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ABSTRACT

Design of electrical system is indeed important in many operations not to disregard
the operation for offshore platform. Offshore operations acquire its own generation of
power supply to support the facilities on the platform. Designing the electrical system
for any operations involves three main elements which are generation, distribution
and protection. Design process involves much analysis. Software simulation is
conducted replacing the manual methods of calculations. This simulation process
reduces error during calculations and time consume in design process. The objectives
of this project are to provide design of the electrical system demand for an offshore
platform and to design the most optimum system including the selection of generators
for the system. Studies and research of power system has been conducted. The
network has been designed and modeled. Simulation on the network performance
which includes loadflow and fault analysis has been conducted. The methodology and

scope of study are as follows;
i.  Conceptual design
ii.  Gathering of necessary power system components and data

iii.  Simulating, troubleshooting and analysis the modeled power system
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CHAPTER1
INTRODUCTION

1.1 Background of Study

An oil platform is a large structure that caters machinery needed for drilling
process and accommodation for workers on the platform. Platform may be
attached to the ocean floor or floating. There are few types of structure design
depends on the complexity of the offshore industry itself.

Normatly, oil platform are located a few hundreds kilometers away from the
shore. Lately due to reducing amount of oil, many oil companies have expand
the drilling process to deepwater region. Platform usually consists of a few
modules such as drilling module, power generation module, gas lift module
and ectc. Each module is built to support main operation on the mother

platform.

Offshore installations are complex accommodation and industrial plants
operating in high sulfurous and humidity environments [1]. Offshore
installation demands the highest possible security of supply. Interruptions in
the operation will caused production loss as well as endanger the lives of
personnel. Thus, in system design and operation measurement to raise the

supply security to the highest level is taken into consideration,

Power system should be ensure safe to operate and maintain, reliable which
allow continuity of power supply and energy-efficient. Moreover it is
necessary that power system are designed to be stable and protected under any

conceivable disturbance. Design of power system involves much analysis. In



the past, design processes are tedious and time consuming as calculations with
mathematical modeling are required. However with the availability of

computer aided tool now, the design processes are modeled differently.

The electrical system consists of three major components:

t.  Generation
ii.  Transmission

ili.  Distribution

This project involves design of the electrical system for water injection
platform. Water injection and gas injection are most widely used Enhanced
Oil Recovery (EOR) methods. EOR is a method used to artificially increase

reservoir pressure in order to supplement the natural oil drive mechanism.

1.2 Problem Statement

Offshore platforms have one basic objective that is safe production. Offshore
structures range from simple operation to complex processing centers located in
extremely tough environmental conditions with a large operation and maintenance
workforce. Different operations on a platform require different design of electrical

installation.

Equipment selection and location on offshore platforms is in accordance with the
hazardous area classification and the need to have a safe, reliable and secure
installation requiring minimum maintenance [1]. Unscheduled interruptions to

production caused by equipment failure are costly and its maintenance is complex.

Designing an eclectrical system for platform requires information from other
disciplines such as the mechanical, structural, instrument and etc. This is because the
electrical system designed shall meet the requirement of equipments planned to be

installed on the platform. With the data of expected load required for the process on



the platform known, will then the size and type of the generator to be used can be

estimated and designed.

In general, design criteria of an optimum generation system are reliability, adequacy
and economically. Whereas in distribution system details of its accessibility to the
load, standardize in voltage and current and the utilities to be supplied should be
taken into consideration. Protection is important to prevent the system from
experiencing fault such as short circuit, overload, undervoltage, lightning and ete.
Fault at the network affects the operation of a platform. Shutting down the operation

will halt the produétion and affect the cost of the project.

Modeling and simulation of the power system is conducted to determine its
performances. Operating characteristics of the equipments, power system behaviour
and acceptable assumptions are required to obtain an accurate implementation of

simulation and interpretation of the results.

Detail studies have to be conducted and analyzed to determine the most practicable
electrical system implementation. Throughout the project, selection of power

generation, distribution and protection will be discussed.

1.3 Objectives and Scope of Study

1.3.1 Objectives

i. Understand the design of electrical system for offshore platform by
conducting feasibility studies on the power generation, power distribution and
protection.

ii. To estimate the load capacities based on the information gathered from the
consultants.

iii.  To design a schematic diagram of the overall electrical system using ERACS
software.

iv.  To conduct loadflow (power flow), fault analysis using ERACS software.



