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Within residential applications motor loads can include 
pumps, compressors within heat pump and air-conditioners. In 
the commercial sector, generators would be used for powering 
saws, compressors and pumps.

Inductive loads such as motors pose a challenging task in 
generator sizing calculations. Whereas for linear loads such 
as heaters and lighting the starting current is equivalent to 
the running current, for motor loads the starting current, also 
known as inrush current, is significantly higher than the current 
during steady state operation. The level of starting current is 
also depending on the efficiency of the motors.

In Europe, energy efficiency regulations are being revised and 
by July 2021 motors with power output from 0.75 – 1000 kW 
must reach efficiency level IE3. As shown in figure 3, the higher 
the efficiency of the motor, the larger is the level of starting 
current. For a 10 kW IE2 motor the ratio between the starting 
current and the rated current is a factor of 6 whereas for an 
IE3 motor with the same power the factor rises to > 7 resulting 
in an average of 16% increase in the starting current. 

Starting a motor load (especially induction motors) via Direct 
On Line (DOL) will require around six times the rated current. 
The current remains high until 80% of the speed is reached. 
The duration of the starting current can vary from a few 
milliseconds to a couple of seconds depending on the inertia 
and the type of load connected to the motor shaft.

When connected to an electrical utility, such levels of inrush 
currents may easily result in an instantaneous voltage dip that 
may affect other loads such as lighting fixtures. In cases where 
such motors are started via generators the high inrush currents 
can cause large voltage dips that may cause the generator 
to trip.

How to overcome generator sizing issues and reduce 
system cost with soft starters

Starting inductive loads such as pumps, fans and compressors 
can affect the stability of the voltage network due to the high 
starting currents. In applications where the main source of 
power is a generator or a backup energy storage system 
(ESS), proper sizing becomes a challenging task. Unlike utility 
power, generators provide a finite source of energy both at 
steady state and during peak demand.

Under sizing of standby power sources may result in frequent 
trips and reduced lifespan especially if the generator is not 
properly protected. Even if such problems can be overcome 
by over sizing the generator, the latter is also problematic as 
it may lead to several problems within the exhaust side of a 
diesel powered genset resulting in higher maintenance costs. 
The optimum power to pull from a generator is 70 – 85% 
of its rated capacity. [1] Properly sizing generators to ensure 
they can handle the peak demand during start whilst making 
sure that the genset is also suitably sized for the steady state 
operation can be quite challenging.

In recent years portable generator sales have experienced 
a sharp rise due to a multitude of factors including growing 
frequency of natural disasters, poor grid infrastructure in 
undeveloped nations but also due to a new trend related to 
off grid living where homes are totally powered by standby 
power sources such as generators and photovoltaic systems or 
a hybrid of the two technologies.

The global portable generator market is expected to grow with 
a CAGR of 5.4% (2019-2026) reaching USD 5.87 billion by 
2026 [2]. The residential sector has the biggest market share 
(71.3%) which mainly include gensets below 5 kVA [2]. The 
diesel powered gensets are the leading type of fuel used for 
residential due to efficiency while the gasoline is the fastest 
growing [2].

1.INTRODUCTION

Portable generator market

$ 3.88
Billion
2018

$ 5.87
Billion
2020

2.STARTING INDUCTION MOTORS

Figure 1: Portable generator market [2] 

Figure 2: Average starting current of induction motors [3] 

CAGR 5.4%
2018-2020
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The high inrush current will cause disturbances on the voltage 
and frequency which may prevent from starting the load. 
Voltage dips can harm other equipment connected with the 
same system supply or cause mis operation of contactor 
and mechanical relays; therefore, correct generator sizing 
is crucial. Motor starting contactors and control relays can 
handle a 35% voltage dip but some may start to chatter at 
lower levels of voltage dips. Small frequency change can 
cause malfunction for certain equipment like Uninterruptible 
Power Supply (UPS). 30% voltage dip results in almost 50% 
reduction of starting kVA.

The most difficult interaction between a generator set and its 
load is during motor starting. Moreover, there is not a single 
standard that gives the basis for all necessary validation work. 
Currently the industry depends on the hardware evaluation 
based on NEMA MG1 Part 32 and NFPA 110 [4].

