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Credit(s) earned on completion of 
this course will be reported to AIA 
CES for AIA members. Certificates of 
Completion for both AIA members 
and non-AIA members are available 
upon request.

This course is registered with AIA 

CES for continuing professional 

education. As such, it does not 

include content that may be 

deemed or construed to be an 

approval or endorsement by the 

AIA of any material of construction 
or any method or manner of

handling, using, distributing, or 
dealing in any material or product.
_______________________________________

Questions related to specific materials, methods, and 
services will be addressed at the conclusion of this 
presentation.



Like Spider-Man, the Commissioning Authority tries to stop 

disaster before it happens. 

But their (our) importance is often not understood or appreciated 

until it’s too late, especially concerning commissioning 

Emergency Power Systems. 

Healthcare facilities may be able to deal with a temporary loss of 

utility power, but not a failure of the emergency power systems. 

This session explains why and how our superhero Cx Agent leads 

the Cx Team to ensure emergency power systems are fully reliable 

to protect the health and safety of patients, staff and visitors.

Course Description



Learning Objectives

1. Explain why 3rd party independent commissioning of hospital emergency 

power systems is essential to ensuring all systems within the hospital are fully 

operational and reliable in order to maintain the health, safety and welfare of all 

patients, staff and visitors.

2. Identify the most common points of failure of healthcare emergency power 

systems, discovered from case studies and lessons learned during the 

commissioning process.

3. Describe the urgency of dialogue between the CxA and operations and 

maintenance staff to ensure that operations staff is trained to operate the systems 

the way they were intended.

4. Follow the steps to fully test the emergency power systems, from pre-functional 

testing of each of the individual systems, through full integration of systems 

testing via simulating a normal power failure.

At the end of the this course, participants will be able to:



Your Friendly Neighborhood 
Commissioning Authority



What is THIS and What does it DO??

Terms:

Engine-Generator

Paralleling Switchgear

Automatic Transfer 
Switch

• Life Safety Branch

• Critical Branch

• Equipment Branch

Normal Branch

Non-Essential

Emergency

Power Supply 

(EPS)

Emergency 

Power Supply 

System (EPSS)



What is THIS and What does it DO??

“Engine-Generator”

Diesel/Gas 

Engine

AC Generator Accessories
Cooling Systems
Exhaust
Batteries
Fuel System



Exhaust

Radiator

Exhaust Muffler

AC Generator

Control Panel

Batteries

Diesel 
Engine

Battery 
Charger

Air Filter



What is THIS and What does it DO??

Fuel Systems Diesel Fuel

Pros Cons

Cost Effective 

>150kW

Expensive <150kW

On-Site Storage = 

Reliability

Long Term 

Storage 

Maintenance, Cost

Proven 

Technology

Emissions

Natural Gas

Pros Cons

Cost Effective for 

small gen <150kW

More Expensive for

large gens 

>150kW

Longer run times Not as accepted, 

questions of 

reliability

Reduced environ

impact

LP Fuel

Pros Cons

Cost Effective for 

small gen <150kW

More Expensive for

large gens 

>150kW

On-site storage Not as accepted, 

questions of 

reliability

Reduced environ

impact

Design Challenges



What is THIS and What does it DO??

Automatic 
Transfer Switch

Normal Power In (from Utility)

Emergency Power In 
(from EPS)

Power Out to Load



Why are we talking about this?

Electricity
76%

Natural 
Gas
14%

Domestic 
Water

6%

Sewer
3% Diesel

1%

Average Hospital Spending on 

Utilities in United States:

Electricity is the single largest 

energy user in Hospitals 

Chilled Water and HVAC Systems 

are the major driver for  this electric 

usage.

Lets talk about Electricity…



Why are we talking about this?

Branch
Percentage of 

Peak Summer 

kWD

Life Safety 2-5%

Critical 8-15%

Equipment 50%-80%

Normal System 6% - 40%

Normal
24%

Critical
12%

Life Safety
4%

Equipment
60%

Hospital Loads by Branch

Normal Critical Life Safety Equipment

Based upon this analysis and additional data from many other facilities



Schematic 
Design

Design 
Development

Construction
Post-

Occupancy

Don’t I already Get This?  

A/E/C Process  

Construction 
Documents

EOR’s “Construction 

Observation” does not 

(always) include testing



Design 
Phase

Construction 
Phase

Acceptance 
Phase

Post-
Occupancy 

Phase

Don’t I already Get This?  

