
S H O R T  C I R C U I T  A N A L Y S I S2
SCALE NTS

FAULT NO. 1

FAULT NO. 2

FAULT NO. 3

UTILITY COMPANY,
13.2 KV

1 - 37.5KVA Single Phase
Distribution Transformer

Assumed:

100AT MCCB
DISCONNECTING
MEANS

6 AWG Service
Entrance Conductor

3/0 AWG Service Drop
Wire / Secondary Line

D E S I G N  A N A L Y S I S1
E  1

STRING PROTECTION DEVICES
ISC 12.28
ICB ISC x 125%
ICB 15.35

Protection Device : 16AT DC  BREAKER, 1000V SPD
Solar Conductor : 2C-4.0 mm2 DC Wire + 1-C 3.5mm2 TW
Conduit : 34.5mm2 HDPE Conduit UV Rated

CABLE LOSSES
PPV 2 x I2 x R x L

Resistance (Ohm / Km) 5.09
Length (Km) 0.03

ISC 12.28
PPV 46.05

Power Cable Loss per String : 46.05

PPV(Input) PPV(Peak) - PPV(Cable)

PPV(Peak) 500

PanelString 4.00

Tolerance ± 3.00%

PPV(Input) 2013.95

Power Input per String : 2013.95

VPV @ PMAX
VPV x No. of string

VPV @ PMAX 42.80

VPV @ PMAX 171.20

Voltage PV @ PMAX : 171.20 V

VDROP-CABLE 2 x I x R x L

VDROP-CABLE (V) 3.75

VDROP-CABLE (%) 2.19

 INVERTER PROTECTION DEVICE
ICB - Inverter PInverter / 230V

PInverter 12000
ICB - Inverter 52.17

Protection Device : 50AT RCBO Miniature Circuit Breaker, 5KAIC SPD
Service Conductor : 2C-14mm2 Copper Wire + 1C-8.0mm2  THHN (G)
Conduit : 32mm ø PVC

 BATTERY PROTECTION DEVICE
ICB - Battery PInverter / 52.1V

PInverter 12000
ICB - Battery 230.33

Protection Device : 225AT Miniature Circuit Breaker, 10KAIC SPD
Service Conductor : 2 - 35mm2 DC Battery Wire (Red and Black)

NOTE : WARNING SHOULD BE MOUNTED ON OR ADJACENT TO
THE VISIBLE DISCONNECTION DEVICE AND SHALL BE READ
PROMINENTLY.

SCALE NTS

E  1

CABLE LOSSES
PPV 2 x I2 x R x L

Resistance (Ohm / Km) 5.09
Length (Km) 0.03

ISC 12.28
PPV 46.05

Power Cable Loss per String : 46.05

PPV(Input) PPV(Peak) - PPV(Cable)

PPV(Peak) 500

PanelString 5.00

Tolerance ± 3.00%

PPV(Input) 2528.95

Power Input per String : 2528.95

VPV @ PMAX
VPV x No. of string

VPV @ PMAX 42.80

VPV @ PMAX 214.00

Voltage PV @ PMAX : 214 V

VDROP-CABLE 2 x I x R x L

VDROP-CABLE (V) 3.75

VDROP-CABLE (%) 1.75

CABLE LOSSES
PPV 2 x I2 x R x L

Resistance (Ohm / Km) 5.09
Length (Km) 0.03

ISC 12.28
PPV 46.05

Power Cable Loss per String : 46.05

PPV(Input) PPV(Peak) - PPV(Cable)

PPV(Peak) 500

PanelString 6.00

Tolerance ± 3.00%

PPV(Input) 3043.95

Power Input per String : 3043.95

VPV @ PMAX
VPV x No. of string

VPV @ PMAX 42.80

VPV @ PMAX 256.80

Voltage PV @ PMAX : 256.80 V

VDROP-CABLE 2 x I x R x L

VDROP-CABLE (V) 3.75

VDROP-CABLE (%) 1.46

V I C I N I T Y  M A P5
SCALE NTSE  1

LOCATION : DPWH Camarines Sur 2nd DEO (Maintenance Building)
Baras, Canaman, Camarines Sur

