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PROJECT GENERAL DESCRIPTION

TECHNICAL SPECIFICATION FOR SOLAR PHOTOVOLTAIC
SYSTEM AT PORT OF TRIPOLI
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l. Introduction

The new Administration of the Port of Tripoli has pledged to develop and update the Port both
in operation performance and delivery of services, with the aim to better serve and facilitate
the transactions of the Port's clientele.

This Administration proceeded with a full renovation of the entire infrastructure including
water, electricity, internal pass ways and warehouses. The aim of this Administration is to turn
the Port of Tripoli into a Corporation that is organized, modern, and dynamic.

Usually, the EDL was feeding the port of Tripoli 24/24 as exceptional important Lebanese areas.
But the recent crisis is very critical and deep that EDL is not capable to cover the minimum
needed power to feed Port of Tripoli.

Currently the main electrical source in this port is 3 private generators, 275 kVA, 100kVA and
135 kVA.

The port of Tripoli is in the process of seeking sustainable energy solution for the different
buildings and stations in the port area in a way to reduce the fuel consumption.

Project location on google maps:

https://www.google.com/maps/place/Port+Of+Tripoli/@34.4503183,35.8281186,17z/data=!3
m1!4b114m5!13m4!1s0x1521f3fc9eba2c7f:0xb32b4c31eeba8153!18m213d34.450313914d35.830
6935

Il. General notes and methodology

Port of Tripoli main working hours are from 8:00AM till 3:00PM. But some works need
electricity 24/24 like the 2 stations for weighting scale (1 & 2 oW&)l) and lightning all along the
dock.

The port of Tripoli is mainly divided into 2 parts regarding the power source and electricity
network. Part 1 contains administration building, public security offices and entrance area, it is
currently using one generator 275kVA in good conditions.


https://www.google.com/maps/place/Port+Of+Tripoli/@34.4503183,35.8281186,17z/data=!3m1!4b1!4m5!3m4!1s0x1521f3fc9e6a2c7f:0xb32b4c31eeba8153!8m2!3d34.4503139!4d35.8306935
https://www.google.com/maps/place/Port+Of+Tripoli/@34.4503183,35.8281186,17z/data=!3m1!4b1!4m5!3m4!1s0x1521f3fc9e6a2c7f:0xb32b4c31eeba8153!8m2!3d34.4503139!4d35.8306935
https://www.google.com/maps/place/Port+Of+Tripoli/@34.4503183,35.8281186,17z/data=!3m1!4b1!4m5!3m4!1s0x1521f3fc9e6a2c7f:0xb32b4c31eeba8153!8m2!3d34.4503139!4d35.8306935
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Figure 1: Generator for part 1

The maximum load for part 1 in summer can reach 200A/phase. In other seasons the load is
around 90A/ phase. The load is not equally distributed on the three phases and it couldn’t be
because the areas are not used in a similar way every day and consumption vary a lot.

Part 1 will be divided into 2 zones, because EDL network is separated for these 2 zones:

Zone 1: Port entrance check point and general security offices. Load consumed in this zone is
estimated by 70A/phase. A new generator of 60KVA capacity will feed this zone with an on grid
solar system 40KW & EDL. Solar modules for zone 1 should be installed on pitched roof, South
direction, at port entrance check point (check figure 2).

Figure 2: Pitched roof for solar modules in zone 1

Zone 2: Port administration area load is estimated to be 135A/phase. A new generator of 120
KVA capacity will feed this zone with an on grid solar system 60KW & EDL. Solar modules for
zone 2 should be installed on flat roof of warehouse S17, South direction.
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Part 2 to be named zone3, contains mainly the 2-weighting scale (1 & 2 oWall), offices,
cafeteria, duty free and passenger hall. This zone is now supplied by 2 old generators 100kVA
and 135kVA. The generator 135kVA is not in good conditions, and need maintenance and out of
use. The second generator 100kVA is used now temporary but need also maintenance. The
main reason of damaged generator is the huge dust quantity existing in warehouses near the
generators.
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Figure 4: Zone 3 damaged generator 135kVA Figure 5: Zone 3 generator 100kVA

Estimated load for zone 3 in summer is around 120A/phase.

System 1 for zone 1: The main concern of this part is to reduce the fuel consumption to the
maximum during working hours, from 8AM till 3:30PM.

This solution requires an ON-grid inverter and solar panels connected to a new generator
capacity 60kVA.

The suitable space to install solar panels is the pitched roof of the entrance point. Inverter and
generator to be located in the nearest electrical room. Distance between solar modules and
inverter room is around 25m and between inverter room and electrical rom distance is 20m.