Cx Process Goal: 

Ensure a smooth transition from

Design  Construction  Occupancy

Commissioning Process  



Design 
Phase

Construction 
Phase

Acceptance 
Phase

Post-
Occupancy 

Phase

• Review OPR/ BOD

• Cx Specs

• Develop Cx Plan 
(draft)

• Design Reviews

• Update OPR 

• Cx Scheduling

• TAB Required in 
Const Docs

• Cx Kickoff

• Review Submittals

• Refine Cx Plan

• Site Observation 

• Lead Cx Meetings

• Start-up Testing

• Issues Logs

• O&M Manual

• Owner Training 

• Track open issues 

• Deferred Testing
• 1 Yr  Site Visits

• Final Cx Report

• Record Drawings

• Final Balancing 

Report

• Test & Balance

• Functional Testing

• Integration of 
Systems Testing

• Troubleshooting & 
Diagnostic

• Issues Logs

• Prelim Cx Report

Commissioning is Required by Code… sort of

Commissioning is 

REQUIRED by CODE !!

Mechanical Systems (C408.2)

Service Water Heating (C408.2) – IECC 2015

Lighting Controls (C408.3)

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=AVKqmdIvBYB9ZM&tbnid=hEnKBn2dH3gtqM:&ved=0CAUQjRw&url=http://www.achpalaska.com/store&ei=JZSYUpKIAZLgoASE8oBo&bvm=bv.57155469,d.cGU&psig=AFQjCNHMkJEB4BwP6S-SDhQ3ahoCLjYDnw&ust=1385817489657039
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=AVKqmdIvBYB9ZM&tbnid=hEnKBn2dH3gtqM:&ved=0CAUQjRw&url=http://www.achpalaska.com/store&ei=JZSYUpKIAZLgoASE8oBo&bvm=bv.57155469,d.cGU&psig=AFQjCNHMkJEB4BwP6S-SDhQ3ahoCLjYDnw&ust=1385817489657039


What Fails and Why? 

What Fails:

Batteries

Fuel Systems

Single Points of Failure

Why:

Not considering the 

single point of failure

Lack of Testing

Lack of Preventative 

Maintenance



What Fails and Why? 

Proper (initial) 

Commissioning

+
Ongoing Testing

will solve these

Seven Reasons Why Generators Fail
Prime Power: http://www.primepower.com/blog/emergency-generator-inspection-seven-reasons-why-generators-fail/



- Ben Parker



Design Phase

Review OPR & BOD

Review Construction 

Documents

Cx Specifications

Develop the Cx Plan

Pre-Functional Checklists

Functional Performance 

Checklists

Part of the Team

What does the CxA  Actually Do?



Design Phase

Sequences of Operation

Common in HVAC 

Rare in EPSS 

• Detailed sequence of 
operations

• Load shed sequences

• ATS time delay settings

Often not specified in 
Contract Documents



Sequence of Operations

“Upon Loss of 

Utility Power…” Load Shed 

Sequence

ATS Settings



What is the Risk?

Patient Safety!

Things that aren’t always 

thought about:

• Do I have EVERYTHING 

needed for an extended 

outage?

• Single Points of Failure

• Ease of ongoing Maintenance 

& Testing

• Training



Replace 
something 

this big

…. with something 
THIS BIG

Case Study Example: Phasing



Case Study Example: Phasing

Temp Feeder for Load during 
replacement

Reconnect Load to New ATS



Case Study Example: Phasing

New Normal feeder to new ATS

New Emergency feeder to new ATS

New feeder from new ATS to 
existing Load

Find NEW location for New ATS



Construction Phase



Construction Phase

What does the CxA  Actually Do?

Review Submittals

Update Cx Plan

Kick Off Meeting

Draft FPTs

Construction Observation

Pre-Functional Checklists

Issues Logs



Construction Phase

Things I can’t Un-See















Motion Sensor

Morgue Cooler









Added During 

Construction 

Phase







“Not in My Scope…”

CxA

Paralleling 
Swgr

ATSs

Engine 
Generator(s)

Batteries 
& 

Chargers

Jacket 
Heaters

Main Fuel 
Tank & 
Pumps

Day 
Tank & 
Pumps Vent 

Fans / 
Louvers

HVAC 
Sub

Elec 
Sub

Plumb 
Sub

Facilities 
Ops

Owner



Construction Phase

Scheduling and 

Coordinating

Pre-Functional Testing

Functional Testing 

AHJ inspections 



Case Study Example: Grounding

Exist Gen #1 New Gen #2



3-Pole ATS: switches A-B-C phases 

only; Neutral Solidly Connected

“Non-Separately Derived” Grounding:

Neutral & Ground not connected at EPS

4-Pole ATS: switches A-B-C phases + 

Neutral

“Separately Derived” Grounding: 

Neutral + Ground Bonded Together at 

EPS

Case Study Example: Grounding



4 - POLE 3 - POLE

4 Pole ATS  vs  3 Pole ATS



4 Pole ATS  vs  3 Pole ATS

A BN C

A B C

4 - POLE 3 - POLE

N



Separately Derived vs….



