AN ANALYSIS OF THE ELECTRICAL INSTALLATION AND DESIGN PREREQUISITES FOR A MEGA FILLING STATION

 ABSTRACT
A mega filling station can be described from its name –MEGA; which means larger in size. This implies that mega filling station is a large-scale fuel station outlets where fuels of various forms are sold. A typical example is the NNPC MEGA FILLING STATION in the various states of Nigeria. Each of the NNP MEGA FILLING STATION has twenty fuel dispensers while that of Abuja has twenty eight fuel Dispenser pumps.

The electrical Design and installation Requirements of a MEGA FILLING STATION is indispensable as long as electricity is concerned. This project describes the Electrical  Design and Installation Requirements for a MEGA FILLING STATION by giving an Architectural Design, Electrical Design, the legend, the Load chart/balancing and fuse arrangement. The type of wiring system described by this project is the concealed conduit system which employs PVC pipes and its accessories of various sizes, PVC cables of various sizes and electrical fittings of various types.

The chapter one, introduces us into a mega filling station, An electrical Design and installation Requirements. The chapter two,  dealt on literature reviews. The chapters three and four dealt on the electrical design and installation requirements for a mega filling station. The chapter five, dealt on conclusion and recommendations.
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CHAPTER ONE
INTRODUCTION

The development of internal combustion engines resulted in a growth in the need for the consumption of fuel in the modern era. As the number of people who own cars has increased, there has been a corresponding rise in the need for gas stations. A gasoline station outlet that allows customers to buy fuel of different types for usage may be referred to as a filling station. Customers at filling stations include motorists, cyclists, industrial fuel-users, commercial fuel-users, and domestic fuel-users. At this particular retail location, the three most notable types of gasoline are Premium Spirit (PMS), Diesel (AGO), and Kerosene (K) (DPK). The premium spirit is used by motorists whose engines are suited for it, diesel is used by motorists whose vehicles have diesel engines, and kerosene is used mostly by household users in their different residences (Kasathin, 2022).

In 1992, there were around 18,000 gas stations in the United Kingdom; by 2007, there were only 9,271 of them. According to the census conducted in the year 2000, the United States of America had a total of 12, 446 petrol stations. The number has dropped to roughly 14,000 in Canada and is continuing its downward trend. The following nations are seeing an increase in the number of stations: [from the internet: filling station – Wikipedia, the free encyclopedia] There are 12,139 gas stations in Turkey (2008), 8,200 gas stations in South Africa (2008), 1,300 gas stations in Kenya (2008), 1,000 gas stations in Tanzania, and 500 gas stations in Malawi (2008).

As a result of the ever-increasing demand for gasoline consumption all over the globe, it is unavoidable that additional gas stations of varying styles and configurations will need to be constructed. Because of these developments, the word "MEGA FILLING STATION" came to be used for one of the many different forms and kinds of gas stations that are available to the general public and that sell gasoline to customers. Depending on what they have in mind as oil-marketers in various parts of the globe, other individuals may decide to name their mane anything else, such as MINI, MEDIUM, or any other mane. The MEGA FILLING STATION is the thing that piques our attention the most about this location (Zyuzia, 2019).

1.1
A MEGA FILLING STATION 
The word "mega," which refers to anything that is greater or larger in size, is a good indicator of what it is. This suggests that Mega Filling station is a large-scale fuel station outlet where different sorts of gasoline may be purchased. One excellent illustration of this is the NNPC MEGA FILLING STATION that can be seen in each of Nigeria's states. Each of the NNPC MEGA FILLING STATIONS has no less than twenty fuel dispenser pumps (ten of which have double nozzles), while the one in Abuja has twenty-eight fuel dispensers pumps (fourteen of which have double nozzles) (Akintante , 2021).

The NNPC giant filling station has a steel roof, a store building measuring 360 square meters for Abuja (and 160 square meters for other states), along with an office and a room for the attendant. In addition, the building has a cashier room that is bulletproof, a vehicle workshop, a generator house that is soundproof, a forecourt, and a surrounding fence (Agwa , 2021).
ELECTRICAL DESIGN
Electricity is an unavoidable source of power supply due to the layout of a giant filling station and the ancillary equipment that goes along with it. Given this information, there has to be an electrical design that can provide a blueprint for how a Mega filling station should have its wiring arranged.

An electrical design is a design that describes a blueprint or pattern for how various structures, such as a building, an industrial layout, a community, or other similar places, might be wired electrically. Examples of such structures include: It is developed by an electrical engineer with numerous symbols indicating various elements or electrical accessories in the real building based on the Architectural design from an Architect (Okoronkwo, 201'8). It is based on the architectural design that was created by an Architect.

