Section 6 - Employer’s Requirements
6-56

Technical Specifications
A. General TECHNICAL SPECIFICATIONS

A-1
Applicable Standard

The design, materials, manufacture, testing, inspection and performance of all electrical and electromechanical equipment shall, unless otherwise specified in the Technical Specifications, comply with the latest revision of the following standards;

(1) The International Electrotechnical Commission Standard (IEC)

(2) The Institute of Electrical and Electronics Engineers (IEEE)

(3) Underwriters Laboratories (UL)

(4) British Standards International (BSI)

(5) International Organization for Standardization (ISO)

In case IEC, IEEE, UL, BSI, ISO standards are not applicable to the proposed equipment, materials, testing, inspection and parts thereof, other international and national standards applied shall satisfy that the quality of the design, material and equipment offered are equal to or better than that specified in IEC, IEEE, UL, BSI, ISO upon written approval of the Employer and Employer’s Representative supervisor.

If the Technical Specifications conflict in any way with any or all of the above standards or codes, the Technical Specifications, upon confirmation of the Employer and/or Employer’s Representative supervisor, shall have precedence and shall govern.

A-2
Units of Measurement

In all correspondence, technical schedules, drawings and documents and in all scales of the measuring instruments, the international system of units (SI) shall be applied unless otherwise required.  Metric system and Celsius temperature can be employed as the measurement units.  In case other units have been used in drawings and printed literatures, the equivalent metric measurement shall be written in addition.

A-3 
Language

All documents, correspondence, drawings, reports, schedules and instructions shall be written in English. Nameplates and rating plates, duty labels and instruction plates or labels and warning notices shall also be written in English.  The Contractor shall propose the entries, sentences and wordings in English for the labels and plates to the Employer and/or Employer’s Representative supervisor.

A-4
Site Conditions

The bidder is responsible for its own investigation to establish sufficient and accurate information for the design of Energy Management System (hereinafter referred to as “EMS system”) and Battery Energy Storage System (hereinafter referred to as “BESS system”) operating together with existing grid system of FENAKA, minimizing the operation losses and maximizing the efficient operation with low fuel consumption.  The Bidder shall visit the proposed site and shall ascertain the nature and location thereof and all conditions which may affect design/layout of the system and project cost.

A-5
Climate Conditions

Unless otherwise specified, all the Equipment and materials shall be suitably designed covering the following climatic conditions; 

(1)
Maximum Ambient temperature range: +28°C ~ +40°C

(2)
Maximum average humidity: 90%

(3)
Altitude: 0.5 m (below 1000 m)

(4)
Wind velocity: max.47 m/sec

The bidder shall make its own assessment of any and all of the information provided in this bid and collect own information.  Neither the Employer nor any representative or adviser is responsible for the accuracy or completeness of any such information.

A-6
Grid Infrastructure 

The power supply grid network of Addu Atoll is 3 Phase 3 Wire 11kV Medium Voltage and distribution network is 3 Phase 4 Wire 400V/230V for household connections. 

(1) Generation: 11000/6600/415V

(2) Frequency: 50Hz

(3) No. of Outgoing feeder: Four (4), 11000V (Medium Voltage, MV)

(4) Distribution Network: LV and MV

(5) Phase and type of distribution network: Three Phase Wye, Four (4) wire, Earthed Neutral system

A-7
Desisel Generato r (DG) Status

There are 11 DG installed at FENEKA Central Power Station.  Out of them one is under maintenance and remaining 10 DG are in operation.  The DG No.4 and No. 7 does not exist.  The size of DG’s varies from 750 kW to 1,200 kW.  The generation voltage also varies depending on type of DG’s. The detail of DG’s is as shown on below table (as of December 2017).

[image: image6.emf]PV HYBRID 

SCADA SYSTEM

(Existing)

EMS 

System

DG's

No. 1 

～

15

(Existing)

PowerSupply 

(to and from)

Generation  Signal

PV HYBRID 

SCADA SYSTEM

(Future Plan)

Generation  Signal

DG's

No. 16 

～

18

(Future Plan)

BESS

System

PCS

Container

LV Board

Monitoring 

and

Control System

Existing 

Step-up Transformer (No.6) 

415V/11kV, 2500kVA

Vector Group: YNd-1

Command Control

Command Control


The Single line diagram of existing DG generations system of FENAKA Central Power Station is as shown at Drawing No.: POISED-0429-MLD-E001, for reference.

A-8
Functional Requirements

The smart grid System is defined in the project as an isolated power system with power sources of Renewable Energy (RE), BESS and main diesel generators holding the function by speed governors, and supervising and controlling devices for the whole isolated system.  The supervising and controlling system is defined in the project as EMS system.  The EMS system together with BESS system shall be designed to comply with the following functional requirements.

(1) The EMS system shall have data communication function not only with power sources of RE and BESS but also with the main load demand, DG generation and dispatch function by speed governs to grasp the conditions of number of running DG and each load ratio to stabilize the power frequency and voltage.

(2) AC output of the Power Conditioner System (PCS) of BESS system shall be designed for a 415V (±10%), 3 Phase 4 Wire (Wye), frequency of 50Hz and shall have auto synchronizing function to work with the existing LV power generation system.

(3) The PCS for BESS system shall interconnect to the low voltage side of 2500kVA Step up transformer (415V/11kV, vector group YNd-1) of FENAKA Centre Power Station network, at Hithadhoo island.

(4) The electricity delivered from BESS through PCS shall synchronize with 3 phase 415V generation network of FENAKA. 

(5) The PCS of BESS system shall have the function of charge/discharge and protection functions for the operation.

(6) BESS unit shall work together with EMS system to support the stable supply from FENAKA Central Power Station.  The DC side electric specification of BESS shall be as per bidder’s design and match to operate together with PCS functions, existing power generation system and command/control of EMS system.

(7) EMS shall connect with DG control panel (Deep Sea Electronics) on MODBUS/TCP for control command.

(8) EMS shall be able to be monitored from PMU office through Internet. 

(9) Authorization system for log-in to EMS shall be set. 
A-9
Design, Materials and Workmanship

A-9.1
General Requirements

All electrical works shall conform

(1)   The Equipment and the Works to be supplied and executed under the Contract shall satisfy all requirements of the Specifications, but not limited to.

(2)
The Contractor shall provide all materials, labour, tools and instruments necessary for completion of the Works.

(3)
If the Specifications do not contain particular of the materials equipment and works, which are obviously necessary for the proper and successful completion of the Works, such materials equipment and works shall be supplied and executed by the Contractor.

(4)
All equipment shall be new, first-class commercial quality and free from defects and imperfections, and shall conform to the latest revisions of the specified and approved standards.

(5)
Workmanship shall be of the highest class throughout to ensure reliable and safety operation under all possible operating conditions at site.  All parts shall conform to the dimensions shown on and shall be made in accordance with the approved drawings.

(6)
The equipment and works which have cracks, flaws or other defects or inferior workmanship will be rejected.

(7)
Each part of the equipment supplied shall be designed and constructed for long and continuous service with low maintenance costs under all possible operating conditions at site.

(8)
All items of the equipment shall mechanically be designed and assembled to safely withstand the prospective maximum loads and working stresses of all types to be imposed on the equipment without deformation, undue wear and damage under all possible operating conditions and during a period of installation and maintenance.  Liberal factors of safety shall be used throughout and especially in the design of all parts subject to alternating stresses or shocks.

(9)
All electrical equipment shall be designed to ensure satisfactory operation without undue vibration and excessive corona discharge likely to cause radio interference under the highest ambient temperature conditions. The electrical equipment shall be designed to mechanically endure the prospective maximum short-circuit current without thermal and mechanical failure for one (1) second unless otherwise specified in the Specifications.

(10)
All items of the equipment shall be designed to minimize the risk of fire and consequential damage, to prevent ingress of vermin, dust and dirt, and accidental contact with electrically energized or moving parts.  All mechanisms of the Equipment shall be constructed to avoid sticking due to rest or corrosion.

(11)
Wherever possible, all similar parts, including spare parts, shall be made interchangeable.  Such parts shall be of the same materials and workmanship and shall be constructed for such tolerances as to enable substitution or replacement by spare parts easily and quickly.

(12)
The equipment shall be provided with the following miscellaneous metalwork where necessary.

1)
Structural steel bases or frames, foundation bolts and anchor bolts.

2)
Lifting lugs, eyebolts or other lifting attachments.

3)
Metalwork embedded in the concrete such as anchors, inserts, supports, sole plates and pedestals required for installation of the equipment, gantry, pipes, conduits and cable trays to be provided under the Contract.

A-9.2 
Labels, Plates and Tags

(1) 
General

All the items of equipment to be procured under the Contract shall be clearly identified by nameplates, escutcheon plates, labels, tags and/or other approved means showing the function and proper use of each item.  Such identification shall be written in English and shall be intelligently and carefully designed to minimize errors and to avoid mal-operation in operation or maintenance.

All labels, plates and tags shall be permanently legible, clearly worded, weather proof and corrosion proof where damp areas and outdoors, and shall not be deformed under any service conditions at the Sites. Engraving to black letter shall indelibly mark the entries on the plates and tags.

All labels, plates and tags shall be securely mounted in conspicuous and logical locations.

(2)
Rating Plates

All the items of Equipment to be procured under the Contract shall be provided with rating plates containing the necessary information specified in the relevant standards.

(3)
Warning Notices

The Contractor shall provide warning notices and signs associated with the equipment with a form and wording to suite the Employer’s rules. Such notices and signs shall be written in English.

(4)
Device Numbers and Labels

A device number shall be allocated for every electrical and mechanical control device, switch, relay, detector and other important components and shall be shown on the Contractor's comprehensive circuit and flow diagrams.  The Contractor shall apply a label of approved form to every device, showing the device number in a legible and permanent manner.

A-9.3
Paint

The Employer and Employer’s Representative supervisor shall approve the final colour of all steelworks and the equipment, unless otherwise clearly specified in the Specifications.  The Contractor shall propose a colour scheme for the equipment and civil facilities, and shall submit the samples.  A colour chip shall be included with the approved colour schedule for each type of finish to be applied at the Site.  The colour of all undercoats shall be different from the colour of the finish coat.

Paint shall be a product of reputable manufacturer.  Paint shall be delivered in the manufacturer's sealed cans, stored under cover and used within the guaranteed term of validity and by the method recommended by the manufacturer. 

The Contractor shall select the type of paints, which shall endure five (5) years after application.

The Contractor shall prepare and submit the painting specifications for approval of the Employer and Employer’s Representative supervisor in the same manner as the drawing for approval stipulated in the General Specifications.  

The painting specifications shall cover paint schedule, manufacturer's statement of the physical and performance characteristics for paint materials to be selected, and manufacturer's recommended procedures for the surface preparation, application, handling instructions, equipment, ambient conditions, mixing instructions, safety and storage instructions, etc.  The procedures shall also include any special requirements for field repairs to the damaged coating and for the coating of field joints.

A-9.4
Common Clauses for Electrical Equipment

(1)
Enclosures

The enclosures for electrical equipment/component shall be free-standing, rigid, welded steel frames and completely enclosed by metal sheets with a thickness appropriate to the size of the enclosure.  The minimum thickness shall be 2.3 mm for enclosure of metal-enclosed switchgear and 1.6 mm for enclosure for control, relay and electronics equipment.  The completed sections shall have provisions for lifting and ample strength to withstand all stresses incidental to shipping, installation and operation without distortion or other damage.  Enclosures shall be suitable for indoor installation, either installation at control house or at outdoor metal container.

All enclosures shall be of rodent-, dust- insects- and vermin-proof constructions.

All measuring instruments, indicating lights, pushbuttons and control and selector switches shall be assembled in the enclosure.

The enclosure shall be provided with suitable cable terminal compartments for power cable connections where necessary.  Ample space for stress-cones shall be provided.  Suitable terminal blocks shall be provided for all outgoing power and control cables.  A cover plate with suitable cable glands shall be provided on each cable entrance of the enclosure.

Interior illumination lamps operated by door switches shall be provided for each enclosure as much as applicable.  At least one 230 V, power outlet socket shall be provided inside Container at convenient location. The power outlet socket shall be general used type in Maldives.

The enclosure shall be cleaned off rust and excess weld, and given a minimum one coat of phosphate or rust prevention treatment.  All outside panel surfaces shall be primed, filed where necessary, and given not less than two coats of synthetic undercoat.  The finishing coat shall be gloss paint.  The inside surface of the enclosures shall have two prime coats and one finishing coat.  The floor sills shall be painted with the same colour as the enclosures.

The finished painting colour of the enclosures shall be light gray and the colour of instrument frame shall be black.

Unless otherwise specified, the degree of protection for the enclosures shall be IP 55 for outdoor use and IP 20 and above for indoor use in compliance with IEC 60529.

