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ABSTRACT

Hospitals are the most complex of building types. Each hospital is comprised of a
wide range of services and functional units. These include diagnostic and treatment
functions, such as clinical laboratories, imaging, emergency rooms, surgery and the
fundamental inpatient care. This diversity is reflected in the breadth and specificity
of regulations, codes, and oversight that govern hospital construction and operations.
Today’s health care facilities, because of their increasing size and complexity, have
become more and more dependent upon safe, adequate, and reliable electrical
systems. Every day new types of sophisticated diagnostic and treatment equipment,
utilizing microprocessors or computers, come on the market. Many of these items
are sensitive to electrical disturbances and some require a very reliable power
source. Invasive medical procedures such as cardiac catheterization have become
routine in today’s hospital. Such procedures make electrical safety extremely
important. Moreover, with today’s sophisticated lifestyle, it resulted with most of the
hospital being centrally air — conditioned in order to provide enhanced comfort to
their patients. This has lead to an increase of the hospital load. However, the major
consideration is that essential services must not be disrupted by any cause.
'I'herefofe, a proper sizing of the electrical equipment is important in order to assure
a continuous supply to the hospital. With the help of an interactive programming, the

transformer and generator size for any new hospital can be determined.
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CHAPTER 1
INTRODUCTION

1.1  Background of Study

Electrical energy is an essential source of power, the pivot around which almost
every function of the hospital revolves, and the system is becoming increasingly
more demanding, complex and crucial. This is partly because of the specialized
medical and electronic equipment used for diagnosis, treatment and rehabilitation of
patients and partly because of the large load of power needed in today’s hospitals. In
the electrical system, the main concern of the design team and the hospital engineer
is the power distribution system or in other words, the electrical lifeline of the
hospital. There are also other concerns like an adequate and dependable supply.
Moreover, the design of hospital facilities is governed by many regulations and

technical requirements.

1.2  Problem Statement

Today’s state-of-the-art technology and treatment, enhanced comfort, amenities to
patients and their families, aesthetic environment and entertainment which is meant
to take the patient’s mind off his emotional and physical discomfort. Due to this
situation, it has resulted in an increase of electrical load for the hospital. These

frends have resulted in:

» Most parts of the hospital being centrally air-conditioned
s Cent per cent standby generators
= Larger and increased number of operating rooms

= Heavily equipped diagnostic centres and laboratories



1.3  Objective

The main objective of this project is to study the power distribution system of a
hospital and to produce an interactive programming where the total load
consumption, transformer and generator size of the hospital can be estimated. The
developed programs are to be tested in three different hospitals at Ipoh to assess the

suitability of the interactive programs.

1.4  Scope of Study

The scope of study for this project will cover the general requirements in designing
the electrical distribution system in a hospital. The designer is also required to
produce an interactive programming based on the studied that had been carried out
through the semester. The interactive program should be able to estimate the
transformer and generator size. The study to be carried out shall include all the main

areas as listed below:

. Electrical supply system
. The emergency backup supply system

. The cable, transformer and generator size



CHAPTER 2
LITERATURE REVIEW

Today’s health care facilities have become more and more dependent upon safe,
adequate, and reliable electrical systems. Most of the equipment used is sensitive to

electrical disturbances and requires a very reliable power source.

2.1  Protection System

Circuit protection is a fundamental safety requirement of all electrical systems.
Adequate interrupting capacities are required in services, feeders, and branch
circuits. Selective, automatic isolation of faulted circuits represents good
engineering. Tripping schemes for the emergency system must be selective, so that
faults on adjacent branches or systems or faults on the emergency system itself do
not disrupt service to unaffected emergency system circuits - especiaily if
interruption of these circuits can jeopardize the lives or safety of patients. Physical
protection of wiring by means of approved raceways under all probable conditions
of exposure to electrical, chemical, and mechanical damage is necessary. If the
raceways are properly constructed and bonded, they can minimize power

interruptions.

2.2  Location of the equipments

The design engineer should also locate equipment where suitable ambient
temperatures exist and ventilation is available. The operation of fault-detection and
circuit-interruption devices under conditions of abnormal voltage and frequency
should be ensured. Improperly applied or inferior materials can cause electrical
failures. When the design engineer plans electrical equipment rooms and locates
electrical devices, there may be areas accessible to unqualified persons due to
limited space. Therefore; all exposed electricai equipment should be placed behind
locked doors or gates. This will result in a reduction in electrical failures caused by

human error, as well as improved safety. A serious cause of failure, which is



attributable to human error, is unintentional grounding or phase-to-phase short-
circuiting of equipment. By careful design such as proper spacing, barriers, and
padlocking and by enforcement of published work safety rules, the engineer can
minimize unintentional grounding and phase-to-phase, and ground faults in the
distribution equipment. High-quality workmanship is an important factor in the
prevention of electrical failures. Therefore, the design should incorporate features

that are conducive to good workmanship.
2.3  Standby System

In health care facilities where continuity of service is essential, suitable emergency
and standby equipment should be provided. Such equipment is needed to maintain
minimum lighting requirements for passageways, stairways, and to supply power to
critical patient care areas and essential loads. These systems are usually installed
within the building, and they include automatic or manual equipment for transferring
loads on loss of normal supply power or for putting battery- or generator-supplied

equipment into service.