System 2 for zone 2: The main concern of this part is to reduce the fuel consumption to the
maximum during working hours, from 8AM till 3:30PM.

This solution requires an ON-grid inverter and solar panels connected to the new generator
capacity 120kVA.

The suitable space to install solar panels is the flat roof near warehouse number 16, block S17.
Inverter to be located in administration building, on the upper staircase near the main electrical
board and generator to be located near the existing one, in ground floor. Distance between
solar modules and inverter is around 220m and distance between inverter and main electrical
board is around 20m.
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System 3 for zone 3: The main concern of this part is to feed cafeteria and duty free with
electricity and to feed the 2weighting scale rooms. This solution requires an ON-grid inverter
and solar panels connected to a new generator size 100kVA. Contractor should maintain the
135kVA to be able to work in good conditions and to be used for urgent cases. To keep
electricity during the night for the 2-weighting scale, a system with Hybrid inverter with a
battery bank is needed to be located inside the two scale rooms.
The suitable space to install solar panels is the flat roof of block B11. Generator for zone 3 to be
located near the existing electrical room, behind block B11. A new room should be constructed
for_inverters, well ventilated, size 2.5mx2.2m with same ceiling level of the existing electrical
room. Distance between solar modules and electrical room is around 70m. Solar cables to be
installed underground and any need for excavation should be done properly.
A new electrical torsade cable 35mm2 should be installed from electrical room of zone 3 to link
the three buildings in picture below (d>uall (s 9 dehl (s 9 dudll 8,511 aw). This cable length is
estimated by 320m.
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Figure 6: Zone 3 solar modules location, block B11 flat roof

Figure 7: Zone 3 inverter room location to be constructed

N.B:

Port geographical location is very critical and need to be taken into consideration, the air is filled
with salt water droplets. In addition, the truck traffic & cranes movement can be a serious
problem for spreading dust and break panels on roofs. This situation will affect the daily
maintenance needs and cleaning panels periodically.

Also, the presence of birds will be a real problem for cleaning the panels. An automatic way to
clean panels is needed.
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lll. System main components

Zone 1: The proposed solution for zone 1 is to be formed of solar PV panels installed on pitched
roof on entrance area, ON grid inverter to be installed in electrical room on entrance area,
supplying zone 1. A new generator 60KVA to be installed in inverter room.

Structure used to fix solar modules on pitched roof should be made from anti-corrosion
materials preferably anodized aluminum based.

The size of each Solar PV panel should be 550W. For the selected area and system need, the
number of panels can be 60 modules. Modules are distributed on pitched roof (figure 8). Thus,
we obtain a total of 33 kWp PV system. An ATS 100A is needed, European brand.

Figure 8: Zone 1 modules location & robot type to clean panels

Zone 2: The proposed solution for zone 2 is to be formed of solar PV panels installed on flat
roof of block S17 to feed administration area, ON grid inverter (s) to be installed on upper
landing stair in administration area, supplying zone 2. A new generator 120KVA to be installed
in ground floor near the old generator 275KVA. The old Generator will not be used for this zone
but should be maintained for urgent manual use only.

Figure 9: Administration building
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Figure 10 & 11: Main existing panel board for zone 2 in administration building

Structure used to fix solar modules on flat roof should be made from anti-corrosion materials
preferably anodized aluminum based, triangular low profile fixed on concrete pads.

The size of each Solar PV panel should be 550W. For the selected area and system need, the
number of panels is 90 modules. Modules are distributed on flat roof of block S17 (figure 12).
Thus, we obtain a total of 49.5 kWp PV system. An ATS 200A is needed, European brand.

Figure 12: Modules distribution for zone 2 on block S17 & robot type to clean it

Zone 3: The proposed solution for zone 3 is to be formed of solar PV panels installed on flat
roof of building B11, ON grid inverter (s) to be installed in a new room near this building,
supplying zone 3. A new generator to be installed near the inverter room in outside area. Old
generators 135KVA and 100KVA to be maintained and kept for lightning all along the dock and
for urgent cases.

Structure used to fix solar modules on flat roof should be made from anti-corrosion materials
preferably anodized aluminum based, triangular low profile fixed on concrete pads. The size of
each Solar PV panel should be 550W. For the selected area and system need, the number of
panels can be 90 modules. Modules are distributed on flat roof of block B11 (figure 13). Thus,
we obtain a total of 49.5 kWp PV system. An ATS 200A is needed, European Brand.

10
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IV.

Figure 13: Modules distribution for zone 3 & robot type to clean it.

