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Abstract: Emergency generators are important facilities that supply emergency power to fire-fighting
facilities in the event of a power outage. Accordingly, a load test of the emergency generator should
be performed by cutting off the power source of the fire-fighting target in order to accurately confirm
the performance and condition of the emergency generator in normal circumstances. However, the
test has usually been carried out without loads due to serious problems, which are caused by a
shutdown of the power source for the load test of emergency generators, such as the shutdown of
emergency load, etc. In order to overcome these problems, this paper proposes an operation method
and algorithm of a load test device using ESS, which can conform to characteristics of emergency
loads installed in fire-fighting targets by interconnecting it with the emergency generator. In addition,
this paper performs a modeling of an emergency power system using PSCAD/EMTDC, and then
this paper confirms the usefulness of the proposed method and operation algorithm of the load test
device using ESS.

Keywords: emergency generator; fire-fighting facilities; energy storage system; ESS load test device;
PSCAD/EMTDC S/W

1. Introduction

An emergency generator for fire-fighting is a key piece of equipment to supply power
sources in fire-fighting facilities, which protect property and humans in case of fire accidents.
The relevant statutes stipulate that an emergency generator should be installed on buildings
larger than a certain size and that a load test should be carried out [1–4]. The load test of
an emergency generator is to switch the automatic transfer switch (ATS) to the emergency
power system by shutting down the power supply and to verify that the performance
and state of the emergency generator are intact by operating emergency load for a certain
period of time [5]. However, since the load test of an emergency generator requires a
shutdown of the power supply, the power supply to the general load can be suspended
and the electric power system is likely to be damaged due to blackout and reversal, so the
no-load test for emergency generator has been performed in general. This not only can
violate relevant statutes, but also can cause serious damage to the reliability of fire-fighting
facilities that protect people and property in an emergency, such as a fire situation.

Therefore, a method for an on-site load test of an emergency generator is required [6].
Accordingly, in order to overcome these problems, this paper proposes a field load test
method and operation algorithm of a load test generator without shutdown of the power
supply. Specifically, by interconnecting the emergency generator and energy storage sys-
tem (ESS), it is a field load test method and operation algorithm that can evaluate the
performance and state of the emergency generator by interconnecting the emergency
generator and performing charging mode of the ESS with the same characteristic of emer-
gency load. In addition, this paper performs the modeling of an emergency power system
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that is composed of an emergency generator, emergency load, and ESS load test device
using a power system computer-aided design/electromagnetic transients including DC
(PSCAD/EMTDC) program, and the simulation is performed to confirm the usefulness of
the proposed operation algorithm for the field load test and ESS load test device.

2. Operation Characteristics of Field Load Test for Fire-Fighting Emergency Generator

This chapter presents problems that are caused by the no-load test for emergency
generator, and operation characteristics of the field load test by confirming the installation
and operation status of emergency generators in Korea.

2.1. Problems of the Field Load Test for Emergency Generator

According to the investigation conducted by the Seoul Institute, the total capac-
ity of emergency generators in domestic use is about 25 GW, which is categorized into
78,000 units; it mostly used for fire-fighting in combination [7]. Fire-fighting emergency
generators are important facilities that supply power to emergency load, such as fire-
fighting facilities that protect property and humans in case of fire accidents. Therefore,
under the “Technical Guideline for the Selection and Installation of emergency generator”,
Korean law on electrical engineering, a load operation test should be conducted for at least
30 min at the maximum possible load installed on the secondary side of the emergency
generator. In addition, law on fire-fighting stipulates that it is necessary to verify that
inspection is carried out by using the load operation test [8].

However, as the load test of the emergency generator has to shut down the power
supply, there is a possibility of serious problems, such as interruption of power supply to
general loads, damage to low voltage electric machines due to blackout and reversal, and
suspension of emergency loads at hospitals using emergency medical equipment. For this
reason, the performance and state of emergency generators are checked by visual inspection
and no-load test to check only the mechanical defects, such as leakages of water and oil.
The no-load test of the emergency generator can adversely affect the diesel engine, a key
component of the generator, which can cause exhaust gas to flow back and damage the air
supply system, and it can result in problems due to sticking debris and foreign substances
of fuel inside the cylinder by incomplete combustion. Since these problems can cause
abnormal phenomena, such as engine shutdown due to sudden variations of frequency
and voltage in the case of generator operation, advanced countries, including the United
States, do not recognize no-load tests and stipulates periodically performing the load
test of emergency generators with actual load. Accordingly, the National Fire Prevention
Association (NFPA) requires more than 30 percent for the load test as a regulation in the
NFPA code [9,10]. On the one hand, according to a survey conducted by the Korea Electrical
Engineers Association and Ministry of Trade, Industry, and Energy, 60% of emergency
generators were in an inoperable state, with the no-load test pointed out as a major cause,
at the time of circulatory blackout that occurred in Korea in 2011, and less than 7% were
tested for performance and state by load operation [11,12]. Since not only can this be in
violation of relevant legislation, but it can also seriously damage the reliability of fire-
fighting facilities protecting lives and property in emergency situations, such as fires, the
field load test method that can check an emergency generator’s performance and state
is required.

