
to extiriguish'the fault-current arc, with the substation connections 1t has also to withstand
the considerable forces up by short circuit currents which can be very high. License for
other tools such as harmonic analysis, transient stability and others in SKM® Power
Tools [.4] should also be purchased by UTP This is to ensure that ény students who are
interested in continuing this study for_ future phases, Phase 2, Phase 3 and Phase 4 can

improvise the scopes of the project.
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APPENDIX 2

Major Process Flow Diagram
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APPENDIX 3
“Electrical Load Analysis for Basic and Detail

Engineering Design
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PJPS District Cooling Plant Project - 3.3 kV Tran:

Equip. No | Serial No Equipment Name
Eomaaman - S
Conbinuous Load (WA Remany
) st Phase
P-010t A 1o E |Secondary Chilled Waler Pumps LI | 2 3 4 Total
{Flx Speed) 528 " 31al 314 1571
P-0102 A 1o C |Secondary Chilled Water Pumps 2
{VARIABLE FREQUENCY DRIVE) T ma— 5 poms
ECOI1 A Electrical Chilter 1
N o 0 0 1023
P-0231 A 1o M|Cooling Water Pump for DFC 2
e ST 1.963
Uncorrecied XA,
e ‘ . . 28 767l es 3.547|PF before comection = 0.02
condi fi i lecti
; . 00 192 154 1.387
Eor General Qperation
1.1 Status for Transformer Operation ?s;"_gsg s Py
- Individual operation condition, each transformer to senply the ’
- Air cooled fan {AF} for transformer NOT ‘o be operated during__J
N . ‘ 3.08t 8,933
1.2 1413.3kY Transformer Load Estimation (AN Operation) : avay
Minimum required transformer capacity WITHOUT forced air c¢

- For Phase 1 only = 2750 kVA (with 3.3k§ KVA [!.H] ith 1650 ttor B
-For All Phases (1,2,3 & 4) = S100 kVA (with 3.2K\

The above AN rating is selected with PF correction capacitor b®cted Continuous Load peva) Remarks
) . Phase
2 Eor Urgent or Maintenance Operation (as Back-up operatior 23,004 Total
-1 Status for Transformer Operation
- During either one (1} fransformer is fail or under maintenance, 2412 . 653 e .
electricily to both busbars of the 3.3 kV switchgear (with 1550 —  20ZBIPF aher comection = 0.95
- The 5100 KVA (AN rating) transformer is still capable of supply 503 1205
2 Transformer Load Estimation for Spare Load of 25% 3018
- For Phase 1 only = 3B00KVA  AF (with PF co §a23

~ForPhase 1 and Future = B325kVA ~ AF {with PF co

CONCLUSION .'
Proposed Selection for 11/3.3 XV Transformer rating {ANJAF) sh;
Dyn11, £5% in 2.5.step, 2% = 6.0% on 5.1 MVA, where AF ratin:

Note
AF raling of 7140 kVA > maximum loaad of 6993 kVA (uncerrect
3t AF rating can supply total load WITHOUT power factor correcti

ename * 11-3.3kV Translormer Selaction Rev 1 edited by Zulxia

Rev, §



PJP5 District Cooling Plant Project - 11/ 0.433 kV Transfon

—
Equap, No | Serial Ne Etpuaprtwent Name
Phase
1 2] s
5111512 Tetst
WC-O13  |A to N [Okecl-Fied Absorption Chiker . 25315 (33 }:
T nat
used .. . |
sT-0201 A lo M [Cocing Tower jor DFC-0MT . =T ) 5 3 k} —
v Tcting Water Pump fof EC t1o0] 1160
1013t A to N |Chibed Water Pumg for OFC 2 21573%f 3 1
i - :
3T Chilied Watet Pumg for EC 1o 1o ¢
TRl 5 1o 8 |Make up water Purmo lov Chwved vater 210 210 0] 6=
[1 standhy}
ST A o € [Make up waler pume lor cookng walet 210 2 1 ol ¢
{1 standby} i
i Ale B |Ciuculabng Puma i Swor Sream Fites zlofa2loflol o
{1 standby)
oo Cherwrat dasing und for Crued vWater 1101 [0f 0| d]
wW-e21 Chemical derang und for Cookng Water 1 d 1 Qo 04 .0
Qa2 Chemical dosing unil for Cookng Water 1 a1 o]l of o
.08t A-8 OF supply pume for T-0581 ' 2{afz2]o0fof 0o
9502 A-B Gl supply puamg foe T0501 ofojojz2fa} o
503 A-B O supply pump for 1-0503 2|lojzjofo} o
Fre Fiing ijoje[o]o] o
Cold Water 11 e 1]ofo] o |
et ) - . !
|Buiding Services tlo]v{e}of o
ACMY E qapment I
ijol1jofo)o
Emsg ;
1101110 |
lﬂ i m ". ﬁm 3 ! - : D —
11Sumsfor7ﬂnsfm09ermon . o .
-H’\dmniua.lopera{mmd&m ead\ums!mn«loapply!mdedrmyroream&r_'
- Air cocted fan (AF) for transformer NOT 1o be operated during this status ]
1.2 11/ 0.433 kV Transi Load Extimation [AN Operation) : . ]
Minimum Required Transformer Capacity WITHOUT Forcad Air Cooled fan operatiol
~ For Phase 1 only = 1500 kWA (with 415V power factor comection -
-FerPhase 1,2 344 = 16X KVA X 2 [estmated from uncomected kKVA} — |

