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Solar PV Modules

The Contractor shall supply, install, test, and commission high-efficiency, N-type monocrystalline photovoltaic (PV)
Tier 1 modules incorporating half-cut cells and TOPCon cell technology. The modules shall comply with the
following minimum technical requirements:

e Rated power output at Standard Test Conditions (STC): > 650 Wp per module.

e Module efficiency: > 24.0%.

e Rated power tolerance (Pmax): 0 to +3%.

e Maximum system voltage: 1,500 V DC.

e  Operating temperature range: -40°C to +70°C.

e Temperature coefficient of maximum power (Pmax): Absolute value < 0.26%/°C.

e Certified static mechanical test loads: > 5,400 Pa on the front side and > 2,400 Pa on the rear side.

e  First-year power degradation: < 1.0%.

e  Annual power degradation from the second year onward: < 0.35% per year.

e  Product warranty: Minimum 12 years.

e Linear power performance warranty: Minimum 30 years.

e Junction box: Minimum IP68 protection rating, equipped with bypass diodes.

e DC output cables: Factory-fitted, UV-resistant solar cables with a minimum cross-sectional area of 4 mm?, or
as required by the approved electrical design

e DC connectors: Certified PV connectors compatible with the supplied cables and approved DC connection
system.

e Applicable standards: IEC 61215, IEC 61730, and IEC 61701.

The PV modules shall be suitable for continuous outdoor operation under the prevailing site conditions, including
exposure to UV radiation, humidity, dust, salt mist, and ammonia corrosion.

Prior to procurement and delivery, the Contractor shall submit the manufacturer's official datasheet for the exact
proposed module model, applicable certificates and test reports, product and linear power performance warranty
documents, for the Engineer's review and approval.

Solar Pumping Variable Frequency Drives

The Contractor shall supply, install, test, and commission solar pumping variable frequency drives (VFDs), with
ratings as specified in the Bill of Quantities (BOQ). Each VFD shall be suitably rated for its respective pump motor
and compatible with the approved solar PV array.

The VFDs shall comply with the following minimum technical requirements:

e  Output supply: 380 V AC, three-phase, 50 Hz, compatible with the respective motor.

e  Output frequency: Adjustable from 0-400 Hz.

e  MPPT Tracking efficiency: Minimum 97%.

e  Motor control: Suitable for the specified pump motor and its operating characteristics.

e  Pumping functions: Automatic start/stop, dry-run and low-power protection, sleep/wake-up functions, and
automatic restart subject to configured protection conditions.
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e Electrical protection: Overvoltage, undervoltage, overcurrent, overload, overtemperature, short-circuit and
phase-loss protection, as applicable.

e Monitoring and communication: Local display, fault indication, and RS485/Modbus or equivalent interface
compatible with the approved control and monitoring system.

e Ambient operating temperature: At least —-10°C to +50°C.

e Enclosure protection: Minimum IP20 for installation inside a suitable protected electrical room. For outdoor
installation, minimum IP54, with suitable protection against direct solar radiation, rain, dust, and corrosion.

e Applicable standards: IEC 61800-5-1 and IEC 61800-3, or equivalent internationally recognized standards.

The Contractor shall provide all accessories, sensors, cables, control connections, and protection devices required
for complete and reliable operation. Before procurement, the Contractor shall submit the official manufacturer's
datasheets for the proposed models, applicable certificates, installation and operation manuals, warranty
documents, and country-of-origin declarations for the Engineer's review and approval.

Each VFD shall be covered by a minimum five-year manufacturer's warranty.

VFD Output Sine-Wave Filters and Line Reactors

The Contractor shall supply, install, test, and commission sine-wave output filters and line reactors, where
specified in the Bill of Quantities (BOQ), with quantities and ratings as indicated therein. Each component shall be
compatible with its associated solar pumping inverter and pump motor.

Sine-wave output filters shall be selected according to the inverter manufacturer's recommendations, motor rated
current, switching frequency, and motor cable length, to reduce high-frequency switching harmonics, voltage
peaks, and reflected-wave effects at the motor terminals.

Line reactors shall be appropriately rated and installed on the inverter input or output side, as applicable and
recommended by the manufacturer, to improve electrical performance and reduce the effects of current
harmonics or voltage disturbances.