Although applicable codes determine the need for standby or emergency generating
systems in health care facilities, they are generally required in any facility that keeps
acutely ill patients overnight, performs invasive procedures, administers anesthesia,
has critical patient care areas, or otherwise treats patients unable to care for
themselves during an emergency. High-rise health care facilities, regardless of type,
should have on-site emergeﬁcy or standby generators. Periodic testing and

exercising of standby generators is essential to system reliability.
24  Acts and Regulations

Various codes provide rules and regulations as minimum safeguards of life and
property. The electrical design engineer often needs to provide greater safeguards
than outlined in the codes according to his best judgment, while giving consideration
to utilization and economics. To ensure ail laws, by — laws, statutes and guidelines
of the Local Municipality, Ministries, State and Federal Agencies (especially
Ministry of Health) are adhered to and complied with. A greater: emphasis on



compliance is required under the Private Healthcare Facilities and Services Act
1998, {5]

The regulations below are taken from the Private Healthcare Facilities and Services
(Private Medical Clinics or Private Dental Clinics), Regulation [48 — 50]:

= Nature of electrical sockets
48. The type, quantity, location and height of electrical sockets shall be
appropriate for the services to be performed and all sockets shall be of the

grounding type.

» Lighting
49. The number, type and location of lighting fixtures shall provide adequate

illumination for the functions of each room or area.

* Emergency power supply
50. Adequate emergency electrical generating equipment with automatic
transfer in case of interruption of normal power supply to essential
equipment, rooms and areas shall be provided in a private medical clinic or

private dental clinic.



CHAPTER 3
METHODOLOGY

Today, architectural considerations and appearances are of paramount importance in
the design of a health care facility, Aesthetic considerations may play an important
role in the selection of equipment, especially lighting equipment. In performing
electrical design, it is essential, at the outset, to prepare a checklist of all the design
stages that have to be considered. The checklist wiil include all the calculations and
important information for a certain design area. For example, in order to perform
cable sizing, a few basis of design are need to be considered such as types of method
used and where to be installed.

This study may require gathering data on the existing system and the aim of the
project is to come up with an interactive programming which will be used for any
load estimation for a hospital or any modifications and improvement of the system.
The programming will also be user friendly and interactive so that, anybody can

easily use and understand.
3.1  Load Analysis

Load Estimation is the computation of expected maximum electrical demand of a
building for the ”purpose of defemnining the capacities of the switchgears required.
This information is also used for the application of electricity supply to the local
supply authority. [3]

Estimation of the total load of a building should take into consideration the
maximum electrical demand of all the facilities to be installed in the building and the
possibility of future load extension, so that the capacities of the major equipment

such as the transformers, standby generators, etc. are sufficiently allowed for. [3]



3.1.1 Load Estimation

During the initial planning stage, the detail design of the lighting system, power and
air-conditioning system are not known. Therefore, the exact load requirement based
on the actual design could not be made. A good preliminary estimate based on past
experience of electrical load per unit area in similar type of development is therefore
necessary. This estimated value could then be corrected and adjusted when more
detailed information of the facilities are known. The connected load for buildings are

estimated based on watts (W) per meter square area as follows:

Building Lighting Small Power Air-Cond
(Wim’) (Wim’) (W/m’)

Wards 30 5 50
Medical Room 30 10 70
Laboratories 40 200 100
Lobby 30 5 80
Administration 35 15 70
Mosque 30 5 70
Cafeteria 25 5 100
Security & Fire Fighting 35 15 70
Generator House 20 10 -

Substation 20 10 -

Table 1: Estimated load based on Watts per meter square (W/m?) [3]

Each category of the loads is obtained by multiplying the floor area with the possible
load density. Then, these loads are added together, taking into account the diversity

factor in order to obtain the maximum demand of the hospital.

Other electrical loads such as kitchen equipment, motors, pumps, special
equipments, etc. which are not proportional to the area are also added to the loads
calculated earlier. However, these loads require its actual load data which can be
obtained from the manufacturers.




3.2  Sizing of Equipment

Sizing of the transformer and generator will be conducted after getting all the
relevant information from the load analysis. In sizing the elecirical equipment,
design engineers should consider all the related information so that the equipment
will not be over or under sized. The generator will have a few seconds delay during
start up. Therefore, UPS will be used in this duration of time in order to make sure
that there are 100% of power supplies to all the critical area such as Critical Care
Unit (CCU), Intensive Care Unit (ICU), High Dependency Unit (HDU), operation
theatre etc. Other than sizing of generator and transformer, the cable size of the
system will also need to be determined. Cable sizing calculation is used to determine
the adequate size for High Voltage (HV) and Low Voltage (LV) power cables.