2.2. Operation Characteristics of Field Load Test for Emergency Generator

The output capacity of an emergency power supply is calculated based on the total
input capacity of all loads installed in the emergency power facility and operated simul-
taneously, and the output voltage above the minimum input voltage of load should be
maintained even when the load with the largest starting current is operated. In addition, a
tolerance to withstand short-term over-current should be endurable, even when the load
with the largest input capacity is finally operated. On the one hand, an emergency load of
the emergency power system is classified as ‘fire-fighting load’ (fire-fighting facility load),
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which is the electric load of fire-fighting, fire prevention, evacuation, and fire extinguishing
facility, and the load other than the fire-fighting load is classified as ‘emergency load’
(general facility load).

Most of the emergency generators for fire-fighting are combined-use generators that
supply emergency power to the fire-fighting facility load and the general load facility when
the power supply is interrupted. The general facility loads consist of water supply pumps,
street lamps, and other related equipment loads, and the fire-fighting facility loads consist
of fire-fighting pumps, ventilation fans, and other fire-fighting-related facilities. In addition,
the emergency power usage time of fire-fighting facility load has to be supplied within 20,
40, 60 min, or more, depending on the size of the building.

Therefore, it can be seen that the proportion of power capacity for fire-fighting in an
emergency generator is quite large. Loads with a large starting current at fire-fighting
facility loads are the pumps and ventilation fans that use induction motors. When a power
supply is blacked out during a fire accident, the induction motor load with a large starting
current and emergency load are operated simultaneously. As shown in Figure 1, the
induction motor load has a feature that power factor is rapidly reduced due to the large
starting current at start-up, resulting in a huge apparent power [13]. At this time, in the
emergency generator, as over-current flows increase due to instantaneous capacity, the
possibility of the generator being stopped or failing to start is very high. Hence, it must be
considered in the load test of the emergency generator.
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Moreover, when a fire extinguishing is carried out by the fire brigade due to failure
to extinguish the fire with its own fire-fighting facilities in the worst fire situation, the
usage time and capacity of emergency power are increased as the fire brigade uses fire
extinguishing facilities (emergency socket, etc.). Therefore, the capacity of emergency
power should be calculated by considering a sufficient margin, and the performance and
state of the generator should be checked through periodic load test.

3. Operation Algorithm of Load Test Device Using ESS for Fire-Fighting
Emergency Generator

In order to improve a method of performance test for the emergency generator without
loads, this chapter proposes a novel method of field load test and operation algorithm,
which can carry out the test for performance and condition of the emergency generator by
connecting ESS to the emergency generator without blackout of the customer.