All equipment shall be suitable for the applicable 380-400 V AC system and continuous-duty operation. The
Contractor shall verify the need for, and suitability of, each filter or reactor based on the actual installation
conditions and submit the manufacturer's datasheets and compatibility confirmation for approval prior to
procurement.

For all other system components, the Contractor shall comply with or exceed the technical specifications and
requirements specified for each item in the Bill of Quantities (BOQ).

15
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SOLARIZATION OF NIHA WATER PUMPING STATION

BILL OF QUANTITIES

No

Description of works

Unit

Qty

UP USD

Total USD

E — Solar PV Pumping System

El

Solar PV Modules- Location 1:

Supply, deliver, install, test and commission 196 N-type monocrystalline
photovoltaic modules with half-cut cells, each rated at not less than 650 Wp and
having a minimum module efficiency of 24%. Modules shall be from a Tier 1
manufacturer, with applicable CE documentation and certification for salt-mist
and ammonia-corrosion resistance. Modules shall comply with IEC 61215, IEC
61730-1/-2 and IEC 61701, as applicable.

PCS

196

E2

Solar PV Modules- Location 2:

Supply, deliver, install, test and commission 36 N-type monocrystalline
photovoltaic modules with half-cut cells, each rated at not less than 650 Wp and
having a minimum module efficiency of 24%. Modules shall be from a Tier 1
manufacturer, with applicable CE documentation and certification for salt-mist
and ammonia-corrosion resistance. Modules shall comply with IEC 61215, IEC
61730-1/-2 and IEC 61701, as applicable.

PCS

36

E3

Solar pump inverter — 45 kW (35 HP pump):

Supply, install, configure, test and commission a 45 kW, three-phase, 380 V solar
pumping inverter suitable for the specified pump motor. The inverter shall
include MPPT control with a stated efficiency of at least 99%, automatic
unattended operation, remote monitoring through an loT platform or
equivalent, and motor/pump protection functions including overvoltage,
undervoltage, overload and dry-run protection. It shall have a minimum
protection rating of IP20 (IP65/IP66 preferred for outdoor use), The inverter
must be compatible with various pump types.

e Price includes all manufacturer-required accessories, power and

communication cables, software, fuses, circuit breakers, conduits, lugs,
connectors, programming and terminations necessary for complete operation.

e Each inverter shall be protected from environmental conditions (rain & solar
radiation) using proper shading structure.

Standards: EN-IEC 62109-1/2 IEC 61000-6-1, IEC 61000-6-2, IEC 61000-3-2

compliant.

PCS

E4

Sine-wave Output Filter for 37 kW Inverter:
Supply, install, test and commission a three-phase sine-wave output filter

compatible with the 37 kW solar pump inverter and the connected pump motor.
The filter shall be selected based on the inverter manufacturer's
recommendations and the actual motor-cable length, which may extend up to
500 m, to reduce voltage spikes, reflected-wave effects and motor insulation
stress.

The filter shall be installed separately from the inverter wherever required by the
manufacturer's installation instructions.

Standards: IEC 60076-6, IEC 60289, IEC 61558-2-20 and IEC 61000-4-5, as
applicable.

PCS

1/7
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SOLARIZATION OF NIHA WATER PUMPING STATION

BILL OF QUANTITIES

No

Description of works

Unit

Qty

UP USD

Total USD

E5

Solar pump inverter — 110 kW (85 HP pump):

Supply, install, configure, test and commission a 110 kW, three-phase, 380 V
solar pumping inverter suitable for the specified pump motor. The inverter shall
include MPPT control with a stated efficiency of at least 99%, automatic
unattended operation, remote monitoring through an IloT platform or
equivalent, and motor/pump protection functions including overvoltage,
undervoltage, overload and dry-run protection. It shall have a minimum
protection rating of IP20 (IP65/1P66 preferred for outdoor use), The inverter
must be compatible with various pump types.

e Price includes all manufacturer-required accessories, power and

communication cables, software, fuses, circuit breakers, conduits, lugs,
connectors, programming and terminations necessary for complete operation.

e Each inverter shall be protected from environmental conditions (rain & solar
radiation) using proper shading structure.

Standards: EN-IEC 62109-1/2 IEC 61000-6-1, IEC 61000-6-2, IEC 61000-3-2
compliant.