Design parameters & General notes

Existing generators now are 275kVA, 135kVA and 100kVA are available but not in good
conditions. Contractor should maintain these generators to be used for sea side and for

urgent cases.

Working time: from 8AM to 3PM for offices.
Continuity of supply to weighting scale via battery bank is critical.

PV panels installation is available on entrance pitched roof for zone 1 and flat roof with
triangular low structure, aluminum anodized rails for zone 2 & 3.

The contractor should take into consideration in the final design the ability of the
system to be operating with the existing electrical network, with all needed control and
protection for this purpose.

The bidder shall provide a civil design simulation based on wind loads as per Lebanese
Standard NL 137:2020, signed by a civil engineer member of the Order of Engineers and
Architects of Beirut or Tripoli. The simulation shall demonstrate that the solar PV system
is supported by the roof and the fixation can withstand the wind loads as per NL
137:2020.

The bidder shall provide a copy of the membership card of the civil engineer in the
Order of Engineers and Architects of Beirut or Tripoli.

11
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Control system is required for the three systems to ensure the good and safe operation
of the installed systems with existing power sources, including but not limited to power
export limitation with generator’s subscription(s), diesel generators, or EDL.

The control system shall also include at the inverter’s output, physical disconnection
devices in case of a malfunction or fault at the controller level.

Solar DC cables, copper conductor, halogen-free, double insulated, UV protected and
fireproof, with IP67 MC4 connectors.

DC cables between the modules and the inverters section has to be sized to limit the
total voltage drop in the DC circuit to a value less than 4% of its value at rated power.

All DC & AC wiring shall be installed so that it is mechanically and electrically sound and
neat in appearance.

DC cables shall be routed from the PV array to the junction boxes, DC protection boxes,
or inverters in covered UV resistant cable trays.

Multipolar cables with double insulation (Class Il).

AC cables between the inverters and connection have to be sized to limit the total
voltage drop in the AC circuit to a value less than 3% of its value at rated power.

The cable trays shall be hot-dip galvanized and shall be equipped with all the needed
brackets, clips, junctions, and accessories for installation and fixation.

The cutting edges and openings of cable trays and cable conduits should be cold
galvanized.

Induction loops must be avoided when cabling strings; it is highly recommended to use
the skip-wiring method (also known as leap-frog) instead of the conventional
daisy-chain method.

Each string of panels has to be properly labeled with the reference and corresponding
polarity, every ten (10) meters and at the input and output of cables trays, junction
boxes, DC protection boxes, protection devices, or inverters.

Design guide for system 1

e On grid inverter
One on grid inverter 40kW, Huawei, GoodWe or approved equal connected in
parallel mode and as mentioned in the following specs:

Efficiency: 98.7%

12
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a)

b)

d)

Input data

Maximum input voltage: 1100V

Max. current per MPPT: 26A

Max. short circuit current per MPPT: 40A
MPPT operating voltage range: 200V ~ 1000V
Rated input voltage: 600V

Number of inputs: 8

Number of MPPT trackers: 4

Output data

Rated AC active power: 40,000 W

Max. AC apparent power: 44,000 VA

Rated output voltage: 3 x 220 V/380V, 3 x 230 V/400 V
Rated Output Current: 57.8A

Max. Output Current: 63.8 A

Protection:

Input-side Disconnection Device: Yes
Anti-islanding Protection: Yes

AC Overcurrent Protection: Yes

DC Reverse-polarity Protection: Yes
PV-array String Fault Monitoring: Yes
DC Surge Arrester: Yes

AC Surge Arrester: Yes

DC Insulation Resistance Detection: Yes
Residual Current Monitoring Unit: Yes

Communication:

Display: LED Indicators, APP
RS485: Yes

USB: Yes

General:
Operating Temperature Range: -25°c ~ 60°c
Cooling Method: Natural Convection.

Fuel save controller:

Similar to DEIF/ AGC 150 hybrid genset and PV controller

Solar PV panels:

60 solar panels monocrystalline built with half-cut cells 550W, similar to AUSTA,

Longi, Philadelphia or approved equal and as per below specs:

Inclination required for pitched roof is the same roof inclination.

13
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Total power from solar: 33,000W

Voltage at nominal peak power (V): 42.1V

Current at nominal peak power (A): 13.06A

Module efficiency: 21.28%

Number of cells: 144 (12*12)

15 years warranty on product material and workmanship
35 years warranty on linear power output

Number of panels per string: as per SLD

e Steel structure: (See sketch in P.26)
Railed mounted steel structure on pitched roof:
Anodized aluminum 6063-T5 structure brackets, rails and clamps.

