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'PART | - TECHNICAL SPECGIFICATIONS
EW — ELECTRICAL WORKS

EW-1.0 SOLAR P-V-SYSTEM

EW-11  Technical Speclficatlons of the PV Components. -~ - ... . .l

This section prov:des the definition, functional/performance requirements,
technical specifications and standards for the Solar PV modules, Mounting
structures, Inverters, AC and DC switches and protections, etc.

EW-1.2 Solar PV Modules .

i B
.-‘

a) ... The rated: capacity of thé’ solar PV i
. .’nameplate. rating tested under Standar___.... tsz.Condltlons (STC) For -
bifacial type PV module, ilisted maximum power output at 0% bifacial -
gain-on the nameplate shall be- cansndered as the rated capacity of the
module. The capacity of the Solar PV Plant shall be based on the total !

AC power output of the String Inverters.

b) The modules to be supplied shall have the same manufacturer, model,_
-capacity and specifications for all installations required .in. this -

document, mcludmg reqmred number of Spares if any, to. avo:d., i
mismatch losses. | : '

'¢). The salar PV modules shall be crystalline silicon type and shall have a
‘minimum efficiency of 21% at 0% bifacial gain for bifacial type PV
module.

d) The solar PV modules shall be designed, manufactured and tested in

accordance with, but not limited to, the latest issue of the following
cod ;and standards:

61215 . Crystalline silicon. (c-si)" ferrestrial PV

modules ~ Design -qualification ‘and - = -
typs approval

IEC 61730-1 PV module safety qualification -
Requirements for construction

HEC 61730-2 PV .module safety quahfcat:on -

IR Reqmrements fortestmg

IEG : 81701 Salt - imist corrosion testing of

photovoltaic (PV) modules |

A copy of the type qualification/test certificates of the PV module issued
by authorized international organization in accordance with the
abovementioned standards shall be submitted during post-qualification. -
Use of other standards shall be sub]ect to the approvat of the National:
. Power Corporation. = >

NATIONAL POWER CORPORATION - : o - . :'E'V"EWﬂ-U‘."'::
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e)

The proposed Solar PV Module shall be sourced from a manufacturer
included in the Tier 1 category listed by Bloomberg New Energy Finance
as of bidding date. A copy of the Bloomberg list shall be submitted
during post qualification.

f) The Solar PV modules shall be mounted on structures that are specified
in this document and shall comply with NPC requirements.

g) In accordance with EN 50380 - Datasheet and nameplate information
for photovoltaic modules, each module shall carry the following
minimum information:

1. Name and logo of original manufacturer or supplier
2. Maximum system voltage

3. Rated nominal power (Pmax) at STC

4, Short circuit current {lsc) at STC

5. Open circuit voltage (Voc) at STC

6. Voltage at maximum power point (Vmax) at STC
7. Current at maximum power point (Imax) at STC

h) Protective devices against surges at the PV module shall be provided.
By-pass diodes shall be provided in the PV modules.

i) Module Junction box shall be designed for long life outdoor operation
and compliant to IP65 protection or approved equivalent.

) The manufacturer of the Solar PV module shall be ISO 9001 and ISO
14001 certified. A copy of the valid ISO certification shall be submitted
during post-qualification.

K} The SPV modules shall have one make / model. Its outputs shall be
within the tolerance of +/- 3% in each string to avoid array mismatch
losses.

EW-1.3 String Inverters

a) The string inverters to be furnished shall be an on-grid type (grid
following) solar inverter.

b) Each string inverter shall have at least one (1) Maximum Power Point
Tracker (MPPT). The MPPTs shall automatically operate the Solar PV
plant. It shall be microprocessor/microcontroller-pased to minimize
power losses and maximize energy utilization.

¢) All inverters shall have the same manufacturer and model.

d) The inverter shall match the solar PV plant capacity while achieving
optimum system efficiency. The total harmonic distortion shall not be
mare than 5%.

e) The efficiency of the inverter shall not be less than 95% at rated
capacity.

f) The inverter shall be equipped with a Modbus Interface.

NATIONAL POWER CORPORATION VI-EW-1.0-2
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---_,,g-)'

)

k)

per. penod (conf gurable) The mvener shall have a mlnimum*d

Inverter’ shall be transformerless and IP65 degree of protectr'

shall: comply with IEC 60529/UL50E. Climatic category shall comply
with IEC60721-3-4 or IEC 60068.

The furnished inverters.-shall have built-in:-or installed: controller or . .

control functionalities that has provisions' _ _g'r'at:ons \mth hlgher i

levels-of control/management systems.

The string inverters shall be. of the grid-interactive type. It-shall: have :
protection against. overveltage and unintentional: islanding that detects
uslandlng conditions and: automatlcally chsconnects the:system frorn the

when the power has been restored.

- _The string inverters shall conform with, but not l|m|ted to, the Iatast |ssue

of the following codes and standards

IEC 62109-1 Safety of power conve'rters for use in

- 'Requnrements

EC . 621003

._Safety of power converters for use in
photovoltaic power systems —~ Particular
Reqwrements for mverters

{EC 62116 ~|ntercennected photovoltalc inverter.

-~ Test procedure of islanding prevention
measures

A copy of the certification. and approvals. in:-accordance with ‘the .
abovementioned: standards :sh all:be submitted during pest~quahﬁcatlon
Use of other standards shall be subject to the approval of the National
Power Corporation. '

protectian if necessary, to 'eneufe its maximum semce life.

The inverter shall be able to provide logged data on power generated

The inverter load ratio shall be within 1.0— 1.1 otherwise within the limits
recommended by the manufacturer of the string.inverter to avmd under
and ove" mzng of the inverter. ;':;j'*-ié ER

!nverte‘re shall have autput curtailment mnet'ioﬁalities In the event that
the Solar PV system production is at optimum, the energy storage
batteries are ful!y:.charged and.the load demand is low, th it

NATIONAL POWER CORPORATION VI-EWA.03
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EW- 1.4 DC Boxes
a) - The DC Boxes shall be dustproof vermin and. waterproof and siurdy

EW-1.5

b)

ndéshall have at Ieast P65 Pmtectlon

The DC Boxes shall have suitable cable entry points fitted with cabie
glands of appropnate sizes for both {ncomlng and. outgomg cables :

' :cable ferrules shall be fitted at the cabie termmatton pomts

c)

d)-

)

SR S

The DC Boxes shall have suitable arrangement for the following:
incoming DC cables from the. solar array .

":'At least _type it bC surge pr_ot_ectlon device. (SPE_}) i
Outgoing DC cables to the string inverter
Provision for earthing

The DC Boxes shall be permanently marked and Ia_b:jelfedj.?f@lt shall have

- swinging doors or covers and shall be accessed by a:lock or other' ..

approved means.

if the string inverters have a built-in. DC protection/disconnect switch

-and DC SPDs (at least type 1) per string; the. Suppher shiall still furnish

- separate DC box, OC SPDs and disconnects.

The DC circuit breakers shall be Compact with Thermal Magnetic Trip
Unit Type, Miniature. Circuit. Breaker (MCB). Rating -of the circuit
breakers shall be appropnate for: the proposed deSl :;the suppller

cables. Proper markings shall be provided on th
~identification and cable feiules shall: be fitted: atth

ﬂ@@ﬁwwe'

.sturdy and shail be at [east P65 rat'ed'"

The AC combiner box shall have suitable cable entry points fitted with
cable glands of appropriate sizes for both incoming and outgoing
5 bar for easy
e termination

points. The bus bars shall. be made of copper of appropnate capacity-
with adequate safety factor

lncommg cabies from each stnng inverter

AC circuit breakers of each string inverter

Main AC circuit breaker
.. Atleasttype H AC surge protec’tton dewces {SPD)
- D[gltal Metermg System

NATIC
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- d) The AC comblner box shall be permenently marked and labeled; It shell

have swinging doors or covers and shall be accessed by alock or other

approved means.

e) - The AC combmer box shall be provided with dlgital metenng Sys

electrical parameters through respectwe controt sthches It shall'be
able to interface with the hybrid controller, Digital meter to be used shalil
meet the minimum specifications requirement stated in EW-1 6 SPP

. -Digital Energy Meter.

| 'f)':* “The supplzer shall provide adequate surge: protection dewce'“

string inverters have a built-in AC SPDs (at least type |I), the Suppher
may opt to supply a separate AC SPDs per inverter in the AC combmer

box.

-g): The AC circuit: breakers shall be Compact wlth T_herrnal Magnetxc Trip
"~ Unit Type, Molded Case Circuit Breaker (MCCB).’Ratmg of the cireuit
breakers shall be appropriate for the proposed design of the suppller

The rating of the breaker shall be veriﬂed by NPC for approval

- EW-1.6 SPP Digital Energy Meter

This specification covers the technical and associated requirements for the
SPP digitai energy meter including lnstrument transformer and accessones

:reqmred for the electric generatlng plants: .

E_W:?‘E;E-.Z'!' - Technical Characterlstncs and Requirements

The SPP digital energy meter shall be furnished and installed by the Supplier

as shown on the bid drawmgs com plete

lth stainless steel houslng. test btock

purposes. It shall be capable of measuring the power generated and received
by the Solar PV Plant. It shall be desugned to operate eontlnuously for the

Number of Wres T

Moltage, V. 120480
U Acouracy class _O5orbetter
| Current Range Class 10
Frequency, Hz 60
Register Type LCD
| Soft Switches Available = 7
| LCD Display Programmabie
" | The Kilowatt-hour meter
9 to be provided is certified Yes
and approved by ERC
10...| Communication Port for
- | Kilowatt-hour meater
11 | Meter Test Block

NATIONAL POWER CORPORATION
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SECTION Vi - TECHNICAL SPECIFICATION

| No. of Poles - '
Rated Voltage, V.71 = 0 ) SOOV
Equipment Standard """ ““ANSE C12.9
. Test Block Cover. Reguired
12 Metering Current
. :Transformer
na, Application -
(indoor/Outdéor) Qutdoor
Insulation type Full cast epoxy resin
¢. Primary rated 80 .
current, A -
..-d. Secondaryrated | - o
""""" = ourrent for ali B
;7 windings, A’ R
e. No. of cores One {1} core Secondary CT
f. CT ratio ' 80 & A
g.  Burden, VA 2.5
o h, BIL KV A0

In extreme cases, the 'SUpptier shall furnish, if necessary; outdoortype potential
transfonner with the same BtL ratmg The transformer shall have appropnate

The SPP d:grtal energy meter shall have but not limited to the following
features:

A
2 -
3
4.
5.

B
7.
8.
9.

T_amp_er Proof -
Wrong Wiring Alarm:
Current Flow display

- '95% non-condensing.

TOU Programmable Ready

Can withstand the temperature of -20°C to +70°C and Humrdrty of up to

fith built-in’ battery for LCD display and back—up battery

Measure display (Energy, RMS voltage & current per phase, Reactwe

& Apparent Power Power factor, Frequency, Calendar Time and etc)

avaliable in the energy meter excluswety mtended for electronlc readmg.-:.h'e'nce '
readlng the data determmed from the computer remotely from the méter

'5:§'ftampers transactuans efe.

NATIONAL POWER CORPORATION
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EW-1.7 DC and AC Switches
a) 0 nc SEde -

' 1 Each strmg of the Solar F’V shall be prowded W|th a mmu1t
breaker for isolation and maintenance purposes. Circuit
breakers shall be listed for usé in DC circuit and shall have the -

g appropnate voltage, current.and interrupting capacity: ratlngs o

| 2 DC Circuit breakers shall be sized to carry not less than 125 -
percent of the maximum calculated current of the string/array.

b) Ac Slde

& Matn Circuit Breaker of approprlate rating shall be provided for
connection and disconnection of Solar PV plant and the grid.

'Each inverter shall be provided with circuit breakers. The. rating. .

- oFthe circuit breakers shall be based on the output rating of the
erten T

EW-1.8 Power Cables and Accessories
a) .
. Modules/panels within the PV array
' PV array and Inverter .
»  |nverter and AC combiner: box

b) 'DC Power cables shall be suitable for outdoor ihst_allation, stranded .
tinned annealed copper conductor, UV & moisture resistant, flame
retardant, halogen free crosslinked type insulation.

¢) AC Power cables shall be suitable for outdoor. mstallatlnn wlth adequate :
- abrasion, UV and water resistance. It shall have polyvinyl. chloride -
insulation and covered with a tough protective sheath of nyion
complying with UL standard or any equivalent. It shall be THHN/THWN-
2 type with snzes intended for its use.
d) ~ “Size of all cables shall be selected to keep the voltage drop and josses
to the acceptable minimum level. The permissible voltage drop on the
DC side shall be £ 1% at fuil power
- e) The ampacity of the conductors: shaii ba equal to- or greater than the-
rating of the overcurrent protection: dev:ca

f) DC Cables shall be terminated with tinned copper end-ferruies to
_prevent fraymg and breaking of md:wdual wlre strands. A markmg near -
thiate .

?for'future malntenance It shall be designed for heavy duty oparation,;f |
1.6kV grade, insulated and stranded copper conductor, MC4
connectors shall conform with EN 50521 and Philippine Electrical Code

NATEONAL POWER GGRPORATION _ _ o : T .. VI-EW-1,0-7




BID DOCUMENTS -

DESIGN. SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-.
D]ESEL HYBRID SYSTEM {WITH ESS)

SECTION V|- TECHNICAL SPEC]FICATION LuzP23215295e.':: .

g)

h)

AC conductor shall be e;ther of Class 1 or Class 2 of plain or- metal-
coated annealed copper of plain aluminum alloy, or of class 5 plain or
metal-coated copper in accordance with IEC 60228. AC conductors

shall be constructed and tested in accordance W|th IEC 60227 Part | & .
R

All cables installation shall be provided with protective raceway. Proper -
cable management sha!! be observed to ensurg maximum service l:fe ;
of the cables. : o

EW-1.9 Grounding and Surge Protection

3.

b)

d)

e)

The Solar PV power system & structures shall be grounded properly:
using -adequate number of earthing kits (e.g., jumper wires, grounding’
plate and etc.). All metal casing or shielding, PV module frame and
mounting structure of the Solar PV power system shall be grounded ta-
ensure safety. Grounding materials/equipment and design shall comply
in accordance with governing standards and regulations. in grounding
system (PEC, NEMA, IEC and IEEE standards). :

All grounding and lightning conductors shall observe safe distance to
prevent any damage to the equipment and property.

The Soiar PV power system shall be provided with lightning & surge
protection. The purpose of this protection is to reduce the over voitage
to a tolerable value before it reaches the PV or other sub-system
components. Lightning and surge materiais/equipment shall comply in

- accordance with governing standards ‘and’ regulatmns. (PEC, NEMA,

IEC and'|EEE standards).

The spemﬁcaﬂon of lightnmg and surge protectlon shall provlde
proposed inverter and PV pa nels. The surge protactlon'&‘ewce must be
compact and shall comply in accordance with the UL 1449 3rd edition
testing, ANSI/IEEE C82 and ANSIIEEE Sid. 1100-1998.

Surge protection device shall be marked with a short circuit. current
rating and shall nat be instalied at a point on the system where the
available fault current is. in excess of that rating.

The Solar PV power plant shall be prowded with an automatic ground-
fault protection device or:system, The.ground — fault: protection shall
be capable of detecting a ground fauit, prowdmg an indication of the
fault, interrupting the flow of fault current and automatically disconnects
the conductors and/or shuts off the inverter for that portlon faulied array..

EW-1.10 Solar PV Plant (SPP) Transformer

EW-1.101 General

This ‘specification’ covers the technical and associated: requi

sments for the:

.SPP transformer and accessories for use in electric genera __ggplants The
rating of this transformer is specified in the Technical Data Sheets and in GW

“MATIONAL POWER GORPORATION ST _ " VREW-1.0:8
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SECTION Vi TEGHNICAL SPECIFICATION

 EW-1.10.2

6.0 Supplier's Scope of Works The supphed transformer shali be in
accordance with the latest revision of IEEE Std. C57. 12 0. :

Technical Requ:romenm :

The supplied SPP transformer for Calutcot Solar PV Plant shali. meet the
_ following minimum requurements

Type'of Coolmg —

.Mineral Qil with its
- .-....eiec_tr_:cal and chemical
2 | Insulation compliant with IEC and is
Polychiorinated Biphenyls
L .__.{PCB)free
3 | Type Two-winding Transformer
. Refer to Table specified
4 | Audible Sound._Level | under EW-1.10.3.8
5 | Vector Group it 0 - YNd11
8 Temperature
a. Ambient Temperature 40°C
b. ' Temperature Rise 65 °C
7 W_:_nding Connectioty. o
Woa o
¢ H-Winding y%mlthngzgtral
e X-Wndlng Defta ... ...
8 :i!nsulatton Level: :
a. Nominal Vo!tage Level, kv-
= H-winding 13.8
: e X-winding 0.48
b HighestVoltageLeveLkV . |
»  H-winding ' 15
«  X-winding 1.2 -
c Basm insulation level, kV R |
T "Wlndlng_ 95 - __-::EE_
= X-winding 30
9 | Winding Material 100% Copper
.10 | Bushing Material . o . Porcelain
11 | % impedance at’ Rated kVA - Manufacturer’s Data
12 | Efficiency
a. At 100% load By Suppher
b At75%load _ L
13 | Tap:Changer. .
14 | Taps
a. H-Winding 138kV+2x25%
bk XWinding. o L o oNIAL

NATIONAL POWER CORPORATION
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i : "'3”*'1‘;’};_51;:;5TransfonnerLosses N
“ | a. No-Load Logs, W By Supplier..
b. Load Loss, W By Supplier

EW-1.10.3

EW:1.10.3.1

EW-1.10.3.2

16 | Tolerances

a. No-Load & Load Loss manufacturer’s specified
value
Not more than 8% of the
0 | by TotaliLoss manufacturer's specified -
X Rt valie -
+ 10% of the.
¢. Impedance manufacturer’s speC|f ted

17 | Ground Terminal Connection

copper conductor

Weight of oil, kg By Supplier
Total Weight, kg (with transformeroil) | By Supp,l,ler
Test and Experience Requirements | ©

Tost Requvements’ T————
a. Routine Test to be performed Yes
b. Certified Design and Routine Test Yes

‘Reports to be submitted - -

Design Requirements

Ratmg

The transformer ranng specrf' ed in the Technical Data Sheets shall be the basis
of the Suppliers guarantee as to. performance and temperature rise. The
ratings indicated are based on actual load requ:rements at the service and

, _joperatmg condltlons spemﬁed herein.

Voltage

. Thetransformer to be supplied shall be designed to withstand the over voltages

for'the duration of voltage ¢ excurs:ons whlch may be -expected as a result of full

: -:Ioad rejection. of the inverters.”

EW-1.10.3.3

Frequency

. _-;;éFrequency for: oparatlon shall be 80 Hz. s

EW:1.10.3.4

Overload Reqwre_m_ent

The overload rating and operation shall be in accordance with all cyclic loading
duties. as spectﬂed n IEC 60076~}’. ...... .The overload. capablllty of . any: auxlhary'

VIEW-1.010

[ Not more than 10% of the | -
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the. overload capability of the transfom'ler the Supplier : shall specify thase
Ilmitations |n hls proposal _

EW-1.10.3.6 Short Clrcmt Withstand Capability

- The transformer shail withstand the mechanicai-and thermal stresses produced- -
A y external short-circuit currents specified in: IEEE Std 57 12. 00 (Iatest-

.Ew-_1.1o.3;5

Technical Pata Sheets for the SPP transformer for NPC to fully determine the

most cost effective of the proposed transfonner(s) to be supphed conmdenng

xboth cost of logses and first cost. .

“"The transformer shall be designed for the most economlcal ioss ratso (copper
lossfiron loss) for the application as specified in the Technical Data Sheets for
the transformer.

EW-1.10.3.7- Impedance and Reactance . -

The impedance and reactance shall be stated in the Pwposal
EW-1.1 0.3.8_ Audible Sound Level

--Sound le\re £ :_dec:bels (dB} atrated voltage and frequency for liquid: mmarsad
SPP transformer shall be asbelow. The average sound level of the transformer
shall not exceed these values when measured in accordance with the
conditions outlined in the latest ANSVIEEE C57.12, 90 or [EC 600786-10 for oil-

. _E.u_-_n_mersed transformers.
| 'Equlvali'ent wa-winding, kVA Average Sound Level dB

150 | 48

""" 51100~ e 51 e

101-300 55
. 301-500 56 |
1000 58 |
900 | o
p— i &
. 2500 62

EW-1.1 035Tolerances R

The transformer shall be designed and manufactured with tolerances in
.- accardance: w;th appllcable ANSI/IECAEEE standards N _
NATIONALPOWEROORPORATION T f' e ;"w-Ew-1.;o-1-1




DESIGN, SUPP.LY. DELIVERY, INSTALLATION TESTING
AND COMMISSIONING OF CALUTCOT ISLﬂND SOLAR PV-
DIESEL HYBRID: SYSTEM {\MTH ESS).

reqmrements of the iatest ASTM 13348? (Specrf cation of Mineral lnsulatlng ol

. Used in Electrical Apparatus).