A table of symbols referred to as "LEGEND" is often seen next to an electrical design. The legend has all of the symbols that can be found in the electrical design of the building, and it provides an explanation for each symbol so that individuals who are interested may learn what each symbol represents.

The 'LOAD CHART AND BALANCING TABLE' is an additional element that may be found related to the electrical design. This feature describes how the loads in the Distribution Board of the structure designed electrically by the electrical engineer are distributed and balanced. The arrangement of the fuses is yet another essential component of the electrical system's layout. This component is of the utmost significance to the design since it specifies, in great detail, the ratings of each fuse as well as the circuit that is connected to it from the specified structure (Okoronkwo , 2018). It reveals if the building has a single phase or three phase system, in addition to the ratings of the fuses that are assigned to each phase. It also discloses that the earthling has to have a connection to the main body of the Distribution Board, which connects the whole structure's Earthing. A quick check at the design of that fuse arrangement reveals all of the necessary cable diameters in their respective dimensions. A filling station is the kind of construction that requires things like gear switches and change-over switches, among other similar switches.
ELECTRICAL INSTALLATION REQUIREMENT 
The electrical installation requirements differ from one design to the other and from one structure to the other. The following are necessary in an electrical installation of a building:

Lighting points

Switches 

Socket outlets

Air condition outlets

Hot water Heater

Pvc cables of the required sizes

Earthing system 

Accessories of the required types

Distribution board of the required types

Change-over switch

Main control Gear switch 

The list above is just to give an idea of some basic electrical installation requirements for a building. These requirements can be used for surface, concealed conduit or trunk wirings.

CHAPTER TWO
LITERATURE REVIEW
2.1      HISTORY OF FILLING STATION
The first places that sold gasoline/petrol were the pharmacies, as a side business. The first gas/petrol station was the city pharmacy in wiesloch Germany, where Bertha Benz refilled the tank of the first automobile  on its maiden  voyage from Mannheim to pforzheim in 1888 (from the website – www.berthabenz.de 

The increase in automobile ownership after Henry ford started to sell “FORD MODEL T” automobile that the middle class could afford, result in a greater demand for filling stations. The world’s first purpose built gas station was constructed in ST Louis Missouri in 1905 at 412 street Theresa Avenue. (from the website –www. Explorestlouis.com). The  second gas station was constructed in 1907 by Standard Oil of California now Chevron corporation in Seattle, Washington.

GASOLINE STATION
The history of the beginning of the drive-in filling station era is a bit gray. Early dispensing was done in various ways. Filling and measuring depend on the capacity of cans, buckets, drums which were used at first, then on to portable rotary pumps and on to actual gauges, graduated columns and meters. As the demand grew, brand names began to be highly visible and oil companies built fancy accommodations to serve their trademark gasoline to the motorists.

A few gasoline filling stations across the country opened for business around 1906-1907, but dispensing at that time was still done mostly by buckets and funnels. Some stations advanced into metered or graduated measures soon after 1911. (from Oil History by Samuel T Pees).

STANDARD OIL OF NEBRASKA
After the giant Standard Oil company was broken into thirty- four separate companies in 1911, the newly independent Standard Oil of Nebraska dominated the state’s market for gasoline and petroleum products. Its first drive-in filling station opened in Lincoln in 1914; designed and constructed as a simple metal shed bolted to a cement foundation. It adopted a more substantial and attractive design, and built its first station from the new plan in Omaha. The building permit describes the building as a one-storey, 16-by 16-foot brick building. Construction costs for the new stations ranged from seven hundred to one thousand dollars. (Nebraska History magazines summer 2006). Several newspapers described Standard Oil’s new stations as Bungalows, probably using the term to describe a small house. From 1914 to 1919, the are built twenty four stations from the new plans. (from the website- www.nebraskahistory.org) 

2.4:
NNPC MEGA FILLING STATIONS:
In July 2002, Julius Berger Nigeria PLC was awarded the first contract (phase 1) for the construction of a model retail outlet, the mega filling station in Abuja. The client was the Nigeria National Petroleum Corporation (NNPC). The contract include the construction of one steel canopy, a 360 sqm shop building with office and attendants room. The cashier room was built with bullet proof and a car workshop. Additional installation include a booster pump station, a sound proof  generator house, a forecourt and perimeter fence. All illuminated price board and 14 double nozzle dispensers with electronic control system were also installed. Finally, the installation of six underground 450,000 liters were part of this contract. Within  a construction period of only six months, the Abuja Mega filling station was successfully handed over. 

