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FC-SWITCHGEAR

1500kVA
XFMR
TX-FC

FRONT

49
'-9

"

8'
-5

"
10

'-4
"

11
'-0

"
10

'-4
"

12
'-0

1 2"
7'

-6
"

P 
12

'-0
"

8'
-0

"
5'

-2
1 2"

7'-3" 2'-5"

4'-6" 3'-8"

5'-07
8" 7'-63

4" 6'-0" 11'-6" 1'-2"7'-6"29'-43
8"

FUEL CELL
FC-1

4'
-0

"
10

'-0
"

11'-0" 4'-7" 10'-0" 9'-6"

8'-0"
GATE

8'-0"
GATE

ASPHALT DRIVEWAY

STR
EET

S&C
PME-5

27'-8"

SP
AR

E 
BO

TT
LE

S

COOLING
MODULE

CM-2

FC
-1

 N
₂ 

BO
TT

LE
 B

AN
K

SP
AR

E 
BO

TT
LE

S
FC

-2
 N

₂ 
BO

TT
LE

 B
AN

K

COOLING
MODULE

CM-1

4" HOUSEKEEPING PAD
VERIFY DIMENSIONS WITH
MANUFACTURER'S DRAWINGS.
(TYP. FOR ALL ELECTRICAL
EQUIPMENT)

30 KVA XFMR

ALPHA METER

CONDENSATE
RECEIVER

FENCE POST TYP.

EDGE OF CONC. SLAB

PANEL "SD" 100A, 208/120V, 3P
PROVIDE STRUT SUPPORT
AS REQ'D. FOR ELECT. EQ.

8'-0" HIGH VINYL COATED CHAIN LINK
FENCE WITH PRIVACY SLATS

9'
-8

"

3'-0"

GENERAL NOTES:
1. CONTRACTOR SHALL VERIFY ALL SITE DIMENSIONS, EASEMENTS, EASEMENT

LOCATIONS ETC.

2. CONTRACTOR SHALL HAND DIG IN ALL LOCATIONS WHERE POWER CONDUITS,
CONTROL CONDUITS, AND PIPING CROSS THE UNDERGROUND PRIMARY FEEDERS,
WATER LINES AND GAS LINES.

3. CONTRACTOR SHALL CONTACT "CALL BEFORE YOU DIG" AND A PRIVATE UTILITY
LOCATOR SERVICE PRIOR TO START OF WORK.

4. EXISTING UTILITIES ARE PRESENT ON THIS SITE. CONTRACTOR SHALL EXERCISE
EXTREME CAUTION NEAR OVERHEAD POWER LINES AND WHEN EXCAVATING AND
DIGGING TRENCHES.

5. COORDINATE NEW GAS SERVICE AND GAS METER PAD SIZE AND INSTALLATION
REQUIREMENTS WITH EVERSOURCE PRIOR TO CONSTRUCTION.

6. CONTRACTOR SHALL FABRICATE ALUMINUM DIAMOND PLATE BOX TO COVER CM
AND WATER MAKE UP PIPING TO PROTECT PIPING AND INSULATION. BOX  SHALL
BE REMOVABLE TO ALLOW ACCESS TO VALVES BELOW AND  MUST NOT OBSTRUCT
FUEL CELL DOOR SWING CLEARANCE. PROVIDE DETAILED SHOP DRAWING OF
DIAMOND PLATE BOX .

7. PROVIDE UNISTRUT SUPPORT AS REQUIRED FOR IN-LINE NITROGEN RACK AND
SPARE BOTTLE BANK. SPARE BOTTLE BANK SHALL HAVE CHAINS SUPPORTING
BOTTLES PER OSHA REQUIREMENTS.

SEE GEN.
NOTE 6

SEE GEN. NOTE 7
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10 YEAR OVERHAUL CLEARANCE
(TYPICAL)

CONTROL
PANEL

P-FC HX P-BLDG

VFD-P-BLDG
VFD-P-FC

20'-0"
FENCE WITH ROLLING GATE

5'
-0

"

6'
-0

"

8'-0"
NEW UTILITY SHED

POST MTD LED LIGHT
WITH STANCHION MTD
RECEPTACLE & SWITCH.
TYP.