EW-1.10.4
EW-1.104,1

Ew-1'.1o.4.-2--“'“

EW-1.10.4.3

the manufacturer of the transformer that the transformer oil daas not contam- '

PCB and the Iaboratory analysus shall be conducted by a DENR-Accredited
Laboratory ' : G :

The Supplier shall state the comrﬁemlal name and specifications of the oil ta

- be furnished. NPC reserves the right in the future to use any oil which meets

-_the:above apecnﬁcatlens and the use of such oil shall not affect the Supplle:‘sf'
: guarantee S _

Design and Construction Features

General L

The transformer design, manufacture and assembly shall minimize vibration
ang shall prevent damage by mherent vibratlon and stress dunng operation,

aging high permeability grain-oriented ‘silicon steel. The steel.shall be in thin
. laminations, annealed after.cutting and rolled to ensure smooth surface at the
edges.

treatment after punching The Iaminatmns shall be accurately ﬂattened
especially at the edges and insulated by suitable procedures with long life heat

: resistant insulating coat.

insulation. The cores shall be held firmly by ¢o -clamp and brace to ensiire-
adequate mechanical strength to support the windmg and to withstand without
damage or deformation, the forces, caused by short circuit: stresses;
transportation ot handling to. prevent shlfttng of the core laminations.

Both. sides: of ‘each. sheet shall be insulated with a durable, heat resistant

The core shall be solidly grounded to the tank and shall be provided with
_approved lifting devices or lifting lugs at suitable. pmnls of the core assembly
:_for care Ilfting . o

"NATIONAL POWER CORPORATION VE-EW-1.0-12°




BID DOCUMENTS : DESIGN, SUPPLY DELNERY 1NSTALLAT[ON TESTING
: AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-
. DIESEL RYBRID SYSTEM {WITH ESS)
SECTION V] TECHNICAL SPECIFICATION LuzF'23Z1629$e:. :

"”reqmredi' The co:ls shall be wound and supported in'a manner’ to provlde '

sufficient oil ducts which will be maintained without constriction.

End coils shall have extra insuiation, Conis shall be made up, shaped.and .
~ braced to provide for expansion.and. ‘contraction dueto! temperature chg_r_;gea-;:

inorder to avoid abrasion of insulation and provide rigidity to- resist movement -
and distortion caused by abnormal operating conditions.

_Ade_q_"

te barriers: shail be provided | b t'u_reen windings and core and between

abnorrnal' line dlsturbances Permanerit current-carrymg jomt for splices shall
be welded or brazed, properly formed and finished, and insulated to conform
to the basic msulatlon

"5.Wlndtng conductof' shall be free from:scars, burrs and’ splinters and: shall be
uniformly insulated.

~ The completed assembly of core and coils shall be vacuum dried, immediately. .
. impregnated and:-immersed in dry oil. They shall be adequately braeed to o
 withstand ocean shlpment short-circuit forces and earthquakes.

EW-1.104.4 Bushing

: 'from cawt:as or other. flaws The glazing shall be unrform in color and fr ﬁ'om
blisters, burrs and other defects. All porcelain parts shall be one piece. The
bushings of the same rating shall be. interchangeable

- ‘Bushing up to 110 kV BIL shall be porcelain bulk type: whereas bushings.above
110 kV BIL shall be condenser-type. In the latter case; the bushing shail be
provided wnth capacitance test tap.

Bushings shall have the.continuous:current-carrying. capacity .necessary to
carry the full 65°C temperature rise. The bushings shall also be capable of
carrying overload currents as required by EW-1.10.3.4.
The terminal pads shail be of high conductivity bronze or copper and shall be
piated with:hot flowed eléctro silver or glectro-tin, Whenever a farger terminal
pad is required for higher current rating, the mounting holes.shall conform fo
NEMA Standards.

The HV and LV terminations of the SPP transformer shall be fitted with suitable
[insulating shroud. The:insulating shrouds shall be manufactured through: dip
moulding process and-shall be made from flexible ‘polyvinyl chloride (PVC)
material, suitable for low voltage to high voltage applications. The insulating
shroud shall be flame retardant, conforming with the UL 94 Standards. They
shall be type tested far electnc. strength m accordance with |IEC 60243-1-or
approved equivalent standards. T

EW-..'I A10.4.5 Gasket

Gaskets shall be unaffected by hot:insulating_oil, retai ir:resilien .
the life"of the associated equipment, and be unaff d by weather whlle'
maintaining oif and gas tightness. Nitrile rubber gaskets are acceptable.

NATIONAL POWER CORPQORATION . ) VI-EW-‘I 0—-1 3




BID DOCUMENTS

DESIGN, SUPPLY, DELIVERY, INSTALLATION. TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-
DIESEL HYBRID SYSTEM (MTHESS)

SECTION VI - TECHNICAL SPEC!FICATION . LuzP232162QSe

EW-1.10.4.6

Gaskets ofi neoprene and/or any and of impregnated/bonded cork or c:crk only
are not acceptable. Gasket flanges shall have grooves or metal stops. to
prevent over compression of gaskets. All bolted transformer tank or accessory .
openings shall be gasketed.

Tank

The transformers shall be housed in a steel tank. w:th all permanent:joints.

L molded, backed up by a sturdy stee! structure as required to.obtain the desired: -
- ‘rigidity and strength. The material shall be of high grade steel plate having'good

welding qualities. All seams, flanges, lifting and jacking lugs, braces and: other
parts attached to the tank shall be welded. No rivets shall be used. The cover
shall be bolted type. The tank. shail be able to withstand an internal pressure
with: oil at: operatlng level. :

All openings such as joint between the case and cover, bushings, insulation
mauntings, etc., shall have welded on flanges to provide gaskets surfaces and

Flanges shall have gaskets Wthh will remain mt—hght and will not deteriorate

EW-1.10.4.7

EW-1.10.4.8

under severe conditions. The tank with radiator fitted shall be tested for leaks
before painting.

Radiators =

Radiators, if to be provided, shall be boited to the main transformer tank and
readily detachable lsolatien valvee shall be fitted to the tank to permit radiator

galvanized externaliy prior to etching and palntmg Part:_cular atlentlon shall be
given to their internal cleaning and painting to ensure that the radlators arrive

plates and neOprene seals for transport “They shall be theroughly dried before
shipment.

Hardware

8 . All energized hardware, i.e., bolts, nuts and washers shali be made of tinned

EW-1,10.5

copper alloy material such as silicon bronze or equivalent. All other hardware
shall be hot-dip galvanized.

Fittings and Accessories

The following transformer accessories shall be included:
a) HV Bushing

b) Oit Level Indicator -

cy - Oil Sampling Plug

d) Qil Drain Valve

€) Oil Temperature Indicator

f) Pressure Relief Valve

)} Lifting Lugs
h). Anchor Bolts

i) Earthing Terminals

) HV/LV insulating Shroud

"NATIONAL POWER CORPORATION ' S ' VI-EW-1.0-14




BlD DOCUMENTS

DESiGN. SUPPLY, DEUVERY, lNSTALlATIdN.: “TESTING

AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-

DIESEL HYBRID SYSTEM {WITH ESS}

SECTIONVI- TEGHNICAL SPECIFICATION i ' Lu;pzazngsg_

EW‘I‘!OG

- EWA.407

R -Eqmpment and Markmg

The: transformer shali be provrded with a stainless steel namep!ate in

rndellb!y marked.

.. Kind of transformer

. ‘Number of this standard
Manufacturer's name
Manufacturer's serial number
Year of manufacture
Number of phases
Rated power (in kVA or MVA)
Rated frequency (in Hz)
Rated voltages (in V or kV} and tapping range
Rated. currents (in A or kA)
Short crrcuzt impedance (in %Z)
Type of cooling {i.e., OA, ONAN, etc.}
Insulation voltage (wrthstand voitages)
Insulating quurd
Tempesrature rise (in °C)
Total mass, kg
Mass of insuiating oil

The miinimeum recommended drelectnc strength of oil f i!tng the transformer shall

also be engraved on this plate. The rating plate and any other instructions or
designations shall be in the English language.

‘Standard and_"Com_mbn Tools

The Manufacturer of transformer shall provide standardicommon tools for use

) m the mstallatron/mamtenance of transformer

 EW4.10.8

EW-1.10.8.1

. EW-1.10.8.2

All tests shall be performed as per latest revision of ANSI C57.12.90 Factory

__Test shall include, but not limited to the foilowmg

Routine Test

1 Ratio, Polarity and Phase Relation Test

2. - No Load Losses and Excitafion Current at rated Voltage and: Frequency
3. Induced Potential Test (Low-frequency Dielectric Test)

4 Mechanical (Leak Test)

Deslgn Test
Wndmg Resistance Measurement Test
impedance Voltage and Load Loss Measurement
Temperature Rise
. Lightning Impulse

Audible Sound Level

oA N

NATIONAL POWER CORPORATION VI-EW-1.0-15 -




BID DOCUMENTS

DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR Py-
DIESEL HYBRID SYSTEM (WITH ESS)

SECTEON V- TECHN!CALSPECIF[CATION . ' LuzF'232162983

- EWA10:8.3

EW-1.10.8.4

EW-1.10.9

SDPI‘IP’.U‘:'%‘.@N.—"

6. Mechanical {Lifting & Moving Devices, Pressure Test)

Miscellaneous Test

1. insulation Power Factor
2. Insulation Resistance
3. Short Circuit Capability

Site Test -

The Supplier shall perform all teété specified by the equipment Manufacturer,
applicable standards and as necessary to verify the proper operation of the
equlpment in the presence of NPC representatwes

Check level and. ahgnment of the installed transformer;
Check tightness of connections and fastenings;
~ Check proper grounding;
- Check:oil level:monitors, namepiate, vent plugs;
- Check wire and cable connections;
Check cable glands and entrance;
Check on the-proper installation of transformer accessories;
Winding resistance;
Insulation Resistance;
Transformer Turns Ratio;
Dielectric Test; and '
Insulation Power Factor or Dissipation | Factor

JEE QT G §
N3O

Failure to Meet Guarantees

transformer will be tested for comphance wlth the Manufacturer S guaranteed
losses. If the transformer losses, as determined by test, at rated voltage,
frequency and 100% rated kVA exceed the guaranteed total josses, the excess

- inlosses shall be evaluated at the followmg rated cost and the resulting amount

shall be deducted from the contract price.

§ = Z[(Nut) (Num- Neg) + (L) (L = Lie))
Where:
§: . = Amount to be deducted from the Contract Price

N - Price in Php/Watt for the no-Joad losses as stated in the
bt Technical Data Sheets

Nw = Measured no-load losses expressed in Watt .
_ Guaranteed no-load losses as stated on the Technical Data
Nic = gheets
L = Price in Php/Watt for the load losses as stated in the Technical
t Data Sheets - _
Li« = Measured load losses expressed in Watt

Lie = Guaranteed load losses as stated on the Techmcal Data Sheets

NATIONAL POWER CORPORATION - : VI-EW-1.0-16




. secmoﬂm TECHNICAL SPECIFICATION

BID DOCUMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
' AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV- .
[DIESEL HYBRID SYSTEM wm €SS,

LuzP2321629Se o

When the excess of the fotal losses reaches five percent (5%) NPC shall have -
the right to reject the transformer fcr which such excess is verified- dunng the '
' -factory acceptance test :

Successful Bidder shalil promptly provlde NPC one (1) orlglnal and three (3)
certn" ed copies of all test data and reports on the transformer

EWA1010 |

. -review and approval prior 1o pmcurement and; mstallatlc'n > the
. equipment and materials:

1. __.;Outhne drawings of transformer and accessories showung the
- rrr‘:fotiowmg ’
a) General Dimensional Drawing
b) Sectional Drawing
. -Nameplate Drawing:
”d)" . Marshallng box with connection diagram

3 Du!y signed Routme Test Results; and

4. Field Test.to:be Performed and Certified Test and Inspection. Reports
o 'duiy signed and witnessad by NPC representative

EW-1.11 Job Site Cameras

"”'Thls specification covers the supply, delivery and: mstatlatson of job site
cameras for the use in monitoring and documenting the construction of Solar
PV Plant and Energy Storage System.

o -+ The materials to be furnished shall be in accordance with, buit na limited to, the
-7 latestissues of the Applicable Codes and Standards, including all addenda, in
effect at time of purchase order unless otherwise stated herein.

EW-1.11.1  Technical Characteristics

At Ieast two {(2) sets of }ob site carneras must be installed before works shall be
done in the project sites. Exact placementﬂacatlon of cameras shall. be

approved byNPC. . T uE

The Supplier shall define the focusing ranges and allowable minimum distance
in acccrdance with the layout at site. ;

in normaicperatlon the job site camera provides monitoring of the construction
sites. For full coverage of the cameras, the job site cameras shali be installed

in an e!evated area w;thln the Stte whlle |s out cf reach of tha constructlon
NATIDNAL POWER CORPORATION T o ey S CVREWAT 0T




BID DOCUMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-

DIESEL HYBRID SYSTEM {Wl'!'H ESS) o
SEC'ﬂON VI TECHNICAL SPECIFICATIDN o et e LuzP232162989:;'5 '

'equupment it shail include supports and mountmg poles (:f requared) for the
ease of the installation.

The. 'jeb' site cameras must have the. functionality and:-adaptability ‘in- the
construction site. It shall have a 100% reliability without affecting the = -
mplementataon

correctly and safeiy n pnncuple. the mstailanon shali follow the iatest modern
engineering practice, ensure optimum functionality of supp!y and ensure the
_ safely of the construction staff. . _

" :Jt;)b site cameras shall be subject to the appre\(ai'-Sf;Nf?;@, a
All job site cameras shall meet the technical requirements in the specifications.
It shali have a dustproof and weather. resnstan! protectlve enclosure com plying
- with the téchnical requiremerits. = :

EW-1.11.2 Technical Requirements

requzrements
Tyvpe S g ‘l“i)meéi.ab;?.e mera
. - As specified in the
Quantity _.fr_ps and SOR __
' ‘Control- Dlsplay })
: , Atleast 1.3
Image Sensor Resolution | Megapixei CMOS
| ViewAngle = | -Atleast110 degrees
Stiil Image Resolution L 1280 %720
15 mindted
Time Lapse Interval User-programmable .
N Standard AA or AAA S__lzeq__
8 |BatteyType . . Alkaline Batteries
. o S ' At least 120 days of
8 | Battery Life image recording
10... | Additional Battenes (Spare) _ToBeProvided . .
11" [:Enclosure - N iF‘X4 campliant ©
12| Storage Memory SDHC -~
13 [ Storage Capacity 32 GB
4 | Additional Storage percamer_a o a i
14 1 Spare) G At__least one (1)_._ |

When the installation of the job site cameras is completed, the operation and
safekeeping shall be fumed over to NPC,

The Supplter shall provtde sufficient number of spare “alkallne batteries to
operate the construction cameras through the entire contract duration. in case
of contract extension, the required additional batteries shall also be provided
_________ - -untit contract complenon at no addltlonal cost to NPC
NATleNAL POWER CORPORATION N T “NREWA 18
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 LuzP2321626Se

EW-112 Measurement of Payment

Measurement of payment for all electrical works shall be based on the bid price
of each item as shown in the Schedule of Requirements — Eilectrical Works,
Section Vi of the Bid Document. The cost of each item shall cover all works _

NATIONAL POWER CORPORATION- - T T T T N EWA 018




BID DOCUMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR
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_SECTION VI — TECHNICAL SPECIFICATIONS LuzP23Z216295¢

SECTION Vi

PART I-TECHNICAL
SPECIFICATIONS

ELECTRICAL WORKS

EW 2.0 - ENERGY STORAGE SYSTEM

NATIONAL POWER CORPORATION
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BID DOCUMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT 1SLAND SOLAR PV-
DIESEL HYBRID SYSTEM (WITH ESS)

SECTION VI — TECHNICAL SPECIFICATIONS LuzP23Z1628Se

PART | - TECHNICAL -SPECIFICATIONS

EW - ELECTRICAL WORKS
EW - 2.0 - ENERGY STORAGE SYSTEM
TABLE OF CONTENTS

CLAUSE NO. TTLE PAGE NO.
EW-2.0 ENERGY STORAGE SYSTEM 1
EW-2.1 Pefinition of Tenms 1
EwW-2.2 Scope of Works 2
EW-23 Site Conditions 3
EW-2.4 Energy Storage System (ESS) 3

EW-241  Battery Management System (BMS) 3

EW-242  Battery Modules/Batteries 4

EW-243  Power Conversion System (PCS)/ Battery inverter 5

EW-244  ESS Control System (ECS)/ESS controller 5

EW-245  ESS Digital Energy Meter. 5

EW-246  ESS Enclosure/Cabinet 7

EW-24.7  ESS Transformer _ 8
EW-2.5 Wamanty .. 17
EW-2.6 Track Record 17

EW-26.1  ESS Manufacturer. 17

EW-262  Battery Manufacturer... 17
EW.2.7 Measurement of Payment 17
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DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING

BID DOCUMENTS AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV~
DIESEL HYBRID SYSTEM (WITH ESS}
SECTION V1~ TECHNICAL SPECIFICATIONS LuzP2321629Se

PART | - TECHNICAL SPECIFICATIONS

EW - ELECTRICAL WORKS

EW-2.0 ENERGY STORAGE SYSTEM

This section provides the definition, scope of works, functional/ performance
requirements, technical specifications, and standards for the Energy Storage
System (ESS).

EW-2.1 Definition of Terms

a)

b)

c)

d)

g)

h)

)

k)

State of Charge (SoC) is the level of charge of a battery system/
maodule measured from 0%. 0% SoC refers to a fully discharged battery
and 100% SoC refers to a fully charged batiery.

Depth of Discharge (DoD) is the level of charge of the battery system/
module measured from 100% SoC. 100% DoD refers to a fully
discharged battery and 0% DoD refers to a fully charged battery.

Maximum Normal State of Charge (MaxNSoC) is the SoC at which
tI'I[le ES;S can be charged at maximum rate (i.e., prior to taperitrickle
charge).

Minimum Normal State of Charge (MinNSoC) is the SoC specified
by the ESS/battery manufacturer at which the ESS can inject power to
the interconnection point at full rated power. At MinSoC, the ESS must
be able to inject full power for at least 5 seconds.

Usable Range of SoC is the range between MaxNSoC and MinNSoC.

tsisgbia Energy is the kWh capacity available of the Usable Range of
oC.

Stafe of Health (SoH} is an indicator of the remaining capacity of the
battery system/module to deliver the required Usable Energy. It shal
reflect the remaining life, in equivalent full cycles of the battery, and
indicate if the battery system/ module need replacement.

Beginning of Life (BoL) is the instance that ESS begins operation
during conduct of Commissioning Tests.

End of Life (EoL) is defined as the instance where the Usable Energy
falls below the required value as determined by the SoH indicator
and/or a performance test,

Cycle Lifetime is the number of full charge and discharge cycles
between the EoL and Bol. at nominal C rating @25°C.

Power Conversion System (PCS) refers to the subsystem of the ESS
that contains inverter(s), power electronics, circuit breakers,
transformers, switchgears and safety systems required for the ESS to
inject and absorb electricity between the interconnection point {e.g.,
busbar) and the battery system.

NATIONAL POWER CORPORATION VI-EW-2.0-1
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EW-2.2

1)

m)

n)

0}

ESS Control System (ECS) / ESS controller refers to the control
system of the ESS.

Battery Management System (BMS) refers to the sub-system of the
ESS that monitors and controls the battery units and ensures proper
charge and discharge of the battery modules.

Battery modules are the smallest modules/ unit of energy storage that
is user replaceable without the use of specialized tools and equipment.
They are made of individual battery cells connected in series/parallel or
combination thereof.