Any direct or indirect impact on the roof waterproofing, should be remediated. The
design of PV panels to take into account the spaces needed for maintenance and
cleaning purposes, oriented as per pitched roof and aligned with the geometry of the
roof.

Solar panel structure should be designed to withstand wind loads as per
requirements for the national standards, and to not have any impact on the
structural safety of the building.

Warranty: 10 years minimum.

e Solar cables & cable trays:
SOLAR DC WIRE UV RESISTANT CABLE FOR SOLAR PANEL
Nominal Voltage 1500VDC
Temperature rating: -40t0 90 ° C
100% tinned cooper to minimize power loss in your solar panel system, class5
according to standards:
EN 50618, TUV 2 PfG 1169/08.2007, EN 50288-3-7, EN 60068-2-78, EN 50395
Flame retardant to IEC/EN 60332-1-2
Low Smoke Zero Halogen to IEC/EN 60754-1/2,
IEC/EN 61034-1/2, EN 50267-2-2
Ozone and UV Resistant to EN 60811-403, EN 50396, EN ISO 4892-1/3,
Water Resistant to AD8
Cable Trays, Fittings, and Accessories: Steel, complying with NEMA VE 1 or BS EN ISO
1461 and BS EN 10326 and BS EN 10327.

VI. Design guide for system 2

System 2 is responsible to feed power for zone 2. This will require having an ON-grid
inverter and solar panels to be installed on flat roof of block S17.

14
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e On grid inverter

On grid inverter 60kW, Huawei, GoodWe or approved equal and as mentioned in the
following specs:
Efficiency: 98.7%

a)

b)

d)

e)

Input data

Maximum input voltage: 1100V

Max. current per MPPT: 22A

Max. short circuit current per MPPT: 30A
MPPT operating voltage range: 200V ~ 1000V
Rated input voltage: 600V

Number of inputs: 2

Number of MPPT trackers: 6

Output data

Rated AC active power: 60,000 W

Max. AC apparent power: 66,000 VA

Rated output voltage: 3 x 220 V/380V, 3 x 230 V/400 V

Rated Output Current: 91.2 A@380V, 86.7 A @400V, 72.2 A @480 V
Max. Output Current: 100 A@380V, 95.3 A @400V, 79.4 A @480V

Protection:

Input-side Disconnection Device: Yes
Anti-islanding Protection: Yes

AC Overcurrent Protection: Yes

DC Reverse-polarity Protection: Yes
PV-array String Fault Monitoring: Yes
DC Surge Arrester: Type ll

AC Surge Arrester: Type Il

DC Insulation Resistance Detection: Yes
Residual Current Monitoring Unit: Yes

Communication:

Display: LED Indicators, APP
RS485: Yes

USB: Yes

MBUS: Yes

General:
Operating Temperature Range: -25°c ~ 60°c
Cooling Method: Natural Convection

e Fuel save controller:

Similar to DEIF/ AGC 150 hybrid genset and PV controller

15



Anad Al AUa (S g0 )6

bk U e mllial

Solar PV panels:

90 solar panels monocrystalline built with half-cut cells 550W, similar to AUSTA,
Longi, Philadelphia or approved equal and as per below specs:
Inclination required for flat roof is between 10%: and 15:.
Total power from solar: 49500 Wp

Voltage at nominal peak power (V): 42.1V

Current at nominal peak power (A): 13.06A

Module efficiency: 21.28%

Number of cells: 144 (12*12)

15 years warranty on product material and workmanship

35 years warranty on linear power output

Number of panels per string: as per SLD

Steel structure: (See sketch in P.26)

Anodized aluminum 6063-T5 structure brackets, rails and clamps.
Ballasted-mount type low profile for flat roofs (concrete density should be at least
250 kg/m3). Any direct or indirect impact on the roof waterproofing, should be
remediated. The design of PV panels to take into account the spaces needed for
maintenance and cleaning purposes, oriented as per pitched roof and aligned with
the geometry of the roof.

Solar panels’ structure should be designed to withstand wind loads as per
requirements for the national standards, and to not have any impact on the
structural safety of the building.

Warranty: 10 years minimum.

Solar cables & cable trays:

SOLAR DC WIRE UV RESISTANT CABLE FOR SOLAR PANEL

Nominal Voltage 1500VDC

Temperature rating: -40t0 90 ° C

100% tinned cooper to minimize power loss in your solar panel system, class5
according to standards:

EN 50618, TUV 2 PfG 1169/08.2007, EN 50288-3-7,

EN 60068-2-78, EN 50395

Flame retardant to IEC/EN 60332-1-2

Low Smoke Zero Halogen to IEC/EN 60754-1/2,

IEC/EN 61034-1/2, EN 50267-2-2

Ozone and UV Resistant to EN 60811-403, EN 50396, EN ISO 4892-1/3,

Water Resistant to AD8

Cable Trays, Fittings, and Accessories: Steel, complying with NEMA VE 1 or BS EN ISO
1461 and BS EN 10326 and BS EN 10327.

