
 
 

 

Load Estimation and Design of Electrical 

Installation for Hotel in East Jerusalem 

By 

Student name(s): 

Aladdin N. Sultan                                          Laith Abu Judah 

                                 

                    

Supervisor: Name(s): 

Prof. Dr. Sameer Khader 

 

Submitted to the College of Engineering 

In partial fulfillment of the degree requirements 

Bachelor's degree in Electrical Power Engineering 

Palestine Polytechnic University 

Dec 2022



i 
 

 

 الأهداء:

 إلى من رسموا بدمائھم خارطة الوطن وطریق المستقبل وھندسوا  .

الله علیھ وسلم. إلى معلمنا وقائدنا وقدوتنا وحبیبنا وشفیعنا محمد صلى    

بأجسادھم معاقل العزة والكرامة إلى من ھم أكرم منا جمیعا إلى شھداء الوطن الحبیب.     

ن وتوارو خلف القضبان لیفسحوا لنا النور إلى أسرانا الأبطال.    ي تفوح منھا رائحة الیاسمی 
إلى الذین عشقوا الحریة الت   

ي رآنا قلبھا قبل عینیھا واحتضنتنا أحشائھا  
ي تعجز الكلمات عن شكرھا  إلى الت 

قبل یدیھا إلى الت   

ي لھا جباھنا، كیف لا والجنة تحت إقدامھا أمھاتنا، الفضیلات. 
 إلى منبع الحنان وتاج الرأس ومن تنحتن

بائنا الكرام 
ّ
 .إلى من وصلو النھار باللیل، و بذلو الغالىي و النفیس من أجلنا، إلى مصدر فخرنا وعزنا، ا

ي قلوب  ھ 
 .خوتنا وأخواتنا الأعزاء أ م ذكریاتنا ویتقاسمون معنا أفراحنا وھمومنا ومن ساندونا، إلى من یحملون فن

 .إلى من ضاقت السطور لذكرھم فوسعتھم قلوبنا، أصدقائنا الأعزاء 

ي العلم   لنا الطریق، إلى محت  إلى من علمونا حروفا من ذھب وكلمات من درر، إلى من جعلو أفكارھم منارة تنی 

 الاكارم   والمعرفة، أساتذتنا 

فنا الحبیب   إلى من رسم معنا خطوات ھذا النجاح، إلى من بذل جھده ووقتھ وكان لنا مرشدا وناصحا وأخا إلى مشر

وفيسور سمی  خضن   الی 

ي قضینا فیھا أجمل أیامنا جامعتنا الحبیبة 
ي الت 

 .إلى صرحنا العظیم ومكمن فخرنا وصانع مجدنا إلى بیتنا الثانن

ن رغم أوجاعھا إلى دولتنا  إلى محفزنا الأول والأخی    إلى قبلتنا ومقصد بوصلتنا إلى من احتضنتنا كل ھذه السنی 

یف   .الفلسطینیة وجوھرتھا القدس الشر

ن   .إلى الزملاء وكوادر جامعھ بولیتكنك فلسطی 
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Abstract 

 

 

 

This project aims at design a complete and stable electrical installation for a 17 floors 

hotel in East Jerusalem, with capacity of for 324 room 4 stars hotel that contains multi 

different floors, garage, mezzanine, three floors of parking, restaurant, service floor, 

praying floor and roof floor. Where the total energy consumption for load demand hours is 

11,858 KWh per day. 

 

Due to large consumed energy and variation in energy demand, 3 transformers are 

installed with total capacity of 1000, 1250 and 1600 KVA. Moreover, 500 KVA backup 

generator and 60 KVA UPS as a backup power source for critical loads and. In addition, a 

400KVA capacitor bank for power factor correction is installed. So, a continuity of service, 

dependability, and reliability can be achieved. 

 

The total cost of carrying out the electrical works combining hardware installation, 

engineering design and implementation for this project is estimated to be $6,569,331. 

Where, the hotel annual demand is about 4,328,038 KWh per year; with cost of energy is 

$779,046.84 per year. 
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 الملخص : 

 

 324طابقًا في القدس الشرقية ، بسعة  17يهدف هذا المشروع إلى تصميم تركيبات كهربائية كاملة ومستقرة لفندق من 

السيارات ، مطعم ، نجوم يحتوي على عدة طوابق مختلفة ، مرآب ، ميزانين ، ثلاثة طوابق لمواقف    4غرفة ، فندق  

 .كيلو وات ساعة في اليوم 11,858طابق خدمة و مصلى. حيث يبلغ إجمالي استهلاك الطاقة لساعات طلب الأحمال 

 

الطاقة ، تم تركيب   الطلب على  الكبيرة والتباين في  الطاقة  و   1000محولات بسعة إجمالية تبلغ    3نظرًا لاستهلاك 

كيلو فولت    UPS  60  كيلو فولت أمبير و  500على ذلك ، مولد احتياطي    كيلو فولت أمبير. علاوة  1600و    1250

لتصحيح   كيلو فولت امبير  400كمصدر طاقة احتياطي للأحمال الحرجة و بالإضافة إلى ذلك ، تم تركيب  مكثف   أمبير

 لهذا النظام. . لذلك ، يمكن تحقيق استمرارية الخدمة والاعتمادية والموثوقيةالقدرة معامل

 

التكلفة الإجمالية لتنفيذ الأعمال الكهربائية التي تجمع بين تركيب الأجهزة والتصميم الهندسي والتنفيذ لهذا المشروع   تقدر

للفندق حوالي    6،569،331بمبلغ   السنوي  الطلب  السنة ؛ بتكلفة   4،328،038دولار. حيث يبلغ  كيلوواط ساعة في 

 .دولار في السنة  779،046.84الطاقة 
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1.1   Background 

In this practical project, the design of power supply at East-Jerusalem supposed to hotel 

project is investigated. In these kinds of projects, the job is usually done in two main stages; 

basic design and detail design. In the basic design stage, the location and process of hotel 

is studied and a rough estimate of load types and demand is expected. While in the next 

step, different kinds of networks and supplies (based on technical and economic situation) 

are surveyed and the best choice is selected and basic calculations, drawings and 

specifications are consequently provided.  

 

Here, it has been tried to have a comprehensive view on the basic design and the detail 

design. To achieve this, main parameters of an electrical system have been discussed and 

the methods of design of different parts presented. 

 

1.2   Motivation 

Nowadays, electrical energy consumers are considered one of the most challenging 

tasks around the globe. Among all of the world’s electrical energy consumers, hotels which 

are large consumers of energy and fossil fuels to provide high quality services to guests. 

Thus, finding the most optimal and efficient ways to effectively use this important resource 

is an essential. Undoubtedly, electrical engineering does have a big influence on this kind 

of consumers and many measurements must be taken in order to obtain stable electricity. 

Thus, working academically on the above subject and achieving a positive result can be 

considered a breakthrough in energy economy and peoples’ lives.  

In addition to the above fact, study on this project assists engineers to obtain a profound 

knowledge in the power system of hotel building that can be counted as a good path for 

considering the design of power supply in similar energy way. 

 

1.3  Objectives 

 

• To obtain deep understanding of electrical systems in the above-mentioned project . 

• To know how to design a stable power system in the different projects by using a 

relevant software like DiaLux and AutoCAD as example. 

• To be able to analyze new power system in case of any possible problems and 

capability of finding the issues and solving them (trouble shooting). 

• To obtain an ability of predicting the possible problems that may happen in power 

system. 
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1.4   Scope of the project 

 

Having a stable network in this case is crucially important and power outage during 

operation could cost lots of money and time. So, an electrical expenditure is considered 

with little or no value when it comes in comparison to total above mentioned huge costs. 

Therefore, it is worth it spending time and energy during the design of stable networks to 

avoid any possible costly failure in the future . 

In this project, the electrical system consists of three main transformers as main power 

supply with three 11kV feeders and one main voltage level of 0.40 kV have been studied. 

The main purpose of this project is to design a power supply with the right selection of 

electrical equipment. In addition, other topics such as backup generator, UPS, power factor 

correction, grounding, and lightning protection have been discussed in details. 

 

1.5   Description of the Project 

 

The supposed project is located in East-Jerusalem, in front of Al-Quds University. The 

project supposed to consist of high-rise building hotel, for 324 room 4 stars hotel that 

contains multi different floors, Garage, Mezzanine, three floors of parking, Restaurant, 

service floor, Praying floor, 17 floors and finally the roof. With total area 21,268 square 

meters. Figure (1.1) is a picture for supposed project, while Figure (1.2) illustrates the 

floors of the hotel building. 

 

Figure (1. 1): Picture of the project. 
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Figure (1. 2): perspective of the project. 

 

In general, the total hotel areas divided into many places as following: 

a- Public areas and supporting areas (for guest rooms and guest room’s support) with 

total areas 14,778 sqm. 

b- Public spaces (for restaurants, Waiting Areas, Commercial, Prayer Rooms and 

Public Circulation) with total areas 2,197 sqm. 

c- Back of the house spaces (for Front office and Security Offices, Part of 

Administrative Offices, Kitchen / F&B Storage, Employee Facilities, 

Miscellaneous and IT / Telephone & Systems Rooms) with total areas 4,292 sqm. 

 

1.6   AutoCAD Project’s Floors Layouts  

 

In this section the hotel floors layouts have been shown in appendix A (page 134). 
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2.1 Electrical Loads Overview 

2.2 Lighting Design 

2.3 Load Estimation Study 

2.4 Summary 
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2.1   Hotel Electrical Loads Overview 

The electrical design professional should determine a building’s electrical load 

characteristics early in the preliminary design stage of the building to select the proper 

power distribution system and equipment having adequate power capacity with proper 

voltage levels, and sufficient space and ventilation to maintain proper ambient. 

Listed hereafter are typical load groups and examples of classes of electrical equipment 

that should be considered when estimating initial and future loads. 

In the next sections, an overview of the load’s types in the project has been provided, as 

well as the value of each electrical load and whether it was estimated or presented in the 

information. 

2.1.1. Lights Load System 

Lighting is provided in industries, commercial buildings, indoor and outdoor for 

providing comfortable working environment.  

In this project, it has many different types of lighting units used to illuminate  all hotel 

different zones and areas. In next Light Design section, it will be explained in details how 

Dialux Program used in lighting design, and how the equations used to calculate the 

required dimensions in the distribution of lighting units on the AutoCAD program. 

2.1.2. Socket Load System 

Sockets are the electrical outlets, which supply the electrical equipment’s & instruments 

by its needed power (current & voltage). Distribution of different types of sockets in a 

building depends mainly on the type and use of that building. 

❖ Sockets Design according to (IEC884 / 1987-1989): 

 

In hotel socket design, the next steps have been followed: 

1. Sockets used to supply the electrical equipment’s must be corresponding to the 

specifications of (IEC884 / 1987-1989). 

2. Sockets should be fixed at height (35-40 cm), but in kitchen & bathrooms should 

be fixed at height (135 cm) that’s from the final ground datum. 

3. Sockets are defined at a certain value of voltage & current, there are sockets may 

work under different values of voltage, so when the previous two types are used in 

the same project, they must be of different terminals to avoid overlap of using them. 

4. Sockets must have a strong mechanical & electrical contact with its suitable plug. 

5. Sockets must have an earthed contact with size differs from the size of the live & 

neutral contacts (terminals). 

6. Sockets copper terminals must be prevented from touching during the operation. 
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7. The socket box must contain the value of its rated voltage &current. 

8. The socket box is made of rigid insulating material & also nonflammable material 

& has high melting temperature. 

9. Sockets are either single or double outlet & either recessed or mounted on wall. 

10. Each two successive sockets are placed (2.5-3m) apart according to the location 

where it is placed. 

11. Each circuit contains maximum 8 sockets in order to use cable to the distribution 

board 2.5 mm2. 

 

In hotel socket design, according to local market experiencer and constancy a 200VA 

for single outlet socket, 400VA for double outlet socket were estimated. 

 

2.1.3. Elevators Load 

In hotel project there are two main types of elevators with total load 73KVA, which are 

passenger (6 Guests Lift), primarily to serve passengers, and cargo elevators (2 Service 

Lift) are mainly intended for the transportation of materials, but may sometimes be required 

for the transportation of passengers, only any of these types will be necessary. 

2.1.4. Air-Conditioning System 

Air conditioning is defined as a process in which air is heated, cooled, cleaned and 

circulated and its moisture content is controlled . 

Air conditioning consists of three main units  : -  

a) Indoor unit (fan coil unit), for closed areas such that shops  ,hotel rooms, 

offices, gym...etc. In our project, the FCU loads (in VA) for each room or area 

have been provided to us, which it changes from 80VA to 600VA depending 

on the area it is used in. 

b) Indoor unit (air handling unit), for open areas such as  Reception, halls, 

coffeehouse, restaurants…etc. This hotel project has six An Air Handling Unit 

with loads 67.5 KVA. 

c) FRESH AIR HANDLING UNIT (FAHU) This hotel project has two FAHU 

with loads 93 KVA. 

d) Outdoor unit (chiller unit). the provided load values (KVA) of hotel chillers 

are 1029 KVA. 

e) Calorifier Unit, there are three Calorifiers in hotel. with provided load values 

of 862 KVA. 
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2.1.5. Kitchen Equipment’s 

The kitchen contains several types of machines used for cooking and food preservation. 

It contains ovens, refrigerators, dishwashers, kitchen extract fans and other equipment. 

With total loud 252 KVA. 

2.1.6. Motor Control Center (MCC) 

A motor control center (MCC) is an assembly to control some or all electric motors in 

a central location. In this Hotel Project, MCC consist of six pumps, three pumps used as 

primary and three used as secondary and PRS. the provided MCC parts loads is 76 KVA. 

2.1.7. Pumps 

The pump is a device, which can be used to raise or transfer fluids. The pumps may be 

used in different fields not raise & transfer fluids only. Types of pumps used in our hotel 

projects are: 

a) Water Transfer Pump with provided loud 15 KVA. 

b) Primary & Secondary Pump, which their loads value was mentioned in MCC. 

c) Booster Pumps, in hotel projects, there two types were used. As following: 

Emergency Booster Pump: with load of 0.30KVA, Circulation Booster Pump: with 

load of 2.10KVA. 

d) Fire-Fight Pumps (FF Pumps) The project has one FF pump with provided load 

186KVA. 

 

2.1.8. Garbage Compactor Machine 

A compactor is a machine or mechanism used to reduce the volume of materials such 

as waste materials or biomass through compaction. In the project the provided load is 3 

KVA.  

2.1.9. Hand and Hair Dryer 

These two devices are used in each room toilet in the hotel project, and their loads also 

provided in (VA).  

a) Hand Dryer: with load 200VA. 

b) Hair Dryer: with load of 1200 VA. 

 

2.1.10.  Gate Barrier 

A Gate barrier is a rod or pole that pivots to allow a boom to block vehicular or 

pedestrian access through a controlled point. The provided load of barrier is 3KV.  
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2.1.11.   Access Door Flat 

The access door system in the hotel is installed in each flat entry as known, and the 

provided load in VA for each unit is about 200VA. 

2.1.12.  Laundry Equipment 

Laundry Equipment means washers, washer/extractors, dryers, chest-type ironers, 

steam boiler, thermal fluid heater for ironer, lint control devices, linen folders, linen carts, 

dry cleaning equipment (if required), laundry sinks, air compressors, laundry scales and 

similar items used in the laundry operation of the Project. The total hotel loads of laundry 

equipment is provided as 488 kVA. 

 

 

2.2   Lighting Design 

Lighting is provided in industries, commercial buildings, indoor and outdoor for 

providing comfortable working environment. The primary objective is provided that the 

required lighting effect for the lowest installed load i.e., highest lighting at lowest power 

consumption. 

Lighting layout plan includes lighting, switches and switching layout. There are many 

kinds of rooms such as reception room, halls, offices living room, bedroom, dining room, 

kitchen, common area, study room and etc. This kind of rooms are not same necessary 

lighting lux levels. as shown in table (2.1) recommended light levels indoor in lux (lumens 

per sqm). 

 

Table (2. 1): recommended light levels indoor in lux (lumens per sqm). 
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The sources normally used in public lighting are; 

1. Incandescent lamps , 

2. Mixed incandescent and high-pressure mercury vapor lamps, 

3. High pressure mercury vapor lamps 

4. Tubular fluorescent lamps, 

5. Mercury-halide lamps and 

6. High-pressure sodium vapor lamps [1]. 

as shown in Figure (2.1) different common types of Light bulbs (Luminaires). 

 

Figure (2. 1): Types light Bulbs. 

 

2.2.1 Emergency lighting: 

Emergency lighting is lighting that operates in the event of a power outage, often 

as a result of a fire or a power outage. Sudden darkness that can occur as a result of a 

major power outage can cause panic and physical danger to building occupants. 

Emergency lighting is there to turn on automatically and must give enough light for 

people to exit the building safely. With such an important role to play in keeping people 

safe, it is essential that this lighting is regularly inspected and maintained, as shown in 

Figure (2.2) emergency lighting.  

 

Figure (2. 2): An example for Emergency Light. 
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2.2.2 Fundamentals of lighting & Definitions 

 

• Lamp: Energy conversion device that converts electrical energy into light. 

• Luminous flux (Φ): is the amount of light produced by a light source. Unit of 

measurement [𝐿𝑚]. 

• Lumen: It is the luminous flux per unit solid angle from a source of candle power 

𝐋𝐮𝐦𝐞𝐧 =  𝐂𝐚𝐧𝐝𝐥𝐞 𝐏𝐨𝐰𝐞𝐫 ∗  𝐒𝐨𝐥𝐢𝐝 𝐀𝐧𝐠𝐥𝐞                              (2. 1) 

• Luminous intensity (I):  Is the amount of light that a light source emits per unit 

solid angle (lumen / steradian). Unit of measurement Candela [cd]. 

                                                         𝐈 =
∅

𝛚
                                                              (2. 2) 

Where: 

  I: Light intensity [cd], ∅: Light Flux [𝐿𝑚], ω: Spatial Angle Size [rad/sec]. 

• Illuminance (E): Is the amount of light falling per unit surface area. Unit of 

measurement Lux [lx]. 

                                                    𝐄 =
∅

𝐀
                                                              (2. 3) 

Where: 

   E: intensity of illumination, ∅: Light Flux [𝐿𝑚], A: area on which the light falls [𝑚2]. 

• Lux: It is defined as the illumination of the inside of a sphere of radius 1 m at the 

center of which there is a source of (1) candlepower. 

• Luminance (L): Known also as (brightness) denotes the intensity of light per 

square meter of an illuminated surface. Unit of measurement [cd/𝑚2]. 

• Uniformity: Is the ratio of the minimum to the maximum illuminance. 

• Luminous efficiency: It indicates the quantity of light a particular light source 

emits per watt. Unit of measurement Lumen per watt [𝑙𝑚/w]. Symbol (η). 

• Lamp efficacy: It is defined as the ratio of the luminous flux to the power. It is 

expressed in lumen per watt. 

• Room index: Defines the relationship between height, length and width of a room. 

• Maintenance factor (M.F): Due to accumulation of dust, dirt and smoke on lamps, 

they emit when they are new ones and similarity that the walls and ceiling 0.9 for 

indoor application& (0.7 -0.9) for outdoor application. 

• Space high ratio: It is defined as the ratio of horizontal distance between adjacent 

lamps and bright of their mountains. 
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2.2.3 Design Procedure  

First, to plan the lighting, we need to choose the body we are going to use and the type of 

lamp. After that, you need to focus everything the object data such as the length, width and 

height of the room, the level of illumination should be selected according to the standard 

or as per the requirements of the scheme, returns from the walls, from the ceilings and the 

reduction factor as per schedules. It should also be taken Taking into account the length, 

width and height of the body. Its color as well as the type of lamp. 

Next, you need to calculate the Hall coefficient (𝑅𝐾), so that you can calculate the 

corresponding luminous flux according to the standard. Considered (𝑅𝐾) as according to 

the following formula: 

𝐇∗ = 𝐇 − 𝐇′                                                (2. 4) 

𝐑𝐊 =
𝟐∗𝐖+𝐋

𝟔𝐇′                                                         (2. 5) 

Where: 
W: The width of the hall [m].  

L:  The length of the hall [m]. 

H∗: The height of the light bulb from the illuminated area [m]. 

H:  Height of the hall[m]. 

H′: lamp height from the illuminated area[ m]. 

 

➢ The next step is to calculate the light flux: 

𝐀 = 𝐖 ∗ 𝐋                                                           (2. 6) 

∅𝐭 =
𝐄∗𝐀∗𝟏𝟎𝟎

𝐊∗𝛈
                                                        (2. 7) 

Where: 

∅t:  the flux of light. 

K:  Reduction factor. 

η: Reduction factor. 

 

➢ After that I will calculate the number of bodies that will give us the desired light 

flux. 

𝐧 =
∅𝐭

∅𝐋
                                                 (2. 8) 
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Where: 

n: number of lamps. 

∅L: Light flux of the body. 

➢ After we have calculated the number of bodies that need to be installed on the site, 

I will define the conditions for their installation: 

S - the maximum distance between one lighting fixture and another. 

𝐒∗ = 𝟏. 𝟑 ∗ 𝐇∗                                          (2. 9) 

Finally, we will only have to calculate the distances between the light fixtures and the 

distances from the walls to the light fixtures. 

𝐖∗ =
𝐖−(𝐖𝐋∗𝐧𝐖)

𝐧𝐖
                                    (2. 10) 

Where: 

W∗: Distance between one lighting fixture and another in width. 

nW: Quantity of lighting fixtures in width. 

WL: Width of light fixture. 

 

 

 

𝐋∗ =
𝐋−(𝐋𝐋∗𝐧𝐋)

𝐧𝐋
                                              (2. 11) 

Where: 

l∗: Distance between one lighting fixture and another in length. 

nL: Quantity of lighting fixtures in length. 

lL: length of light fixture. 

𝐝𝐋 =
𝐋∗

𝟐
                                               (2. 12) 

 Where: 

dL: Distance of light fixture to walls in length. 

𝐝𝐖 =
𝐖∗

𝟐
                                            (2. 13) 

Where: 

dW: Distance of lighting fixture to walls in width. 
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 Example for calculating interior lighting (calculation for staff canteen in service 

floor): 

Table (2. 2): Account details for staff canteen in service floor: 

 

❖ need to calculate: 

• Quantity and order of lighting fixtures. 

• What is the power and current consumed. 

H∗ = H − H′ = 4 − 0.75 = 3.25m 

RK =
2∗W+L

6H′  =
2∗13+9

6∗0.75
= 7.778 

A = W ∗ L = 13 ∗ 9 = 117 

∅t =
E ∗ A ∗ 100

K ∗ η
=

500 ∗ 117 ∗ 100

0.8 ∗ 69.11
= 105809.579  lm 

We assumed that η = 69.11 

Having calculated the general luminous flux required, we calculate the number of objects 

that will give us this luminous flux: 

n =
∅t

∅L
=

105809.579

4800
= 22.04 

Selected: n = 22 

Now calculate the energy consumed: 

pt = p ∗ n = 63 ∗ 22 = 1386 W 

Current consumption of data sheet page (37): 

U =
Emax

Emin
=

1875

853
= 2.198 
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IT =
PT

U ∗ cos θ ∗ √3
=

1386

2.198 ∗ 1 ∗ √3
= 364.06A 

The distances between the body and between the body and the wall are also taken into 

account. 

W∗ =
W − (WL ∗ nW)

nW
=

13 − (60 ∗ 5)

5
= 57.4m 

L∗ =
L − (LL ∗ nL)

nL
=

9 − (60 ∗ 4)

4
= 57.7m 

dL =
L∗

2
=

57.7

2
= 28.85 cm 

dW =
W∗

2
=

57.825

2
= 28.9 cm 

S∗ = 1.3 ∗ H∗ = 1.3 ∗ 3.25 = 4.22m 

 

 

❖ Arrange the staff canteen lighting fixtures on the service floor 

 

Figure (2. 3): staff canteen on the service floor 

Work has been done to distribute lighting in all buildings based on the previous steps that 

were calculated for the staff canteen on the service floor. 
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❖ Data Sheet for Luminescent Body:  

 

Figure (2. 4): Data Sheet for Luminescent Body. 

 

This table (2.3) shows the lighting used in all the buildings, as it was distributed using the 

Deluxe program. see in Appendix B (page 135). 
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Table (2. 3): The lighting used: 

 

No.
Autocad 

Symbol
Load (W)

1 B4 28

2 B5 356

3 C1 65.6

4 C2 38

5 C3 27

7 C5 14

8 C6 78

9 C7 28

10 C8 42

11 C9 60

BEGA 2005 1 T16 

24W

TRILUX 

1280H/1TCD13+012

80O E Downlights 

128...

CENTRUMVOORLI

CHTARCHITECTU

UR 21000005 

Flowerflux 60cm 

3x22W - TL5C 22W

2GX13 22 W

IVALO 777 HF Sol - 

pendant luminaire 

11W FSD 2G7

TRILUX 

7403N/TC11 E 

Surface-mounted 

diffuser luminaires 

740···

CENTRUMVOORLI

CHTARCHITECTU

UR 15015050 W-

1845.0000 - A60 

60W E27 60 W

 Item Description

Fagerhult 300652_26 

Esplanad Bollard 

1xTC-TEL

BEGA 8824 4 HME 

80W

Philips Trilogy 170 

FBH170 2xPL-

C/2P26W/840 CON

Philips Europa 2 

FBS120 2xPL-

C/4P18W/840 HF O

Luminaire
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12 F1 56

13 F2 63

14 F3 55

15 F4 110

16 F5 133

17 F6 80

18 FL 28

19 FS 89

20 L2 24

21 W1 65.6

22 W2 19

22 W3 22

TRILUX 6541/15 E 

Wall-mounted 

luminaires for mirror 

lighting 65···

Clearvision 

ADR6.240/SP 

Recessed 2 x 40watt 

A/H lluminaire

BEGA 8034 1 TC-

TEL 26W

TRILUX 9901/80-

125HME/80W IND 

Post-top and bracket-

mounted luminaires 

990···

BEGA 4236 1 TC-D 

18W

Philips Adante 

FWG620 2xPL-

C/2P26W/840 CON 

A DG

CENTRUMVOORLI

CHTARCHITECTU

UR 15015333 W-

1547.0118 - TC-TE 

18W G24 q-2

18 W

Philips TMX204 

2xTL-D58W/840 

CON +GMX430

Clearvision 

CR6.414/SP 

Recessed 4 x 14watt 

lay - in luminaire

Philips IMPALA 

TBS160 4xTL5-

14W/840 HF C3

TRILUX 

1330F/158O E 

Surface-mounted 

diffuser luminaires 

1330···

TRILUX 

1530F/158O E 

Surface-mounted 

diffuser luminaires 

1530···
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2.3   Hotel Load Estimation Study 

In order to design an installation, the actual maximum load demand likely to be imposed 

on the power-supply system must be assessed. To base the design simply on the arithmetic 

sum of all the loads existing in the installation would be extravagantly uneconomical, and 

bad engineering practice.  

The installed apparent power is commonly assumed to be the arithmetical sum of the 

kVA of individual loads. The maximum estimated kVA to be supplied however is not equal 

to the total installed kVA. [1] 

2.3.1 Factors to Estimate Actual Maximum Hotel kVA Demand  

All individual loads are not necessarily operating at full rated nominal power nor 

necessarily at the same time. Factors 𝑘𝑢 and 𝑘𝑠 allow the determination of the maximum 

power and apparent-power demands actually required to dimension the installation. 

a) Maximum Utilization Factor (or Demand Factor) (𝑘𝑢) 

It is defined as the ratio of the maximum coincident demand of a system, or part of a 

system, to the total connected load of the system.  

                                                𝐤𝐮 =  
𝐌𝐚𝐱𝐢𝐦𝐮𝐦 𝐃𝐞𝐦𝐚𝐧𝐝

𝐓𝐨𝐭𝐚𝐥 𝐂𝐨𝐧𝐧𝐞𝐜𝐭𝐞𝐝 𝐋𝐨𝐚𝐝
                                                 (2. 14) 

This factor must be applied to each individual load, with particular attention to electric 

motors, which are very rarely operated at full load. 

The values of ku is as following:[1] 

• For motors is 0.75,  

• For Lights is 1,  

• For Sockets the factors depend entirely on the type of appliances being 

supplied from the sockets concerned we approximate it is 0.8,  

• For Electric Vehicle is 1, and these values will be used in our hotel project. 

 

b) Diversity factor (ks) 

It is defined as the ratio of the sum of the individual maximum demands of the various 

sub circuit of a system to the maximum demand of the whole system. 

                           𝐤𝐬 =  
𝐒𝐮𝐦 𝐨𝐟 𝐈𝐧𝐝𝐢𝐯𝐢𝐝𝐮𝐚𝐥 𝐌𝐚𝐱𝐢𝐦𝐮𝐦 𝐃𝐞𝐦𝐚𝐧𝐝𝐬

𝐌𝐚𝐱𝐢𝐦𝐮𝐦 𝐃𝐞𝐦𝐚𝐧𝐝 𝐨𝐟 𝐭𝐡𝐞 𝐒𝐲𝐬𝐭𝐞𝐦
                               (2. 15) 

The Diversity Factor is applied to each group of loads (e.g., being supplied from a 

distribution or sub-distribution board). 
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The following tables (2.4), (2.5), (2.6) shows the different applications of diversity 

factor in electrical installation system, which we will use in our hotel project design. 

Table (2. 4): Example of diversity factors for apartment block:[1] 

 

Table (2. 5): Rated diversity factor for distribution boards:[1] 

 

Table (2. 6): Diversity factor according to circuit function:[1] 
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In order to calculate the current in each circuit then select cable sizes for the distribution 

circuits of an installation, the current I (in amps) through a three-phase circuit is determined 

from the equation (2.9), and for single phase circuit from equation (2.10): 

                                                               𝐈 =  
𝐤𝐕𝐀 𝐱 𝟏𝟎𝟑

𝐔 𝐱 √𝟑
                                                            (2. 16) 

𝐈 =  
𝐤𝐕𝐀 𝐱 𝟏𝟎𝟑

𝐕
                                                           (2. 17) 

2.3.2 Hotel Floors Loads 

In this project, divided the electrical loads has been divided into two main loads, non-

essential loads and emergency (essential & critical) loads.  

The Non-essential loads include the loads, which withstand to supply Interruption for 

any period of time without causing series Problems, lighting, small power sockets, air-

conditioning.  