The abave AN rating'is selected with PF comection capacitor banks 1o improve the F|

11 Status for Transformer Operation

- During mtherone(l) transfonmer /s fail or Mmahm, the altemative transf
1o suppiy the sleciricity to both busbar in 415V switchgear | MCG
- The 1600 kVA (AN rating) ransformer s stit capable of supplying the total load

L2 Transformer Load Estimation for Spare Load of 25% ) o ’
- For Phasa 1 only © = 1TI0RVA ad {with PF comeciion capac

- For Phase 1 & Fulwre = 1TTOKVAX 2  AF {with PF comrection capac
CONCLUSION

Proposed Selection for 117 0.433 kV Translormer rating (AN/AF) shal
Oy 11, £ 5% in 2.8 STEP, 2% = 6.0 % on 1600 kVA, where AF rating i

Note
AF.ratng of 2240 XWA > mupamum’ ioaad of 2149 kVA [uncomecied), hecesons one {1

2 AF ol fmam m i fean e 18 TR A T e ot ettt e o




APPENDIX 4
Group Derating Factor



\ ANSTALLATION ON CABLE _LADDERS
ie
JEND
I { MEMOD 11
LADDER ;
Y
TOUCHING
SPACED
TREFOIL FORMATION .
£ CORE CABLES IN TREFOIL FORMATION
NGEMENT [ NUMBER OF | INSTALLATION 1N TREFGI
BUES | CABLE = 24
LADDERS DISTANCE FROM WALL' > 20mm
(LAYERS)
NUMBER OF RiNS
1 2 |3
1> 24,24
1 1.00 | 098 - M1t
BasLE ¢ 0% | AR '%' "9")" — SINGLE CORE
4 — TREFOIL
? 1001 085 | os : N ~ SPACING
| A
3.4&5 {100 094 { 092 i oTReco
| 6 100 { 093 | 0gp : M11-(D-1C-TRE-
RE CABLES - SPACED
MENT | NUMBER OF CLEARANCE = CABLE DIWETER d
£ |caBte DISTANCE FROM WALL > 20mm
LADDERS :
(LAYERS)
NUMBER OF CABLES PER LADDER
- 1 2 1316/l . )
220 dd
1 1.00 1 088 | 096 { 093 | 0.92 y M1
. 1 H b, - MULT CORE
y ~ SPACING
2 1.00 1 095 | 0.93 | 090 | 089 ] S
3445 1100/ 094 | g 089 | 085 i 06 o Citd .
6 1.00 | 093 | 090 | 087 [ 086 HI1-0-3¢-sp
__J\}‘J
CABLES - ToucHinG
NT [ NUMBER OF | 'SIE BY SIOE wTHoUT CLEARANCE
CABLE AND TOUCHING WALL
LADDERS ‘
(LAYERS)
NUMBER OF CABLES PER LADDER
1 2 3 6§ | {3y
080 { 075 [ 073 |, ] "ETEEE
32 ) g -~ MULTT CORE
076 | 0.71 | 0.9 1A ~ SINGLE LAYER
y - TOUCHING
074 {070 | 068 | TEEEAE 1
072 | 0ss | oss | Berecs . M11-LD-3C-TC




APPENDIX 5
Cables Reference Tables



RUKAWR MALAYSIA

JLE 1 :SINGLE—CORE 600/1000V (CVWAZV)
XLPE/PVC/SWA(AL)PVC

Jentification : MNatural

BLE 2:TWO—CORE. 600/1000V (CVWAZV)
XLPE/PVCISWA/PVC

T
i T e
B it ppe ok

3 -

Compactad 4:7 07. .