16
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VIl. Design guide for system 3

System 3 is responsible to feed power for zone 3. This will require having an ON-grid
inverter and solar panels to be installed on flat roof of block B11.

e On grid inverter

On grid inverter 60kW, Huawei, GoodWe or approved equal and as mentioned in the
following specs:

Efficiency: 98.7%

a)

b)

d)

Input data

Maximum input voltage: 1100V

Max. current per MPPT: 22A

Max. short circuit current per MPPT: 30A
MPPT operating voltage range: 200V ~ 1000V
Rated input voltage: 600V

Number of inputs: 2

Number of MPPT trackers: 6

Output data

Rated AC active power: 60,000 W

Max. AC apparent power: 66,000 VA

Rated output voltage: 3 x 220 V/380V, 3 x 230 V/400 V

Rated Output Current: 91.2 A@380V, 86.7 A @400V, 72.2 A @480 V
Max. Output Current: 100 A@380V, 95.3 A @400V, 79.4 A @480V

Protection:

Input-side Disconnection Device: Yes
Anti-islanding Protection: Yes

AC Overcurrent Protection: Yes

DC Reverse-polarity Protection: Yes
PV-array String Fault Monitoring: Yes
DC Surge Arrester: Type ll

AC Surge Arrester: Type |l

DC Insulation Resistance Detection: Yes
Residual Current Monitoring Unit: Yes

Communication:

Display: LED Indicators, APP
RS485: Yes

USB: Yes

MBUS: Yes

17
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e) General:
Operating Temperature Range: -25°c ~ 60°c
Cooling Method: Natural Convection

Fuel save controller:
Similar to DEIF/ AGC 150 hybrid genset and PV controller

Solar PV panels:

90 solar panels monocrystalline built with half-cut cells 550W, similar to AUSTA,
Longi, Philadelphia or approved equal and as per below specs:
Inclination required for flat roof is between 10<: and 15:.
Total power from solar: 49500 Wp

Voltage at nominal peak power (V): 42.1V

Current at nominal peak power (A): 13.06A

Module efficiency: 21.28%

Number of cells: 144 (12*12)

15 years warranty on product material and workmanship

35 years warranty on linear power output

Number of panels per string: as per SLD

Steel structure: (See sketch in P.26)

Anodized aluminum 6063-T5 structure brackets, rails and clamps.
Ballasted-mount type low profile for flat roofs (concrete density should be at least
250 kg/m3). Any direct or indirect impact on the roof waterproofing, should be
remediated. The design of PV panels to take into account the spaces needed for
maintenance and cleaning purposes, oriented as per pitched roof and aligned with
the geometry of the roof.

Solar panels’ structure should be designed to withstand wind loads as per
requirements for the national standards, and to not have any impact on the
structural safety of the building.

Warranty: 10 years minimum.

Hybrid inverter
Hybrid inverter ON/OFF grid 5kW, one for each room scale, Growatt, Felicity or
approved equal and as per the following specs:
Nominal battery system voltage: 48VDC
a) Inverter output:
Rated power: 5000W
Surge power: 10000VA
Waveform: pure sine wave
Inverter efficiency: 93%

18
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b) Solar charger & AC charger:
Maximum PV array open circuit voltage: 450VDC
Maximum PV array power: 6000W
PV array MPPT voltage range: 120~430VDC
Maximum solar charge current: 100A
Maximum AC charge current: 80A
Warranty: 2 years

e Lithium Battery:
Battery bank required is 20kWh for each room scale, lithium-ion type, Blue Carbon,
Felicity Solar, Sako or approved equal.
The specs of the battery shall be a follow:
Storage capacity: 10.24KWh
Nominal voltage: 51.2V
Nominal capacity: 200AH
Cycle life: >5000 cycles (80% DOD)
Warranty: 5 years

e Solar cables & cable trays:
SOLAR DC WIRE UV RESISTANT CABLE FOR SOLAR PANEL
Nominal Voltage 1500VDC
Temperature rating: -40to 90 ° C
100% tinned cooper to minimize power loss in your solar panel system, class5
according to standards:
EN 50618, TUV 2 PfG 1169/08.2007, EN 50288-3-7,
EN 60068-2-78, EN 50395
Flame retardant to IEC/EN 60332-1-2
Low Smoke Zero Halogen to IEC/EN 60754-1/2,
IEC/EN 61034-1/2, EN 50267-2-2
Ozone and UV Resistant to EN 60811-403, EN 50396, EN ISO 4892-1/3,
Water Resistant to AD8
Cable Trays, Fittings, and Accessories: Steel, complying with NEMA VE 1 or BS EN ISO
1461 and BS EN 10326 and BS EN 10327.

