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Specification

FOR

600 KVA GAS GENERATOR.



	Date: 
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	Approved By:
	
	
	

	
	Checked By:
	
	
	

	
	Prepared By:
	
	
	

	
	Process and Plants Department.


1.0 Scope 

This specification cover the minimum requirements for the design, materials, construction, testing and inspection, and performance of factory assembled packaged continuous duty Gas Engine Driven Generator Set.

The generator shall be suitable for parallel operation with similar or other generators having same or different capacities. The generator package be consist of gas engine, generator, weather protective enclosure, control panel and other associated items and equipment necessary for the proper operation of the equipment as a complete package.
The bidder must fill the Data Sheet at Appendix-I. The bidder is required to submit a P&ID diagram showing all equipment.

The following manufacturer will be acceptable:

i) Cummins, mtu  for Engine 

ii) Waukesha, Caterpillar, Stamford, Siemens, Magna Max for alternator

2.0 Reference Standards & Codes

The equipment and material selection, design, manufacturing, testing and inspection shall confirm to the latest editions of the followings relevant codes and standards. Any changes and alterations and necessary re-certification of the equipment for compliance with the applicable codes and standards requirements shall be at the expense of the contractor.

· International Electro Technical Commission (IEC).

· American National standard Institute (ANSI)

· National Electrical code (NEC).

· International Organization for standardization (ISO).

· Institute of Electrical & Electronics Engineers (IEEE)

· National Electrical Manufacturing Association (NEMA)

· API-RP500A for classification of Areas for Electrical installation in Petroleum Refineries.

3.0 DESIGN Ambient Conditions

· Design Maximum Ambient Temperature, °F


112

· Design Minimum Ambient Temperature, °F


30

· Temperature for Thermal Rating of Air coolers, °F

115

· Maximum Wet Bulb Temperature for Thermal Rating

88
 of Evaporative Air cooler, °F

· Control Room Temperature (Minimum) °F

64.4

· Control Room Temperature (Maximum) °F

75-86

· Control Room Temperature (Mean Average) °F

75

· Switch Gear Room (Minimum) °F


64.4

· Switch Gear Room (Maximum) °F


75-85

· Design Wind Velocity, (Mile/Hr)



100
· Atmosphere



         Mountainous & Windy

4.0 CLIMATIC CONDITION
· Relative Humidity (Minimum Monthly Average)
27% 
· Relative Humidity (Maximum Monthly Average)
61% 
· Altitude, ft (Above Mean Sea Level)


1900
· Dry Bulb Temperature (Maximum), °F


112

· Dry Bulb Temperature (Minimum), °F


30

· Average Barometric Pressure



13.8 psia


· Ice/Snow






None
· Climate






Hot Humid
5.0 SEISMIC DESIGN DATA
Zone 2B, Upper Moderate with ground acceleration of 0.2
6.0 AREA CLASSIFICATION

Area with the package battery limits in Class I, Div. I, Group D as defined by              API RP-500. Remaining area with the package limit is Class I, Div. 2, Group D.
7.0 Rating

The Generator set shall be designed in accordance with the followings:

Class  


:
Continuous Rating 

Rated Out put 

:
600 KVA
Rated Voltage

:
400 V + 5%
Phases


:
3 

Frequency 

:
50 Hz.

Power Factor 

:
0.8

Overload:
10% for one hour following 100% load in. 12- hour operation
8.0 Gas composition (MELA PLANT)
The composition of gas to be used as fuel gas for generator at site is as under:

	Component
	Mole (%)



	Methane                               C1
	85.0342

	Ethane                                  C2
	7.7791

	Propane                                C3
	3.0976

	Iso-butane                          i-C4
	0.4617

	n-butane                            n-C4
	0.7406

	Iso-pentane                        i-C5
	0.2150

	n-pentane                         n- C5
	0.1723

	Hexane +                             C6+
	0.1427

	Carbon dioxide                 CO2
	1.2392

	Nitrogen                              N2
	1.1176

	Hydrogen Sulphide          H2 S
	NIL

	Specific Gravity
	0.6686

	Calorific Value         BTU/Cuft
	1139.66


9.0 Gas composition (CHANDA PROJECT)

The composition of gas to be used as fuel gas for generator at site is as under:

	Component
	Mole (%)