PCS

E6

Line reactor for 110 kW inverter:

Supply, install, test and commission a three-phase line reactor compatible with
the selected 110 kW solar pump inverter and motor, intended for harmonic
suppression and voltage filtering across cable runs of 50-150 m. Installation

must be independent of the VFD enclosure to ensure safe and efficient operation.

e The reactor shall comply with international standards including IEC 60076-6,
IEC 60289, IEC 61558-2-20, and IEC 61000-4-5, and shall be designed for
harmonic filtering, voltage surge protection, and safe operation in solar pump
inverter systems.

PCS

E7

Solar pump inverter — 15 kW (filter pump):

Supply, install, configure, test and commission a 15 kW, three-phase, 380 V solar
pumping inverter suitable for the specified pump motor. The inverter shall
include MPPT control with a stated efficiency of at least 99%, automatic
unattended operation, remote monitoring through an loT platform or
equivalent, and motor/pump protection functions including overvoltage,
undervoltage, overload and dry-run protection. It shall have a minimum
protection rating of IP20 (IP65/IP66 preferred for outdoor use), The inverter
must be compatible with various pump types.

e Price includes all manufacturer-required accessories, power and

communication cables, software, fuses, circuit breakers, conduits, lugs,
connectors, programming and terminations necessary for complete operation.

e Each inverter shall be protected from environmental conditions (rain & solar
radiation) using proper shading structure.

Standards: EN-IEC 62109-1/2 IEC 61000-6-1, IEC 61000-6-2, IEC 61000-3-2
compliant.

PCS

2/7
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SOLARIZATION OF NIHA WATER PUMPING STATION

BILL OF QUANTITIES

No

Description of works

Unit

Qty

UP USD

Total USD

E8

Line reactor for 15 kW inverter (if needed)

Supply, install, configure, test and commission a solar reactor for a 15 kW solar
pump inverter, required when cable length exceeds 50 m (typically 50—-150 m
range).

Designed to minimize electromagnetic interference and protect inverter-pump
system performance.

e The reactor shall comply with international standards including IEC 60076-6,
IEC 60289, IEC 61558-2-20, and IEC 61000-4-5, and shall be designed for
harmonic filtering, voltage surge protection, and safe operation in solar pump
inverter systems.

PCS

E9

DC Combiner Boxes:

Supply, install, test and commission DC combiner boxes in the quantity required
by the final approved PV string configuration. Each box shall include suitably
rated DC isolators, string fuses where required, surge protective devices,
terminals and internal wiring, housed in an enclosure suitable for the installation
environment. Include glands, connectors, labels, mounting hardware and all
accessories. The indicated quantity is provisional; the Contractor shall verify the
required quantity against the approved design and clearly identify any
contractual quantity adjustment before execution. Installation shall comply with
applicable standards and project requirements.

PCS

E10

PLC Control System:

Supply, install, program, test, and commission a PLC-based control system for
automatic control and coordination of the water pump, motor, and filtration
system, complete with the required sensors, control panel, wiring, interlocks,
and protection devices. The PLC shall be compatible with the solar pump inverter
and enable automatic operation according to the required operating parameters.

PCS

E11

E11-1

AC Combiner Panel:

Supply, assemble, install, test and commission a complete AC combiner panel
with a metallic enclosure rated IP65 and UV resistant. Each panel will include
copper busbars, panel-mounted meters displaying current, power, voltage,
frequency, and energy, as well as control CTs. All related components such as
breakers, fuses, relays, timers, screws, conduits, and cable connections will be
included. Installation shall fully comply with NEC and IEC standards.

AC Circuit Breaker MCCB — 200A x 3P

PCS

E11-2

Manual Transfer Switch — 200A, 380 VAC, 4P

PCS

E12

E12-1

AC Combiner Panel:

Supply, assemble, install, test and commission a complete AC combiner panel
with a metallic enclosure rated IP65 and UV resistant. Each panel will include
copper busbars, panel-mounted meters displaying current, power, voltage,
frequency, and energy, as well as control CTs. All related components such as
breakers, fuses, relays, timers, screws, conduits, and cable connections will be
included. Installation shall fully comply with NEC and IEC standards.