In other hand, the emergency loads include the loads, which should have a reliable 

supply and are secure from power failure as fire alarm system, Elevators, ventilation 

system, stair lighting, Pumps, sockets for CCTV camera system, FCU… etc. 

 

2.3.2.1 Ground Floor Loads Example 

The ground floor has been taken as example to show the way used in designing and 

calculating each floor loads. Also, then drawing the lighting & sockets plan by AutoCAD 

for each floor. In addition, as mentioned before loads have been divided into non-essential 

loads and emergency (essential & critical) loads. 

Then collecting each kind of loads to one group. As example, group A for normal daily 

loads, and group B for emergency loads. Then, finally, these groups will finally be 

considered as Floor Distribution Board (DB). 

 Each light, sockets and other loads circuit has a number called circuit number (or CT 

No. in tables). The following figures will show distribution for lights and sockets circuits 

for ground floor. Figure (2.5) shows the light plan and figure (2.6) also shows the sockets 

plane drawn by AutoCAD. 

In addition, each light circuit may have more than one type of luminaires, figure (2.7) 

shows two types of lamps, F3 and W3 which mentioned in table (2.2) .in the light circuit 

13 in ground floor. Also figure 2.31 shows the design of emergency light circuit.  

Figure (2.9) shows an example for non-essential loads and emergency loads design for 

sockets circuits, DB.GF.EM.30 which is for CCTV, DB.GF.12 for general use of socket, 

DB.GF.22 for FCU socket outlet. 
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Figure (2. 5): a plane for light circuits for ground floor by AutoCAD. 

 

 

Figure (2. 6): a plane for socket circuits for ground floor by AutoCAD. 

 

 

Figure (2. 7): Example for designed light circuit has two types of luminaries. 



23 
 

 

Figure (2. 8): Example for designed emergency light circuit. 

 

 

Figure (2. 9): Example for designed Non-essential & Emergency socket and FCU circuit. 

 

the methodology used in design was as following, for lights, we calculated each 

luminaire type load in VA (assuming P.F. 0.8) as Dialux Evo software distributed them in 

each zone area, then the lights loads have been distributed into circuits, also calculating 

each socket type (estimated normal socket and provided other loads like FCU), then also 

divided them into sockets circuits. This way used for non-essential loads and emergency 

loads. 

Table (2.10) shows the design calculations for the non-essential loads type for lights, 

sockets and FCU loads, then named as DB.GF @ GROUND FLR. 



24 
 

In other hand, table (2.11) shows design calculations for emergency loads type for lights, 

sockets and FCU loads, then named as DB.GF EM @ GROUND FLR. 

 

Table (2. 7): non-essential loads type ground floor, which named as DB.GF @ GROUND 

FLR. 

 

 

Table (2. 8): emergency loads type ground floor, which named as DB.GF EM @ 

GROUND FLR. 

 

CT 

No.
Description

Luminaire 

AutoCad 

Symbol

Total 

Luminaire 

Total 

Load (W)

Power 

Factor

Total 

Circuit 

Load 

(VA)

CT 

No.
Description

Total 

Circuit 

Load 

(VA)

1 LIGHT F2 4 252 0.8 315 2 SOCKET 800

3 LIGHT C2 12 456 0.8 570 4 SOCKET 1200

5 LIGHT C5,F2,F3 7 360 0.8 450 6 SOCKET 400

7 LIGHT C8,W2 6 160 0.8 200 8 SOCKET 800

9 LIGHT C2 10 380 0.8 475 10 SOCKET 600

11 LIGHT C2 18 684 0.8 855 12 SOCKET 600

13 LIGHT F3,W2 5 239 0.8 299 14 SOCKET 600

15 LIGHT C2 14 532 0.8 665 16 SOCKET 1000

17 LIGHT C2 19 722 0.8 903 18 SOCKET 1200

19 LIGHT F1 2 112 0.8 140 20 LV RM-2 FCU 300

21 LIGHT W3,C5 10 172 0.8 215 22 BACK OFF.FCU 80

23 LIGHT C2,C5 17 550 0.8 688 24 CONTROL OFF.FCU 80

25 LIGHT FL 6 168 0.8 210 26 CORRIDOR FCU 80

27 LIGHT FL 6 168 0.8 210 28 SPACE -

- - - - - - - 29 TEL.RM FCU 300

- - - - - - - 30 BMS RM.FCU 80

- - - - - - - 31 W.SITTING AREA.FCU 500

- - - - - - - 32 L.V RM-1 FCU 300

6.19 8.92POWER LOAD (kVA)LIGHT LOAD (kVA)TOTAL CONNECTED 

CT 

No.
Description

Luminaire 

AutoCad 

Symbol

Total 

Luminaire 

Total 

Load (W)

Power 

Factor

Total 

Circuit 

Load 

(VA)

CT 

No.
Description

Total 

Circuit 

Load 

(VA)

1

GF,MEZZ 

TO 

3PARKING

C8 10 420 0.8 525 2 SOCKET 800

3 LIGHT F3,W2 8 368 0.8 460 4 OUTLET FOR CR. 200

5 LIGHT W2,W3 6 126 0.8 158 6 OUTLET FOR CR. 200

7 LIGHT C5 5 70 0.8 88 8 SOCKET 600

9

GF,MEZZ 

TO 

3PARKING

C8 10 420 0.8 525 10 OUTLET FOR CCTV,CR. 600

11 LIGHT C5 12 168 0.8 210 12 SOCKET 600

13 LIGHT F3 2 110 0.8 138 14 SOCKET 800

15 LIGHT F3 4 220 0.8 275 16 SOCKET 800

17 LIGHT F3 4 220 0.8 275 18 SOCKET 800

19 LIGHT C5 7 98 0.8 123 20 LV RM-2 FCU 800

21 LIGHT C5 6 84 0.8 105 22 BACK OFF.FCU 600

23
STAIR 

LIGHT
C8 2 84 0.8 105 24 OUTLET FOR CCTV 200

25 LIGHT F3,W2 9 423 0.8 529 26 CORRIDOR FCU 800

27 LIGHT F4 8 880 0.8 1100 28  OUTLET FOR CCTV,CR. 400

29 LIGHT F3 10 550 0.8 688 30 OUTLET FOR CCTV 200

- - - - - - - - - -

5.30 8.40TOTAL CONNECTED LIGHT LOAD (kVA) POWER LOAD (kVA)
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The total load in kVA for each light, sockets outlet and FCU in ground floor was 

illustrated in table (2.7) & table (2.8), same method is used in the other floors to calculate 

the loads in kVA. For more details about floors loads, see in Appendix C (page 136). 

 

2.3.2.2 All Hotel Floor loads 

In this section, all hotel electrical loads were combined then listed in table (2.9). 

Moreover, emergency loads were considered and listed in table (2.10). 

For making real load estimation, demand factor (ku) and diversity factor (ks) were used 

in both tables referred to table (2.4), table (2.5) and table (2.6). 

Total connected loads (KVA), total demand loads (KVA) and total demand loads 

current (A) for all hole electrical loads and emergency loads were calculated in both tables. 
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Table (2. 9): All Hotel Non-Essential Electrical Loads Types.  

 

Floor
Group Load 

Name (DB)

Feed 

From 

SMDB

Phase

Connected

Light 

Load 

(KVA) 

Connected 

Power 

Load  

(KVA) 

ku 

Lights 

Loads

ku 

Power 

Load

ks 

for 

DB

Demand 

Light 

Load 

(KVA) 

Demand 

Power 

Load  

(KVA) 

Total 

Load 

Demand 

(KVA)

Total 

Demand 

Ampere 

(A)

DB.GF 3PH 6.19 8.92 1 0.8 0.9 5.57 6.42 11.99 17.31

GARBAGE 

COMPACTOR
3PH - 3.00 - 0.75 1 - 2.25 2.25 3.25

FF PUMP 3PH - 186.00 - 0.75 0.75 - 104.63 104.63 151.01

DB.MEZ. 3PH 8.10 9.50 1 0.8 0.9 7.29 6.84 14.13 20.39

DB.SHOP1 3PH 0.60 2.18 1 0.8 0.9 0.54 1.57 2.11 3.04

DB.SHOP2 3PH 0.60 2.18 1 0.8 0.9 0.54 1.57 2.11 3.04

1
st

. 

P
a

rk
in

g
 

F
lo

o
r

DB.1st PAR. 3PH 2.80 4.64 1 0.8 0.9 2.52 3.34 5.86 8.46

2
n

d
 

P
a

rk
in

g
 

F
lo

o
r

DB.2nd PAR. 3PH 3.30 3.16 1 0.8 0.9 2.97 2.28 5.25 7.57

DB.3rd PAR. 3PH 3.50 4.92 1 0.8 0.9 3.15 3.54 6.69 9.66

FAHU 3PH - 30.00 - 0.75 1 - 22.50 22.50 32.48

DB.S.KIT. 3PH 5.30 4.28 1 0.8 0.9 4.77 3.08 7.85 11.33

REST. AHU 3PH - 15.00 - 0.75 1 - 11.25 11.25 16.24

S.KITCHEN 

AHU
3PH - 3.00 - 0.75 1 - 2.25 2.25 3.25

KITCHEN 

EQUIPMENT
3PH - 239.50 - 0.75 0.75 - 134.72 134.72 194.45

DB.RST. 3PH 14.85 5.30 1 0.8 0.9 13.37 3.82 17.18 24.80

DB.KIT. 3PH 3.00 2.40 1 0.8 0.9 2.70 1.73 4.43 6.39

 DB.SER. 3PH 10.55 5.40 1 0.8 0.9 9.50 3.89 13.38 19.32

DB-

LOUNDARY
3PH 2.30 1.80 1 0.8 0.9 2.07 1.30 3.37 4.86

LOUNDARY 

EQUIPM.
3PH - 244.00 1 0.75 0.60 - 109.80 109.80 158.48

MAIN 

KITCHEN 

AHU

3PH - 15.00 1 0.75 1 - 11.25 11.25 16.24

LOUNDARY 

AHU
3PH - 4.50 1 0.75 1 - 3.38 3.38 4.87

LOUNDARY 

EQUIPM.2
3PH - 244.00 1 0.75 0.60 - 109.80 109.80 158.48

DB.G.PR 3PH 7.65 3.10 1 0.8 0.9 6.89 2.23 9.12 13.16

 DB.L.PR 3PH 6.70 2.96 1 0.8 0.9 6.03 2.13 8.16 11.78

DB.IT 3PH 1.90 4.42 1 0.8 0.9 1.71 3.18 4.89 7.06

G. 

PRAYER.AHU
3PH - 15.00 1 0.75 1 - 11.25 11.25 16.24

F. 

PRAYER.AHU
3PH - 15.00 1 0.75 1 - 11.25 11.25 16.24

DB.FLAT 1 1PH 2.10 5.38 1 0.8 0.46 0.97 1.98 2.95 12.81

DB.FLAT(2) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85

DB.FLAT(3) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85

DB.FLAT(4) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85

DB.FLAT(5) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85

DB.FLAT(6) 1PH 1.30 3.10 1 0.8 0.46 0.60 1.14 1.74 7.56

DB.FLAT(7) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85

DB.FLAT(8) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85

DB.FLAT(9) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85

DB.FLAT(10) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85

DB.FLAT(11) 1PH 0.90 2.50 1 0.8 0.46 0.41 0.92 1.33 5.80

DB.FLAT(12) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85

DB.FLAT(13) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85

DB.FLAT(14) 1PH 0.60 2.20 1 0.8 0.46 0.28 0.81 1.09 4.72

DB.FLAT(15) 1PH 1.60 3.10 1 0.8 0.46 0.74 1.14 1.88 8.16

DB.FLAT(16) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85

DB.FLAT(17) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85

DB.FLAT(18) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85

DB.(FF.TO 15F.) 3PH 4.40 1.80 1 0.8 0.46 2.02 0.66 2.69 3.88

3
rd
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DB.FLAT(01) 1PH 3.40 6.00 1 0.8 0.46 1.56 2.21 3.77 16.40

DB.FLAT(02) 3PH 5.40 8.90 1 0.8 0.46 2.48 3.28 5.76 8.31

DB.FLAT(03) 1PH 2.85 5.98 1 0.8 0.46 1.31 2.20 3.51 15.27

DB.FLAT(04) 3PH 6.15 10.78 1 0.8 0.46 2.83 3.97 6.80 9.81

DB.16FLR 3PH 4.00 1.80 1 0.8 0.46 1.84 0.66 2.50 3.61

DB.OFFICE 3PH 4.95 6.68 1 0.8 0.46 2.28 2.46 4.74 6.83

DB.M.MAJ 3PH 7.00 4.00 1 0.8 0.46 3.22 1.47 4.69 6.77

DB.W.MAJ 3PH 4.10 2.40 1 0.8 0.46 1.89 0.88 2.77 4.00

DB.17F. 3PH 4.05 1.80 1 0.8 0.46 1.86 0.66 2.53 3.65

GUEST LIFT 2 3PH - 9.00 - 0.75 1 - 6.75 6.75 9.74

GUEST LIFT 4 3PH - 9.00 - 0.75 1 - 6.75 6.75 9.74

GUEST LIFT 6 3PH - 9.00 - 0.75 1 - 6.75 6.75 9.74

FAHU 3PH - 63.00 - 0.75 1 - 47.25 47.25 68.20

EM. 

BOOSTER 

PUMP

1PH - 0.30 - 0.75 0.75 - 0.17 0.17 0.73

CIRC. 

BOOSTER 

Pump

3PH - 2.10 - 0.75 0.75 - 1.18 1.18 1.70

CALORIFIER 

1
3PH - 287.00 - 0.75 1.00 - 215.25 215.25 310.69

CALORIFIER 

2
3PH - 287.00 - 0.75 1.00 - 215.25 215.25 310.69

CALORIFIER 

3
3PH - 288.00 - 0.75 1.00 - 216.00 216.00 311.77

MCC-

PRIMARY 

PUMP 1

3PH - 10.00 - 0.75 0.75 - 5.62 5.62 8.12

MCC-

PRIMARY 

PUMP 2

3PH - 10.00 - 0.75 0.75 - 5.62 5.62 8.12

MCC-

PRIMARY 

PUMP 3

3PH - 10.00 - 0.75 0.75 - 5.62 5.62 8.12

MCC-

SECONDARY 

PUMP 1

3PH - 15.00 - 0.75 0.75 - 8.44 8.44 12.18

MCC-

SECONDARY 

PUMP 2

3PH - 15.00 - 0.75 0.75 - 8.44 8.44 12.18

MCC-

SECONDARY 

PUMP 3

3PH - 15.00 - 0.75 0.75 - 8.44 8.44 12.18

PRS 1PH - 1.00 1 0.75 0.75 - 0.56 0.56 2.45

CHILLER-1 

CKT-1
3PH - 171.00 1 0.7 1 - 119.70 119.70 172.77

CHILLER-1 

CKT-2
3PH - 172.00 - 0.7 1 - 120.40 120.40 173.78

CHILLER-2 

CKT-1
3PH - 171.00 - 0.7 1 - 119.70 119.70 172.77

CHILLER-2 

CKT-2
3PH - 172.00 - 0.7 1 - 120.40 120.40 173.78

CHILLER-3 

CKT-1
3PH - 171.00 - 0.7 1 - 119.70 119.70 172.77

CHILLER-3 

CKT-2
3PH - 172.00 - 0.7 1 - 120.40 120.40 173.78

2,558.75 -

- 4,739.31

Total Connected Load (KVA) 3,372.56 Total Load Demand (KVA)

Total Load Demand Current (A)
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Table (2. 10): All Hotel Electrical Emergency Loads Types. 

 

Floor
Group Load 

Name (DB)

Feed 

From 

SMDB

Phase

Connected

Light 

Load 

(KVA) 

Connected 

Power 

Load  (KVA) 

ku 

Lights 

 Loads

ku 

Power 

Load

ks 

for 

DB

Demand 

Light 

Load 

(KVA) 

Demand 

Power 

Load  

(KVA) 

Total Load 

Demand 

(KVA)

Total Demand 

Ampere  (A)

DB.GF EM 3PH 5.30 8.40 1 0.8 0.9 4.77 6.05 10.82 15.61

FRISH AIR 

TXF.1@2P
3PH - 6.50 - 1 1 - 6.50 6.50 9.38

GATE BARRIER 1PH - 3.00 1 0.8 0.9 - 2.16 2.16 9.39

WATER TR. 

PUMP
3PH - 15.00 - 0.75 0.75 - 8.44 8.44 12.18

M
e
z
z
a

n
in

 

F
lo

o
r

DB.MEZ. EM. 1PH 3.30 0.60 1 0.8 0.9 2.97 0.43 3.40 14.79

1
st

. 

P
a

r
k

in

g
 F

lo
o

r

 DB.1st PAR.EM 3PH 2.40 3.40 1 0.8 0.9 2.16 2.45 4.61 6.65

2
n

d
 

P
a

r
k

in

g
 F

lo
o

r

DB.2nd PAR.EM 3PH 2.90 2.80 1 0.8 0.9 2.61 2.02 4.63 6.68

3
r
d

 

P
a

r
k

in

g
 F

lo
o

r

DB.3rd PAR.EM 3PH 2.50 2.20 1 0.8 0.9 2.25 1.58 3.83 5.53

R
e
st

u
r
a

n
t 

 F
lo

o
r

DB.RST.EM 3PH 4.85 0.80 1 0.8 0.9 4.37 0.58 4.94 7.13

S
e
r
v

ic
e
 

F
lo

o
r

DB.SER.EM 1PH 3.10 0.80 1 0.8 0.9 2.79 0.58 3.37 14.63

P
r
a

y
in

g
 

 F
lo

o
r

DB.IT EM. 1PH 3.00 0.60 1 0.8 0.9 2.70 0.43 3.13 13.62

DB.1.FF.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.FF.EM 3PH 4.00 3.80 1 0.8 0.44 1.76 1.34 3.10 4.47

DB.1.2F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.2F.EM 1PH 1.40 2.60 1 0.8 0.44 0.62 0.92 1.53 6.66

DB.1.3F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.3F.EM 1PH 1.40 2.60 1 0.8 0.44 0.62 0.92 1.53 6.66

DB.1.4F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.4F.EM 1PH 1.40 2.60 1 0.8 0.44 0.62 0.92 1.53 6.66

DB.1.5F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.5F.EM 1PH 1.40 2.60 1 0.8 0.44 0.62 0.92 1.53 6.66

DB.1.6F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.6F.EM 1PH 1.40 2.60 1 0.8 0.44 0.62 0.92 1.53 6.66

DB.1.7F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.7F.EM 3PH 4.00 3.80 1 0.8 0.44 1.76 1.34 3.10 4.47

DB.1.8F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.8F.EM 1PH 1.40 2.60 1 0.8 0.44 0.62 0.92 1.53 6.66

DB.1.9F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.9F.EM 1PH 1.40 2.60 1 0.8 0.44 0.62 0.92 1.53 6.66

DB.1.10F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.10F.EM 1PH 1.40 2.60 1 0.8 0.44 0.62 0.92 1.53 6.66

DB.1.11F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.11F.EM 1PH 1.40 2.60 1 0.8 0.44 0.62 0.92 1.53 6.66

DB.1.12F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.12F.EM 1PH 1.40 2.60 1 0.8 0.44 0.62 0.92 1.53 6.66

DB.1.13F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.13F.EM 3PH 4.00 3.80 1 0.8 0.44 1.76 1.34 3.10 4.47

DB.1.14F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.14F.EM 1PH 1.40 2.60 1 0.8 0.44 0.62 0.92 1.53 6.66

DB.1.15F.EM 3PH 1.80 3.60 1 0.8 0.44 0.79 1.27 2.06 2.97

DB.2.15F.EM 1PH 1.40 2.60 1 0.8 0.44 0.62 0.92 1.53 6.66

SDB.EM.ROOF 3PH 0.00 0.00 1 0.8 0.44 0.00 0.00 0.00 0.00
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DB.16F.EM. 3PH 3.20 2.00 1 0.8 0.44 1.41 0.70 2.11 3.05
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DB.17F.EM. 3PH 2.90 2.80 1 0.8 0.44 1.28 0.99 2.26 3.26
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2.4   Summary 

An overview electrical load has been shown, then the procedures of lights and sockets 

outlet design has been discussed, also equations & factors for design and load calculations 

were used.  

Finally, all kinds of electrical hotel loads were listed in tables. So that the result of Total 

demand loads is 2,759.41 (KVA), and total demand loads current is 4,739.31 (A). 

  

GUEST LIFT 1 3PH - 9.00 - 0.75 1 - 6.75 6.75 9.74

GUEST LIFT 3 3PH - 9.00 - 0.75 1 - 6.75 6.75 9.74

GUEST LIFT 5 3PH - 9.00 - 0.75 1 - 6.75 6.75 9.74

SERVICE LIFT 1 3PH - 9.00 - 0.75 1 - 6.75 6.75 9.74

SERVICE LIFT 2 3PH - 10.00 - 0.75 1 - 7.50 7.50 10.83

CRADLE1 3PH - 3.00 - 0.8 0.90 - 2.16 2.16 3.12

CRADLE2 3PH - 3.00 - 0.8 0.90 - 2.16 2.16 3.12

BOOSTER PUMP 

1
3PH - 3.00 - 0.75 0.75 - 1.69 1.69 2.44

BOOSTER PUMP 

2
3PH - 2.10 - 0.75 0.75 - 1.18 1.18 1.70

KITCHEN EXTR. 

FAN 1
3PH - 8.00 - 0.75 0.75 - 4.50 4.50 6.49

KITCHEN EXTR. 

FAN 2
3PH - 4.50 - 0.75 0.75 - 2.53 2.53 3.65

STAIR PRESS.1 3PH - 9.00 - 0.75 0.75 - 5.06 5.06 7.31

STAIR PRESS.2 3PH - 9.00 - 0.75 0.75 - 5.06 5.06 7.31

STAIR PRESS.3 3PH - 9.00 - 0.75 0.75 - 5.06 5.06 7.31

LOBBY PRESS. 3PH - 3.00 - 0.75 0.75 - 1.69 1.69 2.44

SMOKE EXTR. 

FAN
3PH - 1.50 - 0.75 0.75 - 0.84 0.84 1.22

FRISH AIR 

TXF.1@RF
3PH - 13.00 - 0.75 1 - 9.75 9.75 14.07

DB-EM.ROOF 3PH 3.00 4.20 1 0.8 0.9 2.70 3.02 5.72 8.26

200.66 -

- 378.03

Total Connected Load (KVA) 356.05 Total Load Demand (KVA)

Total Load Demand Current (A)
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Chapter Three 

 

Conductors Sizing & Voltage Drop Testing 

 

 

3.1 Methodology 

3.2 Cable Sizing 

3.3 Protective Earthing Conductor (PE) 

3.4 Voltage Drop Testing 

3.5 Sizing of Busbar Trunking Systems (Busways) 

3.6 Summary 

 

 

 

 

 

 

 

 

 



31 
 

3.1  Methodology  

The cabling and its protection at each level must satisfy several conditions at the same 

time, in order to ensure a safe and reliable installation, e.g., it must : 

• Carry the permanent full load current, and normal short-time overcurrent, 

• Not cause voltage drops likely to result in an inferior performance of certain 

loads. 

Moreover, the protective devices (circuit breakers or fuses) must: 

• Protect the cabling and busbars for all levels of overcurrent, up to and including 

short-circuit currents, 

• Ensure protection of persons against indirect contact hazards (fault protection). 

[1] 

The block diagram as shown in the figure (3.1) shows the methodology used for sizing the 

cables and protective devices in the project. 

 

 

Figure (3. 1):  Flow-chart for the selection of cable size and protective device. 
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In cable sizing and protection, there is definitions must to be known: 

• Maximum load current (𝐈𝐁): At the final circuit’s level, this current 

corresponds to the rated kVA of the load. 

 

• Maximum permissible current (𝐈𝐙): is the maximum permissible that the 

cabling for the circuit can carry indefinitely, without reducing its normal life 

expectancy.  

 

The current depends, for a given cross sectional area of conductors, on several parameters: 

 

a) Constitution of the cable and cable-way (Cu or Alu conductors; PVC or 

XLPE insulation; number of active conductors), 

b) Ambient temperature, 

c) Method of installation, 

d) Influence of neighboring circuits. 

 

• Overcurrent’s: An overcurrent occurs each time the value of current exceeds 

the maximum load current 𝐈𝐁 for the load concerned. Two types of overcurrent 

are distinguished: Overloads and Short-circuit currents 𝐈𝐒𝐂. 

 

 

3.2   Cable sizing  

There are factors must to be known before determining the needed cable cross-sectional 

area. 

 

3.2.1 Methods of Cable installation 

It is important to determine the wiring systems and installation methods in any 

project, to  obtain the current carrying capacity of each cable. Figure (3.3) shows the cable  

installation methods. 
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Figure (3. 2): Cable installation methods (part of table A.52.3 of IEC 60364-5-52) [1]. 
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3.2.2 Correction factors 

The cross-sectional area of cables is determined using the current-carrying capacity of 

the cable 𝐈𝐙, multiplied by correction factors: Data sheet in appendix D (page 137). 

𝐈𝐙
′ = 𝐈𝐙 ∗  𝐊𝟏 ∗  𝐊𝟐 ∗  𝐊𝟑 ∗  𝐊𝟒                               (3. 1) 

Where: 

𝐈𝐙
′ : "corrected" current carrying capacity of the cable in real installation conditions. 

𝐈𝐙: Current carrying capacity of the cable in the reference installation method. 

𝐊𝟏: Correction factor, ambient temperature. 

𝐊𝟐: Correction factor, Ground temperature. 

𝐊𝟑: Correction factor, Soil thermal resistivity. 

𝐊𝟒: Correction factor, grouping of conductors or cables, table (3.4) shows the values of 

correction factor k4 for different configurations of unburied cables or conductors, grouping 

of more than one circuit or multi-core cables. 

 

Table (3. 1): reducing agents (k4) [1]: 

 

 

3.2.3 Using recommended simplified approach for cables 

In order to facilitate the selection of cables, two simplified tables are proposed from 

IEC 60364-5-52, for unburied and buried cables.  

The tables summarize the most frequently used configurations and provide easier access to 

information. Table (3.2) shows the current ampere in amperes for unburied copper cables, 

and Table (3.3) shows the current capacity in amperes for buried copper cables. 
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Table (3. 2): Current-carrying capacity in amperes for copper unburied cables (table 

C.52.1 of IEC 60364-5-52) [1]: 

 

 

 

Table (3. 3) Current-carrying capacity in amperes for copper buried cables (table B.52-1 

of IEC 60364-5-52) [1]: 
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3.3   Protective Earthing Conductor (PE) 

The Protective (PE) conductors provide the bonding connection between all exposed 

and extraneous conductive parts of an installation, to create the main equipotential bonding 

system. These conductors conduct fault current due to insulation failure (between a phase 

conductor and an exposed conductive part) to the earthed neutral of the source. PE 

conductors are connected to the main earthing terminal of the installation. 

3.3.1 Connection of PE 

The main earthing terminal is connected to the earthing electrode by the earthing 

conductors. PE conductors must be: 

• Insulated and colored yellow and green (stripes). 

• Protected against mechanical and chemical damage. 

The connection of PE conductors must be: 

• Not include any means of breaking the continuity of the circuit (such as a 

switch, removable links, etc.) 

• Connect exposed conductive parts individually to the main PE conductor, i.e., 

in parallel, not in series, as shown in figure (3.3). 

• Have an individual terminal on common earthing bars in distribution boards. 

 

 

Figure (3. 3): Connection the PE in parallel not in series [1]. 
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3.3.2 PE Conductor Sizing 

There are two methods used in PE conductor sizing, adiabatic method and Simplified 

method. In this project, the simplified method is used, which depends on the C.S.A of phase 

conductors 𝑆𝑃ℎ. As following formulas: 

When,  

𝐒𝐩𝐡  ≤ 𝟏𝟔 𝐦𝐦𝟐, 𝐒𝐏𝐄 = 𝐒𝐏𝐡                                    (3. 2) 

When,  

𝟏𝟔 < 𝐒𝐩𝐡  ≤ 𝟑𝟓 𝐦𝐦𝟐, 𝐒𝐏𝐄 = 𝟏𝟔 𝐦𝐦𝟐                       (3. 3)   

When, 

𝐒𝐩𝐡  > 𝟑𝟓 𝐦𝐦𝟐, 𝐒𝐏𝐄 =
𝐒𝐏𝐡

𝟐
                              (3. 4) 

 

3.4   Voltage Drop 

The impedance of circuit conductors is low but not negligible: when carrying load 

current there is a voltage drop between the origin of the circuit and the load terminals [1]. 

This section deals with methods of determining voltage drops, in order to check that : 

• They comply with the particular standards and regulations in force, 

• They can be tolerated by the load, 

• They satisfy the essential operational requirements. 

In this project, cable voltage-drop between the origin of an installation and any load 

point shall be limited to 5% and 8% values according to (IEC60364-5-52 table G.52.1). 

Figure (3.4) shows the maximum voltage drop from the source to the load’s terminals. 

 

Figure (3. 4):  Maximum Voltage Drop [1]. 
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3.4.1 Cables Voltage Drop 

 

Equation (3.5),(3.6) shows the calculation of the voltage drop and the effect on the 

parameters  in a given circle per kilometer of length. Data sheet in appendix D (page 

137). 

 

For single-phase system: 

 

                  ∆𝐯% =
∆𝐕

𝐕𝐧
𝐱𝟏𝟎𝟎% =

𝟐 𝐈𝐁 (𝐑 𝐜𝐨𝐬 ∅ + 𝐗 𝐬𝐢𝐧 ∅) 𝐋

𝐕𝐧
𝐱𝟏𝟎𝟎%                                      (3. 5) 

For balanced 3-phase system: 

 

               ∆𝐯% =
∆𝐕

𝐔𝐧
𝐱𝟏𝟎𝟎% =

√𝟑  𝐈𝐁 (𝐑 𝐜𝐨𝐬 ∅ + 𝐗 𝐬𝐢𝐧 ∅) 𝐋

𝐔𝐧
𝐱𝟏𝟎𝟎%                                    (3. 6) 

Where: 

 

∆𝑣% : Percent voltage drop (%) 

∆𝑉    : Absolute value of voltage drops (V) 

𝑉𝑛     : Phase-to-neutral voltage 

𝑈𝑛    : Phase-to-phase voltage 

𝐼𝐵      : The full load current in amps 

𝐿       : Length of the cable in kilometers 

𝑅       : Resistance of the cable conductor in Ω/km 

𝑋       : Inductive reactance of a conductor in Ω/km 

∅       : Phase angle between voltage and current in the circuit considered. 