Energy Storage System (ESS) refers to the system responsible for
the storage and discharge of electricity depending on the powar system
requirements. It is composed of the following sub systems:

Battery Management System

Battery Modules / Batteries

Power Conversion Systems / Battery Inverter
ESS Control System / ESS Controller

ESS Transformer

Scope of Works -

The general scope of work is enumerated below. Additional details are
provided in the relevant sections of the tender.

a)

b}

c)

d)

All services, materiais, and equipment necessary for the proper
installation, maintenance, and operation of the ESS. (e.g., ESS
enclosure/cabinet, ESS transformer, communication, control and
power cabling, cable trays, conduits, connection hardware, safety, and
protection equipment, etc.).

The ESS shall be supplied and integrated as a complete operational
equipment/system consisting of its appurtenances, tools, sub-systems,
firmware, and software; including all items not specifically mentioned
but are essential to the proper operation of the ESS as required herein.
The BMS, batteries and its racks shall be supplied together under
one brand/manufacturer.

Back-fo-back guarantee/warranty with equipment manufacturer(s).
Supplier shall provide/extend all warranties provided by the
manufacturer to NPC. In case the supplier is unable to rectify/remedy
defects in the product, they shall shoulder all expenses that the
manufacturer may levy to remedy/rectify the defects.

Complete documentation:

Design and as-built drawings.

Installation, Operation and Maintenance Manuals

Electrical circuit diagrams

Performance Monitoring Test, Factory and Site Acceptance
Test procedures.

. Back-up copies of control programs (firmware and other
configuration software)
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EW-2.3

EW-2.4

EW-2.4.1

. Other relevant documents (if any).

e) Training of plant and technical services personnel regarding ESS as
part of the plant as specified in GW-14.0 Training of NPC Personnel.

Site Conditions

a) Environmental Conditions {refer to Section VI — GW 5.0, Design & Duty
Conditions)

b) The ESS enclosure/cabinet shall have a footprint/area adequate to
house all the major and appurtenant equipment of ESS {(considering
clearance requirements from adjoining equipment and structures).
Refer to Section IX — Bid Drawings, Proposed Equipment Layout for
the allocated space for the ESS.

Energy Storage S'ystem (ESS)

The ESS shall mainly function as grid stabilization equipment by providing
ancillary services. It shall support the operation of the whole power plant by
providing buffer power in the event there is power and/or frequency fluctuations
{e.g., Power output of the solar plant suddenly drops due to shading caused
by cloud formation).

it shall have a power rating of {refer to Section Vi — GW 6.0 Supplier's scope
of works) (continuous) and a usable energy of at least (refer fo Section VI ~
GW 6.0 Supplier’s Scope of Works).

Bi-directional (Import and Export) Digital Energy Meter shail be provided to
account for energy import and export to and from the ESS. It shall be
connected to the 3-phase, 60Hz system between the ESS and the ESS
transformer.

The operating voitage of the ESS and the output voitage of the PCS
respectively shail depend on the equipment manufacturer's specifications.
However, the high voitage side of the ESS transformer shall be 13.8kV (line to
line).

Roundtrip efficiency of the ESS must be at least 80%. Efficiency shall
include/account the energy utilized by the cooling system, lighting, BMS, PCS
and ECS/ESS Controller.

Detailed specifications of its components are provided in the succeeding
sections.

Battery Management System (BMS)

The BMS shall confrol and monitor all battery module parameters. e.g.,
SoC/DoD, string/module voltage, current, temperature, impedance (or
equivalent parameter to indicate the “health” of the battery modules).

SoH data shall be available while the ESS is in operation and shall be
revalidated by a performance test to be conducted at least once a year (or as
the need arises).
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The BMS shall automatically control the charge/discharge of all batteries
including cell balancing, equalization and other maintenance and safety
functions/procedures to ensure proper operation of the battery system. The
same function can be triggered manually if necessary.

a)

b)

The BMS must be capable of keeping the operational history of
individual battery modules. Operation of the battery module shall be
managed individually to account for different module characteristics
Minimum parameters to be logged are as follows:

Module voltage

Module current

Replacement history of battery module

Madule faultsfalarms

Module temperature

State of Charge (SoC) / Depth of Discharge (DoD)
State of Health '

The bidder/manufacturer shall specify the MinNSoC and MaxNSoC as
defined in EW-2,1 of this section.

EW-2.4.2 Battery Modules/Batteries

a)

b}

d)

e)

Usable Energy of the batteries shali be at least (refer to Section VI -
GW-6.0 Supplier's scope of works) within the warranty period. Testing
shall be performed during factory acceptance, commissioning and at
least once a year, or as the need arises (i.e., performance test) to
ascertain the amount of usable energy. Bidder/manufacturer shall
provide all test procedures subject to review and approval of the
National Power Corporation.

Batteries shall have a minimum cycle lifetime of at least 5000 cycles @
nominal C-rate @25°C. The nominal C-rate of the battery to be supplied
shall be 1C or higher. Batteries that have lower nominal C-rate shall be
acceptable if these are configured in paralle! to meet the equivalent
rated power as the batteries with 1C rating. For example, 0.5C rated
batteries with 80kWh energy capacity shali be connected in parallel
with another identical module to meet the equivalent 1C rated batteries
with 60kWh energy capacity. It shall self-discharge for not more
than 10% of its capacity per month. The remaining cycles shall be
translated into the SoH indicator parameter. This model shall be
implemented in the BMS and shall be validated and adjusted (if
necessary) during the conduct of annual performance tests.

Battery cells shall be prismatic format with an acceptable battery
chemistry such as Lithium Manganese Oxida {LiMn204-LMO), Lithium
Nickel Manganaese Cobalt Oxide (LINIMNCoO2-NMC), blended
NMC/LMO and Lithium Ferrous Phosphate (LiFePO4-LFP).

Battery Modules shall be self-contained, modular and replaceable. For
purposes of transportation, installation and maintenance, the Supplier
shall provide specialized lifting equipment whenever the gross weight
of each battery module exceeds to 60kgs.

Each battery module (if possible, each celf} shall be equipped with
overcharge, short circuit, and thermal runaway protection. Each battery
rack shall be protected by fuse and/or by DC circuit breaker against
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electrical fault, this also serves as the main disconnecting means for
repair and maintenance.

Batteries must be compliant to IEC 62619 or UL 1642. Test certificate
of the batteries shall be submitted during post-qualification.

EW-2.4.3 Power Conversion System (PCS) / Battery Inverter
a) The PCS shall have the fallowing functionalities:
. Paraliel operation;
Capable to provide ancillary services;
. Provide Short Circuit Current sufficient to trigger circuit breakers
and other protection devices for duration of not less than 50ms;
. Provision of reactive power; and
. Fault ride through with programmable voltage and duration.

b) The PCS shall have a nominal power rating (net of ESS auxiliary power
requirements} with 110% overload capability of at least ten (10)
minutes.

c) PCS must be able to perform Power Swing necessary to compensate
for sudden loss of generation from either the diesel generators or the
solar PV plant.

d) The PCS shall have the capability to support the changes in power
direction of the battery (from charge to discharge and vice versa) within
200ms.

EW-2.4.4 ESS Control System (ECS) / ESS controller

a) The ECS / ESS controller shall serve as the interface between the
Hybrid controiler and the ESS. It shall ensure that the ESS is able to
respond to the commands of the Hybrid controller in performing all its
functional requirements as specified herein.

b} The ECS / ESS controller shall be equipped with its own contro!
interface that can display the status of the ESS and its components.
The interface must be capable of monitoring operational and
maintenance history of the ESS (of the SoC and “health” of each battery
module}.

EW-2.4.5 ESS Digital Energy Meter

This specificatlon covers the technical and associated requirements for the

ESS digital energy meter including instrument fransformer and accessories

required for the electric generating plants.

EW-2.4.5.1 Technical Characteristics and Requirements

The ESS digital energy meter shall be furnished and installed by the Supplier

as shown on the bid drawings complete with stainless steel housing, test block

and associated metering instrument transformers (current transformers) of
appropriate burden and accuracy and other accessories for outdoor metering
NATIONAL POWER CORPORATION VI-EW-2.0-5
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purposes. It shall be capable of measuring the power generated and received
by the ESS. It shall be designed to operate continuously for the normal life of
the meter. The digital energy meter shat meet the following minimum

requirements: '
HJTEM [q.- -DESCRIPTION - [ ... . ' REQUIREMENTS . .,
1 Number of Wires 3or4d
2 | Voltage, V 120-480
3 Accuracy class 0.5 or better
4 | Current Range Class 10
5 Frequency, Hz 60
6 | Register Type LCD
7 Soft Switches Available
8 | LCD Display Programmable
The Kilowatt-hour
meter to be provided is
9 certified and approved Yes
by ERC
Communication Port for
10 Kilowatt-hour meter To be Provided
11 Meter Test Block
No. of Poles 10 {4 Voltage & 6 Current Terminals)
Rated Voliage, V 600V
Equipment Standard ANSI C12.9
Test Block Cover Required
12 Metering Current
Transformer
a. Application
(Indoor/Outdoor) Outdaor
b. Insulation type Full cast epoxy resin
C. s:;::g f’ted By Supplier
d. Secondary rated
current for all 5
windings, A
e. No. of cores One (1) core Secondary CT
f. CT ratio By Supplier
g. Burden, VA 2.5
h. BlL, kV 10

In extreme cases, the Supplier shali fumnish, if necessary, outdoor type
potential transformer with the same BIL rafing. The transformer shall have an
appropriate voltage ratio which is suitable for ESS digital energy meter and
ESS AC voitage system. All costs associated with the supply and installation
of such transformer shall be to the account of the Supplier.

The ESS digital energy meter shall have but not limited to the following
features: ;

1. Pilferage proof
2. Tamper Proof

NATIONAL POWER CORPORATION VI-EEW-2.0-6
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EW.-2.4.6

Wrong Wiring Alarm

Current Flow display

Can withstand the temperature of -20°C to +70°C and Humidity of up to
95% non-condensing

With back light display

With built-in battery for LCD display and back-up battery

TCU Programmable Ready ]

Measure display (Energy, RMS voltage & current per phase, Reactive
& Apparent Power, Power factor, Frequency, Calendar, Time and etc.)

©oOoND oOpL

The ESS digital energy meter with the required metering instruments shall be
enclosed by a separate enclosure for proper protection and safety against
water droplets, dust, exposure of energized conducting material and the like
without additional cost to NPC.

For ESS digital energy meter, communication ports shall be provided or
available in the energy meter exclusively intended for electronic reading, hence
reading the data determined from the computer remotely from the meter.
Electronically gathering of data can be logged parameters to the computer
such as instantaneous parameters, billing information, load survey, events or
tampers, transactions, etc.

ESS Enclosure/Cabinet

a) The ESS shall be selfcontained in its own free-standing
enclosure/cabinet. It shall be supported with a suitable foundation. The
ESS enclosure/cabinet shall have a footprint/area adequate to house
all the major and appurtenant equipment of ESS (considering clearance
requirements from adjoining equipment and structures).

For enclosure integrated by the ESS manufacture to package the
system into a single compact or multiple containerized housing shall be
permitied provided that itis rated for outdoor operation with a minimum
required IP rating and shall comply all applicable provisions thereon.

b) The ESS shall be equipped with a buiit-in redundant cooling system to
control and maintain the temperature required inside the baftery
compartment. It shall be tropicalized and can operate automatically. It
shall be configurable and programmable to be able to reboot and
operate itself with automatic switchover, whenever there is a fault on
the first cooling equipment, without human intervention (e.g., manual
switching).

c) ESS enclosure/cabinet shall be rated at least IP55 and 2-hour fire
rating. ‘

d} The ESS shall have adequate protection o prevent unauthorized
access to the ESS.

e) ESS shall be equipped with emergency stop buttons outside the
enclosure/cabinet.

f) ESS enclosure/cabinet together with its enclosed non-current carrying
metal shall be connected to ground and protected from any unexpected
electricity leakage.
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EW-2.4.7 ESS Transformer,
EW-2.4.7.1 General
This specification covers the technical and associated requirements for the
ESS transformer and accessories for use in electric generating plants. The
rating of this transformer is specified in the Technical Data Sheets and in GW
—6.0 Supplier's Scope of Works. The supplied transformer shall be in
accordance with the latest revision of IEEE Std. C57.12.00.
EW-24.7.2 Technical Requirements
The supplied ESS transformer for Calutcot Energy Storage System shall mest
the following minimum requirements:
STEM | - . DESCRIPTION - REQUIREMENTS
1 | Type of Cooling ONAN
Mineral Oil with its
electrical and chemical
. characteristics is
2 | Insulation compliant with IEC and Is
Polychlorinated
Biphenyls (PCB) free
3 | Type Two-winding Transformer
. Refer to Table specified
4 | Audible Sound Level " under EW-2. 4?7.3.8
5 | Vector Group YNd11
6 | Temperature
a. Ambient Temperature 40°C
b. Temperature Rise 65 °C
7 | Winding Connection
. Wye with Neutral
* H-Winding yGrounded
e X-Winding Delta
8 | Insulation Level
a. Nominal Voltage Level, kV
* H-winding 13.8
» X-winding By Supplier
b. Highest Voltage Level, kV
» H-winding 15
* X-winding By Supplier
c. Basic insulation level, kV
* H-winding 95
= X-winding By Supplier
9 | Winding Material 100% Copper
10 | Bushing Material Porcelain
11 | % Impedance at Rated kVA Manufacturer’s Data
NATIONAL POWER CORPORATION VI-EW-2,0-8
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12 | Efficlency
a. At100% load By Supplier
b. At75% load By Supplier
13 | Tap Changer No-Load
14 | Taps
a. H-Winding 13.8kV+2x2.5%
b. X-Winding N/A
15 | Transformer Losses
a. No-Load Loss, W By Supplier
b. Load Loss, W By Supplier
16 | Tolerances
Not more than 10% of the
a. No-Load & Load Loss manufacturer's spacified
value
Not more than 6% of the
b. Total Loss manufaciurer's specified
value
+10% of the
c. Impedance manufacturer's specified
value
17 | Ground Terminal Connection Sultable for 100 mm*
. copper conductor
18 | Weight of oil, kg By Supplier
19 | Total Weight, kg {with transformer oil) By Supplier
20 | Test and Experience Requirements
20.1 | Test Requirements!
a. Routine Test to be performed Yes
b. Cerlified Design and Routine Test Yes
Reports tc be submitted

EW-2.4.7.3 Design Requirements
EW-2.4,7.3.1 Rating

The transformer rating specified in the Technical Data Sheets shall be the basis
of the Supplier's guarantee as to performance and temperature rise. The
ratings indicated are based on actual load requirements at the service and
operating conditions specified herein.

EW-2.4.7.3.2 Vaoltage

The transformer to be supplied shall be designed to withstand the over voltages
for the duration of voltage excursions which may be expected as a result of full
load rejection of the inverters.

T Test Report of a licenser instead of the Supplier’s Manutacturer shalf not be accepted.
NATIONAL POWER CORPORATION VI-EW-2.0-9
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EW-2.4.7.3.3 Frequency
Frequency for operation shall be 60 Hz.
EW-2.4.7.3.4 Overload Requirement

EW-2.4.7.35

EW-2.4.7.3.6

EW-2.4.7.3.7

The overload rating and operation shall be in accordance with all cyclic loading
duties as specified in IEC 60076-7, The overload capability of any auxiliary
equipment such as bushings, LTC's, CT's, oil expansion tanks, leads, etc. shall
not be less than the transformer overload rating. If other considerations will
limit the overload capability of the transformer, the Supplier shall specify these
limitations in his proposal.

Short Circuit Withstand Capability

The transformer shall withstand the mechanical and thermal stresses produced
by external short-circuit currents specified in IEEE Std. 57.12.00 (latest
revision).

Transformer Loss Evaluation

Depending on the requirement stated in the Technical Data Sheets, the
Supplier is required to fill-in all the information for the transformer losses in the
Technical Data Sheets for the ESS transformer and station service/dry-type
transformer in order for the NPC to fully determine the most cost effective of
iE_he; proposed transformer(s) to be supplied considering both cost of losses and
irst cost.

The transformer shalf be designed for the most economical loss ratio {coppsr
lossfiron loss) for the application as specified in the Technical Data Sheets for
the transformer.

Impedance and Reactance

The impedance and reactance shall be stated in the Proposal.

EW-2.4.7.3.8 Audible Sound Level

Sound levels decibels (dB) at rated voltage and frequency for liquid immersed
ESS transformer shall be as below. The average sound level of the transformer
shall not exceed these values when measured in accordance with the
conditions outlined in the latest ANSI/IEEE C57.12.90 or IEC 60076-10 for oil-
immersed transformers or ANSI/IEEE C57.12.91 or IEC 60726 for dry-type
transformers.

Equivalent Two-winding, kVA Average Sound Level, dB
1-50 48
51-100 51
101-300 55
NATIONAL POWER CORPORATION ' VI.EW-2.0-10
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301-500 56
750 57
1000 58
1500 60
2000 61
2500 62
EW-2.4.7.3.9 Tolerances

The transformer shall be designed and manufactured with tolerances in
accordance with applicable ANSHIEC/IEEE standards.

EW-2.4.7.3.10 Eloctrical Insulating Oil

EW'z -4-7-4

EW'Z '407 l4o1

EW-2.4.7.4.2

The Supplier shall furnish oil with quality suitable as an insulant and coolant for
transformers. The oil shall be new naphthenic based mineral oil meeting the
requirements of the latest ASTM D3487 (Specification of Mineral Insulating Qil
Used in Electrical Apparatus).

Insulating liquid must not contain more than 2PPM of Polychiorinated Biphenyl
(PCB), classified as “PCB free". The Supplier shall submit a certification from
the manufacturer of the transformer that the transformer oil does not contain
PCB and the laboratory analysis shall be conducted by a DENR-Accredited
l.aboratory.

The Supplier shall state the commercial name and specifications of the oil to
be furnished. NPC reserves the right in the future to use any oil which meets
the above specifications and the use of such oil shall not affect the Supplier's
guarantes.

Design and Construction Features

General

The transformer design, manufacture and assembly shall minimize vibration

and shall prevent damage by inherent vibration and stress during operation, -
transportation and short circuits.

Cores

Cores for the transformers shall be constructed of the highest quality, non-
aging high permeability grain oriented silicon steel. The steel shall be in thin
laminations, annealed after cutting and rolled to ensure smooth surface at the
edges.

The laminations must be free from impurities and must receive stress rellef
treatment after punching. The laminations shall be accurately flattened,
especially at the edges and insulated by suitable procedures with fong life heat
resistant insulating coat.
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EW-24.7.4.3

EW-24.74.4

Both sides of each sheet shall be insulated with- a durabls, heat resistant
insulation. The cores shall be held firmly by core clamp and brace to ensure
adequate mechanical strength to support the winding and to withstand without
damage or deformation, the forces, caused by short circuit stresses,
transportation or handling to prevent shifting of the core laminations.

The core shall be solidly grounded to the tank and shail be provided with
approved lifting devices or lifting lugs at suitable points of the core assembly
for core lifting.

Windings

Windings for transformer shall be of the best modem design of conductor
having constant cross-section and uniform insulation or graded insulation as
required. The coils shall be wound and supported in @ manner to provide
sufficient oil ducts which will be maintained without constriction.

End colls shall have extra insulation. Cails shall be made up, shaped and
braced to provide for expansion and contraction due to temperature changes
in order to avoid abrasion of insulation and provide rigidity to resist movement
and distortion caused by abnormal operating conditions.

Adequate barriers shall be provided between windings and core and between
high and low voltage windings. End coils shall have extra protection against
abnormal line disturbances. Permanent current-carrying joint for splices shall
be welded or brazed, properly formed and finished, and insulated to conform
to the basic insulation. '

Winding conductor shall be free from scars, burrs and splinters and shall be
uniformly insulated,

The completed assembly of core and coils shall be vacuum dried, immediately
impregnated and immersed in dry oil. They shall be adequately braced to
withstand ocean shipment, short-circuit forces and earthquakes.

Bushing

All porcelains used in bushing shall be wet process, homogenous, and free
from cavities or other flaws. The glazing shall be uniform in color and free from
blisters, burrs and other defects. All porcelain parts shall be one piece. The
bushings of the same rating shall be interchangeable.

Bushing up to 110 kV BIL shall be porcelain bulk type whereas bushings above
110 kV BIL shall be condenser-type. In the latter cass, the bushing shall be
provided with capacitance test tap.

Bushings shall have the continuous current-carrying capacity necessary to
carry the full 65°C temperature rise. The bushings shali also be capable of
carrying overload currents as required by EW-2.4.7.3.4

The terminal pads shall be of high conductivity bronze or copper and shall be
plated with hot flowed electro silver or electro-tin. Whenever a larger terminal
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EW-24.7.4.5

EW-2.4.7.4.6

EW-2.4.7.4.7

pad is required for higher current rating, the mounting holes shall conform to
NEMA Standards.