All 35 retail outlets of phases II – V are identical in size but slightly smaller than phase I and built with the technical specifications similar to those of the Abuja Mega filling station. They are equipped with a 160 sqm shop building, 10 double nozzle dispensers and a total fuel storage capacity of 400,000 liters.

In order to reach its main goal to provide a nation wide network of filling stations in the state capitals of Nigeria, the NNPC awarded Julius Berger Nigeria PLC with additional 35 retail outlets (phases II – V) within the years from 2003 to 2007.

Phase II: 3 stations in Kano, Enugu and Port Harcourt 

Phase III: 8 stations in Abeokuta, Akure, Bauchi, Gusanu, Owerri, Uyo, Yola and Yenagoa.

Phase IV: 12 stations in Awka, Benin, Calabar, Gomba, Ibadan, Jos, Kaduna, Katsina, Makurdi, Oshogbo, Sokoto and Umuahia.

Phase V Abakaliki; Ado Ekiti, Asaba, Brirnikebbi, Damaturu, Dutse, IIorin, Jalingo, Lafia, Lokoja, Maidugri and Minna.

The fifth and last phase was awarded in February 2007 and works immediately commenced in April 2007. (from the website- www.nnpcmegafillingstation.org )   

CHAPTER THREE
THE ELECTRICAL DESIGN FOR A MEGA FILLING STATION[image: image1.wmf][image: image2.wmf]
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 LOAD CHART FOR THE ADMINISTRATIVE BLOCK
	C/N
	DESCRIPTION
	WATTS
	D.F
	R
	Y
	B

	C1A
	6 Num of Security Light
	160W
	1
	360
	
	

	C2A
	6 Num of Ceiling Light
	160W
	1
	
	360
	

	C3A
	7 Num of Ceiling Light
	160W
	1
	
	
	420

	C4A
	7 Num of Ceiling Light
	160W
	1
	420
	
	

	C5A
	8 Num of Florescent Light
	40W
	1
	
	320
	

	C6A
	8 Num of Florescent Light
	40W
	1
	
	
	320

	C7A
	3 Num of 13A socket outlets
	300W
	0.4
	360
	
	

	C8A
	3 Num of 13A socket outlets
	300W
	0.4
	
	360
	

	C9A
	3 Num of 13A socket outlets
	300W
	
	
	
	360

	C10A
	1 Num of 15A socket outlets
	1500W
	1
	1500
	
	

	C11A
	1 Num of 15A socket outlets
	1500W
	1
	
	1500
	

	C12A
	1 Num of 15A socket outlets
	1500W
	1
	
	
	1500

	
	TOTAL
	
	
	2640
	2540
	2600


TOTAL POWER = 7780W
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=
7780 X 0.6 
   =
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Approx  6KVA
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LOAD CHART FOR ILLUMINATION OF FENCE AND CANOPY LIGHTS 
	C/N
	DESCRIPTION
	WATTS
	D.F
	R
	Y
	B

	C1B
	4 Numbers Of Out-Door Lighting Fitting 
	250W
	1.8
	1800
	
	

	C2B
	4 Numbers Of Out-Door Lighting Fitting 
	250W
	1.8
	
	1800
	

	C3B
	4 Numbers Of Out-Door Lighting Fitting 
	280W
	1.8
	
	
	1800

	C4B
	4 Numbers Of Out-Door Lighting Fitting 
	280W
	1.8
	1800
	
	

	C5B
	4 Numbers Of Out-Door Lighting Fitting 
	280W
	1.8
	
	1800
	

	C6B
	4 Numbers Of Out-Door Lighting Fitting 
	250W
	1.8
	
	
	1800

	C7B
	5 Numbers Of DOUBLE FLORESCENT LIGHT  
	80W
	1.8
	720
	
	

	C8B
	5 Numbers Of DOUBLE FLORESCENT LIGHT  
	80W
	1.8
	
	720
	

	C9B
	5 Numbers Of DOUBLE FLORESCENT LIGHT  
	80W
	1.8
	
	
	720

	C10B
	4 Numbers Of DOUBLE FLORESCENT LIGHT  
	80W
	1.8
	576
	
	

	C11B
	4 Numbers Of DOUBLE FLORESCENT LIGHT  
	80W
	1.8
	
	576
	

	C12B
	4 Numbers Of DOUBLE FLORESCENT LIGHT  
	80W
	1.8
	
	
	576

	
	TOTAL
	
	
	4896
	4896
	4896


TOTAL POWER
= 14688W

TOTAL CURRENT = 14688
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=
26.46A
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= 14688 x 0.6

11.02 KVA
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Approx  11KVA


INSTALLATION INSTRUCTIONS FOR CANOPY LIGHTS FENCE LIGHTS AND POWER HOUSE LIGHTS
A 5A one – gang one – way switch to control the double florescent  lights at the DPK pumps canopy.

