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Why do we need generators?  
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Why is proper generator sizing important?  

Undersized 
Generator = Load 

Shedding
Power 

Outages+ Patient 
Fatalities+

Oversized 
Generator = Wet

Stacking
Power 

Outages+ Patient 
Fatalities+ Wasted 

Money+



Can sizing 
a generator 
really be that 
difficult?  



NFPA 70 (National Electrical Code, NEC) Guidance

• NEC understands generators 
shouldn’t be oversized.  

• NEC is implying that they know  
the NEC load calculations are 
designed to be conservative and 
would oversize the generators. 

• NEC doesn’t provide any specific 
demand factors. 

• The EOR’s engineering judgement 
must be used to take all the 
requirements into account.  

2017 - 2023 NEC 517.31.D:



• Minimal studies have been published on actual 
electrical usage versus NEC demand loads.  

• NFPA released this report in 2022 which 
collected data during the peak of Covid in 2020.  

• Data showed that plug load systems are between 
100% and 700% oversized.  

• NFPA has updated the 2023 NEC to allow higher 
demand factors for receptacle loads. 

NFPA Research



Existing 
Generators 
and Existing 
Loads



NEC Requirements on Existing Loads

• NEC Article 220 discusses requirements 
on evaluating existing loads.  

• Maximum Demand over 1 year 
(Typically not available for a generator)

• 30 day Meter Reading(Metering 
Duration) w/ minimum 15min Metering 
intervals
• Smaller metering intervals though allow 

more accurate calculations for example 
1min or 5min intervals. 

• Recommend all the readings are done at 
the same time.

• Existing load at 125% plus new load

2017 - 2023 NEC:



NEC – Electrical Branches

LIFE SAFETY 
• Illumination of means of egress
• Exit signs
• Alarms/Communication systems
• Generator set accessories
• Elevator accessories
• Power operated doors for egress

CRITICAL
• Task illumination, fixed 

equipment and select receptacles 
for spaces as defined by NEC

• Additional items not defined but 
required for effective facility 
operation

EQUIPMENT BRANCH
• Med Gas / Vacuum Systems* 

(Non Shedable)
• Sump Pumps
• Smoke Control
• Kitchen Exhaust
• Ventilation systems for specific rooms

DELAYED or MANUAL EQUIPMENT
• Heating Equipment
• Elevators
• Hyperbaric/Hypobaric Facilities
• Automatic Doors
• Autoclaving Equipment
• Other selected equipment



Metering 101 – Where to Meter??

• Can’t meter at generator as the loads are 
normally served from Normal source.  

• Can’t meter at Normal source as other 
nonessential loads are fed from it. 

• Need to meter each ATS individually.

MMM

MM



STEP ONE
Background Info

• Request the utility data to 
understand max demand over 
the previous year(s) for a point 
of reference.  

• Gather all the generator load 
data from the monthly tests 
over the previous year(s). 

• Review the one-line to 
determine all ATS’s which would 
be fed from the generator.  

• Install meters. 



STEP TWO 
Gathering the Meter Data (Where it gets complicated)

Data to request:

• PDF report with graphs and summary

• Excel File with all data

• Meters proprietary data file



Definitions - Metering

Metering Interval The setting on the meter at which the meter reports data at each interval.  
I.e. 15min or shorter.  

Metering Duration The length the meter reading was taken over.  I.e. 30 days.  

INTERVAL Average The Average of all the data collected of the Metering INTERVAL.  

INTERVAL Maximum The Maximum value collected of the Metering INTERVAL.  

DURATION Average The Average of all the data collected over the Metering DURATION.  

DURATION Maximum The Maximum Interval AVERAGE over the Metering DURATION.  



Definitions - Generators

Demand Factors The ratio of maximum demand of a system to the connected load of a 
system.  

Load Shedding Temporarily turning off or removing load from the electrical system to 
ensure the system isn’t overloaded.    