61
'-0

"

EXISTING UTILITY SHED
EXISTING BUILDING

EXISTING UTILITY
TRANSFORMER

EXISTING MANHOLE #1

EXISTING MECH. EQUIPMENTTX-5

FUEL CELL MECHANICAL
EQUIPMENT AREA

FC-HW
S & FC HW

R

DCW

TO DCW CONNECTION
IN BUILDING

TO EXISTING HW TAPS
INSIDE BUILDING

TO FUEL CELL
WI CONNECTION
TYP.

TO FUEL CELL
HG CONNECTIONS
TYP.

4'
-0

"
1'

-0
"

1" C.

TO SWITCHBORAD
TYP.
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FUEL CELL POWER PLANT ONE-LINE DIAGRAM

SDF3

100 E 150 E
MANHOLE
LOC "B"

MANHOLE

TX-1

SDF3

SDF1 SDF1

SDF2 SDF2 SDF2
SDF1

SDF1

NC NO

TX-2

Y
Δ

Y
Δ

LOAD BREAK ELBOWS

LOOP FEED SWITCH
NC NC

TX-3

LOAD BREAK ELBOWS

LOOP FEED SWITCH
PRIMARY FUSES

Y
Δ

NC NC

TX-4

LOAD BREAK ELBOWS

LOOP FEED SWITCH
PRIMARY FUSES

Y
Δ

NC NC

TX-5

LOAD BREAK ELBOWS

LOOP FEED SWITCH
PRIMARY FUSES

BUILDING 10

SD
F1

SD
F2

SD
F1

SD
F1

SD
F1

SD
F3

SD
F2

SD
F2

OUTDOOR DISTRIBUTION
SECTION #2

BUILDING 1
BUILDING 2
BUILDING 3
BUILDING 4

BUILDING 8
BUILDING 9

BUILDING 0
BUILDING 5
BUILDING 6
BUILDING 7

(3) SETS OF (4) 600 MCM EACH
SET IN 4" DUCT (3) SPARE DUCTS

1/C #3/0 BARE, BOND TO
TRANSFORMER GROUND GRID

PAD MOUNTED OUTDOOR DISTRIBUTION
TRANSFORMER NO. 2
750 KVA, 23KV - 480/277 VOLT 3 PH, 4W
TRANSFORMER 5.89%

(6) SETS OF (4) 600 MCM EACH SET
IN 4" DUCT (3) SPARE DUCTS

1/C #350 MCM BARE, BOND TO
TRANSFORMER GROUND GRID

PAD MOUNTED OUTDOOR DISTRIBUTION
TRANSFORMER NO. 3
1500 KVA, 23KV - 480/277 VOLT 3 PH, 4W
TRANSFORMER 6.1%

OUTDOOR DISTRIBUTION
SECTION #3

OUTDOOR DISTRIBUTION
SECTION #4

OUTDOOR DISTRIBUTION
SECTION #5

(3) SETS OF (4) 600 MCM EACH
SET IN 4" DUCT

1/C #3/0 BARE, BOND TO
TRANSFORMER GROUND GRID

PAD MOUNTED OUTDOOR DISTRIBUTION
TRANSFORMER NO. 4
750 KVA, 23KV - 480/277 VOLT 3 PH, 4W
TRANSFORMER 6.18%

1/C #350 MCM BARE, BOND TO
TRANSFORMER GROUND GRID

PAD MOUNTED OUTDOOR DISTRIBUTION
TRANSFORMER NO. 5
1500 KVA, 23KV - 480/277 VOLT 3 PH, 4W
TRANSFORMER 5.89%

TO OTHER LOOP FEED
TRANSFORMER LOADS
MANHOLE LOC "D"

MANHOLE
NUMBER 5

MANHOLE
NUMBER 6

MANHOLE
NUMBER 4

MANHOLE
NUMBER 3

MANHOLE
NUMBER 2

MANHOLE
NUMBER 1

23KV FEEDER (ORIGINAL PRIOR TO 1988)
(3) 1/C #1, 23KV CABLES (1) #4 BARE GROUND

MANHOLE
LOC "E"MANHOLE

LOC "A"
MANHOLE

LOC "C"

CPC
MUNGER

150 KVA
2.95 %

23KV FEEDER (NEW 1991)
(3) 1/C #1, 23KV CABLES
(1) #4 BARE GROUND

MANHOLE
LOC "F"