M8 ALLEN SCREW
PV MODULE

MODULE RAIL
END CLAMP

MODULE RAIL

PV MODULE

MID CLAMP

M8 ALLEN SCREW

MODULE RAIL

L-FEET

HANGER BOLT

M8 ALLEN SCREW

COLOR STEEL

ROOF PURLIN

MODULE RAIL

ALLEN SCREW

RAIL SPLICE

Detail "1" Detail "2" Detail "3"

Detail "4" Detail "Rail Splice"

PV MODULE

M8 ALLEN SCREW

L-FEET
HANGER BOLT

MODULE RAIL

M8 ALLEN SCREW

END CLAMP

M O U N T I N G  B R A C K E T  D E T A I L S3
E  1 SCALE NTS

BATTERY INPUT DATA
Battery Type Lead-acid or Lithium-ion
Battery Voltage Range (V) 40-60V
Max. Charging Current (A) 220A
Max. Discharging Current (A) 220A

PV STRING INPUT DATA
Max. DC Input Power (W) 24000W
PV Input Voltage (V) 500V
MPPT Range (V) 125V-425V
Start-up Voltage (V) 125V
Rated  PV Input Voltage 370V
Max Input Short-Circuit Current 44+44+44
Max Operating PV Input Current 26+26+26
No. of MPPT Trackers 3
No. of Strings Per MPPT Tracker 2+2+2

AC OUTPUT DATA
Rated AC Output and UPS Power (W) 12000
Max. AC Output Power (W) 13200
Peak Power (off  grid) 2 times of rated power, 10 S
Rated AC Input/Output Current (A) 54.5/52.2
Max AC Input/Output Current 60/57.4
Max Continuous AC Passthrough (grid-load) 100
Rated Input/Output Voltage/Range(V) 220V/230 0.85Un-1.1Un
Rated Input/Output Grid Frequency/Range 60Hz/55Hz-65Hz
Power Factor Adjustment Range 0.8 leading-0.8lagging

EFFICIENCY
Max. Efficiency 97.60%
Euro Efficiency 96.50%
MPPT Efficiency ＞99.00%

1 2 K W  H Y B R I D  I N V E R T E R4
SCALE NTSE  1

TITLE : PROCUREMENT OF PHOTOVOLTAIC SOLAR PANEL SYSTEM WITH 6KW AND 12KW 5TH GENERATION
HYBRID INVERTER AND LI-ION BATTERY

LOCATION : DPWH CAMARINES SUR 2nd DEO, (GAD Bldg.) BARAS, CANAMAN, CAMARINES SUR

ANNEX A



SERVICE ENTRANCE

SERVICE EQUIPMENT

KWHR
METER

TO INVERTER

GROUND ROD

S E R V I C E  E N T R A N C E  D E T A I L2
SCALE NTS

SI NGL E L IN E  D IA GR AM1
E  2 SCALE NTS E  2

PV MODULE
MODULE RAIL
RIB TYPE COLOR STEEL
ROOF PURLIN
ROOF RAFTER

ON ROOF PHOTOVOLTAIC SOLAR PANEL CONNECTION5
E  2 SCALE NTS

4 X  500Watts MONO Crystalline Bi-Facial Solar Panel in Series Connection, S.O. (STRING 1)
5 X  500Watts MONO Crystalline Bi-Facial Solar Panel in Series Connection, S.O. (STRING 2)

ROOF MOUNTED

ON

OFF

WARNING ELECTRIC SHOCK

12KW
HYBRID

INVERTER

20.84 KWHR
Li-ion Battery

or Equiv.

+ _

125AT
DC

MCB

20.84 KWHR
Li-ion Battery

or Equiv.

+ _

125AT
DC

MCB

225AT
DC
BATTERY
COMBINER

50AT
AC
RCBO

M
UTILITY DISTRIBUTION

(CASURECO)