    

Note: X is negligible for conductors of cables section area. less than 50 mm2. In the absence 

of any other information, take X as being equal to 0.08 Ω/km. 

Note: for Motor: At start-up: cos φ = 0.35, in normal service: cos φ = 0.85 

 

 Example 1: - Cable Sizing & Voltage Drop Testing Calculation Criteria: 

 

This example illustrates using manual calculation, for sizing the cross-sectional cable 

and testing the voltage drop for the cable at load terminal. 

Ground Fire Fighting Pump Tonnage with Detail Table (3.4): 
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Table (3. 4): Ground fire pump tonnage details: 

Cable Details 

System voltage (V) 400 

Type of Insulation N2YX/XLPE 

Type of conductor Copper 

Cable Length (meter) 44 

Load Example Details 

Power Rating of motor (KW) 161.82 

Efficiency ( 𝜂 ) 0.95 

Power Factor 0.87 

Method of installation F 

Correction Factors: 

Ambient air temperature  (K1) / @ 30 °C 1 

Ground temperature  (K2) / @20 °C 1 

Soil Thermal Resistivity (K3) / Dry soil 1 

Grouping of conductors or cables (K4) / 2 multi core cables 0.87 

 

Using next equation, Full Load Current: 

𝐈𝐁 =
𝐏

√𝟑 𝐱 𝐔𝐧𝐱 𝛈 𝐱 𝐜𝐨𝐬 𝛗  
                                        (3. 7) 

IB =
161.82

√3 x 0.4 x 0.95 x 0.87  
= 282.4 A 

From table (3.2) for N2XY/XLPE cable used in the project. The current carrying capacity 

of the cable 𝐈𝐙, which is nearest to 𝐈𝐁 is 328A, which referred to cross sectional area of 

95𝑚𝑚2. 

Using Equation (3.1) the "corrected" current carrying capacity and taking K4 from Table 

(3.1): 

IZ
′ = IZ ∗  K1 ∗  K2 ∗  K3 ∗  K4 

= 328*1*1*1*0.87 = 285.36 A 

Note, that 𝐈𝐙
′  is greater than 𝐈𝐁, which is acceptable! 

Now, regarding voltage drop testing, at normal service (at running): 

R = 0.193 Ω/km   X = 0.08 Ω/km       ∅ = 29.54° 

cos ∅ = 0.87        sin ∅ = 0.49 
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 From equation (3.6): 

∆v% =
∆V

Un
x100% =

√3  IB (R cos ∅  +  X sin ∅) L

Un
x100% 

=
√3  x 282.4 x (0.193 x 0.87 + 0.08 x 0.49) x 0.044

400
x100% = 1.12 % 

This value is satisfactory  value. 

Now, testing voltage drop at start-up service, the power factor cos ∅ will be with low value, 

and from equation (3.6): 

R = 0.193 Ω/km   X = 0.08 Ω/km       ∅ = 69.51° 

cos ∅ = 0.35      sin ∅ = 0.94 

=
√3 x 2 x 282.4 x (0.193 x 0.35 + 0.08 x 0.94) x 0.044

400
x100% = 0.77 % 

This value is satisfactory value. 

 Example 2: - Cable Sizing & Voltage Drop Testing Calculation Criteria: 

 

Upload the emergency service database on the service floor with details as follows Table 

)3.5): 

Table (3. 5): Details of the emergency service database on the service floor: 

Cable Details 

System voltage (V)  230 

Type of Insulation N2YX/XLPE 

Type of conductor  Copper 

Cable Length (meter) 98 

Load Example Details 

Power Rating of DB (KW) 3.198 

Efficiency ( 𝜂 ) 1 

Power Factor 0.82 

 Method of installation E or F 

Correction Factors: 

Ambient air temperature (K1) / @ 30 °C 1 

Ground temperature (K2) / @20 °C 1 

Soil Thermal Resistivity (K3) / Dry soil 1 

Grouping of conductors or cables (K4) / 7 multi core cables 0.79 
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Using next equation (3.7), Full Load Current: 

IB =
3.198

230 x 1 x 0.82  
= 16.96 A 

From figure 3.5 for N2XY/XLPE cable used in the project. The current carrying capacity 

of the cable 𝐈𝐙, which is nearest to 𝐈𝐁 is 49A, which referred to cross sectional area of 

4𝑚𝑚2. 

Using Equation (3.5) the "corrected" current carrying capacity and taking K4 from Table 

(3.1): 

IZ
′ = IZ ∗  K1 ∗  K2 ∗  K3 ∗  K4 

= 49*1*1*1*0.79= 38.71 A 

Note, that 𝐈𝐙
′  is greater than 𝐈𝐁, which is acceptable! 

Now, regarding voltage drop testing, at normal service (at running): 

X = 0.08 Ω/km        ∅ = 34.91°      cos ∅ = 0.82        sin ∅ = 0.57 

 

 From equation (3.5): 

∆v% =
∆V

Vn
x100% =

2 IB (R cos ∅ +  X sin ∅) L

Vn
x100% 

=
2 x 16.96 x (4.81 x 0.82 + 0.08 x 0.57) x 0.098

230
x100% = 5.77 %! 

This value is not satisfactory value. 

So, the C.S.A of cable must be increased to 6 𝑚𝑚2. With new value of R=3.08 Ω/km. 

∆v% =
2 x 16.96 x (3.08 x 0.82 + 0.08 x 0.57) x 0.098

230
x100% = 3.72 %! 

This value is satisfactory value. 

Table (3.6) and Table (3.7) show the cross-sectional area measurement results for each load 

cable and the voltage drop test result for each cable at the load end. Table (3.8) also shows 

the same results. 
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Table (3. 6): Sizing the cross-sectional cable and testing the voltage drop for non-

essential loads. 

 

Floor
Group Load 

Name (DB)

Feed 

From 

SMDB

Phase

Connected  

Load  

(KVA) 

Full 

Load Ib  

(A)

Install. 

Method
K4

Corre. 

I'z (A)

Length of 

Cable (m)

Cable 

C.S.A 

(mm2)

PE C.S.A 

(mm2)

Cable R 

(ohms/km)
Cos(∅) Sin(∅) ∆V%

DB.GF 3PH 15.11 21.81 A2 0.82 34.44 20.50 4 4 4.51 0.8 0.60 0.71%

GARBAGE 

COMPACTOR
3PH 3 4.33 A2 0.82 18.86 38.00 1.5 1.5 12.1 0.85 0.53 0.74%

FF PUMP 3PH 186 282.60 E or F 0.87 285.36 44.00 95 50 0.193 0.87 0.49 1.12%

DB.MEZ. 3PH 17.6 25.40 E or F 0.82 34.44 71.00 4 4 4.51 0.8 0.60 2.86%

DB.SHOP1 3PH 2.78 4.01 A2 0.82 34.44 49.00 4 4 4.51 0.8 0.60 0.31%

DB.SHOP2 3PH 2.78 4.01 A2 0.82 34.44 72.00 4 4 4.51 0.8 0.60 0.46%

1
st

. 

P
a

r
k

in

g
 F

lo
o

r

DB.1st PAR. 3PH 7.44 10.74 A2 0.75 31.50 19.00 4 4 4.51 0.8 0.60 0.32%

2
n

d
 

P
a

r
k

in

g
 F

lo
o

r

DB.2nd PAR. 3PH 6.46 9.32 E or F 0.80 33.60 24.00 4 4 4.51 0.8 0.60 0.35%

DB.3rd PAR. 3PH 8.42 12.15 E or F 0.80 33.60 29.00 4 4 4.51 0.8 0.60 0.56%

FAHU 3PH 30 43.30 E or F 0.80 60.00 19.00 10 10 1.83 0.88 0.47 0.59%

DB.S.KIT. 3PH 9.58 13.83 E or F 0.80 33.60 30.70 4 4 4.51 0.8 0.60 0.67%

REST. AHU 3PH 15 21.65 E or F 0.80 33.60 32.10 4 4 4.51 0.89 0.46 1.22%

S.KITCHEN 

AHU
3PH 3 4.33 E or F 0.80 24.80 38.30 2.5 2.5 7.41 0.88 0.47 0.47%

KITCHEN 

EQUIPMENT
3PH 239.5 345.69 E or F 0.82 369.00 28.00 185 95 0.0991 0.85 0.53 0.53%

DB.RST. 3PH 20.15 29.08 A2 0.73 39.42 25.80 6 6 3.08 0.86 0.51 0.87%

DB.KIT. 3PH 5.4 7.79 E or F 0.80 24.80 33.80 4 4 4.51 0.82 0.57 0.43%

 DB.SER. 3PH 15.95 23.02 A2 0.79 42.66 39.60 6 6 3.08 0.88 0.47 1.08%

DB-

LOUNDARY
3PH 4.1 5.92 A2 0.79 24.49 46.80 4 4 4.81 0.83 0.56 0.48%

LOUNDARY 

EQUIPM.
3PH 244 352.18 E or F 0.82 369.00 48.60 185 95 0.0991 0.89 0.46 0.92%

MAIN 

KITCHEN 

AHU

3PH 15 21.65 E or F 0.82 34.44 21.90 4 4 4.51 0.88 0.47 0.82%

LOUNDARY 

AHU
3PH 4.5 6.50 E or F 0.82 25.42 47.20 4 4 4.51 0.89 0.46 0.54%

LOUNDARY 

EQUIPM.2
3PH 244 352.18 E or F 0.82 369.00 45.40 185 95 0.0991 0.89 0.46 0.86%

DB.G.PR 3PH 10.75 15.52 A2 0.73 30.66 25.40 4 4 4.81 0.8 0.60 0.66%

 DB.L.PR 3PH 9.66 13.94 A2 0.73 30.66 42.70 4 4 4.81 0.8 0.60 1.00%

DB.IT 3PH 6.32 9.12 A2 0.73 30.66 29.40 4 4 4.81 0.8 0.60 0.45%

G. 

PRAYER.AHU
3PH 15 21.65 E or F 0.80 33.60 43.50 4 4 4.81 0.89 0.46 1.76%

F. 

PRAYER.AHU
3PH 15 21.65 E or F 0.80 33.60 24.50 4 4 4.81 0.89 0.46 0.99%

DB.FLAT 1 1PH 7.48 32.52 E or F 0.78 49.14 46.50 6 6 3.08 0.8 0.60 3.30%

DB.FLAT(2) 1PH 2.88 12.52 E or F 0.78 38.22 41.40 4 4 4.81 0.8 0.60 1.76%

DB.FLAT(3) 1PH 2.88 12.52 E or F 0.78 38.22 36.80 4 4 4.81 0.8 0.60 1.56%

DB.FLAT(4) 1PH 2.88 12.52 E or F 0.78 38.22 33.50 4 4 4.81 0.8 0.60 1.42%

DB.FLAT(5) 1PH 2.88 12.52 E or F 0.78 38.22 38.80 4 4 4.81 0.8 0.60 1.65%

DB.FLAT(6) 1PH 4.4 19.13 E or F 0.78 38.22 39.10 4 4 4.81 0.8 0.60 2.53%

DB.FLAT(7) 1PH 2.88 12.52 E or F 0.78 38.22 36.20 4 4 4.81 0.8 0.60 1.54%

DB.FLAT(8) 1PH 2.88 12.52 E or F 0.78 38.22 34.90 4 4 4.81 0.8 0.60 1.48%

DB.FLAT(9) 1PH 2.88 12.52 E or F 0.78 38.22 31.80 4 4 4.81 0.8 0.60 1.35%

DB.FLAT(10) 1PH 2.88 12.52 E or F 0.78 38.22 27.10 4 4 4.81 0.8 0.60 1.15%

DB.FLAT(11) 1PH 3.4 14.78 E or F 0.78 38.22 23.90 4 4 4.81 0.8 0.60 1.20%

DB.FLAT(12) 1PH 2.88 12.52 E or F 0.78 38.22 24.40 4 4 4.81 0.8 0.60 1.04%

DB.FLAT(13) 1PH 2.88 12.52 E or F 0.78 38.22 27.50 4 4 4.81 0.8 0.60 1.17%

DB.FLAT(14) 1PH 2.8 12.17 E or F 0.78 38.22 32.40 4 4 4.81 0.8 0.60 1.34%

DB.FLAT(15) 1PH 4.7 20.43 E or F 0.78 38.22 34.90 4 4 4.81 0.8 0.60 2.42%

DB.FLAT(16) 1PH 2.88 12.52 E or F 0.78 38.22 38.60 4 4 4.81 0.8 0.60 1.64%

DB.FLAT(17) 1PH 2.88 12.52 E or F 0.78 38.22 43.40 4 4 4.81 0.8 0.60 1.84%

DB.FLAT(18) 1PH 2.88 12.52 E or F 0.78 38.22 46.10 4 4 4.81 0.8 0.60 1.96%

DB.(FF.TO 15F.) 3PH 6.2 8.95 E or F 0.78 32.76 20.20 4 4 4.81 0.8 0.60 0.30%
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DB.FLAT(01) 1PH 9.4 40.87 E or F 0.78 67.08 40.00 10 10 1.83 0.8 0.60 2.15%

DB.FLAT(02) 3PH 14.3 20.64 E or F 0.78 32.76 32.90 4 4 4.81 0.8 0.60 1.15%

DB.FLAT(03) 1PH 8.83 38.39 E or F 0.78 67.08 22.00 10 10 1.83 0.8 0.60 1.11%

DB.FLAT(04) 3PH 16.93 24.44 E or F 0.78 32.76 44.90 4 4 4.81 0.8 0.60 1.85%

DB.16FLR 3PH 5.8 8.37 E or F 0.78 32.76 17.50 4 4 4.81 0.86 0.51 0.27%

DB.OFFICE 3PH 11.63 16.79 E or F 0.78 32.76 34.10 4 4 4.81 0.82 0.57 0.99%

DB.M.MAJ 3PH 11 15.88 E or F 0.78 32.76 43.10 4 4 4.81 0.81 0.59 1.17%

DB.W.MAJ 3PH 6.5 9.38 E or F 0.78 32.76 22.10 4 4 4.81 0.82 0.57 0.36%

DB.17F. 3PH 5.85 8.44 E or F 0.78 32.76 17.30 4 4 4.81 0.86 0.51 0.26%

GUEST LIFT 2 3PH 9 12.99 E or F 0.79 33.18 28.00 4 4 4.81 0.9 0.44 0.69%

GUEST LIFT 4 3PH 9 12.99 E or F 0.79 33.18 22.00 4 4 4.81 0.9 0.44 0.54%

GUEST LIFT 6 3PH 9 12.99 E or F 0.79 33.18 18.00 4 4 4.81 0.9 0.44 0.44%

FAHU 3PH 63 90.93 E or F 0.79 100.33 32.85 25 16 0.727 0.88 0.47 0.88%

EM. 

BOOSTER 

PUMP

1PH 0.3 1.30 A2 0.79 13.43 25.70 1.5 1.5 12.1 0.9 0.44 0.32%

CIRC. 

BOOSTER 

Pump

3PH 2.1 3.03 A2 0.79 18.17 29.70 1.5 1.5 12.1 0.9 0.44 0.43%

CALORIFIER 

1
3PH 287 414.25 E or F 0.82 414.92 30.50 185 95 0.0991 0.92 0.39 0.67%

CALORIFIER 

2
3PH 287 414.25 E or F 0.82 414.92 29.40 185 95 0.0991 0.92 0.39 0.65%

CALORIFIER 

3
3PH 288 415.69 E or F 0.82 414.92 29.90 185 95 0.0991 0.92 0.39 0.66%

MCC-

PRIMARY 

PUMP 1

3PH 10 14.43 E or F 0.79 33.18 32.30 4 4 4.81 0.89 0.46 0.87%

MCC-

PRIMARY 

PUMP 2

3PH 10 14.43 E or F 0.79 33.18 32.00 4 4 4.81 0.89 0.46 0.86%

MCC-

PRIMARY 

PUMP 3

3PH 10 14.43 E or F 0.79 33.18 31.80 4 4 4.81 0.89 0.46 0.86%

MCC-

SECONDARY 

PUMP 1

3PH 15 21.65 E or F 0.79 33.18 32.50 4 4 4.81 0.89 0.46 1.32%

MCC-

SECONDARY 

PUMP 2

3PH 15 21.65 E or F 0.79 33.18 32.20 4 4 4.81 0.89 0.46 1.30%

MCC-

SECONDARY 

PUMP 3

3PH 15 21.65 E or F 0.79 33.18 31.90 4 4 4.81 0.89 0.46 1.29%

PRS 1PH 1 4.35 E or F 0.79 13.43 31.30 1.5 1.5 12.1 0.9 0.44 1.29%

CHILLER-1 

CKT-1
3PH 171 246.82 E or F 0.79 259.12 27.30 95 50 0.193 0.92 0.39 0.61%

CHILLER-1 

CKT-2
3PH 172 248.26 E or F 0.79 259.12 29.65 95 50 0.193 0.92 0.39 0.67%

CHILLER-2 

CKT-1
3PH 171 246.82 E or F 0.79 259.12 17.50 95 50 0.193 0.92 0.39 0.39%

CHILLER-2 

CKT-2
3PH 172 248.26 E or F 0.79 259.12 17.80 95 50 0.193 0.92 0.39 0.40%

CHILLER-3 

CKT-1
3PH 171 246.82 E or F 0.79 259.12 32.80 95 50 0.193 0.92 0.39 0.73%

CHILLER-3 

CKT-2
3PH 172 248.26 E or F 0.79 259.12 27.50 95 50 0.193 0.92 0.39 0.62%
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Table (3. 7): Sizing the cross-sectional cable and testing the voltage drop for emergency 

loads: 

 

Floor
Group Load 

Name (DB)

Feed 

From 

SMDB

Phase

Connected  

Load  

(KVA) 

Full 

Load Ib  

(A)

Install. 

Method
K4

Corre. 

I'z (A)

Length of 

Cable (m)

Cable 

C.S.A 

(mm2)

PE C.S.A 

(mm2)

Cable R 

(ohms/km)
Cos(∅) Sin(∅) ∆V%

DB.GF EM 3PH 13.70 19.77 A2 0.85 23.80 17.50 4 4 4.81 0.8 0.60 0.58%

FRISH AIR 

TXF.1@2P
3PH 6.50 9.38 A2 0.85 17.85 52.70 2.5 2.5 7.41 0.88 0.47 1.40%

GATE 

BARRIER
1PH 3.00 13.04 E or F 0.87 31.32 38.50 2.5 2.5 7.41 0.89 0.46 2.90%

WATER TR. 

PUMP
3PH 15.00 21.65 E or F 0.87 28.71 44.60 2.5 2.5 7.41 0.89 0.46 2.77%

M
e
z
z
a

n
in

 

F
lo

o
r

DB.MEZ. EM. 1PH 3.90 16.96 E or F 0.79 35.55 69.50 4 4 4.81 0.82 0.57 4.09%

1
st

. 
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a
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k

in

g
 F
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o

r

 DB.1st 

PAR.EM
3PH 5.80 8.37 E or F 0.79 35.55 77.00 4 4 4.81 0.82 0.57 1.11%

2
n

d
 

P
a

r
k

in

g
 F

lo
o

r

DB.2nd 

PAR.EM
3PH 5.70 8.23 E or F 0.79 35.55 82.00 4 4 4.81 0.82 0.57 1.17%

3
r
d

 

P
a

r
k

in

g
 F

lo
o

r

DB.3rd 

PAR.EM
3PH 4.70 6.78 E or F 0.79 35.55 87.00 4 4 4.81 0.82 0.57 1.02%

R
e
st

u

r
a

n
t 

F
lo

o
r

DB.RST.EM 3PH 5.65 8.16 E or F 0.79 35.55 92.00 4 4 4.81 0.82 0.57 1.30%

S
e
r
v

i

c
e
 

F
lo

o
r

DB.SER.EM 1PH 3.90 16.96 E or F 0.79 45.82 98.00 6 6 3.08 0.82 0.57 3.72%

P
r
a

y
in

g
 F

lo
o

r

DB.IT EM. 1PH 3.60 15.65 E or F 0.79 45.82 102.00 6 6 3.08 0.82 0.57 3.57%

DB.1.FF.EM 3PH 5.40 7.79 E or F 0.78 35.10 36.50 4 4 4.81 0.8 0.60 0.48%

DB.2.FF.EM 3PH 7.80 11.26 E or F 0.78 35.10 41.40 4 4 4.81 0.8 0.60 0.79%

DB.1.2F.EM 3PH 5.40 7.79 E or F 0.78 35.10 36.80 4 4 4.81 0.8 0.60 0.48%

DB.2.2F.EM 1PH 4.00 17.39 E or F 0.78 38.22 33.50 4 4 4.81 0.8 0.60 1.97%

DB.1.3F.EM 3PH 5.40 7.79 E or F 0.78 35.10 28.80 4 4 4.81 0.8 0.60 0.38%

DB.2.3F.EM 1PH 4.00 17.39 E or F 0.78 35.10 29.10 4 4 4.81 0.8 0.60 1.71%

DB.1.4F.EM 3PH 5.40 7.79 E or F 0.78 35.10 26.20 4 4 4.81 0.8 0.60 0.34%

DB.2.4F.EM 1PH 4.00 17.39 E or F 0.78 38.22 24.90 4 4 4.81 0.8 0.60 1.47%

DB.1.5F.EM 3PH 5.40 7.79 E or F 0.78 35.10 21.80 4 4 4.81 0.8 0.60 0.29%

DB.2.5F.EM 1PH 4.00 17.39 E or F 0.78 38.22 17.10 4 4 4.81 0.8 0.60 1.01%

DB.1.6F.EM 3PH 5.40 7.79 E or F 0.78 35.10 13.90 4 4 4.81 0.8 0.60 0.18%

DB.2.6F.EM 1PH 4.00 17.39 E or F 0.78 38.22 14.40 4 4 4.81 0.8 0.60 0.85%

DB.1.7F.EM 3PH 5.40 7.79 E or F 0.78 35.10 17.50 4 4 4.81 0.8 0.60 0.23%

DB.2.7F.EM 3PH 7.80 11.26 E or F 0.78 35.10 22.40 4 4 4.81 0.8 0.60 0.43%

DB.1.8F.EM 3PH 5.40 7.79 E or F 0.78 35.10 24.90 4 4 4.81 0.8 0.60 0.33%

DB.2.8F.EM 1PH 4.00 17.39 E or F 0.78 38.22 28.60 4 4 4.81 0.8 0.60 1.69%

DB.1.9F.EM 3PH 5.40 7.79 E or F 0.78 35.10 36.50 4 4 4.81 0.8 0.60 0.48%

DB.2.9F.EM 1PH 4.00 17.39 E or F 0.78 38.22 41.40 4 4 4.81 0.8 0.60 2.44%

DB.1.10F.EM 3PH 5.40 7.79 E or F 0.78 35.10 36.80 4 4 4.81 0.8 0.60 0.48%

DB.2.10F.EM 1PH 4.00 17.39 E or F 0.78 38.22 33.50 4 4 4.81 0.8 0.60 1.97%

DB.1.11F.EM 3PH 5.40 7.79 E or F 0.78 35.10 28.80 4 4 4.81 0.8 0.60 0.38%

DB.2.11F.EM 1PH 4.00 17.39 E or F 0.78 38.22 29.10 4 4 4.81 0.8 0.60 1.71%

DB.1.12F.EM 3PH 5.40 7.79 E or F 0.78 35.10 26.20 4 4 4.81 0.8 0.60 0.34%

DB.2.12F.EM 1PH 4.00 17.39 E or F 0.78 38.22 24.90 4 4 4.81 0.8 0.60 1.47%

DB.1.13F.EM 3PH 5.40 7.79 E or F 0.78 35.10 21.80 4 4 4.81 0.8 0.60 0.29%

DB.2.13F.EM 3PH 7.80 11.26 E or F 0.78 35.10 17.10 4 4 4.81 0.8 0.60 0.32%

DB.1.14F.EM 3PH 5.40 7.79 E or F 0.78 35.10 13.90 4 4 4.81 0.8 0.60 0.18%

DB.2.14F.EM 1PH 4.00 17.39 E or F 0.78 38.22 14.40 4 4 4.81 0.8 0.60 0.85%

DB.1.15F.EM 3PH 5.40 7.79 E or F 0.78 35.10 17.50 4 4 4.81 0.8 0.60 0.23%

DB.2.15F.EM 1PH 4.00 17.39 E or F 0.78 38.22 22.40 4 4 4.81 0.8 0.60 1.32%

SDB.EM.ROO

F
3PH 121.30 175.08 E or F 0.78 209.04 48.50 70 35 0.268 0.8 0.60 0.96%
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DB.16F.EM. 3PH 5.20 7.51 E or F 0.78 35.10 32.50 4 4 4.81 0.8 0.60 0.41%

1
7

T
H

 

F
lo

o
r

DB.17F.EM. 3PH 5.70 8.23 E or F 0.78 35.10 38.70 4 4 4.81 0.8 0.60 0.54%
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Table (3. 8): Sizing the cross-sectional cable and testing the voltage drop for hotel 

SMDB’s: 

 

 

 

 

GUEST LIFT 1 3PH 9.00 12.99 E or F 0.78 35.10 27.50 4 4 4.81 0.9 0.44 0.68%

GUEST LIFT 3 3PH 9.00 12.99 E or F 0.78 35.10 26.70 4 4 4.81 0.9 0.44 0.66%

GUEST LIFT 5 3PH 9.00 12.99 E or F 0.78 35.10 21.80 4 4 4.81 0.9 0.44 0.54%

SERVICE LIFT 

1
3PH 9.00 12.99 E or F 0.78 35.10 22.30 4 4 4.81 0.9 0.44 0.55%

SERVICE LIFT 

2
3PH 10.00 14.43 E or F 0.78 35.10 24.60 4 4 4.81 0.9 0.44 0.67%

CRADLE1 3PH 3.00 4.33 E or F 0.78 25.74 33.20 2.5 2.5 7.41 0.86 0.51 0.40%

CRADLE2 3PH 3.00 4.33 E or F 0.78 25.74 38.40 2.5 2.5 7.41 0.86 0.51 0.46%

BOOSTER 

PUMP 1
3PH 3.00 4.33 E or F 0.78 25.74 35.20 2.5 2.5 7.41 0.87 0.49 0.43%

BOOSTER 

PUMP 2
3PH 2.10 3.03 E or F 0.78 25.74 34.70 2.5 2.5 7.41 0.87 0.49 0.30%

KITCHEN 

EXTR. FAN 1
3PH 8.00 11.55 E or F 0.78 25.74 35.40 2.5 2.5 7.41 0.88 0.47 1.16%

KITCHEN 

EXTR. FAN 2
3PH 4.50 6.50 E or F 0.78 25.74 32.10 2.5 2.5 7.41 0.88 0.47 0.59%

STAIR 

PRESS.1
3PH 9.00 12.99 E or F 0.78 35.10 16.00 4 4 4.81 0.84 0.54 0.37%

STAIR 

PRESS.2
3PH 9.00 12.99 E or F 0.78 35.10 29.80 4 4 4.81 0.85 0.53 0.69%

STAIR 

PRESS.3
3PH 9.00 12.99 E or F 0.78 35.10 25.80 4 4 4.81 0.85 0.53 0.60%

LOBBY 

PRESS.
3PH 3.00 4.33 E or F 0.78 25.74 37.80 2.5 2.5 7.41 0.86 0.51 0.45%

SMOKE 

EXTR. FAN
3PH 1.50 2.17 E or F 0.78 18.72 39.80 1.5 1.5 12.1 0.88 0.47 0.40%

FRISH AIR 

TXF.1@RF
3PH 13.00 18.76 E or F 0.78 35.10 33.10 4 4 4.81 0.88 0.47 1.15%

DB-EM.ROOF 3PH 7.20 10.39 E or F 0.78 35.10 20.00 4 4 4.81 0.82 0.57 0.36%
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SMDB Name Phase

Total 

Connected  

Load  

(KVA) 

Full 

Load Ib  

(A)

Install. 

Method
K4

Corre. 

I'z (A)

Length of 

Cable (m)

Cable 

C.S.A 

(mm2)

PE 

C.S.A 

(mm2)

Cable R 

(ohms/km)
Cos(∅) Sin(∅) ∆V%

SMDB Ground Floor 3PH 227.27 328.04 E or F 1.00 382.00 15.00 120 70 0.153 0.82 0.57 0.36%

SMDB Parking Floor 3PH 52.32 75.52 E or F 1.00 107.00 20.00 16 16 1.15 0.82 0.57 0.65%

SMDB Restaurant Floor 3PH 292.63 422.38 E or F 1.00 441.00 25.00 150 70 0.124 0.82 0.57 0.67%

SMDB-1 Service Floor 3PH 264.05 381.12 E or F 1.00 441.00 30.00 150 70 0.124 0.82 0.57 0.73%

SMDB-2 Service Floor 3PH 263.5 380.33 E or F 1.00 441.00 32.00 150 70 0.124 0.82 0.57 0.78%

SMDB Prayer Floor 3PH 56.73 81.88 E or F 1.00 107.00 15.00 16 16 1.15 0.82 0.57 0.53%

SMDB (1st-15TH) Floors 3PH 66.42 95.87 E or F 1.00 107.00 15.00 16 16 1.15 0.82 0.57 0.62%

SMDB 16TH Floor 3PH 55.26 79.76 E or F 1.00 107.00 15.00 16 16 1.15 0.82 0.57 0.51%

SMDB 17TH Floor 3PH 34.98 50.49 E or F 1.00 80.00 15.00 10 10 1.83 0.82 0.57 0.51%

SMDB-1 Roof Floor 3PH 92.4 133.37 E or F 1.00 169.00 15.00 35 16 0.524 0.82 0.57 0.41%

SMDB-2 Roof Floor 3PH 862 1244.19 -

M.C.C @ Roof Floor 3PH 76 109.70 E or F 1.00 135.00 15.00 25 16 0.727 0.82 0.57 0.46%

MDB.AC @ Roof Floor 3PH 1029 1485.23 -

SMDB-1 EM@ Ground 

Floor
3PH 71.45 103.13 E or F 1.00 135.00 17.00 25 16 0.727 0.82 0.57 0.49%

SMDB-2 EM@ 1st Floor 3PH 82.8 119.51 E or F 1.00 135.00 36.00 25 16 0.727 0.82 0.57 1.20%

SMDB-3 EM@ 9th Floor 3PH 201.8 291.27 E or F 1.00 328.00 60.00 95 50 0.193 0.82 0.57 1.54%

SMDB EM @Roof Floor 3PH 121.3 175.08 E or F 1.00 207.00 38.00 50 25 0.387 0.82 0.57 1.05%

Designed to be connected to Bus Riser Directly

Designed to be connected to Bus Riser Directly
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3.5   Sizing of busbar Trunking Systems (bus ways) 

Busway as defined by NEMA is a prefabricated electrical distribution system 

consisting of bus bars in a protective enclosure as shown in Figure )3.6(, including straight 

lengths, fixtures, hardware, and accessories. Busway transmits electricity and connects to 

electrical equipment such as switchgear, panel boards, and transformers. 