Two main fundamental criteria when sizing a generator for 
motor starting are instantaneous voltage dip and voltage 
recovery during motor starting [5]. Extensive field experience 
shows that the voltage recovery is mainly a function of the 
exciter size rather than the alternator size and hence it does 
not represent the generator’s ability to start the motor. The 
main criteria should be what is the required Locked Rotor Kilo 
Volts Ampers (LRKVA) at the maximum instantaneous voltage 
dip. Also, MIL and NEMA standards state that initial voltage 
dip is the main criteria to use in generator sizing [5].
When reducing the maximum step up voltage during initial 
start-up or the maximum allowable frequency dip, it is required 
to increase the size of the generator.

Motor loads are the biggest issue when it comes to generator 
sizing. When it comes to sizing calculations, different 
generator manufacturers have different approaches leading 
to different final results. The load summation procedure is the 
most practical to use.

Load summation method [10]: 

Step 1: Sum the running kW (RkW) of motor loads (except 
the largest motor) 
A] List the running kW (RkW) for all the motor loads that

will be connected to the generator. The RkW is the kW
rating declared on the motor nameplate.

B] Exclude the largest motor load from the above list
Step 2: Calculate the starting kW of the largest motor load
A] For the largest motor load add the starting kW (SkW)
B] As a good approximation, the starting kW (SkW) can be

calculated as follows:
• Single phase motors: SkW = Vline x L.R.A. x 0.8
• Three phase motors: SkW = √ 3 x Vline x L.R.A. x 0.8,

When considering all these factors, correctly sizing the 
generator is not that trivial. Motor starting current can also 
vary depending on changing operating conditions such as 
differential starting pressures in pumps and compressors.

Due to the limited power that is available from standby power 
sources such as generators, common phenomena that end 
users may experience include frequency and voltage dips.

Frequency dip is when enough power (kW) cannot be supplied 
by the engine, hence causing reduction in revolutions per 
minute (RPM). Whereas the majority of the loads can tolerate 
a mild frequency dip, a severe drop in the RPM may cause 
high oscillations on the motor shaft that creates increased 
levels of mechanical stress and it may also cause a motor to 
stall completely because of the drop in the rotational speed.

Induction motors have a torque-speed characteristic as shown 
in figure 3. When starting an induction motor a certain level of 
torque is required to get the motor to start rotating.  At around 
80% of the motor’s synchronous speed the accelerating torque 
of the motor increases sharply until the point known as the 
breakdown torque is reached.

Depending on the frequency dip level and duration, the rpm 
on the motor shaft can drop to a point where there will not be 
enough load accelerating torque. As a consequence, a higher 
current will be drawn by the motor resulting in a generator 
tripping due to overcurrent.

Voltage dips occur when there is a high inrush current demand 
for a short duration. Factors such as line impedance, length of 
cables and stability of the power source can contribute to the 
level and severity of voltage dips. Motors can normally tolerate 
voltage dips in the region of 20 – 30%. However, a sustained 
low voltage condition can reduce the lifetime of motors due to 
the increased current and temperature within the motor coils. 
If generators are not properly sized to handle the steady state 
conditions, the output voltage from the genset may be lower 
than the acceptable voltage required by specific loads.

Figure 3: Torque-speed characteristic of induction motors 

3.STARTING MOTOR LOADS WITH
GENERATORS

4.SIZING A GENERATOR
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current reduces the starting kilo Volt Amperes (SkVA) and 
starting kilo Watt (SkW) requirement. The starting kVA/kW 
will determine the generator size required. Having a 300% 
current limit results in reducing the starting kVA by 50%.

One disadvantage of switching SCRs is that these cause 
voltage distortions. To compensate for this the generator needs 
to be oversized.

Most of the soft starters available today on the market use the 
principle of hybrid switching. With this switching topology the 
SCRs are only triggered during the initial stage of the motor 
start. Once the motor reaches full speed the load current 
is conducted by the integrated electro-mechanical relays 
resulting in less heat dissipation and no disturbance on the 
voltage. Hence, for hybrid switching soft starters there is no 
need to oversize the generators because the voltage distortion 
will only last a few seconds during motor start-up.

Harmonic voltage distortion is caused when the load has 
impedance changes with the applied voltage [7]. These are 
called non-linear type of loads and due to the impedance 
change the current will not be a sine wave but will have a 
certain amount of voltage distortion. Harmonics do take up 
capacity of the generator and create unnecessary heat. Filter 
devices or upsizing the generator are two ways how this can 
be addressed [7].