AC Circuit Breaker MCCB — 40A x 3P

PCS

E12-2

Manual Transfer Switch — 60A, 380 VAC, 3P

PCS
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SOLARIZATION OF NIHA WATER PUMPING STATION

BILL OF QUANTITIES

No Description of works Unit Qty | UPUSD Total USD
DC Cabling:
Supply, install, route, terminate, and test copper solar PV DC cables, complete
with MC4 connectors and all necessary accessories. Cables shall be flexible, UV-
and ozone-resistant, double-insulated (Class Il), halogen-free, and rated for 1,500
V DC (maximum 1,800 V DC), with a minimum conductor size of 4 mm?2. Voltage
drop shall not exceed 2%, with calculations provided. Cables shall comply with
applicable NEC and IEC standards, including IEC 60754-1, EN 60811, EN 60216-1-

E13 |2, and IEC 60228.
The scope includes connections to the PV module junction boxes and all DC cable
routing and terminations within the balance of system (BOS), in accordance with
the approved drawings, manufacturer recommendations, and applicable NEC
and IEC requirements.
The Contractor is responsible for quantity adjustments as per final system
configuration.
Standards: IEC 60754-1, EN 60811 and 60216-1-2, EN60228 compliant

E13-1|DC Cable of 1x6mm? (copper) size ML* 1200 0
AC Cabling:
Supply, install, terminate, and test AC power cables from the main distribution
board to the designated equipment, including the cable trays, trenches, hard-

E14 PVC conduits, handholes, supports, glands, lugs, terminations and accessories
Cable sizing and routing shall be determined on a site survey, current-carrying
capacity calculations and voltage-drop calculations; voltage drop shall not
exceed 3%. Install in accordance with applicable IEC 60364, NEC or equivalent
requirements.

E14-1|Torsade Cable 4x70mm’ LS 1 0
Cable Tray and Conduit:
Supply and install hot-dip-galvanized steel ventilated/perforated cable trays,
with covers where required, and galvanized-steel conduits suitable for the

E15 linstallation conditions. Include supports, brackets, fittings, bends, connectors, LS 1 0
couplings, junction boxes, fixings, bonding and earthing accessories. Cable trays
and conduits shall be properly installed, supported, bonded, and earthed in
accordance with the project requirements and applicable standards.
Earthing and Bonding System:
Supply, install, test and commission the complete earthing and bonding system
for the PV array and associated electrical equipment. This includes earth rods,

E16 |inspection pits, clamps, tap connectors, earthing conductors, interconnections LS 3 0
and all required accessories. The completed earthing system shall achieve an
earth resistance of less than 5 ohms, subject to the project specification and site
conditions. Submit test results and as-built details.
Labeling and Safety Signs:
Supply and install durable equipment-identification labels, warning labels,

E17 |electrical safety signs, project signboards, and other safety signage. All installed LS 1 0
equipment and components shall be clearly referenced, and shown on the As-
Built drawings.
Fire Fighting:

E18 Supply and installation of wall-mounted portable fire extinguishers in
manufacturer's standard enameled-metal containers, complete with mounting
brackets and accessories, to the satisfaction of the Engineer.
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SOLARIZATION OF NIHA WATER PUMPING STATION

BILL OF QUANTITIES

No Description of works Unit Qty | UPUSD Total USD
E18-1|FE-1: 6 kg ABCE fire extinguisher PCS 2 0
E18-2 |FE-2: 5 kg CO; fire extinguisher PCS 2 0
D - Engineering and Documentation

PV Design and Documentation:
The Contractor shall provide a detailed PV design report including the proposed
optimal tilt angle and panel orientation (azimuth), total area required, PV string

D1 |configuration, voltage and current calculations, estimated monthly and annual Lot 2 0

energy production, and the Single-Line Diagram (SLD). The Contractor shall also
provide all compatible components and technical documentation required for
the system to comply with applicable net-metering requirements.
Equipment Documentation:
D2 The Contractor shall provide manufacturer datasheets, technical specifications, Lot 5 0
conformity certificates, test certificates, and warranties for all major equipment
and components supplied under the project.
Structural Design and Shop Drawings:
The Contractor shall provide detailed shop drawings and structural calculation
D3 |notes for the PV mounting system, including structural analysis and design Lot 2 0
calculations using ETABS, Robot, or an equivalent approved structural analysis
software.
Electrical Shop Drawings:
The Contractor shall provide detailed electrical shop drawings before execution,
D4 |including single-line diagrams, equipment layouts, cable routes and schedules, LS 2 0
protection coordination, earthing details, and control/communication interfaces.
Obtain approval before commencing the relevant installation works.
As-Built Documentation and Handover:
Upon completion of the works, the Contractor shall submit the final as-built
DS structural and electrical drawings, equipment schedules, installed cable routes, s 5 0
testing and commissioning reports, operation and maintenance manuals,
warranties, and all other documents required for project handover and final
acceptance.
C - Civil and Structural Works