(2) Measuring Instruments

All electrical measuring instruments to be mounted on the BESS system, 400V Distribution board, and so on shall be of flush-mounted, back-connected, dust-proof and heavy-duty switchboard type.  Each instrument shall have a removable cover, either transparent or with a transparent window.  Each electrical measuring instrument shall be suitable for operation with the current and/or voltage transformers as shown on the contractor’s drawings under both normal and short-circuit conditions.

All analogue type instruments shall preferably be of 240 degree’s scale calibration, square or round enclosures with clearly readable long scale, unless otherwise specified in the Technical Specifications.  The maximum error shall be not more than one and a half (1.5) % of full-scale range. Scale plates of analogue type instruments shall be of a permanent white circular or rectangular finish with black pointer and markings.  The scale range shall be suitable for the measuring purpose intended and those for the electrical measuring instruments shall be determined from the current transformer and voltage transformer ratios.

Digital type measuring and indicating instruments shall be suitable for operation with D.C. output of the related transducers.  The number of digits of each digital instrument shall be selected to suit the indicating purpose intended.  The indicating elements for each digital indicator shall be of seven-segment light-emitting diode (LED) illumination type.  The digital type instruments required to indicate flow direction shall be provided with "+" and "-" signs.

(3)
Selector and Control Switches

The selector and control switches shall be heavy-duty, rotary type with suitable handle or pushbutton type.  Their operating contact mechanisms shall be at the rear of the panel.

All contacts shall be enclosed in a cover or covers that can be easily removed when installed on the switchboards to afford complete accessibility to contacts and terminals.  Each contact shall be readily renewable, and shall have adequate insulation and contact surface.

Each selector and control switch shall be provided with an escutcheon plate or a marking plate to show each operating position.  The switch identifications shall be engraved on the escutcheon plates, marking plates or separate nameplates.  The entries on the plates shall be subject to the Consultant's approval.

In case the illuminated type switch is used, illumination shall be made by the light-emitting diode (LED) to be integrated in the switches.

(4)
Indicating Light Units

The indicating light units for the Distribution board shall be LED illumination flush mounted dust-proof, heavy-duty type indicators suitable for operation with DC service.

Each indicating light shall have a marking plate or appropriate colour lens with an escutcheon plate or a separate nameplate to indicate the purpose intended.  The marking plates and lenses shall be made of a material that will not be softened by the heat of lamps.

For indication of switching position or operating condition, red light shall be used for "Close" or "Operation" and green light for "Open" or "Stop".

(5)
Moulded Case Circuit Breakers and Miniature Circuit Breakers

The moulded case circuit breakers and miniature circuit breakers shall be of one-, two-, three- or four-pole for A.C. circuits and two-, Three- or four-pole for D.C. circuit, manual operated, fixed type with inverse time-delay over-current release and instantaneous over-current release.

Each circuit breaker shall be provided with a trip alarm switch for remote annunciation and auxiliary switches where necessary.

The circuit breakers shall be rated as follows:

AC circuit
　 DC circuit
1)
Rated insulation voltage　　 　600V

(manufactures design)

2)  Rated operational voltage　  400/230/100V
(manufactures design)

The rated short-circuit breaking current and the rated trip current shall be selected by the Contractor based on the prospective short-circuit fault current and the rated normal current of the circuit, unless otherwise specified in the Technical Specifications.

(6)
Power and Control Cables

1) Power Cables

All power cables shall be of single-core or multi-core, cross-linked polyethylene (XLPE) insulated, PVC sheathed cables with stranded copper conductors.  Power cable shall have an ample current carrying capacity and shall duly withstand the maximum prospective fault current for a duration time approved by the Employer and/or Employer’s Representative supervisor.

2)  Control Cables

All control cables for instrument transformer low voltage side, control and auxiliary wirings shall be of single-core or multi-core, PVC insulated and PVC sheathed cables with stranded copper conductors.　Control cables employed for the circuits for embedded thermometers, current transformers and voltage transformers and for other circuits liable to interference due to electrical noise shall be the screened cables with suitable metallic shielding against electrostatic induction and if necessary against electromagnetic induction too.　Sectional area of each core shall be not less than 2.0 mm2 for control and auxiliary wiring and not less than 3.5 mm2 for current transformer and voltage transformer circuits.　Colour of core insulation shall be as follows unless otherwise approved:

a) One-core: Black

b) Two-cores: Black and white

c) Three-cores: Black, white, and red

d) Four-cores: Black, white, red and blue

(7)
Wiring and Terminals

1)
General

Wiring shall be suitably grouped, neatly and securely be bunched or cleated, and shall be installed as applicable in the wiring ducts.  A suitable wiring duct system shall be provided for inter-panel and front-to-rear panel wiring to provide easy access for inspection and maintenance.  All wiring from hinged door panel to the fixed panel shall be done by using of flexible conductors or spiral conduct.  Exposed wiring shall be kept to minimum, but where used they shall be bunched and protected properly.　The bunching of wiring shall be kept in bunched condition by means of strips of special plastic ribbon material at suitable intervals.  Lacing of wire bunched with textile or plastic cord or metal buckle type clips will not be accepted.  Wherever wiring is cleated to metalwork, it shall be insulated from the metal surface and shall be created by means of insulated straps in an approved manner.  All wiring shall be left sufficiently long and neatly looped to allow a fresh termination to be made, should be original termination device break off.　Wiring between terminals of the various devices shall be point to point.  Splices or tee connection will not be acceptable.　Current and voltage transformer low voltage side circuits shall be grounded only at the first panel entered, and shall not be grounded at any point or outside of the enclosures.　All wiring shall be brought to terminal blocks.  Terminal blocks shall be completed with clamp type moulded plastic terminals, barriers and covers and shall be mounted vertically.  All wiring to those blocks shall be arranged to run in numerical order from top to bottom.  White or other light-colour marking strips, fastened by screws to the moulded sections at each block, shall be provided for circuit designation.  Spare marking strips shall be furnished with each block.　Each wire shall be provided with crimp type terminal lug and with a vinyl marker fixed permanently to the wire, and imprinted with the wire number and identification letter or symbol corresponding to the Contractor's final circuit diagrams forwarded for approval.  Crimped part of the terminal shall be vinyl insulated or covered.  At least 10% spare terminals shall be provided in the terminal blocks.　If 10% spare terminal is not possible to accommodate than whole terminal blocks, as a set shall be provided for complete exchange.

2)  Phase Arrangement

The standard phase arrangement when facing the front of the panel shall be R-Y-B-N or L1-L2-L3-N, and R-N-Y or L1-N-L2 from left to right, from top to bottom, and back to front for AC three-phase and single-phase circuits.  For DC polarity, N-P from left to right, P-N from top to bottom and front to back.  All relays, instruments, other devices, buses and equipment involving three-phase circuit shall be arranged and connected in accordance with the standard phase arrangement where possible.

3)
Identification by Colours

a)
Colour Scheme for Circuit Identification

Identification of the circuits of all internal wiring shall be achieved using colour insulation of the respective cables as follows:

>
Low voltage circuits of voltage transformers
Black

>
Low voltage circuits of current transformers
Black

>
DC circuits
Black

>
AC circuits
Black

>
Neutral
Black

>
Ground
Green or Yellow with Green stripe

b)
Colour Scheme for Phase Identification

Identification of the phases of power cables for AC circuits shall be achieved using colour ferrules at cable ends as follows:

>
Phase R or L1

Red

>
Phase Y or L2

Yellow

>
Phase B or L3

Blue

>
Neutral

Black (directly grounded)

c)
Colour Scheme for Polarity Identification of DC Circuits

Identification of the polarities of power cables for DC circuits shall be achieved using colour ferrules at cable ends as follows:

>
Positive
Red

>
Negative
Black

(8) Cabling Works

1)
Cable Schedules

The Contractor shall design and prepare the cable schedules showing all power and control cabling between the Equipment related to the Works and shall submit them to the Consultant for reference.  The cable schedules shall include the following information:

a)
Cable identification

b)
Termination points (e.g., designations)

c)
Cable construction, number of cores and rated voltage

Each cable shall be fitted with a cable identification label at each end.  Construction method for each type of cable and for each condition for the service shall be submitted to the Consultant for approval.

2)
Cabling and Wiring

The power and control cables shall be continuous between terminals, and no junction shall be made in the cable ducts and conduits.  The power and control cables shall be laid in the cable ducts or conduits after they have been cleaned.  Oil or grease shall not be used as a lubricant for cable laying work, but an approved compound may be used for this purpose.

Where the cables and wires are installed in the conduits, they shall be pulled into a conduit as a bundle to avoid twisting and abrasive actions caused by single conductor pulling.

Grounding conductor, where required to run with other conductors in the cable ducts or conduits shall be of minimum 600 V PVC insulated wire (non-sheathed cables).

A-9.5
Grounding of Equipment and Cables

(1)
General

The Contractor shall prepare calculation and installation drawings for grounding system based on his own measurement result of soil resistivity. These drawings shall be submitted to the Employer and Employer’s Representative supervisor for approval together with calculations of grounding resistance as well as step, touch and mesh voltages for BESS system.

If any grounding system exists, then shall confirm the type of grounding and if requirement meets, the connection plan and drawing of connection point and method shall be submitted for prior approval of Employer and/or Employer’s Representative supervisor.

(2)
Construction of Earth Grid

For new installation of earth grid, it shall be made of annealed high conductivity copper with a cross sectional area not less than 60 sq.mm and shall be installed with a depth of 1500mm below the ground level.

The size of the cross section of conductor shall be as follows;

1)
Grids (grounding conductor for mesh)
　　
more than 60 mm2
2)
Connecting wire to main equipment
　　
more than 22 mm2
3)
Connecting wire to auxiliary equipment
 
more than 14 mm2

(3)
Grounding Electrodes

The earth grid and number of grounding electrodes shall be verified by soil resistivity measurements to be carried out by the Contractor.  Each group of grounding electrode shall consist of 4 - 8 pieces of 10 - 15mm diameter and 2.0 - 3.5 meter long copper electrodes, driven into undisturbed soil at spacing not less than the length of the rods.  Each electrode shall be completed with approved non-ferrous clamps for the connection of grounding conductors.  Each electrode shall have a hardened steel tip and cap for driving into the ground by means of a power hammer.

The Contractor shall submit a drawing showing the proposed earth rods locations for prior approval and the Employer and/or Employer’s Representative supervisor shall approve the locations of the electrode chambers and the interconnections to the grid when the results of the ground/soil resistivity measurements had been informed.
The measurement of each group of grounding electrode and earth grid shall be provided and shall back filled only after inspection of Employer and/or Employer’s Representative supervisor.

(4)
Grounding of Equipment

The frames of all electrical apparatus, equipment and the bases of all structural steel works shall be connected to the earth grid by branch conductors having proper cross-sectional areas considering the maximum ground fault currents.

(5)
Inducement thunder measures

The outer frame of metal container shall be grounded to protect from inducement thunder.  The resistivity shall be below 10 ohms at minimum.  The earth grid and conductor having proper cross-sectional areas shall be used considering the maximum ground fault currents.  The location of the electrode chambers and the interconnections shall be approved by the Employer and/or Employer’s Representative.  

(6)
Jointing and Bonding

All items of the electrical equipment and facilities shall be provided with suitable grounding terminals and connected to the main grounding system. 

Each equipment, component, instruments shall provide grounding terminal / earth bus-bar which has sufficient size for fault current shall be possible to access easily for measurements.

All exposed metal parts of the Equipment and facilities, unit auxiliary transformers and instrument-transformers as well as metal sheath and shield of power and control cables shall be grounded securely.

All non-current carrying conductive parts including instrument-transformer low voltage side and metal sheaths of the cables shall be solidly connected to the grounding bar.  Such grounding connection shall be made by suitable clamp type fittings and no soldered connections shall be used.

In case of the shielded control cable, electrostatic shield like copper tape or wire shall be grounded at one end and electromagnetic shield like copper tape plus steel tape at single ends.

B.
Description OF Project site

B-1
Location of the Project site

The EMS system with BESS is planned to install at FENEKA Central power station Hithadhoo of Addu Atoll, southern island of Maldives as shown in Drawing No.: POISED-0429-MLD-L001 for reference.

Latitude and Longitude of the project site shall be referred to;

(1)
The latitude: 0° 37' 45" S (South)

(2)
The longitude: 73° 6' 18" E (East)

B-2
Electric Power Supply system

There are four (4) 11kV feeder supplying power at Addu Atoll from FENAKA Central Power Station.  0ut of four (4) feeders, two (2) feeders supply power to Hithadhoo island and other two (2) feeders supplies power toward Gan.  The two (2) 11 kV feeder network suppling power toward Hithadhoo is as shown in Drawing No. POISED-0429-MLD-E002 for reference.