45 | 09
sz | o8
61 {. 1.0

7.4 1.1

_Shape 9.7 12
o 107 1.4 12 ] 301
' 2o | 1.6 14 | 33.9
138 | 1.7 14 | 379
154 | 18 | 15 | 418
172 2.0 16 | 465

lenthcation ; Red s Bax

0.160
‘440 | 5000 | 485 | 480 }0.0991]0.128)
480 17350 ] 575 | 555 {0.075410.0%87
525 18760 | 650 | 620 |0.0601[0.0798
57.5 {108t0| 745 | 695 [0.0470}0.0840

B N Oy M e e e e

5,



URUKAWA MALRYSIA 1_ féc'_i'éb'soz’-é |

ble 1 3.6/6(Max. 7.2) KV THREE- CORE CABLES

Coppor conductor | TthIPVC segaration| Dia. | 7hick. | Approx. | Approx: Electrical characledstics
shaath of o | overan | ret .
wl| Shape | Approx. XI.PE gavarized PVC | dia. |weigw 1 Cumed ming x ressstance | Capaci- Readﬁ"@{ Short
5 of ouler lnsubation | Thick | Approx | steel | ouder- A tance | &l S0Hz | drd
natl strand] da ~ outes wire | sheath I air | in the DC. | SOHz cumenl
. | da al 40°C) pround | 2t 20°C.{ at 90°C for -
. A 2%C : tsec.
) fom) | o) ) o) | g} | gom) | fmm) D om) [gam)§ ] A (97 b)) | Faam) | (Q/km) | @A) ]
4.7 25 12 | 316 [ 20 22 405 | 2830 | 105 110 115 1.47 | 021 0.117 | 241
5§ 25 12 | 342 24 23 43.0 | 3,330, 140 {:0.727 1 0.927 | 0.24 0109 | 3.72 1
70 | 23 12 1 370 | 20 23 46.0 | 3,840 170 ) 0524 4 0658 | 028 0.105 | 5.18

81 25 13 1396 ] 25 25 ;1 500 148704 155 | 200 {0387 10494 ] 031 | 0100 | 735
97 25 14 {437 | 25 26 | 540 [5910) 245 | 245 [0.268 ] 0.342] 035 [ 0.0949 | 162

Codar) 1040 25 |14 [ 473 25 | 27 | 580 {7000 | 300 290 [0.193 | 0247 | 040 | 0.0914 | 138

128 1 25 | 15 1506 | 25 | 28 | 615 8080 340 { 30 | 0153 10,196 | 0.43 | 0.0885 | 174

o™=A| 143 ] 25 {15 | 538! 25 | 29 | &so 9210 { 385 | 365 {0124 {0.160 | 047 ] 00850 ] 21.8
160 | 25 {16 [577 [ 25 | 30 | 630 [16710] 440 | 415 [0.0391]76.126 | 052 | 0.0837 | 268

184 1 26 17 | 6351 25 | 32 | 750 |13.000] 515 [ 475 0.0754 | 0.0988 | 055 | 0.0817 | 347

206 ) 28 |18 633|315 | 35 | 830 [16410| 585 | 530 |0.0601]0.0800] o057 | 0.0805 [ 434

n 231 30 120 (7637315 | 38 | 905 [198801 665 | 590 10.047010.0543| 060 | 00750 | 577
263 | 32 |21 [8397] 315 | 40 [ 985 [23820] 745 | 650 10,0366 io.'oszz 062 {00779 | 721

nbfcation @ med, ysbow & Dive

ole 2 6/10 (Max. 12) KV THREE CORE CABLES

oppet conducior PYC separaton| Dia. | Thick | Approx. | Appeox. . Bectical crafaderistics i
_ of shaath o - -af ovarall | net - ,

1 Shape Approx | XLPE givarized PVC | da. | weighy | Curent mfing Condurtor resistance Capad- Reactance) Short
] -] ouer fnsidation| Thick |Approx| steed | outer- | R . dance | alS0Hz | circull
] Su'aﬂ‘d &a . outer -wire- | sheath 3 n air | in the DC SOHZ B . . .CUTH'L
o Ga. o . ) a 40°C| ground | &t 20°C | at9oC A 1 g -]
Con A 4 ascl - | T SRES
i o) | (om) | o) | g | o) | o) | om) (ot [ ] @ @) i) ] i) |(@/km) | oy 4
47 34 112 13551 20 [ 23 [ 445 13220 [ 105] 110 | 115 | 147 | 047 | 0428 | 2.47

58 | 34 | 13 (383 | 25 | 24 | 485 | 4130 | (a0} 140 | 0707 10827 | 019 | 0.118 | 372

70 | 34 | 13 {414 25 | 25 | 515 | 47401 1791 170 0524 10668 ) 022 | 0.113 | 5.18

i &.1 34 114 | 4371 25 | 26 | 540 15380 200 ! 200 | 0387 | 0.494 | 024 { 0108 | 7.35
Cragar) 37 | 34 {14 T 476 25 | 27 | 580 |6,420 @ . 245 10268 {10.342'| 027 [ 0.102 | 162
141 3¢ | 15 | s14| 25 | 29 | 625 |7.600 [ 290 | 0.183 |10.247 { 0.31 | 0.0976 | 138

of 1281 34 118 {546 25 1 30 | 660 [8690] 345 | 330 0.153 110,196 | 033 | 0.0944 | 17.4
Jomet] a3 | 34 |16 | s79d 25 | 34 69.5 19840 | 390 | 385 { 0.1247'0.160 | 036 | 0.0915 | 218
160 v 34 {47 {617 25 | 32 | 735 [11,370] 445 | 410 ] 0.0991 :0.128 | 0.40 | 0.0888 | 26.8