The HV and LV terminations of the ESS transformer shall be fitted with suitable
insulating shroud. The insulating shrouds shall be manufactured through dip
moulding process and shall be made from flexible polyvinyl chloride {(PVC)
malerial, suitable for low voltage to high voltage applications. The insulating
shroud shall be flame retardant, conforming with the UL 94 Standards. They
shall be type tested for electric strength in accordance with IEC 60243-1 or
approved equivalent standards.

Gasket

Gaskets shall be unaffected by hot insulating oil, retain their resiliency during
the life of the associated equipment, and be unaffected by weather while
maintaining oil and gas tightness. Nitrile rubber gaskets are acceptable.
Gaskets of neoprene and/or any kind of impregnated/bonded cork or cork only
are not acceptable. Gasket flanges shall have grooves or metal stops to
prevent aver compression of gaskets. All boited transformer tank or accessory
openings shall be gasketed.

Tank

The transformers shall be housed in a stee) tank with all permanent joints
molded, backed up by a sturdy steel structure as required to obtain the desired
rigidity and strength. The material shall be of high grade steel plate having
good welding qualities. All seams, flanges, lifting and jacking lugs, braces and
other parts attached to the tank shall be welded. No rivets shall be used. The
cover shall be bolted type. The tank shall be able to withstand an internal
pressure with oil at operating level.

All openings such as joint between the case and cover, bushings insulation
mountings, etc., shall have welded on flanges to provide gaskets surfaces and
allow for bolt holes. No bolts shall pass to the inside of the case and cover.
Flanges shall have gaskets which will remain oil-tight and will not deteriorate
under severe conditions. The tank with radiator fitted shall be tested for leaks
before painting.

Radiators

Radiators, if to be provided, shall be bolted to the main transformer tank and
readily detachable. Isolation valves shall be fitted {o the tank to permit radiator
removal without draining the main tank. Separate filing plugs, air bleed plugs
and drain plugs shall be fitted to each radiator section. Radiators shall be
galvanized externally prior to etching and painting. Particular attention shall be
given to their internal cleaning and painting to ensure that the radiators arrive
in a serviceable condition. All radiators shall be completely sealed with
blanking plates and neoprene seals for transport. They shall be thoroughly
dried before shipment.

NATIONAL POWER CORPORATION VI-EW-2,0-13

A




8ID DOCUMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-
DIESEL HYBRID SYSTEM {WITH ESS)

SECTION VI - TECHNICAL SPECIFICATIONS LuzP23216295e

EW-2.4.7.4.8 Hardware

EW-2.4.7.5

EW-2.4.7.6

All energized hardware, i.e., bolts, nuts and washers shall be made of tinned
copper alloy material such as silicon bronze or equivalent. All other hardware
shall be hot-dip galvanized.

Fittings and Accessorles
The following transformer accessories shall be included:

a) HV Bushing

b) Oil Level indicator

c) Oil Sampling Plug

d} Qil Drain Valve

e) Oil Temperature Indicator
f) Pressure Relief Valve

g) Lifting Lugs

h) Anchor Bolts

i} Earthing Terminals

i HV/LV Insulating Shroud

Equipment and Marking

The transformer shaill be provided with a stainless steel nameplate in
accordance with the latest standard of IEC60076-1, fitted in a visible position
showing the information indicated below. The entries on the plate shall be
indelibly marked.

a) Kind of transformer

b) Number of this standard

c) Manufacturer’s name

d) Manufacturer's serial number

e) Year of manufacture

f) Number of phases

g) Rated power (in KVA or MVA)

h} Rated frequency (in Hz)

i) Rated voltages (in V or kV) and tapping range
i) Rated currents (in A or kA)

k) Connection symbol

}] Short circuit impedance (in %2Z)

m)  Type of cooling {i.e., OA, ONAN, etc.)
n) Insulation voltage (withstand voltages)
o) Insulating liquid

P) Temperature rise (in *C)

q) Total mass, kg

r) Mass of insulating oil

The minimum recommended dielectric strength of oil filling the transformer
shall also be engraved on this plate. The rating plate and any other instructions
or designations shall be in the English language.
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EW-2.4.7.7 Standard and Common Tools

EW-2.4.7.8

EW-2.4.7.8.1

EW-2.4.7.8.2

EW-2.4,7.8.3

EW-2.4.7.8.4

The Manufacturer of transformer shall provide standard/common tools for use
in the installation/maintenance of transformer.

Tests

All tests shall be performed as per latest revision of ANSi C57.12.90 Factory
Test shall include, but not limited to the following:

Routine Test

1. Ratio, Polarity and Phase Relation Test )
2. No Load Losses and Excitation Current at rated Voltage and Frequency
3. Induced Potential Test {Low-frequency Dielectric Test)

4, Mechanical (Leak Test)

Design Test

1. Winding Resistance Measurement Test

2. Impedance Voltage and Load Loss Measurement

3. Temperature Rise

4, Lightning Impulse

5. Audible Sound Level

6. Mechanical (Lifting & Moving Devices, Pressure Test)
Miscellaneous Test

1. Insulation Power Factor

2. Insulation Resistance

3. Short Circuit Capability
Site Test

The Supplier shall perform all tests specified by the equipment Manufacturer,
applicable standards and as necessary to verify the proper operation of the
equipment in the presence of NPC representatives.

Check level and alignment of the installed transformer;
Check tightness of connections and fastenings;

Check proper grounding;

Check oil level monitors, nameplate, vent plugs;

Check wire and cable connections;

Check cable glands and entrance; and

Check on the proper installation of transformer accessories.
Winding resistance

Insulation Resistance

10.  Transformer Turns Ratio

CENOOAONA

11, Dielectric Test

12.  Insulation Power Factor or Dissipation Factor
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EW-2.4.7.9 Failure to Meet Guarantees

Depending on the requirement stated in the Technical Data Shests, the
transformer will be tested for compliance with the Manufacturer’s guaranteed
losses. If the transformer losses, as determined by test, at rated voltage,
frequency and 100% rated kVA exceed the guaranteed total losses, the excess
in losses shall be evaluated at the following rated cost and the resulting amount
shall be deducted from the contract price.

S = 2 [(Ned) (Num- Noug) + (L) (Lem - Bi)]

Where:

S =  Amount to be deducted from the Contract Price

N - Price in Php/Watt for the no-load losses as stated in the
Lt Technical Data Sheets

Nw = Measured no-load losses expressed in Watt

N - Guaranteed no-load losses as stated on the Technical Data
Le Sheets

L = Price in Php/Watt for the load losses as stated in the Technical

Data Sheets
Lw = Measured load losses expressed in Watt
L.e = Guaranteed loadlosses as stated on the Technical Data Sheets

When the excess of the total losses reaches five percent (5%), NPC shall
have the right to reject the transformer for which such excess is verified
during the factory acceptance test.

Successful Bidder shall promptly provide NPC one (1) original and three (3)
certified copies of all test data and reports on the transformer.

EW-2.4.7.10 Data and Documentation Requirements

The following documents shall be submitted after award of contract for NPC's
review and approval prior to procurement and installation of the supplied
equipment and materials:

1.

Outline drawings of transformer and accessories showing the
following:

a) General Dimensional Drawing

b) Sectional Drawing

¢) Namepilate Drawing

d) Marshaling box with connection diagram

Description and instructions covering the installation, operation and
maintenance of the transformer and accessories;

Duly signed Routine Test Results; and
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EW-2.5

EW-2.6

EW-2.6.1

EW-2.6.2

EW-2.7

4, Field Test to be Performed and Cerlified Test and Inspection Reports
duly signed and witnessed by NPC representative

Warranty

The ESS including but not limited to the Battery Management System, Battery
Modules/Batteries, Power Conversion System(s)/Battery Inverter, ESS Control
System/ESS controller, and ESS transformer shall have a minimum warranty
of five (5} years. This warranty shall be covered by a back-to-back warranty
arrangement with the manufacturer, The supplier shall submit its warranty
agreement with the manufacturer that stipulates the scope and responsibitities
of each party. Both parties (bidder and manufacturer} shafl be equally and
severally liable for failure of either party to perform warranty obligations.

Batteries shall be tested at least once a year (or as the need arises) to
ascertain the usable energy of the ESS within the warranty period. If at any
time during the warranty period the ESS fails to deliver the required usable
energy, the supplierymanufacturer shall repair or replace the defective
components to ensure the required performance standards are met. All costs
associated with the warranty shall be to the account of the supplier/
manufacturer.

Track Record
ESS Manufacturer

Manufacturer of the ESS should have current (working) install base of more
than 1MW. Bidder shall provide a list of reference project(s) with contact details
for verification purposes, (fill-out form in Section VI ~ Technical Specifications
— Part [| Technical Data Sheet — Annex D).

Battery Manufacturer

Manufacturer of the batteries should be 1SO 9001/14001 certified and have at
least five years of experience in production of Li-ion cells as given by EW-2.4.2
(c). Offered battery model must have a current (working) install base of at least
1MWh. Bidder shall provide a list of reference project(s) with contact detaiis for
verification purposes. (fill-out form in Section VI — Technical Specifications —
Part [l Technical Data Sheet — Annex E)

Measurement of Payment

Measurement of payment for all electrical works shall be based on the bid price
of each item as shown in the Schedule of Requirements — Electrical Works,
Section VIl of the Bid Document. The cost of each item shall cover all works
required and described in the pertinent provisions of the specifications.
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PART | - TECHNICAL SPECIFICATIONS
EW - ELECTRICAL WORKS

EW-3.0 POWER AND ENERGY MANAGEMENT SYSTEM
EW-3.1 General

This part specifies the minimum requirements for the design, manufacture,
factory wiring, programming, transport, delivery, installation, testing and
commissioning of the Power and Energy Management System (PEMS). [t shall
be able to monitor, supervise and control the gensets, solar PV plant, ESS and
plant auxiliaries/instrumentation. All materials and parts which are not
specifically mentioned herein but are necessary for the proper installafion,
assembly and operation of the equipment shall be furnished at no additional
cost to NPC.

The Supplier shall have the complete system responsibility for the proper
design and functioning of the system from manufacture until system
acceptance. Al the system engineering software and on-line system shall be
supplied whether specifically detailed herein or not. it is not NPC's intent to
specify all the technical requirements nor to set forth those requirements
adequately covered by applicable codes and standards. Adherence to all
applicable codes and standards is required. The Supplier shall furnish high
quality equipment meeting the requirements of this specification and industry
standards.

The system shall provide reliable and timely information data and control
functions required for efficient operation of the hybrid power plant. The required
system shall have the aoperational speed, computing power, adequate
input/output storage capacity and self-diagnostic/analysis capability to meet
the requirements as detailed in this specification.

EW-3.2 Technical Requirements

The PEMS covered by this spécification shall include all equipment including
software necessary for secure and reliable operation of the whole system. The
system shall consider provisions for future expansion of the plant capacity.

The proposed PEMS shall be composed of but not limited to the following
subsystems:

a) Hybrid Controller is the main controller and shall communicate
and interface with the other controllers.

b) Genset Controller is an automatic controfler that has all
necessary functions for control and protection of generator sets.

c) Solar/PV Controller controls and manages the output and
operation of Solar/PV inverters. -

NATIONAL POWER CORPQRATION VI-EW-3.0-1
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d) ESS Control System (ECS) / ESS controller supervises the
operation of the Battery Management System (BMS) and Power
Conversion System (PCS).

e) Data Logger is primarily for the purpose of storing data of the
entire grid’s operation and maintenance, especially of the string
inverter(s) through Solar/PV Controller.

Design Requirements

1.

The PEMS shall be an automated/programmable Hybrid Plant
Management System with pre-configured settings for hybrid system. it
shall not require specialized programming knowledge or skilis to set or
modify desired operating conditions. It shall be composed of a hybrid
controller, genset controller(s), solar/PV controller, and energy storage
system controller.

The hybrid controller installed inside the Diesel Power Plant Control
Room shall interface and communicate with the genset controller(s),
solar/PV controller and the ESS controller. The Hybrid controller shall
communicate with and store data in the Data Logger. The Hybrid
controller shall allow remote accessing of the data stored in the data
logger thru the Human Machine Interface (HMI).

The PEMS shail be responsible for the dispatch of the Solar PV Plant,
Diesel Generators and the ESS. Dispatch strategy shall maximize PV
penetration. Under the condition of protecting the gensets, the
available irradiation and load demand, the PEMS shall optimize the
generated power of the solar plant while considering the constraints
(e.g., individual minimum genset loading, genset availability, SoC of
the ESS) and shall regulate and stablilize the grid by dispatching the
ESS and/or available compatible genset.

PEMS shall have the capability to export operating data, including
faults and other abnormal conditions to an external media for review
and archive purposes.

The PEMS shall perform the following functionalities but not limited to
the list below:

a) Scheduling and Dispatching

b) Start/stop of Diesel Generator(s) and ESS

c) Engine Ramp Up/Down Contro!

d} Generator Breaker Open/Close Control

e) Diesel Generator Paralle! Operation/Synchronization
f) Visual and Audible Alarm System

g) Control of Solar Photovoltaic Array/inverters

h} High leve! contral of ESS functions {i.e., charging, discharging)
i) Automatic Fail over Features/ System Redundancy.
)] Data Logging / Event Recording

k) Load Balancing and Distribution

1) Database Management

m) Metering Instrument

n) Voltage and Frequency Regulation

NATIONAL POWER CORPORATION VI-EW-3.0-2
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6. The PEMS shall aiso have the capabllity to display and store the
following information in real time or other user configurable time

periods:

a) Total system demand in kW & in kVAr

b) Energy output in kWh

c) System voltage, frequency, and power factor.

d) Powet/Energy output and operating status of all generating
units including the Solar PV Array and the ESS in kW and kWh

e) Alarms for faults and other abnormal operating conditions for
the Generator sets, Solar PV plant and ESS for Generating
units, ESS and Solar PV plant.

7. The PEMS shall be able to monitor the entire grid through the HMI. For
the manual control mode of the plant, a control panel shall be provided.
The panel shall be capable of start and stop sequence and emergency
shut down. Further, in certain case, hardwiréd controls are provided to
ensure grid safety and/or operability in the event of PEMS failure.

8. The Supplier shall be responsible for preparation of programs and
turning over the complete operational system to NPC. The Supplier’s
configuration responsibilities shall include, but not limited to the
following functions: all plant control system functions, equipment
safety, protection, man-machine interface functions, operator training
for setting parameters and overall system configuration and testing.
Configuration of settings for each and between functional controllers
shall be made and tested by the Supplier/Manufacturer at their
facilities. Any madification(s) done by the Supplier to the system default
settings of the new controller(s) shall inform NPC in writing.

9. The system shall be designed to monitor and diagnose its own
performance. The PEMS shall prompt alerts to notify the operator of
any equipment andfor sub-systems with abnormalities/errors. The
monitoring and diagnostic functionality shall cover, but not limited to
the following peripheral failure, VO failure, peripheral memory error,
main memory arror, CPU failure, scan overruns, controller errors, loss
of communication.

10.  The Supplier shall provide all hardware and cabling necessary to
provide redundant, fail-safe communications between the subsystems
of the PEMS, Failure of any component in the system shall not cause
loss of control of more than one component in the system and must not
cause a total system failure.

EW-3.3 Calutcot Diesel Power Plant Gensst Controller Data
Unit / Rated Make and Model Remarks
Capacity .
) Cn-going
Unit 1/ 50kW Installation
Unit 2 / 50kW . On-going
installation
NATIONAL POWER CORPQORATION : VI-EW-3,0-3
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EW.3.4 Scope of Works

a)

b)

d)

9)

h}

The supplier shall provide at least two (2) units of genset controllers,
one (1) unit ESS controller, one (1) unit Solar/PV controller and

one (1) hybrid controller!. The supplied controllers shall be brand
new and able to interface with each other. The genset controliers
shall be of the same brand/manufacturer and model.

The communication interface and protocol within the PEMS (Hybrid,
ESS, Genset and Solar/PV Controllers) shalf be well-established
depending on the preference of the Supplier/Manufacturer to function
as designed ensuring proper connectivity and reliable transfer of
datafinformation {i.e., command, alarm, status, etc.). The connection
between these controllers shall not cause any malfunction for the safe
and continuous operation of the power plant. The same shall apply for
the communication between the ECS/ESS controller and the ESS
{PEMS and BMS).

The communication interface and protocol between the existing
gonset controller and the supplied genset controller shail be well-
established depending on the preference of the Supplier. However, the
Supplier shall ensure that the connection provides refiable transfer of
information’ (data, command, etc.) and that the connection between
these controliers shall not cause any malfunction to the safe operation
of the gensets. The use of appropriate converiers and/or relays is
allowed between thess devices if necassary.

The communication interface and protocol between each inverter and
the Solar/PV controller shall utiize Modbus TCP. The use of
alternative communication protocols with appropriate converters and/or
gateways may be allowed subject to the approval of NPC, Necessary
converters and/or galeway devices shall be supplied to ensure safe and
reliable transfer of information.

The supplier shall provide ali necessary converters and other
appurtenances and accessories to ensure the reliability of the
communication between these devices and components. The supplier
shall ensure that the converters shall not cause any lag fime when
transforming the signals given to and from the equipment. Refer to
figure 1 in this section.

The communication link between the Solar PV Plant and the PEMS
shall utilize’ copper wires used to transfer data only. Refer to EW.-
3.5 Communication Interface and Monitoring System, ltem c)
Communication Cable for specifications.

The PEMS shall have control and remote monitoring functionalities that
is accessible locally (within the power plant) and remotely through
computer or mobile phones (via internet/GPRS).

The PEMS shall be modular, expandable, and flexible to accommodate
potential expansion of ESS, additional PV arrays (inverters) and
additional gensets without the need of special programming skiils.

7 The Supplier may opt not to furnish Hybrid Controfler when using CAN communication protocof
batween PEMS controllers (mufti-masler structure).
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These additional components for future expansion purposes projects
can be from different manufacturers and can have different brands and
models compared ta the existing NPC components and the selected
components of the Supplier. The PEMS shall be able to reliably
communicate o such independent components,

i) Suppller shall provide all necessary cables, connectors, interfaces,
software, licenses and other equipment and devices to ensure
interoperability of all components of the entire power plant.

)] The suppiier, with minimum configuration as possible, shall install and
integrate the supplied controllers to the existing controls of gensets to
take-over the following functionalities, except that the protection system
shall remain and under the supervision of existing genset controller(s):

1. Start and Stop of Genset

2, Engine Ramp Up/Down Control

3. Generator Breaker Open/Close Control
4. Synchronization

If major configuration is unavoidable to ensure the performance of the
required functionalities and may potentially vold the existing warranty,
the supplier shall submit an explanation of the reasons and ramification
of the change to NPC for approval/consideration.

In the case that the gensel(s) is/are no longer covered by any kind of
warranty, the replacement of the existing controller(s) by the new
controller(s) maybe permitted provided that it will not degrade the
performance and cause any malfunction to the equipment. The
Supplier shall seek clearance in writing to NPC prior to taking any action
for this specific work item.

Notwithstanding the above, the supplier shall ensure that any changes
will not affect the proper operation of the gensets.

K} The supplier shall include in the training the integration and installation
including frouble shooting of all the controllers associated to PEMS.

) The supplier shall provide two (2) complete units/sets of Human
Machine Interface (HMI) of the same brand and model. One (1) unit/set
shall be installed inside the ESS and the other unit/set inside the control
room,

m} The HMI shall have adequate security features to prevent accidental
and unauthorized modification of operating parameters.

n) Bidder shall inspect the existing power plant to determine the full extent
of the project. Integration methodology shall be submitted together with
the proposal(s) for approval of NPC during contract implementation.

0) All other works necessary but not specifically mentioned and detailed in
the scope of works shall be done for the complete, safe, and rellable
operation of the Power and Energy Management System (PEMS).

P) The controllers to be used in PEMS shall have a track record that
indicates the exact make and model being offered are used for at least
three (3) Hybrid Systems that are currently working and are in actual
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operation (fill-out form in Section VI ~ Technical Specifications — Part Il
Technical Data Sheet — Annex F).
EW-3.5 Communication Interface and Monitoring System

a) Communication Interface

1.

The communication link shall be able {o support real time data
logging, event logging, supervisory control, operational modes
and set point editing.