VIIl. Civil works and new technical room to be constructed

The contractor is responsible for the construction of a technical room for zone 3
inverter.

Construct a room of 15 cm thick hollow block walls in the indicated place in figure 6 with
plastering of 3 layers and good finish. The size of the room is 2.5mx2.2m with ceiling
height around 2.8m to be at same level of the existing room. Ceiling should be with a

19
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IX.

minimum thickness of 125mm. A reinforced concrete slab to be prepared with a
minimum thickness 15cm.

This technical room should be ventilated naturally by one window (size 80cm x 80cm) as
minimum with a louvred door that opens to outdoor. Supply, install and connect wall
type split air conditioner 12000BTU with inverter for technical room (for zone 1 & 3)
with proper copper pipes, drain pipe and all needed.

Earthing & lightning system

The contractor is responsible for the installation of an electrical earthing system in the form of
earthing rods, with a ground resistance value less than 5 ohms.

a)

b)

f)

g)

h)

EARTH ELECTRODE is to consist of one or more earth rods, interconnected by buried
earthing tape or cable, which is to have a total combined resistance value, during any
season of the year and before interconnection to other earthed systems or earthing
means, not exceeding 3-ohm otherwise use additional earth rods. Distance between
two rods is not to be less than twice the length of one rod driven depth.

EARTH ROD: copper clad steel, 20 mm diameter, 4.0 m length, extendible as necessary
to obtain required earth resistance. Earth rod is to be complete with couplings, head
and bolted connector of sufficient size, and number of bolted clamps to connect all
cables terminated thereto.

BURIED EARTH CONDUCTORS: annealed copper conductors 50 mm2 cross-section.

TAPS MATS: where earth rods are not likely to be used, earth electrode is to consist of
parallel and perpendicular copper strip, 2.4 m apart, welded together by exothermic
welds to form a grid.

EARTH PIT: precast, square or circular section concrete handhole (minimum 450 mm
internal diameter), with concrete cover, and extending to about 150 mm below top of
earth rod. Earth pit is to be provided for each earth rod connected to an earthing
conductor. Cover is to have inset brass plate with inscription ‘Earth Pit-Do Not Remove’.
EARTHING CONDUCTORS: insulated (green/yellow) or bare copper conductor as
described in the Specification for the particular application.

TESTING JOINTS (TEST LINKS): copper or copper alloy, with bolted end connections,
disconnectable by use of a tool, and suitably sized for earthing conductors or earth bar
connection. Links are to be fixed to porcelain or other approved insulating supports.
Contact surfaces are to be tinned.

PROTECTIVE CONDUCTORS: single core stranded annealed copper; PVC insulated cables,
having rated insulation grade compatible with circuit protected, or to be a conductor
forming parts of a multi-core cable, color coded.

EARTHING BAR: hard drawn copper, 40x4 mm where formed into a closed loop, and
50x6 mm where open ended. Earth bar is to be labelled Main Earth Bar and is to be
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drilled, for connection of conductors, at a spacing not less than 75 mm, and to be
supplied with copper alloy bolts, nuts and washers and wall mounting insulators.

The contractor is responsible for the supply and installation of a complete external lightning
protection system (LPS).

The contractor must keep a certain separation distance between the conductive parts of the
solar PV system and the LPS, to prevent shadows, induced overvoltage, and arcing.

If separation distance cannot be maintained, the metal components of the solar PV system
must be connected to the LPS through a conductor with a cross-section of at least 16mm?2.

The Lightning protection system should be implemented according to IEC 62305-3 and best
practices for similar systems.

The ground rods of the earthing system and lightning protection system should not be bonded.
Lightning system should cover an area with minimum radius 60m. Contractor should submit
detailed study and specs for earthing system before installation.

X. Generators specs and requirements

Standard Generating set features as stated below and in B.0.Q. and in Prices analysis:
e High efficiency water cooled diesel engine.
e Fitted with oil, fuel and standard air filters.
e High efficiency radiator with pressure cap and drain point.
e Fully guarded engine-driven fan.
e Auto start AMF controller.
e 3P circuit breakers.
e Brushless alternator, class H insulation, close coupled engine/alternator for perfect
alignment.
e Welded steel base frame with anti-vibration mountings.
e Set mounted battery.
e 12V or 24V DC electric starter & charging alternator.

