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ABSTRACT

Selecting a generator that can handle all your power generation 
needs is one of the most critical aspects of the purchasing decision. 
To ensure the optimal power solution for your application, it is highly 
recommended that you work with your local generator 
representative to ensure accurate sizing.  While many manufacturers 
provide sizing programs, it is important to understand how and why 
certain selections are made. This paper will cover the basic aspects 
of the sizing process. 
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INTRODUCTION

Generators come in various sizes and power capacities. A 
common mistake that buyers often make is underestimating the 
starting requirements of the loads that will be connected to their 
generator.  Generators are undersized when either the running or 
starting requirement of the loads are greater than the rated 
capacity of the generator. When a generator is overloaded, engine 
speed drops and the voltage and frequency become unstable, 
causing the amperage to surge and the generator to trip offline or 
shutdown. If the generator is not protected, this instability can 
damage equipment connected to the generator. The generator 
should be equipped with a main circuit breaker or individual 
receptacle circuit breakers that will trip when there is an overload, 
as well as, with protective relay elements on larger machines. 
These elements are often incorporated into the digital genset 
controller.  

Oversizing a generator is also concern. The optimum power to 
pull from a generator is 70-85% of the machine’s rated capacity. 
This range provides the best efficiency and leaves some flexibility 
if your job requires additional power.  For diesel gensets, when 
less than 30% of the rated capacity is applied, the generator has 
been oversized. This can lead to several problems, including wet 
stacking, where unburned fuel escapes into the exhaust side of 
the engine. If the engine wet stacks, engine performance 
decreases and costly damages to exhaust and emissions 
components can occur.  

CALCULATING POWER NEEDS

On jobsites, you will find generators powering pumps, 
compressors, concrete saws, powered hand tools, lighting, 
portable HVAC units and job trailers. For remote operations, 
generators provide power where access to the utility is not 
available or not reliable, and where extended run times are 
needed. To begin determining what size generator will fit your 
needs, the first step should be to make a list of all the items that 
will be powered by the generator. You will need to calculate the 
total kW, KVA or Amperage to both start and run the load. If you 
have motor loads, the starting component becomes very 
important.  

Why are there three different values that can be calculated for 
generator sizing? It all depends on the type of load and/or the 
information you receive from the customer. For example, if your 
customer simply asks for 200 amps at 208 v 3 ph, and no load 
information is supplied, then you can only size by the amperage 
given. Resistive loads, like LED or incandescent lighting, can be 
sized by watts or kilowatts (kW), but motors require calculating the 
starting kVA. So, you can use any of the values, but some will be 
easier than others, depending on the information you are given.   
 

The basic types of loads are resistive and motor:

Resistive  

• Have no motor

• Light bulbs, coffee maker, electric water heater, radiant 
heater, electric oven.  

• Current required to start is the same as current needed to run

Think of a 100-watt light bulb, when you turn it on, it draws   
100 watts continuously 

Motor – Two primary types of motors:

• Induction - refrigerator, furnace, industrial equipment (pumps, 
machines, large tools) 

For 1Ø – They require 3-5 times the amps or watts to start them

For 3Ø – They require 7-12 times the amps or watts to start them

• Universal (brush type) - drills, power tools, blenders

Require 1−2 times the amps or watts to start them

While you are compiling your list of items that need to be powered 
by the generator, you need to collect certain electrical data for 
each item. This information should be imprinted on a data tag or 
nameplate located on each item. For resistive loads, you need to 
know the amperage, voltage and phase for each item. For motor 
loads, you will need the horsepower (HP) rating, amperage, 
voltage, phase and the NEMA Locked Rotor code – sometimes 
listed at KVA code or just code.

We will also need to know how motors are being started. There 
are several methods and devices, some of the most common are:

• Across the Line – where full system voltage is used to  
start the motor

• Soft Starter –auto transformer, current limiting,  
reduced voltage

• Variable Frequency Drive (VFD) – Need the horsepower and 
electrical operating ratings

Figure 1.
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If a soft starter is being used, the type and setting value are 

required, so that the reduction in starting kVA can be determined.  

If a VFD is being used, the nameplate data is required - this 

includes HP, amperage, voltage, phase, and running kW or kVA (if 

provided).  It is also helpful to know if the VFD has any harmonic 

filtering on the line or load side.  

We discussed the two basic load types earlier – motor and 

resistive loads, but another, more complex, load type is non-linear 

loads. VFD’s and UPS systems, as well as, switch-mode power 

supplies found in modern computing and telecom equipment are 

some of the most common types of non-linear loads that are 

encountered when sizing mobile generators. Non-linear loads 

create harmonics that can wreak havoc on generators due to the 

distortion they create in the sine wave. If no harmonic filters are 

being used, upsizing the alternator, or increasing the kW of the 

generator can compensate for the non-linear loads.    