100AT MCCB

50AT
AC

MCB

DISCONNECTING
MEANS

CT SENSOR

2C - 0.75mm2 Twin Core
Royal Cord

2C - 22.0mm2 THHN + 1C - 14.0mm2 THHN in 50mm Ø

1 2

3 4

32AT 25AT

16AT

63AT

MPB - A

1

2 3

60AT 15AT

15AT 15AT

4 515AT 20AT

6 720AT 20AT

MPB-C

1 2

3 4

15AT 15AT

20AT 30AT

50AT

MPB - B

6 X  500Watts MONO Crystalline Bi-Facial Solar Panel in Series Connection, S.O. (STRING 3)

ON

OFF

O N  R O O F  P H O T O V O L T A I C  S O L A R  P A N E L  P L A N6
E  2 SCALE NTS

FLOW

FLOWFLOW

FLOW

FLOW

SLAB
ROOFING

FLOW

ATS

ATS

MTS

NOTE : DIRECT CONNECTION OF THE SPECIAL
OUTLET FOR WELDING MACHINE TO
DISCONNECTING MEANS

RSD
ISOLATOR

5f
t

1. UTILITY HAS 24HRS UNRESTRICTED ACCESS TO
ALL PV SYSTEM COMPONENTS LOCATED AT
SERVICE ENTRANCE.

2. MODULES CONFORM TO AND ARE LISTED
UNDER UL 1703

3. CONDUCTORS EXPOSED TO SUNLIGHT SHALL
BE LISTED AS SUNLIGHT RESISTANCE AS PER
PEC SUNLIGHT RESISTANCE AS PER PEC

4. CONDUCTORS/DEVICES EXPOSED TO WET
LOCATION SHALL BE SUITABLE FOR USE WET
LOCATION OR WITH A PROTECTION RATING OF
IP68.

5. PHOTOVOLTAIC SOLAR PANEL MOUNTING
REQUIREMENT: 4-POINT RAIL SUPPORT SYSTEM

SOLAR ELECTRICAL NOTES3
SCALE NTS

E L E C T R I C A L  N O T E S4
SCALE NTS

S O L A R  P A N E L5
SCALE NTS

E  2

E  2

E  2

1. ALL ELECTRICAL WORKS INDICATED SHALL BE DONE IN
ACCORDANCE WITH THE LATEST PROVISION OF THE
PHILIPPINES ELECTRICAL CODE RULES AND REGULATION.

2. ALL MATERIALS TO BE USED SHALL BE NEW AND
APPROVED TYPE FOR ALL LOCATION AND PURPOSES.

3. ALL INVERTERS AND ESS MUST HAVE AN AI TECHNOLOGY
WITH A FIFTH GENERATION MODEL AND CAN BE PARALLEL
UP TO 10 UNITS.

4. ALL ELECTRICAL DEVICES MUST HAVE AN INGRESS
PROTECTION RATING OF IP66.

5. ALL INSTALLATION SHALL BE DONE IN GOOD AND NEAT
WORKMANSHIP.

6. ALL ELECTRICAL WORKS SHALL BE DONE UNDER THE
DIRECT SUPERVISION OF PROFESSIONAL ELECTRICAL /
REGISTERED ELECTRICAL ENGINEER

RATED MAXIMUM POWER 500W
CURRENT AT PMAX 11.69A
VOLTAGE AT PMAX 42.80V
SHORT CIRCUIT CURRENT 12.28A
OPEN CIRCUIT VOLTAGE 51.70V

TITLE : PROCUREMENT OF PHOTOVOLTAIC SOLAR PANEL SYSTEM WITH 6KW AND 12KW 5TH GENERATION
HYBRID INVERTER AND LI-ION BATTERY

LOCATION : DPWH CAMARINES SUR 2nd DEO, (GAD Bldg.) BARAS, CANAMAN, CAMARINES SUR

ANNEX B



S H O R T  C I R C U I T  A N A L Y S I S2
SCALE NTS

FAULT NO. 1

FAULT NO. 2

FAULT NO. 3

UTILITY COMPANY,
13.2 KV

1 - 37.5KVA Single Phase
Distribution Transformer

Assumed:

60AT MCCB
DISCONNECTING
MEANS

8 AWG Service
Entrance Conductor

3/0 AWG Service Drop
Wire / Secondary Line

D E S I G N  A N A L Y S I S1
E  1

STRING PROTECTION DEVICES
ISC 12.28
ICB ISC x 125%
ICB 15.35

Protection Device : 16AT DC  BREAKER, 1000V SPD
Solar Conductor : 2C-4.0 mm2 DC Wire + 1-C 3.5mm2 TW
Conduit : 34.5mm2 HDPE Conduit UV Rated

CABLE LOSSES
PPV 2 x I2 x R x L

Resistance (Ohm / Km) 5.09
Length (Km) 0.03

ISC 12.28
PPV 46.05

Power Cable Loss per String : 60.46W

PPV(Input) PPV(Peak) - PPV(Cable)