Xl. Fire extinguisher specs and requirements

Use dry chemicals fire extinguishers 12Kg, 6Kg and 4 Kg.

Dry Powder Fire Extinguisher Polyester external coating and oven-baked adds extra protection
to withstand extreme temp. Simple seize and squeeze method of operation combine with
controlled discharge for max firefighting performance with a safety pin. 23mm Diaphragm
pressure gauge provides a very accurate indication of extinguisher’s pressure status and a
suction tube are PVC made. Long-drawn high grade rolled steel body shelf for optimum body
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strength with Argon welding process. Working Pressure 14 Bar for maximum firefighting
performance give the greater application.

Comes complete with wall mounting brackets
Very easy to use with squeeze grip operation
Effective on class A, B & C fires

Approved to BS EN3 standards

Easy to read pressure gauge

Corrosion resistant finish

5 years warranty

CE approved.

Smart smoke detector: Secure and speedy communication through the on-board processor

enables the detector to make its own decision, resulting in greater automation. In the event of
fire, the integral microprocessor analyses the signal according to factors such as signal strength
and rate of increase, then confirms these patterns with the pre-programmed fire scenarios and
smoke patterns, for a faster and safer response.

Feature and Benefits:

EN54-7 Compliance

Using microprocessor technology with memory capacity up to 10 events
Analogue sending and digital addressing

Provide real time algorithm to the control panel

Smart linear drift compensation

Onsite adjustable parameter

360-degree visual indicator

Removable chamber against dust and small insect.

Technical Specification:

Compliance EN54-7:2000

Input Voltage 24VDC [16V to 28V]

Current Consumption Standby 0.6mA, Alarm: 4mA
Sensitivity As per stipulated standard

Indicator Single LED / 360 degree Visual

Operating Temperature -10°C to +50°C

Humidity O to 95% Relative Humidity, non-condensing

Standalone hydrogen fluoride sensor with alarm:

12-24 V DC powered
Pre-calibrated sensors
5 years+ lifetime
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e Relay outputs

e Flammable sensor has a latching alarm and supplied with remote reset button
e CO sensors can be latching or non-latching

e Pre-calibrated replaceable sensor fronts for cost effective sensor replacement
e CO and Flammable sensor options

e |P54 housing

e Standalone or integration into third party controllers.

e Temperature: 0 to 55 degrees C

e Humidity: 0-95% RH non-condensing

e |IP55

e Mounting Options: Wall Mount

Xll. Automatic system to clean panels

Solar panels require regular cleaning to keep them in optimal energy generation conditions,
which requires a solar cleaning robot that provides high performance, as they become dirty
over time due to atmospheric agents (accumulation of dust, haze, rain, bird droppings, etc.).
The contractor shall use robots that clean solar panels without water.

The robot doesn’t require any external power supply, as it is powered by an onboard
monocrystalline solar panel and lithium battery with a control box. The lithium
battery-powered robot should be capable of working on slopes up to 25 degrees, with a
variable speed of up to 30 meters per minute.

Robot for system 1: The robot easily travels without any rails and cleans itself while docking. A
silicon coating on the wheels provides a cushion between it and the PV modules, preventing
physical damage to the solar panels.

Robot for system 2&3: An automatic programmable robot with double brush system, rails for
motor guiding, 0.5 Hp.
Mains Specifications:

e Automatic traction.

e Powered by alternating or direct current.

e Adaptable 25 cm to different panels sizes.

e Double brush.

e Possibility of programming cycles.

e Possibility of battery power supply.

e 2 meters length is portable. Lengths longer than 2 meters require an auxiliary crane for
handling.

e Certified and approved.
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Xlll. Safety requirements

= The solar PV systems with battery storage shall be designed considering the safety

during the construction and operation especially:

e Safety of workers

e Safety of users

e Safety for the equipment of the plant

e Safety for existing infrastructures and systems
= Any intervention on the inverters must be possible in full electrical safety.
= The contractor is responsible for the supply, installation, and tesing of the following

components in the inverters/battery bank room:

e One (1) portable powder fire extinguisher.

e One (1) standalone smoke detector with alarm.

e One (1) standalone Hydrogen Fluoride sensor with alarm.

XIV. Insurance

The contractor shall obtain and maintain insurance for the works and the qualification
certificates for the various engineering procurement and construction works related to the
solar PV systems. The contractor’s liability insurance must feature the contract amount as a
minimum cover amount per event of damage.