1.3.2 Scope of study

The scope of study can be summarized as literature review on fundamental of
electrical system installation for offshore platform specifically to cater the demand of
facilities on water injection platform moduie. Focus will be emphasized on the
generation, distribution and protection consideration. Ultimately, the study will come

out with the most suitable design as intended.

To conduct the simulation study of the network, the author has chosen ERACS

software. Among the analysis conducted with the software are as discussed below:

= Load analysis to determine the capacities of the power generation and distribution
of the equipment. This analysis verifies whether the steady-state voltage drops
and transient voliage deviations are within the acceptable operating limits of the
equipment.

»  Fault analysis is carried out to find out power interrupting ratings and to ensure

that the electrical equipment will withstand the short circuit current.



CHAPTER 2
LITERATURE REVIEW

2.1 System design

The purpose of an elecirical supply network is to provide continuous supply of power
to meet the requirement of varying load, and to do it with a high degree of reliability.
To ensure that the electrical supply is economical and with a minimum risk of failure,

a supply network must have:

»  Adequate power to cope with the highest possible load

» Provision of surplus power and distributing equipment capacity

» Switchgear, transformers and cables are capable of continuous operatiori in the
most rough conditions

= Switchgear, transformers and cables are rated to carry the maximum short-circuit
fault currents

* A protective system capable of isolating faulty equipment with minimum of
interference to the rest of the network and with minimum damage.

= Batiery-supported supplies for activities that cannot be tolerate even a short power
interruption

» For offshore installations some means of starting a platform from cold; which is

usually known as a ‘black start’

System design must be based upon the continuous maximum rating. In order for a
sysiem to be designed to carry out its functions as mentioned above, following

information must be available:



» Total electrical connected load

= Nature of each item of the load

» Installation of the load

» Diversity of the connected load under various conditions

» Topography of the installation

Figure 1 below shows the power system of a large oil production platform. There are 3 by 50%
rated generators with actual ratings increased to about 25MW. The feeders from the main 11 kV

busbar are duplicated radial feeds via the transformers to lower voltages.

Main Generaiion
Ix25SMW
11 kV
AW )
; e : |
’ Waier Injection
33KV Gas Compression
Main il Line
1-8MW
Sea Warer Lift
Fire Pusmp
02- 1.0MW
6.6k
N H
Emergency i
Generalor _.WA

Dritling
. Mboiors @
T50KW
415V WA
I l iy
@D é«) =S, @mw

Figure 1 Typical Electrical System Design of Oil Production Platform

2.2 Power System Design and Equipment Selection

In the design of electrical installation few important aspects need to be considered to

comply with good engineering practice.



2.2.1 Regulations

PETRONAS technical standard (PTS) is a guideline used in all PETRONAS offshore
as well as onshore operation. One of the main PTS in electrical is the PTS
33.64.10.10. This PTS gives minimum technical requirements for the design,
engineering and installation of electrical facilities. In this PTS it covers design &
engineering principles, electrical system design, design & selection requirements for
equipment & cables, engineering & installation requirements and design &

engineering requirements for particular installations.

Standards, codes & regulations in PTS 33.64.10.10 is based on the publications of the
International Electrotechnical Commission (IEC) and on the relevant documents
issued by the European Committee for Electrotechnical Standardization (CENELEC),

Two main considerations are;

* The design and engineering of the electrical installation shall satisfy all legal
requirements of the national and/or local authorities of the country in which the
electrical installation will be located.

» The electrical installation shall be suitable for the site conditions as specified by

the Principal.

The design of the electrical installation shall be based on the provision of a safe and
reliable supply of electricity at all times. The design of electrical systems and
equipment shall ensure that all operating and maintenance activities can be performed
safely and conveniently and shall permit periods of continuous operation. The

insulating and dielectric materials used in all electrical equipment shall be non-toxic

contaminants.



PTS 33.64.10.10 also classify protection against explosion and fire hazards:

= The clectrical apparatus shall be properly select for areas where flammable gas or
vapour risks may arise.

»  Area classification and the selection of apparatus for use in areas where there is a
flammable dust hazard shall be in accordance with IEC 61241.

In general the design of the electrical installation shall éorrespond to any specific
design criteria, philosophy and objective that may be stated in the project definition
phase. The philosophies to be employed depend on the size and complexity of the
installation. The conceptual designs and philosophies relating to the electrical system
shall be adequately illustrated by a system design description such as a key line
diagram, basic layout drawings and functional/outline specifications. System studies
and protection reports, etc., shall be provided in support of the design. The scope of
the system studies shall be defined.