A 5A one – gang one – way switch to control eight double florescent lights at the PMS and AGO pumps canopy.

A 5A one – gang one – way switch to control the two double florescent lights at the power house

A 5A one-gang one-way switch to control two 25oW out-door lights at the fence

All switches are to be installed at an accessible position

All florescent lights are to be wired with 2x 1.5mm2 + E PVC cable

All 250W out-door lights at the fence are to be wired with 2x2.5mm2+E

LOAD CHART FOR MOTOR PUMPS FOR THE DFB – C
	C/N
	DESCRIPTION
	MOTOR/H.P
	MOTOR/WATT
	PUMP LIGHT/ WATT
	R
	Y
	B

	C1C
	2 Num of motor pumps and 2 pump lights
	1.5
	1119W
	40W
	2318
	
	

	C2C
	2 Num of motor pumps and 2 pump lights
	1.5
	1119W
	40W
	
	2318
	

	C3C
	2 Num of motor pumps and 2 pump lights
	1.5
	1119W
	40W
	
	
	2318

	C4C
	2 Num of motor pumps and 2 pump lights
	1.5
	1119W
	40W
	2318
	
	

	C5C
	2 Num of motor pumps and 2 pump lights
	1.5
	1119W
	40W
	
	2318
	

	C6C
	2 Num of motor pumps and 2 pump lights
	1.5
	1119W
	40W
	
	
	2318

	C7C
	2 Num of motor pumps and 2 pump lights
	1.5
	1119W
	40W
	2318
	
	

	C8C
	2 Num of motor pumps and 2 pump lights
	1.5
	1119W
	40W
	
	2318
	

	C9C
	2 Num of motor pumps and 2 pump lights
	1.5
	1119W
	40W
	
	
	2318

	C10C
	2 Num of motor pumps and 2 pump lights
	1.5
	1119W
	40W
	2318
	
	

	C11C
	2 Num of motor pumps and 2 pump lights
	1.5
	1119W
	40W
	
	2318
	

	C12C
	2 Num of motor pumps and 2 pump lights
	1.5
	1119W
	40W
	
	
	2318

	
	TOTAL
	
	
	
	9272
	9272
	9272


1H.P = 746W

1.5HP = 746 x 1.5 = 1119W

2 MOTOR PUMPS OF 1.5 H.P. = 2x 1.5 x 746 = 2238W

2 PUMP LIGHTS OF 40W = 2x 40

Total rating for each dual delivery pump stand = 2318W

 Total Power = 27816W

Total current = 2716/555 = 50.12A

Generator rating = PT x REACTIVE P.F

Cos Ф x 1000

=
27816 x 0.6

0.8 x 1000

=
20.862 KVA 



WIRING DIAGRAM FOR MOTOR PUMPS





CHAPTER FOUR
THE ELECTRICAL INSTALLATION REQUIREMENTS FOR A MEGA FILLING STATION
In the electrical installation of modern filling stations especially on the case of a mega filling station which we are dealing on, the system of wirings are usually conduit. This type of installation undergoes three major stage which are piping, cabling and fitting of accessories. These stages can be described under the following stages:

The piping installation stage and its requirements 

The cabling installation stage and its requirements and 

The fitting of accessories installation stage and its requirements.

4.1
THE PIPING INSTALLATION STAGE AND ITS REQUIREMENTS:
This stage of work in conduit has to do with installing pipes of the required sizes and their associated components

THE PIPES: - These are conduit pipes made from either steel or PVc (polyvinyl chloride) insulation substance through which cables are drawn through during cabling installation. These pipes are usually between 9 feet to 12 feet or more in length while their diameter sizes are usually 20mm2, 25mm2 or more. They can be bent in any desired direction or angle with a bending instrument like the “bending spring”. These pipes are designed by their manufacturers to tolerate certain temperature rise that may result from overheating of cables so as to reduce the risk of fire outbreak. And one great advantage of pvc pipes is that they are insulators which means they do not conduct electricity.

THE COUPLINGS: - These are steel or pvc coupling used to couple one pipe unto another pipe during installation of pipes. Their length is about 2 inches while their diameters are 20mm2, 25mm2 or more.