❖ Busway components include: 

• Bus bars, or conductors, conduct electricity; they are made from aluminum or 

copper and vary in size 

• Housing, an aluminum or steel enclosure to contain the busbars 

• Insulating system made of a combination of air, epoxy and mylar; it separates 

the conductors from each other to prevent electrical faults 

• Fittings such as elbows, offsets and tees help to properly route busway from 

one electrical connection or termination 

 

 

 

Figure (3. 5): Busbar Trunking Systems (Busways) [2]. 
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Once the trunking system layout is established, it is possible to calculate the absorbed 

current In on the distribution line. In is equal to the sum of absorbed currents by the current 

Ibconsumers:  

𝐈𝐧 = 𝚺𝐈𝐛                                            (3. 8) 

The current consumers do not all work at the same time and are not permanently on full 

load, so we have to use a clustering coefficient Ks which is shown in Table (3.9):  

𝐈𝐧 = 𝚺( 𝐈𝐛 . 𝐊𝐬 )                               (3. 9) 

 

Table (3. 9): Diversity factor according to the number of current consumers connected to 

Busways [1]: 

 

 

The electrical data of ABB's Wave Pro-II bus way, which is used in the project, is shown 

in Table (3.10). From this figure, the rated drop of riser current and voltage were 

determined. 

Table (3. 10): Electrical Data for Wave Pro-II busway from ABB [2]: 

 

The Hotel’s SMDB have been divided into 4 main Bus Risers as shown in table (3.11). The 

absorbed current In, bus riser ampere rating and the voltage drop have calculated for each 

one. 
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Taking the Bus Riser 1 as example, ks= 0.7, from equation (3.9): 

In = Σ( Ib . Ks ) 

= (81.88+95.87+95.87+95.87+95.87+95.87+95.87+95.87+95.87) x 0.7 

=597.18 A 

According to table (3.10), the suitable rated current of Bus Riser 1 is 630A. 

In addition, according the Wave Pro-II busway manufacturer, to determine the actual 

voltage drop, at  cos ∅ = 0.80  which occurred at any terminal load is: 

 

           𝐀𝐜𝐭𝐮𝐚𝐥  (∆𝐯) = 𝐕𝐨𝐥𝐭𝐚𝐠𝐞 𝐃𝐫𝐨𝐩 𝐟𝐫𝐨𝐦 𝐓𝐚𝐛𝐥𝐞 𝐱
𝐀𝐜𝐭𝐚𝐮𝐥 𝐋𝐨𝐚𝐝 (𝐀)

𝐑𝐚𝐭𝐞𝐝 𝐋𝐨𝐚𝐝 (𝐀)
 𝐱 𝐋                   (3. 10) 

= 0.119 x 
594.18

848.83
 x 30 = 2.499 V 

From equation (3.10): 

∆v% =
∆V

Un
x100% =  

2.499

400
x 100% =  0.62475 % 

This value is satisfactory! 

Table (3.11) illustrates the calculations result for each bus riser used in the hotel. Also 

shows the size of the Tap-Off units, which used to connect and protect each SMDB load at 

each floor. More information about Tap-Off unit will be explained in circuit breaker 

section.  
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Table (3. 11): calculations result for Wave Pro-II busway from ABB used in the hotel: 

 

 

 

3.6    Summary  

The methodology used in project for cable sizing has been introduced, and factors 

which must to be known before determining the needed C.S.A. for cables. The simplified 

method used in PE conductor sizing also determined. Then, voltage drop testing calculation 

criteria has been shown. Finally, the design of busways system used in project has been 

shown. 

  

SMDB Name

Bus 

Riser 

No.

Total 

Connected  

Load  

(KVA) 

Full 

Load Ib 

(A)

Tap OFF 

Unit Size 

(A)

Bus Full 

Load 

In=Σ Ib 

(A)

Diversity  

Factor 

(Ks)

Bus 

Absorbed 

Current 

In (A) 

Bus Riser 

Rating (A) 

Length of 

Bus 

(meter)

Voltage Drop 

(V/m) 

@Cos(∅)=0.8 

∆V%

SMDB Prayer Floor 56.73 81.88 160A 30.00 0.119 0.62%

SMDB (1ST) Floors 66.42 95.87 160A 33.50 0.119 0.70%

SMDB (2ND) Floors 66.42 95.87 160A 37.00 0.119 0.77%

SMDB (3RD) Floors 66.42 95.87 160A 40.50 0.119 0.84%

SMDB (4TH) Floors 66.42 95.87 160A 44.00 0.119 0.92%

SMDB (5TH) Floors 66.42 95.87 160A 47.50 0.119 0.99%

SMDB (6TH) Floors 66.42 95.87 160A 51.00 0.119 1.06%

SMDB (7TH) Floors 66.42 95.87 160A 54.50 0.119 1.13%

SMDB (8TH) Floors 66.42 95.87 160A 58.00 0.119 1.21%

SMDB (9TH) Floors 66.42 95.87 160A 61.50 0.119 1.28%

SMDB (10TH) Floors 66.42 95.87 160A 65.00 0.119 1.35%

SMDB (11TH) Floors 66.42 95.87 160A 68.50 0.119 1.43%

SMDB (12TH) Floors 66.42 95.87 160A 72.00 0.119 1.50%

SMDB (13TH) Floors 66.42 95.87 160A 75.50 0.119 1.57%

SMDB (14TH) Floors 66.42 95.87 160A 79.00 0.119 1.65%

SMDB (15TH) Floors 66.42 95.87 160A 82.50 0.119 1.72%

SMDB (16TH) Floor 55.26 79.76 160A 86.00 0.119 1.79%

SMDB (17TH) Floor 34.98 50.49 160A 89.50 0.119 1.86%

SMDB-1 Roof Floor 92.4 133.37 160A 93.00 0.119 1.94%

MDB.AC @ Roof 

Floor

BUS 

RISER 3
1105 1594.93 - 1594.93 1.00 1594.93 1600 95.00 0.125 2.97%

SMDB-2 Roof Floor
BUS 

RISER 4
862 1244.19 - 1244.19 1.00 1244.19 1250 95.00 0.127 3.02%

560.82 630

BUS 

RISER 1 

BUS 

RISER 2 

848.83

934.70

0.70 594.18 630

0.60
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Chapter Four  

 

Power Source Sizing & Selection 

 

 

4.1   Introduction.  

4.2   Select the Necessary Transformers. 

4.3   Backup Generator Sizing. 

4.4   UPS Sizing.  

4.5   Power Sources Cable Sizing. 

4.6  Paralleling Connection for Hotel Transformers. 

4.7   Summary. 
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4.1   Introduction  

In this chapter, work was done on selecting the transformers and generators that were 

considered, and studying the UPS system, and each of them was chosen according to the 

available data. 

 

4.2  Select the necessary transformers 

The hotel has three main panels located on the ground floor, and each panel contains 

different loads distributed within the hotel. After distributing the loads, the main breaker 

and the cable sectional area for each panel were calculated, the voltage drop was calculated, 

and the size of the transformers needed for feeding was chosen. 

 Each plate was as shown in the following table (4.1) and the transformers were of the 

oil type immersed as shown in Figure (4.1) and were chosen from Schneider Company 

from Table (4.2) according to the load of each plate. A data sheet for each of the three 

adapters is attached in the appendix E (page 138). 

 

Table (4. 1): Transformer capacity per panel: 

 

 

 

MDB / Riser
Low Voltage 

Panel Number

Total Load 

Demand 

(KVA)

Σ Total Load 

Demand 

(KVA)

Future Load 

Demand with 

20 % (KVA)

Transformer 

Rating (KVA)

BUS RISER1 253.95

BUS RISER2 289.03

MDB-EM 200.66

SMDB-PARKING 40.30

BUS RISER3 763.05

SMDB GROUND FLOOR 137.22

BUS RISER 4 646.50

SMDB.1 SERVICE FLOOR 126.55

SMDB.2 SERVICE FLOOR 124.43

SMDB RESTAURANT FLOOR 177.68

940.728

1080.32

1290.19

1000

1250

1600

LVP-1

LVP-2

LVP-3

783.94

900.27

1075.16
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Figure (4. 1): oil type immersed transformer. 

 

 

Figure (4. 2): Transformer installation. 
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Table (4. 2): standard apparent powers for Schneider [1]: 

 

 

4.2.1 Checking the Size Validity of the Transformers 

The following example demonstrates  Calculate the required tr-r kVA and voltage drop 

when the load appears on the motors: 

 Example: Calculating the voltage drop on the third transformer of 1600 kVA when 

the motors are working together: 

 

Table (4. 3): contains the motors connected to the third transformer of 1600 kVA: 

 

➢ Motors current and starting kVA: 

 

1) Motor Full Load Current of Motor REST. AHU.: 

𝐈𝐟𝐥𝐦𝟏 =
𝐏𝐟𝐥𝐦𝟏∗𝟏𝟎𝟎𝟎

√𝟑∗𝐕𝐋𝐋∗𝐏𝐅
                                                            (4. 1) 

=
13.35 KW∗1000

√3∗400∗0.89
 = 13 𝐴 
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2) Motor Full Load Current of Motor REST. SER.: 

𝐈𝐟𝐥𝐦𝟐 =
𝐏𝐟𝐥𝐦𝟐∗𝟏𝟎𝟎𝟎

√𝟑∗𝐕𝐋𝐋∗𝐏𝐅
                                                                       (4. 2) 

=
13.2 KW∗1000

√3∗400∗0.88
  = 21.6 𝐴 

3) Total drawn current: 

𝐈𝐟𝐥−𝐭 = 𝐈𝐟𝐥𝐦𝟏 + 𝐈𝐟𝐥𝐦𝟐                                                   (4. 3) 

= 13 + 21.6 = 34.6 

 

4) Where 𝐼𝑟𝑙𝑜𝑐𝑘𝑒𝑑 
is locked rotor current and depends on design code 

according to following table (4.4): 

 

Table (4. 4): design code according: 

 

▪ Design code D has the range of 4 to 4.49 so let D with m=4.5 

𝐈𝐫𝐥𝐨𝐜𝐤𝐞𝐝  𝐦𝟏
= 𝐦 ∗ 𝐈𝐟𝐥𝐦𝟏                                                               (4. 4) 

= 4.5 ∗ 13 = 58.5 𝐴 

𝐈𝐫𝐥𝐨𝐜𝐤𝐞𝐝  𝐦𝟐
= 𝐦 ∗ 𝐈𝐟𝐥𝐦𝟐                                                               (4. 5) 

= 4.5 ∗ 21.6 = 97.2 𝐴 
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5) Motor inrush kVA at Starting (𝑆𝑖𝑛𝑟𝑢𝑠ℎ): 

𝐒𝐢𝐧𝐫𝐮𝐬𝐡 𝐦𝟏 =
𝐕𝐋𝐋∗𝐈𝐫𝐥𝐨𝐜𝐤𝐞𝐝  𝐦𝟏

∗√𝟑

𝟏𝟎𝟎𝟎
                                                               (4. 6) 

=
400 ∗ 58.5 ∗ √3

1000
= 40.5 KVA 

 

𝐒𝐢𝐧𝐫𝐮𝐬𝐡 𝐦𝟐 =
𝐕𝐋𝐋∗𝐈𝐫𝐥𝐨𝐜𝐤𝐞𝐝  𝐦𝟐

∗√𝟑

𝟏𝟎𝟎𝟎
                                                (4. 7) 

=
400 ∗ 97.2 ∗ √3

1000
= 67 KVA 

 

6) Total Starting (inrush) KVA of both motors: 

✓ Sinrush tot = (KVA)m_start 

𝐒𝐢𝐧𝐫𝐮𝐬𝐡 𝐭𝐨𝐭 = 𝐒𝐢𝐧𝐫𝐮𝐬𝐡 𝐦𝟏 + 𝐒𝐢𝐧𝐫𝐮𝐬𝐡 𝐦𝟐                                                   (4. 8) 

= 40.5 + 67 = 107.5 KVA 

➢ Transformer data: 

 

1) Transformer full load current: 

𝐈𝐓−𝐟𝐥 =
𝐒𝐓𝐫

√𝟑∗𝐕𝐋𝐋
                                                                (4. 9) 

=
1600 KVA

√3 ∗ 400
   = 2309 A 

 

2) Short current at secondary coils: 

𝐈𝐓−𝐒𝐂 =
𝐈𝐓−𝐟𝐥

𝐙%
                                                                 (4. 10) 

=
2309

0.0625
= 36944 𝐴 

Where: 

Z%: Short circuit impedance. Data sheet in appendix E (page 138) 

3) Max KVA of Tr. at S.C: 

𝐒𝐓−𝐒𝐂 =
𝐕𝐋𝐋∗𝐈𝐓−𝐒𝐂∗√𝟑

𝟏𝟎𝟎𝟎
                                                               (4. 11) 

=
400 ∗ 36944 ∗ √3

1000
= 25595.5 KVA 
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4) Voltage drops at Tr.-r secondary due to motor starting: 

∆𝐯𝐬𝐭𝐚𝐫𝐭 =
(𝐊𝐕𝐀)𝐦−𝐬𝐭𝐚𝐫𝐭

(𝐊𝐕𝐀)𝐒𝐂
∗ ∆𝐯𝐦𝐚𝐱                                                           (4. 12) 

=
107.5

25595.5
∗ 10% = 0.42% 

➢ Final Check: 

 

1) For safety operation usually the motor current ≤ 65% of Transformer current, 

therefore: 

𝐈𝐦−𝐚𝐥𝐥𝐨𝐰𝐞𝐝 = 𝟎. 𝟔𝟓 ∗ 𝐈𝐓−𝐟𝐥                                                     (4. 13) 

= 0.65 ∗ 2309 = 1500.85 𝐴 

❖ Ifl−t = 34.6 A ≤ 1500.85 A                       OK 

 

2) The voltage drop ∆𝑣𝑠𝑡𝑎𝑟𝑡≤ ∆𝑣𝑚𝑎𝑥: 

 

❖ 0.42% ≤ 10%                                                     OK 

 

And therefore, the suitable size of transformers is shown in Table (4.5): 

Table (4. 5): Shows the size of the transformer and the voltage drop on each transformer if 

all the motors were running at the same time: 

 

 

4.3  Backup Generator Sizing  

The electric generator works in the event of a power outage, and once the power is 

restored, it is turned off, and the loads that we need to work in the event of a power outage 

are connected to it, such as computers at the reception staff, alarms, emergency lighting, 

surveillance cameras, etc. 

Sizing backup generator in this project is based on the value of critical (emergency 

loads) mentioned in table (2.13), which must be powered with electrical power outage.  

In this project, the value of emergency loads was 200.66 KVA and after adding 20% 

as a future increase percentage. Thus, needed a generator to feed 240.792 KVA.  
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Therefore, an FG WILSON generator (P500-3) with a capacity of 500 kVA was chosen 

as shown in Figure (4.3). [3].  

 

 

 

Figure (4. 3): generator (P500-3).[3] 

 

 

4.3.1  Check Sizing of Diesel Generator  

To ensure the size of the generator that was previously selected, the starting KVA 

was checked on the generator for the loads connected to it, and to see if the loads could be 

operated together. 

 

 Example: KVA calculation starting from the load in the first main panel (SMDB-1 

EM@ Ground Floor) connected to the generator shown in Table (4.6) and the load 

is linear. 

 

 Table (4. 6): The first load shown in Table (2.10) connected to the generator: 
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1) Full load power for the same load category: 

𝐩𝐭_𝐥𝐨𝐚𝐝 = 𝐏𝐥 ∗ 𝐃𝐅                                                             (4. 14) 

= 5.3 (𝐾𝑊) ∗ 0.9 = 4.77 𝐾𝑊 

Where: 

Pt-Load1: total power of the loads from the same category  

PL: power of the individual load in kW or watts 

DF: diversity factor 

2) Full load KVA for the same load category: 

𝐒𝐓_𝐥𝐨𝐚𝐝 =
𝐏𝐓_𝐥𝐨𝐚𝐝

𝐏𝐅𝐫𝐮𝐧
                                                                 (4. 15) 

=
4.77

0.8
= 5.962 𝐾𝑉𝐴 

3) Full load current of Load1 in Amp: 

𝐈𝐥𝐨𝐚𝐝 =
𝐒𝐓_𝐥𝐨𝐚𝐝

𝐕𝐋𝐋
                                                                      (4. 16) 

=
5.962

400
     = 14.9 𝐴 

4) Starting KVA of Load: 

 

𝐒𝐬𝐭_𝐥𝐨𝐚𝐝 =
𝐊𝐬𝐭∗𝐏𝐓_𝐥𝐨𝐚𝐝

𝐏𝐅𝐬𝐭𝐚𝐫𝐭
                                                          (4. 17) 

=
1 ∗ 5.962

0.8
= 7.5 𝐾𝑉𝐴 

Note: Since Load 1 is a linear load therefore 𝐾𝑠𝑡=100% 

 

5) Starting current:  

𝐈𝐬𝐭_𝐥𝐨𝐚𝐝 =
𝐊𝐬𝐭∗𝐈𝐓_𝐥𝐨𝐚𝐝

𝐏𝐅𝐬𝐭𝐚𝐫𝐭
                                                            (4. 18) 

=
1 ∗ 14.9

0.8
= 18.6 𝐴 

Note: All starting KVA loads connected to the generator were calculated using the same 

method as the previous example, and the result is Total of starting KVA=853 KVA 
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Hence the result was that the generator could not run the loads together because the 

starting KVA of the loads was higher than the KVA of the generator as shown in Table 

(4.7). 

Table (4. 7):  starting loads: 

 

 

 𝐒𝐢𝐳𝐞 𝐨𝐟 𝐃𝐢𝐞𝐬𝐞𝐥 𝐆𝐞𝐧𝐞𝐫𝐚𝐭𝐨𝐫 = 𝐓𝐨𝐭𝐚𝐥 𝐨𝐟 𝐬𝐭𝐚𝐫𝐭𝐢𝐧𝐠 𝐊𝐕𝐀 ∗ 𝐟𝐮𝐭𝐮𝐫𝐞 𝐞𝐱𝐩𝐚𝐧𝐬𝐢𝐨𝐧 ∗
 𝐚𝐯𝐞𝐫𝐚𝐠𝐞 𝐮𝐬𝐞 𝐨𝐟 𝐞𝐪𝐮𝐢𝐩𝐦𝐞𝐧𝐭                                                                                      (4. 19) 

= 853 ∗ 1.1 ∗ 0.7 = 656.81 𝐾𝑉𝐴 

 

 

After making the starting KVA calculations and calculating the future increase in 

equation (4.19), the generator was selected. But starting KVA for loads that are more than 

the KVA of the generator, and the solution to this problem was to use the timer control 

method as shown in Figure (4.4) so that there is a delay of 1 second between the first 

electrical panel (SMDB -1 EM @ Ground Floor) and the panel second (SMDB-2 (EM @ 

1st Floor)) and a one-second delay between the second panel and the third panel (SMDB- 

3 EM @ 9th Floor), thus reducing generator load when running. 
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Figure (4. 4): Emergency Panels Control & Backup Generator Wiring Diagram & Hotel 

ATS. 

 

4.3.2 Automatic Transfer Switch (ATS) 

In this project, to guarantee that power is supplied to the loads, a fundamental 

requirement in an installation is to have a redundancy in supply sources type N+1, usually 

consisting of a transformer + emergency generator (or, as an alternative, a second 

transformer). [7] 

So, to transfer the electric power from normal supply from transformer to the 

backup generator, an ATS022 AUTO.TRAN. SWITCH ADVANCED CONTROL with 

400A from ABB manufacturer has been used. Figure (4.5) and Figure (4.6) shows the shape 

and wiring diagram for ATS022.  

 

Figure (4. 5): an Automatic Transfer Switch Control Unit.[7] 
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Figure (4. 6): Wiring Diagram of ATS022 Control Unit. [7]  

 

 

4.4    UPS Sizing  

UPS systems depend entirely on thyristors, as it converts DC current into AC current, 

and this way Learn the Inverter method. 

In the case of feeding large loads, the UPS is connected to the electric generator to 

compensate for the voltage drop. 

The loads to be connected to the UPS system shown in Table (4.8). loads were 

47kva. When adding 20% for future growth, the total loads became equal to 56.4kva. 

  Therefore, a UPS was chosen that gives 60 kVA with a current of [8*(20 x 94)] Ah 

Long life batteries from Legrand, which last up to 15 minutes after a power outage. The 

company's catalog is attached to the appendix and contains the data sheet, and the shape of 

the UPS unit as shown in Figure (4.7).[4] 
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Table (4. 8): UPS loads: 

 

 

 

Figure (4. 7): Legrand ups unit model number (3 108 11) [4]. 
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At the beginning of the operation of the electric generator, it must be taken into 

account that the frequency coming out of the generator is set correctly and its vibration is 

not so great that the so-called synchronization failure does not occur between the 

equipment, the generator and this UPS. Figure (4.8) shows the UPS diagram. 

 

 

Figure (4. 8): UPS connection diagram. 

 

 

4.5    Power Sources Cable Sizing  

For the MV/LV 1,000 kVA transformer has a rated voltage of 400 V. according table 

(4.2) the full load current for transformer at secondary side is 𝐼𝑏 = 1,443.4 𝐴 𝑝𝑒𝑟 𝑝ℎ𝑎𝑠𝑒. 

Using recommended simplified approach for cables mentioned in sub-section 3.2.3, 

and from table (3.3) 4 x multi-core N2XY/XLPE insulated copper cables in parallel will 

be used. These cables will be buried under the ground according to method D1/D2. Each 

phase conductor will therefore carry current up to 396 A. table (3.3) indicates that for 3 

loaded conductors with XLPE insulation, the required C.S.A. is 300 mm². Table 4.4 shows 

the C.S.A used for each power source cable and number of multi-core cables in parallel. 
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Table (4. 9): Cables size for each power source: 

 

  

4.6   Paralleling Connection for Hotel Transformers 

 

For achieving a continuity of service and reliability for the electrical installation of this 

hotel project, the paralleling connection for three different transformers in kVA will be 

taken into consideration.  

There are various conditions that must be fulfilled for the successful parallel operation 

of transformers, as following: same voltage and turns ration, same percentage impedance 

and X/R ration, identical position of tap changer, same phase angle shift, same frequency 

rating, same Polarity and same phase sequence. 

The electrical installation in this project has been designed to operate as Simple Radial 

System. However, in the cases of a transformer malfunction or any transformer being out 

of service for the purpose of maintenance, the electrical system will operate as Loop-

Primary – Radial Secondary as shown in figure (4.9). 
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Figure (4. 9): Loop-Primary – Radial 

 

As mentioned before, three possible cases of transformer malfunction or any transformer 

being out of services, have been considered here in this project, as following: 

 

a) Case no. 1 for TR/1: if occurred a malfunction or being out of services for 

maintenance, TR/2 and TR/3 will be entered to service by closing the tie breakers 

1&2. Taking into consideration, to minimize and disconnect some loads as MDB-

EM with total loads of 362.95 kVA, then power the MDB-EM by backup 

generator. This process can be done manually or through a control circuit. 

 

b) Case no. 2  for TR/2: if occurred a malfunction or being out of services for 

maintenance, TR/ 1  and TR/3 will be entered to service by closing the tie breakers 

1&2. Taking into consideration, to minimize and disconnect some loads as 

CHILLER-1, 2 and 3 of CKT-2 with total loads of 516 kVA. This process also 

can be done manually or through a control circuit. 

 

c) Case no. 3 for TR/3: if occurred a malfunction or being out of services for 

maintenance, TR/ 1  and TR/2 will be entered to service by closing the tie breakers 

1&2. Taking into consideration, to minimize and disconnect some loads as 
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CALORIFIRE-2, 3 and SMDB-2 SERV. with total loads of 838.5 kVA. This 

process also can be done manually or through a control circuit. 

 

 

4.7  Summary  

In this chapter, each of power source for the hotel project has been sized and 

determined, and then the automatic transfer switch has been sized. In addition, each cable 

for power source has been chosen using the recommended simplified approach for cables 

used in chapter 3. Finally, the paralleling connection for hotel transformers for achieving a 

reliability and continuity of service has been considered. 
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5 
 

Chapter Five 

 

Short Circuit Study 

 

 

5.1 Introduction 

5.2 Short-Circuit Current at the Secondary Terminals of a MV/LV 

Distribution Transformer 

5.3 3-phase Short-Circuit Current at Any Point in LV Installation 

5.4 Determination of the Impedance of Each Component 

5.5 Summary 
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5.1   Introduction 

A knowledge of 3-phase symmetrical short-circuit current values (Isc) at strategic 

points of an installation is necessary in order to determine switchgear (breaking capacity), 

cables (thermal withstand rating), protective devices (selective trip settings) and so on... 

Power systems with a voltage in excess of 1000 V shall be designed somehow that 

the RMS value of the A.C. components of the short-circuit breaking current of the circuit 

breakers shall not exceed 25 KA as per IEC 60056. [5] 

For power systems with a voltage less than 1000 volt, the RMS value of the A.C 

component of the short circuit breaking current of circuit breaker designed shall be as per 

IEC 60947-2 and shall not exceed 50 KA.[6] 

 

5.2   Short-Circuit Current at the Secondary Terminals of a MV/LV 

Distribution Transformer. 

The project’s electrical loads powered by three-separated distribution transformer, 

as mentioned in chapter 4. For this case of one distribution transformer and in a simplified 

approach, the impedance of the MV system is assumed to be negligibly small, so that: 

                                                           𝐈𝐒𝐂 =
𝐈𝐧𝐱𝟏𝟎𝟎

𝐔𝐒𝐂
                                                         (5. 1) 

𝐈𝐧 =
𝐒 𝐱𝟏𝟎𝟎𝟎

𝐔𝟐𝟎∗√𝟑
                                                        (5. 2) 

Where: 

S = kVA rating of the transformer 

𝑈20 = phase-to-phase secondary no-load voltage 

𝐼𝑛 = rated current of the transformer 

𝐼𝑆𝐶  = short-circuit current in amps 

𝑈𝑆𝐶 = short-circuit impedance voltage of the transformer in %. 

 

Typical values of 𝑈𝑆𝐶 for distribution transformers are given in Figure (5.1). 
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Table (5. 1): Typical values of 𝑼𝑺𝑪for kVA ratings of transformers with MV windings ≤ 

20 kV: [1] 

 

 

Table (5.2) shows the calculated short circuit current at the secondary terminal for each 

transformer at no load voltage. 

 

Table (5. 2): Calculated short-circuit current at transformer secondary terminals: 

 

 

5.3   3-phase Short-Circuit Current at Any Point in LV Installation 

 

The short-circuit current 𝐼𝑆𝐶  at any point of three phase installation is given by: 

𝐈𝐒𝐂 =
𝐔𝟐𝟎

√𝟑 𝐱 𝐙𝐓
                                                       (5. 3) 

Where: 

 

𝑈20 = phase-to-phase voltage of the open circuited secondary windings of the power                 

supply transformer(s). 

𝑍𝑇  = total impedance per phase of the installation upstream of the fault location (in Ω). 

 

Each component of an installation (MV network, transformer, cable, busbar, and 

so on...) is characterized by its impedance Z, comprising an element of resistance (R) 

and an inductive reactance (X). The parameters R, X and Z are expressed in ohms (Ω). 

 

The method of calculating 𝑍𝑇  consists in dividing the network into convenient 

sections, and to calculate the R and X values for each. Where sections are connected in 

Low Voltage 

Panel Number

Transformer 

Rating (KVA)

Usc 

in %

No-load 

Voltage 

U20 

Transformer 

Rated Current 

In (A)

Short-Circuit 

Current Isc 

(kA)

LVP-1 1000 6.0% 420 1374.6 22.9

LVP-2 1250 6.0% 420 1718.3 28.6

LVP-3 1600 6.0% 420 2199.4 36.7
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series in the network, all the resistive elements in the section are added arithmetically; 

likewise for the reactance’s, to give 𝑅𝑇 and 𝑋𝑇.  

 

The impedance (𝑍𝑇) for the combined sections concerned is then calculated from: 

                                                   𝐙𝐓 = √𝐑𝐓
𝟐 + 𝐗𝐓

𝟐                                                           (5. 4) 

 

5.4   Determination of the Impedance of Each Component 

The determination of the impedance of each component in LV installation is 

explained below: 

5.4.1 Network upstream of the MV/LV transformer 

The 3-phase short-circuit fault level 𝑃𝑠𝑐, in kA or in MVA is given by the power 

supply authority concerned, from which an equivalent impedance can be deduced. 

 

Table (5. 3): the impedance of the MV network referred to the LV side of the MV/LV 

transformer. [1] 

 

 

A formula, which makes this deduction and at the same time converts the impedance to an 

equivalent value at LV, is given, as follows: 

                                                           𝐙𝐚 =
𝐔𝟐𝟎

𝟐

 𝐏𝐬𝐜
                                                              (5. 5) 

Where: 

𝑍𝑎= impedance of the MV voltage network, expressed in milli-ohms (𝑚𝛺). 

𝑈20= phase-to-phase no-load LV voltage, expressed in volts (V). 

𝑃𝑠𝑐= MV 3-phase short-circuit fault level, expressed in (kVA). 

If more accurate calculations are necessary; 

Xa = 0.995 Za  and  Ra = 0.1 Xa 
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5.4.2 Distribution Transformer 

The impedance 𝑍𝑡𝑟 in (mΩ) of a transformer, viewed from the LV terminals, is 

given by the formula: 

                                                   𝐙𝐭𝐫 =
𝐔𝟐𝟎

𝟐

 𝐒𝐧
 𝐱 

𝐔𝐬𝐜

 𝟏𝟎𝟎
                                                        (5. 6) 

Where: 

 

𝑈20= phase-to-phase no-load LV voltage, expressed in volts (V). 