It shall have appropriate communication interfaces to be
provided by the Supplier between various units installed at
different locations that report data for power generated on
demand with options for hourly, daily, monthly, and yearly data.

The appropriate communication interface to be installed in the
solar PV plant shall be properly connected. Also, the
appropriate communication interface for the PEMS/PV
Cantroller shall be instailed at the DPP Control Room. These
interfaces together with their auxiliaries and the communication
cable shall provide reliable two-way communication between
the inverters and the Solar/PV controller or the PEMS.

The communication link between the SPP/PV Controller and
PEMS shall be robust technology over a copper wire dedicated
for two-way data communication only.

b) Control System

1.

The Solar PV Plant shall be designed as grid-interactive system
with line protection and fail-safe system. It shall be equipped
with all necessary instrumentation to provide adequate
monitoring and conirol of the system under aill operating
conditions.

The Supplier shall provide Solar PV Plant monitoring system.
The monitoring system shall have a data logging capability to
record major operating parameter (i.e., kW, kWh, V, A, pf,
frequency, etc.)

c) Communication Cables

1.

Control cables of adequate size, impedance and insulation shall
be ‘required for establishing communication and control
between equipment.

All communication cables shall be marked accordingly, or color
coded depending on application and/or connection,

Connection of cables shall follow the standard/acceptable
colors for the ease of installation and maintenance purposes.
Ethernet cables shall follow the color coding for connections as
well as other communication cables, as applicable.

NATIONAL POWER CORPORATION
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4, All cables, in general, shall conform to 15-1554 part 1; ISO/IEC
11801 and other relevant standards.
5. The conirol cables shall be appropriate for its intended fields of

application ensuring maximum performance and of the following
specifications but not limited to the following:

a. RS-485 cables shall be heavy duty or for industrial use,
stranded copper conductor, polyethylene insulated with
a minimum of 80% shielding coverage of braid or a
combination of braid-foil shielding materials for
maximum performance. Likewise, it shall be Flame
Retardant Low Smoke (FRLS) PVS type jacketed. It
shall be multi-conductor, multi-pair with low capacitance.

b. Ethernet cables shall be capable to support different
applications. Ilts construction shall be multi-conductor,
multi-pair shielded twisted pairs of stranded copper
conductors with polyethylene insulation. The outer
jacket material shall be flame retardant PVC material.

d) Data Monitoring

1.

The data monitoring system shall include both Data
Management Monitoring System and Weather Observation
System which shall have one-collecting device with a display
monitor which is capable of monitoring and controlling the solar
farm parameters such as PV array energy production, actual
AC/DC voltages and currents at inputs and outputs of the
inverters, daily and accumulated energy generated, climate
conditions and faults in the SPV system, at solar plant site.

The system shall also have the capability for calculating the
average of the data collected every hour, day and month.

Following parameters shall be measured and stored
cont_inuously:

Solar module temperature/s

Ambient temperature

Solar irradiationfinsolation

Wind speed

DC current and voltagss

Power output of the solar arrays

Power output of gensets

Power plant load

User selectable time period of cumulative energy
production for PV array

System faults

. Any other parameter considered necessary for the SPV
system based on prudent practice

NATIONAL POWER CORPORATION
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4. For solar irradiance monitoring, Class | or better integrating
pyranometer shall be provided, with the sensor mounted in the
plane of the SPV array.
5. Data Logger shall record these parameters for study of various
environmental and grid parameters on energy generated by the
solar PV system,

EW-3.6
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PEMS and Communication Architectural Diagram

The PEMS and Communication architecture shail be as presented below,
However, the Supplier may offer similar or equivalent system architecture
subject to NPC's review and approval.
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Figure 1: PEMS and Communication Diagram

Warranty

The PEMS, including all its components, shall have a minimum warranty of five
(5) years. This wamanty shall be covered by a back-fo-back warranty
arrangement with the manufacturer. The supplier shall submit its warranty
agreement with the manufacturer that stipulates the scope and responsibilities
of each party. Both parties (bidder and manufacturer) shall be equally and
severally liable for the failure of either party to perform warranty obligations.

Measurement of Payment

Measurement of payment for all electrical works shall be based on the bid price
of each item as shown in the Schedule of Requirements — Electrical Works,
Section VII of the Bid Document. The cost of each item shall cover all works
required and described in the pertinent provisions of the specifications.
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EW-4.0
EW-4.1

EwW-4.1.1

PART | - TECHNICAL SPECIFICATIONS
EW - ELECTRICAL WORKS

GROUNDING SYSTEM
General

This specification covers the technical and associated requirements for the
entire grounding system of the Solar PV Plant, required to protect people and
equipment, to reduce electromagnetic interference (EMi) and to allow safe
service and maintenance of the installations. The grounding system includes
all major and minor equipment such as PV modules, mounting structures,
inverters, AC box, DC boxes, transformer and protection panel, ground rods,
etc. and connections.

All materials and parts which are not specifically mentioned herein but are
necessary for the safety of operating personnel and safe operation of the plant
shall be furnished and determined by the Supplier at no additional cost to NPC.

Technical Characteristics and Requirements

The ruling criteria in the design of the grounding grid shall be the safety of
personnel and the proper operation of the electrical equipment during normal
operation and during transient disturbances such as short circuits in the electric
power system and during lightning discharges. The grounding system shall
meet the following minimum requirements:;

ITEM DESCRIPTION REQUIREMENTS
Grounding Design Criteria

1 Fault duration, sec. 3

2 Total fauit level (line to 8
ground), kA

3 Grounding connection
{exothermic, compression, Exothermic
etc.) .

4 Grid conductor {specify size > 100 mm? stranded copper
and type) conductor (bare)

5 Bonding Conductor (riser)

below 10kW, perimeter
lightng  and fence

a. Al major equipment such > 100 mm? stranded copper
as inverter, transformer, conductor with 1.2 kV PVC
ESS, etc. - Insulation

b. For motors/pumps rated > 50 mm? stranded copper
30kW and above, CT/PT, conductor with 1.2 kV PVC
FDS, LA, efc. Insulation

¢. For motors/pumps rated

> 22 mm? stranded copper
conductor with 1.2 kV PVC
Insulation

NATIONAL FOWER CORPORATION
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6 Buriai depth of grid conductor 0.6
below finished grade, m )
7 Ground mat design resistance 5 Ohms (max.)
8 Permissible temperature rise 300
of grid copper conductor, °C
9 Ground Rod
a. Type Copper rod
b. Diameter, mm >19 mm
c. Length/section, m 23m
10 Resistivity of crushed rock, 2000
{wet) Ohmmeter
11 Approximate area of
plant/switchyard to be Refer to Bid Drawings
covered by the ground grid
12| Soil resistivity (for .
calculation), schmmeter By Supplier
Lightning Protection
1 Manufacturer By Supplier
2 Place of Manufacture By Supplier
| Lightning Rod
1 Material Capper
2 Length, mm 2000
3 Minimum Diameter, mm 16
Down Conductor
1 Type Insulated Copper Conductor
2 Minimum Cross-Section 50 mm?
Area .
3 Overall Diameter, mm By Supplier

The Supplier shall carry out earth resistivity measurement for the plant site.
Based on the result of this measurement and the system parameter, the
appropriate design and the calculation will be determined whether
impermissible touch and step voltages occur at any place inside plant area and
at any place 10 m outside of the plant boundary line which may be endangered.
These calculations will decide on the provisions for grounding to be made with
the relevant part of the civil works related to foundations. If the calculations
proved after the application of all engineering possibility that touch and step
voltages are sill higher than permitted and consequently the Supplier managed
to design the earthing and grounding grid in such a way to obtain the lowest
touch and step voltage value, all documents including limitation and justification
shall be provided to NPC for approval.

Ifin case the actual measured resistance of the Supplier-designed and installed
ground grid is higher than specified in this section, the Supplier shall install, at
no extra cost to the NPC, additional grounding rods, mats, grounding

' Design of grounding system is responsibility of Supplier including measurement of actual soil

resisfivity.
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electrodes, etc., until the field-measured resistance is equal to or less than the
specified value.

The ground grid shall be composed of a system of copper conductors buried
approximately 60 cm. beneath the surface of the earth, excluding crushed rock
surfacing. Driven ground rods shall be installed at regular infervals and
connected to the grounding conductor at grid nodes. A minimum of four (4) of
the specified ground rods must be installed (one at each corner of the ground
grid). The Supplier shall determine the spacing of ground grid conductors and
the total number and location of ground rods and their lengths {single or two or
more coupled sections).

EW4.1.2 Lightning Rod and Support

The lightning rod shall be copper-coverad steel of circular cross section, with a
nominal diameter of 16 mm and a nominal length of 2 meters.

The air terminal (lightning rod) shall be located at the highest point of the facility
to capture the lightning strike to a preferred point, so that the discharge current
can be safely directed via the down conductor to the grounding system, The
lightning rod support shall consist of a minimum of 3.0 meters of galvanized
iron piping mast. The Supplier shall give technical details of the protection
including mounting and installation details for approval.

EW-4.1.3 Lightning Down Conductor

The down conductor will provide a low impedance path from the air termination
to the ground system so that the lightning current can be safely conducted to
earth, without the development of excessively large voltages.

The lightning down conductor shall be made of electrical grade copper, with a
minimum cross-sectional equivalent to 55 mm?2. The conductor shalil consist of
helically copper strands bound by a semiconductor cross-linked polyethylene
and an outer PVC jacket.

In order to reduce the possibility of dangerous sparking (side-flashing), the
down conductor route(s) should be as direct as possible with no sharp bends
or stress points where the inductance, and hence impedance, is increased
under impulse conditions. The down conductor should not be subject to bends
of less than 0.5-meter radius and shall be secured to the structure by approved
metallic fastening at least every 2.0 meters.

EW-4.1.4 Grounding Cables

Grounding cables shall be copper conductor of soft drawn or hard drawn
concentric stranding bare copper conductor in accordance with the latest
revision of ASTM B3 and manufactured in accordance with ASTM Specification
B8 (class B).

EW-4.1.5 Ground Rods

The ground rod shall be copper-covered steel of circular cross section, with a
nominal diameter of 19 mm and a nominal length of 3 meters.
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Each ground rod shall have a conical swaged point at one end and shall have
a continuous smooth copper covering of at least 0.254 mm thickness molten-
welded or copper bonded (electro-deposit) to a steel core. The copper clad or
pressed type will not be accepted.

EW-4.1.6 Exothermic Welding Materials

The Supplier shall supply exothermic welding materials for cable-to-cable,
cable-to-ground rod and cable-to-steel structure grounding connections. These
materials shall be Cadweld or approved equal. The Supplier should submit
detailed information describing the proposed process.

EW-4.1.7 Grounding Hardware

Terminal Lugs

Terminal lugs shall be one hole, socket type, rounded edge lug, cast of high
strength corrosion resistant copper alloy. Machine screws, nuts, and washers
used with the lugs shall be bronze.

EW-4.1.8 Steel Structure Grounding

All generating plant metal parts such as structures, equipment, cable trays,
fence, etc. shall be connected to the ground grid by suitable ground
connections.

If there is any possibility for a conductor to fall down on a steel structure, this
structure must be connected to the grid with a connection able to sustain the
earth fault curment.

EW-4.1.9 Equipment Earthing
Transformer Earthing

The transformer shali be earthed at two points diagonally opposite each other.
These connections shall be made from two different points of the earthing grid.

Lightning Arrester

Lightning arresters shall be connected fo the earthing grid with 50 mm?
stranded copper conductor with 1.2kV PVC Insulation,

Power Cables

The lead sheath or armor {shield) of the MV power cables, if to be provided,
shall be earthed by connecting a flexible braid to the shield. This shall be done
at both ends of each cable. Cable end boxes shall be earthed with copper cable
connection on one of the mounting bolts.

Lighting Poles

Paoles for lighting shall be connected to the earthing grid with 22 mm? stranded
copper conductar with 1.2kV PVC Insulation {one connection for each pole).
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Other Metallic Structures

Other types of metal structures within the dieset / solar PV plant area, not
mentioned thereto, shall be connected to the earthing grid.

Major equipment shall be equipped with at least two (2) terminals or suitable
grounding pads of adequate size to accommodate at least two fixing screws for
proper connection to the earthing system.

EW-4.1.10  Building Earthing

Generally, each electrical device inside the control building/room must be
equipped with an earthing screw of sufficient diameter for connection to the
earthing system. The same applies to all metallic parts such as panels, etc.
which are effectively connected by earth conductors.

Control panels and desks, switchboards, etc. consisting of several individual
sections or compartments shall each be connected to a common tinned copper
earth bar unless all panels are solidly welded together, or other approved
means are applied ensuring solid earthing connections. In such a case,
provisions for earthing must be made at one end at least.

EW-4.1.11 Fence Earthing

Steel fences around the switchyard or station shall be connected to the earthing
system at appropriate connection point along the fence and at all corners and
gate posts.

EW-4.1.12 Pipe Earthing
All piping shall be earthed at all service points in an approved manner.

The conceptual design of the grounding system based on the specified
conditions shall be referred to the bid drawing.

The supply shall include special tools, kits and expandable materials necessary
to weld the grid joints and ground rod connections by exothemic process,
including reasonable waste to be expected during installations. Standard
grounding connectors shall be fixed to metal frames by means of bolted clamps.

EW-4.1.13  Cable Tray Earthing

Cable trays and ladders shall be connected to the earthing system at every ten
{10) meters interval,

EW-4.1.14 Ground Rods

Ground rods shall be driven to a depth such that the top of each rod is at the
same elevation as the ground grid and shall be bonded to the ground grid
conductors by suitable exothemmic connections.
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EW-4.2 Measurement of Payment

Measurement of payment for all electrical works shall be based on the bid price
of each item as shown in the Schedule of Requirements — Electrical Works,
Section VIl of the Bid Document. The cost of each item shall cover all works
required and described in the pertinent provisions of the specifications.
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PART I-TECHNICAL
SPECIFICATIONS

ELECTRICAL WORKS

EW 5.0 - TAKE-OFF STRUCTURE ACCESSORIES
AND APPURTENANCES
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PART | - TECHNICAL SPECIFICATION

EW - ELECTRICAL WORKS
EW - 5.0 - TAKE-OFF STRUCTURE ACCESSORIES
AND APPURTENANCES
TABLE OF CONTENTS

CLAUSE NO. TITLE PAGE NO.
EW-5.0 TAKE-OFF STRUCTURE ACCESSORIES AND

APPURTENANCES. ......ocoiricimmnccnssnnancsncasinennes 1
EW-5.1 GENETAL ......cooiierccaereciraresserivesesrsneereesssasesrmsseastssssarassssassssassrnanvesnmserasanessassnss 1
EW-5.2 SCOPB OF WOTK....orirviiciinriceiinrrirenieniieiinniermssnnesmsssssssessrnsneesssssessssssassasssssssensssasse 1
EW-5.3 Codes and Standards........cc..ccurvecniririenioimmerirenserersne e snrsesssssasssssssss 1
EW-5.4 Power, Control and Instrumentation Cable .....ocoeiveevineenen. ereserssnenresarasnnnans 2

EW-5.4.1 Technical Characteristics and Requirements ....c..ccvveeneircevvisennne 2

EW-5.4.2  INSUIALION ...t ciericccveaieccstsntees e snenssecsssassnessssssansnsseanesss 2

EW-B,4.3  JACKEL ...c.eeceecreeirrcestrsis s es e sms s s eresoseesanesnesesnbnesssess ssons 3

EW-5.4.4  ASSEMDIY ..ottt e ecssesensssarsessetcorsonssenasennesosasssas 3

EW-5.4.5  ADPICAtION ...oveeieeecceiereieccveenrecmrsesse st st seresesesssressessesrssnnnsnsssns 3
EW-5.5 Fuse Disconnect Switch with Lightning Arrester Combination ......ccuonivveenene. 3

EW.56.6.1 Technical Characteristics and Requirements .........coueevveeeserenennee 3
EW-5.6 Bus Conductor and HArAWAre ...........cccceeieeerneniesirssesneeeeeeesessensserssssessssssesssses 5

EW-5.6.1 Technical Characteristics and Requirements .......c.cccvveneervreecerns 5
EW-5.7 Measurement Of Payment........cc e e cceicenicnieecsssesseressessssessssrosesses 7
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EW-5.0

EW-5.1

EW'5.2

EW-5.3

PART | - TECHNICAL SPECIFICATIONS
EW —~ ELECTRICAL WORKS

TAKE-OFF STRUCTURE ACCESSORIES AND APPURTENANCES
General

This specification covers the furnishing of all labor, materials, equipment, tools
and other incidentals for the installation of take — off structure accessories and
appurtenances for Calutcot Island Solar PV Plant.

All equipment and materials which the Supplier shall supply and install shall be
new and unused. They shall be suitable for their intended purpose complying
with all applicable regulations, quality and dimension standards,

Scope of Work

In accordance with the specification contained in this section and as shown on
the bid drawings, the works and services to be performed by the successful
bidder shall essentially consist of but not limited to the following:

a) Supply, installation and test of medium voltage power cables
and conduit complete with appurtenances and accessories;

b) Supply, Installation and Test of 15kV Fuse Disconnect Switches
with Lightning Amrester Combination:

c) Supply, Installation and Test of Grounding System;
d) Supply, Installation and Test of Lightning Protection System;

e) All other works and services including those not specifically
detailed herein but are required for the complete, safe and
reliable operation of the project.

The Supplier shall perform the entire quantity of work necessary to complete
the installation of the take-off structure accessories and appurtenances at the
Cantract Unit Price, be it more or less than the quantity herein estimated.

Itis not NPC's intent to specify all technical requivements nor to set forth those
requirements adequately covered by applicable codes and standards. The
Supplier shall furnish high quality equipment meeting the requirements of the
specification and industry standards.

Codes and Standards

All equipment covered by this specification shall be designed, manufactured,
assembled and tested in accordance with, but not limited to, the latest issues
of applicable ASTM, AWS, AZI, ASCE, ISO or equivalent standards, including

all addenda, in effect at time or purchase order unless otherwise stated in this
specification.
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EW-5.4

EW-5.4.1

Power, Control and Instrumentation Cable

This specification covers the technical and associated requirements of power,
contro! and instrumentation cables, and medium voltage power cable for use in
switchyards.

All cables shall be designed to withstand the short-circuit condition and voltage
drop of 3% {max.).

Technical Characteristics and Requirements

The cables to be supplied shall have insulation levels able to withstand any
voltage surges which are normally expected to occur in the power system in
which the cable is to be used, due to switching operations, sudden load
variations, faults, etc. The medium voltage XLPE power cable and the 600V
power, control and instrumentation cable to be supplied shall be compliant to
ICEA $-66-524 or IEC 60502-2 and UL 83, PNS 35, ICEA S-73-532
specification and requirements of PEC respectively.

The cables shall be selected to withstand without distress any short-circuit
currents in the conductor and sheath related to the existing fault levels.

The cables and its accessories shall be manufactured to fulfill the requirements
when operating with full load or at any load factor.

The power cables shall meet the following minimum requirements:

ITEM | DESCRIPTION

1 Conductor Shape
2 Conductor Material
3 Insulation

a. Material

REQUIREMENTS _

Circular Straﬁded Wire
Annealed Copper

Cross-linked polyethylene (XLPE)

b. Thickness, mm

> 45

Quter covering/Jacket

a. Material

PVC Sheath Jacketing

b. Thickness, mm

Manufacturer's Data

¢. Termite Protection
Required

Yes

Shielded

Yes

2. Type of Shielding

Copper Tape Screen

Provided with Filler and
Binder Tape

Yes

EW-5.4.2

Insulation

Insulation shall be of the type specified in the Technical Data Sheets.
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EW-5.4.3

EW-54.4

EW-5.4.5

EW-5.5

EW-5.5.1

Jacket

A tough, ozone, low chlorine, heat, flame and moisture-resistant PVC or Nylon
jacket capable of providing protection against sunlight, acids, alkalis and oils
shall be furnished for all cables.

Assembly

All muiti-conductor cables shall be bundled {ogether with non-hygroscopic
fillars to assure a smooth circular assembly. A lapped core binding tape shall
be applied over the assembly.

Application

All cables shall be suitable for installation in cable tray, conduit, french,
underground duct in wet and dry locations, and above ground raceway in damp
and dry locations.

Fuse Disconnect Switch with Lightning Arrester Combination

This specification covers the supply and delivery of fuse disconnect switch with
lightning arrester combination for use in various diesel and solar power plants.

The materials furnished shail be in accardance with, but not limited to, the latest
issues of the Applicable Codes and Standards, including all addenda, in effect
at time of purchase order unless otherwise stated herein.