THE MALE AND FEMALE BUSH: The male are either brass or pvc substance (plastic) while the female are usually steel, brass or pvc. The male have screws or are like screws which can be screwed into the female because they are threaded inside so as to accommodate the male for firmness. The one end of the female is designed to fit unto a pvc pipe while the other end is designed to screw the male and female bush unto a knock-out box or a so design component.

THE KNOCK-OUT BOXES: - They are usually metal or pvc plastic adoptable boxes designed in the shape of 3”x3’’x1½’’. Each of the four sides has two sealed-openings (knock out openings) for male and female bush coupling while the back has three sealed openings especially for metal type. These sealed can be opened by punching those sealed openings. The diameter of these openings are 20mm2 and 25mm2. They are usually used as adoptable boxes for switches and socket outlets.

THE LOOPING BOXES: - They are either made from metal steel or pvc plastic with a loop-shape characteristics that enables the piping installation work meet certain required standards. These looping boxes can be in the following shapes; U-box shape, Y-box shape, T-box shape, through-box shape, 4-way box shape, stop-end box shape and the circular loop box usually used for looping pipes in the ceiling.  They can serve as a joint box where pipes are linked, cable connections and terminations are made; and a point where electrical fittings are installed.

THE GUM: - The pvc Gum are used to couple pipes together for firmness. When pipes are being fitted into couplins or male and female bush, the pvc Gum are used also to hold it together so as to withstand any mechanical stress or temperature rise to prevent it from pulling out.

THE DISTRIBUTION BOARD: - The Distribution Board is an electrical installation board containing fuses or MCB linking various sub-circuits from an electrical installation into one panel or board. These fuses or MCB’S are used to protect the sub-circuits when there are faults. The fuse type contains fuse element that can rupture any time a current higher than its ratings passes through it while the MCB’S are miniature circuits Breakers design to open a circuit or close a circuit by a mechanical means, both under normal and abnormal conditions. The distribution Boards are incorporated with isolators for switching ON and OFF the entire board. There are single phase boards and as well as three phase boards. There are also board that contains just fuse alone without isolator and they are called DISTRIBUTION FUSE BOARD (DFB) unlike the DISTRIBUTION BOARD (DB)

The DB and the DFB are installed along side with the pvc pipes and its associate components.

THE GEAR SWITCH: - The Gear switch are usually three phase switching devices which are used in an electrical installation. Each of the three phase line passing through the Gear switch are installed with a fuse inside it. The fuse ratings depends on the Gear switch current carrying capacity and load designed to accommodate. Thus we can have Gear switch of 30A, 60A 100A and above.

The Gear switch are installed along side with the pvc pipes and its associated components.

THE CHANGE OVER SWITCH: - They are switching devices used for changing over from public power supply unto Generator power supply or between two different generators. Their capacities are rated in currents such as 30A, 60A, 100A and above.

The change-over switch are installed along side with the pvc pipes and its associated components.

	S/N
	MATERIAL DESCRIPTION 
	QUANTITY 
	UNIT COST
	AMOUNT

	1
	20mm2 pvc pipes Dignity Brand
	135 pc
	150
	20,250

	2
	25mm2 pvc pipes Dignity Brand
	 30pc,
	180
	  5400

	3
	20mm2 pvc couplin Dignity Brand
	 1pk
	1000
	1000

	4
	25mm2 pvc pipes Dignity Brand
	½  ,,
	1500
	 750

	5
	20mm2 pvc male-bush Dignity Brand
	1  ,,
	1000
	1000

	6
	25mm2 pvc pipes Dignity Brand
	½  ,,
	1500
	  750

	7
	Metal knockout box pipes Dignity
	4  ,,
	  500
	2000

	8
	20mm2 U-Box pipes Dignity
	1  ,,
	1000
	1000

	9
	Circular looping box dignity brand
	3  ,,
	1000
	3000

	10
	PVC Gum
	1 litre
	800
	800

	11
	30A, 4-ways 3-Ф Distribution Board
	1 piece
	3000
	3000

	12
	30A, 3-Ф Gear switch
	1 pc
	3000
	3000

	13
	30A 3-Ф change- over switch
	1  ,,
	3000
	3000

	
	Total
	
	
	44950


AN EXAMPLE OF CONDUIT PVC PIPING ESTIMATE 
The exact quantity of materials required for an electrical installation pvc pipe work are determined from the electrical design or the building itself. Measurement must be taken to ensure the exact quantities of materials required  for such work. The  unit cost are gotten from a proper sample of market survey so as to determine the total cost of the PVC piping installation work.