𝑆𝑛= rating of the transformer (in kVA). 

𝑈𝑆𝐶= the short-circuit impedance voltage of the transformer expressed in %. 

 

The transformer windings resistance 𝑅𝑡𝑟 and reactance 𝑋𝑡𝑟in (mΩ) can be obtained 

from following figure (5.2) for typical oil-immersed transformers. 

 

Table (5. 4): Resistance, reactance and impedance values for typical distribution 400V 

transformers (no-load voltage = 420 V) with MV windings ≤ 20 kV. [1] 

 

 

5.4.3 Busbars  

The resistance of busbars is generally negligible, so that the impedance is practically 

all reactive, so the 𝑋𝑏𝑎𝑟 here is provided from ABB manufacture for hotel LV busbars. 
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5.4.4 Circuit Conductors / Cables 

The resistance of a conductor is given by the formula: 

𝐑𝐜 =  𝛒 𝐱 
𝐋

𝐒
                                                        (5. 7) 

Where: 

 

𝜌 = the resistivity of the conductor material at the normal operating temperature. 

L = length of the conductor in meter. 

S = C.S.A. of conductor in 𝑚𝑚2 

 

Table (5. 5): Values of ρ as a function of the temperature, cable insulation and cable core 

material, according to IEC60909-0 and Canelés TR 50480 (in mΩ.mm²/m). [1] 

 

 

Note, the conductor’s reactance here is considered as   𝑋𝑐 = 0.08 mΩ/meter. 

 

5.4.5 Example  

A three-phase short circuit current occurred on 4 core (3x185𝑚𝑚2 + 95𝑚𝑚2) 

copper cable, at 20 meters away from bus riser 4 which fed by transformer 1 at 20℃ .All 

sections data are given in the following figure (5.1).  

So, using the figure data the short circuit value will be calculated. 

 

Figure (5. 1): the example data for each installation’s section. 
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As mentioned in section 5.1.2, each component of an installation is connected in series in 

the network, all the resistive elements in the section are added arithmetically; likewise, for 

the reactance, to give 𝑅𝑇 and 𝑋𝑇. Figure (5.2) shows the equivalent 𝑍𝑇. 

 

Figure (5. 2): Equivalent impedance seen from fault point. 

 

a) Supply Network: 

Za Obtained From equation (5.5):  

Za =
U20

2

 Psc
=

4202

500
= 0.3528 mΩ  

Xa = 0.995 Za = 0.995 * 0.3528 mΩ = 0.351 mΩ 

Ra = 0.1 Xa = 0.1 * 0.351 mΩ = 0.0351 mΩ 

b) Distribution Transformer 1: 

From figure (5.2), the Rtr & Xtr for typical distribution 400V transformers: 

Rtr = 1.4 mΩ , 

Xtr = 6.5 mΩ. 

c) Bus Riser 4: 

From Table (3.10), the Rriser & Xriser are given per meter by the ABB 

manufacturer: 

Rriser = 0.0574mΩ/meter * 95 meter = 5.42 mΩ 

Xriser = 0.0210mΩ/meter * 95 meter = 1.99 mΩ 

d) 4 core copper cable: 

From Table (5.4),  

 Rcable =  ρ ∗
L

S
= 18.51 ∗ 

20

185
= 2.00 mΩ 

 Xcable = 0.08 mΩ/meter * 20 meter = 1.60 mΩ 
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After calculating each section’s resistances and reactance, the RT and XTwill be: 

RT = Ra + Rtr + Rriser + Rcable = 0.0351 + 1.4 + 5.42 + 2.00 = 8.8551 mΩ 

XT = Xa + Xtr + Xriser + Xcable = 0.351 + 6.50 + 1.99 + 1.60 = 10.441 mΩ 

So, ZT obtained from equation (5.4): 

ZT = √RT
2 + XT

2 = √8.85512 + 10.4412 = 13.69mΩ 

Finally, the short-circuit current, obtained from equation (5.3): 

ISC =
U20

√3 x ZT
 = 

420

√3 x 13.69
 = 17.7 kA 

Table (5.6) shows the calculated short-circuit current results at each SMDB load point, 

where the RT , XT and ZT for each section of the LV installation were considered and 

calculated. 

 

Table (5. 6): the short-circuit value at each SMDB load’s Point. 

 

 

SMDB Name

Bus 

Riser 

No.

Transformer 

No.

Length of 

Bus Riser 

(m)

Length of 

Cable (m)

Cable 

C.S.A 

(mm2)

Ra 

(mΩ) 

Xa 

(mΩ) 

Rtr 

(mΩ) 

Xtr 

(mΩ) 

Rriser 

(mΩ)/

meter 

Xriser 

(mΩ)/

meter 

Rriser 

(mΩ)

Xriser 

(mΩ)

Rcable 

(mΩ)

Xcable 

(mΩ)

RT 

(mΩ)

XT 

(mΩ)

ZT 

(mΩ)

Isc 

(kA)

SMDB Ground Floor TR/2 - 15.00 120 1.8 8.3 2.31 1.20 4.15 9.85 10.69 22.69

SMDB Parking Floor TR/1 - 20.00 16 2.3 10.3 23.14 1.60 25.44 12.25 28.23 8.59

SMDB Restaurant Floor TR/3 - 25.00 150 3.09 2.00 4.49 8.85 9.92 24.44

SMDB-1 Service Floor TR/3 - 30.00 150 3.70 2.40 5.10 9.25 10.56 22.95

SMDB-2 Service Floor TR/3 - 32.00 150 3.95 2.56 5.35 9.41 10.82 22.40

SMDB Prayer Floor 30.00 15.00 16 3.36 0.95 17.35 1.20 23.05 12.81 26.37 9.20

SMDB (1ST) Floors 33.50 15.00 16 3.76 1.07 17.35 1.20 23.44 12.92 26.77 9.06

SMDB (2ND) Floors 37.00 15.00 16 4.15 1.18 17.35 1.20 23.84 13.03 27.16 8.93

SMDB (3RD) Floors 40.50 15.00 16 4.54 1.29 17.35 1.20 24.23 13.14 27.56 8.80

SMDB (4TH) Floors 44.00 15.00 16 4.93 1.40 17.35 1.20 24.62 13.25 27.96 8.67

SMDB (5TH) Floors 47.50 15.00 16 5.32 1.51 17.35 1.20 25.01 13.36 28.36 8.55

SMDB (6TH) Floors 51.00 15.00 16 5.72 1.62 17.35 1.20 25.41 13.47 28.76 8.43

SMDB (7TH) Floors 54.50 15.00 16 6.11 1.73 17.35 1.20 25.80 13.58 29.16 8.32

SMDB (8TH) Floors 58.00 15.00 16 6.50 1.84 17.35 1.20 26.19 13.70 29.55 8.20

SMDB (9TH) Floors 61.50 15.00 16 6.89 1.96 17.35 1.20 26.58 13.81 29.95 8.10

SMDB (10TH) Floors 65.00 15.00 16 7.29 2.07 17.35 1.20 26.97 13.92 30.35 7.99

SMDB (11TH) Floors 68.50 15.00 16 7.68 2.18 17.35 1.20 27.37 14.03 30.75 7.88

SMDB (12TH) Floors 72.00 15.00 16 8.07 2.29 17.35 1.20 27.76 14.14 31.15 7.78

SMDB (13TH) Floors 75.50 15.00 16 8.46 2.40 17.35 1.20 28.15 14.25 31.55 7.68

SMDB (14TH) Floors 79.00 15.00 16 8.86 2.51 17.35 1.20 28.54 14.36 31.95 7.59

SMDB (15TH) Floors 82.50 15.00 16 9.25 2.62 17.35 1.20 28.94 14.47 32.35 7.49

SMDB 16TH Floor 86.00 15.00 16 9.64 2.73 17.35 1.20 29.33 14.59 32.76 7.40

SMDB 17TH Floor 89.50 15.00 10 10.03 2.85 27.77 1.20 40.13 14.70 42.74 5.67

SMDB-1 Roof Floor 93.00 15.00 35 10.43 2.96 7.93 1.20 20.69 14.81 25.45 9.53

SMDB-2 Roof Floor

BUS 

RISER 

4

TR/3 95.00 - - 1.4 6.5 0.0574 0.021 5.45 2.00 - - 6.89 8.85 11.21 21.63

MDB.AC @ Roof Floor

BUS 

RISER 

3

TR/2 96.00 - - 1.8 8.3 0.0435 0.017 4.18 1.63 - - 6.01 10.28 11.91 20.36

SMDB-1 EM@ Ground 

Floor
- TR/1 - 17.00 25 12.59 1.36 14.92 12.01 19.16 12.66

SMDB-2 EM@ 1st Floor - TR/1 - 36.00 25 26.65 2.88 28.99 13.53 31.99 7.58

SMDB-3 EM@ 9th Floor - TR/1 - 60.00 95 11.69 4.80 14.03 15.45 20.87 11.62

SMDB EM @Roof Floor - TR/1 - 38.00 50 14.07 3.04 16.40 13.69 21.37 11.35

- -

- -- -

- - -

0.035

1.4 6.5

0.1121 0.0318

BUS 

RISER 

1 

BUS 

RISER 

2

TR/1

TR/1

2.3 10.3

0.351

2.3 10.3
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5.5     Summary 

A brief introduction for short-circuit has been introduced, then Short-circuit 

Current at the secondary terminals of the distribution transformer and at any point of the 

LV installation also have been determined. 

Moreover, the method used to determine the impedance for each installation’s 

component has been explained. Finally, an example shows the applied method to determine 

each component’s  𝑅𝑇 , 𝑋𝑇 and 𝑍𝑇. 
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6 
 

Chapter Six 

 

Circuit Breaker 

 

 

6.1 Definition 

6.2 Types of Circuit Breakers 

6.3 Fundamental Characteristics of a Circuit Breaker 

6.4 Selection of Circuit Breaker 

6.5 Coordination between Circuit Breakers 

6.6 Summary 
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6.1   Definition 

An electrical circuit breaker is a switching device that can be operated manually or 

automatically for controlling and protecting the electrical power system. Without a circuit 

breaker, there is a high risk of electrical fires, electrocution and electrical shocks. 

  

6.2   Types of Circuit Breakers  

There are different types of circuit breakers, which are based on rating current, voltage, 

installation location, external design and interrupting mechanism. As shown in table (6.1). 

 

Table (6. 1): Rating currents of different low voltage Switchgears: 

 
 

 

 

Item No.
Switching

Device
Abbreviation

Rated 

Current (A)
Function Photo

1
Residual-Current 

Circuit Breaker
RCCB 40, 63A

Protection against 

electric shocks, also 

provide sensitive 

detection (30 mA) of 

earthleakage

current with CB 

tripping

2
Miniature Circuit 

Breaker
MCB 10-125A

Overcurrent

protection and circuit 

isolation features

3
Moulded-Case 

Circuit Breakers
MCCB 100-630A

Protect the electrical 

circuit from 

excessive current

4
Air Circuit 

Breakers
ACB 630-6300A

Protecting low 

voltage circuit, 

mainly for energizing 

and cutting off high 

current
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6.3   Fundamental Characteristics of a Circuit Breaker 

The fundamental characteristics of a circuit breaker are: 

• Its rated voltage 𝑉𝑒 

• Its rated current In 

• Its tripping-current-level adjustment ranges for overload protection (𝐼𝑟 or 𝐼𝑟𝑡ℎ) 

and for short-circuit protection (𝐼𝑚) 

• It short-circuits current breaking rating (𝐼𝑐𝑢 for industrial CBs; Icn for domestic-

type CBs). 

Table (6.2) shows the tripping-current ranges of overload and short-circuit protective 

devices for LV circuit breakers. Figure (6.1) shows tripping curve of a circuit breaker with 

advanced electronic trip unit. 

Table (6. 2): tripping-current ranges of overload and short-circuit protective devices for 

LV circuit breakers: [1] 

 

                     

                     a)                                                                          b) 

a) Tripping curve of a thermal-magnetic circuit breaker,   

b) Tripping curve of a circuit breaker with advanced electronic trip unit.  

 

Figure (6. 1): curve of a circuit breaker. [1] 
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6.4   Selection of a Circuit Breaker 

 

The choice of a range of circuit breakers is determined by the electrical characteristics 

of the installation, the environment, the loads and a need for remote control, together with 

the type of communications system envisaged. 

The principle of overcurrent (Overloads and Short-circuit currents 𝐈𝐒𝐂) protection device 

is shown in figure (6.2). Which acting to cut-off the current in a time shorter than that given 

by the 𝐈𝟐𝐭 Characteristic of the circuit cabling, but allowing the maximum load current 𝐈𝐁 

to flow indefinitely. 

                            

Figure (6. 2): Circuit protection by circuit breaker and fuses. [1] 

 

In project, general rules laid down in the IEC standards, have been considered: 

1. The nominal current 𝐈𝐧 for (circuit breaker & fuse) is correctly if: 

                                                   𝐈𝐁  ≤  𝐈𝐧  ≤  𝐈𝐙                                            (6. 1) 

2. The tripping current I2 for (circuit breaker & fuse) is: 

                                                   𝐈𝟐 ≤  𝟏. 𝟒𝟓 𝐈𝐙                                            (6. 2) 

3. The 3-phase short-circuit fault-current breaking rating 𝐈𝐒𝐂𝐁  for (circuit breaker 

& fuse) is greater than the 3-phase short-circuit current existing at its point of 

installation: 

                                                       𝐈𝐒𝐂 ≤  𝐈𝐒𝐂𝐁                                               (6. 3) 
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6.4.1 Selection of Circuit Breakers as Main Incomer and Feeders 

In the project, according to transformer’s rated currents, which mentioned in table (5.2). 

Also, according to rating currents of different circuit breakers mentioned in table (6.1). Air-

circuit breaker (ACB) is suitable for the three main circuit breakers of an installation 

supplied through the three 3-phase transformers in the hotel substations. 

A Master Pact MTZ2 air circuit breakers (ACB) from Schneider with an adjustable 

tripping-unit range of current, and a short-circuit breaking capacity (Icu) of 66 kA would 

be a suitable choice for this duty.  

Table (6.3) shows the kind of ACB’s used in hotel project, with their suitable breaking 

frame current rating and adjusted breaking trip current. 

 

Table (6. 3): Type of ACB used in hotel project: 

 

6.4.2 Selection of feeder CBs and final-circuit CBs 

Using general rules laid down in the IEC standards, which mentioned above, all circuit 

breaker in hotel project have selected based on this rule. For all hotel SMDB’s and DB’s. 

Taking SMDB of ground floor as example, the NSX400F MCCB used to protect this 

SMDB using these rules as following: 

For nominal current 𝐈𝐧 of NSX400F MCCB: 

                                                               IB  ≤  In  ≤  IZ                                            (6.1) 

                                   328.04 A ≤  350 A ≤  359 A                                             

For tripping current I2 of NSX400F MCCB:  

                                                                 I2 ≤  1.45 IZ                                          (6.2) 

     350 A ≤  1.45 𝑥 359  →  350 A ≤ 520.55 A 

For 3-phase short-circuit fault-current breaking rating 𝐈𝐒𝐂𝐁  of NSX400F MCCB: 

Low Voltage 

Panel 

Number

Transformer 

Rating 

(KVA)

Transformer 

Rated Current 

In (A)

Cable 

Catalog 

Number

Cable C.S.A (mm2)

Calculated 

Short-Circuit 

Current (Isc)

ACB Type
Breaker Frame 

Current Rating 

Breaker Trip 

Current Rating 

(In)

Short-Circuit 

Breaking Capacity 

(Icu)

LVP-1 1000 1374.6 N2XY4300 4x (4x300+150) mm2 22.9 kA
MasterPact 

MTZ2 20H1
2000 A 1600 66 kA

LVP-2 1250 1718.3 N2XY4300 5x (4x300+150) mm2 28.6 kA
MasterPact 

MTZ2 25H1
2500 A 2000 66 kA

LVP-3 1600 2199.4 N2XY4300 6x (4x300+150) mm2 36.7 kA
MasterPact 

MTZ2 32H1
3200 A 2500 66 kA
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                                                      ISC ≤  ISCB                                               (6.3) 

                                                       22.69 kA ≤  36 kA                                                

After applying all previous rules, we conclude that the NSX400F MCCB is suitable for 

protection SMDB Ground Floor. Table (6.4) shows all selected circuit breakers for 

different SMDB’s, Table (6.5) shows the result quantities for the circuit breakers used from 

the transformer secondary side to SMDB panels. Table (6.6) shows all selected circuit 

breakers for normal DB’s Table (6.7) shows all selected circuit breakers for emergency 

DB’s in hotel. in appendix F (page 139) 

 

Table (6. 4): Type of MCCB circuit breaker used to protect SMDB’s in hotel: 

 

 

SMDB Name

Total 

Connected  

Load  

(KVA) 

Full 

Load Ib 

(A)

Cable Catalog 

Number

Cable C.S.A 

(mm2)

Calculate

d Isc (kA)

Type of 

Circuit 

Breaker

Breaker 

Frame Current 

Rating

Breaker Trip 

Current 

Rating (In)

Short-Circuit 

Breaking 

Capacity (Icu)

SMDB Ground Floor 227.27 328.04 N2XY4120 (4x120+70) mm2 22.69 NSX400F 400A 350A 36kA

SMDB Parking Floor 52.32 75.52 N2XY516 5x16 mm2 8.59 NSX160B 160A 100A 25kA

SMDB Restaurant Floor 292.63 422.38 N2XY4150 (4x150+70) mm2 24.44 NSX630F 500A 450A 36kA

SMDB-1 Service Floor 264.05 381.12 N2XY4150 (4x150+70) mm2 22.95 NSX630F 500A 400A 36kA

SMDB-2 Service Floor 263.5 380.33 N2XY4150 (4x150+70) mm2 22.40 NSX630F 500A 400A 36kA

SMDB Prayer Floor 56.73 81.88 N2XY516 5x16 mm2 9.20 NSX160B 160A 100A 25kA

SMDB (1ST) Floors 66.42 95.87 N2XY516 5x16 mm2 9.06 NSX160B 160A 100A 25kA

SMDB (2ND) Floors 66.42 95.87 N2XY516 5x16 mm2 8.93 NSX160B 160A 100A 25kA

SMDB (3RD) Floors 66.42 95.87 N2XY516 5x16 mm2 8.80 NSX160B 160A 100A 25kA

SMDB (4TH) Floors 66.42 95.87 N2XY516 5x16 mm2 8.67 NSX160B 160A 100A 25kA

SMDB (5TH) Floors 66.42 95.87 N2XY516 5x16 mm2 8.55 NSX160B 160A 100A 25kA

SMDB (6TH) Floors 66.42 95.87 N2XY516 5x16 mm2 8.43 NSX160B 160A 100A 25kA

SMDB (7TH) Floors 66.42 95.87 N2XY516 5x16 mm2 8.32 NSX160B 160A 100A 25kA

SMDB (8TH) Floors 66.42 95.87 N2XY516 5x16 mm2 8.20 NSX160B 160A 100A 25kA

SMDB (9TH) Floors 66.42 95.87 N2XY516 5x16 mm2 8.10 NSX160B 160A 100A 25kA

SMDB (10TH) Floors 66.42 95.87 N2XY516 5x16 mm2 7.99 NSX160B 160A 100A 25kA

SMDB (11TH) Floors 66.42 95.87 N2XY516 5x16 mm2 7.88 NSX160B 160A 100A 25kA

SMDB (12TH) Floors 66.42 95.87 N2XY516 5x16 mm2 7.78 NSX160B 160A 100A 25kA

SMDB (13TH) Floors 66.42 95.87 N2XY516 5x16 mm2 7.68 NSX160B 160A 100A 25kA

SMDB (14TH) Floors 66.42 95.87 N2XY516 5x16 mm2 7.59 NSX160B 160A 100A 25kA

SMDB (15TH) Floors 66.42 95.87 N2XY516 5x16 mm2 7.49 NSX160B 160A 100A 25kA

SMDB 16TH Floor 55.26 79.76 N2XY516 5x16 mm2 7.40 NSX160B 160A 100A 25kA

SMDB 17TH Floor 34.98 50.49 N2XY510 5x10 mm2 5.67 NSX100B 100A 63A 25kA

SMDB-1 Roof Floor 92.4 133.37 N2XY435 (4x35+16) mm2 9.53 NSX250B 250A 160A 25kA

SMDB-2 Roof Floor 862 1244.19
1250A TP+N+E 

Cu  IP(55)
- 21.63

MasterPact

MTZ2 

16N1

1600A 1250A 42kA

MDB.AC @ Roof Floor 1029 1485.23
1600A TP+N+E 

Cu  IP(55)
- 20.36

MasterPact 

MTZ2 

20N1

2000A 1600A 42kA

SMDB-1 EM@ Ground 

Floor
71.45 103.13 N2XY425 (4x25+16) mm2 12.66 NSX250B 250A 125A 25kA

SMDB-2 EM@ 1st Floor 82.8 119.51 N2XY425 (4x25+16) mm2 7.58 NSX250B 250A 125A 25kA

SMDB-3 EM@ 9th Floor 201.8 291.27 N2XY495 (4x95+50) mm2 11.62 NSX400F 400A 320A 36kA

SMDB EM @Roof Floor 121.3 175.08 N2XY450 (4x50+25) mm2 11.35 NSX250B 250A 200A 25kA
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Table (6. 5): the result quantities for the circuit breakers from MDB up to SMDB: Data 

sheet in appendix G (page 140) 

 

 

6.5   Coordination between Circuit Breakers 

 

6.5.1 Principles of Selectivity 

Selectivity is achieved by overcurrent and earth fault protective devices if a fault 

condition, occurring at any point in the installation, is cleared by the protective device 

located immediately upstream of the fault, while all other protective devices remain 

unaffected, as shown in figure (6.3).   

 

Figure (6. 3): Principle of selectivity. [1] 
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From installation point of view, Selectivity is achieved when the maximum short-circuit 

current at a point of installation is below selectivity limit of the circuit breakers supplying 

this point of installation.  

Selectivity shall be checked for all circuits supplied by one source and for all type of 

fault: Overload, Short-circuit and Earth fault. 

 

Different solution is provided to achieve selectivity based on current, time, energy and 

logic: 

1. Current based selectivity: this method is realized by setting successive tripping 

thresholds at stepped levels, from downstream circuits (lower settings) towards 

the source (higher settings).  

2. Time based selectivity: this method is implemented by adjusting the time-

delayed tripping units, such that downstream relays have the shortest operating 

times, with progressively longer delays towards the source. In the two-level 

arrangement shown, upstream circuit breaker A is delayed sufficiently to ensure 

total selectivity with B. 

3. Selectivity based on a combination of current & time: A time-delay added to 

a current level scheme can improve the overall selectivity performance. The 

upstream CB has two magnetic tripping thresholds Im: short-delay electronic trip 

& Ii: instantaneous trip. 

 

Figure (6. 4): Current based selectivity, Time based selectivity, Combination of both. [1] 

 

6.5.2 Example for coordination between two MCCB’s 

This example shows how the coordination principle applied in this project. In ground 

floor, a type of NSX400F MCCB from Schneider used to protect (SMDB Ground Floor) 

& FF PUMP with breaker frame current rating 400A. 

The breaker trip current rating (In) for FF PUMP is set to be 320A, while for (SMDB 

Ground Floor) is set to be 350A. So here, the current based selectivity has been achieved. 
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Now, when determining the tripping time of the circuit breaker, you should take into 

account that: 

𝐭𝐦𝐚𝐱 > 𝐭 > 𝟎. 𝟏𝐬𝐞𝐜                                      (6. 4) 

Elimination of the minimum short-circuit current possible in the circuit, in a time 

𝑡𝑚𝑎𝑥 compatible with the thermal constraints of the circuit conductors, where: 

𝐭𝐦𝐚𝐱 =  
𝐤𝟐∗𝐒𝟐

𝐈𝐬𝐜
𝟐  (𝐕𝐚𝐥𝐢𝐝 𝐟𝐨𝐫 𝐭𝐦𝐚𝐱  <  𝟓 𝐬𝐞𝐜𝐨𝐧𝐝𝐬                            (6. 5) 

Where S is the C.S.A of the cable, k is a factor depending of the cable conductor 

material, the insulation material and initial temperature. For copper XLPE, initial 

temperature 90 °C, k = 143. 

Now, for FF PUMP, S for cable = 95 mm2 and calculated Isc = 13.14 kA at its load 

terminal. 

𝐭𝐦𝐚𝐱 =  
𝟏𝟒𝟑𝟐∗𝟗𝟓𝟐

𝟏𝟑,𝟏𝟒𝟎𝟐 = 𝟏. 𝟎𝟕 𝐬𝐞𝐜                                     (6. 6) 

And, for (SMDB Ground Floor), S for cable = 120 mm2 and calculated 𝐼𝑠𝑐 = 22.69 𝑘𝐴 

at its load terminal. 

𝐭𝐦𝐚𝐱 =  
𝟏𝟒𝟑𝟐∗𝟏𝟐𝟎𝟐

𝟐𝟐,𝟔𝟗𝟎𝟐 = 𝟎. 𝟓𝟕𝟐 𝐬𝐞𝐜                               (6. 7) 

Based on formula 6.x, the breaker trip time for (SMDB Ground Floor) NSX400F MCCB 

is delayed and set to be 500ms. And the breaker trip time for FF PUMP NSX400F MCCB 

is set to be 300ms. So here, the Time-based selectivity has been achieved. 

 

 

6.6   Summary  

A definition, types and fundamental characteristics for circuit breakers have been 

introduced. Method of circuit breaker selection and general rules laid down in the IEC 

standards, also have been considered.  The circuit breakers for main incomer feeders and 

final circuits have determined and selected. 

In addition, the principle of selectivity has been introduced. Finally, the coordination 

between project circuit breakers has been done. 
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Chapter seven  

 

Power Factor Improvement
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7.1 Introduction 

Power factor is the ratio of active power to apparent power, and is equal to the cosine 

of the phase angle (cos phi) - which is the difference between the voltage and current 

angles. Therefore, it is a numerical value that does not have a unit of measurement ranging 

from zero to one. In power stations, it is preferred and sought to have the power factor as 

large as possible, as it increases the degree of power factor, the amount of effective capacity 

increases, and the value of inactive capacity or stored capacity decreases, and the values 

of power coefficients range in Power stations that adopt AC system electric loads fall into 

one of the following classifications: [1] 

o Resistive 

o Inductive 

o Capacitive 

 

 

7.2  Power Factor Correction 

Inductive power factor correction uses capacitors connected in parallel to counteract 

the effects of inductive elements and to reduce the phase shift between voltage and current. 

Power factor correction is a technique that uses capacitors as shown in Figure (7.1) to 

reduce the reactive power component of an AC circuit in order to improve its efficiency 

and reduce current. 

Strength factor improvement is of great economic importance. The closer the power 

factor is to 1, the smaller it is Simulated power transmitted in the electrical system. 

 

 

Figure (7.1) Power Factor Correction using Capacitor. 
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❖ Benefits of power Factor correction. 

 

1. Reduce energy consumption 

2. Electricity bills are reduced 

3. Improve the efficiency of electrical energy 

4. Provides additional kVA of current supply 

5. Reduce losses of transformer and distribution equipment 

6. Low voltage drops in long cables 

 

❖ Ways to improve power factor: 

 

Reactive power can be reduced in three ways:  

1. Add two pure consumers (to increase the active capacity). 

2. Add synchronous (capacitive) motors to the system. 

3. Connect capacitors (in parallel to consumers). 

 

❖ Capacitor connection options to improve power factor: 
 

1. Single installation - connection of a capacitor in parallel to each nearby 

consumer or even to connecting clamps. 

2. Group installation - connection of a capacitor to groups of consumers that 

are not all active at the same time (volume of the capacitor) Determined 

according to the average power factor of the group. 

3. Central installation - capacitor connection on the main board. This method 

improves the power factor of the entire facility, which is the method we will 

follow to improve the power factor. 

 

 Note: To adjust the capacitor capacity to a variable power factor, it is necessary to 

install an automatic capacitor regulator. 
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7.3  Power factor Correction Calculation 

 

It is very important to calculate the P.F for all loads connected at each main feeder, to 

check that the P.F for all connected loads need an improvement or not. Using following 

equations, the active Power (P in kW), reactive power (Q in kvar), apparent power (S in 

KVA), and the angle (in degree) can be calculated for each load: 

𝐐 = 𝐒 𝐱 𝐬𝐢𝐧 ∅                                                               (7. 1) 

𝐏 = 𝐒 𝐱 𝐜𝐨𝐬 ∅                                                               (7. 2) 

                               STotal = PTotal + j QTotal = √Ptotal
2 + Qtotal

2                                 (7. 3) 

tan ∅ = (
PTotal

QTotal
)                                                             (7. 4) 

∅ = tan−1(
PTotal

QTotal
)                                                          (7. 5) 

 

The method used here to calculate the feeder power is: 

1- Collecting the given P.F values for each light and power circuits; 

2- Collecting the given P.F for each air-conditioning and motor loads; 

3- Calculating the P&Q at each distribution board (D.B) load terminal; 

4- Then combine the P & Q for each D.B to find total P & Q at SMDB load terminal; 

5- Then doing summation for all P & Q of the SMDB’s, to find 𝑃𝑇𝑜𝑡𝑎𝑙  & 𝑄𝑇𝑜𝑡𝑎𝑙 

absorbed by each transformer feeder 

6- Finally, calculate the P.F at the transformer feeder to check if it needs an 

improvement or not. 

 

To explain how this method used, taking SMDB Ground Floor as example. Using data 

mentioned in table (3.1). The SMDB Ground Floor feeds four D. B’s, Garbage compactor 

and FF Pump. The S (in KVA) and the P.F for each load type have been given as shown in 

table (7.1). 

 

 



89 
 

Table (7. 1): SMDB Ground Floor example data. 