3.1. Operation Characteristics of Field Load Test for Emergency Generator

The existing emergency load test method is performed using a load test device (Load
Bank) consisting of a load resistance (R), as shown in Figure 2.
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Here, when the emergency generator is operated using a general load bank, it not
only does not reflect the feature of fire-fighting facility load where current rapidly rises
at start-up, but also has a problem of wasting energy by exhausting the generated power.
On the one hand, it is possible to use a load test device to which inductive load is applied,
but, due to its high cost, it is partially used for research purposes. In addition, a method
(back-to-back system) of connecting a power conversion system (PCS) to the power sub-
station to carry out load test of an emergency generator can be considered, as shown in
Figure 3 [13,14].
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However, it is difficult to apply back-to-back PCS at most sites because there is no
spare high-capacity circuit breaker to connect back-to-back PCS to the power substation,
so the power supply should be cut off, and a protection co-operation problem about an
accident might occur during emergency generator testing. Therefore, as shown in Figure 4,
to improve the above problems and prevent secondary damage caused by blackout, this
paper proposes the load test method that can check the performance and state of the
emergency generator without a shutdown of power supply by using ESS that is based
on the power capacity of the emergency loads [15]. Specifically, it is a device that can
test the performance and state of the emergency generator by connecting the emergency
generator to ESS, and ESS performs the charging operation in the same way as operation
characteristics of the emergency load.
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Figure 5 shows the composition of the ESS load test device suggested above. Here,
power factor decreases due to a rapid increase in the starting current of fire-fighting facility
load and is compensated by a control function of reactive power, and a lithium-ion battery
performs the role of emergency load, and the performance and state of the emergency
generator can be checked by a measuring instrument. Although the energy storage method
of the load test device using ESS for emergency generators can be considered as compressed
air, flywheel, lead-acid battery, and so on, the most commonly used Li-ion batteries in
recent years have a power conversion efficiency of about 96%, which is superior to other
methods (flywheel: 90%, redox flow battery: 70%, and sodium–sulfur battery: 78%), and
they have fast response characteristics, such that they can be charged in a short-term way
within 15 min [16]. In addition, because the Li-ion batteries have the advantages of easy
commercialization and expansion, eco-friendliness, and simple scalability according to
required capacity, this paper assumes that the Li-ion batteries are adopted in the load test
device using ESS.
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3.2. Operation Algorithm of Load Test Device Using ESS

Based on the field load test method of the emergency generator proposed in this paper,
the operation algorithm of the ESS load test device that can check the performance and
state of an emergency generator by ESS performing a charging operation in the same way
as operation characteristics of emergency load is specifically presented as follows:

STEP 1: Based on the emergency generator capacity bill, the capacity is calculated
by dividing the emergency load into the fire-fighting induction motor load (ventilation
fans (S f an) or pumps (Spump)) which has the largest starting capacity and general facility
load (Semg). In other words, after calculating active power and reactive power of total
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emergency load by using Equations (1) and (2), the total rated capacity (STotal) of emergency
load is calculated using Equation (3). Here, the final output of the emergency generator is
calculated by considering the operational efficiency of each emergency load based on the
manufacturer’s data sheet.

PTotal =
n

∑
i=0

Pemg,i

ηi
+

m

∑
j=0

Pf an,j

ηj
+

l

∑
k=0

Ppump,k

ηk
(1)

QTotal = j

(
n

∑
i=0

Qemg,i

ηi
+

m

∑
j=0

Q f an,j

ηj
+

l

∑
k=0

Qpump,k

ηk

)
(2)

STotal = PTotal + jQTotal (3)

where, STotal : the total rated capacity of emergency load (kVA), PTotal : the total active power
of emergency load (kW), QTotal : the total reactive power of emergency load (kVar), ηi,j,k: the
operational efficiency of emergency load (%) (electric lamp, electric heating: 100%, pump:
80~90%).

STEP 2: Fire-fighting ventilation fans (Sst, f an) and pumps (Sst,pump), of which power
factor decreases due to an increase in sudden current during starting of emergency load
and apparent power increases, apply a constant multiple (7.2) of rated capacity (kW) for a
direct on-line starting method. In the case of the Y-∆ starting method, the load capacity
at starting (kVA) is calculated, multiplying direct on-line starting capacity by starting
coefficient (C) according to Equations (4) and (5).

Sst, f an =
m

∑
i=0

[(Pf an,i

ηi
+ j

Q f an,i

ηi

)
× βi × Ci

]
(4)

Sst,pump =
l

∑
i=0

[(Ppump,i

ηi
+ j

Qpump,i

ηi

)
× βi × Ci

]
(5)

where, Sst: the apparent power during starting (kVA), β: the starting kVA (7.2) per 1 kW
of fire-fighting facility load, C: starting coefficient (direct on-line starting: 1.0, Y-∆ start-
ing: 0.667).

STEP 3: Starting with the creating time of general facility load (temg = 0), the making
time of fire-fighting fans (t f an = 5) and pumps (tpump = 10) are 5 s and 10 s. In addition,
the start-up time (Tst) of fire-fighting facility load is calculated according to Equation (6). A
ventilation fan (Tst, f an) and pump (Tst,pump) with a large capacity and the longest start-up
duration are selected and applied according to Equations (7) and (8).