Non-Separately Derived Grounding

Ground 

Bus

Neutral Bus



Case Study Example: Grounding

4 Pole

(switched 

neutral)

3 Pole

(solid 

neutral)

N-G BOND
N-G BOND

LOAD LOAD

FAULT FAULT

GFP

GF

Utility Service Emergency 

Service (EPS)



Case Study Example: Grounding

4 Pole

(switched 

neutral)

3 Pole

(solid 

neutral)

NO N-G BOND
N-G BOND

LOAD LOAD

FAULT FAULT

GFP

Utility Service Emergency 

Service (EPS)

FLOATING NEUTRAL





Acceptance Phase

Verify Installation 

Complete

Verify Pre-Functional 

Testing is Complete

Integrated Systems 

Testing!! 

Issues Logs

What does the CxA  Actually Do?



Acceptance Phase

How do I Test the 

Systems? 

NFPA 

110 
is baseline!

Section 7.13 

Installation Acceptance



Acceptance Phase

How do I Test the 
Systems? 

Start “Small”: 

Fuel Systems

• Main Fuel Tank & Pumps

• Day Tank & Pumps

Transfer Switches

• Settings Programmed

• Engine Start Wiring

• Test each ATS Individually



Acceptance Phase: Program the ATSs



Acceptance Phase

How do I Test the 
Systems?

Start Small: 

Engine-Generator

Batteries, Charger

Jacket Heater

Load Bank Testing

Sequences of Operation 

Programed

Load Add / Load Shed 

Annunciation & Alarm



Acceptance Phase

How do I Test the 
Systems?

Go Big!

Step 1

Simulate Power Loss

Step 2

See What Happens



Acceptance Phase



Case Study Example: Fuel Systems



Case Study Example: Fuel Systems

Components of a Fuel System Diagram:

Have a Diagram!

Sequence!

Main Tank / Pumps

Day Tank / Pumps

Valves:
Isolation
Check
Solenoid

Hand Pump

Engine-Generator
(future provisions?)

Fill / 
Monitoring 

System



Case Study Example: Fuel System



Case Study Example: Fuel System

Q:  At what level should low / 

high level alarms be set?

A:  Wherever the EOR says 

to set them.



Case Study Example: Fuel System



Post-Occupancy 
Phase
It’s not over 

until its over….



Post-Occupancy Phase

What does the CxA  Actually Do?

All Issues Resolved?

Preliminary Report

Systems Manuals

O&M Manuals

Training

Final Report



Post-Occupancy Phase

Who’s the Owner?

• Facility operations and 

maintenance staff 

• Often overlooked

Interviews and dialogue with 

operations staff are critical! 

• During design 

• During functional testing



Ongoing Testing: NFPA 110



Case Study Example: 
Controls, Electronics, Harmonics



What Happens When ATSs Transfer?

WE LOSE 
POWER



Case Study Example: Controls

Controls Failure  

Loads dependent on 

electronic control 

systems…

• HVAC

• Chillers

• Elevators

…. May fail to come back 

online after transfer

ATS Transfer

(or re-transfer)



Case Study Example: UPS & Harmonics

ATS Transfer

(or re-transfer)

UPS Sensitivity  

Sensitive Electronics

Controllers



5th Harmonic

7th Harmonic

Case Study Example: UPS & Harmonics

https://www.csemag.com/single-article/avoiding-harmonics-in-hvac-and-electrical-systems/6902cb50dd93f69a07cd4005fba4288f.html

Distorted Waveform

(w/ 5th & 7th Harmonics)

Voltage Sag

Voltage Sag

https://www.csemag.com/single-article/avoiding-harmonics-in-hvac-and-electrical-systems/6902cb50dd93f69a07cd4005fba4288f.html


Case Study Example: UPS & Harmonics

(Sensitive) 

Electronics 

HATE

Harmonics



It Takes a Team!

CxA

Paralleling 
Swgr

ATSs

Engine 
Generator(s)

Batteries 
& 

Chargers

Jacket 
Heaters

Main Fuel 
Tank & 
Pumps

Day 
Tank & 
Pumps Vent 

Fans / 
Louvers

HVAC 
Sub

Elec 
Sub

Plumb 
Sub

Facilities 
Ops

Owner



CxA

Sub-

Contractors

Owner

Engineers

Contractor
Facility 

Operations

Vendors

High Performing Buildings are about

Teamwork



Courtesy:

www.tlc-engineers.com

Mark Gelfo, PE 
LEED Fellow, CxA, EMP
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Mark.Gelfo@tlc-eng.com
904-322-0120