 

 

Now, the P for each load type will be calculated using equation (7.1): 

PDB.GF =  S x cos ∅ = 15.11 x 0.80 = 12.088 kw  

PGarbage =  S x cos ∅ = 3 x 0.85 = 2.55 kw  

PFF Pump =  S x cos ∅ = 186 x 0.87 = 161.82 kw  

PDB.MEZ. =  S x cos ∅ = 17.6 x 0.80 = 14.08 kw  

PShop 1 =  S x cos ∅ = 2.78 x 0.80 = 2.224 kw  

PShop 2 =  S x cos ∅ = 2.78 x 0.80 = 2.224 kw  

So, PTotal =  PDB.GF +  PGarbage +  PFF Pump +  PDB.MEZ. +  PShop 1 + PShop 2 

                    =  12.088 +  2.55 +  161.82 +  14.08 +  2.224 +  2.224 = 194.99 kw  

 

Now, the Q for each load type will be calculated using equation (7.2): 

QDB.GF =  S x sin ∅ = 15.11 x 0.60 = 9.066 kvar  

QGarbage =  S x sin ∅ = 3 x 0.53 = 1.59 kvar  

QFF Pump =  S x sin ∅ = 186 x 0.49 = 91.71 kvar 

QDB.MEZ. =  S x sin ∅ = 17.6 x 0.60 = 10.56 kvar 

QShop 1 =  S x sin ∅ = 2.78 x 0.60 = 1.668 kvar 

QShop 2 =  S x sin ∅ = 2.78 x 0.60 = 1.668 kvar 
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So, QTotal =  QDB.GF +  QGarbage +  QFF Pump +  QDB.MEZ. +  QShop 1 +  QShop 2 

                    =  9.066 +  1.59 +  91.71 +  10.56 +  1.668 +  1.668 = 116.25 kvar  

STotal  Can be calculated using equation (7.3): 

STotal = 194.99 + j 116.25 = √194.992 + 116.252 = 227.01 KVA 

In addition, the angle ∅ in degree using equation 7.5: 

∅ = tan−1(
194.99

116.25
) = 30.80° 

Finally, the P.F at SMDB feeder is: 

P.F  = Cos(∅) =  Cos(30.80°) = 0.859 

Each SMDB result has been shown in table (7.2), table (7.3), and table (7.4). Moreover, 

the result value for each SMDB have been collected to find the  PTotal &  QTotal for each 

transformer feeder. 

 

Table (7. 2): Power Factor Result for total SMDB Connected to Feeder of Transformer 3: 

 

 

Table (7. 3): Power Factor Result for total SMDB Connected to Feeder of Transformer 2: 
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Table (7. 4): Power Factor Result for total SMDB Connected to Feeder of Transformer 1: 

 

 

As shown in table (7.4), the P.F at transformer 1 feeder has low value. Therefore, an 

improvement for this value will be applied, in next section. 

 

7.4  Hotel Power Factor Correction. 

 

Correction factor calculation formula: 

QC = P[tan( cos−1 PFold) − tan (cos−1 PFnew)]                                 (7. 6) 

 

Where: 

𝑄𝐶: Reactive power of the required capacitor (KVAR). 
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P: Total power load (KW). 

PFold: power factor before improvement. 

PFnew: Power factor after optimization. 

 

Current of capacitor (A): 

I =
QC

√3∗V
                                                         (7. 7) 

Where: 

V: voltage 3ph. 

 

➢ Calculate the value of the capacitor we need to improve the power factor on the 

first transformer (single line diagram-6-): 

 

Power factor old =0.811 

cos−1(0.811) = 35.76° 

tan(35.76) = 0.7214 

 

Power factor new =0.92 

cos−1(0.92) = 23.07° 

tan(23.07) = 0.426 

 

Power in full load=1,332.29 (KW) 

 

QC = P[tan( cos−1 PFold) − tan (cos−1 PFnew)] 

= 1,332.29 x [0.7214 − 0.426] = 393.56 𝐾𝑉𝐴𝑅 

So, the 400KVAR capacitor bank will be used. 

Now, the rating ampere for the capacitor bank: 

I =
QC

√3 ∗ V
 

=
400 ∗ 103

√3 ∗ 400
= 577.35 𝐴 
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After calculating the needed reactive power to improve P.F, the ratings of capacitor 

banks have been determined. Moreover, cable for capacitor bank has been determined 

using simplified methods used in chapter 3. In addition, the size of circuit breaker has been 

determined. Table (7.5) shows the values of capacitor bank used in project and the C.S.A 

multi-core cable and the selected circuit breaker. 

 

Table (7. 5): capacitor bank result values, in its cables C.S.A. and circuit breaker:  

 

 

7.5 Summary 

 

In this chapter, an introduction and benefits of correction P.F have been introduced. 

Then, the P.F at each D.B, SMDB load terminal has been calculated which resulted to 

calculate the   PTotal &  QTotal for each transformer feeder. Finally, the needed capacitor 

bank has been sized; also, the C.S.A of the cable and its protection circuit breaker has been 

selected. 
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Chapter Eight 

 

 

Earthing & Lightning Protection 

 

 

 

8.1 Introduction 

8.2 Types of Earthing System 

8.3 Earthing System Components 

8.4 Earthing System Calculation 

8.5 Lightning Protection System 

8.6 Summary 
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8.1   Introduction 

Earthing systems play an essential role in electrical systems in terms of safety for people 

in the vicinity against the hazard of electric shocks as well as protection and proper 

operation of equipment during the incidence of faults. Both are achieved by providing a 

low impedance path that can dissipate fault currents to the conductive mass of Earth [8]. 

One of the first steps in the design of an earthing system is estimating the total resistance 

to earth and determining the proper size and basic layout of the earth electrode required. 

The total resistance of this connection should not be greater than the required resistance 

value as stipulated in international standards, not be greater than 5 Ω or 10 Ω. 

In this hotel project, the maximum permissible resistance value ranges from 1 Ω to 5 Ω 

for distribution L.V installation depending on the local conditions [9]. 

 

8.2   Types of Earthing System 

8.2.1  TT System 

 One point at the supply source is connected directly to earth. All exposed- and 

extraneous-conductive-parts are connected to a separate earth electrode at the installation 

point. To prevent a human from electrical shock, a residual current device (RCD) with an 

operating current of 30 mA. Figure (8.1) shows the arrangement of a TT earthing system. 

 

 

Figure (8. 1): TT earthing system. [10] 
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8.2.2 TN-S System 

In this (five wires system), the electricity supply company providing an earth terminal 

at the incoming mains position. This earth terminal is connected by the supply protective 

conductor (PE) back to the star point (neutral) of the secondary winding of the supply 

transformer, which is also connected at that point to an earth electrode. The system is 

shown diagrammatically in Figure (8.2). 

 

 

Figure (8. 2): TN-S earthing system. [10] 

 

 

8.2.3 TN-C-S System 

The electricity supply company, uses a common conductor for both the neutral and the 

earth. This combined and neutral system is sometimes called the 'protective and neutral 

conductor' (PEN). Figure (8.3) shows the arrangement of a TN-C-S earthing system. 

 

 

Figure (8. 3): TN-C-S earthing system. [10] 
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8.2.4 TN-C System 

This installation is unusual, because combined neutral and earth wiring is used in both 

the supply and within the installation itself. Where used, the installation will usually be the 

earthed concentric system, which can only be installed under the special conditions. Figure 

(8.4) shows the arrangement of a TN-C earthing system. 

 

 

Figure (8. 4): TN-C earthing system. [10] 

 

8.2.5 IT System 

The installation arrangements in the IT system are the same for those of the TT system. 

However, the supply earthing is totally different. The IT system can have an unearthed 

supply, or one, which is not solidly earthed but is connected to earth through a current 

limiting impedance. IT system is shown in figure (8.5). 

 

Figure (8. 5): IT earthing system. [10] 
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8.3   Earthing System Components 

Earthing system has three main components: 

8.3.1 Earthing Conductors 

The earthing conductor is commonly called the earthing lead. It joins the installation 

earthing terminal to the earth electrode or to the earth terminal provided by the Electricity 

Supply Company. It is a vital link in the protective system, so care must be taken to see 

that its integrity will be preserved at all times. [10] 

 

8.3.2 Earth Electrodes 

The principle of earthing is to consider the general mass of earth as a reference (zero) 

potential. Thus, everything connected directly to it will be at these zero potentials. The 

purpose of the earth electrode is to connect to the general mass of earth, see figure (8.6). 

 

  

Figure (8. 6): Earth electrode.[10] 

 

8.3.3 Inspection Points (Earth Pits) 

For protection of the earthing rod and earthing conductors and for maintenance and 

inspection purposes an earth well is constructed as shown in figure (8.7). 
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Figure (8. 7): Earth pits.[10] 

 

8.4    Earthing System Calculation 

8.4.1 Earthing Resistance Calculation 

Calculation The earth resistance (𝑅𝑔) of a single rod (spike), of diameter (d) and driven 

length (L) driven vertically into the soil of resistivity (ρ), can be calculated as follows: 

                                                      𝐑𝐠 =  
𝛒

𝟐𝛑𝐋
 ⌊𝐥𝐧 (

𝟖𝐋

𝐝
) − 𝟏⌋                            (8. 1)   

Where: 

ρ= Soil Resistivity in 𝛺𝑚 

L=Buried Length of the electrode in m 

d=Diameter of the electrode in m 

For any number of rods in parallel, it can calculate the equivalent earthing resistance 

from the following equation and table (8.1): 

                                                             𝐑𝐞𝐪𝐮. =  
𝐑𝐠

𝐍
 𝐱 𝝀                                             (8. 2) 

Where; 

 N: is the number of rods in parallel. 

λ: is a multiplying factor that can be taken from the following table8.1. The resistivity (ρ) 

in (𝛺. 𝑚) for various types of soils are given table (8.2). 
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Table (8. 1): Multiplying factor for parallel electrodes in line as per (BS 7430). [11] 

 

Table (8. 2): Average resistivity values (𝛀. 𝐦) for an approximate sizing of earth 

electrode.[1] 

 

 

Now, for hotel project the earth resistance (𝑅𝑔) of a 3-meter single rod (spike) with 

diameter Ø17,28 mm driven in an earth, with soil type (Fertile soil, compacted damp fill) 

with mean value of 50 Ω𝑚 resistivity, is obtained from equation (8.1): 

Rg =  
ρ

2πL
 ⌊ln (

8L

d
) − 1⌋ =  

50

2xπx3
  ⌊ln (

8𝑥3

0.01782
) − 1⌋ =  16.54 Ω 

 

Then, with 3 electrodes in parallel for MDB body the equivalent earthing resistance  

Requ. from equation (8.2), where λ from table (8.1) 1.66: 

Requ. =
Rg

N
 x 𝜆 =  

16.54

3
 x 1.66 = 9.153 Ω   

The Requ. = 9.153 Ω >  5 Ω  , this value is not acceptable! 

Therefore, solution could be increasing the number of electrodes in parallel or increasing 

the lengths of the electrodes. Because the project has three 300x300x300 mm earth pit for 

inspection purpose, increasing the lengths of the electrodes driven in an earth is better 

choice. Data sheet in appendix H (page 141) 
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So, the length of each electrode will be increased to 9 meters for each earth pit: 

Rg =  
ρ

2πL
 ⌊ln (

8L

d
) − 1⌋ =  

50

2xπx9
  ⌊ln (

8x9

0.01782
) − 1⌋ =  6.485 Ω 

Finally, the equivalent earthing resistance 𝑅𝑒𝑞𝑢. is: 

Requ. =
Rg

N
 x 𝜆 =  

6.485

3
 x 1.66 = 3.588 Ω   

The of  Requ. = 3.588 Ω <  5 Ω  , this value is acceptable. 

 

 

Figure (8. 8): Earth pits location in front of the hotel project 

. 

8.4.2 Earthing Conductors Calculation 

In this section, the sized 150 𝑚𝑚2 of earth conductors, which have been selected in 

section 4.5, will be checked if it was sized correctly or not.  

From the equation 6.5, the earth conductor size PE in 𝑚𝑚2 is: 

                                                  𝐒𝐏𝐄 =
𝐈𝐬𝐜𝐱√𝐭

𝐊
                                                 (8. 3) 

Moreover, in LV installation the maximum time for disconnection or clear fault current 

is 0.4 sec. so, here the earth conductors will be checked with time of 0.5 sec. 

Now, from table (6.3) for LVP-1 (or MDB-1), the earth conductor size PE is: 

SPE =
Iscx√t

K
=  

22,900x√0.5

143
= 113.24 mm2  <  150 mm2 , so, it is sized correctly. 

For LVP-2 (or MDB-2), the earth conductor size PE is: 

SPE =
Iscx√t

K
=  

28,600x√0.5

143
= 141.42 mm2  <  150 mm2 , so, it is sized correctly. 
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For LVP-3 (or MDB-3), the earth conductor size PE is: 

SPE =
Iscx√t

K
=  

36,700x√0.5

143
= 181.47 mm2  >  150 mm2 , so, it is sized NOT correctly! 

Therefore, the next nearest available conductor size will be 185 𝑚𝑚2. 

Data sheet in appendix I (page 142).  

 

8.5    Lightning Protection System 

This project follows BS 6651 code (Protection of structures against lightning), which 

clearly advises strict adherence to the provision of a conventional Lightning Protection 

System (LPS) – to the total exclusion of any other device or system for which claims of 

enhanced protection are made. 

Principle components of a conventional structural lightning protection system, in 

accordance with BS 6651 are: 

• Air termination network 

• Down conductors 

• Earth termination network 

• Bonding (to prevent side flashing). 

 

❖ In this project, the Structural Lighting Protection System (LPS) is complying and 

designed to BS 6651. As following: [12] 

 

1- No part of the roof should be away more than 5m from air termination conductor.  

This can be achieved by applying mesh of size (10m x 20m). 

2- On high-risk structures, the mesh forming the air termination network dimensions 

to be 5m x 10m so that no part of the roof should be 2.5m away from any air 

termination conductor. 

3- The zone of protection offered by an air termination network for buildings with 

height less than 20m should not exceed 45°. 

4- The zone of protection for higher than 20m buildings must be determined by rolling 

sphere method. 

5- There should be one down conductor for every 20m or part of the building perimeter 

at roof or ground level whichever is greater for buildings below 20m in heights. 

6- If the building is above 20m in height or in abnormal risk, the distance between two 

down conductors should be reduced to 10m. 

7- The length of down conductor forming the loop should not exceed eight times the 

width of its open side (i.e., the distance between two down conductors). 
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8- Each down conductor must have a separate earth termination (i.e., earth pit). 

9- The resistance to earth of the lighting protection system measured at any point 

should not exceed 10 ohms. 

10- For each down conductor and for disconnection from the earth, test clamp to be 

provided nearest to the earth pit.  

11- The individual resistance of each earth pit constituting apart of the earth termination 

network should not exceed 10 times the number of down conductors. 

12- The combined length of earth rods of LPS should not be less than 9m while each 

individual earth rod length should not be less than 1.5m in length. 

13- In case of using parallel, earth rods to achieve the 10-ohm resistance. The separation 

distance of earth should be between L to 2L, where L is the length of earth rod. 

14- All metal works including water pipes, gas pipes, handrails, air conditioning unit’s 

metal cladding and metal roofs in the vicinity of the LPS must be bonded to it to 

avoid the danger of side flashing. 

 

So, the previous points were applied in this project, as following: 

Due to the nature of the building, approximately mesh of size (10m x 20m) method was 

selected, and the result number of air termination conductor are 5 conductors. 

The hotel building perimeter at roof is about 132 meters. In addition, because the 

building is higher than 20 meters, the distance between two down conductors is 10 meters. 

So, a 13 down conductor must be used.  

In addition, the building height is about 99.2 meter, same to the lengths of each down 

conductors forming the loop not exceed eight times the distance between two down 

conductors. 

 For example, the distance between two farthest LPE-1 & LPE-2 points are 12.3 meter, 

multiplying 12.3 meter by 8, which is equal to 98.4 meter, so it less than the length of down 

conductor, resulting to acceptable value. Moreover, each down conductor has a separate 

earth pit. 

As mentioned in section 8.5.1, the individual resistance of each earth pit constituting 

apart of the earth termination network with a 3 x 3-meter single rod (spike) with diameter 

Ø17,28 mm driven in an earth, with soil type (Fertile soil, compacted damp fill) with mean 

value of 50 𝛺. 𝑚 resistivity, is obtained from equation (8.1): 

 

Rpit =  
ρ

2πL
 ⌊ln (

8L

d
) − 1⌋ =  

50

2xπx9
  ⌊ln (

8𝑥9

0.01782
) − 1⌋ =  6.485 Ω  
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This value is less than the number of down conductors multiplied by 10 times; i.e the 

resistance of each earth; 6.485 Ω < 10𝑥13 = 130 Ω . 

The equivalent earthing resistance for 13 earth pits obtained from equation (8.2) and 

table (8.1), the value of 𝜆 here is approximated to be with vale of 4: 

                               Requ. =  
Rpit

N
 x 𝜆 =    

6.485

13
 x 4 = 2 Ω                                                   

The of  Requ. = 2 Ω <  5 Ω  , this value is acceptable. 

 

In this project, the applied separation distance of earth between L to 2L; i.e the applied 

separation distance is between 9 to 18 meter. 

❖ Addition notes taken into consideration: 

 

• The air termination network conductors consist of 25mm x 3mm tinned copper 

tape.  

• All roof conductors are to be secured at intervals not exceeding 900mm.  

• Vertical copper air terminal height (500mm) shall be provided for the 

termination network. 

• A minimum of two air terminals separated by 30m to be provided. 

• Down conductor rebar will be bonded to foundation steel network underground 

stainless-steel tape 25mm x 3mm shall be inter connect all rebar down 

conductors at the ground level along the perimeter of the building to comply with 

IE-C 61024-2-2 if rebars used as down conductors. 

 

The figure (8.9) shows the project-designed plan for conventional structural lightning 

protection system, and figure (8.10) designed components used in project. 
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Figure (8. 9): the project-designed plan for conventional structural lightning protection 

system. 
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Figure (8. 10): designed components used in project. 
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8.6    Summary 

Introduction about the importance of earthing system & Lightning Protection system 

have been introduced. Types and components of both systems also are illustrated or 

displayed. Earthing resistance for determining the proper size and basic layout of the earth 

electrode has been calculated, and then checked if it was sized correctly or not. The LPS 

was designed and complied to BS 6651. Finally, a plan for conventional structural lightning 

protection system and its component has been designed and layer by AutoCAD. 
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Chapter Nine 

 

Project Layout 

 

 

9.1  Introduction to Hotel Project SLD 
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9.1    Introduction to Hotel Project SLD 

A single-line diagram (also known as an SLD or one-line diagram) is a simplified 

representation of an electrical system. Symbols and lines are used to represent the nodes 

and connections in the system, and electrical characteristics may be included as well. 

The methods or steps used to build SLD in this Project, is: 

1- Represents all types of hotels loads into single phase and three phase circuits; Lights 

Circuits, Sockets circuits, FCU circuits…etc.  

2- Each floor load circuits, represented into distribution Boards (DB). 

3- Classification of DB’s into Non-essential loads DB’s & Emergency loads DB’s. 

4- Non-essential loads DB’s designed to be fed from sub-main distribution board 

(SMDB); which designed to be fed from main distribution board (MDB), finally 

supplied from transformer (electric network supplier) only.  

5- Emergency loads DB’s designed to be fed from emergency SMDB; which designed 

to be fed from emergency MDB, but these loads have two options to be supplied; 

from transformer or from standby source as backup generator or UPS in case of 

power outage. 

6- The riser diagram for hotel building floors have been represented also; 

7- Connection of power sources for the hotel as distribution transformer, backup 

generator and UPS has been showed in the SLD. 

8- The connection of capacitor bank for PF improvement also has been shown. 

9- The protection devices; RCD, CB, MCCB and ACB which used in the project also 

shown in the SLD. 

10- Each electrical element component size in the project, represented with details in 

SLD with details. 

 

The following figures show the hotel SLD, illustrating all electrical components used in 

the hotel project in details. An example for DB.GF & DB.GF EM at ground floor as shown 

in figure (9.1). 
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Fire Detection & Alarm System  

 

 

10.1  Introduction 

10.2  Hotel Fire Alarm System 

10.3  Central Battery System for Emergency Lighting 
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10.1 Introduction 

A fire alarm system warns people when smoke, fire, carbon monoxide or other fire-

related or general notification emergency emergencies are detected. These alarms may be 

activated automatically from smoke detectors and heat detectors or may also be activated 

via manual fire alarm activation devices such as manual call points or pull stations. Alarms 

can be either motorized bells or wall mountable sounders or horns. They can also be 

speaker strobes, which sound an alarm, followed by a voice evacuation message, which 

warns people inside the building not to use the elevators. [13] 

 

A fire alarm system consists of many different input and output devices, including: 

• Control Panel: it is the brains of a fire alarm system, which monitors all the 

system’s inputs. It is also responsible for controlling the actions of the system’s 

output actions, and relays information to the notification devices. 

• Power Supply: fire alarm system requires both a primary and backup power 

supply. 

• Initiating Devices: which is responsible for transmitting a signal to the control 

panel signaling that there is a possible fire. There are two types: 

a) Automatic:  consists of detectors that measure or identify the presence of 

smoke, heat, CO2, and flames. 

b) Manual: these devices need a person to activate them, such as a pull station. 

• Notification Appliances: notification appliances are made up of visual and audible 

devices that are used to alert building occupants of a fire. 

• Building Safety Components: these components manage certain aspects of the 

building safety infrastructure and are meant to assist people in exiting the building. 



121 
 

• Others: there are often other aspects of a fire alarm system including fire doors, 

sprinklers, elevator recalls, among others. It is also increasingly common to have a 

building’s fire alarm system be integrated with the building’s security system or 

other smart building technologies. 

Figure (10.1) shows the different devices connected to fire alarm control panel (FACP). 

 

Figure (10. 1): different components of a  fire alarm system.[14] 

 

10.2 Hotel Fire Alarm System 

The fire alarm system components used in the hotel, are UL 864 & EN-54 approved 

systems, which function as standard fire detection and alarm systems, including 

extinguishing release services; fireman’s phone; UUKL approved smoke control and 

addressable voice evacuation. [15] 

The type of fire alarm system used in hotel project is an addressable fire alarm system, 

which gives a unique address to each device that is on the system. The following table 

(10.1) shows the quantities of fire alarm devices used in the project. 
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Table (10. 1): Components of hotel addressable Fire Alarm System. 

 

 

An example for fire alarm system AutoCAD plan for ground floor as shown in figure 

(10.2). In addition, the fire alarm riser diagram for the hotel floors from ground to 8th floors 

as shown in figure (10.3). Moreover, the fire alarm riser diagram for 9th to roof floors as 

shown in figure (10.4). 

 

10.3 Central Battery System for Emergency Lighting 

In short, central battery system for emergency lighting means, that the backup power 

source for the emergency and exit lights is provided centrally. In other words, each 

emergency and exit light does not need to have a battery or super capacitor of their own.  

In hotel project, a central battery system is designed to supply 565 Emergency light unit 

and 196 Exit Light. A central battery system riser diagram for the hotel floors from ground 

to 8th floors as shown in figure (10.5), and the riser diagram for 9th to roof floors as shown 

in figure (10.6). 

 

 

 

Item Description Quantity

Addressable Fire Alarm Control Panel ( Master ) 1

Smoke Detector With Built in Sounder 345

Smoke Detector 425

Heat Detector With Built in Sounder 26

Heat Detector 44

Manual Break glass 67

Weather Proof Manual Break glass 13

Weather Proof Speaker with Built-in Flasher 16

Speaker with Built-in Flasher 75

Celling Speaker 203

Fire man Telephone 74

Voice Evacuation Control Panel 1

Interface unit 30
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11.1 Energy Cost 

At the end of the project design, a brief and simple economic cost study has been made. 

As mentioned in chapter 2 for hotel load estimation study, the total average energy 

consumption for load demand hours is 2,759.41 KWh, which means the hotel consumes 

energy of 66,225.84 KWh /day; 24,172,431.60 KWh /year. In other words, this 4-star hotel 

with 324 rooms and 21,268 m2, consumes 704,606.3 KWh per room /year or 1,136.56 per 

m2/year. Based on many researches these values are unconvincing and unreal. 

Hotels in the United States use approximately 185 KWh per m2/year on average. 

According to EnergyStar research, on average, America’s 47,000 hotels spend $2,196 per 

available room each year on energy [16]. In addition, to estimate the hotel consumed 

energy in this report, a large hotel, a 4-star hotel with 311 rooms located near the sea in 

Greece was chosen, which on average consumes 222 KWh of per m2/year [17]. 

Taking into consideration the average of the two pervious values, the 203.5 KWh per 

m2/year is used here to estimate the annual hotel consumed energy. Therefore, the result 

of consumed energy in this project is 11,858 KWh /day; 4,328,038 KWh /year. With cost 

of $2,134 per day and $779,046.84 per year; respectively. Where the cost of consumed 

energy for 1KWh is about $0.18/ KWh for commercial as provide from electric supplier 

company. 

 

11.2 Electrical Works Cost Estimating 

The cost estimating of electrical works for any project is very important. which can get 

an approximation of the material, investment involved and the time to be taken for the 

completion of electrical project. 

It is necessary to know the needed material and the cost to be incurred before starting 

the project to ensure all the materials required for the execution of the project, to avoid the 

misuse of money, to save time required for completion of the project and to complete the 

project un-interruptedly. 

For this project, an electrical works cost estimating has been calculated, for all electrical 

works mentioned and not mentioned in this report with result of $6,569,331. For more 

details see table the Hotel Project Electrical Works BOQ in appendix J (page 143). 
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12.1 Conclusions 

As mentioned in the previous chapters, the purpose of this study is to design the stable 

electrical system in hotel building. Considering the following items are important key 

measurements that ascertain a safe, stable and continuous power supply: 

1- Precise load list in terms of required power, load factors, load type and relevant 

feeding type assures a reliable system. Since the main purpose of electrical network 

is to energize electrical loads, the better understanding of loads, the better design of 

the network. 

2- Taking normal feeding, emergency feeding and vital feeding (for relevant loads) 

into consideration are crucially important. 

3- Reliable protections including relays and circuit breakers to protect equipment and 

personnel in faulty situation must be paid attention to. In addition, right connection 

of electrical protection and relays with other instrumentation systems such as fire 

protection system, distribution control system, and emergency shutdown system will 

assure safe hotel. 

4- Main studies including load estimation, short circuit and voltage drop assist us to 

confirm stability of system. Furthermore, it should be noted that any modifications 

to each study will influence on the results of other studies and in the final stages, 

entire studies’ results should be checked in order to approve all desired results. 

5- Cable sizing is important in many aspects such as cost, voltage drop and reactive 

power losses. Wrong cable sizing can adversely effect on the system by leading to 

faulty conditions as well as huge costs of detecting the fault and replacing the cable, 

which can be costly, and time consuming. 

6- Although in this project the power factor was acceptable in two feeders according 

to design criteria, but capacitor bank is recommended for improving power factor 

for the purpose of having lower reactive losses, better control on voltage drops and 

lower size of cable. Selecting smaller cable cross section can be more economical. 

7- By adjusting short circuit impedance of transformer, it is possible to control short 

circuit current. However, the higher short-circuit impedance, the higher losses. That 

is why utilizing transformers with higher sizes are sometimes recommended. 
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8- A well-designed earthing system is a necessity to protect a person, reduction of 

electromagnetic disturbance and overall network of supply system. So, for 

enforcement of safety measures, the faults in any supply system are unavoidable. 

So, each electrical equipment’s, system must be earthed to obtain a lower resistance 

path for dissipation of fault current in to the earth. It is also clear that value of earth 

resistance is directly related to soil property and earthing electrode. The earthing 

design for lightning protection system is calculated by considerateness 

characteristics of the building, its environment and soil resistivity. 

9- The single-line diagram or SLD is an electrical diagram or drawing that represents 

the components of an electrical installation system represented by symbols, which 

help to describe how the components of the hotel project are related.  

10- Early fire detection is crucial and plays a very important role in protecting and 

saving lives and properties.  Having a fire detection system can significantly reduce 

damages and maximize fire control efforts. 

 

12.2  Recommendations 

As result of hotel design, the following recommendations must be taken into 

consideration: 

1- As result of high energy consumption for hotel load demand, a renewable energy 

source must be taken into consideration, as photovoltaic system or wind turbine to 

minimize the consumed energy cost. 

2- Due to the increasing use of electric vehicles in the market,  installing a charge unit 

in parking floors for electric vehicles as future work is recommended. 
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Appendix A: 

 
AutoCAD Project’s Floors Layouts 
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A) GROUND FLOOR Layout:  

Which consists of hotel entry, hotel main lobby, waiting area, reception desk, 

control office, luggage, lifts lobby …etc. as shown in figure (1.3). 

  

Figure (1.3) Hotel Ground Floor Layout. 
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B) MEZZANINE FLOOR Layout:  

Which consists of administration, sitting area, shop 1, shop 2, pantry, electric 

room, toilets, lifts lobby…etc. as shown in figure (1.4). 

 

  

Figure (1.4) Mezzanine Floor Layout. 
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C) 1st PARKING FLOOR Layout:  

Which consists of car parking, cargo lift, receiving room, stores…etc. as shown 

in figure (1.5). 

 

  

Figure (1.5) 1st Parking Floor Layout. 
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D) 2nd PARKING FLOOR Layout:  

Which consists of car parking, cargo lift, kitchen store, mechanical room …etc. 

as shown in figure (1.6). 

 

  

Figure 1.6 2nd Parking Floor Layout. 
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E) 3rd PARKING FLOOR Layout:  

Which consists of car parking, chief engineer office, mechanical, electrical, 

carpentry and paint workshops…etc. as shown in figure (1.7). 

 

  

Figure (1.7) 3rd Parking Floor Layout. 
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F) RESTURANT FLOOR Layout:  

Which consists of main restaurant, satellite kitchen, toilets, storage room…etc. 

as shown in figure (1.8). 

 

  

Figure 1.8 Restaurant Floor Layout. 
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G) SERVICES FLOOR Layout:  

Which consists of main kitchen, staff canteen, laundry, housekeeping, 

toilets…etc. as shown in figure (1.9). 

 

 

Figure 1.9 Services Floor Layout. 
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H) PRAYING FLOOR Layout:  

Which consists of main gents and ladies praying, toilets, services room…etc. as 

shown in figure (1.10). 

 

  

Figure (1.10) Praying Floor Layout. 
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I) TYPICAL ( 1ST to 15TH FLOORS ) Layout:  

The floors from 1st floor to 15th floor are typical, so one layout for all of them 

is considered, which consists of 19 guest rooms for each floor i.e. 285 guest 

rooms, with their services …etc. as shown in figure (1.11). 