Tst =
GD2

375

∫ Nm

0

dn
Ta

=
GD2·Nm

375·Ta
= ∑

(
GD2m + GD2l

375
· Nm

Tm − Tla

)
[sec] (6)

where, GD2: [GD2 of motor (m)] + [GD2 of load (l) converted by motor shaft] [kg·m2], Ta:
accelerating torque [kg·m], Nm: rotation speed [rpm], Tm: torque of motor [kg·m], Tla: load
torque of pump (fan).

Tst, f an = Max
(

Tst, f an,j

)
(7)

Tst,pump = Max
(

Tst,pump,k

)
(8)

STEP 4: The load operation time (Stest(t)) of the ESS load test device is applied in
order of the making time (0 ≤ t < t f an) of general facility load, start-up time (t f an ≤
t < t f an + Tst, f an) and stabilization time (t f an + Tst, f an ≤ t < tpump) of fire-fighting
ventilation fans, and start-up time (tpump ≤ t < tpump + Tst,pump) and stabilization time
(tpump + Tst,pump ≤ t < tmax) of fire-fighting pumps.

In addition, for each load operation, the capacity of emergency loads to be input is
classified into reactive power and active power, considering the starting-up characteristics,
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and calculated using Equation (9). Moreover, Figure 6 shows load operation patterns of the
load test device calculated above in a time chart. Furthermore, the maximum operation
time (tmax) of emergency load is 20 min for buildings with 29 floors or less, 40 min for 30 to
49 floors, and 60 min for 50 floors or higher, in accordance with the relevant states [17,18].

Stest(t) =



n
∑

i=0

( Pemg,i
ηi

+ j
Qemg,i

ηi

)
, 0 ≤ t < t f an

n
∑

i=0

( Pemg,i
ηi

+ j
Qemg,i

ηi

)
+

m
∑

j=0

[( Pf an,j
ηj

+ j
Q f an,j

ηj

)
× β j × Cj

]
, t f an ≤ t < t f an + Tst, f an

n
∑

i=0

( Pemg,i
ηi

+ j
Qemg,i

ηi

)
+

m
∑

j=0

( Pf an,j
ηj

+ j
Q f an,j

ηj

)
, t f an + Tst, f an ≤ t < tpump

n
∑

i=0

( Pemg,i
ηi

+ j
Qemg,i

ηi

)
+

m
∑

j=0

( Pf an,j
ηj

+ j
Q f an,j

ηj

)
+

l
∑

k=0

[( Ppump,k
ηk

+ j
Qpump,k

ηk

)
× βk × Ck

]
, tpump ≤ t < tpump + Tst,pump

n
∑

i=0

( Pemg,i
ηi

+ j
Qemg,i

ηi

)
+

m
∑

j=0

( Pf an,j
ηj

+ j
Q f an,j

ηj

)
+

l
∑

k=0

( Ppump,k
ηk

+ j
Qpump,k

ηk

)
, tpump + Tst,pump ≤ t < tmax

(9)
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STEP 5: To conduct a field load test, appropriate PCS and batteries which satisfy
the capacity calculated according to the ESS load test device operation pattern in STEP 4
are selected.

STEP 6: The operation time (t) of the ESS load test device is set as the initial value, and
the load test is performed according to the operation patterns of the load operation test
calculated in STEP 4.

In addition, if the voltage (97.5% < VESS < 102.5%) and frequency (95% < fESS < 105%)
supplied to the ESS load test device from the emergency generator satisfy operation range
and the operation time reaches the maximum time set, it is determined to be suitable for
operation. Meanwhile, if the voltage and frequency supplied from the emergency generator
cannot satisfy operation range or the operation time may not reach the maximum time
set, a retest is conducted up to three times to determine conformity or nonconformity and
terminate the test. The operation algorithm of the ESS load test device for the field load test
of the above emergency generator is demonstrated in a flowchart, as shown in Figure 7.
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4. Modeling of a Load Test Device Using ESS Based on PSCAD/EMTDC

In order to present characteristics for the proposed load test method and operation
algorithm of the load test device using ESS, this chapter performs a modeling of the
emergency power system, which is composed of emergency generator, emergency load,
ESS, and so on, based on the PSCAD/EMTDC.