SIZING LOADS

When sizing single-phase loads, the equation is simply Amps x 

Volts = Watts. This will give you your running wattage.  If you want 

the kW, you divide the watts by 1000, because 1000 watts = 1kW.

If you have a motor load and need to calculate starting wattage, 

use the rules of thumb that we discussed above:

•   1Ø Induction motors require 3-5 times the amps or watts to start 

•   1Ø Universal motors require 1-2 times the amps or watts to start

For example, a submersible pump that draws 10 amps at 120 v, 

the running wattage would be 1200 watts or 1.2 kW (watts/1000).  

Using the rule of thumb, 1200 w x 5, the starting or surge wattage 

would be 6000 watts or 6 kW. So when selecting a generator, you 

need to make sure that it has a surge rating of at least 6000 w.  

You can use the following formulas to find the amps, volts, 

wattage or kW of any single-phase device by inserting the values 

that you have:

 

When calculating 3 phase loads, additional factors need to be 

considered. Power Factor (PF) is the ratio of Real Power (kW) to 

Apparent Power (kVA). Three phase generator sets are rated in 

kVA at a 0.8 lagging PF, this is the nominal PF used to calculate 

the kW output of an engine that is driving a particular alternator’s 

kVA output.  So a 100 kVA 3-phase genset has a real power 

output of 80 kW (100*.8). Real power is the actual usable power; 

kW and kVA are the same for single-phase gensets because the 

power factor is 1.0. 

The other factor that needs to be taken into account is the 

3-phase multiplier constant of 1.732. This is derived from the 

square root of three.  Using the following equations, you can 

determine the kW, kVA or amperage of any 3-phase system. 

 

THREE PHASE MOTOR LOADS

It is critical to understand the starting methods used for 3-phase 

motor loads.  Each has unique requirements and affect what size 

generator is required to start the motor. Unlike the utility grid, 

generators are limited in their motor starting capacity based on the 

capability of their alternator.  

Across the line, starting is the method where the full system 

voltage is used to start the motor. It usually involves the use of a 

magnetic motor starter and requires the highest starting kVA 

(skVA) from the genset. Calculating skVA requirements for this 

method is accomplished via the locked rotor method.  

All NEMA rated motors have a motor nameplate that includes the 

NEMA locked rotor code, which determines the kVA required per 

HP for motor starting.  Table 1 lists the kVA per HP range 

associated with each NEMA Code.  The most common codes 

found in 3-phase industrial motors are G, H, J & K, with G 

considered the most widely used.

 
 
 

SINGLE PHASE FORMULAS

Amps x Volts = Watts Watts / Volts = Amps Watts / Amps = Volts

    Amps x Volts = kW 
         1000

  kW* 1000 = Amps
      Volts

  kW* 1000 = Volts
      Amps

               TO OBTAIN                       THREE PHASE (PF=0.8)

kW
1.732 x V x I x PF 

1000

kVA
1.732 x V x I 

1000

Amps when kW is known
kVA x 1000 

1.732 x V x PF

Amps when kVA is known
kW x 1000 
1.732 x V

Table 1:

Table 2:



Table 3:  Motor Loads

•   Motor HP * NEMA Code Value = skVA 
•   Motor HP * 1 = ~ rkVA (approx. running kVA) 

 

Calculating the skVA for a 100 hp, NEMA Code G motor using the 
locked rotor method entails multiplying the HP by the 
corresponding value for Code G. My personal preference is to use 
the higher value. Multiplying 100 hp * 6.3 kVA = 630 skVA required 
to start this motor across the line. You can then match this 
requirement to a generator in your fleet that meets or exceeds this 
skVA output. Keep in mind that we also need to calculate the 
running kVA, to make sure that the motor is running kVA is not less 
than 30% of the generator’s kVA rating to prevent lite loading.  

•   NEMA Code G 100 hp motor would need 630 skVA from a   
     genset to start. 

•   However only ~100 kVA is needed to run it. 

Frequency dip and voltage dip tolerance also need to be 
considered when selecting a genset. Frequency dip occurs when 
a genset is hit with a large load and the engine’s RPM drops as it 
tries to respond to the load demand. As the RPM’s dip, so does 
the frequency output of the alternator. Most industrial loads, like 
motors, can handle a 10% frequency dip, but some sensitive 
electronics have tighter tolerances. Likewise, voltage dip occurs 
during motor starting due to the higher inrush current drawn by 
the motor. Manufacturers and consulting engineers will specify the 
minimum allowable voltage dip for an application.  