 

  

Figure (1.11) Typical (1ST to 15TH FLOORS) Layout. 
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J) 16TH FLOOR Layout:  

Which consists of 9 guest rooms, dining and living rooms, etc. as shown in 

figure (1.12). 

 

  

Figure (1.12) 16TH Floors Layout. 
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K) 17TH FLOOR Layout:  

Which consists of reception, men and women majlis, dining rooms, dining and 

living rooms, bedrooms…etc. as shown in figure (1.13). 

 

 

 Figure (1.13) 17TH Floor Layout. 
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L) LOWER ROOF Layout:  

This floor has been prepared  to have heavy electrical, mechanical, HVAC loads 

as chillers, FAHU, pumps; lift lobby   …etc. as shown in figure (1.14). 

 

  

Figure (1.14) Lower Roof Layout. 
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M) UPPER ROOF Layout:  

Same to lower roof, this floor has been prepared  to have heavy electrical, 

mechanical, HVAC loads as chillers, FAHU, pumps; lift lobby   …etc. as shown 

in figure (1.15). 

 

 

Figure (1.15) Upper Roof Layout. 
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Appendix B: 

 
Lighting used in the project 
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Appendix C: 

 
Details about floors loads 
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A) Mezzanine Floor Loads 

The listed tables below show the loads divided into DB’s for mezzanine floor. 

Table (2.11): normal loads type mezzanine floor, which named as DB.MEZ. @ 

MEZZANIN FLR: 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 800 2 SOCKET 1200 

3 LIGHT 1000 4 SOCKET 1200 

5 LIGHT 700 6 SOCKET 1200 

7 LIGHT 200 8 SOCKET 800 

9 LIGHT 500 10 SOCKET 800 

11 LIGHT 500 12 SOCKET 600 

13 LIGHT 700 14 SOCKET 600 

15 LIGHT 650 16 SOCKET 600 

17 LIGHT 1200 18 SOCKET 400 

19 LIGHT 750 21 ADM.FCU 700 

20 LIGHT 1100 22 SETTING FCU 600 

- - - 23 GF WAITING AREA FCU 600 

- - - 24 HAND DRAYER 200 

LIGHT LOAD (kVA) 8.10 POWER LOAD (kVA) 9.50 

 

Table (2.12) emergency loads type mezzanine floor, which named as DB.MEZ. EM. @ 

MEZZANIN FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 1200 2 SOCKET 200 

3 LIGHT 600 4 SOCKET 200 

5 LIGHT 700 6 SOCKET 200 

7 LIGHT (STAIR UP TO 3 PARK) 800 8 SPACE - 

LIGHT LOAD (kVA) 3.30 POWER LOAD (kVA) 0.60 

 

Table (2.13): Shop1 and Shop 2 in mezzanine floor, which named as DB. SHOP1, 2 @ 

MEZZANIN FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 600 2 SOCKET 400 

- - - 3 SHOP FCU 80 

- - - 4 SOCKET 600 

- - - 5 SPAR LOAD 500 

- - - 6 SPAR LOAD 600 

LIGHT LOAD (kVA) 0.60 POWER LOAD (kVA) 2.18 
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B) 1st Parking Floor Loads 

The listed tables below show the loads divided into DB’s for 1st parking floor. 

Table (2.14): normal loads type 1st parking floor, which named as DB.1st PAR. @ 1st 

PARKING FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 500 2 SOCKET 400 

3 LIGHT 400 4 SOCKET 400 

5 LIGHT 400 6 SOCKET 400 

7 LIGHT 400 8 SOCKET 600 

9 LIGHT 300 10 SOCKET 600 

11 LIGHT 200 12 SOCKET 400 

13 LIGHT 600 14 SOCKET 1200 

- - - 15 DRIVER RM.FCU 80 

- - - 16 SOCKET 400 

- - - 17 RECIVING FLR.FCU 80 

- - - 18 PAR.LOBBY FCU 80 

LIGHT LOAD (kVA) 2.80 POWER LOAD (kVA) 4.64 

 

Table (2.15): emergency loads type 1st parking floor, which named as DB.1st PAR.EM 

@ 1st PARKING FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 300 2 OUTLET FOR CCTV.CR 400 

3 LIGHT 400 4 OUTLET FOR CCTV.CR 400 

5 LIGHT 400 6 OUTLET FOR CCTV.CR 600 

7 LIGHT 700 8 OUTLET FOR CCTV.CR 600 

9 LIGHT 400 10 SOCKET 800 

11 LIGHT 200 12 SOCKET 600 

LIGHT LOAD (kVA) 2.40 POWER LOAD (kVA) 3.40 
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C) 2nd Parking Floor Loads 

The listed tables below show the loads divided into DB’s for 2nd parking floor. 

Table (2.16): normal loads type 2nd parking floor, which named as DB.2nd PAR. @ 2nd 

PARKING FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 900 2 SOCKET 600 

3 LIGHT 500 4 SOCKET 400 

5 LIGHT 400 6 SOCKET 400 

7 LIGHT 600 8 SOCKET 400 

9 LIGHT 600 10 SOCKET 400 

11 LIGHT 300 12 SOCKET 400 

- - - 13 KIT.STORE FCU 80 

- - - 14 SOCKET 400 

- - - 15 SPACE - 

- - - 16 PAR.LOBBY FCU 80 

LIGHT LOAD (kVA) 3.30 POWER LOAD (kVA) 3.16 

 

Table (2.17): emergency loads type 2nd parking floor, which named as DB.2nd 

PAR.EM@ 2nd PARKING FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 300 2 OUTLET FOR CCTV&CR 400 

3 LIGHT 600 4 OUTLET FOR CCTV&CR 400 

5 LIGHT 700 6 OUTLET FOR CCTV&CR 600 

7 LIGHT 600 8 SOCKET 1000 

9 LIGHT 500 10 OUTLET FOR CCTV&CR 200 

11 LIGHT 200 12 OUTLET FOR CCTV&CR 200 

LIGHT LOAD (kVA) 2.90 POWER LOAD (kVA) 2.80 
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D) 3rd Parking Floor Loads 

The listed tables below show the loads divided into DB’s for 3rd parking floor. 

Table (2.18): normal loads type 3rd parking floor, which named as DB.3rd PAR. @ 3rd 

PARKING FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 400 2 SOCKET 800 

3 LIGHT 500 4 SOCKET 1000 

5 LIGHT 400 6 SOCKET 800 

7 LIGHT 300 8 SOCKET 400 

9 LIGHT 600 10 SOCKET 400 

11 LIGHT 300 12 SOCKET 400 

13 LIGHT 600 14 SOCKET 400 

15 LIGHT 400 16 SOCKET 400 

- - - 17 PAR. LOBBY FCU 80 

- - - 18 STORE FCU 80 

- - - 19 PAR. CHIEF OFF.FCU 80 

- - - 20 PAR.W/SHOP FCU 80 

LIGHT LOAD (kVA) 3.50 POWER LOAD (kVA) 4.92 

 

Table (2.19): emergency loads type 3rd parking floor, which named as DB.3rd 

PAR.EM@ 2nd PARKING FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 300 2 OUTLET FOR CCTV. 200 

3 LIGHT 200 4 OUTLET FOR CCTV&CR 400 

5 LIGHT 800 6 OUTLET FOR CCTV&CR 400 

7 LIGHT 600 8 OUTLET FOR CCTV&CR 600 

9 LIGHT 600 10 OUTLET FOR CR. 200 

- - - 11 SOCKET 400 

LIGHT LOAD (kVA) 2.50 POWER LOAD (kVA) 2.20 
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E) Restaurant Floor Loads 

The listed tables below show the loads divided into DB’s for Restaurant floor. 

Table (2.20): normal loads type restaurant floor, which named as DB.S.KIT. @ RESTURANT 

FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 1300 2 SOCKET 400 

3 LIGHT 1100 4 OUTLET FOR HAND DR. 200 

5 LIGHT 800 6 OUTLET FOR HAND DR. 200 

7 LIGHT 900 8 SOCKET 600 

9 LIGHT 600 10 SOCKET 800 

11 LIGHT 600 12 SOCKET 400 

- - - 13 STORE FCU 80 

- - - 14 SOCKET 800 

- - - 15 SPACE - 

- - - 16 SOCKET 800 

LIGHT LOAD (kVA) 5.30 POWER LOAD (kVA) 4.28 

 

Table (2.21): normal loads type restaurant floor, which named as DB.RST. @ 

RESTURANT FLR 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 600 2 SOCKET 800 

3 LIGHT 900 4 SOCKET 600 

5 LIGHT 1150 6 SOCKET 800 

7 LIGHT 600 8 SOCKET 600 

9 LIGHT 1000 10 SOCKET 800 

11 LIGHT 900 12 SOCKET 1000 

13 LIGHT 600 26 RST.LOBBY FCU 700 

14 LIGHT 900 - - - 

15 LIGHT 600 - - - 

16 LIGHT 900 - - - 

17 LIGHT 600 - - - 

18 LIGHT 900 - - - 

19 LIGHT 600 - - - 

20 LIGHT 900 - - - 

21 LIGHT 1200 - - - 

22 LIGHT 500 - - - 

23 LIGHT 1200 - - - 

24 LIGHT 800 - - - 

LIGHT LOAD (kVA) 14.85 POWER LOAD (kVA) 5.30 
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Table (2.22): emergency loads type restaurant floor, which named DB.RST.EM @ 

RESTURANT FLR.. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 700 2 
OUTLET FOR 

CCTV. 
400 

3 LIGHT 1050 4 SOCKET 400 

5 LIGHT 300 - - - 

6 
LIGHT(STR UP TO 

PRY FLR) 
900 - - - 

7 LIGHT 600 - - - 

8 
LIGHT(STR UP TO 

PRY FLR) 
600 - - - 

9 LIGHT 700 - - - 

LIGHT LOAD (kVA) 4.85 POWER LOAD (kVA) 0.80 

 

 

F) Service Floor Loads 

The listed tables below show the loads divided into DB’s for service floor. 

Table (2.23): normal loads type service floor, which named as DB.SER. @ SERVICE FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 1000 2 SOCKET 800 

3 LIGHT 1200 4 SOCKET 800 

5 LIGHT 1150 6 SOCKET 200 

7 LIGHT 1300 8 SOCKET 400 

9 LIGHT 600 10 SOCKET 800 

11 LIGHT 1100 12 SOCKET 800 

13 LIGHT 900 14 SOCKET 200 

15 LIGHT 700 16 SOCKET 400 

17 LIGHT 900 18 OUTLET FOR HAND DR. 200 

19 LIGHT 700 20 HSE KPG FCU 100 

21 LIGHT 1000 22 CORRIDOR FCU 600 

23 SPACE - 24 STAFF CAND.FCU 100 

LIGHT LOAD (kVA) 10.55 POWER LOAD (kVA) 5.40 
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Table (2.24): emergency loads type service floor, which named DB.SER.EM @ SERVICE 

FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 1000 2  OUTLET FOR CCTV. 200 

3 LIGHT 1000 4  OUTLET FOR CCTV. 200 

5 LIGHT 300 6 SOCKET 400 

7 LIGHT 800 8 SPACE - 

LIGHT LOAD (kVA) 3.10 POWER LOAD (kVA) 0.80 

 

Table (2.25): normal loads type service floor, which named as DB.LAU. @ SERVICE FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 600 2 SOCKET 600 

3 LIGHT 800 4 SOCKET 600 

5 LIGHT 900 6 SOCKET 600 

LIGHT LOAD (kVA) 2.30 POWER LOAD (kVA) 1.80 

 

Table (2.26): normal loads type service floor, which named as DB.KIT. @ SERVICE FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 1200 2 SOCKET 800 

3 LIGHT 1000 4 SOCKET 600 

5 LIGHT 800 6 SOCKET 600 

- - - 8 SOCKET 400 

LIGHT LOAD (kVA) 3.00 POWER LOAD (kVA) 2.40 

 

G) Praying Floor Loads 

The listed tables below show the loads divided into DB’s for praying floor. 

Table (2.27): emergency loads type praying floor, which named DB.IT EM.@ PRAYING FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 200 2 SOCKET 200 

3 LIGHT 300 4 SOCKET 200 

5 LIGHT 800 6 SOCKET 200 

7 LIGHT 700 8 SPACE - 

9 LIGHT 1000 10 SPACE - 

LIGHT LOAD (kVA) 3.00 POWER LOAD (kVA) 0.60 
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Table (2.28): normal loads type praying floor, which named as DB.IT @ PRAYING FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 900 2 SOCKET 600 

3 LIGHT 300 4 SOCKET 600 

5 LIGHT 400 6 SOCKET 400 

7 LIGHT 300 8 SOCKET 600 

- - - 9 IT STAFF FCU 80 

- - - 10 SOCKET 600 

- - - 11 IT ROOM FCU 80 

- - - 12 SOCKET 600 

- - - 13 FIRE OFF.FCU 80 

- - - 14 SOCKET 600 

- - - 15 TRAINIG RM.FCU 100 

- - - 16 TRAINING OFF.FCU 80 

LIGHT LOAD (kVA) 1.90 POWER LOAD (kVA) 4.42 

 

Table (2.29): normal loads type praying floor, which named as DB.G.PR @ PRAYING FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 1000 2 SOCKET 800 

3 LIGHT 600 4 SOCKET 800 

5 LIGHT 1200 6 SOCKET 400 

7 LIGHT 900 8 SOCKET 400 

9 LIGHT 800 10 OUTLET FOR HAND DR. 200 

11 LIGHT 800 12 OUTLET FOR HAND DR. 200 

13 LIGHT 900 14 GENT ABLUTION FCU 300 

15 LIGHT 650 16 SPACE - 

17 LIGHT 800 18 SPACE - 

LIGHT LOAD (kVA) 7.65 POWER LOAD (kVA) 3.10 

 

Table (2.30): normal loads type praying floor, which named as DB.L.PR @ PRAYING FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 600 2 SOCKET 800 

3 LIGHT 800 4 SOCKET 800 

5 LIGHT 1000 6 SOCKET 400 

7 LIGHT 700 8 OUTLET FOR HAND DR. 200 

9 LIGHT 1000 10 OUTLET FOR HAND DR. 200 

11 LIGHT 800 12 SOCKET 400 

13 LIGHT 1000 14 LADIES ABLUTION FCU 80 

15 LIGHT 800 16 CORR,LOBBY FCU 80 

LIGHT LOAD (kVA) 6.70 POWER LOAD (kVA) 2.96 
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H) (1ST TO 15TH) Floors Loads 

The listed tables below show the loads divided into DB’s for (1st-15th) floors. 

Table (2.31): flat (1) loads in (1st-15th) floors, which named as DB. FLAT (1) @ (1ST TO 

15TH) FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 600 2 SOCKET 800 

3 LIGHT 800 4 SOCKET 800 

5 LIGHT 700 6 SOCKET 800 

- - - 7 OUTLET FORE SHAVOR 200 

      8 OUTLET FORE SHAVOR 200 

      9 BED ROOMS FCU 100 

      10 OUTLET FOR HAIR DR. 1200 

      11 LIVING FCU 80 

      12 OUTLET FOR HAIR DR. 1200 

LIGHT LOAD (kVA) 2.10 POWER LOAD (kVA) 5.38 

 

Table (2.32): flat (2-5,7-10,12-14,16-18) loads in (1st-15th) floors, which named as DB. 

FLAT (2-5,7-10,12-14,16-18) @ (1ST TO 15TH) FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 600 2 SOCKET 800 

- - - 3 FLAT FCU 80 

- - - 4 OUTLET FORE SHAVOR 200 

- - - 5 OUTLET FOR HAIR DR. 1200 

LIGHT LOAD (kVA) 0.60 POWER LOAD (kVA) 2.28 

 

Table (2.33): flat (6) loads in (1st-15th) floors, which named as DB. FLAT (6) @ (1ST TO 

15TH) FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 600 2 SOCKET 800 

- LIGHT 700 4 SOCKET 800 

- - - 5 FLAT FCU 100 

- - - 6 OUTLET FORE SHAVOR 200 

- - - 7 SPACE - 

- - - 8 OUTLET FOR HAIR DR. 1200 

LIGHT LOAD (kVA) 1.30 POWER LOAD (kVA) 3.10 
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Table (2.34): flat (11) loads in (1st-15th) floors, which named as DB. FLAT (11) @ (1ST TO 

15TH) FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 500 2 SOCKET 600 

- LIGHT 400 4 SOCKET 400 

- - - 5 FLAT FCU 100 

- - - 6 OUTLET FORE SHAVOR 200 

- - - 7 SPACE - 

- - - 8 OUTLET FOR HAIR DR. 1200 

LIGHT LOAD (kVA) 0.90 POWER LOAD (kVA) 2.50 

 

Table (2.35): flat (15) loads in (1st-15th) floors, which named as DB. FLAT (15) @ (1ST TO 

15TH) FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 800 2 SOCKET 800 

- LIGHT 800 4 SOCKET 800 

- - - 5 FLAT FCU 100 

- - - 6 OUTLET FORE SHAVOR 200 

- - - 7 SPACE - 

- - - 8 OUTLET FOR HAIR DR. 1200 

LIGHT LOAD (kVA) 1.60 POWER LOAD (kVA) 3.10 

 

Table (2.36): emergency loads type 1st floor, which named as DB.2.FF.EM@ 1st FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 
LIGHT (ELC. 

TEL,ROOM) 
400 2 

SOCKET (ELC. 

TEL,ROOM) 
400 

3 LIGHT (CORRIDOR) 300 4 OUTLET FOR CCTV 400 

5 LIGHT (LIFT LOBBY) 300 6 OUTLET FOR CCTV 400 

7 LIGHT (CORRIDOR) 400 - - - 

8 
LIGHT (STAIR 2. FF 

TO 6F) 
1200 - - - 

9 
LIGHT (STAIR 1. FF 

TO 6F) 
1200 - - - 

10 LIGHT (CORRIDOR) 700 - - - 

11 
LIGHT (STAIR 3. FF 

TO 6F) 
1200 - - - 

12 LIGHT (CORRIDOR) 700 - - - 

13 LIGHT (FLAT LOBBY) 200 - - - 

LIGHT LOAD (kVA) 6.60 POWER LOAD (kVA) 1.20 
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Table (2.37): emergency flats load, which named as DB.1 (FF.EM. TO 15F.EM.)  @ TYP 

FLR. (1st TO 15th). 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT ENT. FLAT 1 100 2 ACCESS DOOR FLAT 1 200 

3 LIGHT ENT. FLAT 2 100 4 ACCESS DOOR FLAT 2 200 

5 LIGHT ENT. FLAT 3 100 6 ACCESS DOOR FLAT 3 200 

7 LIGHT ENT. FLAT 4 100 8 ACCESS DOOR FLAT 4 200 

9 LIGHT ENT. FLAT 5 100 10 ACCESS DOOR FLAT 5 200 

11 LIGHT ENT. FLAT 6 100 12 ACCESS DOOR FLAT 6 200 

13 LIGHT ENT. FLAT 7 100 14 ACCESS DOOR FLAT 7 200 

15 LIGHT ENT. FLAT 8 100 16 ACCESS DOOR FLAT 8 200 

17 LIGHT ENT. FLAT 9 100 18 ACCESS DOOR FLAT 9 200 

19 LIGHT ENT. FLAT 10 100 20 ACCESS DOOR FLAT 10 200 

21 LIGHT ENT. FLAT 11 100 22 ACCESS DOOR FLAT 11 200 

23 LIGHT ENT. FLAT 12 100 24 ACCESS DOOR FLAT 12 200 

25 LIGHT ENT. FLAT 13 100 26 ACCESS DOOR FLAT 13 200 

27 LIGHT ENT. FLAT 14 100 28 ACCESS DOOR FLAT 14 200 

29 LIGHT ENT. FLAT 15 100 30 ACCESS DOOR FLAT 15 200 

31 LIGHT ENT. FLAT 16 100 32 ACCESS DOOR FLAT 16 200 

33 LIGHT ENT. FLAT 17 100 34 ACCESS DOOR FLAT 17 200 

35 LIGHT ENT. FLAT 18 100 36 ACCESS DOOR FLAT 18 200 

LIGHT LOAD (kVA) 1.80 POWER LOAD (kVA) 3.60 

 

Table (2.38): emergency flats load, which named as DB.2.FF.EM@ 1st FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT (ELC. TEL,ROOM) 400 2 SOCKET (ELC. TEL,ROOM) 400 

3 LIGHT (CORRIDOR) 300 4 OUTLET FOR CCTV 400 

5 LIGHT (LIFT LOBBY) 300 6 OUTLET FOR CCTV 400 

7 LIGHT (CORRIDOR) 400 - - - 

8 LIGHT (CORRIDOR) 700 - - - 

9 SPACE - - - - 

10 LIGHT (CORRIDOR) 700 - - - 

LIGHT LOAD (kVA) 2.80 POWER LOAD (kVA) 1.20 
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Table (2.39): normal flats load, which named as DB. (FF.TO 15F.)  @ TYP FLR. (1st TO 

15th) 

CT 

No

. 

Description 
Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 
LIGHT (HOUSE 

KEEPING) 
300 2 

SOCKET (HOUSE 

KEEPING) 
400 

3 LIGHT (TOILET) 300 4 SOCKET (CORRIDOR) 400 

5 LIGHT (LIFT LOBBY) 400 6 SOCKET (CORRIDOR) 400 

7 LIGHT (CORRIDOR) 500 8 FCU (CORRIDOR) 300 

9 LIGHT (CORRIDOR) 1150 10 FCU (CORRIDOR) 300 

11 LIGHT (CORRIDOR) 1150 - - - 

12 LIGHT (CORRIDOR) 400 - - - 

13 
LIGHT (SERV. 

CORRIDOR) 
200 - - - 

LIGHT LOAD (kVA) 4.40 POWER LOAD (kVA) 1.80 

 

 

I) 7TH Floor Loads 

The listed table below show the loads divided into DB for 7th floor. 

Table (2.40): normal 7th flat loads, which named as DB.2.7F.EM@ 7th FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT (ELC. TEL,ROOM) 400 2 SOCKET (ELC. TEL,ROOM) 400 

3 LIGHT (CORRIDOR) 300 4 OUTLET FOR CCTV 400 

5 LIGHT (LIFT LOBBY) 300 6 OUTLET FOR CCTV 400 

7 LIGHT (CORRIDOR) 400 - - - 

8 LIGHT (STAIR 2. 7F TO 12F) 1200 - - - 

9 LIGHT (STAIR 1. 7F TO 12F) 1200 - - - 

10 LIGHT (CORRIDOR) 700 - - - 

11 LIGHT (STAIR 3. 7F TO 12F) 1200 - - - 

12 LIGHT (CORRIDOR) 700 - - - 

13 LIGHT (FLAT LOBBY) 200 - - - 

LIGHT LOAD (kVA) 6.60 POWER LOAD (kVA) 1.20 
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J) 13TH Floors Loads 

The listed table below show the loads divided into DB for 13th floor. 

Table (2.41): emergency flats load, which named as DB.2.13F.EM@ 13th FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT (ELC. TEL,ROOM) 400 2 SOCKET (ELC. TEL,ROOM) 400 

3 LIGHT (CORRIDOR) 300 4 OUTLET FOR CCTV 400 

5 LIGHT (LIFT LOBBY) 300 6 OUTLET FOR CCTV 400 

7 LIGHT (CORRIDOR) 400 - - - 

8 LIGHT (STAIR 2. 13F TO RF) 1200 - - - 

9 LIGHT (STAIR 1. 13F TO RF) 1200 - - - 

10 LIGHT (CORRIDOR) 700 - - - 

11 LIGHT (STAIR 3. 13F TO RF) 1200 - - - 

12 LIGHT (CORRIDOR) 700 - - - 

13 LIGHT (FLAT LOBBY) 200 - - - 

LIGHT LOAD (kVA) 6.60 POWER LOAD (kVA) 1.20 

 

 

K) 16TH Floors Loads 

The listed tables below show the loads divided into DB’s for 16th floor. 

Table (2.42): flat (1) loads in 16th floor, which named as DB. FLAT (01) @ (16TH) FLR 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 750 2 SOCKET 600 

3 LIGHT 800 4 SOCKET 800 

5 LIGHT 200 6 SOCKET 600 

7 LIGHT 800 8 SOCKET 800 

9 LIGHT 850 10 OUTLET FOR HAND DR. 200 

- - - 11 OUTLET FORE SHAVOR 200 

- - - 12 OUTLET FOR HAIR DR. 1200 

- - - 13 OUTLET FORE SHAVOR 200 

- - - 14 OUTLET FOR HAIR DR. 1200 

- - - 15 BED ROOMS FCU 100 

- - - 16 LIVING FCU 100 

LIGHT LOAD (kVA) 3.40 POWER LOAD (kVA) 6.00 
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Table (2.43): flat (2) loads in 16th floor, which named as DB. FLAT (02) @ (16TH) FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 500 2 SOCKET 600 

3 LIGHT 200 4 SOCKET 600 

5 LIGHT 700 6 SOCKET 600 

7 LIGHT 200 8 SOCKET 600 

9 LIGHT 1000 10 SOCKET 400 

11 LIGHT 100 12 SOCKET 400 

13 LIGHT 900 14 SOCKET 600 

15 LIGHT 800 16 SOCKET 600 

17 LIGHT 1000 18 SOCKET 800 

- - - 19 OUTLET FOR HAIR DR. 1200 

- - - 20  OUTLET FOR HAND DR. 200 

- - - 21 OUTLET FORE SHAVOR 200 

- - - 22  OUTLET FOR HAND DR. 200 

- - - 23 DINING FCU 500 

- - - 24 OUTLET FOR HAIR DR. 1200 

- - - 25 BED ROOM FCU 100 

- - - 26 LIVING FCU 100 

LIGHT LOAD (kVA) 5.40 POWER LOAD (kVA) 8.90 

 

Table (2.44): flat (3) loads in 16th floor, which named as DB. FLAT (03) @ (16TH) FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 1000 2 SOCKET 600 

3 LIGHT 200 4 SOCKET 800 

5 LIGHT 800 6 SOCKET 600 

7 LIGHT 850 8 SOCKET 800 

- - - 9 OUTLET FORE SHAVOR 200 

- - - 10 OUTLET FOR HAIR DR. 1200 

- - - 11  OUTLET FOR HAND DR. 200 

- - - 12 OUTLET FOR HAIR DR. 1200 

- - - 13 OUTLET FORE SHAVOR 200 

- - - 14 LIV.&DINING FCU 80 

- - - 15 BED ROOMS FCU 100 

LIGHT LOAD (kVA) 2.85 POWER LOAD (kVA) 5.98 
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Table (2.45): flat (4) loads in 16th floor, which named as DB. FLAT (04) @ (16TH) FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 400 2 SOCKET 600 

3 LIGHT 100 4 SOCKET 600 

5 LIGHT 200 6 SOCKET 200 

7 LIGHT 1000 8 SOCKET 600 

9 LIGHT 750 10 SOCKET 800 

11 LIGHT 850 12 SOCKET 800 

13 LIGHT 900 14 SOCKET 600 

15 LIGHT 950 16 SOCKET 400 

17 LIGHT 800 18 SOCKET 600 

19 LIGHT 200 20 SOCKET 400 

- - - 21 OUTLET FORE SHAVOR 200 

- - - 22 OUTLET FOR HAIR DR. 1200 

- - - 23  OUTLET FOR HAND DR. 200 

- - - 24 OUTLET FORE SHAVOR 200 

- - - 25  OUTLET FOR HAND DR. 200 

- - - 26 OUTLET FOR HAIR DR. 1200 

- - - 27 OUTLET FORE SHAVOR 200 

- - - 28 OUTLET FOR HAIR DR. 1200 

- - - 29 DIN,KIT,BREAK RM FCU 100 

- - - 30 BED . FCU 80 

- - - 31 BED RM1,2 FCU 100 

- - - 32 LIVING FCU 300 

LIGHT LOAD (kVA) 6.15 POWER LOAD (kVA) 10.78 

 

Table (2.46): emergency flats load, which named as DB.16F.EM. @ 16th FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT ENT. FLAT 1 100 2 ACCESS DOOR FLAT 1 200 

3 LIGHT ENT. FLAT 2 100 4 ACCESS DOOR FLAT 2 200 

5 LIGHT ENT. FLAT 3 100 6 ACCESS DOOR FLAT 3 200 

7 LIGHT ENT. FLAT 4 100 8 ACCESS DOOR FLAT 4 200 

9 
LIGHT (ELC. 

TEL,ROOM) 
400 10 

SOCKET (ELC. 

TEL,ROOM) 
400 

11 LIGHT (CORRIDOR) 300 12 OUTLET FOR CCTV 400 

13 LIGHT (LIFT LOBBY) 300 14 OUTLET FOR CCTV 400 

15 LIGHT (CORRIDOR) 700 - - - 

16 LIGHT (CORRIDOR) 400 - - - 

17 LIGHT (CORRIDOR) 700 - - - 

LIGHT LOAD (kVA) 3.20 POWER LOAD (kVA) 2.00 
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Table (2.47): flat 16 loads in 16th floor, which named as DB.16F. @ 16th FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 
LIGHT (HOUSE 

KEEPING) 
200 2 

SOCKET (HOUSE 

KEEPING) 
400 

3 LIGHT (CORRIDOR) 400 4 SOCKET (CORRIDOR) 400 

5 LIGHT (LIFT LOBBY) 400 6 SOCKET (CORRIDOR) 400 

7 LIGHT (CORRIDOR) 1150 8 FCU (CORRIDOR) 300 

9 LIGHT (CORRIDOR) 500 10 FCU (CORRIDOR) 300 

11 LIGHT (CORRIDOR) 1150 - - - 

12 LIGHT (CORRIDOR) 200 - - - 

LIGHT LOAD (kVA) 4.00 POWER LOAD (kVA) 1.80 

 

 

L) 17TH Floors Loads 

The listed tables below show the loads divided into DB’s for 17h floor. 