Harmonics is a phenomenon associated with variable 
frequency Drives (VFDs) due to the high frequency switching 
of the power semiconductors (IGBTs). High levels of harmonics 
induce voltage drops on the reactance of the generator.
This implies adding a sizing factor on the generator in order to 
keep the voltage distortion to an acceptable level that of 15% 
(or less) total harmonic distortion (THD). According to the IEEE 
519 THD should be limited to a maximum of 10% [7]. For a 
six-pulse VFD, the generator sizing should be around double 
the kW of the drive [6]. If the VFD is a Pulse Width Modulation 
(PWM) type or has an input filter to limit the current distortion 
within less than 10% then the generator sizing should be 1.4 
times the kW rating of the drive [6].

Another important parameter to consider when sizing a 
genset is the start-up sequence. Starting several motor loads 
concurrently will contribute to an increase SkVA ultimately 
requiring an over-rated generator that can handle a very 
high peak demand. Whenever possible, sequential starting of 
loads, especially the inductive type, can result in a lower rated 
genset size. When this is not possible, starting the largest 
motor load first can be a suitable alternative to limit the SkVA 
required when all loads are connected.

where L.R.A. is the locked rotor Amps of the motor 
(available on the motor nameplate)

C] Convert the SkW to starting kVA (SkVA) by the following
formula: SkVA = SkW ÷ 0.8

Note: The 0.8 is a good reference value for the motor power 
factor (P.F.)
Step 3: Non-motor loads (e.g. lamps)
A] Sum all the kW corresponding to to the non-motor loads

connected to the generator
Step 4: Sum up all the loads: RkW of motor loads, SkW of 
largest motor load, kW of all non-motor loads
Step 5: Select generator: The generator kW rating shall 
equal to or larger than the sum of all the above loads.

As one can observe, a high L.R.A value, will result in a higher 
over-sizing of the generator. If a smaller generator is used, 
there is a high chance that the generator will trip due to the 
high starting surge (SkW) required during the motor starting 
phase.

Let us consider a quick example using a typical 5 ton single-
phase heat pump with a running current of 24 AAC.

Soft starters are electronic devices that use silicon-controlled 
rectifiers (SCRs) to reduce the initial starting current of 
induction motors. Most soft starters use the principle known as 
phase angle control to reduce the initial voltage applied on 
the motor shaft and increase this gradually depending on a set 
of parameters that can be set by the end user. Soft starters are 
normally used to reduce mechanical and electrical stresses on 
motors and couplings during motor starts and stops.

When using soft starters, the inrush current is reduced by an 
average of 40 – 65% with respect to a direct on line (DOL) 
start. Such a reduction in the starting current reduces both 
voltage and frequency dips especially when the available 
power source is limited.

With respect to generators, soft starters can bring several 
benefits including cost savings on the final installation. By 
controlling the motor acceleration during start-up, limiting the 
starting torque and reducing the starting current, the loading 
on the genset during motor starts is reduced. The lower starting 

5.SOFT STARTERS AND VARIABLE
FREQUENCY DRIVES

Parameter DOL start

Running kW RkW 5 kW

Locked rotor amps LRA 152.5 A

Starting kW SkW 230 x 152.5 x 0.8 = 28 kW

Generator size 28 kW (or larger)

Table 1: Generator sizing example with DOL starter
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Carlo Gavazzi has a wide range of soft starters for both three-
phase and single-phase induction motors. Single phase motors 
can be split in three main types: Permanent Split Capacitor 
(PSC), Capacitor Start Induction Run (CSIR) and Capacitor 
Start Capacitor Run (CSCR). PSC motors are typically used in 
low starting torque applications such as fans, pumps and also 
scroll compressors. CSIR can be found in applications such 
as low power rotary compressors and CSCR type motors are 
then used in applications that require a high starting torque – 
wastewater pumps and compressors.

CSCR and CSIR motors need a start capacitor to provide 
sufficient starting torque. Start capacitors are very susceptible 
to voltage fluctuations and temperature. In fact, they are one 
of the most critical components within a single-phase motor. 
On the other hand, although PSC motors do not require a 
start capacitor, the motor starting current on these motors can 
be as high as 7-8 times the motor rated current. Once again, 
these factors have to be considered during the selection and 
sizing of generators.