Technical Characteristics and Requirements

The fuse disconnect switch to be supplied shall be suitable for high voltage
transformer acting as an overload protector and a device for opening and
closing the circuit. All the metal parts of the fuse disconnect switch shall be free
from erosion and rust. The FDS shall meet the following minimum
requirements:

‘ITEM. |. DESCRIPTION" " | - REQUIREMENTS -~
1 Class (Indoor, Qutdoor) Qutdoor
2 Rated voltage, kV 15
3 Nominat system 13.8
voltage, kV )
4 Frequency, Hz 60
5 BIL, kV 110
6 Ampere Frame 100
7 | Interrupting  Capacity, 10
kA
8 Fuse Link
a. Type Universal buttonhead design
b. _Current Rating, A Refer to Single Line Diagram
g | Lightning Arrester
a. Type Metal Oxide Varistor (MOV), gapless

NATIONAL POWER CORPORATION
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h. Class (indoor, Outdoor
outdoor)

c. Rated frequency, 60
Hz

d. Nominal system
voltage, kV

e. Duty cycle voltage
(rating}, kVrms

f. Maximum
Continuous
Operating Voltage
(MCOV), for the 8.4
arresters having the
following duty cycle
vollage, kV s

g. Nominal discharge
current, KA

h. Creepage distance,
mm

i. Supporting brackets,
bolts, nuts, ete. Yes

13.8

12

10

465

Fuse Cut-Out

Fuse cutouts shall be satisfactory use in a tropical climate with high relative
humidity. The cutouts will be mounted by means of steel brackets on steel poles
Cross arms.

The cutouts are intended for use with buttonhead-type fuse links and must be
able to accommodate fuse links meeting the interchangeability requirements of
ANSI standard. The cutouts to be supplied shall include the following:

1. Fuse Support Assembly
2. Fuse Holder Assembly
3. Mounting Bracket

4. Lock Washers

Fuse Link

The fuse link to be supplied shall be universal buttonhead with tin fuse slement
suitable for 15 kV open type distribution cut-out to be used in the overcurrent
protection of circuits. It is characterized by perfect time current characteristics,
high mechanical strength and reliable arc extinguishing performance, etc. The

fuse link shall meet the electrical and mechanical interchangeability requirement
in accordance with ANS! standard.

Lightning Arrester

Gapless arresters shall have elements fabricated from non-linear resistance
metal oxide materials to perform both the surge discharge and power frequency
reseal functions.
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Arresters of this type shall be protected in a hermetically sealed wet-process
porcelain jacket, which shall have a high creepage distance and a high
dielectric strength.

The primary terminals shall be suitable for the connection of the type and size
of conductors which can be either copper or aluminum conductors without use
of bimetal inserts.

The arrester shall be supplied with a cross-arm mounting bracket that conforms
with the requirements of NEMA or with appropriate bracket as a cutout arrester
combination on it.

All mounting bolts and conductor connection shall be provided with lock
washer. Lock washers shall be fabricated from material that complies with the
requirements as per ANS| standard.

All exposed steel or iron part of the arrester shall be hot-dipped galvanized in
accordance with ASTM standard.

The Supplier shall submit for approval the brochures andfor catalogues with
complete technical specification of the fuse cut out with lightning arrester
combination including mounting brackets and accessories.

EW.5.6 Bus Conductor and Hardware

This specification covers the technical and associated requirements for
stranded aluminum bus conductors and line hardware for use in various electric
generating plant switchyards.,

All line bhardware/materials shall mest the performance requirements
application criteria and manufacturing tolerances passed ANSI CB5, 1-1979 -
American National Standard for Gaivanized Steel Bolts and nuts for overhead
line construction.

EW-5.6.1 Technical Characteristics and Requirements
Describe herein is the general specification of the bus conductor, line materials

and equipment to be supplied for this project. The bus conductor, line materials
and equipment shall meet the following minimum requirements:

ITEM: |- - 0 DESCRIPTION - .- REQUIREMENTS -~ "
Stranded Conductor Requirements
1 | Type designation A!urglgiﬁ;gr(gggc(lgggﬁs)teel
2 Code Name RAVEN
3 Conductor size 1/0 AWG ACSR
4 Ampacity, A 230
5 Outer Layers
a. Material Aluminum
b. Stranding No. 6
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c. Calculateg Cross-sectional 53.52
Area, mm
d. Coefficient of Elongation (/°C) Manufacturer's Data
6 Core
a. Material Aluminum Clad Stesl
b, Stranding No. 1
c. Calculated Cross-sectional 8.2
2 -
Area, mm
d. Coefiicient of Elongation (/°C) Manufacturer's Data
7 Conduc_tor Cgafﬁc;ent of Linear Manufacturer's Data
Expansion (/°C)

Conductor Hardware
1 Tension Clamp
a. Type Bolted, U-Bolt
b. Material of Body Aluminum Alloy
2 Ceonnectors

wedge pressure clamp for

a. Type stranded conductor
connection
wedge pressure clamp for
b. Angle and T-connectors type | stranded conductor
connection
Stranded Conductor

All wires of the stranded conductor shall be concentrically stranded. The wires
in each layer shaill be evenly and closely stranded around the underlying
wire(s). The tension in individual wires in a layer shall be sufficient to hold sach
wire firmly in place with only enough strand separation to prevent crowding at
the time of stranding and during installation. All steel and aluminum wires shail
lie naturally in their position in the stranded conductor and, when the core
and/or the aluminum wires are cut, the wire ends shall remain in position or be
readily replaced by hand and then remain approximately in position.

The aluminum shall be of the higher purity commercially obtainable which shall
not be less than 899.5%. The type of conductor to be supplied shall be stated in
the Technical Data Sheels and shall be manufactured according to the
applicable ASTM or equivalent IEC standards.

The completed conductor shall be smooth, free from nick, burrs, aluminum or
steel particles, dirt and excessive die grease. The conductor shall be absolutely
free of copper dust and copper particles.

Clamps

Aluminum strain clamps and suspension clamps for aluminum conductor, if
required in the Technical Data Sheets, shail have its clamp bodies and keeper
pieces, made of high strength and heat treated cast aluminum alloy. Cotter
bolts, U-bolts, nuts, and lock washers shail be hot dip galvanized steel. Cotter
pins shall be made of stainless steel. Siip strength of the strain clamp shall be
not less than 85% of the rated ultimate strength of the conductor.
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EW-5.7

Cross Arms

The cross arms to be supplied for this project shall be in accordance to ASCE
manual 72 “Design of Steel Transmission Pole Structures”, The materials shall
meet ASTM A-570 specification (36 KSI min. steel strength) while the
galvanizing shall be in accordance with ASTM A-123 specification.

Insulators

Insulators to be ufilized in the project shall be in accordance to ANSI Class 55-
3 for pin, Class 52-1 for suspension, Class 53-2 and Class 53-4 for spool
standard as to material, ultimate tensile strength, leakage, distance, etc.

Line Hardware

Line hardware shall be made either of aluminum atloy, malleable iron or ductile
iron with tensile strength in accordance with ANSI standard.

Bolts

All bolts such as carriage, double arming, oval, machine, etc. shall be hot dip
galvanized as per ASTM A-153.

Measurement of Payment

Measurement of payment for all electrical works shall be based on the bid price
of each item as shown in the Schedule of Requirements —~ Electrical Works,
Section Vi of the Bid Document. The cost of each item shail cover all works
required and described in the pertinent provisions of the specifications.
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_B-S.O::. ' ;_En:e_rggﬁtorage_ System (ESS) Transfor_mer VITE)S(EW}-BId-S
B-6.0. Enargy Storage System VI-TDS (EW)-_Bid-4

'B7.0 . | Batiery Modules VI-TDS (EW)-Bid-4
B-8.0 qu'_s_z_r_ _a_n_q Energy Managem_gpt System VI-TDS (EW)-ﬁ|§1~

NATIONAL POWER CORPORATION

VITDS (EW)-Bid-



BID BOGUMENTS -~ - - DESIGN, SUPPLY, DELIVERY, INSTALLATION, :TESTING -
S o : : AND:COMMISSIONING OF CALUTCOT (SLAND SQLAR PV-’

T : . DIESEL HYBRID SYSTEM (WITH ESS) '
_SECTION VI - TECHNICAL SPECIFICATION LuzP23Z18293¢ .

PART Il - TECHNICAL DATA SHEETS

..... --EW ~ Electrical Works

Technical Requirements

1. The Bidder is required to provide all the information required under: the Golumn "Supplier's
Data”. Although not given by NPC, the Suppher s Data shall be based on the International
Standard.

2. NPC's’ requirements are _indicated “below. The Supplier shall’ indicate their data
corresponding to the said NPC requnrements to facilitate evaluation of Supplier's
compliance to the specuf ications.

3. Deviation from the requirements mdzcated in the technical data sheets and non-submission
of the required documents listed as Annexes A and B shall be ground for disqualification.

4. Ali data and information specified in the requirements shall be in Englishlanguage:

NATIONALPGWERCQRPORATION S ——— T T VDS (BW)-BigHT




BID.DOCUMENTS 5w . “DESIGN, SUPPLY, DELIVERY,: INSTALL
AND COMMlSSIONING OF CALUTCOT ISI.AND SOLAR PV-
DIESEL HYBRID SYSTEM (WITH ESS)
SECTION V[ —TEGHNICAL SPECIFICATION : LuzPZ3Z?529$e

ANNEX A- LETTER OF AUTHORIZATION AND GUARANTEE
STATEMENT

a. Solar PV (SPV) Module

b. :String Inverter

c. Energy Storage System (ESS) -

d. Power and Energy Management System (PEMS) or Hybrid Controller

-gither from the followmg

« Licensee of the OEM accompamed by a. Cemf cation.from OEM:as a Licensee or the
Lucensee Agreement or

a Licensee or the Licensee Agreement must also be submltted)

“Note: Documenﬁs or brochures submitted must be in English languaga as stated In
Section 11-iTB Clause 11.0.

NATIONAL PdwER CORFORATION

VITDS (EW)-Bid-]




+ BID DOCUMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING.
- ) AND COMMISSIONING OF CALUTCOT ISLAND: SOLAR PV,

“DIESEL HYBRID SYSTEM (MTHESS) .
SEGTION VI - TEGHNICAL SPECIFICATION

B-1.1 'Plant at AC Side At least 60 kKW
1..Total Number of Inverters : .
B2 .{'connected in paraliel By Supplier

B-2.0 SOLAR PV MODULES

B-2.1 Iﬁna.llnufaclu_re.r‘ | o By Suppiier:. -
B-22 |Model By Supplier

B-2.3 | .Pl'ace of Manufacture | By Suppiler
B-24 . Cell Type | Crystalline Slhcdn .......
B-2.5 ;Rated Power (Wp) at STC? By Supplier
B8-26 ::éfﬁciency At least 21%

B-3.0 STRING INVERTER

B-3.1 Manufacturer By Suppller
B32 |Model By Supplier
B-3.3 Place of Manufacture | By Sﬁpplier
______ B34 |Ratng By Supplier .
B-3.5 |Efficiency. . - >05%

1: Solar PV module manufacturer shall be included in the latest Tier 1 category list by Bloomberg New
Energy Finance in accordance wrth EW—1 2 Solar PV Modules (e)

be considered as-the rated capacity of the module;”

Name of Firm Name & Signature of Representative Designation:

NATIONAL POWER CORPORATION VI-TDS (EW)-Bid-2




DESIGN, SUPPLY 'DELIVERY, INSTALLATION TESTING
AND. COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-
DIESEL HYBRID SYSTEM (WITH ESS} """

i LuzP232-1629Sa
P R TR ' 480V(nomlnal'voltage }
B-3.6 | OutputVoltage (Vac) adjustable by 5% via
system set points)
- | Output Frequency (Hz) 60Hz, 205% . [
B-38 | Data Interface Modbus
B-3.9 | Topology Transformer[ess

8—4.”1: ﬁdanufactﬁrer! Braﬁd By Supplier
B-4:2. i-EEF?I_ace__p_f;Manufacture By Supplier |
B-4.3 | Rated Capacity At least 75 kKVA
B44. .No; of unit/s . 1 set
B-4.5. Numbar _o_f. phase Three (3)
B-4.6 | Frequenicy, Hz 60

B-51 Manufacturer 4 Brand ‘By Supplier |
B-5.2 Place of Manufacture By Supplier
B5.3 Ratedz.@ajijac::ity At least 75 kKVA
B-54 | No. of unitfs 1 set
B-55 | Numberofphase Three. (3) 5:
B-5.6 Szted operatlng freque ncy, 0
Name of Firm.. Name & Signature of Representative Besignation

NATIONAL POWER CORPORATION

VI-TDS (EW)-Bid-3




8lc DOG_UMENTS DESIGN, SUPPLY, DEUVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-

_________ ' ' DIESEL HYBRID SYSTEM (WITH ESS$)
" SECTION Vi TECHNICAL SPEGIFICATION . . S LuzP2321 ezesa

B-6. D ENERGY STORAGE SYSTEM

By Su pplier
B-6.2 Model By Supplier
8-6'3 .Pla.c:e:j’;;a;;:l\ﬁanufacture " By Supp_l_a_er :
B-6.4 Nominql Rating (kW) | 60+10% o_verioad
B-8.5 | Usable Energy 2 60 kWh
B-66 | Power Suing (o) o |
B-6.7 Revérse Power Swi.ﬁg (kW) 60

| Power Swing and Reverse
B:6.8 -:Power Swmg Response time | - 5200

B-6.9 Power Factor _ -1 to +1

B-6.10 | Operating Frequency (Hz) 60 Hz

Technical and Functional
‘Requirements for. the Battery
‘B-6.11 | Conversion System, ESS Required
Control System and ESS
Enclosure/Cabinet:as stated
in EW-2.4 £ESS '

B-7.0 BATTERY MODULES

B-7.1° | Model | By Supplier
B-7.2 Manufacturer By Suppller
PR — NMC, LMO, Blended LMO |
B-7:3 | Ghenisay " ) NMC, LFP.
Name of Firm Name & Signature of Representative Designation
NATIONAL POWER CORPORATION — — VDS EW B




BID DOCUMENTS - DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-
DIESEL HYBRID SYSTEM (WITH ESS)

SECTION VI TECHNICAL SPECIF]CAT!ON

Gross wetght .of 6ne Battéry : . '
B-7.4 Moduie® e .-By_ Suppher
B-7.5 | Nominal Capacity (Ah} By Supplier
_ Manufacturer's Track _
Current Operatlonai instali o
B-7.7 Base At Ieast 1MWh

B-8.0 POWER AND ENERGY MANAGEMENT SYSTEM

81 Requirements as stated in I ﬁéquifed
EW-3.0 PEMS
Hybrid CQntrai_!g'ﬁ
B-B.2 Manufacturer a By Supplier
B-8.3 Mo_dgl_ | By Supplier
.B-B.4 Pkaéé“of.Manufacture | By .Slupplier
| Genset Controller
B-8.5 Manufacturer o By S.uppli'er
| B-8.6 Mo_gpl o By Supplier
B-8.7 -Plééé of Manufacture - B.y.Suppller
| Solar/PV Controlier®
B-8.8 Maﬁﬁfacturer - By Suppfier

¥ Refer to EW- 2 4, 2 Battery Moduleslaattenes (d).

41f the Supplier optto:use CAN communication protocol between PEMS controllers (mutti-master
structure), the Supplier shall indicate ‘Not Applicable’ under Hybrid Controller.

5 If the Solar/PV confroller and the ESS Control System/ESS controller is built-in the String inverter(s)
and ESS respectively, the supplier shall indicate the brand and model of the said controllers:

Name of Firm Name & Signature of Representative Designation

NATIONAL POWER CORPORATION T VITDS{EW)-B05




" DESIGN, SUPPLY, DELIVERY, INSTALLATION, ‘TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-
SECTION Vi< TECHNICAL SPECIFICATION . T

BID DOCUMENTS -

B-89 |Model By Supplier

B-8.10 | Place of __Manufacture By Supplier

ESS Controller/ESS Control System® |

B-8.11 | Manufacturer By Supplier

' B-8.12 | Model - |~ By Supplier

B-8.13 |Place of Manufacture. By Supplier

6 If the Solar/PV controller and the ESS Control Systen/ESS controller is built-in the String Inverter(s)
and £SS respectively, the supplier shall indicate the brand and model of the said controllers.

Name of Firm Name & Signature of Representative | Designation

NATIONAL POWER CORPORATION VI-TDS (EW)-Bid-6




B8ID DOCUMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR

PV-DIESEL HYBRID SYSTEM {WITH ESS)
SECTION VI - TECHNICAL SPECIFICATIONS Lu2P23Z216295e

SECTION VI

PART II-TECHNICAL
DATA SHEETS

ELECTRICAL WORKS

DOCUMENTS TO BE SUBMITTED DURING POST
QUALIFICATION

NATIONAL POWER CORPORATION




BID. DOCUMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING

AND- COMMISSIONING OF CALUTCOT ISLAND SOLARPV- |
 DIESEL HYBRID SYSTEM (WITHESS) \

SECTION Vi~ TECHNICAL SPECIFICATION L LuszSZ‘IGZQSS--- !

“PART Il - TECHNICAL DATA SHEETS N

EW - ELECTRICAL WORKS

Doc:ﬁments“ to be Submitted during Post-Qualification

TABLE OF CONTENTS

Annex G - | Schematic Diagram VI-TDS (EW)-PQ-1
"Annex .. | ESS Manufacturer's Track Record Data Sheet VETDS (EW):PQ-2.
. :A:n.ne.ax”E git;::‘y MO'HUIe Manufacturer's Track Record Data VI-TDS (EVV);i‘Q-3

~ AnnexF - | PEMS Manufacturer's Track Record Data Shest |  VI-TDS (EW)-PQ-4
G-1.0 | Solar PV Plant VI-TDS (EW)-PQ-5
‘G20 | Solar PV Modules VI-TDS (EW)-PQ-5
G-3.0 | Strlng In\_;_erter VI-TDS (EW)—PQ 6
G40 | Sola PV Plant (SPP) Transformer VI-TDS (EW)-PQ-7
...... G50 |DCBox VI-TDS (EW)-PQ-3
G-6.0 | AC Bco; VI-TDS (EW)-PQ-9
G-7.0  :|:Energy Storage System VI-TDS.-(EVV}~PQ.~Q
G-8.0 | Battery Modules N VI-TDS (EW)- PQ10
G-9.0 [ Energy Storage Systemi (ESS) Transformer VI-TDS (EW)-PQ-11
G-10.0 Power and Energy Management System VI-TDS. (EW) PQ-13
"""" G-11.0  |PowerCables | VI-TDS (EW)-PQ-14
G-12.0 glésn?bg;st:::r?nect Switch with Lightning Arrester. VI-TDS (EW)-PQ-1 4

""" 'G-13'.'£'}. ” IBus Conductor and Hardware V[-TDS (EW)~PQ—1'5”
G-14.0 Job Site Cameras _ VI-TDS (EW)-PQ-15
B0 | o o Vv | VDS EPa-T

NATIONAL POWER CORPORATION

VI-TDS (EW)-PQ-i




BID DOCUMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING

AND- COMMISS!ONING OF CALUTCOT ISLAND SOLAR PV

SECTION VI - TEGHNICAL SPECIFICATION LizP232162080

G-16.0. Standard!Speclal Tools for Solar PV System: = | _-VI':-\TD_S._(E\:N):' Q17 .

| List of Other Documents To Be Submitted in P
G-17.0 Addition To The Technical Data Sheets | Y'.'_’TDS EW)-PQ17 ]

"NATIONAL POWER CORPORATION ViT0S EWMPaT




BID BOCUMENTS DESIGN, SUPPLY, bELNERY INSTALLATION, TESTING

AND. COMMISS!ONING OF CALUTCOT ISLAND SCLAR PV-

SECTION Vi~ TECHNICAL SPECIFICATION . LusP2321620Se

1.

PART II.-:TECHN!CA:L_EDAIA.SHEETS_ o ‘
EW - Electrical Works N |

- Technical Requirements ‘

The Bidder shall complete and submit this document together with the equipment
brochure/technical. datasheet of major equipment (i.e., Sofar PV Modules, String Inverters,

ESS Battery Moduies PEMS and Transformers) dunng the post-quahﬁcatton The. Bldder_ i
""" on following'the -

format shown herein or by reproducing the same,

The Bidder is required to provide all the information required under. the: Column. "Supplier's

Data”: Although not given by NPC, the Supplier's Data shall-be-based on- the tnternatmnal
Standard.