3.2.1 Transformer Sizing

The transformer size can be calculated based on the total load demand of the system.
Generally, it is not advisable for a building distribution system to have transformers
of different sizes. Standardizing transformers to one size and one type is normally

more economical and make maintenance and operation much easier. {1]

The sizing of the transformer is based on the following formula:

Transformer Size = Peak Load + 20 % Spare

Electrical installation load demand seldom shrinks and it usually gets larger as the
building geis older. It is not easy to predict a growth figure buf as a general rule, a
20 % spare capacity is assigned at the design stage would be sufficient. [1]

3.2.2 Generator Sizing

In most electrical installation, the loads are divided into two categories which are
essential and non-essential loads. During normal running supply, both the essential
and non-essential loads are connected to the transformer but during mains outage,

the generator will take over and only supplied power to the essential load busbar.



The sizing of the generator is based on the following formula:

Generator Size = Essential Load + 20 % Spare
The additional 20 % spare capacity is considered for future loads.
3.3  Cable Sizing
The objective of calculating the cable size is to determine the adequate size of power
cables to be installed. The sizing calculation shall be based on de-rating; voitage

drop and short circuit withstand capabilities of power cables.

In calculating the cable size, there are a few assumptions which the designer needs
to follow. The type of cable used is Polyvinyl Chloride (PVC) cable.

The current carrying capacity of PVC cables are based on the following

assumptions:
Ambient Temperature = 30°C
Conductor Operating Temperature = 70°C
1. To find out derated cable rating, the following formula is used from

manufacturer’s catalogue:

Ampacity = Ix D,

Where
D =K, xK,;xK,xK;
I = Full load line current (A)
D¢ = Overall Derating factor
Ka = Derating factor for ground temperature
Kn = Derating factor for Ground Thermal Resistivity
Kg = Derating factor for grouping



2. To find out full load current of a load, the following formula is used:

P
I=
JExprJ&n

Where
1 = Full load line current (A)
P = Three phase power (W)
= System line to line voltage (V)
pf = Power factor
= Efficiency
3. For voltage drop calculation this formula is used
Va=1x Vg (mV/A/m)x L
1000
Where
I = Full load line current (A)
L = Length (m)
Va(mV/A/m) = Corresponding voltage drop figure in milivolts per

ampere per metre.

3.4  Interactive Programming

With all the information gathered, an interactive programming will be produced. The
program will help the engineers to estimate the size of the transformer and
generator. Beside that, the total load for the system can also be estimated. This
program will help to reduce the time for designing and help the engineers to quickly
estimate the total load as well as the size of the transformer and generator for a

certain hospital.

However, the engineer would require information related to the hospital such as
number of beds, number of operation theatres, and the equipment ratings of the
electrical equipment. The program is divided into two sections which are the
hospital area and also the equipment loads. The calculation of the program is based

on the load estimation as explained in Section 3.1.1.

10



CHAPTER 4
RESULTS AND DISCUSSION

4.1 RESULTS

4.1.1 Load Analysis

The Load Analysis had been conducted based on the data obtained from Perak
Community Specialist Hospital (PCSH), Ipoh Specialist Hospital (ISH) and Hospital
Ipoh (HI).

4.1.1.1  Perak Community Specialist Hospital

Therefore, from the Load Analysis,

(assuming an overall power factor of 0.85),

The maximum demand of the hospital = 240kW

The Peak Load = 240 kW + 10 % load
= 264 kW

The essential load = 250 kW

The estimated consumed ioads for all other buildings are shown in Appendix 4.

4.1.1.2  Ipoh Specialist Hospital

From the Load Analysis,

(assuming an overall power factor of 0.85),

The maximum demand for the old building = 1300 kW
The essential load for the old building = 280kW

The estimated consumed loads for all other buildings are shown in Appendix 5.

11



4.1.1.3  Hospital Ipoh

Based on the Load Analysis conducted at Hospital Ipoh,

(assuming an overall power factor of 0.85),

il

6.117 MW
2.132 MW

The total maximum demand of the hospita}l
The total essential load of the hospital

The estimated consumed loads for all other buildings are shown in Appendix 6.

4.1.2 Sizing of Equipment

4.1.2.1 Perak Community Specialist Hospital

4.1.2.1.1 Transformer Sizing

Based on 310.59 kVA peak load,

Transformer size

H

310.59 kVA + 20 % spare
372.71 kVA
Nearest standard size of 400 kVA transformer is selected.

4.1.2.1.2 Generator Sizing

Based on 250 kW of essential load,

Generator size

il

352.94kVA

(250 kW / 0.85) + 20 % spare

Nearest standard size of 375 kVA standby-rating diesel engine generators are

selected.

The detail calculations of transformer and generator sizing for Perak Community

Specialist are attached in Appendix 4.