Wet Stacking “Wet stacking” is a phenomenon that occurs when unburned diesel fuel 
builds up within the exhaust side of the engine, which fouls fuel injectors 
and builds carbon on valves and within the turbocharger.



Summary Tables

Lots of Data….

Standard Graphs

Interval vs Duration

• INTERVAL average is the average value 
over that specific 15min interval. 

• Values in the summary table are 
showing the DURATION 
maximum/average/minimum of the 
averages.  These are the values 
typically given by the reports.  



Even More Data….

Raw Data in Excel

Every time interval has 
a time stamp which 
can be used to overlay 
all the meter data on 
top of each other. 



STEP THREE
Analyzing the Data (Where it gets more complicated)

Depending what data you have, there 
are two ways to calculate the load: 

1. Add each ATS readings DURATION 
Maximum together.  

2. Do a time stamp overlay of the data 
and add all the INTERVAL Maximum 
at each time interval. (Preferred)

It is NOT recommended to add all the 
INTERVAL Averages.



Duration Maximums

Looking at these three ATS recordings on a common 
generator the data starts to come together.  

• The DURATION Maximums all occur on different 
days and times.  

• The graphs show how variable the current is over 
the course of the 30 days.  

• Adding these together would artificially inflate the 
generator loading as all the peaks didn’t happen 
at the same time.  

BUT… what if we only have access to DURATION 
Maximums?  

• The EOR needs to analysis the data to determine 
what demand factors or safety factors need to be 
considered to get an accurate value.  



Time Stamp Overlay

• Aligning the time stamps of each ATS 
INTERVAL Maximum meter reading gives 
the most accurate picture of what the 
generator would actually see.  

• Need to ensure you are working with a 
common unit of measure, ie kVA or kW.  
If using amps, make sure all the amps 
are at the same voltage.  

• Since the meter data is typically 
separated by phase, need to 
either evaluate each phase or just 
use the maximum of the phases.  

• The 125% safety factor from 
NEC 220.87 should be applied.  



Comparison of Methods

• Case study of a large hospital campus with 
35+ Automatic Transfer Switches.  

• The Sum of DURATION Maximums was 
approximately 140% more than the 
Timestamp Overlay of INTERVAL Maximums.  
For a difference of about 2.1MVA of generator 
capacity.  

• Added cost to meter everything 
simultaneously was easily covered in savings 
from:
• One less generator and gear
• Reduced generator plant footprint
• Construction schedule and EOR’s time due 

to everything being complete in 30 days. 
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• Load data shall also be input into a generator 
sizing program to ensure generator can handle all 
the load steps.

• Verify calculated generator load vs utility load 
data as a gut check.  



New 
Generators 
With New 
Load



Aurora Medical Center, Fond du Lac

New Generator Design



New Generator Design

Froedtert Health, Center for Advanced Care (CFAC)



New Generator Design

ThedaCare, Neenah Campus Modernization



NFPA 70 (National Electrical Code, NEC) Guidance

• NEC understands generators 
shouldn’t be oversized.  

• NEC is implying that they know  the 
NEC load calculations are 
designed to be conservative and 
would oversize the generators. 

• NEC demand factors are very 
specific and don’t apply to all 
loads. 

• The EOR’s engineering judgement 
must be used to take all the 
requirements into account.  

2017 - 2023 NEC 517.31.D:



STEP ONE
Determine the NEC Demand Load

• Do a W/SF calculation based 
on the new building.  

• The NEC gives limited 
information on sizing loads in 
hospitals.  

• The 2023 NEC does lower the 
W/SF for lighting and has a 
more generous demand factor 
for receptacles in Category 
1 & 2 spaces.  

• Engineering judgement based 
on previous projects is needed 
to determine the load.  

• Recommend breaking up the 
building by space type as each 
will have different electrical 
needs. 