THE CABLING INSTALLATION STAGE AND ITS REQUIREMENTS
CABLES: They are copper or aluminum conductors manufactured for electrical installation. They are usually insulated with PVC material. The majority of the aluminum type, are mostly bare-conductors. There are also the armoured cables, designed to withstand tough and mechanical stresses. Cables are produced in different sizes, which ranges from 1mm2 and above.

1mm2: The one millimeter square cable implies that its diameter or cross-sectional area is 1mm2. They can be produced as single core PVC copper cable (1x1mm2). They are usually used in wiring lighting points, fan points and any electrical equipment whose current rating is within the capacity of the cable size.

1.5mm2: The one and half millimeter square cable implies that its cross-sectional area is 1.5mm2. They can be produced as single core pvc copper cable (1x1.5mm2), Two core pvc copper cable (2x1.5mm2) and two core and earth PVC Copper cable (2x1.5mm2+E). They are used in wiring lighting points, fan points and any electrical equipment whose current rating is within the capacity of the cable size.

2.5mm2: The two and half millimeter square cable implies that its cross-sectional area is 1.5mm2. The can be produced as single core pvc copper cable (1x2.5mm2), Two core and earth pvc copper cable (2x2.5mm2+E) and three core pvc copper cable (3x2.5mm2). They are used in wiring socket outlets like the 13-A sockets and any electrical equipment whose rating is within the capacity of the cable size.

4mm2: The four millimeter square cable implies that its cross-sectional area is 4mm2. They can be produced as single core PVC copper cable (1x4mm2), Two core and earth PVC copper cable ( 2x4mm2+E) and three core PVC cooper cable (3x4mm2). They are used in wiring Air condition, cooker control unit, water Heater unit and any electrical equipment within its current carry-capacity.

6mm2: The six millimeter square cable implies that its cross-sectional area is 6mm2. They can be produced as single core PVC copper cable (1x6mm2) and two core and earth PVC copper cable (2x6mm2+E). They are used in wiring electrical equipment of higher rating and as load cables between distribution board and the next source of supply like the Gear switch, changer over or meter.

10mm2: The ten millimeter square cable implies that the cross-sectional area is 10mm2. They can be produced as single core or stranded core PVC copper cable (1x10mm2). They are usually used in wiring as load cables between a delivery source and receiving source.

16mm2: The sixteen millimeter square cable implies that the cross-sectional area is 16mm2. They are produced as stranded core PVC copper or aluminum cable (1x16mm2). They are usually used as load cables   or supply cables in an electrical installation system.

The sizes of cables still continue to range from 25mm2, 35mm2, 45mm2, 50mm2, 70mm2, 95mm2, 100mm2, 120mm2, 150mm2 etc. among these cables, copper and aluminum types are still found which are used for purposes like supplies, Distribution, Transmission of power from one point to another point.

CABLE REQUIREMENTS FOR THE ADMINISTRATIVE BLOCK 
The administrative block is divided into three types of sub-circuits which are lighting point sub-circuits, 13.A socket outlets sub-circuits and 15A socket outlets sub-circuits.

The lighting point sub-circuits are six in numbers which are two for security lights, Two for ceiling lights and two for florescent light.

Security lights: 6 bulbs at 60W for each of the two sub-circuits.

6 x 60
x  3
=
360 x 3

   555


  555

=
1.95 A for a single phase sub-circuit.

Ceiling lights: 7 bulbs at 60W for each of the two sub-circuits 

7 x 60
x 3
=
420 x 3

555


555

=
2.27A

Florescent Lights: 8 Florescent tubes at 40W for each of the two sub-circuits with a correction factor of 1.8 

8x40x1.8 x
x 3=  572 x 3

555


    555
=
3.11A

IEE Regulation stipulates that lighting points can be circuited and wired using 1.5mm2 PVC cable fused at 5A.

The 13 A socket outlets sub-circuits are three in numbers which contain three sockets each rated at 300W with diversity factor of 0.4.

IEE Regulation stipulates that 13A socket out-lets can be circuited and wired using 2.5mm2 PVC cable fused at 30A.

The 15-A socket outlets sub circuits are three in numbers which consist of one socket each rated at 1500W.

IEE Regulation stipulates that each 15A socket outlet can be circuited and wired using 4mm2 PVC cable fused at 30A.

The load cable size is between 6mm2 and 10mm2 which depends on the total current demand by the loads and the length of cable runs.