84| 34 | 18 [ 671 315 | 34 | 805 |14560| 520 | 475 0.0754.| 0.0986 | 0.44 | 0.0856 | 347

206 | 3¢ 1.9 17211315 | 36 | 860 [16960| 585 | 525 |0:0601]0.0798] 0.48 | 0.0933 | 434

[ 233 | 3¢ 120 7817315 | 38 | 920 {202101 665 {500 |00470]0.0641| 053 | 00808 | 577

263 | 32 | 921 |87 315 | 40 | 995 (24000 745 | 650 §0.0366 io.0521 059 100788 | 724

Iﬂkuiix\:mdyﬂow&m.e

le 3 87/15(Max 175 KV THREE- CORE CABLES

per conductor | Thoe [PVC separation| Dia Approx. | Approx. Hleckical characlorsties
‘ of sheath o o( overall [ net : o
Shape Appmr_ XLPE ghvanized PVC | da  |weig | Cumen ming c«mm Capad- [Readt Short
o | outer finsulaion] Thick. |Approx| steel | outer . j : fance | alSOHz | circult -
stend | dia ouler wie | sheath bnoair | In the D.C. | :50Hz curment
: §a. at 40°C] ground | at 20°C | at 90°C tor
at 25°C 1 sec.
mm) | (mm) | oom) | (om) | (mm) | (mm) | (mmp | kghen) | A (A) - [{Q27km}] (£ km) | (uFAam) | {2 k) | (kA)

59 45 | 14 (4331 25 | 26 | 54.0 14790] a0 | 140 [0.727 0827 016 | 0.131 | 3.72
7.0 45 | 14 1461 25 § 27 [ 57.0 5420 170 | 370 |0.524 [0.663] 0.18 | 0.124 | 5.18
8.1 45 115|487 25 26 | 595 16080 200 | 200 10387 [0484| 020 | 0.118 | 7.36
9.7 45 115 1526 25 | 29 | 835 | 7,160 250 | 245 0268 | 6342 002 | 0.112 ) 102

Cioar | 114 1 45 | 16 15641 25 | 30 | 67.5 {83501 305 | 200 019310247 025 1 0.107 | 138
128 | 45 117 15971 25 | 31 | 71.0 | 9460 350 | 330 |0.153 | 0.196 | 0.27 | 0.103 | 17.4
ompadt 143 145 117 1629 25 | 32 | 745 [10.640; 395 | 370 10.124 1 01591 0.00 | 0.0994 | 218
100 | 45 | 18 1667|315 | 34 | 80.0 [13,090! 450 | 410 {0.0991] 0.128 | 0.1 008621 26.8
184 145 119 152717375736 | 860 {15.550] 520 | 475 10.0754;0.0883] 0.35 | 010924 | 3477
206 > be0irrid 315 37 | 910 {17950 sag | 530 0.0501(00754) 038 | 00896 | 43 4
233 T an zy tent | as |oag | 075 [29.300 666 ! 590 100470 0083 042 |0 DA6S 577

63 b S mriansdoan lipasles e sa g o oo SRRAULIS R




APPENDIX 6
Short Circuit Ratings



Aﬂoe QC}J“}- -6

»ri circuit ratings

PPER CONDUCTORS | |

ralues of fault current given in the gral:-)h Figuwe 2 be ensured that the accessories associated with the
ased on the cable being fully loaded at the stait cable are alzo cagable of operation at these values of
: short circuit (conductor temperature 90°C) and fault current and tamperature. :

 conductor temperature of 250°C, and it should

FIGURE2 o

Wiy

I~ N \
N N N
\\ > '\\
\_\ \\\\\ 630 Tm’
\\ - \\\ \\ oo
’\\ \\\ \\\\\ o
I . ~ N mm
~ i\K\\ \ \ 300 mm?
™ ﬁ
\\\\ \-\ :\x\ 240 mmt
\\\\\ \\\\ 185 men?
o
P~ \\ ™ \ 150 mm?
&\\\ \\ \\ 120 mem?
e N e
\L J) \_\ [~ \1 95 mm?
\ K'\. \\ \1:' 70 mm?
N ™~ ™~
\\ ™ \ 50 mm?

/
/

\\r\; ﬁ\(m _

35 mm-

16 mm?