B-3
Power Generation and supply

There are total eleven (11) Diesel Generators (DG) operating at FENEKA Central Power Station.  The total generation capacity is 9,850 kW.  Out of operating DG’s, three (3) DG generates power at 3-phase 6.6kV and others generates power at 3 phase 415V.  Generation voltage are Step upped to 11 kV within the premises of FENEKA Central power station and supply.  The local distribution network is 3 phase 400V and single phase 2 wire 230V that connects to the customer from distribution point.

B-3.1   DIESEL GENERATORS

Out of twelve (13) DG’s by numbering, DG No. 4 and No.7 does not exist, and DG No.2 is in maintenance process.  At present, due to derating of DG’s, long continuous running is not possible at efficient and effective manner.  The generation efficiency of most of the DG’s are lower than the actual capacity.  To maintain the supply for increasing demand, two (2) new DG of 2,000 kW capacity each is under installation process and commissioning target is within end of 2017.  The generation voltage of those two (2) new DG is designed at 11kV and planned to connect 11 kV bus bar directly for supply.  Beside installation of new DG, grid tied PV generation systems of total capacity 1,600 kW are installed at five (5) locations of Hithadhoo island under the POISED project, operating together with existing distribution network system from April 2017.  

Total DG installation capacity in 2017: 10,250 kW

Total DG installation capacity in 2018: 14,250 kW (additional 4,000 kW)

Registered maximum load value (April 2016): 5,780 kW 

Registered minimum load range: 2,200 kW – 3,700 kW (from mid night to 7:00 AM)

Registered maximum load range: 5,100 kW to 5,780 kW (between the 11:00 to 16:00 hours)

The generation availability of operational existing DG is as shown at below table.
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1 937 750 T260L-ST Yanmar 6.6kV 300 40

2 937 750 T260L-ST Yanmar 6.6kV 300
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3 937 750 T260L-ST Yanmar 6.6kV 500 67

4

5 1250 1000 KTA50-G3 Cummins 415V 700 70

6 1250 1000 KTA50-G3 Cummins 415V 400 40

7

8 1000 800 KTA38-G5 Cummins 415V 400 50

9 1250 1000 KTA50-G3 Cummins 415V 700 70

10 1250 1000 KTA50-G3 Cummins 415V 700 70

11 1250 1000 KTA50-G3 Cummins 415V 1000 100

12 1250 1000 KTA50-G3 Cummins 415V 500 50

13 1500 1200 KTA50-G3 Cummins 415V 1200 100

14 2500 2000 YN2000HV YCSR 11kV 2000

15 2500 2000 YN2000HV YCSR 11kV 2000
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The no. 14 and 15, column shaded by blue colour in above table is new ongoing installation targeted to commission within 2017.   The proposed connection plan of two (2) new 2000kW DG is as shown at Drawing No.: POISED-0429-LMD-E003, for reference. 

B-3.2  GRID TIDE PV GENERATION SYSTEM

There are five (5) grid tide PV generation system installed within Hithadhoo island under the POISED project, operating together with existing power distribution network system of FENAKA from April 2017.  All grid tide PV generation system connects directly to the nearby sub-station of FENAKA at 3 phase 400V.  The total installation capacity of grid tide PV generation system under the POISED project is 1,600 kW.  The detail of installation capacity of each site is as shown at below table.

	No.
	Location
	Installed Capacity (kW)

	1
	Convention Centre
	626.53

	2
	Addu High School
	160.65

	3
	Sharafuddin School
	374.85

	4
	Hithadhoo School
	246.33

	5
	STO Ware house
	192.78


The connection point of each grid tide PV generation systems under the POISED project is as show at Drawing No. POISED-0429-MLD-E004 for reference.

Beside above mentioned total capacity, there is a plan to increase another 1,000kW grid tide PV generation system in near future, at present survey is on the process.

B-4
Components of the EMS SYSTEM and BESS System 

The main components of the EMS system and BESS system shall include as follows, but not limited to.

The contractor shall also consider and include all other related equipment and component that are essential for system installation, smooth and efficient operation and management.  

The component and material shall be obtained from experienced manufacturers and shall be of reputable brands. Components and material obtained from inexperienced manufacturers and non-reputable brands shall not be accepted.

(1)  EMS system

The main components of the EMS system shall be as mentioned below and contains of each component shall satisfy and guaranty at least minimum of the requirements, but not limited to.

(a) Server (Monitoring & Controlling)

The applicable detail specification of server is as mentioned below

	Item
	Specification

	Type
	Server Type (Rack mount)

	Quantity
	Bidder’s specification

	Processor / Main Processor
	Bidder’s specification

	OS
	Red Hat Enterprise Linux 6 or equivalent

	Main Memory
	12GB or More

	Auxiliary storage
	HDD: 1.8TB  or More, RAID, DVD-ROM 

	Interface
	Ethernet, USB


(b) Client 

The applicable specification of client server monitor (receiver and display) is as mentioned below 

	Items
	Specification

	Type
	Desktop PC 

	Quantity 
	2 Units

	Processor / Main Processor
	Bidder’s specification

	OS
	Not less than Windows 7 or equivalent

	Main memory
	4 GB or More

	Auxiliary storage (minimum)
	HDD: 250GB (250GB x 1) or more, DVD-ROM

	Interface
	Ethernet, USB


(c) Display Screen

The details of display unit shall be as mentioned below.

	Items
	Specification

	Display size (Minimum)
	23-inch-wide or greater

	Type
	Liquid Crystal Display (LCD)

	Quantity
	2 units 


(d) SW-HUB (With duplex configurations)

The detail specification of SW-HUB shall be as mentioned below.

	Items
	Specification

	Port Number
	24 or more

	Port Specifications
	Ethernet 10/100 Port 

	Quantity
	2 Units or more


(e) KVM switch 

The details of KVM Switch shall be as mentioned below

	Items
	Specifications

	Number of computers/equipment to be supported 
	8 or more

	Interface
	Server side
	Keyboard, Mouse, USB

	
	Console side
	Keyboard, Mouse, USB


(f) Console (Laptop type)

The details of Console shall be as mentioned below

	Items
	Specification

	Type (Function)
	Remote login to Server

	Display Type
	17 inches or greater, Flat-panel, active matrix-TFT LCD

	USB port 
	Minimum 3 for Keyboard, Mouse output etc.


(g) Time Server

The time system shall be the bidder specification and shall synchronized with all servers and equipment installed by this project.

(h) Printer (Mono/Colour)

The printer shall be internationally available type and detail shall be as mentioned below.

	Items
	Specification

	Type
	Black & white (B/W) and Color compatible laser printer

	Accessory 
	Paper tray module

	Paper size 
	A4 size

	Printer Toner 
	B/W and Color


(i) Uninterruptable Power Supply (UPS) Unit

The UPS shall backup the power supply for Server, Client, SW, Time server and frequency meter. The details of UPS shall be as mentioned below
	Items
	Specification

	Type 
	Uninterruptible Power Supply

	Backup Time
	10 minute or more

	Input & output voltage
	AC 230 V (±10%)

	Quantity 
	One (1)


(j) Rack (EIA standard)

The details of Server racks shall be as mentioned below

	Items
	Specifications

	Type
	Electronic Industries Alliance (EIA) standard rack


(k) Frequency Meter

One set of frequency meter shall be installed for Load Frequency Control (LFC) of EMS.

	Items
	Specifications

	Type
	Bidder’s specification


(l) Fire extinguishers for EMS system

One set of Fire extinguishers for EMS system shall be installed nearby EMS system. 
(m) Connection protocol

EMS shall be able to connect Deep Sea Electronics control panel of DG’s over Modbus/TCP, serial port.

(2)  BESS (including Power Condition System, PCS) system

The main components of the BESS system shall be as mentioned below and contains of each component shall satisfy and guaranty at least minimum of the requirements

(a) Storage Battery

The applicable detail specification of battery is as mentioned below

	Item
	Specification

	Type
	Lithium-ion (Li-ion) Battery

	Total Power
	1.0 MW (capacity shall be at PCS AC side output terminal)

	Rated Capacity per cell
	(Bidder’s design x 1) Ah @ 1.0CA

	Discharge per Cell
	(Bidder’s design x 3) Ah or more @ 3.0CA

	Required total Battery Capacity
	330 kWh or more at PCS AC side output terminal (available within SOC operating range)

	Required Cycle Life
	Minimum 13,000 cycles, at DOD (Depth of Discharge) 90% or above at rated power, and remaining battery capacity (State of Charge, SoC) shall be equivalent or above 70% at the end of above life cycle.

	Design Life 
	Minimum 15 years.

	Operation Temperature
	0 to +45℃ 


(b) PCS 

The PCS shall operate and support the generation network voltage. The PCS shall synchronise with the power house generation (LV) voltage network before connection is established.  The applicable detail specification of PCS is as mentioned below

	Item
	Specification

	Type
	Indoor self–standing type (Installation inside Container)

	Rated Capacity
	1000kW or more, possible to supply and Charge/Discharge at maximum rating and efficiency

	Input 
	DC input shall specify by contractor/manufacturer

	Output
	AC 415V (±10%), 3 Phase 4Wire, 50Hz

	Rated Efficiency
	Over 95%

	Function
	1) Voltage and frequency monitoring

2) Automatic voltage and Frequency regulation

3) Battery efficient charge/discharge capability

4) EMS command controlled start/stop and soft start

	Protections
	The protection relays for AC system and DC system (Battery) side. The protection relays shall be possible to adjust at variable ranges and all setting shall be possible to adjust at site.

1) Over Voltage Relay (OVR)

2) Under Voltage Relay (UVR)

3) Over Frequency Relay (OFR)

4) Under Frequency Relay (UFR)

5) Islanding Operation protection (Both passive and active method)

	Harmonics and Waveform Distortion
	The harmonic distortion for single unit shall be 3% or less and total 5% or less at rated generation output.

Each individual harmonic shall be limited to the percentage as below

Odd harmonics


Distortion limit
3rd through 9th 


less than 4.0%

11th through 15th 


less than 2.0%

17th through 21st


less than 1.5%

23rd through 33rd


less than 0.6%

Even harmonics

2nd through 8th


less than 1.0%

10th through 32nd


less than 0.5% 

	Quantity
	Two (2) or more units (same capacity for security at equipment failure) 


For insulating method, either insulation transformer AC415V/AC415V with static shield plate shall be installed between the PCS and AC400V Distribution Board or shall provide at each PCS.

(c) Connection Protocol 

BESS system shall connect to EMS over Modbus/TCP or DNP3.0

(d) Uninterruptable Power Supply (UPS) Unit

The UPS shall backup the control power supply unit and protection relays. The details of UPS shall be as mentioned below

	Items
	Specification

	Type 
	Uninterruptible Power Supply

	Backup Time
	10 minutes or more 

	Input & output voltage
	AC 230 V (±10%)

	Quantity 
	One (1)


(e) Fire extinguishers for BESS system

One set of Fire extinguishers for BEES system shall be provided and installed nearby each Container. 
(3)  400 V Distribution Board

The 400 V Distribution Board shall be installed inside Container.  The 400 V Distribution Board shall be of self-supporting indoor use, metal enclosed type, dust and vermin proof construction, and shall comply with IEC.

(4)  Container

The size of each container shall not be more than 20 feet type and shall accommodate equipment and component mentioned at clause B-4 (2) and B-4 (3), and shall be salt weather resistance finishing, to adopt local weather at least 20 years.

(5)  11kV Digital Energy Meter

The four (4) energy meters shall be supplied for four (4) existing out going 11 kV feeders exchanging existing old energy meter utilizing same space and existing instruments for measurement. 

(6)  400V Digital Energy Meter

The 3 Phase 400V bi-directional digital energy meter shall be supplied for the installation at control rooms of following five (5) grid tide PV generation system sites using same space and CT’s for measurement
(a) Convention Centre

(b) Addu High School

(c) Sharafuddin School

(d) Hithadhoo School

(e) STO Ware house

(7) Power cable

The necessary Low voltage (400V) and distribution (230V) power cable and wires shall be provided, install and connect under the project by the contractor.

(8) Control cable

All necessary control and communication cable shall be supplied, install and connect under the project by the contractor.

(9) Flow meter (Measurement of Fuel consumption)

Flow meter for recording total consumption of fuel by the DG shall be supplied for the installation at main distribution pipe line of fuel tank.  The position of existing Fuel flow meter to be replaced by new one is as shown at Drawing No.: POISED-0429-LMD-P001 for reference.
(10) Project information board
The project information board shall be designed and constructed at the designated location by the contractor.

(11) Miscellaneous materials

Considering the requirement, the miscellaneous material shall be designed, provided and installed by the contractor.

(12) Maintenance tool

The contractor shall provide the required adequate maintenance tool for the EMS system and BESS system operation. 

(13) Spare parts and consumable materials.