12



4.1.2.2  Ipoh Specialist Hospital

4.1.2.2.1 Transformer Sizing

Based on 1682.35 kVA peak load,
The transformer size for the old building

1682.35 kVA + 20 % Spare
2018.82 kVA
Nearest standard size of 2500 kV A transformer is selected.

[

The calculations for other transformer size are attached in Appendix 5.

4.1.22.2 Generator Sizing

With the total of 329.41 kVA essential load,

The generator size for the old building = 329.41 kVA + 20 % Spare
= 39529kVA

Nearest standard size of 400 kVA standby generator is selected.

The calculations for other generator size are attached in Appendix 5.

4.1.2.3  Hospital Ipoh

4.1.2.3.1 Transformer Sizing

From the Load Analysis,

The peak load at Switchboard 1 = 122424 kVA

The transformer size = 1224.24 kVA + 20 % Spare
= 1469.08 kVA

Nearest standard size of 1500 kV A transformer is selected.

The transformer sizes for all other transformers are calculated in a similar manner

and this is shown in Appendix 6.

13



4.1.2.3.2 Generator Sizing

The essential load connected to Switchboard 1 = 520kW
Generator size = (520 kW /0.85) + 20 % spare
= 734,12 kVA

Nearest standard size of 750 kVA standby generator is selected.

The generator sizes for all other generators are calculated in a similar manner and

this is shown in Appendix 6.
4.1.3 Cable Sizing

PVC insulated cable is the most commonly used cable for the low voltage
distribution. Therefore, the calculation below will be considering the factors for a
PVC type cable. The calculations are conducted for the power cables from the

transformer to the main switchboard.

Full load current, I = 1000x 400kVA
V3Ix 415V

=5565 A

From the full load current, the current carrying capacity required for the conductor is
calculated to be 618.33 A.

Thus, 2 runs of cable 3C x 240 mm® with a current rating of 430 A is chosen.

Voltage drop calculation,

The voltage drop figure for 240 mm? three-core cable is 0.21 mV/A/m.
Length of the cable from the transformer to the main switchboard is 150 m.
Maximum permissible voltage drop is 5 % of 415V =20.75V

Therefore, voltage drop I x Voltage drop (mV/A/m) x Length
1000
618.33x0.21 x 150

1600

14



= 1753V

Since the permissible volt drop is 20.75 V, the cable meets the volt drop
requirements. Hence, 2 run of cable 3C x 240 mm?® with a current rating of 430 A is

chosen.

The cable sizes of other loads are being calculated in the similar manner and

tabulated as shown in Appendix 7.

4.1.4 Interactive Programming

Microsoft Visual Basic is used to produce the program for Load Estimation.
Microsoft Visual Basic is chosen because it can provide an interactive graphical user
interface. Besides that, the program is also user friendly. The steps taken in
conducting Load Estimation will be illustrated below using Microsoft Visual Basic
which has been completed.

1. The load estimation will be estimated by its area. For every m2, the amount
of wattage will be calculated with the specified value. The main feature of
the program is illustrated in the figure below.

SERVICES
OPERATION THEATA
DIASNOSTIC

CEMTHAL STERILE
SUPRLY

PATHOLOGY
ACODENT AND
EMERGENCY

PEDIATAIE MEDITAL AECORDS

ORTHOPEDIL ADMINISTRATION

OPHTAMOLOGY LoBEY
it ol
CARDICTHORALIC
DBSTETRIEAND
HAEMODIALYSIS

Figure 1: The main area of the hospital

15



The designer can choose which area to be calculated. Then, the area and
wattage per meter square for lighting, power and air conditioning can be
specified. The estimated wattage per meter square can be referred to Table 1.
For the entered value, the total load for the area will be calculated.

w. B-PATIENT CARE SERVICES

Figure 2: In-patient Care Services

Then, the total load for the general area wil! be sum as the sub-total demand.
The above figure shows the different types of ward available in a hospital.

For each are, the load are calculated independently.

Figure 3: The electrical loads

16



From the general arcas, the electrical equipments such as motor lifs,
domestic water pump, etc. can also be calculated. These loads are separated
from the general load so that it will ease the designer’s job.

These loads are calculated based on the quantity of the load and also the
diversity factor. Later, these loads will be added together with the general

loads and also the loads from the main area of the hospital.

w. LIFTS

i
Quaniity 2 S
Load (kw) | 0

Figure 4: Calcuiating the load for the lifts

According to the program, there is a butfon named ‘Others’ where the
designer can specify other loads which are not included in the Other Services
Load form. These loads will also be added to the total load which will
contribute to the total load consumption of the hospital.

= OTHER LOADS

| Figure 5: Specified other loads

17



7.

Here, the designer can specified the other loads that are not mentioned in the
previous form and the load consumption is calculated as before. The load

consumption will appear in the main form of the other loads.

Load (kW) [55‘_

Figure 6: Calculating the other loads

Then, the entire load will be sum together including the load from the
general area, other services and also the loads which the designer specified.
These loads are called, Total Load and it is used to calculate the Maximum
Demand of the hospital.