01 o2 0-3 04 05 06 o8 10 2-0

DURATION OF SHORT CIRCUIT IN SECONDS

Hole:
The wrse of sottered K e CONNSIINS (810 3 OF IRG COMPressn lypae} is Ao (ECOMMEndnt 3508 i L5¢ M e Sy3lem

would kel Bt 1! CONIUIon et atire o 1G0T (343 consequentiy reduce (12 Jua Curiensy by an00s amateny 30 por
ceni).

Dara for stranded akaminium Condunioes are availebie on regues!




APPENDIX 7
Fuse Link Type CMF



.

Fuse link type CMF- AFF&DA(#\_ 5-

fuselink rating {A}

{A)

Fuselink rating

tuselink rating {A)

F— i.iuﬁl‘} i~ H W7V
o | || e D WA
250 S
pad ;':" {
™ 32 Adrel et REREA
(e ,f/f/ 1%
. ////1(//' .
A1)
i
100 945{4/
a4
63 /d
200 300 310 00 00 N0
motor storting current  [A)
T 7
35 Mg s seconds A /’;/:/‘
I'k,/ y'/'/ Number of storts
250 5 y G/f 2/ per hour
P
200 /L&/j/f//‘q
A4 1 A
////»;‘ L
= Wy
Fi7 >
A YT M
100 /L;“,;/y‘
// 1
= { HRRNEL
200 300 sa0 %00 2000 . 300
motor  storting current (A}
T T T T
':gtofe:é::mg"%ssemmij/ /::.«"?/
s //{/ nig
750 pugZsiel
200 //8/;/2 :é?beh;-l:i sovts
TP 17
160 /)C//:/ l
. //// 4 L""‘
00 1 LA 1 !
d ! \ \ \ ]
|
T
LU L ARkl
00 00 500 1000 000 X000

molor  startng  cument  [A)

10. Choice of fuse links

Choice of rated voltage Uy:

“The rated vohage of the {use links must be

equal to, or higher than ihe operating line

-voltage. By choasing fuse link rated voltage

considerably higher than the fine voltage,
the maximum arc voltage must not exceed
the insulation level of the network.

Choice of rated current ly:

The minimum permissible current rating of
the fuse link for molor profection may be
determined from the selection charts I, Il
and Ill. The three different charts are for
run-up times of 6, 15 and 60 seconds
raspectively. Each chart contains different
characteristics, depending on the number of
starts per hour, Of this specific number of
staris per hour, the first two are in
immediate succession; the rest being evenly
spaced in the 1 hour period. The number of
stants per hour indicates the time interval
betwaen seperate starts. For example,

4 starts in 15 minutes are represented by 16

starts per hour.

On the horizontal axis of the selection chart,
the motor starting current is given, and
along the vertical axis the current rating of

the fuse link is found.

Selection procedure:

—  Select the charts which are appropriate
for the run-up tima of the motor,
— select the starting current along the

horizontal axis,

— depending on the number of starts per
hour, select the correcl characteristic

(2, 4,8, 16,32},

— read of the correct rating of the tuse link

on the vertical axis.

Example: l A N B

Starting current of the moler | B50A | 250A
Aun-up time 6 sec. |15 sec,

Number of starts per hous
Chan number

2 16
1 2

Rated current of fuse link 250A | 160A

_ABB Krat




ruse link type CMF

§ 48

3

Minvie s/Hinuien

- -l

__,/’

pe

- oa

L1

8

Pre-arcing lime
L

bt Saconds / Sakunden

|41

=

T
]

-

L~

Pl

Curvent f Strom  in A ——

I

ASRTAY

~
<

X
T T I%

Ay

[EARARY

Q

‘AN

Maximum Ut of curent XA [peak)
w

5

20 0
Prospeclive custent kA (ms}

7. Pre-arcina times

The characteristics are equa! for all rated
voltages and are recorded from cold
condition.

in the uncertain interrupting zone the curves
are dotted.

8. Current limitation

CMF fuse links are curtent limiting. A large
short circuit cument will theretore not reach
its full value. The diagram shows the relation
between the prospective short circuit current
and the peak value og the cut off current.

9. Qvervoltages

In order 1o be current limiting, the fuse links’
must generate an arc voltage exceeding the
instanlaneous value of the oparating
voltage. The overvoltage generaled by the
CMF {use tink is below the maximum
permissible value acc to |IEC 282-1.

CMF fuse links can safely be used if the
system line voltage is 50-100% of the rated
{use link voltage.