In this project, the author will follow PTS 33.64.10.10 as guideline to design the most
optimum electrical design. Besides this PTS 33.64.10.10 there are several sub-PTS to

support other specific requirements of electrical design.

2.2.2 Hazardous areas

The selection and installation of equipment in hazardous areas is generally based on
national and international codes or standards, e.g. IEC 79 and BS5345 [1]. Generator
packages, switchrooms and transformers are usually kept outside the hazardous areas
but not for equipment directly related to the process such as motors driving pumps,
fans and compressors together with process heating, light fittings and instrumentation
devices. In practice most hazardous areas are of the zone 2 classification with small
pockets of zone 1 around vents and larger areas around the drilling facilities [1].
Equipment located in hazardous areas will further be classified by IP model Code of
Safe Practice Part 15. In addition equipment in exposed areas has higher protection

(IP rating) against ingress of solid material and/or moisture [1].



2.2.3  Main Power Supply

The main power supply usually consists of generators driven by turbine gas engine
prime movers. However depending on the power demand of the facilities operation,
then type of power generation is selected. There are a few types of power generation.
Each of this power generation has its own maximum capacity and advantage as well

as disadvantages. Below are a few ways to generate power:

i.  Gas turbine generator
»  Power rating: > 1MW
ii.  Microturbine
= Power rating: 30kW, 80kW, 100kW
iti. CCVT (close-cycled vapour turbogenerator)
s Power rating: 3kW to SkW
iv.  Submarine cable
s Two main concerns:

- High cost Installation and distance
- Materials to be used

v.  Diesel generator
* needs to be re-fuel and produce pollutants
vi.  HVDC (high voltage direct current)

« Impractical to be used for large demand application as it will
require massive converter to convert DC to AC. Most
equipment requires alternating. It obliges wider area to be
installed.

vii.  Gas engine
viii.  Tap power from grid
ix.  Solar panel
*  Costly to be instalied

=  Only suitable for small power distribution usage



The cable size and distribution voltage are governed by the load and distance
involved. Centralized power generation and distribution can potentially minimize

maintenance costs whilst improving the safety and the reliability of operations [1].

2.2.4 Emergency Power Sources

In most design emergency power sources consists of diesel driven generators, battery

system or combination of both. The main purpose of having Emergency generators is:

=  To provide power to essential load e.g. utility pumps, platform floodlights and
etc

» To provide black start operation

®= As back-up power supply in the event of power failure at main power
generation

»  As platform main power source during planned shutdown period

2.2.5 Cable Systems

In general all cables are flame retardant with higher fire resistant specifications
reserved for high risk areas and critical circuits (i.e. escape route lighting, shutdown
and safety systems including fire alarms, fire pumps, gas detection etc...). All cables
are armoured except in a few cases (control rooms and other clean, internal, non-
hazardous areas with additional mechanical limited to essential services in

accommodation modules {1].

2.2.6 Motors and Transformers

Motors are generally squirrel cage induction type with DOL starting. Transformers

are synthetic liquid sealed types or dry cast resin units [1].

Design of electrical system installation begins with the estimation of the electrical
load capacity. The consumption of electrical loads depends on the facilities installed.

Electrical single line diagram is produced to show the power distribution and the flow

10



of the process involving electrical component. Electrical distribution system starts
from the main power generator and then being step down through distribution
transformers. From step down transformer, power will be flowed to the loads. In
between the line, protection devices such as circuit breaker, bus tie, relays are being
placed. Emergency or back up equipment for instance diesel generator and UPS

system are also installed to ensure a continucus power flow.

Guidelines on the design and selection of the power distribution equipment are
analyzed. Study on the protection requirement for generators, electric motors, feeders
and small power, lighting and etc is considered. Literature review of the facilities on

the platform such as the cabling system, electric motors, lighting and etc is prepared.

2.2.7 Power system studies

Designing power systems involves performing several studies to evaluate the
efficiency of the power delivery in the network. Beside these studies are conducted to

measure the suitability of equipment selected for the network.

Two main studies are conducted throughout the project:

i.  Loadflow

This study analyzes system’s capability to adequately supply to the connected load.