Carlo Gavazzi has recently launched an innovative dynamic 
motor soft starter, HDMS [9]. The HDMS is a single-phase soft 
starter that uses a proprietary control strategy that allows end 
user to eliminate the start capacitor for most applications. The 
HDMS uses advanced power module technology (IGBTs) with 
a hybrid switching topology to minimise voltage distortion and 
reduce heat dissipation during motor operation. Apart from 
removing the need of a start capacitor, the HDMS provides an 
average of 70% reduction in the motor starting current when 
compared to a DOL start. The exceptional current reduction is 
one of the factors that can minimise the need for oversizing 
generators. If we consider once more the same example of the 
5 ton heat pump.

As shown in table 2, the generator size that would be 
required when a soft starter like HDMS is installed would be 
significantly smaller or will avoid the need of significantly 
oversizing the generator.
In cases where a higher torque is required to start the load, a 
booster kit solution can be used. The booster kit consists of start 
capacitor (with low capacitance value – typically < 60 µF) and 
an electro-mechanical relay, controlled by HDMS, to engage 
and disengage the start capacitor.

Scenario: A Paguro 6.5 kW generator [8] was installed on a 
boat supplying two air-conditioning units, fridge freezer, lights 
and other accessories connected to the generator's output. The 
compressors within the air-conditioning system were equipped 
with a hard start kit (HSK). A hard start kit is a combination of 
a start capacitor and voltage sensing electro-mechanical relay 
that help to lower the starting current by providing additional 
starting torque through the start capacitor – typically around 
100 – 300 µF. Without the HSK the compressors in the air-
conditioning units could not start when having unbalanced 
pressures due to the tripping of the generator as shown in 
figure 5. During the starting of the compressor, the voltage 
dropped by 80% for the whole duration of the start attempt 
– see figure 5.

Problem: The generator was tripping frequently especially 
during the start of the air-conditioning units.
The trips were caused by the high inrush current demand 
by the compressors that was creating severe voltage sags. 
Figure 6 shows the start when an HSK was installed. There 
was still a voltage drop of 35% during the initial phase of the 
compressor start. This voltage sag was due to the high current 
(35 A pk) drawn from the genset.

6.CARLO GAVAZZI SOFT STARTERS

7.CASE STUDY

Figure 4: HDMS - High Dynamic Motor Starter 
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Figure 5: DOL start without hard start kit (Red-Input current, Blue- System voltage) 
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Figure 6: Compressor start with HSK (Red - Input current, Blue - System voltage) 

Parameter HDMS start

Running kW RkW 5 kW

Locked rotor amps Soft start 46 A

Starting kW SkW 230 x 46 x 0.8 = 8.5 kW

Generator size  8.5 kW (or larger)

Table 2: Generator sizing example with HDMS soft starter
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Solution: The HSK was replaced with the HDMS. The 
compressors in this installation were CSCR type. At balanced 
pressures the HDMS started the air-conditioning units without 
problems. Within this specific application, there was no 
pressure balancing mechanism and the compressors could 
start with a differential pressure. To overcome this, a booster 
kit was installed together with the HDMS to reduce further the 
compressor starting current and minimise voltage dips.
The start capacitor for the booster kit was 40 µF. Figure 7 
shows how the HDMS managed to start the compressors 
under unbalanced pressures. There was a minimal voltage 
dip of 8% and the starting current was reduced by a further 
30% compared to the HSK performance as shown in table 1. 

Benefits: After installing the HDMS, there were no further 
generator trips and hence there was no need for over-sizing 
the generator. The voltage dip was considerably reduced as a 
result of a lower starting current when installing the soft starter.
Compared to the hard start kit, the HDMS provided the 
following benefits:

• Eliminates generator trips
• Savings on total system cost
• Generator upsizing not required
• Increased load lifetime

Considering the above application, we will analyse the 
possible scenarios that a typical end user would be faced 
with.

Scenario 1: Selecting a larger generator (8.5 kW)
To solve the problem of the frequent generator trips, one of the 
options could have been that of selecting a larger generator 
in the first place. A larger generator would have provided the 
necessary SkVA to start the compressors but it would have 
been oversized during steady state operation resulting in 

higher running costs and more maintenance on the generator. 
Table 4 shows the total system cost for this scenario. 