ﬂ'llS documant

Non submission -of the required documents shall be a ground for disqualification.

NATIONAL POWER GORPORATION S ' Vi-TDS {EW}:PQZ-.EE




BID DOCUMENTS ' DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMM]SSIONING OF: CALUTCOT ISLAND SOLAR F'V- .
DIESEL HYBRID SYSTEM (WITH ESS)

--55.;\jfsecnonva ..... rscm:can.smcnmcmuou — _ LuzP232162056

L Thefolle

ANNEXC - SCHEMATIC DIAGRAM

:..:Documents shall be submitted by the Supplier in saquentlal orderas: I:stad
‘hereunder as Annexes during the post-quahflcatlon process. Alf data and information shall

be in English language and shall be drawn using the mefric system as unit of
measurement

AnnexC "T'Schematic Diagram of the Proposed SolarPV-DleseI Hybrid F’qﬂéﬁ;?léﬁtm
' (with ESS) showing all equipment/components to be furnished inciuding

interfacing and communication system of the Solar PV with the Existing
Power. Plant L _ .

Note: Fallure to submit drawings and documents iisted hereunder Annex C shall be
‘ground for disqualtfication.

“Name of Firm o ' Name& Signature of Representative *" " Desngnaﬂon

NATIONAL POWER CORPORATION - VITDS (EW-PG-1




BI0 DOCUMENTS

SECTION VI - TECHNICAL SPEGIFICATION

DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-
DIESEL HYBRID SYSTEM (WITH ESS) : _

: ' LuzP2371629Se

ANNEXD - ESS Manufacturer’s Track Record Data Sheet

Cﬁpacity

Brand:and - | . . Client's Contéct Details
Modet installed Date Installed | Client’s Name Location (including email address)
. {MW) .
Name of Firm- Name & S_éénatureiéf Representative Designation

_VI-TDS (EW)-PO-2——



8iD DOCUMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV~
DIESEL HYBRID SYSTEM (WITH ESS)

SECTION VI - TECHNICAL SPECIFICATION . LuxP23Z1629Se
ANNEXE - Battery Module Manufacturer’s Track Record Data Sheet
Capacity N i
Brand and Installed Date Installed | Client’s Name Location C |IEI"lt'S Conta__(;t Details
Model _ . {including email address)
(MWh) X . ) , e :
. “—.‘: - et v e iy A b o g
Name of Firm "Name &.Sigfflature'.gf. Repres_e_‘ntétiue “Designation

_ 'NATIONAL POWER CORPORATION _ _ VITDS (EW)-PQ-2




BID DOCUMENTS

DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-

DIESEL HYBRID SYSTEM (WITH ESS)

SECTION VI - TECHNICAL SPECIFICATION

ANNEXF - _ PEMS Manufacturer’s Track Record Data Sheet

LuzP23Z1629Se

Brand and NQ.:::dfonibs- o P P . L
Model Instalied Date Installed | Client’s Name location _(including email address)
Name of Firm Name & Signature of Representative Designéﬁon

NATIONAL POWER CORPORATION

Vi-TDS [EWPQ4




BID DOCUMENTS

SECTION Vit - TECHNICAL SPECFFICATION

- DESIGN; 'SUPPLY, DELIVERY;. INSTALLATION, TESTING ‘
AND COMMISSIONING OF CALUTCOT (SLAND SOLAR PV-

DIESEL HYBRID SYSTEM (WITH ESS)

LuzP23Z1629Se

G-1.1_"Total Number of Modules By Supplier

: "No of Modules in Senes (PV .

G12 | string) By Suppier |
4« |:Number of Paraliel Combination o

G1.3 (total number of PV strings) By Supplier

G_-1__.4; _ ;.{-\IUmber.offlnverters By-Supplier

G-2.0 SOLAR PV MODULES

G-2.‘.I' *Manufacturer' By Supplier

G-2.2 :Model By Supplier

G-2.3 Cell Type C;ystal!ine Silicon

G24 iiéted Power (Wp) at STC? .By Supp.ﬁe‘.r .....

G-2:5 éj_Mod_ule Eﬁiciency At least:21%. |

G-2.6 Solar PV Module Service Life By Sup_p!ier
| :G-z 7 | Rated Voltage (V) at STC By Supplier

G-28 - _;;Rated Current (A) at STC By Supplier

G'_'z_g :.g%n Circuit Voltage (Voo) at oy swpier |
G210 | Short Circuit Current (Isc) at STC By Supplier

| .(._‘-.;..-2.1:1_ . :_egower Tolerance x 3%
G-2.12 Iﬁimensién (LxW) | By Supplier

! Solar PV module manufacturer shall be included in the tatest Tier 1 category list by Bloomberg New

Energy Finance in accordance with EW-1.2 Solar PV Modules (e)

be consudered as the rated capacity of the module.

‘Name of Firm

Ném‘e & Signature of Representafixke"r

NA;FIONAL POWER CORPORATION

VI-TDS {EW) PQ-5



BID DOCUMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING ‘
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-

SECTION Vi - TEGHNICAL SPECIFICATION . DeseoRnovSTRM tm ESS) LuzP232162958 ‘
G213 | Weight (kg) . BySuppler |
G-2.14 | Junction Box IP Rating P85

G-3.0 STRING INVERTER

G-3.1 Manufacturer | - By Suppher |

o3z Tvos - Suppher Nl i L

G-3.3 | Inverter Power Rating (kW) By Supplier

G-34 Efficiency at Rated Power = 95% S N

G-35 | Input DC Power (KWe) By Supplier S N
 G-36 | No,of MPPT | At feast One (1) |

G-37 | I&S)ut Voltage Range per MPPT By Supplier

G328 gd;xgﬂmpugtf C()\[,J)en Circuit Voltage | By Supplier

G-3.9 hhi?)x;r_}_uzprr\; Input Current per By Supplier R | |

G310 | NPT (A o | eyswpprer | |

480 V (adjustable by o
G-3.11 | Nominal Output Voltage (V) +5% via system set
- ' : points} : g

B _G -3. 12:____ ; EI'u‘laxu‘nurn Outpul Current (A) By Supplier
"o T E— P R
G-3.14 | Nominal Output Frequency (Hz) 60 Hz, 0.5%

_G 3 152 Ec;:;,-; Factor at Rated Power By Supplier |
G-3.16 | Total Harmonic Distortion ' 5%

o -?%f?rating Tgmperature Range By Su:bplieri

G318 |Datalnterface =~ __ Modbus
Name of Firm Name & Signature of Representative _ Desigriéﬁon

NATIONAL POWER CORPORATION - Vi-TDS (EW)PQ6




BID DOCUMENTS SERE DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING ‘
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV- '
DIESEL HYBRID SYSTEM (WITH ESS)

SECTION Vi~ TECHNICAL SPECIFICATION LuzP23Z1629Se

NF % .Ja‘;. {&
EQUIREMERNTS "

G-3.19 | Topology Transformeriess
G-320 ingress Protection Rating Pes 0 RE
G—S.;ﬁi_i Qver current Protection Requ'ir_ed.'. |
G-3.22 | Overvoltage Protection Required
G-3:.;23_ :_Anti-lslandin'g -_Prolection : Req_ ‘ '
24 | DC Reverse Polarity Protection Required e
Ground Fault Monitoring ) Requirgd
Grld Montoring —— Reqz’iifé;"z'a — .......... !
PV Array Fault Monitoring Required |
3 | Residual Current Monitoring Requir

G-4.0 SOLAR PV PLANT (SPP) TRANSFORMER

G41 | Manufacturer/Brand o By Supplier |
G-4.2 Model By Supplier

G43 Rated;_qqgggi;y (KVA) ] Atleast 75

G-44 | Number of Phase Three (3)

G-4.5 Type of Cooling ONAN

Mineral Oil with its
1 electrical and chemical
. characteristics is
G-4.6- | Insulation compliant with IEC and
is Polychlorinated
Biphenyis (PCB) free

.:. _ T Twowinding e |
G4.7.--|.Type ' Transformer
) Refer to Table specified
G-48 Audible SOU#IC.i Level under EW-1.10.3.8
G-4.9 | Vector Group' L YNem

G-410 | Tem perature

Nameaf_Firm “Name &'Signatureof_Representéti{Je_;."::f' R :E:):é's:igria:tion

NATIONAL PGWER CORPORATION VITTOS (EW-PQ-7




BID DOCUMENTS _ DESIGN, -SUPPLY, IJELZVERY INSTALLATION TESTING

SECTION Vi - TECHNICAL SPECIFICATION | LuzP23218_2§_§_9_
: . Ambleﬁt Temperature 40 _.
(C) S
Temperalure R:se (C 65
G-4.11 | Winding Connection |
| . ;-;;fl_’;?fmnding. wyzﬂhhﬁg:;@l. - ‘
| e X-Winding Delta ”
G-4.12 *| Insulation Level o o ‘
a. Nominal Voitage Level (kV)
+ HWindng 138 ]
¢ X-Winding 0.48
_____ b, Highest Voltage Level (kV) o
e H-Winding 15
o X-Winding 1.2 )
¢ Basic Insulation Level {kV)
s H-Winding 95
o X:Winding - 0
G~4.13. | Winding Material 100% Copper
G414 B’uahingf‘hnate'riaﬂ:" . Porcelain | - ‘
G-4.15 | No. of Bushing Three (3 |
G-4.16 :'I(';?Sedance at Rated Capacity Manufacturer's:Data |
G-4.17 | Efficiency By Supplier
G:4.18 | Tap Changer No-Load'
G-4.18 | Taps
| e H-Winding 138KV £2x%2.5%.
¢ X-Winding | NA
G-4.20. | Transformer Losses | BySuppler |
G-4.21 | Tolerances | | "
Name of Firm Name & Signature of Representative Dasignation

NATIONAL POWER CORPORATION — VITDS (EW)-FQ-8




DESIGN, SUPPLY, DELIVERY. INSTALLATION, TESTING |
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV:
DIESEL HYBRID SYSTEM (WITH ESS)

BID DOCUMENTS

SECTION Vi -~ TECHNICAL SPECIFICATION

LuzP23Z162850

e No-Load & Load Loss

Not more than 1 0% of
the manufacturer's
specified value

o Total Loss

‘Not more than 6% of
“the manufacturer's

specified value

. Irnpedance

+ 10% of the
manufacturer's
specified value -

a2

-Suitable for 100 mm?2

::Ground Terminal Connection "~ copper conductor ‘
G-4.23 | Weight of Oil (kg) By Supplier
G-4.24 Total Weight (kg) By Supplier

1 {with transformer oif)

G-5.0 DCBOX

G-5:1 | DC Circuit Breakers
Continuous Current Rating (A) By Supplier
G-6.0 'AC COMBINER BOX

.Circuit Breakers

Continuous Current Rating (A)

G-7.0 ENERGY STORAGE SYSTEM

G-7.1° | Manufacturer By Supplier
G-7.2 | Model By Supplier
G-7.3 Nominal Power Rating (kW) At least 60
Name of Firm Name & Signature of Representative Designa.ﬁb.n ~
NATIONAL POWER CORPORATION - TVISTES (EWRPQS |




.BID DOCUMENTS - DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
. _ " AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-:

'SECTION VI — TECHNICAL SPECIFICATION LuzP2aZ 8295

G-7.4 Usable Energy (kWh) At least 60 |
G-7.5 | Frequency (Hz) 80
G76 Battery Management System By Supplier | ‘
| Charge _!_ Di_scharge
1. Nominal  Charge /| . |
Discharge Current (A} By Supplier
2. Maximum  Charging .
_ Current (A) | By Supplier
3. Maximum Discharge .
| Current (A) By Supplier
G-7.7 Number of Battery Modules By Supplier
G-7.8 | ESS Enclosure/Cabinet
Gross Weight, Installed with ,
batteries (kg) By .S.uppller
Dimension, Length x Width x -
Height (m) - By Supplier

G-8.0 BATTERY MODULES

T e e e S L LT
| Manufacturer | o Bg:;.fgupplier ” o ‘

G-8.2 Model | By Supplier N

o3 |oremsy | MiCIMO Berded

G-‘8.4 ':Nominaigzgapacity By Supplier

G-85 | No. of Ce.l!s per Module ._ By Supplier

G-8:6 * | Electrical Characteristics

Name of Firm Name & Signatur’é of Represeﬁlative Designation

NATIONAL POWER CORPORATION




DESIGN,. -SUPPLY;: DELWERY INSTALLAT ZN TESTING-; ‘
AND COMMISSIONING OF CALUTCOT ISLAND: SOLAR FV-
DIESEL HYBRID SYSTEM WITH ESS)’  © ° !
SECTION Vi — TECHNICAL SPECIFICATION LuzP23216285e

BID DOCUMENT?

"'Nominal*: - Terminal

e . e |
“Voltage (Voe) By Suppher
e  Minimum Operating _ .
Voltage (Voe) By Suppher
. Maximum Operating R " -
Voltage (Voc) By Supplier - ‘
o Maximum Normal State . '
of Charge (MaxNSoC) By Supplier
(%) S ——
o Minimum Normal State of [ =~ o ¢ . '
Charge (MinNSoG) (%) _ By Suppller .. | ‘
¢ Nominal C-rate @ 25°C* 1 or higher |

e Self-discharge -Rate per

0,
Month (% of its’ capacuty) |. _ 510’{’ )
. Cycle Lifetime At least 5000
G-8.7 Physical Characteristics
« Dimension, Length x| oo an
Width x Helght (m) BySuppler | ‘
. Maxismum Gross Weight By Supplier '
(Kg)
G-8.8 | Overcharge Protection Required i
G-8.9 | Short Circuit Protection : Required | ‘
G-8.10 | Thermal Runaway Protection Required

G-9.0 ENERGY STORAGE SYSTEM (ESS) TRANSFORMER ‘

G-91 Manufacturen'Brand ':_ | .. By Suppller | o

G-9.2 __Mc_adel o By Suppher

3 As defined Undér Sectlnn VI Techn:cal Specnf cations Clause EW~2 1

* Refer to EW 242 Battery Modules/Batteries (d}.

~ Name.of Fim Name & Signafure of Representative _:Dés_i_'gnatiqn

NATIONAL POWER CORPORATION - _ VETDS (EWPO-T]




G-93 | Rated Capacity (kVA) At Ieast s
G-0.4 | Number of Phase Three @ |
G-9.5 | Type of Cooling ONAN
_________ o — ET T T T E—
electrical and chemical
. characteristics is
G-88- | Ingulation compliant with IEC and .
is Palychiorinated
szhenyls (PCB) free
Two-winding
G-97 | Type Transformer
. e . _ Refer to Table specified
G-8.8 | Audible Sound Level under EW-2.47.3.8 _
G99 |Vector Group YNd11
G-9.10 Temperature |
— ~Ambient Temperature 4{_} ________________
(oc) ) B
o Temperature Rise (C°) 65
G911 | Winding Connection o
' - I . Wye with Neutral
H m_ajﬁ_dmg ___Grounded
| e XWinding ~ Delta N
G-9.12_ Insuiation Level |
e 1 Nomlnal Voltage Leve! ]
« H-Winding 1 38
""""" o X-Winding By Supplier
b Highest Voltage Level (kV) o
H- Wndmg 15
. X—Wnd:ng By Supplier |
"""""" c Basu: lnsulatlon Le\_{_ei (KV) - |
___.- H—Wndlng 95
""" X—-W‘ndlng By Sqaplier
Name of Fin.-.nm Nanﬁe & Signature of Represeniétive ..... | Désig'nation

NATIONAL POWER CORPORATION
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BID nocun'f_iENTs

SECTION VI = TECHNICAL SPECIFICATION

AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV--
DIESEL HYBRID SYSTEM (WITH ESS)

| 'DES[GN;-:..SUPPLY. DELIVERY,: =INSTN.LAT[ON, TESTING: ‘

LuzP23Z16295e

. "Win'ding Materiaf

‘Bushing Material

Porcelain

Three (3)

§ ':Imbedance at Rated Capacity

Manufacturer's Déta

(with transformer oil)

(%)
Efficiency By Supplier
gTap'fChangér. ~ :Ne-Load
' -Taps
*» H-Winding 13.8kV+2x25%
* XWinding NIA
G-9.20 | Transformer Losses By Supplier
G-8.21 | Tolerances
‘Not more than 10% of
o No-Load & Load Loss the manufacturer's
.specified value
Not more than 6% of
+ Total Loss the manufacturer's
specified value
T T +.10% of the
«. Impedance “manufacturer's
specified value
. . Suitable for 100 mm?
G-9.22 | Ground Terminal Connection copper conductor
_G_-9.23 : _Weight ofOilkkgy | By Supplier
G924 | Total Weight (k@) By Supplier

G-10.0 POWER AND ENERGY MANAGEMENT SYSTEM

Moc By Supplier
G-10.3 | Communication Protocol Modbus or CAN
Name of Firm ' Néme & Signature of Representative R "'Designation

NATIONAL POWER GORFPORATION

VDS [EWPa1



: DIESEL - HYBRID SYSTEM (WITH ESSJ ' -
SECTION VI ~ TECHNICAL SPECIFICATION LuzP23Z1 SZQSe

G-11.0 POWER CABLES®

15 kV Power Cable
G-11.1 | Manufacturer | By Supplier | o
G112 |8 By Supplier
‘Max. continuous current carrying ,
G-11.3 | capacity of conductor at 90°C Manufacturer's Data.
- : S Referto. Smgle Line .
- . ) 2
G 4 h..(_‘;quuctor Cross Sectron, mm “Diagram -
G-11.5 | Conductor Material Annealed Copper
_ . . Cross-linked
| G—11-.6: AInsulation Material polyethylene (XLPE) -
1.5kV DC Power Cable
G-11.7 Manufacturer By Supplier
G-11.8 Brand - By Supplier
G-11.9 . |-Conductor Size By -Supplier
. Tin Annealed Copper
G-11.10 | Conductor Metal Strand e 4 Wire
G-11.11: [ Type of Insulation Refer to EW-1. B(b)

G-12.0 FUSE DISCONNECT SWITCH WITH LIGHTNING ARRESTER
COMBINATION”

By Supplier

§ Refer to EW-1.8 and EW-5.4 specifications
7 Refer to EW-S 0 specaﬁcauons

Name of Firm ‘Name & Signature of Representative T Demgnatton
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BID DOCUMENTS -

DESIGN, SUPPLY, DELNERY; 1NSTALLATION TESTING'
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-' .
DIESEL HYBRID SYSTEM (WITH ESS)

SECTION VI ~ TECHNICAL SPECIFICATION

LUZF'23Z1 6295e _

G-13.0. BUS CONDUCTOR AND HARDWARES?®

G-14.0 JOB SITE CAMERAS?

SR ’-»q-n E

BEsERinTD

S IS Wiy

__Manufacturer By Supplier
Aluminum Conductor
G-13.2 | Type designation Steel Reinforced
- {ACSR)
G-13.3 | Conductor size 1/0
G-13.4 | Ampacity, A 230
conductor:ﬂa;q!ware
G-13.5 | Tension Clamp
a. Type Bolted, U-Bolt
1'b. Material of'.Bq_d:y; Aluminum Alloy
G-13.6 | Connectors
wedge pressure clamp:
a. Type for stranded conductor
" connection
wedge pressure clamp
b. Angle and T-connectors type | for stranded conductor
connection

G-14.1 | Manufacturer
G-14.2 | Type Time-Lapse Camera
G-14.3 | Quantity At least 2 sets

¥ Refer to EW-5.0 specificalions
9 Refer to EW-1.11

Name of Firm

Name & Signature of Representative

Designation

NATIONAL POWER CORPORATION

VIS (EW)-PO-15




DESIGN, SUPPLY DELWERY INST. ALLA“ON----TEST NG
AND COMMISSIONING OF CALUTCOT ISLAND: SOU\R PV-
_ _ DIESEL HYBRID SYSTEM (WITH ESS)

SECTION VI— TECHNICAL SPECIFICATION LuzP23716295a

BID DOCUMENTS

Thlln Fllm?TranStsi
(TFT)
Liquid Crystal Display
(LCD)
Atleast 1.3 -
o Megapixel CMOS:.
A i At least 110 degrees
G-14.6 | View Angle viewing angle
G-14.7 | Still Image Resolution 1280 x 720
o 15 minutes/ -
G-14:8.... |- Time Lapse Interval User-programmable
Standard AA or AAA
G-14.9 | Battery Type Size
_ Alkaline Batteries
= At least 120 days of -
6'1410 Battery Life - image recording_
G-14.11 | Additional Battery (Spare) To Be Provided
G-14.12 | Enclosure IPX4 compliant:
G-14.13 | Storage Memory SDHC
G-14.14 | Storage Capacity . 32GB
_ - { Additional Storage per camera
G'14‘15ﬂ- ) (Spare) | At least One (1)__ ......