Total Load (kW) !" .
.

Maximum 1 -
[} emancd 0 i
Peak Load 5&' . .- - N

| :
: CALCULATE | NEXT |

Figure 7: The sum of all the loads

Using the peak load obtained from the program above, the size of the

transformer as well as the generator size is calculated automatically.



Therefore, the nearest standard size transformer and generator will be
selected.

Figure 8: The transformer and generator size,

10.  Therefore, a complete program of designing the electrical distribution system
has been created. Hence, the total load, transformer and generator size of any
hospital can be determined with the specified criteria.

11, Last but not least, the programs also enable the designer to save his

calculations in a text form and re-upload the form for further adjustments.

42 DISCUSSION

4.2.1 Load Analysis

Load Analysis has been conducted to all the hospitals. In conducting the analysis,
variety of parameters for each appliance is being evaluated. The power consumption
for each area of the hospital is obtained by measuring the current flows at the
switchboard and muitiplying it with the system voltage. However, it is quite difficult
to measure the current flowing through electrical equipment. Therefore, in order to
determine the power consumption, most of the electrical equipment displays their
power use data on a plate or sticker. The noted watt value represents a worst case
scenario, which is the most power that the equipment will ever draw. By combining
this data, the total maximum demand of the system can be obtained which is then

used to calculate the size of the transformer as well as the generators.

19



During conducting the study, different types of bio-medical and electrical
equipments have been identified. For each department, different types of equipment
are being located. A list of different types of equipment which is normally in a
hospital use is attached at Appendix 1. The typical electrical equipments are also
attached in Appendix 2. Besides that, the single line diagram from each hospital is
also available and it is attached in Appendix 3.

42.2 Eguipment Size

Using the information gathered in Load Analysis, the transformer and generator are
being sized. The results of the calculated equipment have been compared to the
existing ones. It is proved that the calculated value is similar to the existing
instaliations for all the three hospital. The size of the transformer is determined
based on the peak load of the system, while the size of the emergency generator is
determined based on the essential Ioad. Some additional factors are added to the
calculations for future loads.

The type of transformer that is being installed in a hospital is the dry — type
transformer. This transformer is chosen because dry — type transformers do not have
a liquid for insulating and cooling purposes. It relies upon air cooling with enhanced
insulation for windings. Although they minimize fire risks, they are costly, quite

buiky and heavy.

4.2.3 Cable Size

In selecting the cabie size, a few factors that need to be considered, such as the
application and types of loads, size of loads, prospective fault current and the
permissible voltage drop. For different size of loads, the cable size will vary
according to the full load current and also the correction factor. Method of
installation also contributes in determining the size of the conductor. The cable
sizing calculation in this report has been done using the data obtained from the three
hospitals in Ipoh. However, the calculations are based on the author’s own design.
The author has assumed that alt the cable is to be installed in a perforated metal
cable tray,
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PVC cable is the most usual low voltage cable insulation. It is clean to handle and is
reasonably resistant to oils and other chemicals [1]. PVC insulation are often used
up to only 600 V / 1000 V and the continuous current rating of PVC cables are
restricted by a maximum temperature of 70 °C due to its thermoplastic nature and
resuliant softening at elevated temperature. As PVC insulated cables are little
affected by moisture, no metal sheath is required and this contributes greatly to ease

of handling as well as simplifying jointing and terminating procedures. [§]

4.2.4 Graphical User Interface (GUI)

After studying the system and identifying the different types of loads, the GUI is
being produced. This program is also based on the observation of the hospital. What
are the main departments there is in a hospital? At each department, what type of
equipments that they have? How the electrical system is being design? And what
types of wards are available in the hospital? For each ward, how many beds are
they? And how many operation theatres are available? With these questions, the
GUI is being formulated and produced.

The output of the program is to be able to estimate the size of the transformer as well
as the stdndby generator. Therefore, for any new hospital, with all the information,
the program should be able to estimate the size of the transformer and the standby

generator;.
The program has been tested in the three hospitals. The results obtained match the

existing hospital and this proves that the interactive program can be applied to any
other hospital.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

51 CONCLUSION

As a conclusion, it is very important for electrical designers to exercise greater
attention in the design of electrical power distribution system for a hospital, as
hospital is indeed a complex building. There must be no power failure in the hospital
as most of the patients’ life depends to the medical equipment. These equipments
use electricity as its power source. Therefore, any fault in the electrical system could

cause a major problem to the hospital.

In any electrical system, the main concern of the electrical design engineer is the
power distribution system, which is the electricat lifeline of the hospital. Design
features must include elements of safety, reliability, cost, voltage quality,
maintenance and flexibility. The engineer must study the conservation of energy
and apply it efficiently and economically. He must be aware of the public utility
supply so that the regular economical power distribution and an emergency supply
are secured. Lighting should be so designed as to secure the mood and correct
optical levels of the entire hospital staff. The hospital by it very nafure is a
complicated entity and designing and buifding it is an intricate job. Therefore, there
should be complete understanding in the various phases of electrical work among all

concerned.