The spare parts for the EMS and BESS system, and for other related component/equipment shall be provide for the smooth and efficient operation of the system.

clause C
TECHNICAL SPECIFICATIONS OF COMPONENTS OF EMS and BESS SYSTEM

C-1
Scope

The scope of work shall include supply of EMS system, BESS (including Power Condition System, PCS) system, Installation Work of the Equipment, Civil Work, factory test, pre-commissioning (field test), commissioning and guaranty test, training and any other necessary works to complete the Project works.  For the construction and installation of system, the climate data of Hithadhoo, Addu Atoll, Maldives shall be taken as reference.

All Electric works shall conform to the requirement of the Maldives Energy Authority (MEA) and for Environmental related issue, shall conform with Environmental Protection Agency (EPA) of Maldives by FENAKA and advise accordingly to contractor for system design, commencement of work and commissioning. 

The bidder shall make its own assessment of all the information provided in this scope and collect own information.  Neither the Employer nor any representative or adviser is responsible for the accuracy or completeness of any such information. 

The reference system image block diagram of EMS and BESS system is as shown below.
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Figure C-1   Block image diagram of EMS system and BESS system, for reference.
C-1.1   CONCEPT OF OPERATION

The EMS system shall be able to communicate and command control the Diesel Generator’s (DG’s) control panel (Deep Sea Electronics) and BESS System for efficient system operation as per load demand and operators manual command when required. The command control connections of EMS, BESS and DG’s are as shown at Drawing No.: POISED-0429-MLD-E006 for reference. 

Beside the existing DG mentioned at Clause B-3.1, the newly installed EMS system shall be able to communicate and command control for other additional three (3) new sets of DG of capacity 1.2MW each expected to be installed in coming years.  The command control panel of future DG’s is expected to be same as the exiting DG’s command control panel (Deep Sea Electronics).

Additionally, another 1000 kW grid tide PV generation system is under survey for near future installation, shall also be considered to adopt and connect with SCADA system of future installation.  For this EMS system shall have extra port to communicate for operation and planning.

C-2
EMS system

The components of EMS system shall be as mentioned in clause B-4, but not limited to.  The EMS system shall be designed for easy operation and non-complicated display.  The EMS system shall be installed at existing control room within the premises of FENEKA Central Power Station at Hithadhoo as shown at Drawing No. POISED-0429-MLD-L002 for reference.

C-2.1   Required Calculation and Software Functions

EMS shall forecast, calculate and operate on the base of the local data and the results of the calculation made shall be in command to operate for the power generation and supply system.  The software requirement for the system operation are described at below sections (C-2.1.1 and C-2.1.2).

C-2.1.1  The required calculation to be carried out for the flow of EMS

(1) EMS shall import weather forecast data from Meteorological Organization prior to the base calculation made.

(2) EMS shall forecast PV generation and demand, and shall output the result on display. result on display.  Whenever required, the demand forecast value shall be able to edit by operator. 

The details of Forecast shall be as mentioned in the Section “C-2.1.2, (2) Forecasting”.

(3) EMS shall create a one-day operation schedule of DG and BESS adequately based on Demand Forecast and PV Generation Forecast results to keep the demand and supply balance. 

(4) EMS shall carry out Economical Load Dispatching Control (EDC) to DG and BESS at every 2 minutes or faster, using the actual output of DG, BESS, the actual SOC value of BESS and Grid frequency (Hz).

(5) EMS shall be able to perform Load Frequency Control (LFC) to DG and BESS at every 2 seconds or less 

C-2.1.2  The function of EMS

The details of EMS function shall be according to the points as below

C-2.1.2.1  Monitoring

This function shall be able to receive and store binary data and telemetric data measured from field devices (grid system status). 　It also need to inform operator of any changes on running status and abnormalities of power supply system through display at operating monitor.

(1)   Input data

· Binary data from field device

· Telemetric data from field device

· Operation command of DG from operator, like value of upper/lower limit, value of spinning reserve, keeping operation status, keeping telemetric data, elimination and change in energy resource operation.

(2) Monitoring objects

· Diesel Generator (DG): Operation status, Output (kW)

· BESS: Charge/discharge (kW), SOC of BESS

· PV generation: total output of PV system (kW and kWh)

· Frequency display meter: Grid system frequency (Hz)

(3) Output at screen of operator’s display (Client Monitor)

· Operation status (Binary data)

· Current value (Telemetric data)

· Alarm and Error messages

· Event record

C-2.1.2.2  Forecasting

EMS shall forecast the demand and PV generation, and output format shall be as the base demand forecast of entire day (24 hour).  When required, the operator shall be able to edit this base demand forecast manually.

Based on a weather forecast data and historical data, approximated forecast data of Base data forecast shall be plotted for every 30-minute interval.

(1) Demand forecast

· EMS shall create demand forecast curve (of 24 hours, 30-minute interval) based on actual demand value, actual past weather information and weather forecast information (Temperature, Precipitation, Humidity etc.)

· EMS shall acquire weather information record and forecast information from Meteorological Organizations.

· Demand forecast curves to be generated shall comprise of 48 points (30-minute values) at minimum.

· EMS shall provide daily demand forecast. The adjustments and corrections shall base on actual measurement value for operation. 

· EMS shall be able to store minimum 1 years of actual demand data together with PV-DG generation output and battery output data.

(2) PV generation forecast

· EMS shall create PV generation forecast curve (of 24 hours, 30-minute interval) based weather data and weather forecast information.

· EMS shall acquire weather information records and forecast information from Meteorological Organizations.

· The demand forecast curves to be generated shall comprise of 48 points (every 30-minute values).

C-2.1.2.3   Scheduling

This function shall create the operation schedule of DG and BESS system using Demand Forecast and PV generation forecast result for day based on calculated results summarized at “Clause C-2.1.2.2 Forecasting Function, point (1) and (2)”.
EMS shall make correction of operation by considering the actual value.

Below shall be the reference points for scheduling function of EMS, but not limited to.

(a) EMS shall create an operation schedule to perform the most economical operation of each DG unit by satisfying various constraints parallelly.

(b) Generated supply and demand management plan for the next day shall be possible to utilize to manage the actual demand and supply plan for the day.

(c) EMS shall be able to operate DG considering the charging and discharging schedule of BESS system.

(d) EMS shall set an operation schedule for BESS.

C-2.1.2.4  Controlling

This function shall carry out the Load Frequency Control (LFC) and Economic Load Dispatching Control (EDC) to DG and BESS based on the operation schedule made through the “Clause C-2.1.2.3 Scheduling function”.

The schedule for EDC shall be made on the base of the actual output of DG and BESS, the actual SOC value of BESS, and grid frequency (Hz).

(1) Economic Load Dispatching Control (EDC)

· EMS shall automatically control DGs and BESS after correcting prediction errors.  Prediction errors shall be able to correct by calculating the difference between forecasted demand and actual load change.

· EMS shall make the most suitable order value for EDC based on forecasted gross demand, output Upper-lower limits, ramp rate, restrictions on SOC of BESS etc.

· Prediction errors shall be automatically corrected and released every 2 minutes interval or faster.

(2) Load Frequency Control (LFC)

· Output of EMS shall control command to the unit of LFC after distribution calculation of the order value.  The deviation between the system frequency and a standard frequency, and calculated frequency shall be detected to maintain the deviation within a specified value.

· LFC shall take cooperation with EDC function, and restrain from frequency changes.

· LFC shall be able to handle DG and BESS as the target power generators.

· LFC shall be able to perform every 2 seconds or less

(3)  Charge/Discharge of BESS

EMS shall be able to command control charge/discharge of battery within less than 2 second.

C-2.1.2.5  State of Charge (SOC) management for BESS

EMS shall be able to grasp the accurate status of SOC to manage and operate BESS adequately to set the following items

This function shall let operator to set the Upper Limit (UL) and Lower Limit (LL) of the storage amount of the storage battery for the time.

(1) Setting Items

The reference setting items shall be as shown below, but not limited to.

	Item
	Unit
	Description

	
	
	

	Power storage amount UL 
	 %
	Refer to (2) SOC Limit

	Power storage amount LL 
	 %
	Refer to (2) SOC Limit

	Storage Battery output UL 
	kW
	Refer to (3) Output Limit

	Storage Battery output LL 
	kW
	Refer to (3) Output Limit


(2) SOC Limit (%)

The SOC limit shall be possible to change by operator according to the operation plan within the set value from zero (0) to hundred (100).
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The output limit of storage battery shall be possible to change by operator according to the operation plan within the set value from zero (0) to hundred (100). 

C-2.1.2.6   Data Recording

The data shall be measured continuously and stored.  The installed program shall create a daily (24 hour), monthly and yearly data sheet as an output.

(1) Input data

· Demand (kW) and supply data (kW, V, A, Hz) 

· PV generation data.

(2) Output data

· Issue commands to DG and BESS

(3) Preservation period

· The data mentioned at above points (1) and (2) shall be preserved at hard disk and shall be possible to retrieve when necessary.

· The preservation period of data shall be at least for 1 years.

C-2.1.2.7  Communication (For data transmission)

The EMS shall communicate with following items for data transmission, system operation and command control.

(1) Communicating items

· Existing DG controller 

· BESS and PCS

· PV output data of all PV sites (kW and kWh) 

· kWh of 11kV 

· 
(2) Communication cycle

· DG Controller

:  Every second once

· BESS and PCS

:  Every second once

· PV systems


:  Every second once

· 11kV kWh


:  Every second once

C-2.1.2.8   Graphic User Interface (GUI)

The display shall have high level of visibility and operability for operators without any complicated operation.

(1) Concept

· The measurement of the binary data and the telemetric data of existing grid system shall be shown on operator’s monitor.

· The data shall be accurate and revised value shall be shown timely.
· The demand data used for forecast shall be adjusted manually. 
· The operation shall be as simple as possible avoiding complicated operation.

(2) Screen specification

The items that shall be displayed on the operator’s Monitor screen at minimum as described below

(a)  Forecast Screen

The screen shall display following items as demand forecast and PV generation forecast.

· Forecast Data 

· Weather Data (Forecast)

· Hourly Demand (Forecast)

· Graph display of result of demand forecast and PV generation forecast
(b) Scheduling Screen

The screen shall display following items based on result calculated by Forecasting functions

· Supply and Demand 

· Generator (DG) Output Data 
· Hourly PV generation Schedule

· Stacked Graph display as per the specified scale values, based on 24-hour schedule.

(c) Control Screen

The Control screen shall display following items carried out by LFC and EDC to DG and BESS based on the operation schedule made through the Scheduling function.

· Supply and Demand Control

· Supply and Demand Control instruction dialog

· Total Demand Curve

· Battery Control

· Graph display of 24-hour (48-point) demand forecast graphs for the day based on the day’s demand result graph, past demand results and weather forecast results.

(d) Data recording 

The Data recording screen shall display measured on line and data created hourly, daily, monthly and yearly reports as follows.

· Operation history

· Logging data reports

(e) Monitoring

The Monitoring screen shall display following items.

· Telemetry (TM) Data

· Supervisory (SV) Data

· Alarm

C-2.1.2.9  Requirement for Hardware

The hardware for the EMS system shall be as below but not limited to.

 (１)  Communication Protocol

The following Communication Protocols shall be applicable for the project as shown below  

	Standard
	Description

	IEEE1815 (DNP3)
	Distributed Network Protocol

	Modbus-Ether
	Serial communication Protocol


C-3
BESS system 

The component of BESS system shall consist Li-ion battery, PCS (Power Conditioning System) with charge/discharge function including protective relays for power generation and supply for AC and DC system, the monitoring and control system.  The BESS system shall be installed inside Container within the premises of FENEKA Central Power Station at Hithadhoo as shown at Drawing No. POISED-0429-MLD-L002 for reference. 

C-3.1  The functions of the BESS system (with PCS)

The possible weight for transportation, loading and unloading shall be searched by contractor and designed accordingly. The functions of BESS system shall be as mentioned below, but not limited to.

(1) The BESS System shall be able to smooth out the fluctuation of the PV power generation, as well as charge/discharge energy in accordance with the EMS command control.

(2) Charge/discharge profile of Battery shall be arbitrarily set in monitoring and control system.

(3) PCS shall convert DC energy to AC energy by synchronizing with generation network of DG system (415V), frequency (50Hz) and phase (three) of FENAKA, and inversely store the energy from the AC system into DC battery.

(4) Protective functions shall disconnect the connection from the AC supply system in the event of a failure of either the PCS, BESS system or AC power supply system of FENAKA.

(5) The monitoring and control system shall monitor the status of the Li-ion storage battery, store operation data, and remotely control the BESS in accordance with the EMS command control.

(6) Even if a single battery or whole battery panel (string) has major failure, operation of the BESS system shall continue by disconnecting the failed battery or battery panel (string) automatically.

(7) PCS system shall be able to operate the active power control.

(8) The BESS system shall be able to discharge 1.0 MW (at AC side terminal of PCS) for at least 15-minutes to support the fluctuation of PV generation and cold startup of DG in accordance with the EMS command control.