4.1. Operation Characteristics of Field Load Test for an Emergency Generator

Most of the emergency generators that supply power to emergency load are using a
diesel generator. The modeling of a diesel generator, which is composed of an exciter and
governor using PSCAD/EMTDC, is shown in Figure 8 [19–22]. Here, part A of Figure 8 is
an exciter that controls the reactive power generated from the diesel generator and controls
output voltages using constant voltage regulation. On the other hand, part B of Figure 8
is a governor, which consists of an active power control unit that controls the amount of
power required by the emergency power system and a speed regulation unit that maintains
the rotation speed of the diesel generator at a constant value.
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4.2. Modeling of Emergency Load

The emergency load consists of fire-fighting facility load to protect humans and
property in case of a fire or blackout and general facility load. This emergency load is
modeled so that various conditions can be performed by combining R, L, C loads and an
induction motor, as shown in Figure 9. Here, Figure 9a shows the resistive load (R) that
can be adjusted in the range of 100 W to 10 kW, and the inductive load (L) and capacitive
load (C) are adjusted in the range of 100 Var to 10 kVar. In addition, Figure 9b is a load
controller, and the load is input according to the operating sequence in the same way as
the emergency load characteristics of the emergency power system.

On the one hand, fire-fighting ventilation fans and pumps generally use the induction
motors, which have starting-up characteristics where current increases rapidly and power
factor decreases during start-up. In addition, it can be represented by Equations (10) and (11).
Here, Equation (10) indicates apparent power (SST−MAX) of fire-fighting facility load at the
start-up, and is calculated by multiplying the apparent power (Sc) and starting coefficient
(β, C). Furthermore, Equation (11) indicates active power (PST−MAX) of fire-fighting facility
load at the start-up, and is calculated by multiplying the apparent power (SST−MAX) at
Equation (10) and the average power factor (PFST−AV) at start-up.

SST−MAX = Sc × β × C (10)

where, SST−MAX: the apparent power of fire-fighting facility load at start-up (kVA), Sc:
power of fire-fighting facility load at apparent power under rated load, β: starting kVA
(7.2) per 1 kW of fire-fighting motor capacity, C: starting coefficient (Y-∆ starting: 0.667,
direct on-line starting: 1.0).

PST−MAX = SST−MAX × PFST−AV (11)

where, PST−MAX: the active power of fire-fighting facility load at start-up, PFST−AV : the
average power factor (0.4) of fire-fighting facility load at start-up.

Based on the above Equations (10) and (11) that calculate the capacity of fire-fighting
facility load at start-up, the induction motor can be modeled using PSCAD/EMTDC, as
shown in Figure 10.
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4.3. Modeling of the Load Test Device Using ESS

The ESS load test device for the field load test of the emergency generator must be
able to properly control the active and reactive power of ESS by considering starting-up
characteristics of emergency load. That is, in order to obtain the target output value
of the active and reactive power of ESS, the reference current (Ire f−d,Ire f−q) of the d–q
axis determining the output of ESS is calculated, and voltage difference is calculated by
comparing the reference link voltage of ESS with the DC link voltage, depending on the
target voltage. When the voltage difference is converted into a current by PI control, the
reference current of the d–q axis can be calculated using Equations (12) and (13) [23–26]:

Ire f−d =

(
Kp +

Ki
s

)
×
(
V∗

DC−d + VDC−d
)

(12)

Ire f−q =

(
Kp +

Ki
s

)
×
(

V∗
DC−q + VDC−q

)
(13)

Based on the above interaction Equations (12) and (13) to obtain the reference current
of the d–q axis, the ESS load test device capable of charging and discharging with a constant
current source is modeled using PSCAD/EMTDC, as shown in Figure 11.
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4.4. Entire Modeling of the Emergency Power System

The modeling of an entire emergency power system is composed of an emergency
generator, emergency load, and ESS load test device, using PSCAD/EMTDC based on the



Energies 2021, 14, 5395 12 of 18

above, as shown in Figure 12. Here, part A of Figure 12 is the emergency generator, part B
is the ESS load test device, part C is the ATS, part D is the emergency load, and part E is
the power supply and general load.
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5. Case Studies

In order to confirm the usefulness of the proposed method and operation algorithm of
the load test device using ESS for an emergency generator, this chapter presents charac-
teristics of the load test for an emergency generator by comparing the load bank and ESS
method based on the emergency power system modeling using PSCAD/EMTDC.