The power distribution system of a hospital has been thoroughly studied. All the
calculations of sizing the electrical equipments have been compared to the existing
ones and the results have proven that the calculated value matches with the existing
equipments. Besides that, the cable size has also been determined using data
obtained from the study conducted at the three hospitals. With these, an interactive
program have been developed and tested to three different hospitals at Ipoh. This is
done to assess the suitability of the interactive program. Therefore, for any new

hospital, the program is able to quickly estimate the transformer and the generator
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size. It is also capable of estimating the maximum demand of the hospital with all

the required information.

52 RECOMMENDATIONS

The objectives of this project have been achieved. However, the scope of this topic
can be further expanded and a more detail design of the electrical distribution system
can be obtained.

As hospital is a very important place, there must be no power failure during running
the hospital. Even though, there are standby generators in all hospital, but it takes
several seconds for the generator to start up. Therefore, an Uninterruptible Power
Supply (UPS) is being installed in order to cater the delay of approximately 7
seconds before the generator starts up. For further study, sizing of UPS can also be
included in the design as it is also an important part of the electrical distribution

system.

Besides that, in order to get a better view of the electrical distribution system of a
modern hospital, further study can be conducted in modern and high — class hospital
such as the Prince Court Medical Center which is a super specialist hospital. Most of
the equipment being installed is of high technology and more sensitive towards any
disturbance in the system. Therefore, an engineer needs to have a comprehensive

knowledge regarding the system in order to avoid any flaw in the design.
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APPENDIX 1

BIOMEDICAL EQUIPMENT LISTS

DEPARTMENT EQUIPMENT RATINGS
Ventilator 220V,05A,50Hz
Convective Warming Unit 230 V,3.8A,50Hz
Respiratory Humidifier 230+/-25V, 1 A,
| 50— 60 Hz
+ Heater 150w
Syringe Pump 230V, 0.5 A,
INTENSIVE CARE 50/60 Hz, 12 VA
UNIT Infusion Pump 240V,03 A
50 /60 Hz
Feeding Pump 220-240V,0.5 A,
30 VA
Monitor 220-240V, 1.5 A,
5060 Hz, 280 VA
Electric Bed 2VDC,3 A
Magnetic Resonance 240V, 12 A (40 A),
Imaging (MRI) 50 Hz
Fluoroscopy 240V, 7.5 A (30 A),
IMAGING 50 Hz
(X —-RAY) Ultrasound 240V, 2 A, 50 Hz,
30kVA
CT Scan 240 V,4 A, 50Hz
ECG 240 V,3 A,50Hz
Dialysis machine 240V, 50 Hz,
DIALYSIS 2025 W
Defibrillator 230 VAC +- 15 %,

50-60Hz




Radient Warmer 230V, 50 Hz, 660 W
+ Heater 30W
PEDIATRIC WARD /
Incubator 240V,0.5A,50Hz
MATERNITY WARD
Pulse Oximeter 240V, 05 A, 50Hz
CTG Fetal Monitor 230 V,0.5 A, 50Hz
Surgical light 24V,2A
Monitor 240 V, 1.2 A, 50 Hz,
280 VA
Diathermy 240V, 0.5 A, 50 Hz,
OPERATION
850 VA
THEATRE
Ventilator 220V, 0.5A,50Hz
NIiBP 230V, 1A,50Hz
Autoclave 415V, 150 A
Steam Generator 415V, 150 A
Biochemistry Analyzer 220V,5A,50Hz
PATHOLOGY LAB Quality Control Plan 220V, 1.5kW, 50 Hz

Analyzer




APPENDIX 2
ELECTRICAL EQUIPMENT LISTS

EQUIPMENT RATINGS
Motor Lifts 415V,30HP, 42 A
Fire Alarm System 415V, 125 HP, 50 Hz
Domestic Water Pump 415V,94 A, 50 Hz, 1450 rpm
Cooling Tower 415V, 7.5kW
Vacuum Pump 415V, 5.5 kW, 1440 rpm
Compressor 415V,38A




APPENDIX 3
SINGLE LINE DIAGRAM
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APPENDIX 4
ELECTRICAL LOAD AND EQUIPMENT SIZING FOR
PERAK COMMUNITY SPECIALIST HOSPITAL

DEPARTMENT ACTUAL LOAD
R Y B

Ward 3 5.3 5.5 5.3
(Ward 2 5.8 8 6.2
Peads ward 7.5 7.4 7.5
Ward1 9 93 | 92
Operation Theatre

» Operation room 21 21.3 214
* General 11.9 12 11.7
« Central Air-cond 54.7 53.5 54.3
(Groundfloor