	Methane                               C1
	82.1300

	Ethane                                  C2
	7.8964

	Propane                                C3
	3.1264

	Iso-butane                          i-C4
	0.3256

	n-butane                            n-C4
	0.5007

	Iso-pentane                        i-C5
	0.0722

	n-pentane                         n- C5
	0.0238

	Hexane +                             C6+
	0.1427

	Carbon dioxide                 CO2
	4.2444

	Nitrogen                              N2
	1.6231

	Specific Gravity
	0.6870

	Calorific Value         BTU/Cuft
	1084.31


10.0 Gas-Engine
The Gas-Engine shall be capable of developing sufficient horsepower to drive the alternator on full load. The engine shall be naturally aspirated / turbo-charged, water-cooled complete with all auxiliaries and shall be designed for most suitable number and layout of cylinders. The engine be provided with thermocouples/temp sensors for monitoring of each cylinder temperature.
The Gas-Engine shall be designed, manufactured and tested in accordance with the requirements of relevant section of power generation application. The engine shall be in compliance with BS 5514/ISO 3046 or equivalent.
All auxiliaries of the engine must be genuine as per approved vendors of engine manufacturer unless specified.
6.1      Cooling System

A gear driven centrifugal pump shall circulate water through a radiator, cooled by a fan. Radiator fan shall be belt driven from the engine crankshaft. The cooling system shall provide automatic control of the engine inlet water temperature. Thermostatically mounted bypass valves shall be arranged so that cooling water flow cannot be shut-off.

The cooling system shall also be including:

· Thermocouples for pre-alarm and trip mounted in suitable points.

· Coolant level switches suitable for local and remote indication.
· Pressure gauge mounted on cooling water pump delivery.

6.2       Engine Lubrication System

The engine shall be supplied with a complete pressure lubrication system, which shall include the following equipment:

· Shaft driven positive displacement oil pump with pressure relief valve.

· Oil cooler with thermostatically controlled bypass valve.

· An integral oil reservoir with level indication, oil filter, vent and valve drain connection.

· Level switches for local and remote indication.
· Pressure and temperature gauges mounted on:

· Lube Oil pump delivery pressure
· Lube Oil filter (differential pressure)

· Oil cooler water temperature.
6.3
Fuel Gas System

The engine shall be supplied with complete fuel gas system, which shall include as a minimum the following:

1) Pressure reducing regulator to reduce line pressure of 100 psi.
2)    
Relief valve sized for max. output capacity of pressure reducing regulator based on maximum supply pressure and orifice installed in regulator.
3) Fuel system manual block valve.

4) Automatic valve in fuel system to shut-off fuel to the engine and vent engine side of fuel system when engine is shutdown.

5) Gas filters.

6)        Flexible joints
6.4     Exhaust System

A standard type silencer complete with companion flanges, and flexible stainless steel exhaust pipe/fitting properly sized shall be furnished and installed according to the manufacturer’s recommendation. Exhaust pipe size shall be sufficient to ensure that exhaust backpressure does not exceed the maximum limitations as specified by the engine manufacturer. 
6.5  
Starting System

A DC electric starting system powered by batteries with positive engagement shall be furnished. The motor voltage shall be as recommended by the engine manufacturer. 

Batteries-A lead-acid batteries set compatible with the starting system complete with all necessary cables and clamps shall be provided. Batteries shall have capacity for at least 6 consecutive starts. 

Battery Trays – Battery trays shall be provided for the batteries. It shall treat to be resistant to deterioration by battery electrolyte. Further, construction shall be such that any spillage or boil-over battery electrolyte shall be contained within the tray to prevent a direct path to ground.

6.6  
Governor

Mechanical or Electronic type governor maintaining engine speed within specified shall be provided to protect the engine against over speed and under speed. The governor shall regulate the genet to meet the load variation and under steady state conditions the governor shall hold the frequencies within + 0.25%. Under transient conditions the governor shall hold the frequency within + 2.5 Hz and recover within 2 seconds.
11.0 ALTERNATOR
11.1 The alternator shall be of 4-pole, 1500 RPM, 50 Hz, 400 V, 300 KVA, brushless excitation, air-cooled and weather protected. Design, construction and performance of the generator shall conform to the requirements of IEC 60034.

11.2 The stator windings shall be Y- connected for power output. The rotor shall be constructed with the armature field and the brush less exciter assembly on a common shaft. 

11.3 The alternator shall be able to carry the unbalanced load of any magnitude up to the rated current for each phase.

11.4 An automatic voltage regulator shall be provided to allow + 5% variation of the rated voltage. When the utilization is quickly switched from no load to full load, the voltage shall not deviate by more than 20% during 0.5 second.
11.5 The excitation system shall be rated to cover field-forcing condition during step loading and system electrical faults.