PPV(Peak) 500

PanelString 4.00

Tolerance ± 3.00%

PPV(Input) 2013.95

Power Input per String : 4043.24

VPV @ PMAX
VPV x No. of string

VPV @ PMAX 42

VPV @ PMAX 168.00

Voltage PV @ PMAX : 336 V

VDROP-CABLE 2 x I x R x L

VDROP-CABLE (V) 3.75

VDROP-CABLE (%) 2.23

 INVERTER PROTECTION DEVICE
ICB - Inverter PInverter / 230V

PInverter 6000
ICB - Inverter 26.09

Protection Device : 25AT RCBO Miniature Circuit Breaker, 5KAIC SPD
Service Conductor : 2C-8.0mm2 Copper Wire + 1C-5.5mm2  THHN (G)
Conduit : 32mm ø PVC

 BATTERY PROTECTION DEVICE
ICB - Battery PInverter / 52.1V

PInverter 6000
ICB - Battery 115.16

Protection Device :100AT Miniature Circuit Breaker, 10KAIC SPD
Service Conductor : 2 - 35mm2 DC Battery Wire (Red and Black)

NOTE : WARNING SHOULD BE MOUNTED ON OR ADJACENT TO
THE VISIBLE DISCONNECTION DEVICE AND SHALL BE READ
PROMINENTLY.

SCALE NTS

E  1

V I C I N I T Y  M A P7
SCALE NTSE  1

SERVICE ENTRANCE

SERVICE EQUIPMENT

KWHR
METER

TO INVERTER

GROUND ROD

S E R V I C E  E N T R A N C E  D E T A I L3
SCALE NTSE  1

LOCATION : DPWH Camarines Sur 2nd DEO (Sub-Office)
Bgy. Tambo, Pamplona, Camarines Sur

E

N

W

S

5f
t

SOLAR ELECTRICAL NOTES4
SCALE NTSE  1

S O L A R  P A N E L5

RATED MAXIMUM POWER 500W
CURRENT AT PMAX 11.69A
VOLTAGE AT PMAX 42.80V
SHORT CIRCUIT CURRENT 12.28A
OPEN CIRCUIT VOLTAGE 51.70V

SCALE NTSE  1

E L E C T R I C A L  N O T E S6
SCALE NTSE  1

1. ALL ELECTRICAL WORKS INDICATED SHALL BE DONE IN
ACCORDANCE WITH THE LATEST PROVISION OF THE
PHILIPPINES ELECTRICAL CODE RULES AND REGULATION.

2. ALL MATERIALS TO BE USED SHALL BE NEW AND
APPROVED TYPE FOR ALL LOCATION AND PURPOSES.

3. ALL INVERTERS AND ESS MUST HAVE AN AI TECHNOLOGY
WITH A FIFTH GENERATION MODEL AND CAN BE PARALLEL
UP TO 10 UNITS.

4. ALL ELECTRICAL DEVICES MUST HAVE AN INGRESS
PROTECTION RATING OF IP66.

5. ALL INSTALLATION SHALL BE DONE IN GOOD AND NEAT
WORKMANSHIP.

6. ALL ELECTRICAL WORKS SHALL BE DONE UNDER THE
DIRECT SUPERVISION OF PROFESSIONAL ELECTRICAL /
REGISTERED ELECTRICAL ENGINEER

TITLE: PROCUREMENT OF PHOTOVOLTAIC SOLAR PANEL SYSTEM WITH 6KW AND 12KW 5TH GENERATION
HYBRID INVERTER AND LI-ION BATTERY

LOCATION: TAMBO, PAMPLONA, CAMARINES SUR

1. UTILITY HAS 24HRS UNRESTRICTED ACCESS TO
ALL PV SYSTEM COMPONENTS LOCATED AT
SERVICE ENTRANCE.

2. MODULES CONFORM TO AND ARE LISTED
UNDER UL 1703

3. CONDUCTORS EXPOSED TO SUNLIGHT SHALL
BE LISTED AS SUNLIGHT RESISTANCE AS PER
PEC SUNLIGHT RESISTANCE AS PER PEC

4. CONDUCTORS/DEVICES EXPOSED TO WET
LOCATION SHALL BE SUITABLE FOR USE WET
LOCATION OR WITH A PROTECTION RATING OF
IP68.