Real and reactive power flow and bus voltages and currents are determined.

it.  Fault analysis

Fault analysis determines the maximum fault current obtained during system
disturbance. Increasing level of available short circuit current is often due to
expansion of plant and adding larger loads to the network. Dangerous situation will
occurs if the short circuit capacity exceeds the capacity of protective device. In power
system, protective device acts to interrupt fault currents during fault conditions.
However high short circuit current may cause violent failure of the device and cause

severe damage to the device and network.

11



2.2.8 Power system profection
Electrical system must be protected against damage which may occur during
abnormal conditions. There are two types of abnormalities:
i.  Chronic condition - operation outside the designed ratings due to overloading
or incorrect functioning of the system
ii.  Acute condition - fault conditions due usually to breakdown of some part of
the system

Thus to overcome this abnormalities a protection scheme is required in electrical

system design. Principles of protection system are:

i.  To maintain electrical supplies to the system as possible after a fault has been

isolated

ii. To protect equipments on the plant from damage due to abnormal conditions

and faults
ili. To isolate faulted equipment to limit the risk

iv.  To limit damage to the cable system resulting from a fault

The basic principle of protection is to disconnect and isolate the faulty part of the
system. This is to ensure that the fault is not sustained and aggravated by a continuing

flow of power into it and to prevent damages to the rest of the system.

No system of protection can be designed without knowing the conditions in the
network which it has to protect. Therefore the level fault currents at various point of

the network must be known first before selecting the best protection system

12



CHAPTER 3
METHODOLOGY / PROJECT WORK

3.1 Project flow

Planning is the most important aspects in conducting a project. Well planned project
ensures a systematical procedure throughout the project and enable the work to be

done within a specified time requirement.

As for this project, the author started off by performing literature review on electrical
system design to familiarize with the system. Next all the necessary data is collected
and the estimated load for the network is calculated and tabulated using EXCEL
software. Then power generation analysis is performed to select the most reliable
generating system for the network. Performances of the network are observed by
conducting power flow and protection analysis using ERACS software. Results from
the simulations are analyzed and last but not least all necessary information is being

documented.

A process flow chart is outlined (refer to APPENDIX A) in order to cater the project
schedule. Time management is important to ensure that the project is feasible and

could be completed within the allocated time frame.

3.1.1 Simulation tool

ERACS software is a PC-based, fully integrated and user friendly. To start simulating
network, data is entered and saved in a central database. This software is able to
predict system behaviour under both normal and abnormal conditions depending on
how the user sets the setting. ERACS helps to reduce error in calculations compares

to normal hand calculations.

13



The procedure of the project implementation is illustrated as Figure 2 below:

]
[

Simulate network
system with ERACS

----- [ ]
Analyze and Interpret

__..-_-l.-.--————_|_______-|

r
t
1
1

Figure 2 Project Process Workflow
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Load analysis

The load analysis is done to establish the running and peak load at the water injection
platform and subsequently size the generator set rating. The analysis is done by
considering the operating scenario of the pumps that required the generator running at

its maximum capacity

Once the information on the load required for each of the equipment is collected,
peak load or the demand for the platform facilities can be estimated. Based on the
data collected from the design department, value of load required for each of the
equipment is entered in a spreadsheet (refer to APPENDIX B). From the spreadsheet,

estimated peak load is determined.

Based on the spreadsheet attached in Appendix B each of the equipment has been
categorized to continuous, intermittent and standby as per PTS 33.64.10.10. These
categories show the performing usage of the equipment. Below briefly explained the

difference between all three loads;

»  Continuous - All loads that are required continuously or cyclically for normal
operation and which may be reasonably expected to occur simultaneously
(e.g. HVAC, UPS, battery chargers etc).

* Intermittent - All process and utility loads required for normal operation but
neither operating continuously nor simultaneously (e.g. Compressor Pre Lube
Oil Pump Motor).

15



* Standby - All loads required during the maintenance or changeover from a

duty to standby or during abnormal circumstances.

According to PETRONAS Technical Standard (Rev 12), electrical loads shall be

classified as performing a service, which is vital, essential or non-essential.

Vital Service

A vital service is actually a safety matter. The failure of this service during
operation or when failing is called upon can causes an unsafe condition of the
process or installation jeopardize life or cause damage to the installation. The
energy source, lines of supply and the equipment performing a vital service

shall be completely duplicated.

Essential Service

* An essential supply is related to economic matter. Therefore the economics of
partial or complete duplication of the energy source of the lines of supply or
of the equipment performing essential service shall be evaluated in relation to
the consequences of service interruptions that will affect the quality or the

quantity of the product.
Non-essential Service
* According to PTS definitions, non-essential service is defined as services,

which fall under neither vital nor essential category.