The proof of insurance (acknowledgement of the insurer with details about the amount,
maturity, conditions and exclusions) must be submitted before the commencement of the
provision of services, latest within 2 weeks before starting the work on site, and until testing
and commissioning.

XV. Operation & Maintenance of solar PV system

The contractor will design, supply, build, and commission the PV system, and in general be
responsible for all aspects related to the good operation of the system. The contractor shall be
responsible for all aspects of the solar PV system including but not limited to, resource
assessment, development, design, building, commissioning, and operation and maintenance
over a period of 1 year, starting from the issuing date of the Acceptance Letter.

The contractor is responsible for providing the necessary studies and works to deliver the
optimal design and construction of the systems, including: site preparation, study of the roof
structures, design and study of support structures, study of the re-routing of
electro-mechanical equipment, civil works, supply and installation of equipment, wiring,
testing, commissioning, documentation, training, and one (1) year operation and maintenance
(O&M).
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The contractor shall furnish all necessary staff, supplies, materials, and equipment needed for
the O&M activities.
The O&M activities will include:
- Daily remote monitoring of systems performance, alarms and diagnostics.
- Preventive maintenance.
- Corrective maintenance to take the necessary remedial measures or exchange the failed
components.
- Component replacement.
- Updates of documentation where applicable.
- Reporting to the beneficiary when requested.
The preventive maintenance shall be conducted twice per year, to inspect and maintain the PV
array and mounting structures, the inverters/chargers, the batteries, the remote monitoring,
sensors, the wiring systems and enclosures, the connectors, the protection devices, the metallic
parts, the earthing and lightning systems, in addition to the labels and signage.
- During the preventive maintenance, the contractor shall check any visual defects,
discoloration, corrosion, deterioration, or mechanical damage of the components and take the
suitable remedial measures in coordination with the beneficiary.
- The contractor shall make sure that there are no loose or missing panels clamps.

- The contractor shall make sure that the enclosures show no signs of internal heating and
that the fuses, holders and protection devices are still intact.

- The contractor shall verify the open circuit voltage and short circuit current to make
sure that the system is still functioning correctly.

- The contractor shall make sure that the labels and signage are still visible, legible, and
adequately labelled.

Any proposed remedial solution has to be approved by the beneficiary, prior to taking any
action on site.

XVI. Testing & commissioning

e The contractor is responsible for obtaining the necessary tools and conducting the
testing and commissioning of the solar PV systems with battery storage, including but
not limited to the below tests.

e If the results of the tests are not compliant with the requirements of the RFP, the
contractor is responsible for taking the necessary remedial measures in coordination
with the beneficiary.

Final Checkouts and Visual Inspection:

v" The site is clean and orderly.
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AN NI NERN

ANERN

v

The installation matches the design documentation.

The modules and cable routing are done properly.

The equipment is securely mounted.

The installations are matched to the manufacturer’'s specifications and
recommendations.

Warning signs and labels are posted appropriately.

Safety equipment is installed properly.

The installations are compliant with standards and best practices.

Mechanical Systems and Civil Works:

v

v

Make sure that there is no rust or cracks formed in the mounting structure or
foundation.

Make sure that all clamps, nuts, and bolts are secured and tightened as per the
manufacturer’s recommendations, using a torque meter.

Electrical Systems:

v

AN NI N N N SN

v

DC voltage test and comparison with expected voltage.

Polarity test.

AC voltage test at inverter output and compare to inverter datasheet.
Open circuit test.

Short circuit test.

Insulation resistance test.

Ground resistance test.

Voltage drops tests.

Battery bank tests.

A training of operators shall be conducted by the contractor at the end of the project,
introducing the systems and explaining the different parts of the O&M manual in a power point
presentation.
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Remarks concerning Batteries for existing server and Solar panels steel structures sketches:

PC&E
Nominal Voltage oV

Number of cell s e w ko

6

= e 9 of capacity declined pe }
Design Lite 10 years (at 25°C) self-Discharg {average) e e
Nominal Capacity 77°F (25°C) L
r g
20 hour rate 0.45A, 10.5V) AR [
har 1 )*(
10 hour rate (0.84A, 10.5V) 84Ah
3. torage 0
5 hour rate (1.53A, 10.5V) 7 65Ah M har
1 hour rate (5.85A, 9.6V) 5.85Ah nt
Internal Resistance f ( :
| ( A~
Fully Charged battery 200
Dol &g Q0 -

Ballasted-mount type low profile for flat roofs
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XVII. Annex (For construction room)
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