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The Force Will Be With You

Learning Objective 1: Understand what Integrated 
Systems Testing is and why it is an important part 
of the commissioning process 

Learning Objective 2: Know what a Black-Site 
Test is, and why it is an important test for any new 
building 

Learning Objective 3: Apply lessons learned from 
our projects case study examples on their next 
commissioning project.

Learning Objective 4: Understand how to prepare a 
Functional Test Procedure for IST that is 
repeatable.



The Premise:

There are always, always, ALWAYS 
things we find during Commissioning 
and especially Integrated Systems 
Testing that we weren’t looking for 
and didn’t expect. 

These are some of those things.



COMMISSIONING 101

“A quality-focused 
process for enhancing 

the delivery of a project, 
focused on verifying and 

documenting that the 
facility and its systems 
are planned, designed, 

installed, tested, 
operated, and 

maintained, as intended 
and meet the 

Owner’s Project 
Requirements.”



When is Commissioning Required ?

8th Edition FBC 2023 C408 Maintenance Information and 
Systems Commissioning
• Mechanical Systems (C408.2): >40 Tons Cooling, 600 MBH Heating

• *Code official SHALL REQURE Preliminary Cx Report be made available for 
review by code official prior to final inspection (C408.2.4.2)

• Service Water Heating (C408.2): If Mech Cx is Required
• Lighting Controls (C408.3): All Projects

• Expanded Requirements for Lighting Controls Testing

2022 FGI Guidelines for Design and Construction of 
Hospitals
Chapter 1.2-8 Commissioning:
• 1.2-8.1.1 HVAC 
• 1.2-8.1.2 Automatic temperature control 
• 1.2-8.1.3 Domestic hot water 
• 1.2-8.1.4 Fire alarm and fire protection systems (integration with other systems) 
• 1.2-8.1.5 Essential electrical power systems 
• 1.2-8.1.6 Security systems 
• *Telecommunications & Wireless Communication Systems

Hence forth, 
Commissioning 

shall be 
REQUIRED by 
IECC C408 !

…and 
FGI 1.2-8!



When is Commissioning Required ?

NFPA 3-2018: Standard for 
Commissioning of Fire Protection and 
Life Safety Systems (NOT ADOPTED)
• Developed as request from the National 

Institute of Building Sciences (NIBS), 
• outlines the commissioning process and 

integrated testing of fire protection & life 
safety systems

• Goal to ensure systems perform in per design 
intent.

NFPA 4-2021:  Standard for Integrated 
Fire Protection and Life Safety System 
Testing
• Requires Commissioning and Integrated 

Testing of FP & LS systems
• Defines Role of the Integrated Testing 

Agent (ITa)
• outlines test scenarios to confirm the 

operation & interaction of FP & LS systems 
via Integrated Testing Plan 

2018 is code 
TODAY



When is Commissioning Required ?

NFPA 99 6.8 (2021) Site Acceptance 
Testing
• Site acceptance testing and commissioning of 

electrical system serving Category 1 and 
Category 2 spaces

NFPA 99 6.10 (2021) Healthcare 
Microgrids 
• Microgrids permitted as EPSS in Healthcare 

Facilities 
• Cx of Microgrid Required (6.10.7)

NFPA 99 9.3.3 (2021) Commissioning
• HVAC Cx’d per ASHRAE 90.1



Commissioning is a Process, not an Event

• Select CxA
• Review OPR
• Review BOD
• OPR Workshop
• Draft Cx Plan
• Cx Req in Const 

Docs 
• Validate Early Design 

Decisions
• Design Reviews

• Refine Cx Plan
• Develop PreFunctional 

Checklists
• Develop Functional 

Performance Tests
• Cx Kickoff Mtg
• Monthly Cx Mtgs
• Site Observation
• Issues Logs 
• Start-up Testing

• Red Zone Mtg
• Controls Integration 

Mtg
• Verify TAB
• Functional Testing
• Integrated Systems 

Testing
• Issues Logs 
• Prelim Cx Report

• Deferred Testing
• Staff Training
• Lessons Learned
• Re-Cx Plan
• Systems Manuals
• Record Drawings
• Final TAB
• Final Cx Report