13

NH 5114/5144 GE



.“4'

~Fuse link type CMF

RURLLN

11. Replacement of melted fuse links

The fusc link cannot be regenerated.
According to IEC. Publication 282-1, all 3
juse links should be replaced, even if oniy 1
or 2 of the fuse links in the threephase

12. The K-factor

According to the 1EC 644, the K-factorisa
factor {less than unity) defining an overioad
characteristic to which the fuse link may be
repeatedly subjected under specified molor
starting conditions without deterioration. The
overload characteristic is obtained by

13. bata and dimensions CMF

system have operated. Exceptions are
allowed when it can be verified that the fuse
link({s) have not experienced any
overcurrent.

muttiplying the cumment on the prearcing
characteristic {(melting ime characteristics})
by K. The Value of K given in the data table
is chosan at 10 seconds melting tme, and is
vafid for melting times between 5 and 60
seconds.

. Minimum Méximum
Un IN e D K 4 ) Ro Pn y2¢ b2t
kV A mm mm - KA A mohm Watt Pre-arc Interruption
’ Als Als
Vi _ N
.(\@‘oj 202 65 0,75 50 275 325 49 1,4« 104 67 . ﬁ
S Sy Jin s
{.162_}5 - 2g2 65 07 50 - 400 1,94 75 3,8+104 (50+10%
3,6 200 292 87 0.7 50 500 1,42 75 7.6+10% 71« 104
P o W e, W e Y
W_WLY
250 292 87 0,6 50 760 1.03 90 14+ 104 {_\1?15 104
e .y
315 292 87 0,6 50 900 0,85 122 21+ 904 180 « 104
63 442 65 0.75 50 175 8,63 45 0,48 « 104 6,5+ 104
100 442 65 0,75 50 275 4,93 67 1,40 = 104 18« 104
160 442 65 0.7 50 400 2,96 119 3,8+ 10% 544104
7.2 :
200 442 87 0.7 50 500 2,15 118 7.6+ 104 75104
250 442 87" 0.6 50 800 1,56 142 14« 104 120+ 104
a5 442 87 0,6 50 950 1,30 193 21104 220« 104
63 442 65 0,75 50 19G 13,3 77 0,48+ 104 11104
100 442 87 0,75 50 275 6.72 103 1,4 104 20+ 104
12 -
160 442 a7 0.7 50 480 4,04 155 3,8+ 104 70« 104
200 442 87 0.7 50 | 652 2.89 173 9.3«10% g1« 104
CMF jD
1 Legends: l{ = max shor cireuit current lested
e = see figure i = minimum breaking current
c i R = istance al room temperature
*} The K-lactor is referred to the D = seeligure o = Tess P
average value of current. K - K-lactor ace. to |1EC 644 Py = powerloss al rated current

ABB Krat

1

NH 511475144
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SHINRYO (M) SDN BHD
PROJECT : PUTRAJAYA PRECINCT 5
POWER CABLES SCHEDULE SUMMARY - 415V

.hem . from lo - N
. : B Proposed Cable
% C:\ll.;: ';_Z:;f Type Of Cable Si:c (sq.mm}
1 | 415VS/Board | DFC0131A 3
2_{ 415VS/Board | DFCO131B v 25
3_| 415V S/Board | DFC-013IC ‘ -1 : :‘ ;j;’g Eg:: 25
4 | 415V S/Board | DFC-013ID Sl 3 X/S/P (Cu) 25
3_{ 415V S/Board | DFCO13IE l P ISP (Ca) 25
6 413V S/Board CT-0201A1 I p X/S/P (Cu) - 95 .
7_| 415YS/Board | CT-0201A2 S : XIS () 16
8 | 415V S$/Board CT-020181 B B X/S/P (Ca) 16
9 | 415V SBoard | _ CT-020182 _ ' : N/SIP (Ca) 18
10 | 415V S/Board | CT-0201C1 AT (Ca)_ 6
11 | 415V S/Board | CT-0201C2 T 713 ISP (Ca) 16
12_| 415V S/Board |  CT-0201D1 T ST ISP (C) 6
13 | 415V S/Board | CT-0201D2 T XIS (Ca) 16
14 | 415VS/Board | CT-0201E{ 1 2 ISPACa) s
LS_| 415V S/Board | CI-0201E2 T TS7E (G 5
16 | 415V S$/Board | CT-0201F1 T - P
17 | 415V S/Board | _CT0201F2 2 RSP (Cuy 5
r20: | 415V S/Board! SIA S Mak¢r— ; ﬁg ?6:3 5
21| 415V S/Boardif7" P I1IB . .
22 | 415VS/Board | P1121A 3 - = )
415V S/Board P-1121B 3 PSP (Ca) m
3 P/S/P {Cu)
= A
415V S/Board 4
415\’ S/'Board
413V 5/Board
4]3V S/Board
415V S/Board |

415V §/Board

415 5/Booard Flre Fighting
44 | 415 8/Booard Cold Water _
45 | 415.S/Booard Buifding
46 | 4t5'S/Booard | ACMV Equip.
47 | 415 S/Booard - EMSB