Table (2.48): office loads in 17th floor, which named as DB. OFFICE @ (17TH) FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 1500 2 SOCKET 800 

3 LIGHT 300 4 SOCKET 800 

5 LIGHT 1200 6 SOCKET 1200 

7 LIGHT 1000 8 SOCKET 800 

9 LIGHT 750 10 SOCKET 600 

11 LIGHT 200 12 SOCKET 400 

- - - 13 OUTLET FOR HAND DR. 200 

- - - 14 OUTLET FOR HAIR DR. 1200 

- - - 15 OUTLET FORE SHAVOR 200 

- - - 16 OUTLET FOR HAND DR. 200 

- - - 17 BED RM.FCU 100 

- - - 18 OFFICE FCU 100 

- - - 19 RECEPTION FCU 80 

LIGHT LOAD (kVA) 4.95 POWER LOAD (kVA) 6.68 
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Table (2.49): men majlis loads in 17th floor, which named as DB.M.MAJ @ (17TH) FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 1200 2 SOCKET 600 

3 LIGHT 500 4 SOCKET 600 

5 LIGHT 200 6 SOCKET 600 

7 LIGHT 200 8 SOCKET 800 

9 LIGHT 1500 10 SOCKET 600 

11 LIGHT 1200 12 OUTLET FOR HAND DR. 200 

13 LIGHT 600 14 MENS DINING FCU 600 

15 LIGHT 200 - - - 

17 LIGHT 1400 - - - 

LIGHT LOAD (kVA) 7.00 POWER LOAD (kVA) 4.00 

 

Table (2.50): women majlis loads in 17th floor, which named as DB.W.MAJ @ (17TH) FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 1000 2 SOCKET 600 

3 LIGHT 200 4 SOCKET 600 

5 LIGHT 1000 6 SOCKET 600 

7 LIGHT 200 8 OUTLET FOR HAND DR. 200 

9 LIGHT 1200 10 WOMEN MAJLIS FCU 300 

11 LIGHT 500 12 MAEN DINING FCU 100 

LIGHT LOAD (kVA) 4.10 POWER LOAD (kVA) 2.40 

 

Table (2.51): emergency flats load, which named as DB.17F.EM.@ 17th FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT (RECEPTION) 100 2 ACCESS DOOR (RECEPTION) 200 

3 LIGHT (SH.SOLIMAN OFF.) 200 4 ACCESS DR. (SH.SOL. OFF.) 200 

5 LIGHT (MEN MAJLES) 200 6 ACCESS DR. (MEN MAJLES) 200 

7 LIGHT (MEN DINIG) 200 8 ACCESS DR.  (MEN DINIG) 200 

9 LIGHT (WOMEN MAJLES) 200 10 ACCESS DR. (WOM. MAJLES) 400 

11 LIGHT (WMEN DINIG) 200 12 ACCESS DR. (WMEN DINIG) 400 

13 LIGHT (ELC. TEL,ROOM) 400 14 SOCKET (ELC. TEL,ROOM) 400 

15 LIGHT (LIFT LOBBY) 300 16 SPUR OUTLET FOR CCTV 400 

17 LIGHT (CORRIDOR) 700 18 SPUR OUTLET FOR CCTV 400 

19 LIGHT (LIFT LOBBY) 400 20 SPACE - 

LIGHT LOAD (kVA) 2.90 POWER LOAD (kVA) 2.80 
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Table (2.52): flat 17 loads in 17th floor, which named as DB.17F. @ 17th FLR. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 
LIGHT (HOUSE 

KEEPING) 
200 2 

SOCKET (HOUSE 

KEEPING) 
400 

3 LIGHT (CORRIDOR) 400 4 SOCKET (CORRIDOR) 400 

5 LIGHT (LIFT LOBBY) 400 6 SOCKET (CORRIDOR) 400 

7 LIGHT (CORRIDOR) 1150 8 FCU (CORRIDOR) 300 

9 LIGHT (CORRIDOR) 500 10 FCU (CORRIDOR) 300 

11 LIGHT (CORRIDOR) 1200 - - - 

12 LIGHT (CORRIDOR) 200 - - - 

LIGHT LOAD (kVA) 4.05 POWER LOAD (kVA) 1.80 

 

M) Lower Roof Floor Loads 

The listed table below show the loads divided into DB for lower roof floor. 

Table (2.53): lower roof floor. 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

CT 

No. 
Description 

Total Circuit 

Load (VA) 

1 LIGHT 400 2 SOCKET 800 

3 LIGHT 400 4 SOCKET 400 

5 LIGHT 600 6 SOCKET 400 

7 LIGHT 600 8 SOCKET 400 

9 LIGHT 500 10 SOCKET 600 

11 LIGHT(UPPER ROOF) 500 12 ELE.RM.FCU 300 

13 - - 13 GSM RM.FCU 300 

15 - - 14 MACH.RM FCU 500 

13 - - 15 PUMP RM.FCU 500 

LIGHT LOAD (kVA) 3.00 POWER LOAD (kVA) 4.20 
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Appendix D: 

 
Data sheet of Cable 
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Appendix E: 

 
Data sheet of Transformer 
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Appendix F: 

 
Table (6.6) selected circuit breakers for normal DB’s 

Table (6.7) selected circuit breakers for emergency DB’s 

in hotel. 
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Table (6. 6): Type of MCB &MCCB circuit breaker used to protect normal DB’s in hotel: 

 

Floor
Distribution 

Board

Feed 

From 

SMDB

Connected  

Load  

(KVA) 

Full 

Load Ib  

(A)

Cable Catalog 

Number

Cable C.S.A 

(mm2)

Type of 

Circuit 

Breaker

Breaker 

Frame Current 

Rating

Breaker Trip 

Current 

Rating (In)

Short-Circuit 

Breaking 

Capacity (Icu)

DB.GF 15.11 21.81 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x32A
- 32A 10kA

GARBAGE 

COMPACTOR
3 4.33 N2XY5015 5x1.5 mm2

Acti9 iC40N / 

3x10A
- 10A 10kA

FF PUMP 186 282.60 N2XY495 (4x95+50) mm2 NSX400F 400A 320A 36kA

DB.MEZ. 17.6 25.40 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x32A
- 32A 10kA

DB.SHOP1 2.78 4.01 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
- 16A 10kA

DB.SHOP2 2.78 4.01 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
- 16A 10kA

1
st

. 

P
a

rk
in

g
 F

lo
o

r

DB.1st PAR. 7.44 10.74 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
- 16A 10kA

2
n

d
 

P
a

rk
in

g
 F

lo
o

r

DB.2nd PAR. 6.46 9.32 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
- 16A 10kA

DB.3rd PAR. 8.42 12.15 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

FAHU 30 43.30 N2XY510 5x10 mm2
Acti9 C120H / 

3x63A
- 63A 10kA

DB.S.KIT. 9.58 13.83 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

REST. AHU 15 21.65 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x32A
- 32A 10kA

S.KITCHEN 

AHU
3 4.33 N2XY5025 5x2.5 mm2

Acti9 iC40N / 

3x10A
- 10A 10kA

KITCHEN 

EQUIPMENT
239.5 345.69 N2XY4150 (4x150+70) mm2 NSX630F 500A 350A 36kA

DB.RST. 20.15 29.08 N2XY5060 5x6 mm2
Acti9 iC40N / 

3x32A
- 32A 10kA

DB.KIT. 5.4 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
- 16A 10kA

 DB.SER. 15.95 23.02 N2XY5060 5x6 mm2
Acti9 iC40N / 

3x32A
- 32A 10kA

DB-

LOUNDARY
4.1 5.92 N2XY5040 5x4 mm2

Acti9 iC40N / 

3x16A
- 16A 10kA

LOUNDARY 

EQUIPM.
244 352.18 N2XY4150 (4x150+70) mm2 NSX630F 500A 400A 36kA

MAIN 

KITCHEN 

AHU

15 21.65 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x32A
- 32A 10kA

LOUNDARY 

AHU
4.5 6.50 N2XY5040 5x4 mm2

Acti9 iC40N / 

3x16A
- 16A 10kA

LOUNDARY 

EQUIPM.2
244 352.18 N2XY4150 (4x150+70) mm2 NSX630F 500A 400A 36kA

DB.G.PR 10.75 15.52 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

 DB.L.PR 9.66 13.94 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

DB.IT 6.32 9.12 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
- 16A 10kA

G. 

PRAYER.AHU
15 21.65 N2XY5040 5x4 mm2

Acti9 iC40N / 

3x32A
- 32A 10kA

F. 

PRAYER.AHU
15 21.65 N2XY5040 5x4 mm2

Acti9 iC40N / 

3x32A
- 32A 10kA

DB.FLAT 1 7.48 32.52 N2XY3060 3x6 mm2
Acti9 iC40N / 

1x40A
- 40A 10kA

DB.FLAT(2) 2.88 12.52 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(3) 2.88 12.52 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(4) 2.88 12.52 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(5) 2.88 12.52 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(6) 4.4 19.13 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(7) 2.88 12.52 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(8) 2.88 12.52 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(9) 2.88 12.52 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(10) 2.88 12.52 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(11) 3.4 14.78 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(12) 2.88 12.52 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(13) 2.88 12.52 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(14) 2.8 12.17 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(15) 4.7 20.43 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x25A
- 25A 10kA

DB.FLAT(16) 2.88 12.52 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(17) 2.88 12.52 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.FLAT(18) 2.88 12.52 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x20A
- 20A 10kA

DB.(FF.TO 15F.) 6.2 8.95 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
- 16A 10kA

P
ra

y
in

g
 F

lo
o

r

S
M

D
B
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y
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 F
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o
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(1
st
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D
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D
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D
B

 P
ar

k
in

g
 F

lo
o

r

3
rd
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DB.FLAT(01) 9.4 40.87 N2XY510 5x10 mm2
Acti9 C120H / 

3x63A
- 63A 10kA

DB.FLAT(02) 14.3 20.64 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x25A
- 25A 10kA

DB.FLAT(03) 8.83 38.39 N2XY510 5x10 mm2
Acti9 C120H / 

3x63A
- 63A 10kA

DB.FLAT(04) 16.93 24.44 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x32A
- 32A 10kA

DB.16FLR 5.8 8.37 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
- 16A 10kA

DB.OFFICE 11.63 16.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

DB.M.MAJ 11 15.88 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

DB.W.MAJ 6.5 9.38 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

DB.17F. 5.85 8.44 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

GUEST LIFT 2 9 12.99 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

GUEST LIFT 4 9 12.99 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

GUEST LIFT 6 9 12.99 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

FAHU 63 90.93 N2XY425 (4x25+16) mm2 NSX250B 250A 125A 25kA

EM. 

BOOSTER 

PUMP

0.3 1.30 N2XY3015 3x1.5 mm2
Acti9 iC40N / 

1x10A
- 10A 10kA

CIRC. 

BOOSTER 

Pump

2.1 3.03 N2XY5015 5x1.5 mm2
Acti9 iC40N / 

3x10A
- 10A 10kA

CALORIFIER 

1
287 414.25 N2XY4185 (4x185+95) mm2 NSX630F 500A 450A 36kA

CALORIFIER 

2
287 414.25 N2XY4185 (4x185+95) mm2 NSX630F 500A 450A 36kA

CALORIFIER 

3
288 415.69 N2XY4185 (4x185+95) mm2 NSX630F 500A 450A 36kA

MCC-

PRIMARY 

PUMP 1

10 14.43 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

MCC-

PRIMARY 

PUMP 2

10 14.43 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

MCC-

PRIMARY 

PUMP 3

10 14.43 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
- 20A 10kA

MCC-

SECONDARY 

PUMP 1

15 21.65 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x32A
- 32A 10kA

MCC-

SECONDARY 

PUMP 2

15 21.65 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x32A
- 32A 10kA

MCC-

SECONDARY 

PUMP 3

15 21.65 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x32A
- 32A 10kA

PRS 1 4.35 N2XY3015 3x1.5 mm2
Acti9 iC40N / 

1x10A
- 10A 10kA

CHILLER-1 

CKT-1
171 246.82 N2XY495 (4x95+50) mm2 NSX400F 400A 320A 36kA

CHILLER-1 

CKT-2
172 248.26 N2XY495 (4x95+50) mm2 NSX400F 400A 320A 36kA

CHILLER-2 

CKT-1
171 246.82 N2XY495 (4x95+50) mm2 NSX400F 400A 320A 36kA

CHILLER-2 

CKT-2
172 248.26 N2XY495 (4x95+50) mm2 NSX400F 400A 320A 36kA

CHILLER-3 

CKT-1
171 246.82 N2XY495 (4x95+50) mm2 NSX400F 400A 320A 36kA

CHILLER-3 

CKT-2
172 248.26 N2XY495 (4x95+50) mm2 NSX400F 400A 320A 36kA
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Table (6.7): Type of MCB &MCCB circuit breaker used to protect emergency DB’s in 

hotel.  

 

Floor
Group Load 

Name (DB)

Feed 

From 

SMDB

Connected  

Load  

(KVA) 

Full 

Load Ib  

(A)

Cable Catalog 

Number

Cable No. * C.S.A 

(No.* mm2)

Type of Circuit 

Breaker

Breaker Trip 

Current 

Rating (In)

Short-Circuit 

Breaking 

Capacity (Icu)

DB.GF EM 13.70 19.77 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x32A
32A 10kA

FRISH AIR 

TXF.1@2P
6.50 9.38 N2XY5025 5x2.5 mm2

Acti9 iC40N / 

3x16A
16A 10kA

GATE 

BARRIER
3.00 13.04 N2XY3025 1x2.5 mm2

Acti9 iC40N / 

1x20A
20A 10kA

WATER TR. 

PUMP
15.00 21.65 N2XY5040 5x4 mm2

Acti9 iC40N / 

3x32A
32A 10kA

M
ez

za

n
in

 

F
lo

o
r

DB.MEZ. EM. 3.90 16.96 N2XY3040 1x4 mm2
Acti9 iC40N / 

1x25A
25A 10kA

1
st

. 

P
a

rk
in

g
 F

lo
o

r

 DB.1st 

PAR.EM
5.80 8.37 N2XY5040 5x4 mm2

Acti9 iC40N / 

3x16A
16A 10kA

2
n

d
 

P
a

rk
in

g
 F

lo
o

r

DB.2nd 

PAR.EM
5.70 8.23 N2XY5040 5x4 mm2

Acti9 iC40N / 

3x16A
16A 10kA

3
rd

 

P
a

rk
in

g
 F

lo
o

r

DB.3rd 

PAR.EM
4.70 6.78 N2XY5040 5x4 mm2

Acti9 iC40N / 

3x16A
16A 10kA

R
es

tu

ra
n

t 

F
lo

o
r

DB.RST.EM 5.65 8.16 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

S
er

v
i

ce
 

F
lo

o
r

DB.SER.EM 3.90 16.96 N2XY3060 3x6 mm2
Acti9 iC40N / 

1x25A
25A 10kA

P
ra

y
i

n
g

 

F
lo

o
r

DB.IT EM. 3.60 15.65 N2XY3060 3x6 mm2
Acti9 iC40N / 

1x25A
25A 10kA

DB.1.FF.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.FF.EM 7.80 11.26 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
20A 10kA

DB.1.2F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.2F.EM 4.00 17.39 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x25A
25A 10kA

DB.1.3F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.3F.EM 4.00 17.39 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x25A
25A 10kA

DB.1.4F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.4F.EM 4.00 17.39 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x25A
25A 10kA

DB.1.5F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.5F.EM 4.00 17.39 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x25A
25A 10kA

DB.1.6F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.6F.EM 4.00 17.39 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x25A
25A 10kA

DB.1.7F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.7F.EM 7.80 11.26 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
20A 10kA

DB.1.8F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.8F.EM 4.00 17.39 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x25A
25A 10kA

DB.1.9F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.9F.EM 4.00 17.39 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x25A
25A 10kA

DB.1.10F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.10F.EM 4.00 17.39 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x25A
25A 10kA

DB.1.11F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.11F.EM 4.00 17.39 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x25A
25A 10kA

DB.1.12F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.12F.EM 4.00 17.39 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x25A
25A 10kA

DB.1.13F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.13F.EM 7.80 11.26 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x20A
20A 10kA

DB.1.14F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.14F.EM 4.00 17.39 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x25A
25A 10kA

DB.1.15F.EM 5.40 7.79 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA

DB.2.15F.EM 4.00 17.39 N2XY3040 3x4 mm2
Acti9 iC40N / 

1x25A
25A 10kA

1
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DB.16F.EM. 5.20 7.51 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA
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DB.17F.EM. 5.70 8.23 N2XY5040 5x4 mm2
Acti9 iC40N / 

3x16A
16A 10kA
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Appendix G: 

 
Data sheet of Cricket Bricker 
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Appendix H: 
 

 

 

Data sheet of Earth Cable 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



210 
 

 

 

 

 

 

 

 

 

 

 

 



211 
 

Appendix I: 

 
Data sheet of EARTH ELECTRODES 

 

 

 

 

 

 

 

 

 



212 
 

 



213 
 

Appendix J: 

 
BOQ-Hotel 
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Rate: Amount:

ELECTRICAL WORKS

Supply and install the complete Electrical Installation as indicated

on drawings, strictly in accordance with general and particular 

specification, including but not limited to the following items:

A

HT & LT cables by supplying and installing UPVC sleeves, and 

cable trays in a complete route from entry point up to RMU, 

Transformers and to MDB's 

1 L.S. $285,714 $285,714

Main Low Voltage Distribution Boards

A LVP - 1. 1 No $42,857 $42,857

B LVP - 2. 1 No $42,857 $42,857

C LVP - 3. 1 No $42,857 $42,857

D MDB-AC 1 No $22,857 $22,857

E MDB-EM 1 No $18,571 $18,571

Power Factor Capacitor Bank

A Capacitor Bank 400 kVAr. 1 No $25,714 $25,714

Automatic Change Over Switch

A 800A 4P ATS. 1 No $10,000 $10,000

A SMDB-1 SER. 1 No $6,857 $6,857

B SMDB-2 SER. 1 No $5,143 $5,143

C SMDB-REST 1 No $9,429 $9,429

D SMDB-GF 1 No $6,000 $6,000

E SMDB-PARK. 1 No $4,286 $4,286

F SMDB-PRAY 1 No $5,143 $5,143

G SMDB-(1ST to 15TH) FLR 15 No $6,857 $102,857

H SMDB-16TH FLR 1 No $5,143 $5,143

I SMDB-17TH FLR 1 No $5,143 $5,143

J SMDB1-ROOF FLR 1 No $5,143 $5,143

K SMDB2-ROOF FLR 1 No $7,714 $7,714

L SMDB-1.EM 1 No $7,714 $7,714

M SMDB-2.EM 1 No $6,000 $6,000

N SMDB-3.EM 1 No $6,857 $6,857

O MCC 1 No $6,000 $6,000

USD($) USD($)
Item Item Description Quantity Unit

Incoming supply in accordance with specifications and Authority 

requirements : 

Sub-Main Distribution Boards (SMDB)
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A DB-GF. 1 No $686 $686

B DB-MEZZ. 1 No $686 $686

C DB-SHOP-1 1 No $686 $686

D DB-SHOP-2 1 No $686 $686

E DB-G.PRAYER 1 No $686 $686

F DB-L.PRAYER 1 No $686 $686

G DB-IT 1 No $686 $686

H DB-SERV. 1 No $686 $686

I DB-LAUNDRY 1 No $686 $686

J DB-S-KIT. 1 No $686 $686

K DB-REST. 1 No $686 $686

L DB-KIT. At SER. FR 1 No $686 $686

M DB-OFFICE 1 No $686 $686

N DB-M.MAJ 1 No $686 $686

O DB-WM.MAJ 1 No $686 $686

P DB-1st PAR. 1 No $686 $686

Q DB-2nd PAR. 1 Nos $686 $686

R DB-3rd PAR. 1 Nos $686 $686

S DB-FLT.1 (1st TO 16th) FLR 16 Nos $686 $10,971

T DB-FLT.2 (1st TO 16th) FLR 16 Nos $686 $10,971

U DB-FLT.3 (1st TO 16th) FLR 16 Nos $686 $10,971

V DB-FLT.4 (1st TO 16th) FLR 16 Nos $686 $10,971

W DB-FLT.5 (1st TO 15th) FLR 15 Nos $686 $10,286

X DB-FLT.6 (1st TO 15th) FLR 15 Nos $686 $10,286

Y DB-FLT.7 (1st TO 15th) FLR 15 Nos $686 $10,286

Z DB-FLT.8 (1st TO 15th) FLR 15 Nos $686 $10,286

AA DB-FLT.9 (1st TO 15th) FLR 15 Nos $686 $10,286

AB DB-FLT.10 (1st TO 15th) FLR 15 Nos $686 $10,286

AC DB-FLT.11 (1st TO 15th) FLR 15 Nos $686 $10,286

AD DB-FLT.12 (1st TO 15th) FLR 15 Nos $686 $10,286

AE DB-FLT.13 (1st TO 15th) FLR 15 Nos $686 $10,286

AF DB-FLT.14 (1st TO 15th) FLR 15 Nos $686 $10,286

AG DB-FLT.15 (1st TO 15th) FLR 15 Nos $686 $10,286

AH DB-FLT.16 (1st TO 15th) FLR 15 Nos $686 $10,286

AI DB-FLT.17 (1st TO 15th) FLR 15 Nos $686 $10,286

AJ DB-FLT.18 (1st TO 15th) FLR 15 Nos $686 $10,286

AK DB-(1F TO 17F) 17 No $686 $11,657

AL DB-G.EM 1 No $686 $686

AM DB-(1F TO 17F) 17 No $686 $11,657

AN DB-G.EM 1 No $686 $686

AO DB-MEZZ.EM 1 No $686 $686

AP DB-1st PAR.EM 1 No $686 $686

AQ DB-2nd PAR.EM 1 No $686 $686

AR DB-3rd PAR.EM 1 No $686 $686

AS DB-REST.EM 1 No $686 $686

AT DB-SER. EM. 1 No $686 $686

AV DB-IT.EM. 1 No $686 $686

AW DB-1.FF EM. (1st TO 15th) FLR 15 Nos $686 $10,286

AX DB-2.FF EM. (1st TO 15th) FLR 15 Nos $686 $10,286

AY DB-16F EM. 1 No $686 $686

AZ DB-17F EM. 1 No $686 $686

BB DB-ROOF 1 No $686 $686

Distribution Boards (SMDB)
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A 1600 A BUS BAR. 1 Set $250,000 $250,000

B 1250  A BUS BAR. 1 Set $250,000 $250,000

B 630  A BUS BAR. 2 Set $230,000 $460,000

C 100 A TAP OFF UNIT 19 Nos $10,000 $190,000

A 3X1.5mm2 N2XY/XLPE Cable 2,450 m $10 $24,304

B 3X2.5mm2 N2XY/XLPE Cable 2,000 m $11 $22,080

C 3X4mm2 N2XY/XLPE Cable 480 m $20 $9,600

D 3X6mm2 N2XY/XLPE Cable 370 m $24 $9,058

E 5X1.5mm2 N2XY/XLPE Cable 900 m $20 $18,000

F 5X2.5mm2 N2XY/XLPE Cable 350 m $25 $8,736

G 5X4mm2 N2XY/XLPE Cable 932 m $30 $27,587

H 5X6mm2 N2XY/XLPE Cable 630 m $34 $21,571

I 5X10mm2 N2XY/XLPE Cable 450 m $44 $19,800

J 5X16mm2 N2XY/XLPE Cable 420 m $53 $22,176

K 4X25mm2 N2XY/XLPE+1C 16mm2 GY Cu PE Cable 150 m $63 $9,456

L 4X35mm2 N2XY/XLPE+1C 16mm2 GY Cu PE Cable 86 m $72 $6,192

M 4X50mm2 N2XY/XLPE+1C 25mm2 GY Cu PE Cable 50 m $78 $3,912

N 4X95mm2 N2XY/XLPE+1C 50mm2 GY Cu PE Cable 80 m $87 $6,976

O 4X120mm2 N2XY/XLPE+1C 70mm2 GY Cu PE Cable 75 m $97 $7,272

P 4X150mm2 N2XY/XLPE+1C 70mm2 GY Cu PE Cable 95 m $111 $10,564

Q 4X185mm2 N2XY/XLPE+1C 95mm2 GY Cu PE Cable 90 m $125 $11,290

R 4X300mm2 N2XY/XLPE+1C 150mm2 GY Cu PE Cable 50 m $140 $6,976

A 2500 AT/3200AF, ACB 1 Nos $3,000 $3,000

B 2000 AT/2500AF, ACB 1 Nos $3,000 $3,000

C 1600 AT/2000AF, ACB 2 Nos $3,000 $6,000

D 1250 AT/1600AF, ACB 1 Nos $3,000 $3,000

E 450 AT/500AF, MCCB 9 Nos $2,500 $22,500

F 350 AT/400AF, MCCB 9 Nos $2,400 $21,600

G 160 AT/250AF, MCCB 5 Nos $2,300 $11,500

H 100 AT/160AF, MCCB 18 Nos $2,200 $39,600

I 63 AT/100AF, MCCB 1 Nos $2,000 $2,000

A
points such as radial/ring ckt for 16 amps 3pin socket outlet & DP 

Switches for water heater wired 
3,720 Nos $75 $279,000

A 16A Single, switched socket outlet. 1,800 Nos $49 $87,429

B 16A Double switched socket outlet. 115 Nos $50 $5,750

C 16A  Single switched Socket Outlet, Weather Proof. 50 Nos $86 $4,286

D 16A Universal socket outlet. 394 Nos $57 $22,514

E 16A Data Point. 35 Nos $114 $4,000

F Flex outlet for Hair Dryer. 295 Nos $114 $33,714

G Flex outlet for Hand Dryer. 18 Nos $86 $1,543

H Flex outlet for FCU. 375 Nos $86 $32,143

I Shaver socket outlet. 295 Nos $86 $25,286

J TV. Outlet 370 Nos $86 $31,714

Busbar Trunking Systems (BusWays)

Feeding Cables

ISOLATOR

Small  Power Points

Wiring Accessories
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A

Points including conduit , PVC boxes , G.I boxes and single core 

wires and all associated work to complete the job as per 

specifications and drawings.

6,270 Nos $57 $358,286

B One Gang One Way, Light Switch, 10A. 655 Nos $30 $19,650

C Two Gang One Way, Light Switch, 10A. 660 Nos $30 $19,800

D Three Gang One Way, Light Switch, 10A. 60 Nos $30 $1,800

E One Gang Two Way, Light Switch, 10A. 15 Nos $30 $450

F Multi Gang Switch panel. 17 Nos $86 $1,457

G Motion Detector. 200 Nos $86 $17,143

H Light  push button switches for stair cases, 10A. 80 Nos $171 $13,714

I Light Control Panel 25 Nos $86 $2,143

Fix only of the following light fixtures 

A Type (F1) 55 Nos $186 $10,214

B Type (F2) 195 Nos $171 $33,429

C Type (F3) 175 Nos $129 $22,500

D Type (F4) 70 Nos $129 $9,000

E Type (C2) 2,320 Nos $143 $331,429

F Type (C5) 1,395 Nos $143 $199,286

G Type (C6) 25 Nos $200 $5,000

H Type (C7) 20 Nos $286 $5,714

I Type (C8) 195 Nos $171 $33,429

J Type (W1) 5 Nos $171 $857

K Type (W2) 35 Nos $286 $10,000

L Type (W3) 430 Nos $229 $98,286

M Type (B1) 1,335 Nos $714 $953,571

N Type (FL) 15 Nos $571 $8,571

 Maintain a complete Telephone System as per Bezeq regulation 

including all necessary cabling and terminations

A MTR 1 No $42,857 $42,857

B IDF 25 No $4,286 $107,143

C Telephone Outlet ( Voice ), RJ-45 626 No $100 $62,600

D Dual Outlet ( Data & Voice ), RJ-45 555 No $100 $55,500

E ONU 282 No $114 $32,229

F 60 x 60 x 80 Manhole with grade "A" cover 1 No $286 $286

A Cable Tray size 450 x 50 mm 2,845 m $29 $81,286

B Cable Ladder size 300 x 50 mm 100 m $23 $2,286

C Cable Ladder size 200 x 50 mm 100 m $21 $2,143

D 1C x 16 mm
2
 , PVC / Copper Cable. 80 m $3 $274

E Earth Pit 2 No $2,857 $5,714

F Earth Bar 50 x 2.5 x 1 cm 1 No $143 $143

Light Points

Light  Fittings:

Telephone System:

Cable Tray Risers:
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A Addressable Fire Alarm Control Panel ( Master ) 1 No $10,857 $10,857

B Smoke Detector With Built in Sounder 345 No $129 $44,357

C Smoke Detector 425 No $114 $48,571

D Heat Detector With Built in Sounder 26 No $129 $3,343

E Heat Detector 44 No $114 $5,029

F Manual Break glass 67 No $129 $8,614

G Weather Proof Manual Break glass 13 No $200 $2,600

H Weather Proof Speaker with Built-in Flasher 16 No $200 $3,200

I Speaker with Built-in Flasher 75 No $200 $15,000

J Celling Speaker 203 No $86 $17,400

K Fire mnn Telephone 74 No $114 $8,457

L Voice Evacuation Control Panel 1 No $857 $857

M Interface unit 30 No $571 $17,143

N Emergency  Light 565 No $29 $16,143

O Exit Light 196 No $171 $33,600

A
 500KVA stand by generator with complete installation including all 

necessary pipes and insulation …etc
1 Set $175,000 $175,000

A

earth point for MDB body with at least 3 meters long copper rod in 

300x300x300 mm earth pit with inspection cover complete in all 

aspects.

3 No $5,714 $17,143

B

2X150 mm2 copper conductor in 32 mm diameter UPVC pipe as 

earth leads between MDB body and earth pit complete with clamps 

and accessories.

50 m $50 $2,500

A Car Gate Barrier System. 1 item $30,000 $30,000

B Access Control System.  1 item $35,000 $35,000

C CCTV  System. 1 item $45,000 $45,000

D BMS System. 1 item $300,000 $300,000

E

Central Battery Emergency Lighting System including wiring & CBU-

Monitor and investors (including Emergency & exit lights as per 

Civil Defense Approval)

1 item $90,000 $90,000

F

 Lightning Protection System for the building structure complete with 

Air Terminal Networks, Earth Termination Networks, Down 

Conductors, Air Rods, Tapes and all necessary accessories inclusive 

of bonds, brackets, cable clips, saddles, clamps, couplings, 

waterproof earth pits, etc. 

1 item $85,000 $85,000

G INTERCOM system. 1 item $38,000 $38,000

$6,569,331

Fire Alarm System:

Standby Diesel Generator Set:

Earthing System:

Miscellaneous:

Total Estimated Cost for Hotel Electrical Works ($)
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