(9) The BESS system with cooling system shall be installed inside the container.  The size of each container shall not be larger than 20-foot type. 　The container shall be installed at the corner of open space of FENAKA Central power station premises as shown in the Drawing No. POISED-0429-MLD-L002.  If additional space for installation is required the contractor shall submit the drawings showing required space for prior approval of Employer and/or Employer’s representative. 
(10)  If cooling fan is designed for each battery or by battery group then it shall be installed separately (not combined with battery or battery pack/unit as a set) and shall be possible to replace/change independently, without any disturbance to the exchange or maintenance of battery, when required.
(11)  Smoke/heat detecting device shall be installed in the containers and shall connect with the monitoring and control system displaying alarm at time of failure.

(12) Minimum One (1) fire extinguisher for BEES system shall be installed for each container.
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The reference block drawing C-3.1-1 summarizes the configuration of BEES system as shown below.

Figure C-3.1-1   The block diagram of BESS system, for reference

C-3.2  Safety Standard

The safety standard of BESS system shall be as below but not limited to.

C-3.2.1  Battery system

The following Code and Standards shall be applicable for the project as shown below

	
Standard
	Description

	IEC 62133 or UL 1642
	Safety requirements

	IEC 62281 or UL 1973
	Test methods and requirements to ensure safety during transport other than for recycling or disposal


C-3.2.2  PCS  

The following code and standard shall be applicable for the project as shown below  

	Standard
	Description

	IEC 62040-1 or IEC 62477-1
	General and safety requirement

	IEEE 1547
	Standard for interconnection to grid

	IEC 61683
	Procedure for measuring efficiency

	IEC 60068-2 (1,2,14,30)
	Environmental testing


C-4   400V Distribution Board

The 3 Phase 400V Distribution Board shall be installed inside Container specified in Clause C-5.  It shall be self-supporting indoor use, metal enclosed type, dust and vermin proof construction, and shall comply with IEC.  All meters, relays and control handles shall be mounted on the front surface of the panel.  The 400V Distribution Board shall be completed with necessary wiring, instrument transformers, terminals, grounding bus and terminals, indicating lamps, handles, and other necessary accessories.  The 400V Distribution Board shall be equipped with Energy meter to measure in house consumption complying with IEC standard.  The single line diagram of the 400V Distribution board is shown on Diagram No. POISED-0429-MLD-E004 for reference.  The 400V Distribution Board shall satisfy following requirements at minimum.

(1)  Voltage and connection

AC 400V (±10％), three (3) phase, four (4) wires, 50Hz

The 400V Distribution need to adopt present generation voltage 415V for system operation connecting low voltage side of Step-transformer of FENEKA Central power station.

(2)
 Circuit Breakers (for AC 3 phase 400V)

(a)  Air Circuit Breaker (ACB) as a main breaker for incoming feeder connecting low voltage side of Step-up Transformer.

(b)  Earth Leakage Circuit Breaker (ELCB) for connecting PCS according to the nos. of PCS installed and one (1) as spare.

(c)  One (1) MCCB as a main breaker for distribution power supply for in-house loads

(3)  Measuring Instruments
Shall be equipped with Power (W), Voltage (V), Current (A), Power factor (pf), Reactive power (Var) and Power lamps, the accuracy class of CT for instruments shall be 1.0.

(4)  Digital Energy meter

The digital Energy meter to measure in-house consumptions with necessary instruments designed by contractor shall be equipped. The accuracy class of CT shall be 2.0 for metering.

(5)  Distribution circuits (for AC 230V)

The two (2) pole breaker for distribution circuits for in-house supply shall be designed as mentioned below, but not limited to. 

(a) Two (2) for Cooling equipment (Cooling system/Air Conditioner)

(b) Two (2) for Lighting

(c) One (1) for Exhaust/ventilation fan

(d) Two (2) for Power socket (shall be regular type used in Maldives)

(e) One (1) for Auxiliary power for monitoring control system and protection device.

(f) One (1) for Spare

C-5   Container

The container with salt weather resistance finishing shall accommodate all above contains describe in Clause C-3. and C-4 adopting local weather at least for expected life at 20 years, with proper maintenance instruction. The size of each container shall not be larger than 20-foot type. 

For installation of container, flat concrete base shall be designed considering the total weight of container with component and instruments installed inside.  The container shall be salt weather resistance, water proof, dust proof, vermin proof and body of container shall be electrically grounded. 

The container shall be installed within the promise of FENAKA Central power station, Hithadhoo as show in the Drawing No. POISED-0429-MLD-L002 for reference.
C-6   11kV Digital Energy Meter

The Digital energy meter with necessary instruments for measurement shall be installed at four (4) out going 11 kV feeders.  The Digital energy meter shall be installed at existing 11 kV feeders exchanging existing old energy meter at same place connecting to existing instruments for measurement.  The Energy meter shall be able to connect EMS system to provide the measured values.

The bidder is responsible for its own investigation to establish sufficient and accurate information for the design of 11 kV Energy meter.  The Bidder shall visit the proposed site and shall ascertain the specification, nature, location thereof and all conditions which may affect design/layout of the system and project cost.

 The 11kV Digital Energy Meter shall satisfy the following requirement at the minimum.

(1) Four (4) sets of Digital energy meter with required measurement instruments

(2) Measure and display both Active and Reactive power (kWh and Var)

(3) Digital energy meter shall have data signal transmission port to communicate with EMS system and data recording

(4) Digital energy meter shall be calibrated and internationally accredited complying with IEC standards.
(5) Digital energy meter shall be able to connect with existing CT 150/5A (75-150/5A) and PT 11000/110V.  
(6) The digital energy meter shall be compatible with following existing 11kV meter

· Manufacturer: Mitsubishi Electric Co., Ltd.

· Type M2BH-VR 

· Class: Cl 2.0

C-7   400V Energy Meter

The Bi-directional digital energy meter shall be installed at control room of each Grid tide PV generation site respectively to measure energy, injected from PV generation to 3 Phase 400V low voltage side of distribution network of FENAKA and visa versa.

The bidder is responsible for its own investigation to establish sufficient and accurate information for the design of 3 Phase 400V Bi-directional digital energy meter.  The Bidder shall visit the proposed site and shall ascertain the specifications, nature, location thereof and all conditions which may affect design/layout of the system and project cost.

The 3P 400V Bi-directional Digital Energy meter set shall satisfy the following requirement at the minimum.

(1) The five (5) sets of Bi-directional Digital Energy meter shall be install at space of existing digital meter at each site.

(2) Five (5) sets of Bi-directional Digital Energy shall be able to connect existing CT’s of each site.

· Convention Centre : 

· Addu High School : 

· Sharafuddin School :

· Hithadhoo School :

· STO Ware house :

(3) Bi-directional Digital Energy meter shall measure and display Active (kWh) and Reactive (Var).

(4) Bi-directional Digital Energy meter shall measure both supply and consumption.

(5) Bi-directional Digital Energy meter shall have communication port to communicate with SCADA system of each site and EMS system.

(6) Bi-directional Digital Energy meter shall be internationally accredited complying with IEC standard.
C-8
Power cable

The power cable for 400V and 230V shall be provided and installed by the Contractor.  The power cable shall be single-or multi-core, 600V rated cross-linked polyethylene (XLPE) insulated and PVC outer sheathed copper cables with suitable cable ends, conforming to IEC. 

The specification of the cable shall be designed in detail and shall submit them for approval.

The power cable shall be installed either in the flexible pipe conduits and underground or cable ducts.  The cabled heads, cabling accessories such as cable tray, terminals etc. shall be included.

For connecting and cabling from 400V Distribution Board to low voltage side of existing Step-up Transformer, if manhole or any extra work is required, then necessary expenses shall be deemed to be included in the Contract price.

The proposed power cable route for the connection to step-up transformer is shown on Drawing No. POISED-0429-MLD-L003 for reference.

The cable schedules shall include the following information:

(1)
Cable identification

(2)
Termination points (e.g., designations)

(3)
Cable construction, number of cores and rated voltage

(4)
Route length

C-9
Control cable

All necessary control/communication cable shall be supplied and connected by the Contractor.  If manhole is required for laying control cable then necessary expenses shall be deemed to be included in the Contract price. 

The control/communication cable shall include the connection for the EMS system, BESS system, protection and alarm, metering and monitoring of respective equipment and necessary control then mentioned above.  The Contractor shall prepare the list of all control cables and all design drawings covering all cable works to be installed by the Contractor.

Cable terminals/connections, trays and fixing materials shall be supplied by the Contractor.  The proposed control cable route for the system is shown on Drawing No. POISED-0429-MLD-L003 for reference.

C-10   Fuel Flow Meter

One (1) set of Analogue Flow meter for fuel shall be supplied and replaced at existing main pipe line to record the quantity of fuel supplied to DG’s.  The required installation and adjustment work shall be deemed to be included in the contract. The location of the fuel flow meter is shown on Drawing No. POISED-0429-MLD-P001 for reference.

The fuel flow meter shall be compatible with following existing fuel flow meter/

·  Manufacture: TOKICO 

·  Type: RFA1051BAE-04

·  Syze100mm, 

·   Flow rate 12-120m3/h, 

The fuel flow meter set shall be calibrated and accredited complying with international standards.

C-11   PROJECT INFORMATION BOARD

One (1) set of Information boards shall be designed and constructed at the designated location by the Contractor in conformity with the following specifications. 

(1)  Type: Outdoor use, self-standing type

(2)  Board size: W2500mm x H1500mm

(3)  Material: SPHC steel

(4)  Finishing of face: Polycarbonate

(5)  Support: Stainless steel framing with foundation 

(6)  Contents of display: Project information of about 200 characters with illustration

(7)  Language: English 

The location and installation height of information boards shall be instructed by the Employer and/or Employer’s representative before the time of the Installation Work.  The maximum installation height shall not be higher than 2.5 m at highest point.  The Employer and/or Employer’s representative shall instruct the contents.

C-12
Miscellaneous materials

The following miscellaneous materials shall be designed, provided and installed by the Contractor, but not limited to.

(1)
 Two (2) sets of working desk and chair for EMS system.

(2)  One (1) set of working desk and chair for BESS system at container.

(3)
Necessary shelves for storage of maintenance tools, spare parts, drawings, operation manuals etc. with key lock facility.

(4)  Printer tonner: 30 Black &White, and 15 colours

(5)  Instruction manuals

The Contractor shall provide all other necessary materials for proper operation of the EMS and BESS system.  The prices of such materials shall be deemed to be included in the prices of the miscellaneous materials.  For approval contractor shall propose specification and types of such materials with options.

C-13
maintenance tools 

The Contractor shall provide the following maintenance tools, but not limited to.  If there are any other necessary tools beside mentioned at below, then it shall be included and price of such tools shall be deemed to be included in the contract.  The tools shall be possible to use at AC low voltage and DC system too.

(1) One (1) set of insulation resistance test meter

(2) Two (2) set of single phase clamp meter

(3) One (1) set of LV 3 Phase clamp meter

(4) Two (2) set of digital multi meter (for measurement of both AC and DC)

(5) One (1) set of working tools like, screw drivers, plier, nipper, hammer, wrench and so on.

C-14
Spare parts and consumable materials

The following spare parts for the EMS and BESS system including PCS and related component/equipment shall be provided by Contractor, but not limited to.

If any other spare parts are necessary other than listed below for smooth and efficient operation of the system, then it shall be included providing reasonable reasons and price of such spare parts and consumable amount shall be deemed to be included in the contract.

(1)  Fuses for all ratings: 20 sets each

(2)  Signal lamp and indicator lamp of all types: 10 sets each

(3)  Circuit breakers such as ACB, MCCB, ELCB of all ratings: 3 sets each

(4)  Measuring/display instruments, relays and selector switches of all type: 5 sets each

(5)  Data transducers of all type: 3 sets each

(6)  Dust and salt protection filters for all enclosures types: 10 sets each

(7)  PCS consumable parts such as cooling fan: 5 set each

(8)  PCS :1 set or 2 sets of PCS control circuit unit
(9)  Fuel flow meter: 1 set  

Clause D　 TEST AND INSPECTION

D-1
General

The Contractor shall carry the following test before shipment at manufacture’s factory in accordance with test procedure approved by the Employer and Employer’s representative.  If material to be installed is manufactured in Recipient country than the test and inspection shall be conducted at Recipient country before installation.

The Contractor shall carry the following test of the Equipment on Completion at site in accordance with test procedure approved by the Employer and Employer’s representative.  The Contractor shall provide all required tools and instruments for test at site.