+ Old wing 12.6 13 12.9
® New wing 84 8.7 8.5
Dialysis 45 50 48.4
X-ray 134 13.2 13
Admin Block 17.9 17 17.1°
Laundry 30 29 29.5
Lifts

o Old : 35 32 33
o New 30.5 29.7 285
Hostel 5 52 4.8
Mortuary _ 15.5 15.4 15.1
Polyclinic & acc and emer 14.3 15 14.8
Pharmacy 15.2 16.5 15.7
Doctor's Clinic 14.4 13.9 14.2
Cafeteria 5.1 5.3 5.4
Lab 12.3 11 .8_ 12.0
Current (A) 389.8 389.7 389.5
Rating (kW) 2382 | 2381 | 238.0
Maximum Demand - 24000 kW
‘Peak Load 264.00 kW

Transformer size 37271 kVA

* Nearest standard size of 400 kVA transformer is selected
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' EMERGENCY LOAD (A)
DEPARTMENT R v B
‘Ward 3 60
Ward 2 60
IPedeatric Ward 60
Ward 1 60
ICU 80
IcCU 60
|Operation Theatre 100
|_Dia|ysis 100
X-ray 100
| ifts 60
Mortuary 60
fAdmin 80
|Polyclinic & acc and emer 60
Pharmacy 60
Lab 60
Current (A) 340 340 340
Raﬁng {KW) 244,39 244,29 24439
Essestial Load 250 kw
Generator size 35294 kVA

* Nearest standard size of 375 kVA generator is selected




APPENDIX 5
ELECTRICAL LOAD AND EQUIPMENT SIZING FOR

IPOH SPECIALIST HOSPITAL
OLD BUILDING
Current (A) Voltage (V) Load (kW)

Switchboard 1 1250 415 763.70
Switchboard 2 850 415 519.32
Actual Load 1283.02 kw
Maximum Demand 1300.00 kW
Peak Load 1430.00 kw

1682.35 kVA
Transformer size 2018.82 KVA

* Nearest standard size of 2500 kVA transformer is selected

NEW BUILDING
Description Current (A) Voltage (V) Load (kW)
Basement 30 415 18.33
1Ground floor 200 415 122.19
First Floor 250 415 152.74
Second Floor 100 415 61.10
Third Floor 300 415 183.29
Fourth Floor 500 415 305.48
Chiller 1 300 415 183.29
Chiller 2 300 415 183.29
Chiller 3 300 415 183.29
Chiller Pump 1 100 415 61.10
Chiller Pump 2 100 415 61.10
Chiller Pump 3 100 415 61.10
Connected Load 157628 kW
Maximum Demand 1600.00 kW
Pezk Load 1760.00 kW
Transformer size 2484.71 kKVA

" *Nearest standard size of 2500 kVA transformer is selected
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OLD BUILDING

Essential Load .

Current (A) 450

Voitage (V) 415

Total Load (kW) 274,93

Essential Load 280.00 kW
328.41 kKVA

Generator size 395.29 kVA

* Nearest standard size of 400 KVA generator is selected

NEW BUILDING

Essential Load -

Current (A) 550

Voltage (V) 415
[Total Load (kW) 336.03

Essential Load 340 kKWW

400.00 kVA

Generator size 480.00 KVA

* Nearest standard size of 500 kVA generator is selected



APPENDIX 6
ELECTRICAL LOAD AND EQUIPMENT SIZING

FOR HOSPITAL IPOH

Substation No. 1

Generator 1

The sizing of the DEG is based on the essential load criteria,

R Y B

JVoltage (V) 420 420 420
ICurrent (A} 750 750 750

Power Facior 0.95 0.95 0.95
ng (kW) 512.13 | 512.13 | 512.13

Essential Load = 520 kw

Generator size = 73412 kvA

* Nearest standard size of 750 kVA generator is selected

Generator 2

The sizing of the DEG is based on th nfial load criteria.
R Y B

Voltage {V) 420 420 420

Current (A) 760 750 760

Power Factor 0.95 0.95 085 |

Rating ()W) 518.96 | 512.13 | 518.96 |

Essential Load = 520 kw

Generator size = 73412 kVA

* Neares! standard size of 750 kVA generator is selected

Substation No. 2

Generator 4

The sizing of the DEG is based on th ial load criteria,
|_ . R Y B
Voltage (V) 420 420 420
ICurrent (A) 210 220 220

| _

Power Factor 0.95 0.95 0.95
Rating (kW) 14340 | 150.23 | 150.23
Essential Load = 150 kw

Generator size = 211.76 kVA

* Nearest stantard size of 225 kVA generator is selected
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Substation No. 3

Gl r 5

The sizing of the DEG i based on the essential load criteria.
[ R Y B
Voltage (V) 422 422 422
Current (A) 300 304 301
Power Factor 0.95 0.85 0.95
ﬁng W) Z04.85 | 207.58 | 20554
Essential Load = 210 kW

Generator size = 29647 kVA

* Nearest standard size of 300 kVA generator is selected

Substation No. 4A

Generator 7

The sizin he DEG is ba n the essential load criteria.