*Group Derating Factar = 0,73

IV SWGR xis



SHINRYO (M) SDN BHD
PROJECT : PUTRAJAYA PRECINCT 5
POWER CABLE SCHEDULE SUMMARY - 3.3kV Swit

Cable Schedule Rev 1.xis

ltem ‘ From Ta Ampacity of
Type Of Cable Proposed Cable| 1o at 40 Remarks
_ - Size tsq.mm) deg. C
1 13.3kV S/Board P-0101A Second:
2 |3.3kV S/Board | Transformer A Tran—pop (Cu) 55 140 L
3 |3.3kV S/Board | Transformer B Tran"5 cp {Cu} 35 170
4_{3.3kV 5/Board | Transformer C Tran¢ X/S/P {Cu) 35 170
5 [3.3kV $/Board” EC-0111 Ry e 170
6  13.3kV S/Board CP-0231A . | 0oliny 7o (Cu) T 250
7 13.3kV SBoard |- . p.g231B {SSIR (O) 25 - 140
-8_|33KV S/Board | .Pg231C ) Bi /S TE 25
9 133KV S/Board | " P023ID | 25| A
10 [3.3kV-S/Board .| POIUE . o5
L o R 2

3.3 kv swar

R

EI AR SRS 2 F bR T

RS A Y Pl R A

TN




SHINRYQ (M) SON BHD
PROJECT : PUTRAJAYA PRECINCT 5

POWER CABLE SCHEDULE SUMMARY - 415V VSD Loz

ftem From To Serv —
Ampacity of
i | Neof Proposed Cable 140 Remarks
le | Core Type OF Cable Size (sq inm) ca:‘:g_ac
: R e

1 |Transformer A Variable Frequ™] -

2 |Transformer B Variable Frequ™j | X/STP (Cu)

3 _|Transformer C ) X/S/P (Cu)

4] . WEDA X/STP (Cu)

> | i VFDB ISP (Cu)

6 4. VFBC X/S/P-(Cu)

Cable Schedule Rev 1.xls

3.3 KV SWGR {415V VSD Load)

o Araa
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APPENDIX 13
Simulation Diagram's-Branch and Bus Fault Currents

for Basic Engineering Design



YV O3pL OIS 2s ¥ 08¢ D715 351

¥ 96ZT de 95T ¥ S52T de 2851
Taseld ACL CHSBULAS T
o
g ASTE

VEI1E DTS 28]

¥ £1ie O718 251

VY £L6t dE 25f ¥ ELob dE 081
13SeUdAS Y 125eUd ASIY
o
18ng ASTY

V 6L6bE DTS OS]
V5851 O15 081 ¥V ZOEL DS 98] YV BOGEE &E 08
V ¥EET dE 251 ¥ 050 d 951 ¥ 8969 DS 98I .
¥ ﬁ amng ANE'E 1352Hd AYXE'E V LT8G &£ 08T _ ﬁ
Tastent ) (Y Y et/
IV L8SEF YIS O5T -
v Zr0Ty d€ 95T T
V 967 U dE ST
W @w
FIXLsTP O/ & 2 VIXLS1F 0L
4
! ¥ 0ZOVL DTS 35F )
W V1611 dE 9SF 1 S ANEE
QE't VorsT OIS OSE || BE 3
S V Igbb dE 081 |, | ¥ 99601 € oS
3 f ¥V ZSopL OIS oSl E ¥ 962 de T oL
QSLi/Il = F VXL AAEE/1T YV RIZEL dE VST T = BCIF/TI
XL AN £E/H V1901 U4 dE9SI |
BEEL SV DITOLJESST T
qQee/1l | w1s01d£95T .
PIECO,S ANI?

¥ 88651 dE 51
¥V LeeT1 de o8] .| Bl

¥ 00091 d€ 5]

i gL

(7 2sBUd -1 25BU4d)} AML ANL



aseqd ASLY ZISBULASTY [3SeUdASTE [9sBld ASTY
e I} 5]

o118 sdwy €e11p
dg sdury 7815t
Zsng ASTE [SDY ASTY
| ﬁ Mg ANE€ [2S8Ud AJEE :
TAS1H/11 b \@ b.Q CESIti ]
2F @n
axLsivoll & T) VIXL ST1F 0/
1S sduy 09621
d¢ sdury £1921
i
h m sng ANE'E
qQee 3 BCE
2 & :
LI E R A F VEL AAEE/T T EEIWIT
XL AN C'EA11 1
eIl %
Qe /1 uﬁv ﬂ
PIEOQ,S ANTT