11.6 The generator shall be suitable for parallel operation. The characteristics of the generators shall allow them to share active and reactive loads under stable conditions from zero to full load.

11.7 The insulation of generator and exciter shall be Class F (min.). All insulation materials shall be chosen for maximum moisture, fungus, abrasion and corrosion resistance, as well as high dielectric strength and high bonding qualities.

11.8 The output signal shall be practically sinusoidal, and the characteristics of the waveform shall be in accordance with BS-4999, Part-40
11.9 The alternator shall not create radio electric disturbances in particular by injection of eddy current frequencies in the line.

11.10 The short circuit ratio referred to the rated voltage at saturated condition shall not be lower than 0.78.

11.11 Field forcing capability shall be sufficient to maintain 3 times the generator full-load current for ten seconds to enable adequately graded relay settings for system fault current protection.
12.0 COUPLING
Engine and alternator shall be coupled by means of a non-lubricated, lightweight, failsafe type flexible coupling to provide the drive and absorb the transmission of shock loads.

13.0 SKID & ENCLOSURE
The entire Gas Generator package with all accessories shall be mounted on a skid. The package should be provided with weather proof enclosure mounted on the skid for its safety to resist the dust, rain, wind and thunderstorm. The enclosure will be designed in away that no resistance will be occurred for generator operation, access to panel and routine maintenance jobs. 
Lifting eyes shall be provided at an appropriate location for the balanced lifting of skid with crane. Provision for properly sized anchor bolts shall be left on the structure of power skid frame. 
14.0 CONTROL PANEL
Generator set shall be provided with a remote control panel. The control panel shall be sheet, self-supporting type suitable for floor mounting, ready wire type, complete of base frame to be embedded in the floor. The class of protection shall be IP54. 
The Control panel shall equipped with Bus-bar system for supply & auxiliaries, all protective devices and controls (alarming and tripping), starting/stopping sequence control, load ramping control, excitation controls, monitoring equipments and emergency stop push-button. An engine, alternator or system fault shall trip the generator circuit breaker.
The panel will be installed in a separate control room 60 meters away from the generators. All necessary cables (preferably armored) shall be provided with the panel for its connection with the Gen-set.
All necessary control panel supply should be provided through AC/DC converter from bus bar/outer source with batteries back-up.

The board shall contain in separate compartments the following system.

14.1 Bus bars system for mains and auxiliary services.
14.2 Control systems:  Control and signalization system of each set and its auxiliaries which shall include following controls with automatic/manual selection:

· Start/stop control.

· Load/Speed Regulation control.
· Excitation/AVR Control
· Synchronization (to run the gen-set in parallel with similar or different generator set)
14.3 Protection System: The protection system should be supplied with the panel to protect the Generator against unusual circumstances. All the protections must trip the circuit breaker, Gas engine Shut-Down and closing of fuel gas supply valve automatically. The protection system should have following equipments/protection systems:
· Motor rechargeable spring operated circuit breaker suitable for generator rating & 400V, 50Hz operation. The circuit breaker should have manual recharging option too.

· On-Off push buttons for open/close the circuit breaker and relevant signal lamps.
· Emergency Stop Push Button.

· Generator Over current Protection.

· Reverse Current Protection.

· Generator over/under voltage Protection.

· Excitation over-current Protection.

· Excitation over-Voltage Protection.

· Generator over speed Protection.

· Stator/Rotor earth fault protection

· Field failure relay.
14.4 Metering system shall include:

· Ammeters with selector switch

· Voltmeter with selector switch
· KW meter

· Frequency meter

· Power factor indicator

· KWH meter 

· Temperature indicators (each cylinder, coolant, stator & rotor winding etc)
· Elapser/Hour Counter
14.5 Alarm system should consist of annunciator panel with block signal lamps for warnings, faults and any abnormality in the gen-set and shall include:

· High temperature of cooling water

· High cooler temperature

· Low pressure of lubricating oil

· Over speed

· Failure of starting system

· Lubricating oil filter differential pressure

· Low pressure of fuel gas

· High pressure of fuel gas

· Low level of lubrication oil

· Starter earth fault

· Rotor earth fault

· Field failure

· Over current

· Over load

· Over voltage

· High stator temperature

· High bearing temperature

15.0 SPARE PARTS

The vendor shall submit with the quotation comprehensive fully detailed schedules of spare parts with separate prices of each covering all equipment during construction/commissioning/start-up and 2 years operation. All spare parts supplied shall be new and fully interchangeable with the main equipment being supplied. The un-priced list of spare parts must be provided with technical bid for review.
These spare parts shall be delivered at the same time as the main equipment. The spare parts for start-up and operation shall be packed separately.