Scenario 2: Introducing a second generator 
A potential option could have been to introduce a second 
6.5 kW generator to handle the peak demand when 
required. Excluding the issues related to space constraints 
and the additional wiring required, it is clear that the cost 
of a second generator would be the costliest option.

Scenario 3: Installing a HDMS soft starter 
As already discussed in the previous sections, motor loads 
cause a high transient current during the starting phase. Soft 
starters regulate the voltage on the motor during start and 
reduce the current demand from motor loads. Introducing the 
HDMS soft starter resulted in sufficient start current reduction 
that there was no need to over-size the generator. As a 
secondary benefit, the effect of reducing the voltage dip from 
35% to 8% ensured that there was no voltage disturbance on 
the other loads powered by the genset.
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Figure 7: HDMS with booster kit Start with unbalanced pressures (Red - Input current, Blue - System voltage) 

Figure 8: Comparison on the system cost and resulting savings 

Table 3: HSK vs HDMS - Voltage dip and Inrush current 

Parameter DOL HSK HDMS

Voltage dip 80% 35% 8%

Inrush current (rms) 20 A 20 A 13.5 A

Successful start No Yes Yes

Table 4: Initial cost for generator and starting kit 

Scenario 1

Equipment required System cost

Generator: Paguro 8500 € 9,525 

2 x Hard start kit (HSK) € 100

Total € 9,625

Table 5: Initial cost for setup with two generators 

Scenario 2

Equipment required System cost

Generator: Paguro 6500 € 17,128 

2 x Hard start kits (2x Paguro 6.5 kW) € 100

Total € 17,228

Table 6: Initial cost for installation with HDMS soft starters 

Scenario 3

Equipment required System cost

Generator: Paguro 6500 € 8,564 

2 x HDMS soft starters € 600

2 x booster kit € 100

Total € 9,264
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The chart in figure 8 summarises the costs and relative 
savings for the 3 scenarios that were considered. As can be 
seen, installing the HDMS soft starter provides an immediate 
saving compared to all the other options that were available. 
Compared to Scenario 1, that of oversizing the generator, 
the saving would be that of 361 Eur thereby providing an 
immediate payback even without considering the lower 
running costs of operating a lower power genset. This case 
study shows how to overcome the difficulty posed by motor 
loads in proper generator sizing. Soft starters can help to 
minimise the peak demand thereby reducing the problematic 
effects of voltage dips that could create both mechanical and 
electrical stresses on the connected loads.

Use of standby power sources such as generators is increasing 
at a rapid pace due to various factors including natural 
disasters and off the grid living. Properly sizing generators 
for the connected loads is very critical to ensure that gensets 
operate at their best efficiency. Both under sizing and over 
sizing of generators is not recommended. Under sizing may 
result in frequent generator trips, severe voltage dips and 
may reduce generator lifetime. Over sizing may also bring 
additional maintenance costs apart from the higher initial and 
running costs.

Even though various established methods for generator sizing 
exist, when gensets are coupled to motor loads there is an 
additional level of complexity. Motors absorb a high current 
during the start-up phase. Therefore, generators have to be 
properly sized with respect to their starting kVA in addition 
to the steady state power. In applications with motor loads, 
oversizing of generators might be required. Inevitably, 
oversizing of generators is a costly choice and may incur 
further running costs.

Electronic devices such as soft starters reduce starting current 
of motors by an average of 40 – 65% during the start-up phase 
by regulating the output voltage. With hybrid switching soft 
starters, voltage disturbance is minimal so there is no adverse 
effect on generator sizing. On the contrary, soft starters can 
help end users save costs by avoiding the need to oversize 
generators and eliminating voltage dips.