Site Preparation:

C1 |Site clearing, leveling, grading, and removal and disposal of debris, including all LS 1 0
necessary works to prepare the site for the installation of the solar PV system.
Civil Works:
Execution of all required civil works, including cable trenches and ducts,
equipment bases, backfilling, surface reinstatement, and all associated works

C2 |necessary for proper installation and commissioning of the solar PV system. LS 1 0
Foundations specifically required for the PV mounting structures, including
concrete foundations and precast concrete pads/counterweights, shall be
covered under Item C4.
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SOLARIZATION OF NIHA WATER PUMPING STATION

BILL OF QUANTITIES

No

Description of works

Unit

Qty

UP USD

Total USD

Cc3

PV Mounting Structure — Location 1 (196 Modules):

Supply, install and complete hot-dip-galvanized steel mounting structures for
196 PV modules, including supports, fasteners, foundations or approved
anchoring/counterweight arrangements, and associated works. Minimum
galvanizing thickness: 120 microns, subject to the specified coating standard.
Design for a minimum wind speed of 160 km/h in accordance with applicable
structural standards. Include structural calculations, earthing and bonding, and
all accessories.

LS

c4

PV Rooftop Mounting Structure — Location 2 (36 Modules):

Supply, install and complete hot-dip-galvanized steel rooftop mounting
structures for 36 PV modules at the second location, including supports,
fasteners, foundations or approved anchoring/counterweight arrangements, and
associated works. Apply the same minimum galvanizing thickness and wind-
design requirements as Item C1, subject to site-specific structural calculations
and approval. Include earthing, bonding and all accessories.

LS

C5

Concrete Foundations and Precast Concrete Pads:

Supply and construct concrete foundations wherever required, and supply and
install precast concrete pads/counterweights to secure the PV mounting
structures at both locations. The foundation and counterweight arrangements
shall be designed to withstand wind loads corresponding to a minimum wind
speed of 160 km/h, based on site-specific structural calculations and subject to
approval by the Project Engineer.

* Precast concrete pads shall have minimum dimensions of 50 x 50 x 40 cm. The
required dimensions, weight, quantity, and arrangement of the pads and
foundations shall be determined through detailed structural calculations, taking
into account actual site conditions and the mounting system design, and
submitted for approval prior to installation.

¢ Include all necessary excavation, foundation preparation, concrete works,
anchoring, fixing, and associated materials and accessories required for a
complete and secure installation.

LS

H — Rooftop Hybrid Solar PV System

H1

PV Modules:
Supply, install, test, and commission crystalline PV modules, minimum 650 Wp
per module, for a total installed capacity of not less than 3.9 kWp.

System

H2

Hybrid Inverter:
Supply, install, test, and commission of a 6 kW, single-phase hybrid solar

inverter, complete with all required accessories and related works.

PCS

H3

Lithium Battery:

Supply, install, test, and commission of lithium batteries with a minimum
capacity of 10 kWh and 90% depth of discharge. The battery system shall be rack-
mounted or wall-mounted in a properly ventilated location and shall include all
required cables, protection devices, connections, and accessories.

PCS

H4

Accessories, Protection Devices and Related Works:

Supply, install, test and commission of accessories, wires, protection devices and
all necessary component for the proper protection and functioning of the system
and all other related works, all as specified, and to the satisfaction of the
Engineer.

Lot
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SOLARIZATION OF NIHA WATER PUMPING STATION

BILL OF QUANTITIES

No Description of works Unit Qty | UPUSD Total USD
PV Mounting Structure:
H5 |Supply, install, test, and commission the metallic support structures for PV Lot 1 0
panels to be installed on the roof of the station.
Gross -
VAT 11% -
Net -
* Quantities are indicative. LM items shall be measured and paid based on actual installed lengths as verified during site execution.
7/7 20/10/26