Formula to caiculate the peak load based on PTS is as shown below:

* . Peak load (kW) = (100% of total continuous load) + (30% of total intermittent
load @ the largest individual intermittent load whichever is higher) + (10% of
total standby load @ the largest individual standby load whichever is higher)

16



In design practice estimating the demand of load shall include the possibility of future
growth of the platform. Roughly the estimation of future growth of a platform is
taken to be 25% of its estimated peak load.

Below is the estimation of the overall load required for the platform including future

growth:

* From the load list, the peak load = 1345.42 kW
»  Total estimated load = total peak load x 25% growth
=1345.42 x 125%

=1681.78 kW

=1.7MW

4.2 Power generation analysis

Based on the load list in APPENDIX B, the most suitable main generator option is the
gas turbine generator. Gas turbine generator has a rotary engine that extracts energy
from a flow of combustion gas. The upstream compressor is coupled to a downstream
turbine, and a combustion chamber in-between. Gas turbine mechanism can be

explained as follow:

* Energy is released when air is mixed with fuel and ignited in the combustor

= Combustion increases the temperature, which in turn increases the pressure
resulting in an increase in the velocity and volume of the gas flow

» The gas is directed through a nozzle over the turbine's blades, spinning the

turbine and powering the compressor

17



There are a few conditions that lead to the selection of the generating system:

* Load demand - Cover all the required load for the process to be carried out on

the platform
» Space
= Weight

* Reliability - Performance of the generator should be taken into consideration.
The most reliable generator shall be the one that can withstand up to the

expected year of process, robust and less maintenance

Based on the load analysis, two gas turbines each rated at 1.175MW are chosen. Both
turbines will be running to cater the platform demand. Each turbine is equally loaded.
Power supply is secured as long as turbines are healthy. With two GTG, platform
loads will have more flexibility to cater for bigger motor load, this can climinate

future unforeseen problems should there be changes in the equipment ratings.

Diesel engine generator is available as back-up power supply, incase of platform

shutdown due to process upset.

4.3 Modeling and simulation

4.3.1 Single line diagram

Based on the information of the equipment planned to be installed on the piatform,
single line diagram is drawn. The single line diagram shows the AC electrical
generation and distribution system of the plant including all HV feeds, main LV feeds

and sub-distribution boards and etc.

The design and model of power system network for the water injection platform is as

shown in Figure 3. Referring to Figure 3, the network consists of 2 main busbars and

18



2 sub-busbars. Busbar 1 is rated at 6.6kV known as HV (high voltage) busbar
whereas Busbar 2 known as LV (low voltage) busbar, Busbar 3 and Busbar 4 are both
rated at 0.4kV. The network consists of two main GTG each rated at 1.1785MW and
a standby DEG rated at 0.8MW. DEG is connected at Busbar 3. An auto-recloser is
added in between busbar 2 and busbar 3. The auto-recloser is placed on the connector
that connects the two busbar. In normal condition the auto-recloser switch will be in
open position. Once the sensor in the auto-recloser detects voltage level changes from
the utility line, its switch will be closed to allow the standby generator to supply
power to the essential loads. Two transformers are connected in between HV busbar
and LV busbar. These transformer forms a step-down process from 6.6kV of HV
busbar to 0.4kV of LV busbar. Motors placed at these busbars indicate the machinery
as listed in the load list (APPENDIX B).
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4.3.2 Loadflow

Loadflow is a study performing the analysis and calculates the steady state conditions
of the power system network. Loadflow calculation can be done manuaily however it
will be time consuming and impractical to do for a big system. Thus with the help of
ERACS software the tedious calculation can be simplified. ERACS will determine
the network voltage profile, current and real and reactive power flows. Three

scenarios are created to examine the loadflow analysis.

4.3.2.1 Scenariol: normal condition

During normal operation of the platform two turbine generators shall be running in
parallel. The turbine generators are connected to HV busbar. Motors rated 200kW and

above are connected to this busbar.