Total power = 7780W

Total current = 7780 /555 = 14.02A

CABLE REQUIREMENTS FOR CANOPY AND FENCE LIGHTS 
The Canopy Is Designed with Double Florescent Light Fitting Rated at 80W, that is, 40W for each tube. They are divided into six sub circuits of five or four  fittings to one sub-circuit with a correction factor of 1.8

5 x 80 x 1.8 x 3
=
720 x3

= 3.89 A

  555



   555 

The nearest standard fuse rating to the current demand by each sub-circuit is 5A, therefore, each is protected by a fuse of 5A and the standard cable size is 1.5mm2 according to IEE regulation 

The fence is designed with 250W out-door lighting fitting. They are divided into six sub-circuit of four fittings with a correction  factor of 1.8

4 x 250 x 1.8 x 3
= 
1800 x 3

  555



555

=
9.73A

The nearest standard fuse rating to the current demand by each sub-circuit is 10A, therefore, each is protected by a fuse of 10A  and the standard cable size is between 1.5mm2 and 2.5mm2.

NOTE: For the out-door lights, 2.5mm2 armoured cable with Earth should be used 

The load cable size is between 4mm2 and 6mm2 which depends on the total current demand (26.46A) by the loads and the length of cable runs.

Total power = 14,688 W

Total current =14,688 /555 = 26.46A.

CABLE REQUIREMENTS FOR MOTOR PUMPS
The motor pump is rated at 1.5H.P with a 40W pump light attached to it. They are divided into twelve sub-circuits of two motor pumps and two pump lights to a sub-circuit.

1 H.P 
=
746W

1.5 H.P 
=
746 X 1.5 
= 1119 W

2 Motor pumps =2 x 1119 = 2234W

2 pump light = 2 x 40 
=
80W

Total power per sub – circuit = 2318 W 

2318  x 3

= 
12.53 A

555


The motor sub circuit is protected by a fuse of 30A because of its high starting current and the standard cable size is 2.5mm2
NOTE: For the motor pumps, 2.5mm2 armoured cable with earth should be used.

The Load cable size is between 6mm2 and 10mm2 which depends on the total current demand (50.12A) by the loads and the length of cable runs.

Total power = 278116W

Total current = 27816/555 = 50.12A

Cable size for cable runs between DB-A, switch Gear A and Bus –Bar sh

all be 4x6mm2 PVC copper cable.

Cable size for cable runs between DB-B, switch Gear B and Bus – Bar shall be 4 x 6 mm2 PVC copper cable.

Cable size for cable runs between DFB-C, switch Gear C and Bus-Bar shall be 4 x 10mm2 PVC copper cable.

Cable size for cable runs between Bus-bar, main switch Gear, change over switch and Generator shall be 4 x 25mm2 Armoured copper cable.

EXAMPLE OF CABLE ESTIMATE FOR CONDUCT 
	S/N
	MATERIAL DESCRIPTION 
	`
	UNIT COST
	AMOUNT

	1
	1X1MM2 PVC Copper Cable
	-
	2500
	-

	2
	1 x 1.5mm2 PVC Copper Cable
	16 coils
	3500
	56,000

	3
	1 x 2.5mm2 PVC Copper Cable
	20 ,,
	5000
	100,000

	4
	1 x4mm2 PVC Copper Cable
	2 ,,
	8000
	16,000

	5
	1 x 6mm2 PVC Copper Cable
	2 ,,
	12,000
	24000

	6
	1 x 10mm2 PVC Copper Cable
	2  ,,
	20,000
	40,000

	7
	1 x 16mm2 PVC Copper Cable
	-
	32, 000
	

	8.
	Four feet copper earth rod
	2pieces
	3, 500
	7000

	
	Total
	
	
	743, 000


THE FITTING OF ACCESSORIES INSTALLATION STAGE AND ITS REQUIREMENTS:
The major electrical fittings/ Accessories required for this installation stage in general are

The one gang switch, flush mounted type used for switching ON and OFF of a lighting point.

The two Gang switch, flush mounted type used for switching On and OFF of lighting points

The three Gang switch, flush mounted type used for switching ON and OFF of lighting points.

The 13-A socket outlet, flush mounted type used as a source of power to an electrical equipment. They also have switch inserted at the live terminal for switching the socket ON and OFF.

The 15-A socket outlet, flush mounted typed used as a source of power to Air condition or any electrical equipment of high rating. They also have switch inserted at the live terminal for switching the socket ON and OFF.

The 60W ceiling light fitting, generally circular in shape though some may take other shape. They may have plastic or metal base with transparent plastic or glass cover so that illumination of light can be made possible or shine out. They may be designed to use pin-bulbs or screw-bulbs. 