23KV TRANSFERABLE FEEDER
(3) 1/C #1, 23KV CABLES (1) #4
BARE GROUND NEW 1991

23KV TRANSFERABLE FEEDER
(3) 1/C #1, 23KV CABLES (1) #4
BARE GROUND NEW 1991

23 KV DISTRIBUTION AND
STANDBY GENERATOR SWITCH GEAR

23KV TRANSFERABLE FEEDER
(3) 1/C #1, 23KV CABLES (1) #4
BARE GROUND NEW 1991PRIMARY

METER

POLE MOUNTED
SURGE
ARRESTORS SPARE

FUSIBLE
SWITCH

200 AMP, 25 KV
PAD MOUNTED
SWITCH GEAR

SERVICE DROP
POLE NUMBER 7892

UTILITY 23 KV
DISTRIBUTION SYSTEM

288 FEET
Building to B

LEGEND
LIGHT INDICATES EXISTING
BOLD INDICATES NEW

POWER PLANT SPECIFICATIONS
RATED POWER OUTPUT 460 kW / 532 kVA

OUTPUT TYPE 480VAC, 60 HZ, 3 PHASE, 3 WIRE

RATED OUTPUT CURRENT 639 AMPS AT RATED kVA

CERTIFICATION:
POWER PLANT IS CERTIFIED TO: ANSI/CSA AMERICA FC 1 - 2014 (FORMALLY ANSI
Z21.L83) "AMERICAN NATIONAL STANDARD FOR STATIONARY FUEL CELL POWER
SYSTEM" INCLUDING,
A. UL1741SA "INVERTERS, CONVERTERS, CONTROLLERS AND

INTERCONNECTION SYSTEM EQUIPMENT FOR USE WITH DISTRIBUTED
ENERGY RESOURCES."

B. IEEE 1547 "STANDARD FOR INTERCONNECTING DISTRIBUTED RESOURCES
WITH ELECTRIC POWER SYSTEMS."

C. NFPA 70 NATIONAL ELECTRIC CODE (FOR INTERFACES TO CUSTOMER
WIRING AND WIRING BETWEEN MODULES).

SETTING
NAME DESCRIPTION

GROUP 1 -  "SUPPORT"
60 Hz SETTING 480Vac

Tx RATIO  2.31 : 1
VOLTAGE P.U.

ANSI C37
DEVICE

NUMBER

27P1P UNDER VOLTAGE LEVEL 88%(V) 106 0.88 27

27P2P MID UNDER VOLTAGE 106 0.88

27P3P UNDER VOLTAGE LEVEL 50% (V) 60 0.50 27

59P1P OVER VOLTAGE LEVEL 110% (V) 132 1.1 59

59P2P OVER VOLTAGE LEVEL 120% (V) 144 1.2 59

81D1P FAST UNDER FREQUENCY LEVEL (Hz) 56.5 81U

81D2P SLOW UNDER FREQUENCY LEVEL (Hz) 58.5 81U

81D3P SLOW OVER FREQUENCY LEVEL (Hz) 61.2 81O

81D4P FAST OVER FREQUENCY LEVEL (Hz) 62 81O

SV1PU RECONNECTION TIME DELAY (CYCLES) 18,000

SV2PU FAST OVER FREQUENCY CLEARING TIME (CYCLES) *5

SV3PU SLOW OVER FREQUENCY CLEARING TIME (CYCLES) 18,000

SV4PU FAST UNDERFREQUENCY CLEARING TIME (CYCLES) 18,000

SV5PU FAST UNDER FREQUENCY CLEARING TIME (CYCLES) *5

SV6PU OVER VOLTAGE 120% CLEARING TIME (CYCLES) *5

SV7PU OVER VOLTAGE 110% CLEARING TIME (CYCLES) 120

SV8PU UNDER VOLTAGE 88% CLEARING TIME (CYCLES) 120

SV9PU MID UNDER VOLTAGE 88% CLEARING TIME (CYCLES) 120

SV10PU UNDER VOLTAGE 50% CLEARING TIME (CYCLES) 66

SV12PU
DELAY BETWEEN GRID OK STATUS AND BREAKER
OPENING (CYCLES) 0

TABLE A - SEL547 RELAY
IEEE1547 / UL 1741SA GRID PROTECTION PARAMETER SETTINGS

THE REQUIRED GRID PROTECTION FUNCTIONS AND SETTINGS PER UL1741SA/IEEE1547
RESIDE IN THE INTERNAL SEL547 RELAY WITH SETTING NAMES AS SHOWN BELOW.

*

GENERAL NOTES
1. PROVIDE SIGNAGE AS REQUIRED BY CODE AND AS INDICATED ON DWG E2.0.