For the low voltage busbar, two power transformers are connected. Motors rated
below 200kW are connected to the LV busbar. For emergency and black start
purpose, one emergency diesel generator is installed. The emergency diesel generator
is connected to an auto-recloser. During normal operation of the platform the
emergency generator shall not be running and auto-recloser between Busbar 2 and
Busbar 3 will be in OPEN position. On detection of dead bus, Diesel Generator set
will get started automatically and supplies to Busbar 2 and Busbar 4. The network is
as shown if Figure 4 below. The simulation result is as shown in APPENDIX C.
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4.3.2.2 Scenario2: one generator set is turn off

During this operation of the platform only one turbine will be running. Since the total
load of the network is still within the capacity of the generator set therefore not much
different is observed in the real and reactive power rated at each of the motor. The
only difference observes during this scenario is the amount of power generated at the

turbine.

During this operation of the platform the emergency generator shall not be running
and auto-recloser between Busbar 2 and Busbar 3 will be in OPEN position. On
detection of dead bus, Diesel Generator set will get started automatically and supplies
to Busbar 2 and Busbar 4. The network is as shown if Figure 5 below. The
simulation result is as shown in APPENDIX D.
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4.3.2.3 Scenario3: emergency condition

During this operation of the platform the emergency generator shall be running and
auto-recloser between Busbar 2 and Busbar 3 will be in CLOSE position. On
detection of dead bus, Diesel Generator set will get started automatically and supplies
to Busbar 2 and Busbar 4. The network is as shown if Figure 6 below. The
simulation result is as shown in APPENDIX E.
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4.3.2.4 Summary of loadflow results

Table 1 Description of each scenario

Two turbine generators are running, all transformers are in operation, all
tie-breakers are closed, auto-recloser is opened.

Only one turbine generator is running, all fransformers are in operation,

2 all tie-breakers are closed, auto-recloser is opened.
3 Auto-recloser is closed, only DEG operates, all transformer are not
operating, all tie-breakers to the HV side are opened
Table 2 Summary of rated MW values of generator set at different scenario
Scenario GEN 1 GEN 2 STANDBY GEN
1 0.501 MW 0.501 MW 0 MW
2 0 MW 1.001 MW oMW
3 0O MW 0 MW 0.052 MW

4.3.3 Fault analysis

The fault analysis is done to calculate the perspective fault current at main
switchboard and subsequently size the busbar rating. The network is as shown if

Figure 7 below. The simulation result is as shown in APPENDIX F.
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4.3.4 Protection

As the operation of the electrical system involves not only machineries but human
life, safety is certainly an important issue. Any unsafe act is a treat to human, network
and system performance. Therefore protection system is designed to provide a safe
workspace for personnel and minimize damage to the overall system as well as

isolating faulty devices from the system.

Protection of a system has the main function to ensure automatic disconnection in
occurrence of short circuit. Some of the protection attributes to select appropriate

protection system of a network are as listed below:

m  Selectivity

= Security

»  Sensitivity

s Dependability
*  Speed
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CHAPTER 5
CONCLUSION

5.1 Summary

As mention previously, design of electrical power systems involves much
analysis. It is essential to perform these analyses in order to design the most

optimum power systems.

A schematic diagram (refer to figure 1} was drawn based on information
obtained from the load list (refer to APPENDIX B). Once the schematic
diagram is obtained, performance analysis is conducted. First, the loadflow
analysis is conducted. Three scenarios are created and the results are obtained
as shown in FIGURE 4, 5 and 6. A detail result of each scenario is as attached
in APPENDIX C, D and E. From the loadflow analysis conducted the total
load of the whole network is 1.019 MW. Power supplied by the main
generators is equally shared depending on the total network load. Difference
of each scenario is as shown in Table 1 and 2. Fault analysis result is as
obtained in figure 7 and detail result of the analysts as attached in APPENDIX
F.

By conducting the loadflow analysis, it enables sizing of the generator as well
as designing the overall distribution of the network. The fault analysis on the
other hand enables the most appropriate protection scheme for the network.
Both analyses are indeed required in order to have the most optimum design

of an electrical system.
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It can be concluded that the simulation studies are crucial in design of power
system. Simulation improves the routine design and allows easier performance
assessment of the power system. In order to perform the simulation with
ERACS software, it is important to put the right rating and assumption in

order to obtain correct simulation of the networks.

5.2 Recommendation

5.2.1 Perform other analysis

ERACS software provides other program modules. Thus the analysis of the network
can be extend by conducting other modules such as harmonic impedance, transient
stability and others in order to have better understanding of the performance of the

electrical design.

5.2.2 Comparison result with other software

There is other software which is also able to perform power performance analysis.
Results of simulation from other software can be compared. This can broaden the

scope of simulation.
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APPENDIX C
LOAD FLOW ANALYSIS : SCENARIO 1
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