D-2
Test at CONTRACTORS/manufacture’s factory

The Factory Acceptance Test (FAT) shall be performed on the following items as mentioned below

(1)  EMS system 

1)
Appearance inspection

2)
Acceptance test inclusive of staging, simulation, etc. in accordance with Contractor’s proposal

(2)
BESS system and PCS

(a)  BESS system

1)
Appearance inspection

2)
Open circuit voltage  test

3)
Insulation resistance test

4)
Battery Cell Capacity measurement test report


The report of Battery Cell capacity measurement test shall satisfy the following:

(i) The actual measurement data of battery capacity shall be 80% or more compared to the initial storage in the condition that when discharged rate is “3C” and above, SOC operating range is 0 – 80%, having 13,000 or more charge/discharge cycles.
(ii) The discharge rate shall be 3C or more than that designed on the system.

If the test data does not satisfy the above-mentioned storage capacity 80% or more, then the report indicating battery storage capacity and formula for calculation shall be submitted to certify 80% or more. 

5)  Safety test (Short circuit test) report


The internal and external short circuit test data report of battery cell shall satisfy the following: 

The battery cell temperature shall be stable under the internal and external short circuit condition of 120 minutes.

If test data does not satisfy the above condition, Safety Analysis Report (SAR) indicating the temperature rise safety by other treatment shall be submitted.

6) Crash test report

The crash test data report shall satisfy the following:

· There shall be no occurrence of a fire when an internal short circuit due to deterioration occurs.

· Crash test certificate in compliance with IEC 62660-2 shall be submitted.

(b) Power conditioner

1)
Appearance inspection

2)
Function test

3)
Efficiency conversion test

4)
Sequence test

5)
Insulation resistance test

6)
Power frequency withstand voltage test

7)  Protection relay function test

8)  Harmonic and waveform distortion test

(3)  As a System 

1)  Appearance inspection

2)  Sensor, Metering Alarm test

Measurements correspond to sensor values

3)  Control function test 

Verification of control, monitoring and communication interface 

4) System performance test

Verification of system performance at Full / Partial Energy / Power ratings

5) System operation test

Operating as specified & designed in all operating status, operation cases and duty cycles. Need to meet power / energy requirements and shall be demonstrated to meet the safety requirements.

6) Control, protective relay and instruction circuit 

Demonstration of all control, protective relay and instrumentation circuits by direct test or through simulation.  Auto, local and remote operation of the controls shall be demonstrated.

(4)
400V Distribution Board

1)
Appearance inspection

2)
Sequence test

3)  Construction (instruments, relay, lamp, switch operation) Test

4)
Insulation resistance test

5)
Power frequency withstand voltage test

(6) 11kV Digital Energy Meter 

1) Appearance inspection

2) Manufactures/suppliers test data, calibration data certificate inspection

(7)  400 V Bi-directional Digital Energy Meter (for five PV installation site)

1) Appearance inspection

2) Manufactures/suppliers test data, calibration data certificate inspection

(8) Flow Meter (Fuel measurement)

1) Appearance inspection

2) Manufactures/suppliers test data, calibration data certificate inspection

(9) Spare parts and consumable materials

1) Appearance inspection 

D-3
Tests and inspections at the site

D-3.1
Pre-commissioning (Field) Tests

The Contractor shall carry out the following pre-commissioning (field) tests during or after completion of the Installation Work to check individual or collective function of the Equipment and to make necessary adjustments and setting for the optimum operation in the presence of the Employer and Employer’s representative. The contractor shall submit time schedule and details of tests at least two (2) working days prior then the proposed test date.

If any portion on of the work fails to pass the tests, the tests shall be repeated within a reasonable time.

The Contractor shall prepare the testing and measurement apparatus required for the per-commissioning (field) test.

(1)
EMS system 

1)  Appearance inspection

2)  Acceptance test inclusive of staging, simulation, etc. in accordance with Contractor’s proposal

(2)
BESS system (including PCS)

1)  Appearance inspection

2)  Insulation resistance test

3)  Open circuit Voltage (Voc) of each Battery panel/string

(3)
400V Distribution Board

1)  Appearance inspection

2)  Function test

3)  Insulation resistance test

(4)  Container

1)  Appearance inspection

2)  Installation inspection 

3)  Grounding connection inspection

(5)  11kV Digital Energy Meter

1)  Appearance inspection

2)  Operation (Measurement) Inspection 

(6)  400V Digital Energy Meter

1)   Appearance inspection

2)   Installation inspection

3)   Operation (Measurement) Inspection

(7)  Flow meter

1) Appearance inspection 

2) Installation inspection

3) Operation (Measurement) Inspection

(8)  Miscellaneous material

1)  Appearance inspection

2)  Grounding resistance measurement test

D-3.2
Commissioning and Guaranty TEST

The Contractor shall carry out the commissioning and Guaranty test in the presence of the Employer and/or Employer’s representative to demonstrate that the entire equipment is properly installed and to ensure the performance of the whole system after the completion of installation and connections.

The tests shall be conducted in accordance with the test procedures approved by the Employer and/or Employer’s representative.

Final results of all shall be subject to acceptance by the Employer and/or Employer’s representative, and shall satisfy the Technical Particulars, given in the Contract.

D-3.2.1
 DOCUMENTATION for Commissioning and GUARanty TEST

For the approval, the contractor shall submit detail commissioning and guaranty test procedure with time schedule at least seven (7) working days prior then the proposed commissioning and guaranty test date.  At the time of commissioning and guaranty test, following approved documents shall be submitted.

Documents to be submitted:

· System description document

· Functional description document

· System configuration document

· Construction and installation drawings

· Equipment drawing and specification

· Wiring Diagrams

· O & M manual

· Test reports of EMS and BESS Factory Acceptance Test, Pre-Commissioning test 

D-4
OPEration and management training

The contractor shall provide the training to the Employer’s staff/selected personal.  The training shall be conducted at two (2) different levels.  One for Supervisor/Engineer and other for daily system operators and operation maintenance staffs separately.  The training for Supervisor/Engineer shall be conducted at contractors/manufacturers place at the time of factory test.  The training for system operators and operation maintenance staff shall be conducted at the site after all items of the Works have been manufactured, installed and commissioned.  All the training cost shall be deemed to be included in the contract.

The training details/manual shall be provided at least fourteen (14) days prior to the commencement date and shall get prior approval of contains from Employer and/or Employer’s representative.

(a) Training to Supervisor / Engineer

The training to the Supervisor/Engineer shall be conducted at contractor/supplier’s factory together with the time of Factory Acceptance Test of equipment’s.  The training shall be conducted for two (2) personal with the schedule of fourteen (14) days.  If number of days of training need to be revised (need to extend) then with reason of revision,  revised schedule shall be submitted and include in the contract.

At least one of the trainee shall be a manager level, responsible personal from FENEKA Central Power Station.

The training shall include below point at minimum but not limited to.

(1) Basic knowledge of overall system

(2) Details of every command control system

(3) Details of how to of operation management planning of the system

(4) How to of overall arrangement of operation management planning and method of training for the new/additional recruitments when required.

(5) How to of operation management/adjustment when DG generation capacity varies due to new installation or DG breakdown.

(6) How to of operation management/adjustment when capacity of Renewable Energy resource power generation increases in the system.

(7) How to of operation management/adjustment when control/command system of DG varies due to new installation or exchange in the time of breakdowns or maintenance.

(8) How to of system management in the time of sudden overall system (EMS or BESS or both) operation command failure/breakdown.

(9) How to of system command failure recovery

(10)  Main point for supervision for smooth and efficient system operation

(11)  How to of evaluating recorded data and fault finding from recorded data at the time of failure

(b) Training for System Operators and Operation maintenance team

The training to the system operators shall be conducted at the system installation site after the Pre-commissioning (Field) test to those personal who will be the responsible for daily system operation and maintenance management.  In the event, the trainees are working in the shift, the training shall be provided at least at three (3) shift adjusting to the schedule of trainee’s.  The training shall be conducted for 30 personals in three shifts. 

The training shall include below point at minimum but not limited to.

(1) The details of operation

(2) Meaning of every screen display and its information

(3) How to manage and apply the results shown at monitor

(4) Reason of alarms and solution to resolve the problem

(5) Determining point in advance for manual adjustment

(6) How to operate and manage system when manual operation required

(7) How to of selecting best combination of system operation

(8) How to of managing battery SOC and supply capacity

(9) Possible problem and method of resolution

D-5
TECHnical DOCUMENTs

After all Works items have been manufactured, installed and commissioned, the Contractor shall prepare and submit following documents and reports within the one (1) month period from the date of completion certificate. Total three (3) sets of both hard copy and soft (DVD) copy documents shall be submitted to Employer and Employer’s representative.

(a) As-built drawing

As-built drawings based on the approved drawings for the Works shall be submitted.  The as-built drawings shall show all changes and modifications, which have been made during the construction, manufacturing of the Equipment, and be presented in the workshop and/or installation at the Site. 

The hard copy of all as-built drawings shall be in A3 size and bound properly into books of A3 format.

(b) Photographs

The Contractor shall keep digital photographic records from the initial stage of the Site and work progress of the Works.  Upon Completion of the Works, the Contractor shall submit colour photographs with explanatory description adequately edited in book form and DVD.

(c) O & M Manual

The Contractor shall provide final version of O & M manual including all the Questions, Doubts and related answers made timely together with answers explained during the training course.

(d) Certificates

The below certificate shall be provided

· Manufacturers Guaranty certificate of Energy meters, flow meters and equipment’s

· Calibration certificate of Energy meters and Flow meter

clause  E　 installation work

E-1
General Requirements

E-1.1
General

The Contractor shall plan and submit the organization flow chart and control installation work of the EMS and BEES system before the commencement of the site works to Employer and/or Employer’s Representative.

The Contractor shall secure the applicable permits required for the execution of the Installation Work with guidance of Employer/FENEKA.  The Employer/FENAKA shall be responsible to guide, support and to obtain required permits for Contractor to commence the project works. 

E-1.2
Safety

The Contractor shall prepare and implement a Site Safety Plan that shall include fire protection, emergency situations procedures and hazardous material control.  The Contractor shall appoint a responsible representative in charge of safety control in the installation teams during the entire period of the Installation Work.  The personnel shall have the ability and authority to take emergency measures when trouble occurs at the Site.

All the Installation Work shall be performed in accordance with the related domestic laws and regulations in Maldives under the supervision of the responsible representative and under the guidance of Employer/FENEKA.  Necessary protective equipment shall be employed to prevent any accidents to persons and damage to the Equipment and the existing facilities during the Installation Work.

The Contractor shall be responsible for providing necessary safety training to the work-force employed by himself and his local subcontractor(s).

The Contractor shall prepare and implement a Site Security Plan consulting together with FENAKA.  The Contractor shall cooperate with the Employer and Employer’s Representative on all security matters base on their guidance.  

E-1.4
Dangerous Materials

The Contractor shall not use explosives, radioactive, or other dangerous materials without prior notification to the Employer and Employer’s Representative.  The Contractor shall be responsible for the proper handling, transporting, storage, and the use of such materials or methods shall also be notified to the Employer and Employer’s Representative.  The Contractor shall exercise the utmost care and carry such activities under supervision of properly qualified personnel.  The Contractor at his expense shall repair any damage caused by its handling, transporting, storage, and use, and shall be responsible for obtaining permits as applicable. 

E-1.5
Waste Disposal

The Contractor shall be responsible for remove and lawful disposal of all discarded material, debris, rubbish, unusable material and waste including hazardous substances, if any, generated by the Contractor and his subcontractors during the Installation Work of the Site. 

E-1.6
Adjoining Utilities 

The Contractor shall make necessary effort to protect intersecting electric lines, telephone lines, road, water pipelines, gas pipe lines, and all properties from damage because of his performance of the Works.  The Contractor shall bear all liabilities for and shall, at his expense, repair, rebuild or replace any property damaged or destroyed during his performance of the Works.

E-1.7
Restoration of original environmental condition 

The Contractor shall restore the original environmental condition for remaining open space after the completion of the Installation Work.

E-1.8
Local Standard 

The Installation Work shall comply with Building Code of Maldives for the Civil Work and all Electric works shall conform to the requirement of Maldives Energy Authority (MEA).  Employer/FENAKA shall be responsible for require guidance to contractor for such works.

E-2
Installation Work

E-2.1
General

The Contractor shall provide the construction and installation services necessary for the completion of the Works in a safe and orderly manner.  The scope of the Installation Work shall include, but not limited to, labour, supplies, materials, equipment, tools, transportation, and anything else required performing the Installation Work.

The Contractor shall purchase, expedite, inspect, and pay for labour, materials, equipment, tools, machinery, temporary utilities, transportation, and other facilities and services necessary for the construction and installation of the Equipment. 

The construction and installation site shall be maintained in a neat and clean condition at any time.  The materials shall be protected from damage due to dirt and debris.  Upon completion of the Works, the Contractor shall dispose of all temporary constructions, rubbish, unused materials, and other equipment and materials belonging to and used in the performance of the Works.  The Contractor shall be responsible for the disposition of any contamination caused by them.