5. PHOTOVOLTAIC SOLAR PANEL MOUNTING
REQUIREMENT: 4-POINT RAIL SUPPORT SYSTEM

ANNEX C



ON ROOF PHOTOVOLTAIC SOLAR PANEL CONNECTION4
E  2 SCALE NTS

4 X  500Watts MONO Crystalline Bi-Facial Solar Panel in Series Connection, S.O. (STRING 1)
4 X  500Watts MONO Crystalline Bi-Facial Solar Panel in Series Connection, S.O. (STRING 2)

ROOF MOUNTED

ON

OFF

WARNING ELECTRIC SHOCK

6KW
HYBRID

INVERTER

20.84 KWHR
Li-ion Battery

or Equiv.

+ _

100AT
DC

MCB

25AT
AC
RCBO

M
UTILITY DISTRIBUTION

(CASURECO)

60AT MCCB

25AT
AC

MCB

DISCONNECTING
MEANS

CT SENSOR

2C - 0.75mm2 Twin Core
Royal Cord

2C - 14.0mm2 THHN + 1C - 5.5mm2 THHN in 32mm Ø

1

2 3

50AT 15AT

15AT 20AT

4 5

6 7

MPB-C

ON

OFF

RSD
ISOLATOR

O N  R O O F  P H O T O V O L T A I C  S O L A R  P A N E L  P L A N5
E  2 SCALE NTS

MTS

2C - 8.0mm2 THHN + 1C - 5.5mm2 THHN in 32mm Ø

PV MODULE
MODULE RAIL15° Tilt Angle Facing South

15° Tilt Angle Facing South

SLAB

SLAB

N

S

2C - 8.0mm2 THHN +
1C - 5.5mm2 THHN in
32mm Ø

M8 ALLEN SCREW
PV MODULE

MODULE RAIL
END CLAMP

MODULE RAIL

PV MODULE

MID CLAMP

M8 ALLEN SCREW

MODULE RAIL

L-FEET

HANGER BOLT

M8 ALLEN SCREW

COLOR STEEL

ROOF PURLIN

MODULE RAIL

ALLEN SCREW

RAIL SPLICE

Detail "1" Detail "2" Detail "3"

Detail "4" Detail "Rail Splice"

PV MODULE

M8 ALLEN SCREW

L-FEET
HANGER BOLT

MODULE RAIL

M8 ALLEN SCREW

END CLAMP

M O U N T I N G  B R A C K E T  D E T A I L S2
E  2 SCALE NTS

BATTERY INPUT DATA
Battery Type Lead-acid or Lithium-ion
Battery Voltage Range (V) 40-60V
Max. Charging Current (A) 135A
Max. Discharging Current (A) 135A

PV STRING INPUT DATA
Max. DC Input Power (W) 12000W
PV Input Voltage (V) 500V
MPPT Range (V) 150V-425V
Start-up Voltage (V) 125V
Rated  PV Input Voltage 370V
Max Input Short-Circuit Current 17+17
Max Operating PV Input Current 13+13
No. of MPPT Trackers 2
No. of Strings Per MPPT Tracker 1+1

AC OUTPUT DATA
Rated AC Output and UPS Power (W) 6000
Max. AC Output Power (W) 6600
Peak Power (off  grid) 2 times of rated power, 10 S
Rated AC Input/Output Current (A) 27.3/26.1
Max AC Input/Output Current 30/28.7
Max Continuous AC Passthrough (grid-load) 40
Rated Input/Output Voltage/Range(V) 220V/230 0.85Un-1.1Un
Rated Input/Output Grid Frequency/Range 60Hz/55Hz-65Hz
Power Factor Adjustment Range 0.8 leading-0.8lagging

EFFICIENCY
Max. Efficiency 97.60%
Euro Efficiency 96.50%
MPPT Efficiency ＞99.00%

6KW HYBRID INVERTER3
SCALE NTSE  2

S IN GLE  L IN E  D IA GR AM1
E  2 SCALE NTS

TITLE: PROCUREMENT OF PHOTOVOLTAIC SOLAR PANEL SYSTEM WITH 6KW AND 12KW 5TH
GENERATION HYBRID INVERTER AND LI-ION BATTERY

LOCATION: TAMBO, PAMPLONA, CAMARINES SUR

ANNEX D
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