G-15.0 SPARE PARTS FOR SOLAR PV SYSTEM, ENERGY
STORAGE SYSTEM(ESS), POWER AND ENERGY
MANAGEMENT SYSTEM(PEMS) AUXILIARIES™ (Mlmmum

G-15:1- M_emory Cards/ Data Storage - 1 2units
G-18,2 | Spare Wind Anemometers 3 pcs
G-15.3 | Spare Solar Pyranometer 1pc
10 Refer to GW-7.0
Name of Firm _ ' ::f:_._Nafhe_&: Signature of Representafive_- ...:_ 'Designa'tion
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BID DOCUMEN.TS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMM!SSIDNING OF CALUTCOT !SI_.:J__\ND SOLAR PV-

DI&SEL HYBRID SYSTEM (WITH ESS)

SECTION Vi ~ TECHNICAL s_p;cmcmom o o ':ngpzszmasa
_{ Spare Thermocouple for solar module
G-154- temperature leet | ¢
G-15.5 '-Spare Thennocouple for ambient air - fpe
G-15.6 | Battery Modules” tpe |
o f Other- spare parts recom mended by the '
G-15.7 | Equipment (SPP, ESS and PEMS) 1 lot
| Manufacturer (Specify)
o |
2,

G-16.0 STANDARD / SPECIAL TOOLS FOR SOLAR PV SYSTEM"

G-16.1 | Tool Box 1 unit
Insulation Resistance Tester (wuth rated voltage at 250V .

G-16.2. | 1500V / 1000V ; 1set

G-16.3 | Load Resistor (0-1000 ohms) - 1 set

a4 | Voltmeter {with a minimum rated voltage of BOOVAGand | 7
G-16.4 '1|<VDC) - 1sef

| G-16.5 Clamp Meter (wrth minimum rated current of S00A) 1 set

G- 66 PVC hose, ﬂemble and robust, 20mm diameter, at least

SOm tength with drum and reel assembly 1 unit

ADDITION TO THE TECHNICAL BATA SHEETS

Manufacturer's Certification Requirements

1. 180 2001 Certiﬂ;:_ate of the Manufacturer for the following equipment:

" Not fo be suppled

2 Refer to GW 3 0

Nameof Firm  ~  WName & Signafure of Representative Designation ©
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8ID DOCUMENTS : " 'DESIGN,. SUPPLY, DELIVERY,  INSTALLATION, TESTING
T -AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-

DIESEL HYBRID SYSTEM (WiTH ESS)
SECTION Vi ~ TECHNICAL SPECIFIGATION LuzF‘23Z‘tﬁZQSe

Stﬂng inverters

Energy Storage System

Battery Modules/Batteries

Power and Energy Management System (PEMS)

5tn'p._p 2

2. tsa ..... 1 4001 - Certlf‘ cate of the Manufacturer or equivalent for the. follbwmg_
equipment:
a. Solar PV (SPV) Modules
b. Battery Modules/ Batteries

__:Equlpment Certlf cation: Reqmraments

1. Test Certificates/Certificates of Conformance of the SPV modules to be supphed that
comply with the following standards:

a. IEC 61215 — Crystalline Sllicon Terresirial Photovoltaic  (PV)
- Modules- Design Qualification and Type Approval
b. IEC 61730-1 =~ Photovoltaic.(PV)’ module safety qualification — Part 1:.
Requirements for construction
c. IEC61730-2 -~ Photovoltaic (PV) module safety qualification- Part 2:
Requirements for testing
d. IEC81701.. - Salt mist corrosion testing of photovoltaic (PV). modules:

2. Test Certificates/ Certificates of Cohfdr’_'ma‘rit:e of the String Inverters to be supplied
that comply with the foliowing standards:

a. IEC 621091 — Safety of power converters for use in photovoltaic power
systems- Part-1: General requirements
b. IEC 62109-2 -~ Safety of power.converters for use in photovoltaic power
_ E systems- Part 2: Particular requirements for-inverters
c. IEC 62116  — Utility-interconnected photovoltaic inverters =~ Test

procedure of islanding prevention measures

3. TestCertificates/ Certificates of Conformance of the Battery Modules to:be supplied
that c_o_mply with any of the foliowmg standards:
~ a. IEC 62619 - Secondary cells and batteries contalnlng alkaline- or
other non-acid elecirolytes - Safety requirements for
secondary lithium cells and battenes for use in industrial
apphcatlons ar

b, UL1642 - - UL 8tandard for Safety of thhlum Batteries

Other Requirement

1. Latest Copy of Bloomberg New Energy Finance List of Tier 1 Manufactures during
bid submissiondate. - .

2: Certlﬁcata of Site: Inspectlon duly signed by the Calutcot DPP Plant-i n~Charge and!or
its-duly authorized NPC: personnel.

Narme of Firm Name & Signature of Representative . _ Desighaﬁon
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UMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING

B poc AND COMMISSIONING OF CALUTCOT ISLAND SOLAR
PV-DIESEL HYBRID SYSTEM (WiTH ESS)

SECTION VI - TECHNICAL SPECIFICATIONS LuzP2321629Se

SECTION Vi

PART II-TECHNICAL
DATA SHEETS

ELECTRICAL WORKS

ADDITIONAL DRAWINGS AND DOCUMENTS TO BE
SUBMITTED DURING IMPLEMENTATION

NATIONAL POWER CORPORATION



BID DOCUMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-
DIESEL HYBRID SYSTEM (WiTH ESS)

SECTION Vi — TECHNICAL SPECIFICATIONS LuzP23Z16295e

PART Il - TECHNICAL DATA SHEETS

ANNEX H — ADDITIONAL DRAWINGS AND DOCUMENTS TO BE

SUBMITTED DURING IMPLEMENTATION

ANNEX

DESCRIPTION

Annex H.1

Prior to the purchase of materials, equipment and implementation of works,
the supplier shall prepare and submit five {5) copies of, but not limited to, the
following drawings/documents for review/approval of NPC:

a) Civil Drawings:
Site Development plan;
Topographic survey/layout;
Lot or Parcellary survey;
Longitudinal and Transverse Section drawings and details;
SPP support/structure design and details;
Foundation plans and details;
i. Energy Storage System Housing;

ii. SPP array;

iii. ESS transformer;

iv. SPP transformer,;
b) Electrical Drawings:
System architecture;
Overall single line diagram;
SPP single line diagram;
ESS single diagram;
SPP Design Calculations (including cable and conduit sizing &
VD and protection computation},
ESS Design Calculations {including cable and conduit sizing &
VD and protection computation);
SPP cable layout;
ESS electrical layout and details (e.g., Lighting and Power
Layout, Wiring and Cable Tray Details)
. SPP and ESS Lightning Protection layout and details;
10. SPP and ESS switchyard layout and details;
11. SPP and ESS grounding layout and details;

AN

@ ahrhwp~

© o™~

¢) List of recommended Spare Parts and Special Tools; and

d) Operation and Maintenance Manuals.

Other drawings that are not listed herewith but are deemed necessary for
construction of the project shall be submitted to NPC for approval. Plans,
schematics, equipment or items supplied or used without such approval shall
be at the Supplier’s risk of subsequent rejections.

Name of Firm Name & Signature of Representative Designation
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BID DOCUMENTS DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SQLAR PV-
DIESEL HYBRID SYSTEM (WITH ESS)

SECTION V1 = TECHNICAL SPECIFICATIONS LuzP23Z21628Se

Annex H.2 | Manufacturer's General Data and illustrated Catalogues and Brochures
stating the following minimum requirements for the equipment offered:

1. Solar PV Modules
Manufacturer
Model
Cell Type
Rated Power (Wp) at STC
Efficiency
Solar PV Module Service Life
Rated Voltage (V) at STC
Rated Current (A) at STC
Open Circuit Voltage {(Voc) at STC
Open Circuit Current (Isc) at STC
Power Tolerance
Dimension (L X W)

. Weight {Kg)
Junction Box IP Rating

S3r-FATSIaQam0a0 oD

2, String Inverter
a. Manufacturer
b. Model
¢. Rating
d. Efficiency
6. Input DC Power (W) -
f. No. of MPPT
g. Maximum Input Voltage (Voc)
h, Minimum Input Voltage (Voc)
i. MPP Voltage Range {Voc)
. Maximum Input per MPPT (Input A/ Input B) (A)
k. Maximum Short Circuit per MPPT (A)
l.  Maximum Output Current (A)
m. Power Factor at rated power (pf)
n. Total Harmonic Distortion
0. Connection Phase
p. Output Voltage {(Vac)
q. Qutput Frequency (Hz)
r. Data Interface
5. Protection Rating
t. Operating Temperature Range
u. Topology

3. DCBox
a, Protection Rating
b. Surge Protection
c. DC Circuit Breakers
» Continuous Current Rating
e Type

Name of Firm Name & Signature of Representative Designation
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BID DOCUMENTS DESIGN, SUPPLY, DELWVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-
DIESEL HYBRID SYSTEM {(WITH ESS)

_SECTION VI - TECHNICAL SPECIFICATIONS LuzP23Z168295¢

4. AC Box
a. Protection Rating
b. Surge Protection
¢. Circuit Breakers
d. Metering System

5. Solar PV Plant (SPP) Transformer
Manufacturer/Brand
Madel
Rated Capacity, kVA
Number of Phase
Type of Cooling
Insulation
Type
Audible Sound Level
Vector Group
Temperature
« Ambient Temperature
+ Temperature Rise
k. Winding Connection
Insulation Level
» Nominal Voltage Level
» Highest Voltage Leve!
¢ Basic Insulation Level
. Winding Material
Bushing Material
% Impedance .
Efficiency
Tap Changer
Taps
Transformer Losses
Tolerances
Ground Terminal Connection
Weight of Qil
Total Weight
Manufacturer's Test Certificate (PCB)
PCB Analysis Test Result Conducted by the DENR Accredited
Laboratories

i T NS

b

CRELSETONO0DTODS

6. Energy Storage System (ESS) Transformer
Manufacturer/Brand
Model

Rated Capacity, kVA
Number of Phase
Type of Cooling
Insulation

Type

Audible Sound Level
Vector Group
Temperature

T Tameee o

Name of Firm Name & Signature of Representative Designation
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BID DOCUMENTS

DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-
DIESEL HYBRID SYSTEM (WITH ESS)

SECTION VI — TECHNICAL SPECIFICATIONS LuzP23216285¢

l

opp oW

a
b.

®ap

™

WXgReEemrowro©DOI3]

¢ Ambient Temperature
o Temperature Rise

k. Winding Connections

Insulation Level
s Nominal Voltage Level
¢ Highest Voltage Level
¢ Basic Insulation Level

. Winding Material

Bushing Material

% Impedance

Efficiency

Tap Changer

Taps

Transformer Losses

Tolerances

Ground Terminal Connection

Weight of Qil

Total Weight

Manufacturer's Test Certificate (PCB)
PCB Analysis Test Result Conducted by the DENR Accredited
Laboratories

7. Energy Storage System

Manufacturer

Maodel

Nominal Rating, kW
Usable Energy, kWh
Operating Frequency {Hz)

8. Battery Modules
. Manufacturer

Model
Chemistry
Nominal Capacity (Ah)
Electrical Characteristics

* Nominal Terminal Voltage
Minimum Operating Voltage
Maximum Operating Voltage
Maximum Normal State of Charge
Minimum Normal State of Charge
Nominal C-rate @ 25°C
Self-Discharge Rate

¢ Cycle lifetime
Physical Characteristics
Length
Width
Height _
Gross Weight
Number of cells

Name of Firm

Name & Signature of Representative Designation
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BID DOCUMENTS

DESIGN, SUPPLY, DEUIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-
DIESEL HYBRID SYSTEM (WITH ESS})

SECTION VI = TECHNICAL SPECIFICATIONS LuzP23Z16285e

1.

g.

a.
b.
c.

Safety Protection

9. Power and Energy Management System

Manufacturer
Model
Communication

10. Power Cables

15 kV XLPE Cable

AT TQ OO0 T

53

6
a
b
c.
d.
e
f.
g
h
i

Manufacturer

Place of Manufacturer

Maximum operating Temperature, °C

Max. continuous current carrying capacity of conductor at 90°C
Type of cable

Conductor Cross-Section, mm?

Conductor Diameter, mm

Maximum Outside Diameter, mm

Conductor Shape

Conductor Material

Insulation (Material & Thickness)

Outer covering/Jacket (Material, Thickness & Termite Protection
Required)

. Shield (Type)

Filler & Binder Tape

00 V THHN/THWN-2 Cable
. Manufacturer
. Place of Manufacturer

Maximum operating Temperature, °C
Max. continuous current carrying capacity of conductor at 90°C

. Conductor Cross-Section, mm?2

Conductor Diameter, mm

. Maximum Quiside Diameter, mm
. Conductor Material

Insulation (Material & Thickness)

1.5kV DC Cable

~mFQm0ap T

Manufacturer

Piace of Manufacturer

Conductor Size

Conductor Metal

Conductor Shape

Conductor Material

Type of wire

Type of Insulation

Maximum Operating Temperature

Control and Instrumentation Cables
General

a.

Manufacturer

Name of Firm

Name & Signature of Representative Designation
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81D DOCUMENTS

DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-
DIESEL HYBRID SYSTEM (WITH ESS)

SECTION V(- TECHNICAL SPECIFICATIONS LuzP23Z16295e

b. Place of Manufacturer
¢. Conductor Size

RS-485

Type of Conductor
Shielding

Type of Insulation
Type of Jacket
Impedance

CQn oD

Ethernet Cable

a. Type of Conductor
b. Shielding

c. Type of Insulation
d. Type of Jacket

12. Grounding System

General

a. Grid Conductor (Size & Type)

b. Bonding Conductor (riser}
¢ All major equipment such as inverter, transformer, ESS, etc.
e For motors/pumps rated 30kW and above, CT/PT, FDS & LA
* For motors/pumps, perimeter lighting and fence earthing

¢. Ground Rod (Type, Diameter & Section/Length)

13.Lightning Protection
a. Manufacturer
b. Place of Manufacturer

14. Lightning Rod
a, Material
b. Length, mm
¢. Minimum Diameter, mm

15, Down Conductor

Type

Minimum Cross-section Area
Overall Diameter, mm
Insulation Material

Sheath Material

Weight (kg/m}

moapop

16. Accessories

a. Support Pipe, Downlead Clamp, Terminal Lug, Guy Wire, PVC conduit,
elc.

17. Fuse Disconnect Switch with Lightning Arrester Combination
a. Manufacturer
b. Place of Manufacturer

¢._ Class (indoor & outdoor)

Name of Firm Name & Signature of Representative Designation
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BID DOCUMENTS

DESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
AND COMMISSIONING OF CALUTCOT ISLAND SOLAR PV-

DIESEL HYBRID SYSTEM (WITH ESS)

LuzP2321620Se

SECTION Vi - TECHNICAL SPECIFICATIONS

Rated Voltage, kV
Nominal System Voltage, kV
Frequency, Hz
BIL, kV
Ampere Frame
Interrupting Capacity, kA
Fuse Link (Type & Current Rating)
Lightning Arrester
s Type
Class
Rated frequency, Hz
Nominal system voltage
Duty Cycle Voltage (rating), kVrms
Maximum Continucus Operating Voitage (MCOV)
Nominal discharge current, kA
Creepage Distance, mm
Supporting brackets, bolts, nuts, etc,

FemTamoo

18. Bus Conductor and Line Hardwares
Stranded Conductor Requirements
Manufacturer
Place of Manufacturer
Type of designation
Code Name
Conductor Size
Ampacity, A
Outer Layers
= Material
Stranding No.
Calculated cross sectional area, mm?
Coefficlent of Elongation

@mpooge

h. Core

Material

Stranding No.

Calculated cross sectional area, mm?
- = QCoefficient of Elongation

i. Conductor Coefficient of Linear Expansion

Conductor Hardware
a. Tension clamp
s Type
¢ Material
b. Connectors
* Type
» Angle and T-connectors type

19. Job Site Cameras
a. Manufacturer
b. Type

Name of Firm Name & Signature of Representalive Designation

NATIONAL POWER CORPORATION
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PESIGN, SUPPLY, DELIVERY, INSTALLATION, TESTING
BID DOCUMENTS AND COMMISSIONING OF CALUTCOT (SLAND SOLAR PV-
DIESEL HYBRID SYSTEM (WITH ESS)

_SECTION VI - TECHNICAL SPECIFICATIONS LuzP2321629Se

Control Display

Image Sensor Resolution
View Angle

Stilt Image Resolution
Time Lapse Interval
Battery Type & Life
Enclosure |P Rating
Storage Memory

k. Storage Capacity

SreTa e e

Annex H.3 | Site Acceptance Test Procedure for the following:
a) SPV panels
b) String Inverters
¢} Energy Storage System (as an integrated system) including:
+ Battery Management System (BMS)
¢ Power Conversion System (PCS)
» ESS Control System (ECS)
s Battery Modules
d) Battery Modules/ Batteries
e) Power and Energy Management System {PEMS) including:
e Solar/PV Controller{s)
e Ganset Controllers
¢ _ESS Contro! System/ESS Controller(s)

Annex H.4 | Warranty Statement for the following (as stated in GW-19):
a) SPV panels at least 10-year warranty
b) String Inverters at least 5-year warranty
¢) Energy Storage System at least 5-year warranty
d) Power and Energy Management System at least 5-year warranty
e) Battery Modules/ Batteries at Iast 5-year warranty
AnnexH.6 | Computation of Performance Ratio and Annual Yield using the latest version
of PVsyst Software reckoned from the bid opening date.
AnnexH.6 | Commissioning Test Procedures (Refer to Section GW-13.3.3
Commissioning Test)
Performance Test Procedures (Refer to Section GW-13.4 Performance
Test) '
Annex H.7 | 1ISO 9001 Certificate of the Manufacturer for the following equipment:
a) Solar PV (SPV) Modules
b) String Inverters
c) Energy Storage System
d) Battery Modules/Batteries
e) Power and Energy management System (PEMS)
AnnexH.8 | 1SO 14001 Certificate of the Manufacturer or equivalent for the following
equipment: _ '
a) Solar PV (SPV) Modules
b} Battery Modules/ Batteries
AnnexH.9 | Manufacturaer's Certificate on the Average Service Life of the SPV
Modules to be supplied

Annex Test Certificates/ Certificates of Conformance of the SPV modules to be
H.10 supplied that comply with the following standards:
Name of Firm Name & Signature of Representative Designation
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(0 DOE

SECTION VI - TECHNICAL SPECIFICATIONS

a) IEC 61215~ Crystalllne Sihcon Terrestrial Photouoitatci_(PV)
Modules- Design Qualification and’ Type Appr 2 1S
b) IEC 61730-1- Photovoltaic (PV) module safety:quahf catlon Part1
Requirements for construction .
¢} |EC 61730- 2- Photovoltaic (PV) module safety quahﬁcahon- Part2: |-
o Requirements for testing
~d) IEC 61701 —Salt mist: corrosmnytestmg of photovo!talc (PV) mcdules

H.11

Annex Test Certificates/ Certificates of Conformance of the String Inverters to be : - 

supplied that comply with the following standards: y
a) IEC 62108-1- Safety of power converters for use in photovoltaac }
power. systems— Part 1. General reqwrements SRR g

:._b) 1EC 6 __109-2— Safety of power converters:f n: iph'étbﬁ\'_?b:l'ta_i”
- power systems- Part 2: Particular requirements forinverters -

¢}y IEC 82116 — Utility-interconnected photovoltaic mverters— Test
procedure of |slandlng preventlon measures :

- [Annex
[ HA2

;.supplled that com ply with any of the fo!lowmg standards "

a) |EC 62619 - Secondary cells and batteries contalnlhg alkalme or other:. : |
non-acid electrolytes - Safety requirements for secondary lithium cells |
and battenes for use in lndustnai appllcatlons or. .

*[Annex

ét__est _Copy_ __o_f ‘Bloomberg New Energy _F.ina_rlc_e____ I._ t
H.13 Manufactures from bid submission date.
Annex . .| Control Logic Block Diagram or Process Flow of all the controls and.
H.14

nctions of Power and Energy Management System as.enu erated in GW-

Name of Firm Name & Signature of Representative ) _ Designation
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