Construction and installation shall begin with the acceptance of the equipment and materials at the Site and include all necessary site activities involving the transportation of items, unpacking, checking for damage, construction preparations, prefabrication as necessary, construction and installation as per drawings, specifications and instructions in all areas and at all levels in observance of the required quality.  Construction and installation shall also include the required tests, examinations and inspections, and administrative and technical documentation, i.e., those are necessary for installation of the equipment or parts thereof without interruption up to operational status.

Construction shall include checking the dimensions of the structures in question such as foundations and elevations in good time before commencement of the Works, removal of transport safeguards.  All preliminary, intermediate and final construction and the Installation Work shall include the installation, alignment and anchoring of machines, equipment, the sealing of manholes, the laying and connection of pipe work and cables with all appurtenances, the performance of matching and repair work, and the touching up of paintwork, the fabrication and installation structures, attachment of the individual signs and all the necessary manual tasks such as filing, bolting, clamping, cutting, welding, measuring, testing, commissioning, etc.

Examinations such as alignment checks, dimensional checks, pressure and leak tightness if required as well as the non-destructive material examinations shall be carried out during construction and installation.

Not listed small parts, metering devices and necessary minor additional constructions are eventually to be manufactured and constructed.

The cleanliness of the Equipment to be installed and those already installed, preservation work required for the interior of the Equipment, the removal of preservatives, flushing and blowing through, etc., cleanliness of the installation site (working area), including transport of packing materials, unused materials and other refuse accumulating during installation to the appropriate collection points shall be still the responsibility of the Contractor.

Documentation encompasses the compilation of a record of all measurement, test and other inspection results, the recording of installation sequences, the actual deadlines, construction progress and the deployment of staff and equipment, the preparation of routine reports, the administration of lists, the presentation of data on work performed as necessary, the preparation of drawings at the Site, etc.

Irregularities in construction and installation shall be reported to the Employer and/or Employer’s Representative immediately.

Verification of construction and installation as per drawing and/or specification shall be made at the final step.  This includes the successful completion of final inspections, the presentation of installation documentation including the drawing, maintaining the necessary cleanliness and simple component specific functional test.

Expendable material for the installation, e.g., welding gas, inert gas, cleaning agents, paint brushes, metal brushes, steel grit, cleaning rags, testing media, material for protecting the components, fuel for installation equipment, etc., are to be supplied by the Contractor.

E-2.2
Quality Assurance

The Contractor shall have inspection, testing and installation groups, employers and/or company(s) to fulfil contractual and regulatory requirements for inspection, testing and quality control specified.

The Contractor shall prepare and submit records of the quality of the Works by completing quality control forms prepared by the Contractor.  The Contractor is requested to quality control including following.

(1)
General drawing

(2)
Material certificates

(3)
Inspection points program

(4)
Procedures 

E-2.3
Installation Facilities

If required, the Contractor shall furnish and maintain temporary construction and installation facilities and provide those services including, but not limited to, the following:

(1)
Temporary Storage Facilities

The Contractor shall provide facilities at the Site coordinating with Employer and/or Employer’s Representative for proper unloading and storage of all equipment and materials delivered to the Site.  If adequate facilities are not available, such materials shall be stored at suitable offsite facilities under his responsibility.

(2)
Welding electrodes and welding wire

(3) Auxiliaries and temporary structures for pickling and blowing as well as for filling and disposal

(4) Temporary communication system and lighting system.

(5) Site drainage, sedimentation control, and dewatering system.

(6) Fire protection services until taking over

(7) Sanitary facilities including construction office, if any

The Contractor shall furnish adequate parking facilities to accommodate all construction forces.

(8)
Installation testing services, e.g., insulation testing, earth testing, etc.

(9)
Construction materials

The Contractor shall supply all the equipment, tools, consumables, instruments, etc., necessary for the construction and installation of the Equipment.  The supply of the construction and installation equipment shall include fuel, lubricants, spare parts, and any elements or services required for the Installation Work.

E-2.4
The Alignment of Main Components

The accuracy of installation and alignment shall be secured as per specified by the manufacturer to prevent from unnecessary vibration and damage.

E-2.5
Piping and Wiring

The Contractor shall prepare the piping and wiring materials with pre-fabricated in the manufacturer’s workshop as much as possible to secure the quality of work.

The welding points to be welded at sites shall be minimized.  However, if welding work is not avoidable, the welding work and inspection shall be executed as approved manners.

E-3
General Requirements for Installation of Electrical Facilities

Installation of the electrical facilities shall be in accordance with the manufacturer’s installation practice and approved drawings.  Rust on the metal surfaces, oil and dirt on the surface of the parts to be embedded in concrete shall be thoroughly removed before installing.  Matching numbers of marks shall be stamped or scratched on the joints assembled at the Site.  

The electrical equipment/facilities such as Distribution board, PCS etc., shall be installed on the steel base and be fixed with the bolts and nuts at designated place as per approved drawing.

Piping for cabling/wiring shall be done in consideration of the surrounding conditions to decide on assembling orders and shall be constructed so as not to obstruct operation, inspection, disassembling repairing and other works.

Special attention shall be drawn for the following works;

(1)
To treat or lift the Equipment

Adequate protection shall be considered to avoid the damage, when the Equipment will be treated or lifted.

(2)
Connection to the existing facilities

Shut down of the existing facilities to connect the cables to the existing bus will be arranged as per the requirement and shall take prior approval of Employer and/or Employer’s Representative.  This requirement shall be made with appropriate time in advance.

E-4
Installation of DISTRIBUTION BOARD, PCS, EMS and BESS

Installation of the 400V Distribution board, PCS, EMS and BESS specified in Clause C shall be in accordance with the manufacture’s installation practice and approved drawings. 

The 400V Distribution board, PCS, EMS and BESS shall be installed to keep with maintenance space.

The Contractor shall make the settings and adjustments of all relays and devices.  After setting, all relays and devices shall be checked for operation sequence and protection functions as required.

The Contractor shall prepare tools and consumables for the installation.

When BESS module is installed, the following cautions shall demand for prevention of electric shock.

(1) The metal terminal of battery module shall not be touched by any naked part of human body or any metal surface. 

(2) The connection Works shall be not performed until all battery units are installed, checked and verified by contractor’s supervisor.

(3) The polarity of electrode shall be checked after installation before connection and connection of each battery module shall be carried out under supervision of contractor’s supervisor.
E-5
Cabling

The power and control cables installed underground or outdoor, cables to be installed at the cross section of path for vehicles shall be approved by the Employer and/or Employer’s Representative and the Contractor shall repair the path or vehicle route in the approved manner.  The cabling routes and layout plans are shown on Drawing No. POISED0429-MLD-L003 for reference.

The power and control cables shall be laid continuously between terminals, and no junction shall be made in underground. 

The manhole for installation shall be made at intervals of 50 meters at the minimum on cabling line and at the corner or on cabling route wherever required.  The underground cabling route shall be marked at starting and ending point, and at every bending corner by appropriate size concrete or stone pillars as submitted and approved by Employer’s and/or Employers representative.

E-6
Grounding system

Grounding system shall be designed that earth grounding resistance value is less than ten (10) ohm.  Electrical equipment except isolated equipment shall be grounded for human and equipment safety. 

The Contractor shall prepare calculation and installation drawings for grounding system based on his own measurement result of soil resistivity. 

These report and drawings shall be submitted to the Employer and/or Employer’s Representative for approval together with calculations of grounding resistance.  The Contractor shall supply the cable terminals/connections, trays and fixing materials.

Clause F
CIVIL work

F-1
Outline of the Civil Work

F-1.1
General

All the design of the Civil Work shall be prepared by the Contractor in conformity with the stipulations in the Specifications, and shall processed on his own responsible for commencement of the respective works.

The Contractor shall be fully responsible for the structural stability, suitability, adequacy, integrity, and practicability of his proposed design.

In preparing the design, the Contractor shall consider the following:


(1)
The drawings provided in this Tender Documents shall be only for Tender Purpose. The outline design and/or typical arrangement of each structure/scope requirements, shapes and dimensions shown are provided for reference only.　

(2)
The geological information and data contained in the Tender Documents are for reference only.  The Contractor shall carry out all necessary surveys and sub-soil investigations at his own cost to ascertain that his design will satisfy the requirement in the Specifications prior to commencing the preparation of design.

The Civil Work shall be designed and constructed by the Contractor in accordance with recognized authoritative International or National Standards and Code of Practice.  The Contractor may propose to the standard other than that specified in the Specifications, that shall be in English translation of the proposed standard and all other information, and at the request of the Employer and/or Employer’s Representative written proof that his proposed standard shall be in all respects equivalent or better than the standard specified in the Specifications.

In order, to ensure satisfactory work performance, a quality and safety control systems shall be instituted by the Contractor before commencement of the Works.  The Contractor shall submit the proposed schedule in this concern to the Employer and/or Employer’s Representative for his consent to which compliance shall not relieve the Contractor of any his duty, obligation under the Contract.

F-1.2
ConcretE Base

F-1.2.1  General

Concrete base of adequate size for mechanical and electrical equipment including the followings, but not limited to, for the Works shall be designed and constructed by the Contractor. 

(1) Base for BESS container

(2) Base for information board

All the design of the foundations shall be prepared by the Contractor in conformity with the Specifications, and submitted with his computation of all the working loads and structural analysis together with drawings to the Employer and/or Employer’s Representative for his approval prior to commencement of the respective works.

F-1.2.2  Structural Requirement

Concrete base shall be reinforced concrete.  The concrete base shall be designed as to sufficiently bear the actual loads transferred from equipment or machine to be erected on them.  Vertical, horizontal, and vibration loads shall be determined by the Contractor based on proposed final design of the equipment and machines.  

The concrete base shall be designed with minimum safety factor of 3.0 for ultimate bearing stress of subsoil material against normal loading condition, and of 2.0 against any other loading conditions.

F-2 
Earthwork

F-2.1  Excavation

Before excavation, the Contractor shall clear and dispose of all rubbish or any other objectionable matter within the Site.  It shall include the removal of existing foundations and other obstructions interfering with the project work, and burning or otherwise disposing of all such to the satisfaction of the Employer and/or Employer’s Representative.  Excavation shall be carried out to the excavation lines shown on the approved drawings.  The slope and bottom of all excavation shall be trimmed and cleared of all loose or decomposed material and finished with firm and smooth perpendicular, level, or inclined surfaces where required.  The surfaces of the excavation shall be protected from deterioration and to be kept clear and uniform.  The excavated trench or pit shall be kept well drained of water until and during backfill operation.

F-2.2
Embankment and Backfill

Embankment and backfill shall be executed to the lines and grades as shown on the approved drawings.

Prior to commencement of the Works, the places shall be cleaned of all temporary facilities, concrete forms, refuse, debris or any other deleterious matters and all embedded structures, pipes, cables. Soil to be used for embankment and backfill may, in principle, be excavated soil so far as it does not contain any vegetation, organic matters, large fragments of rock, metallic or other harmful refuse.

If the soil is not suitable for use for embankment and backfill, the Contractor shall obtain good soil for this purpose from borrow pits.  The location and areas of borrow pits shall be proposed by the Contractor and approved by the Employer and/or Employer’s Representative. 

The soil shall be placed in not more than 30 cm layers evenly spread and each layer shall be well compacted to attain at least the same degree of consolidation as undisturbed soil in the Site.  The soil shall be dried or watered as required to have the optimum moisture content to attain the required consolidation.  The surface of embankment and backfill after compaction shall have a slightly cambered surface where required to facilitate drainage.  Care shall be exercised on the places adjacent to the structure not to cause damages to them. Compaction on such places shall be carried out by approved hand tools.  Backfill material shall not be placed and compaction shall not be permitted adjacent to concrete for seven (7) days after placing thereof. 

The Contractor shall remove surplus soil from the excavation of the concrete base and deposit these at temporary dumping points approved by the Employer and/or Employer’s Representative, where will be in or out of the Site not further than 10km away from the boundary lines of the Site.  The Contractor shall keep dumped soil in a tidy and self-draining refuse inside the Site and shall selected final dumping points for those at his sole responsibility and expenses.

F-3
Concrete Works

F-3.1  General 

These specifications shall be applied to producing, transportation, placing, finishing and curing of concrete.  Unless specifically provided, all concrete works shall conform to the provisions of Civil Standard of Maldives or other equivalent standards approved by the Employer and/or Employer’s Representative.

F-3.2  Materials 

(1) Cement

The cement shall be obtained from an approved manufacturer and shall comply with Civil Standard of Maldives or approved equivalent, and shall be dry and free from lumps and caking.  The cement shall be delivered to the site in sealed craft bags which shall be clearly marked with the name of manufacturer, place of production, the type of cement, the year and month produced and the weight contained.  