5.1. Simulation Conditions

To confirm the usefulness of the field load test method of the emergency generator
and the operation algorithm of the ESS load test device presented in this paper, the oper-
ational characteristics of the actual power system are compared and analyzed based on
the simulation of the emergency power system model. At first, to confirm the operational
characteristics of emergency loads that are operated during blackouts and fire accidents,
the fire-fighting object completed in 2017 with two basement floors and seven ground floors
is selected. The receiving voltage and capacity of the fire-fighting object are 22.9 kV and
700 kVA, the capacity of the emergency load is 400 kW (500 kVA), and the rated capacity of
the emergency load is 280.4 kW, as shown in Table 1. Here, the emergency load consists
of a fire-fighting facility load of 130.20 kW and general load facility of 150.18 kW. When
the demand factor on each facility is applied, the total of fire-fighting facility load and
general facility load is 185.18 kW in the event of blackout, and 280.38 kW in the event of
fire accidents.

On the one hand, to compare and analyze the operational characteristics of the emer-
gency power system, as shown in Table 2, the loads connected to the emergency generator
in case of fire and blackout are classified into induction load (L) and resistance load (R),
based on the emergency load calculated above. Referring to the manufacturer’s data sheet,
the power factor of emergency load is 0.4 on starting, and 0.8 on rating for L load and 1.0
for R load. Here, the rated capacity of emergency load is 280.4 kW in the event of blackout
and 185.2 kW in the event of fire accidents, and the starting capacity of emergency load to
be applied for fire is 158.1 kW for extinguishing pump and 21.6 kW for ventilation fan.
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Table 1. Capacity of the actual emergency power system.

Emergency Load Type of Load Capacity of Load Demand Factor
Acceptance Load

kW %

Fire-fighting load

Pumpingload1 65.82 100 65.82

Pumpingload2 3.70 100 3.70

Fan1 9.00 100 9.00

Fan2 9.00 100 9.00

Fan3 3.84 100 3.84

Fan4 3.84 100 3.84

Elevator 20.00 100 20.00 20.00

Emergencylamp 5.00 100 5.00 5.00

Loadforfirefighting 10.00 100 10.00 10.00

Subtotal 130.20 35.00 130.2

Normal customer load

Pumpingload1 11.52 100 11.52 11.52

Pumpingload2 9.00 100 9.00 9.00

Pumpingload3 2.70 100 2.70 2.70

Pumpingload4 2.70 100 2.70 2.70

Pumpingload5 5.54 100 5.54 5.54

Refrigerator 10.20 100 10.20 10.20

Heat Exchanger 11.52 100 11.52 11.52

Coolingload 65.00 100 65.00 65.00

Circulationpumpingload 32.00 100 32.00 32.00

Sub-total 150.18 86.97 86.97

Total 280.38 185.2 280.4

Table 2. Capacity of the emergency power system by load characteristics.

Case Type of Load
Capacity of Rated Load Capacity of Starting Load

P.F kW kVar kVA P.F kW kVar kVA

Fire

Pumping
load 0.8 65.8 49.4 82.3 0.4 158.1 362.1 395.1

Fan load 0.8 9.0 6.8 11.3 0.4 21.6 49.5 54.0
L 0.8 190.6 142.9 238.2
R 1.0 15.0 0 15.0

Total 280.4 199.0 346.7 179.7 411.6 449.1

Blackout
L 0.8 170.2 127.6 212.7
R 1.0 15.0 0 15.0

Total 185.2 127.6 227.7

In addition, Table 3 shows the operation conditions of emergency loads in order of
time, considering the operational characteristics of emergency load of the actual power
system in the event of blackout or fire accidents. In the event of a blackout, it is assumed
that all L and R loads are operated after 3 s. In the event of fire, L and R loads are assumed
to be operated after 3 s, the fire-fighting ventilation fans after 5 s, and the fire-fighting
pumps after 10 s.
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Table 3. Operation conditions of emergency load.