As shown in the case study within this paper, utilising a HDMS 
soft starter can bring significant cost savings to the overall 
system cost. The results obtained on a system with two air-
conditioning units powered by a 6.5 kW generator show how 
the soft starter reduced the voltage dip level from 80% to just 
8%. The level of current reduction that was achieved allowed 
the end user to keep the existing generator with no further 
modifications.
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post@gavazzi.no

PORTUGAL 
Carlo Gavazzi Lda
Rua dos Jerónimos 38-B,
P-1400-212 Lisboa
Tel: +351 21 361 7060
Fax: +351 21 362 13 73
carlogavazzi@carlogavazzi.pt

FRANCE
Carlo Gavazzi Sarl
Zac de Paris Nord II, 69, rue de la Belle Etoile,
F-95956 Roissy CDG Cedex
Tel: +33 1 49 38 98 60
Fax: +33 1 48 63 27 43
french.team@carlogavazzi.fr

GERMANY
Carlo Gavazzi GmbH
Pfnorstr. 10-14
D-64293 Darmstadt
Tel: +49 6151 81000
Fax: +49 6151 81 00 40
info@gavazzi.de

GREAT BRITAIN
Carlo Gavazzi UK Ltd
4.4 Frimley Business Park,
Frimley, Camberley, Surrey GU16 7SG
Tel: +44 1 276 854 110
Fax: +44 1 276 682 140
sales@carlogavazzi.co.uk

SPAIN 
Carlo Gavazzi SA
Avda. Iparraguirre, 80-82,
E-48940 Leioa (Bizkaia)
Tel: +34 94 480 4037
Fax: +34 94 431 6081
gavazzi@gavazzi.es

SWEDEN 
Carlo Gavazzi AB
V:a Kyrkogatan 1,
S-652 24 Karlstad
Tel: +46 54 85 1125
Fax: +46 54 85 11 77
info@carlogavazzi.se

SWITZERLAND 
Carlo Gavazzi AG
Verkauf Schweiz/Vente Suisse
Sumpfstrasse 3,
CH-6312 Steinhausen
Tel: +41 41 747 4535
Fax: +41 41 740 45 40
info@carlogavazzi.ch

 OUR SALES NETWORK IN THE AMERICAS
USA 
Carlo Gavazzi Inc.
750 Hastings Lane,
Buffalo Grove, IL 60089, USA
Tel: +1 847 465 6100
Fax: +1 847 465 7373
sales@carlogavazzi.com

CANADA 
Carlo Gavazzi Inc.
2660 Meadowvale Boulevard,
Mississauga, ON L5N 6M6, Canada
Tel: +1 905 542 0979
Fax: +1 905 542 22 48
gavazzi@carlogavazzi.com

BRAZIL 
Carlo Gavazzi Automação Ltda.Av. 
Francisco Matarazzo, 1752
Conj 2108 - Barra Funda - São Paulo/SP
Tel: +55 11 3052 0832
Fax: +55 11 3057 1753
info@carlogavazzi.com.br

 OUR SALES NETWORK IN ASIA AND PACIFIC
SINGAPORE 
Carlo Gavazzi Automation Singapore Pte. Ltd.
61 Tai Seng Avenue #05-06 
Print Media Hub @ Paya Lebar iPark
Singapore 534167
Tel: +65 67 466 990
Fax: +65 67 461 980
info@carlogavazzi.com.sg

CHINA 
Carlo Gavazzi Automation
(China) Co. Ltd.
Unit 2308, 23/F.,
News Building, Block 1,1002
Middle Shennan Zhong Road,
Shenzhen, China
Tel: +86 755 83699500
Fax: +86 755 83699300
sales@carlogavazzi.cn

MALAYSIA 
Carlo Gavazzi Automation (M) SDN. BHD.
D12-06-G, Block D12,
Pusat Perdagangan Dana 1,
Jalan PJU 1A/46, 47301 Petaling Jaya,
Selangor, Malaysia.
Tel: +60 3 7842 7299
Fax: +60 3 7842 7399
info@gavazzi-asia.com

MEXICO
Carlo Gavazzi Mexico S.A. de C.V.
Circuito Puericultores 22, Ciudad Satelite
Naucalpan de Juarez, Edo Mex. CP 53100
Mexico
T +52 55 5373 7042
F +52 55 5373 7042
mexicosales@carlogavazzi.com

HONG KONG 
Carlo Gavazzi Automation 
Hong Kong Ltd.
Unit No. 16 on 25th Floor, One Midtown, 
No. 11 Hoi Shing Road, Tsuen Wan, 
New Territories, Hong Kong 
Tel: +852 26261332 / 26261333
Fax: +852 26261316
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www.gavazziautomation.com
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