Immediately upon receipt at the Site, cement shall be stored in a dry, weather tight, properly ventilated structure, with adequate prevention of absorption of moisture.  Not more than thirteen (13) bags of cement shall be permitted to be piled up and this number shall be limited to seven (7) bags, when the storage is expected to be longer than two (2) months. Cement which has been stored more than three (3) months shall not be used unless approved by the Consultant. 

(2) Aggregates

Coarse and fine aggregates for concrete shall be taken from the approved sources.  All aggregates shall be free from earth, clay, chalk, lime, peat, loam, soft clay of shale or decomposed stone, vegetable and organic matter and other impurities. The aggregates shall be hard and dense, spherical or cubical in shape.

a)
Fine Aggregates

Particles of the fine aggregate shall be generally spherical or cubical in shape. Unless otherwise approved or directed by the Employer and/or Employer’s Representative, grading of the fine aggregate shall conform to the following standard grading:
	Sieve designation
	Permissible limits

	Mean opening (mm)
	Percent by weight (%)

	Retained on
	Minimum
	Maximum

	10.0
	100
	100

	5.0
	95
	100

	2.5
	80
	95

	0.6
	25
	60

	0.3
	10
	30

	 0.15
	5
	15

	Pan
	0
	2


In addition, the fine aggregate, as delivered to the mixer shall have a fineness modulus (F.M.) within 2.4 - 3.2. Deleterious materials in the fine aggregate shall not exceed the following limits.
	Materials
	Percentage by weight

	Clay lumps
	1.0

	Materials retained in 0.3 mm sieve, of a specific gravity of less than 2.0
	0.5

	Other deleterious materials
	2.0


b) Storage and Moisture Control
Provision shall be made on the Site for the separate storage of fine and coarse aggregates, as well as of each size of coarse aggregates, in such a manner as to avoid contamination of the aggregates by foreign materials.  Stockpiles shall be provided with suitable drainage facilities or covers to ensure that the aggregates delivered to the batching equipment shall have uniform and stable moisture content.

(3) Water 

Water for washing aggregates and for the mixing and curing of concrete shall be taken from approved source and shall be clean and free from deleterious substances including salt, oil, alkali, organic matter and others that may impair strength, appearance and durability of concrete.  If required, Contractor shall test the water to be used for concrete works at the Contractor’s expense.

F-3.3
Concrete Mixing

(1) Mix Proportion

The table below gives the different types of concrete to be used in principle in the various structures, with minimum compressive strength at 28 days age and the maximum sizes of aggregates. 

	Type
	Minimum Compressive Strength at 28 days
	Applied to

	A
	210kg/cm2 (40mm)
	All structural components except for Type B&C

	B
	210kg/cm2 (20mm)
	Cable trench and drainage

	C
	100kg/cm2 (20mm)
	Levelling concrete


The Contractor may vary the mix proportions upon approval, from time to time, should the materials appear to render this advisable in order to obtain a concrete of maximum density, workability, consistency and strength with the minimum water/cement ratio.

Only sufficient water shall be added to the cement and aggregates during mixing to ensure proper hydration of the cement and to produce such consistency that the mix can be well consolidated, worked into the corners of the form and around the reinforcement, give a satisfactory finish and achieve the strength specified in the above table.  

(2) 
Batching 

The Contractor shall obtain on the batching equipment.  The accuracy of the batching equipment in feeding and measuring shall not exceed the following limit.

a)
Cement and Water: 1.0 per cent
b)
Aggregate and Admixtures:  3.0 per cent

(3)
Mixing 

The mixing time for each batch shall not be less than the minimum mixing time which should be confirmed by trial test, shall not exceed three (3) times the minimum time, and shall be constant for a series of batches of concrete for a structure.  The mixers shall not be loaded beyond their rated capacity, nor shall they be operated at a speed more than that recommended by the manufacturer and shall produce a concrete of uniform consistency and appearance at a continuous rate.


F-3.4
Placing

Before placing any reinforcement bars on the surfaces of earth, gravel, etc., a layer of concrete shall be worked into the cleaned surface to a thickness of 5 cm.

Before placing concrete, the Contractor shall remove from all such surface soil, objectionable coatings, lose or unsound fragments of rock, earth, mud, debris, and standing water to the satisfaction of the Employer and/or Employer’s Representative and shall keep such surfaces clean and free from standing water during concreting operations. 

Before placing any concrete on the work previously executed, the surface shall be thoroughly roughened to such an extent that no smooth skin of concrete of the previous work is visible.  These roughened surfaces shall be thoroughly cleaned, and shall be covered with cement mortar 1.0cm thick immediately before proceeding with the next layer of concrete. 

All concrete and mortar shall be placed and compacted within one hour after being mixed; and no partially set material shall be used in the work.  The arrangements for placing concrete shall be such that in all cases the material shall be conveniently handled and placed in the required position without re-handling or segregation. Concrete shall not be dropped from a height greater than 1.5m, otherwise the concrete shall be dropped onto a banker and turned over by hand before being placed. 

The placing of concrete in individual structural members shall be continued without stoppage up to an approved prearranged construction joint or until the member is completed. 

Temperature of concrete when it is being placed shall be not more than 25℃,  If the Contractor deems it necessary to do so, the Contractor shall employ effective means, such as placing at night, to maintain the temperature of the concrete below the aforementioned.  Concrete placing shall be carried out rapidly to prevent occurrence of cold joints under hot weather condition

F-3.5   Compacting

The duration of vibration shall be limited to that required to produce satisfactory consolidation, without causing segregation.  In consolidating each layer of concrete, vibrator shall be employed in a systematic manner, and concrete in one layer shall be thoroughly consolidated in such a manner as to be tightly bonded to all surfaces of the forms and embedded materials, before placing the next.  

The vibrating head shall be withdrawn slowly to ensure complete closure of the hole in the concrete which has formed.  Care shall be taken to avoid excessive contact with the reinforcement and surfaces of the forms and to avoid excessive local vibration.  Where the use of internal vibrator is difficult, the concrete may be compacted with external type vibrators as approved by the Employer and/or Employer’s Representative.

F-3.6  Curing

The Contractor shall take adequate measures to cure the concrete.  These shall include covering the concrete with moist curing mat or other effective means which shall be kept damp continuously and not exposed to sunlight for a minimum period of seven (7) days after casting or for such other time as the Consultant may direct.  All concrete surfaces shall be kept continuously wet during such period.

F-3.7  Damaged or Defective Concrete Surface

The finished faces of all concrete work shall be sound, solid and free from honeycombing, protuberances and blemishes.  No plastering of imperfect concrete faces shall be allowed and any concrete that is defective in any way is to be cut out and replaced to such depth or be made good in such a manner as the Employer and/or Employer’s Representative may direct at the Contractor's expense.

F-4
Formwork

F-4.1  General 

The formwork shall be of timber, steel or other suitable materials sufficiently strong, and shall conform to the shapes, lines and dimensions shown on the approved drawings or directed by the Employer and/or Employer’s Representative.  Forms shall be braced and strutted to withstand the pressure resulting from placing and vibrating the concrete, constructional loads, wind or other force without appreciable deformation.

F-4.2  Classification of Forms

Formwork shall be divided into two (2) classes to be shown in the approved drawings and/or otherwise indicated. 

(1)
Class F1 

Class F1 is a finish applied to formed surfaces which will be covered by fill material or by concrete.

(2)
Class F2 

Finish F2 is a finish applied to formed surfaces which will be permanently exposed and where a reasonable attractive appearance is required.

The quality of surface finish shall be according to the classification as described hereunder.  Parts of concrete structures that exceed the tolerances limits specified herein shall be corrected or removed and replaced by the Contractor at his own expense.

	Class of finish
	Tolerance from
	Irregularities

	Formed surface
	Base line survey

(mm)
	Abrupt

(mm)
	Gradual *(mm)

	Class F1
	+15
	10
	20

	Class F2
	+10
	5
	10


*) Measured on a straight or curved length of 2.0m.

F-4.3  Preparation of Formwork for Concreting

Surfaces of the form in contact with concrete shall be free from adhering foreign matter, projecting nails and the like, groove, splits or other defects.  Shuttering board shall be carefully jointed and so arranged to allow swell and shrink under the influence of humidity of the concrete without causing any deformation to the forms, interstices shall be properly filled with putty and the water proofing of the form shall be sufficient to prevent escape of cement paste. However, the use of paper taping shall be forbidden.   

Surfaces of all forms in contact with concrete shall be treated with an approved non-staining lubricant to ensure that shuttering can be struck cleanly. The lubricant shall be applied to the forms before the erection of reinforcement and the care shall be taken to prevent the lubricant encountering the reinforcement.  When forms have been built and prepared ready for concreting, they shall be subject to inspection and to avoid delays in obtaining approval, the Contractor shall inform the Employer and/or Employer’s Representative at least twenty-four (24) hour in advance.

F-4.4  Removal of Forms

The Contractor shall take full responsibility that the time has elapsed for the concrete to attain sufficient strength before forms are removed.  Nevertheless, the forms shall not be struck without the prior approval of the Employer and/or Employer’s Representative, and in any case at least three (3) days shall elapse before forms are struck.  After removal of the shuttering, the surface of all concrete shall be brought true to line; all defective portions of the face filled up and any projection cut off.  Honeycombed portions shall be cut out to a depth and shape required by the Employer and/or Employer’s Representative and filled up with fine concrete of equal quality.

F-5
Reinforcement

F-5.1
Material

The steel used in reinforced concrete shall be deformed steel bars, complying with Maldives civil construction standard and be obtained from an approved manufacturer/supplier within the country.
F-5.2
Storage

Reinforcement steel that planned to stock on the site, shall separate into the various sizes in such a manner that the steel does not get contaminated with deleterious matter.

F-5.3
Cutting, Bending and Splicing

Cutting, bending and splicing of the reinforcement bars shall be carefully carried out in accordance with the civil code standard of Maldives.  The bars shall be bent cold in a manner which will not injure the material.  The drawings shall be provided bar length and shape, radius of bar bending, and bar joint overlapping length.

F-5.4
Placing

The number, size, form and position of all steel reinforcing bars, ties, links, stirrups and other parts of the reinforcement shall be in accordance with the Maldives civil construction standard and they shall be kept in the correct position and with the required cover without displacement during the process of compacting the concrete.  

The concrete covering which is the thickness of concrete from its surface to bar’s surface, shall be as follows according to type of structures and their members:

	Foundations
	: 40mm

	Drain ditches
	: 30mm


The Contractor shall provide all necessary distance pieces and space bars at his own cost to maintain the reinforcement in the correct position but the use of timber blocks for wedging the steel of the form work shall not be allowed.  Any ties, links or stirrups connecting the bars shall be tauten so that the bars are properly braced and the inside of hooks and bends shall be in actual contract with the bars around which they are intended to fit.  Bars shall be bound together with the best black annealed soft-iron wire and the binding shall be twisted tight with pliers.  The free ends of binding wire shall be bent inwards.  

Before any steel reinforcement is fabricating, any loose mill scale, loose rust and any oil, grease, mud or other deleterious matter shall be removed.  Partially set concrete which may adhere to the exposed bars during concreting operations shall likewise be removed.  When steel reinforcement has been placed, and is ready for concreting, it shall be inspected by Employer and/or Employer’s Representative and approved.  The Contractor shall inform the Employer and/or Employer’s Representative, at least 24 hours in advance, of his intention to have the reinforcement ready for inspection.

F-6
Miscellaneous Metalworks

(1)
Embedded Metalwork 

The Contractor shall furnish and install miscellaneous embedded metalwork, such as embedded metal frames for duct cover, anchor bolts with accessories, steel pipes for duct, light gage steel ceiling material with zinc chromate metal finish or hot-dipped galvanized, etc. as shown on the approved drawings.

F-7   External Civil Works

F-7.1
General

External civil works within the Container installation area shall be designed by the Contractor and constructed under the Contract.  

1) Land formation

2) Drainage

3) Information board

All the design of the external civil works shall be prepared by the Contractor in conformity with the Specifications, and submitted to the Employer and/or Employer’s Representative for approval prior to commencement of the respective works.

F-7.2
Land Formation

The Contractor shall only grade to protuberant portions in the Container installation area to provide smooth graded surface for facilitating drainage.  The area where needs for maintenance of the Equipment shall only be finished with gravel pavement with 10 cm thick, unless otherwise directed by the Employer and/or Employer’s Representative. The area excessively graded shall be grassed to the original condition.

F-7.3
Drainage

Drain channels shall be designed to have adequate size for draining surface water and constructed by the Contractor at around the Container concrete base. The rain water drains channels constructed with concrete shall be provided along the facility, and lead the water away from the area.  The collected rain water shall be natural discharge to the existing drainage of FENAKA Central Power House site.  The channels shall also prevent the facility from the exterior water.

F-7.4   Information board

The concrete base for supporting leg structure of information board shall be designed and constructed by the Contractor in conformity with the Specifications. The contents shall be approved by the Employer and/or Employer’s Representative.
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