Time
(s) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Fire

Pumping load
Fan load

L
R

Blackout
L
R

5.2. Characteristics of the Load Test Device Using ESS

Based on the emergency power system modeled in this paper, Figures 13 and 14
show load characteristics of the emergency generator in the event of a blackout. Here, the
output characteristics of the emergency generator by the existing load bank method are
shown. The active power and reactive power are calculated as 185.1 kW and 127.4 kVar, as
shown in Figure 13. Meanwhile, Figure 14 shows the output characteristics of the active
and reactive power of the emergency generator by the charging mode of the ESS load test
device presented in this paper. It can be seen that the output of the emergency generator
varies due to switching of the PCS, but is almost identical to the output characteristics of
the existing load bank.
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Figures 15 and 16 show the load test characteristics of the emergency generator in the
event of a fire. Here, Figure 15 shows the output characteristics of the active and reactive
power of the emergency generator by the existing load bank method, and the emergency
generator outputs 205.4 kW of active power and 142.8 kVar of reactive power after 3 s,
according to the operation pattern of emergency load, and supplies 21.6 kW of active power
and 49.5 kVar of reactive power after 5 s due to the starting of the fire-fighting ventilation
fan. In addition, the emergency generator is operated by rating to supply 280.2 kW of active
power and 199.1 kVar of reactive power to the load bank, after which 150.8 kW of active
power and 362.1 kVar of reactive power is output due to the starting of the fire-fighting
pumps 10 s later.
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On the other hand, Figure 16 indicates the output characteristics of the active and
reactive power of the emergency generator by charging mode of the ESS load test device
presented in this paper, and it can be seen that it has the same characteristics of emergency
generator output by the existing load bank. Therefore, using the ESS load test device
proposed, it is validated that the performance of the emergency generator can be checked
in the same way as using the emergency load of the actual power system without shutting
down the power supply.

5.3. Comparison Results

Tables 4 and 5 show the output characteristics of emergency load for the existing load
bank method and the ESS load test device, using PSCAD/EMTDC modeling. Here, Table 4
shows characteristics in the event of a blackout, and Table 5 shows those in the event of a
fire. Then, at load test of the emergency device, it can be confirmed that the result of the
simulations for emergency load and ESS load test device are almost identical. Meanwhile,
in the characteristics of fire, before and after the start of emergency load (fire-fighting
pump), the emergency generator is stably operated with the capacity (400 kW, 500 kVA).
However, it can be confirmed that the active power (372.9 kW) is within the capacity range
of the emergency generator due to an increase in reactive power (511.7 kVar), which is
caused by the rapid current increase followed by power factor drop, but the apparent
power (659.8 kVA) exceeds 159.8 kVA, which can cause the emergency generator to shut
down. Therefore, if the load test device proposed in this paper is used, the performance of
the generator can be checked in the same way as using the actual emergency load without
shutting down the power supply, indicating the usefulness of the ESS load test device.

Table 4. Load test characteristics of the emergency generator in a blackout.

Type of Load
Capacity of Load

kW kVar kVA

Emergency load 185.1 127.4 227.6

ESS 185.3 127.7 227.9

Table 5. Load test characteristics of the emergency generator in a fire.

Type of Load Operation State of
Pumping Load

Capacity of Load

kW kVar KVA

Emergency load
Stop 205.4 142.8 253.1

Starting-up 372.5 511.6 659.7
Steady-state 280.2 199.1 346.5

ESS
Stop 205.5 142.9 253.4

Starting-up 372.8 511.7 659.8
Steady-state 280.5 199.3 347.9

6. Conclusions

There is a situation that an emergency generator is being tested by no-load operation in
response to concerns about serious problems, such as damage to the low-voltage equipment
due to power supply blackout of the fire-fighting object and the emergency load stopping
in the hospitals. To overcome these problems, this paper proposes the field load operation
test method of the emergency generator and operation algorithm of the ESS load test
device that can check the usage time and output capacity of fire-fighting load by using
the ESS of the charging mode consistent with power capacity and characteristics of fire-
fighting load as the load device. In addition, to verify the usefulness of the field load test
method and the operation algorithm of the ESS load test device proposed in this paper, the
emergency power system is performed using PSCAD/EMTDC, and the result is analyzed
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through simulation. The main contents and expected effects of this paper are summarized
as follows:

(1) The simulation results of the emergency power system using PSCAD/EMTDC model-
ing show that the emergency load test characteristics of the emergency generator are
almost identical to the load test characteristics of the ESS load test device. Therefore,
the ESS load test device proposed in this paper is useful, because the performance
of the generator can be checked in the same way as using the actual emergency load
without shutting down the power supply.

(2) When an ESS for load test of the fire-fighting emergency generator consistent with fire-
fighting load capacity and characteristics is developed and distributed, it is possible
to check and take measures in advance for operation faults and stopping of the emer-
gency generator through the load operation test in the field. Therefore, it can greatly
contribute to the improvement of the reliability of fire-fighting emergency power.

(3) When the mobile ESS for load test plan is developed and distributed in the future, it
is expected that the ESS should be able to provide complementary win–win business
models, such as discharging the power charged to the ESS during emergency genera-
tor testing and selling it to an electric power company, or selling or leasing the ESS
load test device to industries related to fire-fighting facility inspection.
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