2. CONSULT DOOSAN MODEL 400 INSTALLATION DESIGN GUIDE (FUEL CELL POWER PLANT) AND STANDARD
INSTALLATION DRAWINGS FOR TECHNICAL REFERENCE.

1. THE FUEL CELL GROUND LUG INSIDE DISCONNECT SWITCH MD-1 SHALL BE CONNECTED
TO AN EXTERNAL #1/0 COPPER EQUIPMENT GROUNDING CONDUCTOR FROM MAIN
SWITCHBOARD'S GROUNDED CONDUCTOR PER NEC ART 692.44, IN ORDER TO PROVIDE
THE REQUIRED SINGLE POINT GROUND PER NEC ART 250.24.A & D.

2. NOTE THAT THE FUEL CELL GROUND LUG INSIDE MD-1 IS BONDED TO ALL METALLIC
NON-CURRENT CARRYING METAL PARTS BOTH INSIDE THE FUEL CELL AND ALSO AT
EXTERNAL FUEL CELL ASSEMBLIES SUCH AS THE COOLING MODULE, SO ALL FUEL CELL
PARTS ARE CONNECTED TO THE EQUIPMENT GROUNDING CONDUCTOR AS REQUIRED
BY ART. 250.110.

GROUNDING NOTES:

NOTE 1: THE ACTUAL (TOTAL) PROTECTION CLEARING TIME EQUALS THE SUM OF THE PARAMETER
CLEARING TIME SETTING IN THE TABLE PLUS 5 CYCLE BREAKER'S TRIPPING TIME. FOR EXAMPLE ACTUAL
(TOTAL) FAST OVER CURRENT CLEARING TIME EQUALS PARAMETER SV6PU 5 CYCLES SETTING PLUS THE 5
CYCLE BREAKER CLEARING TIME FOR A TOTAL CLEARING TIME OF 10 CYCLES (0.16 SEC)
NOTE 2: GROUP 1 SETTINGS ARE FOR THE UL1741SA "GRID SUPPORT" AND GROUP 2 SETTINGS ARE FOR
IEEE1547-2003 NON-SA SETTINGS - USE GROUP 1 FOR UL1741SA SITES.
NOTE 3: FOR DOOSAN ON-SITE PERSON - GROUP 1 OR GROUP 2 IS SET BY GROUP 9 PARAMETER
"INVERTER MODE"
GROUP 1 = GRID SUPPORT (INVERTER MODE = 0 = FALSE) =UL1741SA

GRID CONNECT
GRID INDEPENDENT

GC
GI

TX-FC
1500 KVA
PRI: 23,000 DELTA
SEC: 480Y/277V WYE
LIQUID FILLED
5.75% Z

4 SETS OF:
[3 #600 KCMIL + 1 #600 KCMIL N. IN 4" C.]

TYPICAL FOR (2) TWO MODEL 400 PureCell SYSTEM POWER PLANTS

800A NEMA-3R FUSED
MAINTENANCE DISCONNECT
SWITCH (FACTORY MOUNTED)

FC MD1

FUEL CELL POWER MODULE

FURNISHED BY HyAXIOM
(TYP.)

COOLING
MODULE 3 #10 & #10 G IN 1" C

COOLING MODULE
DISCONNECT SWITCH "CM"
(PROVIDED AND INSTALLED BY E.C.)

CM

HEAT
TRACE
CTLR

2#12, #12G-1"C ABB TEST
BLOCK

INTERNAL LOADS

FUEL CELL STACKS

GRID SENSING FOR PROTECTION
AND SYNCHRONIZING

PROTECTION
59 81 7927

480V

480V

7-PCS100
INVERTER
MODULES

A-F

UL 1741SA CERTIFIED
INTERNAL FUEL CELL

PROTECTION (SEE
SETTINGS IN TABLE A)

SEL547

AUXILIARY POWER
TRANSFER SWITCH

NOTE: VFD FOR
COOLING MODULE
FANS IS INTERNAL

TO POWER MODULE

FINAL
CONNECTIONS
BY DOOSAN

FUEL CELL MODULE RATING:

460 KW / 532 KVA
480 VAC, 3 PH, 3 WIRE,60 HZ

MAX. AMPS 639 A @ RATED KVA

NITROGEN PRESSURE
SWITCH INTERFACE

RMS

HRM

+FMA XBKUP
OPTIONAL 208/120 VAC
EMERGENCY POWER 15KVA,
42 AMPS 3 PHASE 4W

CC
TB CUST
TERM. BLOCK

25A
480V

5HP
AUX CKT

NITROGEN BOTTLE BANK

2-#14 & #14 G. IN 1" C
24VDC

LMR-400 COAXIAL CABLE
FOR EXTENDED ANTENNA,
RUN IN 3 4"C OUTDOORS

EXTERNAL ANTENNA.
STANDARD ANTENNA
MOUNTED INTERNALLY
TO POWER PLANT

3 
#1

4 
TO

H
R

M
 3

3 
& 

34

J

NEMA 4 JUNCTION BOX
SIZE AS REQUIRED

TO CUSTOMER BMS,
BACNET, MODBUS,
ASCII, HTML, XML
(REQ. PROTOCOL
CONVERTER)

30 AS / 20 AF
NEMA 3R

3PH
800:5

GRID INTERACTIVE (GRID CONNECT)
OPERATION ONLY. OPTIONAL GRID
INDEPENDENT OPERATION IS NOT
INCLUDED AT THIS SITE.

GND

800

TO SPARE 20A, 208V CIRCUIT
IN SITE DISTRIBUTION PANEL

3PH WYE-WYE
277:120 MCB_INV

GND M

UV

480V

480VEMC
FILTER

800 A 
POWER CIRCUIT
GRID CONNECT

CONTROL SIGNAL TO TRIP
FUEL CELLS OFF-LINE WHEN
GENERATOR IS RUNNING
AND TIE BREAKER OPENS.
TYPICAL

FC SWITCHGEAR
1600A, 480V, 3Ø, 65KAIC NEMA 3R

N

G

#4/0 GEC

SPD

#500 KCMIL

STRIP
HEATER

GF

800AF
800AT
3P

GF

800AF
800AT
3P

100AF
60AT
3P

1600AF, 1600AT
3P, 480V, 65KAIC
100% RATED LSIG

TEST
SWITCH

M

ALPHA 3
NGO METER

CAT 5 CABLE IN 3/4"C.
COORDINATE WITH
EVERSOURCE
SPECIFICATION

UTILITY METER
COMPARTMENT

TO  FUEL CELL FC2
DISC. SW. MD2

Δ

Y

100A

SITE DISTRIBUTION PANEL "SD"
100A, 208/120V, 3Ø, NEMA 3R

(LIGHTING, SERVICE OUTLETS
& HEAT TRACE)

208V /
120V

480V
30KVA     NEMA 3R

MAIN
DISC.

4 #1, #8G. IN 2"C.

3 #4, #8G. IN 1 14"C.

2 SETS OF
[3 #600 KCMIL &  1 #1/0 GND. IN 4" C.]

SDF1

SD
F1

SD
F1

SD
F1

SD
F1

SD
F2

NEW MV UTILITY FUEL
CELL DISC. SW.
600A / 65E FUSE
S&C PME-5

MV-DS

TO PUMP
P-FC

VFD-P-FC
WITH INTEGRAL
DISCONNECT

VFD-P-BLDG
WITH INTEGRAL
DISCONNECT

TO PUMP
P-BLDG

FUEL CELL MECHANICAL EQUIPMENT AREA

TO CUT-IN THE FUEL CELL, DE-ENERGIZE THE
23KV DISTRIBUTION SWITCHGEAR FEED TO THE
TRANSFORMER PAD #5. OPEN IT'S TRANSFORMER
LOOP FEED SWITCH ON THAT SIDE, PULL THE MV
CONNECTORS AT THE LOOP FEED SWITCH AND
SAFETY GROUND THE FEEDER, CLOSE THE
ALTERNATE SIDE LOOP FEED SWITCH AND MAKE
THE CUT-IN.

3 #1 (CU), 23KV CABLES & 1 #4 BARE GROUND IN 4"C.

3 #1 (CU), 23KV CABLES &
1 #4 BARE GROUND IN 4"C.

CT/PT PER
EVERSOURCE
SPECIFICATION
0.3% ACCURACY
TYPICAL

GF
GFP & ARC FLASH
MAINT. SWITCH

400AF
400AT
3P

3 #12 &  1 #12 GND.  IN 1" C.

20AF
15AT
3P

20AF
15AT
3P

3 #12 &  1 #12 GND.  IN 1" C.
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