Note:  The spare parts for two-year operation will not be included in the financial evaluation. 
The cost of start up spares and commissioning spares will be included in financial evaluation.
16.0 OPERATION / SERVICES MANUALS.
The successful bidder will provide one set of the following literature with each of the Gas Generator Set supplied.

· Service, operation and Spare Parts



One Each

manual for Gas Engine.

· Service, operation and Spare Parts



One Each

manual for Alternator
· Complete circuit & logic diagrams for


One Each

Control Panel 


· Service, operation and Spare Parts



One Each

manual for Control Panel.

· Manufacturer Data Records (MDR)



One Each

The above manuals should be provided along with the shipping document.

17.0 TESTS & RECORDS
17.1 All the necessary tests and inspections should be carried out during manufacturing, each equipment and complete package.
17.2 The complete gas generator package of together with control panel shall undergo the performance test to verify the actual parameters with specifications.
17.3 The vendor shall record all test results and issue test certificates, which shell record all calculated parameters (e.g. reactance, efficiencies, etc.). 

17.4 The packager/manufacturer should supply all the performance test records to purchaser along with shipping documents. The other test records during manufacturing/assembling should be provided to purchaser.
18.0 COMMISSIONING

The vendor is required to arrange free of cost commissioning and start-up of generator at OGDCL field by their service engineer.

19.0 AFTER SALES SERVICE
The manufacturer/ seller should have good established facilities in Pakistan for after sales service, maintenance cells and spare parts supply, the bidder should provide the proof of these facilities and OGDCL will have the right to visit these facilities prior to finalization of order.

20.0 TOOLS

The bidder shall supply all necessary tools required for routine operation & maintenance with each generator. A list of the tools should be provided with the technical proposal. The price of tools will not be included in the financial evaluation.
21.0 GUARANTEE

The Contractor shall guarantee that the equipment furnished is free from fault in design, workmanship, is of adequate size and capacity, and of proper material to satisfactorily fulfill the operating conditions specified. Should any defect in design, material workmanship or operating characteristics develop during the first year of operation, the contractor shall make all necessary alternations, repairs and replacements of defective equipment components at his own cost including transportation, installation and testing.

22.0 SHIPPING

The material shall be properly conditioned for shipping against all possible damages. Contractor shall be responsible for shipment of equipment to Site and for the adequacy of the preparations for shipment ensuring that materials and equipment arrive at their destination in undamaged condition. All components shall be shipped simultaneously.

Contractor shall provide the Owner shipment details; dates of equipment departure and arrival at Site and a list of weights and sizes of shipment packages prior to dispatch.

23.0 SUMMARY

	Sr. No.
	Description
	Unit
	Quantity
	Total Price (C & F) 

by Sea

	01
	Gas Engine driven Generating Set Continuous Power 600 KVA @ 0.8 Power Factor at 500 C, 400 V, 3-Phase, 50 Hz at 1500 RPM with all accessories

(As per details of this specification)
	Set
	As per indent
	

	02
	Floor standing control panel & Instrumentation
	No
	As per indent
	

	03
	Gas street comprising of gas regulator, coalescing filters, solenoid valve & flow meter
	No
	As per indent
	

	04
	2-years recommended spares.
	Set
	As per indent
	

	05
	Tools for O&M
	Set
	As per indent
	


Appendix-I

DATA SHEET
	Sr.#
	Description
	OGDCL Requirement
	Bidder Input

	1
	Rating Parameters (Gen Set)
	 
	 

	 
	Model
	 By vendor
	 

	 
	Continuous  power kVA (Standard)
	 Vendor to give de-rating profile with temp. & altitude.
	

	 
	Power Factor
	0.8
	 

	 
	Voltage Volts
	400 ± 5%
	 

	 
	Frequency Hz
	50 ± 1%
	 

	 
	Speed RPM (Maximum)
	1500
	 

	 
	Overload
	10% for 1 hour following 100% load in 12 hour operation
	 

	2
	Ambient conditions
	 
	 

	 
	Ambient Temp degree F
	112 
	 

	 
	Relative humidity
	61% Maximum
	 

	 
	Altitude (ft.)
	1900 ft
	 

	3
	Gas Engine
	 
	 

	 
	Make
	 Cummins, Cater Pillar, Waukesha
	 

	 
	Model
	 Vendor to specify
	 

	 
	Prime power 
	 Vendor to specify de-rating profile with respect to altitude.
	