The 60W security light fitting, they may be rectangular in shape or may take some other kind of shape base on the design. They may have plastic or metal base with transparent plastic or glass cover for illumination. They may be designed for screw-bulbs or pin-bulbs. They are usually mounted at the outside walls around the building.

The florescent light fitting, they are usually two or four feet in length. They contain a choke (inductive circuit), starter (capacitive circuit) and a glass tube containing low pressure mercury vapour and argon gas. They give bright light where ever they are installed.

The 250W out-Door light fitting, they may be oval in shape or any other shape depending on the design. The fitting base may be metal or plastic with a reflector while the transparent cover may be glass or plastic. The bulb may be pin or screw type. They may be mounted on a steel support pole so that illumination can be spread abroad.

The Earth Leakage Circuit Breaker, They are usually required when the maximum value of earth – loop impedance for over-current protection devices cannot be obtained. There are the voltage- operated typed  and current operated type.

The Earthing circuit, this is made up of three basic parts.

The Earth continuity conductor (ECC), Is the conductor which joins up all the metal work which is to be earthed to the consumer’s or distribution board’s earth terminal.

The earth conductor or lead; is the conductor Earthing leads that connects the consumer’s earth terminal to earth electron. 

The Earth Electrode, this is the electrode which makes the final connection to the general mass of earth.

The motor pump starter, they are used in starting or stopping a motor. The Direct on line (DOL) starter or a contactor may be used in this design.

TESTING: At the end of the electrical installation work, earth resistance test should be carried out so as to ensure that the resistance is not more that 10 ohms.

EXAMPLE OF FITTING ESTIMATE FOR CONDUCT 
	S/N
	MATERIAL DESCRIPTION 
	QUANTITY 
	UNIT COST
	AMOUNT

	1
	5A one Gang flush switch
	9 pieces
	200
	1800

	2
	5A two Gang flush switch
	6  ‘’
	250
	1800

	3
	5A three Gang flush switch
	6  ‘’
	800
	1800

	4
	13 A flush switch socket outlets
	12  ‘’
	400
	4800

	5
	15 A flush switch socket outlets
	3  ‘’
	600
	1800

	6
	60w ceiling light fitting 8 bulb
	14  ‘’
	1200
	16, 800

	7
	60w security light fitting 8 bulb
	12  ‘’
	1200
	14, 400

	8.
	Double florescent light fitting & tube
	28  ‘
	2500
	70,000

	9
	Single florescent light fitting & tube
	2  ‘
	1500
	3000

	10
	250W out door light fitting & bulb 
	24  ‘
	2500
	60,000

	
	Total
	
	
	175,900


CHAPTER FIVE
CONCLUSION AND RECOMMENDATION
5.1
CONCLUSION
The method of design employed is to make the work easy in practice and making maintenance work easy to be carried out with ease by an electrical personnel and this is self-explanatory. The electrical fittings and electrical dispensing outlets of the motor connection is done to IEE standard and recommendation.

Filament bulb of high heat are not used in order to prevent excess heat that may lead to fire outbreak due to the highly inflammability of petroleum premium oil and gases. All motor connections are done by armoured cable buried underground. Different  distribution boards are used  in this design to suit easy maintenance. The distribution board of the administrative block termed DB.A is rated 3OA.

The canopy and fence light distribution board termed DB-B is 30 A rated. The motor pumps were given a distribution fuse board (DFB) rated at 60A, 3Ф, 12 fuses, 4-ways board. The three distribution boards are all fed from the bus-bar via gear switches rated at 30A and 60A.


The Transformer is a 33kv/11kv depending on the closest transmission line to the site of location. The double motor pumps of the dispenser unit with its pump Lights are fed from same  sub-circuit. All motor used in this design are of equal rating of I.5H.P with direct-on-line (DOL) starter used, all are also single phase A.C motors. The legend provide detail explanation of the symbols used.                                       

5.2
RECOMMENDATION
In  this design,  we recommend  the double dispensing pump outlets because they are more economical in the cost of installation as they require less occupying space, same cable feeding the two motors and their integral light of the unit.

The use of three phase distribution boards are more economical comparing to a single phase distribution board which will require more numbers of boards.

The double florescent light provide enough illumination at the fuel station at night. It is economical, easy maintenance and power consumption is low as each tube is rated 40w.


The use of different switch gear to each Distribution board is recommended, because during maintenance the area of concern only will be isolated leaving the rest connected to supply.

The design is a blue print for an electrical installation of a mega filling station. Thus, this serves as an already made “ELECTRICAL INSTALLATION DESIGN FOR A MEGA FILLING STATION”.  
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