From our example above, the Generac Mobile MDG175 with a 
SuperStart™ alternator can start the 100 hp Code G motor with a 
20% voltage dip as shown in the starting curve below. It would run 
the 100 hp motor at ~57% load (~100 kVA/175 kVA), which would 
be acceptable to mitigate lite loading. 

STARTING AIDS

Soft starters and VFD’s are widely used to minimize the starting 
kVA effects of motor loads on generator sizing. Soft Starter is a 
general term that describes a motor starter that reduces the 
power required to start a motor.  There are many varieties of soft 
starters on the market; some of the common types are primary 
resistor, autotransformer, part winding, wye delta and solid state.

Understanding the operational characteristics and settings of each 
type is extremely important when calculating skVA. Some soft 
starters have the ability to start at low voltage and ramp up to full 
voltage. In this configuration, generator excitation and governor 
response is such that there are no voltage or frequency transients. 
Some soft starters’ ramp voltage until a preset current limit is 
reached. This preset current limit will determine the size of 
generator required. 

Two of the most widely used soft starters are autotransformer and 
solid state. Auto Transformer styles have voltage tap settings, and 
solid state have current limit settings, each corresponding to a 
reduction in the skVA required to start the motor.  

 Auto Transformer: Taps set to provide 80%, 65% and 50% of the  
 line voltage and provide a 20%, 35% and 50% reduction in skVA.

 Solid State:  Adjustable Current Limit Settings between   
  150-600%600% = across the line starting (no skVA reduction) 
  300% = a 50% reduction in skVA 
  150% = a 75% reduction in skVA

Looking at our 100 hp example above, a solid state soft starter 
with a 300% current limit setting would reduce our skVA from 630 
across the line, down to 315 skVA, resulting in a smaller genset 
being used.
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LETTER DESIGNATION kVA PER HP

A 0 - 3.15
B 3.15 - 3.55
C 3.55 - 4.0
D 4.0 - 4.5
E 4.5 - 5.0
F 5.0 - 5.6
G 5.6 - 6.3
H 6.3 - 7.1
J 7.1 - 8.0
K 8.0 - 9.0
L 9.0 - 10.0
M 10.0 - 11.2
N 11.2 - 12.5
P 12.5 - 14.0
R 14.0 - 16.0
S 16.0 - 18.0
T 18.0 - 20.0
U 20.0 - 22.4
V 22.4 and Up

Table 4:  Generac Mobile MDG175 w/ SuperStart™ Alternator
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Variable Frequency Drives (VFD) vary voltage and frequency, 
allowing them to control motor starting, stopping and speed rates. 
They are generally used to ramp up during the starting sequence 
and to control speed during operation. When a VFD is used, the 
generator no longer sees the motor as the load; the VFD becomes 
the load that the genset recognizes. So calculating the running 
kVA or kW of the VFD is required for genset sizing. We would use 
this equation to determine the running kW:

1.732 x V x I x PF 
1000

The current drawn by VFD’s is nonlinear (having harmonics), which 
causes a distorted voltage drop across the reactance of the 
generator. Since VFDs are nonlinear, you must include additional 
generator capacity when sizing to keep voltage distortion to a 
reasonable level of approximately 15% total harmonic distortion 
(THD) or less. The larger the generator, the greater the reduction in 
impedance of the power source (generator), which in turn, reduces 
the effects caused by harmonic current distortion.

For older six-pulse VFDs, a typical generator up-sizing factor 
would be 2X the running kW of the drive. If it is newer 12 pulse or 
pulse width modulated (PWM) type (or includes an input filter to 
limit current distortion to less than 10%), then you can reduce the 
sizing factor down to 1.4X the running kW of the drive. Given the 
need to upsize generators to compensate for harmonics, it 
sometimes offsets any reduction in starting kW/kVA that users 
were hoping to gain by adding a VFD.  

 

OTHER CONSIDERATIONS

Proper sizing of the generator will save users money on fuel 
consumption and rental fees. Owners can avoid costly repairs by 
not having their gensets applied in undersized applications and 
experience wet stacking. Ensuring power cable lengths and 
gauges are sized to meet the voltage and amp draw of the 
application is another important consideration. To avoid any 
issues, consult with a certified electrician before renting, buying or 
connecting a generator to insure you comply with all federal, state 
and local electrical codes.

CONCLUSION

When you properly size a generator, you minimize risk and 
downtime from power disruptions. Considering project costs, an 
optimally sized generator will prevent lost revenue due to an 
unforeseen halt in production, cancellation of events from being 
unable to secure sufficient power sources, and delays in 
construction due to a lack of power. Over or under sizing the 
generator for your job, could end up adding unforeseen costs to 
the project.  Size it right from the start and you will reap the 
benefits of your mobile power.  