	 
	Speed regulation
	Governor
	 

	
	
	± 0.25% of 50Hz at steady Load Condition
	

	 
	Aspiration
	Natural/Turbo Charge
	 

	 
	Fuel consumption 
	on full load of Prime Operation
	 

	
	Fuel Gas System
	Meet the gas specification at Article 5.0
	

	
	
	Regulator
	Specify range

	
	
	Gas Inlet Block Valve (Manual)
	

	
	
	Gas Inlet Block Valve (Automatic)
	

	
	
	Gas filter
	

	 
	Engine Cooling System
	Water Cooling with Radiator
	 

	
	
	Coolant Level Sensors
	

	
	
	Coolant Temperature sensors
	

	
	
	Thermostatic control valve
	

	 
	Engine Lube Oil System
	Pressure Lubricating System
	 

	 
	Exhaust Control System
	Standard type Silencer Complete with Flexible coupling and complete accessories.
	 

	
	
	Sensors for each cylinder temperature
	

	
	
	Euro-I
	

	
	
	
	

	Sr.#
	Description
	OGDCL Requirement
	Bidder Input

	 
	Starting System
	DC Starting System for at least 6 consecutive starts
	 

	
	
	Batteries
	

	
	
	Battery Trays
	

	4
	Alternator
	 
	 

	 
	Make
	 Stamford, Siemens, Waukesha, Cummins, Perkins.
	 

	 
	Design
	Self cooled
	 

	 
	Standard
	IEC-60034
	 

	 
	Insulation class
	Min. F
	 

	 
	No. of Poles
	4 
	 

	
	Cooling System
	Air Cooled
	

	 
	Voltage Regulation System
	Solid State AVR with ± 5% variation in rated voltage
	 

	 
	Excitation Type
	Brushless Excitation
	 

	 
	Stator 
	Y-Connection (Out put)
	 

	 
	Rotor 
	4-pole field winding with brushless excitation  
	

	5
	Control Panel & Instrumentation
	 
	 

	 
	 Bus -Bar
	Mains Connection
	

	 
	
	Auxiliaries Connection
	

	 
	Controls
	Manual/Automatic Control Switch
	

	
	
	Start/Stop sequence control
	

	 
	
	Speed/Load Regulation
	

	
	
	AVR Control
	

	
	
	Excitation
	

	
	
	Synchronization
	

	
	Protection
	4-pole Circuit Breaker
	

	
	
	Emergency Stop Push Button
	

	
	
	Reverse Current Protection
	

	
	
	Over Current Protection
	

	
	
	Over/under voltage protection
	

	 
	
	under/over Excitation Protection
	

	 
	
	Over speed  Protection
	

	 
	
	Field Failure Protection
	

	 
	Metering
	Voltmeter, Ammeter
	

	 
	
	Hour counter meter/Elapser
	

	 
	
	KW, KVAR, PF, KWH meter
	

	
	
	Frequency meter
	

	 
	
	Temperature Displays (cylinder, exhaust, winding, oil, coolant)
	

	 
	
	Pressure Displays (
	

	 
	Alarms/Warnings
	Alarm/Horn
	

	 
	
	Block Signal lamp indications
	


	Sr.#
	Description
	OGDCL Requirement
	Bidder Input

	6
	Skid & Enclosure 
	Weather Proof Enclosure Mounted on Skid Frame
	 

	7
	Warranty
	12 month from commissioning
	 

	8
	Commissioning
	On site
	 

	9
	Spare Parts
	Two years operation
	 

	10
	Tools
	Complete set of special tools for handling and maintenance of Gen Set
	 

	11
	After sale services in Pakistan
	Plz. Mention local address
	 

	12
	Drawing and Data
	O&M, Service and Parts manual for each Gen set with shipment
	 

	13
	Delivery Period
	 4 to 6 Months (Maximum)
	 

	
	
	
	

	
	Notes:
	
	

	i
	All the columns of the data sheets must be filled by the bidder with brief information. Only yes or comply is not appropriate.

	ii
	Please attach additional supporting literature for verification of data (OEM Published)

	iii
	Packager Should Provide OEM Authority letter of Engine & Generator for manufacturing/assembling of Generator Set.

	iv
	The OEM of the selected equipment should provide the certificate showing the 7 years experience for manufacturing like Generator, Engines and Couplings.








