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Abstract An emergency generator is key equipment for fire-fighting to supply power to fire-fighting
facilities, which protect property and people in cases of fire accidents. A rated load test for emergency
generators must be carried out by connecting an emergency load to the generator in accordance with
related regulations. However, a no-load test has been performed for emergency generators in general
since serious problems can occur when the main power is cut off, including the damage of customer
devices and shut down of critical loads. Therefore, this paper proposes a load test method for an
emergency generator using energy storage system (ESS) without the interruption of main power. The
emergency power system was also modeled based on PSCAD/EMTDC software, and a 200-kW scale ESS
load test device was implemented. The simulation and test results show that the load test method is

useful and practical for an emergency power supply system.

Keywords : Emergency Power System, Emergency Generator, Emergency Load, Load Test Device, Energy
Storage System, PSCAD/EMTDC
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Fig. 1. Concept for load test method of emergency
generator using ESS
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Fig. 2. Modeling of diesel generator
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Table 1. Specification of 20kW-scaled diesel generator

items contents items contents
rated output | 25kW/20kVA | power factor | 0.8(agging)
CONUNUOUS | 5 w/25KVA | efficiency 85.23%
rated output
. brushless
voltage 380/220V exciter type self-excited
winding 3phase 4wire type rotating field
wmdm'g star connection IP code P 20
connection with neutral
. #6308z
frequency 60Hz bearing ball bearing
less than
voltage 30%(Transient) cooling . .
L fan cooling
deviation less than system
2.5% (normal)
rated RPM 1800 insulation H Class
number of .
polarity 4 pole weight 215 kg
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Table 2. Specification of PCS

items
rated capacity

contents
20kW
high frequency switching
microprocessor

control

PWM control
semlcorfductor IGBT
device
phases 3phase 4wire

rated voltage 380/220V

Table 3. Specification of Li-ion battery

items contents
type Li-ion battery
rated voltage 216V
charging voltage(Max) 237V
cut-off voltage(Min) 197V
nominal capacity 8.64kWh
configuration 14P60S
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Table 4. Capacity of actual emergency power system

¢ capacity |demand| acceptance load
emix;izncy WII())Z do of load | Factor (W)
&W) (%) | blackout | fire
pumping | g5 o5 | 100 65.82
load 1
pumping
load 2 3.70 100 3.70
fan 1 9.00 100 9.00
fire fan 2 9.00 100 9.00
fighting fan 3 3.84 100 3.84
load fan 4 3.84 100 3.84
elevator 20.00 100 20.00 20.00
FPE 500 100 5.00 5.00
amp
Joad for 600 | 100 | 1000 | 1000
fire fighting
subtotal 130.20 35.00 130.20
PUMPING | 3455 | j00 | 1152 | 1152
load 1
PUMPINg |50 | 100 | 9.00 9.00
load 2
pumping
load 3 2.70 100 2.70 2.70
normal | pumping | 54 | 199 | 270 2.70
customer load 4 ) ) )
load | pumping | 554 | 100 | 554 5.54
load 5
refrigerator | 10.20 100 10.20 10.20
heat 1152 | 100 | 1152 1152
exchanger
cooling | 4500 | 100 | 6500 | 65.00
load
circulation
pumping 32.00 100 32.00 32.00
load
subtotal 150.18 86.97 86.97
total 280.38 185.18 280.38
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Table 5. Down-scaled capacity of the emergency
power system by load characteristics

type of | capacity of rated load |capacity of starting load
load | PF| kW | kVar |[kVA| PF | kW |kVar| kVA

pumping ol 33 | 25 (41| 04 | 80 | 182|199
load

L 0.8] 10.0 7.5 1125 - -
R 1.0 0.8 0 0.8 - -
total 14.0 | 10.0 [17.3 8.0 | 182|199
blacl L |os] 85 [ 64 [106 - |-
k R 1.0] 0.8 0 0.8 - -
out | total 93 | 64 |114 - -

fire
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Table 6. Operation conditions of emergency load

time

case
a (sec)

pumpin
g load

L

Fire

R
Black| L
out R
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Table 7. Load test characteristics of emergency
generator in blackout

i capacity of load
items type of load o KVar KA
PSCAD/ emergency load 9.5 6.4 114
EMTDC ESS 9.4 6.2 113
ESS load emergency load 9.3 6.3 11.5
test device ESS 9.4 6.1 11.4

Table 8. Load test characteristics of emergency
generator in fire

goetation capacity of load
items type of load aisise i

pumping | kW | kVar | kVA

load
stop 10.8 7.5 13.3
emTrgzncy starting-up | 18.8 | 25.7 | 33.2
PSCAD/ o8 steady-state | 14.0 | 10.0 | 17.3
EMTDC stop 10.2 7.3 13.1
ESS starting-up | 18.6 | 25.5 | 33.1
steady-state | 14.2 | 10.1 | 17.2
stop 10.6 7.4 13.2
emTranCY starting-up | 18.9 | 25.6 | 33.1
ESS load s steady-state | 14.2 | 10.2 | 17.1
test device stop 10.7 | 73 17.2
ESS starting-up | 18.8 | 25.4 | 33.3
steady-state | 14.3 | 10.1 17.2
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