• Breakout large motors, 
imagining equipment etc. 
Subtract redundant equipment 
or items which won’t run at full 
speed at the same tie, ie hot 
water pumps vs chilled water 
pumps. 

• Each hospital will have 
different load profiles.



STEP TWO
Determine the ACTUAL Load

NEC Demand Load is very 
conservative which is why the 
NEC allows historical data and 
demand factors to be used for 
generator sizing.  

Determining what those demand factors are is the difficult part: 

• Review previous projects ATS 
NEC demand vs actual meter 
readings.

• Review previous projects 
NEC demand vs Utility Data. 

• Review current facility W/SF 
from utility data.  

• Review where central plant 
functions are located, ie offsite 
or internal.

• Review planned program. For 
example an ED will have a much 
higher electrical usage than a 
patient floor.   

• Analyze overall size of the system.  
For example a large campus can 
apply more diversity than a small 
facility as there’s a higher chance 
everything could be on at one time.  



Demand Factors by Program Space

Low Demand Factor (low load %)

• Patient Rooms

• Operating Rooms

• Outpatient 

Medium Demand Factor 

• Equipment / Motors

High Demand Factor (high load %)

• Fire Pump

• Life Safety

• Emergency Departments



STEP THREE
Determining the Generator Size

• Apply the demand factors you 
determine in Step Two.  

• Enter the calculated loads into a 
generator sizing program to ensure 
it can handle the loads to determine 
the final recommended size.  

• Also need to look at minimum 
possible loading to avoid wet 
stacking.  

• Don’t forget to review phasing of the 
turn on, if the generator will be online 
before all loads are turned on.  

• Redundant motors have been 
removed. 

• Is there load shedding 
available for non code 
required loads? 

• Fire pumps need to be 
calculated, but realistically on 
a campus would multiple be 
running at the same time 
while also having all the other 
loads at an elevated level?  

• How many elevators are 
planned to run on emergency 
power?

• If loads are borderline, can review to ensure:



Other 
Solutions If 
Over or Under 
Loaded



UNDER-loaded

Loadbanks
(Permanent or Temporary)

BAS Overrides
(Turn motors on/up when generator running)



• Load Shedding – Shed ATS’s which are not priority 1 
when in an overload situation.

• Limit Elevators which run during a power outage.  

• BAS Overrides to limit motors/fans to a certain 
percentage when on generator power

OVER-loaded



• Need to ensure you are working with a common unit 
of measure, ie kVA or kW. If using amps, make sure 
all the amps are at the same voltage.  

• Make sure seasonal loads are taken into account if 
not on during metering.

• Review calculations vs utility data as a gut check.  

• Review minimum generator loading if there is a 
single large load or phased turn on/occupancy.  

• If the EC doesn’t do metering often, do a test first.  

• Make sure all data is good before returning meters.

• Ensure ATS’s which feed other ATS’s are not counted.

• Have a meeting with EOR and EC before install.    

Lessons Learned



• Does the Metering Duration truly reflect a maximum 
demand load, ie seasonal loads.  

• What is the facilities Emergency Operations Plan.  If 
on generator power, what program space will still 
fully function.  

• Does this change if it’s a 2 hour outage vs a 2 
week outage?  

• Will all operating rooms be used?  

• Will patients be relocated? 

• Red outlet usage – Is the facility currently mostly 
running on red outlets or during a outage loads 
would probably move from the normal branch to the 
red critical outlets?

• If there is a surge(ie a pandemic type event), how 
would that effect the facility/electrical load?

• How much spare capacity is requested?  Future 
expansion plans?

Questions to Ask



Summary

1 Why Proper Sizing Is Important

2 Existing Generators

3 New Generators & New Loads

4 Solutions If Under/Over Loaded



Questions?



Bill Cielinski, PE
wcielinski@cannondesign.com
312-960-8039

Thank you!

Keith Hammelman, PE
khammelman@cannondesign.com
312-960-8318
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