R Y B
Voltage (V) 422 422 422
ICurrent (A) 201 200 200
Power Factor 0.95 0.95 085 |
ating (kW) 137.25 | 136.57 136.57
Essentiat Load = 140 kW
Generator size = 19765 kVA

* Nearest standard size of 200 KVA generator is selected

Substation §
Ganerator 9
The sizing of the DEG is ba n the essential load criteria.
R Y B

Voltage (V) | 420 420 420
Current (A) 205 205 205
Power Factor 0.95 0.95 0.95

ing (kW) 139.98_| 130.98 | 139.98
Essential Load = 140 KW
Generator size = 197.65 kVA

* Nearest standard size of 200 kVA generator is selacted



Generator 11

The sizi the DEG i on the essential load criteria.
R Y T8
Voltage (V) ‘ 420 420 420
ICurrent (A) 654 660 661
|
Power Factor 0.95 0.95 0.95
lﬁ_‘ung (kW) 44658 | 45068 | 451.36
Essentialload = 452 KW

Generator size 638.12 kvA

* Nearest standard size of 644 kVA generator is selacted



Substation No. 1

Transforme 1
R Y B_

Voltage (V) 420 420 420
Current (A) 1380 1385 - 1380
Power Factor 0.95 0.95 0.95
Rating (kW) 94232 | 945.73 | 942.32 |
Maximum Demand = 946 kW
Peak Load = 10406 kw

= 1224.24 kVA
Transformer size = 1469.08 kVA

* Nearest standard size of 1500 kVA transformer is selected

Transformer 2

R Y | B
Voltage (V) 420 | 420 | 420
Current (A) 1300 1290 1300
{Power Fagtor 095 | 095 095 |
IRating (kW) 1 88769 | 880.86 | 887.69 °
Maxirnum Demand = 890 kW
Peak Load = 979  kw
Transformer size = 138212 kVA

* Nearest standard size of 1500 kVA transformer is selected

Substation Ne. 2

Transformer 4
R Y ~ B

| voltage (V) : 420 420 420
Current(Ad) [ 850 | 850 850
Power Factor 0.95 0.95 0.95
Rating (kW) 580.41 580.41 580.41
Maximum Demand = 580 kW
Peak load = 638 kW
Transformer size =  900.71 KkVA

* Nearest standard size of 1000 kVA transformer is selected



Substation No. 3

Transformer 5.

R Y B8
Voltage {V) 422 422 422
Curent (A} 690 690 690
Power Factor 0.85 095 | 095
|Rating_(kW) - 47116 | 471.16 471.16
Maximum-Demand = 470 kKW
Peak Load = 517 kW
Transformer size = 729.88 KVA

* Nearest standard size of 750 kVA transformer is selected

Substation No. 4

Transformer 6

. R Y B
Voltage (V) 422 422 422
Current (A} 1. 480 | 450 § 430
Power Factor 0.95 0.95 0.85
Rating (kW) 30728 | 307.28 | 307.28
Maximum Demand = 310 kW

Peak Load = 341 kw
Transformer size = 48141 KVA

* Nearest standard size of 500 kVA transformer is selected

* Negrest sfandard size of 1500 kVA ifransformer is selected

Substation No, 4A
Transformer 7

_ | R v B
Voltage (V) 420 420 © 420
Current (A) 4200 .1 4200 - 1200
Power Factor 0.95 0.95 0.95 -
Rating (kW) 819.41 819.41 .
Maximum Demand = 820 kW
Peak Load = 202 kW
Transformer size = 1273.41 kVA




Transformer 8

Voltage (V) ‘ 418 418 418
Current (A) 1_100 1100 1100
Power Factor 0.95 0.95 0.95
Rating (kW) - S 75113 | 75113 751.13
Maximum Demand = 750 kw.

Peak Load = 825 kW

Transformer size = 1184.71 kVA

* Nearest standard size of 1500 kVA transformer is selected

Substation §
Transformer 8
R Y B

Voltage (V) 420 420 420
Current (A) 250 .} 260 | 250
|Power Factor 085 [ 095 | o095 |
{Rating (kW) . - 170.71 | 170.71 | 170.71
Maximum Demand = 171 kW

Peak Load = 1881 kw

Transformer size = 268555 kVA

* Nearest standard size of 300 kKVA transformer is selected

* Nearest standard size of 1000 kVA transformer is selected

Transformer 10

l R Y B
Voltage (V) 420 420 | 420

- JCurrent (A) 860 860 - 860

{Power Factor 0.95 695 | 085
Rating (kW) 587.24 587.24 | 587.24
Maximum Demand = 580 kw
Peak Load = 649 kW
Transformer size = 0916.24 kVA



JTransformer 11

- R Y B’
Voltage (V) 420 | 420 1 420
[Current {A) 860 8§60 | 860
{Power Factor 0.95 095 | 065
Rating (kW) __ " 58724 | 587.24 | 587.24 |
Maximum Demand = 580 KW
- Peak Load = 649 kKW
Transformersizé = 91624 kVA

* Neares! standard size of 1000 kKVA transformer is selecled