dg steng £1gL1
e[|

T ENL

(z sseyq - 28Ud) AY11 9NE _



APPENDIX 14
Simulation Diagrams-Branch and Bus Fault Currents

for Detail Engineering Design



¥ eorg o

vEsiots vonms o p— eSO N ¥ ECE 1S 24
s Bempmons voss groit Vo Pladib ¥ 50 de o1 ¥ Zstldsost ¥z deen widio videem
LY RO WIZ0d wHrno HI850rd arolrd A TIErD4T VTEIDEa it VEOSOd 1ZH00L PO
7 7 & ® % ¥
vissoE vazomson wromm ¥ 5s1LOTE N voorsea T v irers velos
walsdesn ¥ vt o1 ¥ideo v g8l d ol Yozl danl o cods ati ¥z de ml
ATV e it a-viosird aused A EINEIT e oy e gy 2o IYI0T0LD an v Yrolrd Visgird ma
4 q i ® & mﬂ nﬂ I I % @ @ @
| m [ n ] m L I
g ®OI( (el e wair way ocad; st araar Ry sta¥ yoaE cai Teas(  paoned camow  1EDDWE 1a s R #au ax; 1 e ora T A
| S S NSO SN S SN S NS S S S B B A I N SN S S NN M S N B
TR ASLE PR A S
v osrOTE T VoL oS o v 68 S 0 ¥ RTOTS WSk ONsan
v 9¢g gE a8 ¥ 115z gE 2% 9 vymad ¥ 9568 dt 311  L6E dt M ¥ 957 dEm
<Usied ittolra axg sl wued a-virod ai0ked
& I ® @
¥ sEvers s a
Yo Wyd | v | VRIS vEE
LR d g ES | yo M 1123 v A
zmw @ T . ® P =
T VORI OIS T ¥ DI T i
i V 3REOL €2 Masiol i T
VSZEUdEE oA | [ SO VEAOE M Ly gy
Voss g de on [ R i
i q :
G)W san con (tom o= con | ¥oA eon ) otz P 1am $an waz § 4] vimerowen
B - E: #l & > s g
I T T
wenn | { R w * | |
I AACE _ | [CTe]
i
L= vm..s./
3 _ » — vamaE o 1 vowses e T
| wsweLdeon W FTGHE A€ g
asivotal 3 ol m W ILLFES 4T worE gt 4
Rl D VRS AEN L velretls
¥ S8EC1DTS 3 1
K WOFFE1 dE of T
vigrtudacon g
AANETI T NAIEEILEL [P
H {1
W et
¥ ESES1 4F 19 1
VOsrLdY T )
tagull
LE TEn A FEMN
B peoE AT RS AL

¥ LERELAE ST b
VSLLAT SR |

woount acom 7]
ane

APRCTT ADOFE 3 £ °T SMG PIRAPEY] A1) 1 2¥eiLd
ALl aN,

L1 DUFI000 LOMLLSIT S LINIITA G




s dupitog

o ..H.c..iﬂ e vizIeg itrens a5 EROlrd F-Qrelegd mro@ad.k_ o ebd il iyt ¥id wigsrd LZrovaurrno
W
A N [F417 AVEHd mﬂ qeoge-d duned TA-IQIR0Ta T 2173 g ey oW inio Ly i WS B0
] ol i G ® T I il
Lo “ | ' . ! ! ! i m ! _
WZ-ad n_ T2-ad J .N.n.xp 2ad Jﬂ ndh_ Nd,.nw 1eaal | HEJ :.&ﬂ_ 13014 a1-aa( S 1], rrodf 38774 | canon ot [§:5 g 10 §04( Py T adf ol el LEad
G Astr
g A StE
L5 Ry ST -
sty pooze d-chintons 2aored g R yAmgan ¥iotrd aviErd Dl 15 s ofest
[ o I Sy 55T
= *
[ agyanng DI

o ‘

o o

£

¥iolod =
0

"V 0L S
H

W LFTod

Lol
I
H 1ew
} i |
nan Fad FEN (57 £04 LE'S T 132 238 T Q4
i ® E & 8 5 :
T
st | ‘ _ i W
] ! I L ! ! | —
TR AT ﬁ h AT £
s
. 1S sty gresy T g e essot
[ s s _ et
EETS RS 10
wmren mron VRO Tl
EESLIHET VArEHT AL
]
il 3 1AL
3
e ﬁ v reon H
vaon can _ _ s & .
A pkes Aaen v pmoqs AL
tea
AE LY RS
dE mhY shgsT

e ]

AU

{e] ADOEED B 8 £°7 33 pom (PEOT AGTE) | 3060k
ANV I ONTIR00 JONASIG § A0 G0




- APPENDIX 15
Simulation Diagrams—Load Flow Study without
Power Factor Correction for Basic Engineering

Design
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APPENDIX 16
Simulation Diagrams-Load Flow Study with Power

Factor Correctton for Detail Engineering Design
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APPENDIX 17
Single Line Diagrams for Basic, Detail and

Construction Engineering Design
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APPENDIX 18
Putrajaya Precinct 5 Gas District Cooling Plant
Layout