Design Phase Construction 
Phase

Acceptance 
Phase

Occupancy
Phase

Cooling > 40 Tons   Heating > 600 MBH

• Mechanical Systems Commissioning (C408.2)
• Service Water Heating Systems, Pools, Spas (C408.2) 

– same as Mechanical Systems
• Lighting Controls Functional Testing (C408.3)

• Essential Electrical Systems
• Security Systems

FBC 2023, Florida Energy Code C408

Guidelines for Design and 
Construction of Hospitals, 2022

NFPA 4, 2021 Standard for Integrated Fire 
Protection and Life Safety System Testing
• Fire Alarm
• Fire Protection
• Integrated Life Safety Systems

NFPA 99 2021 Healthcare Facilities
• Electrical Systems
• HVAC
• Microgrids



Design 
Preliminary Cx Plan

Cx Req in CDs
Peer Reviews

Validate Early Design 
Decisions

Design Issues Log

Construction
Submittal Review
Refine Cx Plan
Cx Kickoff Mtg

Monthly Cx Mtgs
Site Observation

Issues Logs 
Start-up Testing

Occupancy 
Deferred Testing

Staff Training
Lessons Learned

Re-Cx Plan
Systems Manuals

1yr Post Occ 
Reviews

Closeout Docs
Final Cx Report

Commissioning is a Process, not an Event

Project Initiation
Select CxA

Determine Cx Scope
Determine Systems to 

be Cx’d
Review OPR & BOD

OPR Workshop

Construction Phase Occupancy & 
Operations PhaseDesign Phase

Acceptance 
Testing

Red Zone Mtg
Controls Integration Mtg

Functional Testing
Integrated Systems 

Testing
Issues Logs 

Prelim Cx Report

Schematic 
Design

Design 
Development

Construction 
Documents WarrantyBid / 

Negotiations
Construction 

Administration



WHAT IS
INTEGRATED 
SYSTEMS TESTING ? 



IST: New Equipment added to Existing 

Example: New Chillers & Boilers added to Existing CEP

Test New Equipment 
Independently

Then Test New Equipment in 
Combination with Existing 
Equipment

Ensure Operating as “One 
System”
• Lead Machine Logic
• Lag Machine Logic
• Pumping 



IST: New Equipment added to Existing 

Example: New Generator added to Existing CEP

Test New Generator 
Independently

Then Test New Generator in 
Combination with Existing 
Generator

Ensure Operating as “One 
System”
• Paralleling
• Load Shed / Load Add
• Load Prioritization 

Changes
• Fuel System



We’ve testing everything individually… now lets test it all together

Integrated Systems Testing (IST) – Full Building

• Does HVAC system work properly on emergency power? 
Chillers? After return to normal power?

• Does FIRE ALARM SYSTEM work on emergency power? 
AHU shutdown? Damper Closing and Reopening?

• Do ELEVATORS run properly on emergency power? 
Recall? After return to normal power?

• UPS SYSTEMS? Large and Small? 

• Are EMERGENCY COMMUNICATION SYSTMS 
functional?

• SECURITY / ACCESS CONTROL ? “Black Site Test”
Step 1:  Simulate Power Loss

Step 2: See What Happens



Commissioning Plan:  Integrated System Test

WHO WE NEED

WHAT WE NEED

BLACK-SITE TEST

VERIFY HVAC

VERIFY MED-GAS



Integrated System Test

VERIFY FIRE ALARM & 
HVAC SHUTDOWN

VERIFY ELEVATORS

VERIFY I.T. 
VERIFY COMMUNICATIONS

VERIFY ACCESS CONTROL

VERIFY NURSE CALL

RESTORE UTILITY 
POWER

RE-VERIFY HVAC

RE-VERIFY FIRE ALARM & 
ELEVATORVERIFY UPS

RE-VERIFY UPS



Special Consideration for Existing Hospitals



A DESIGN 
REVIEW MIGHT
HAVE HELPED



Top 10 Common Design Review Issues

10.   Commissioning Specifications / Testing 
Requirements

9.   Equipment Naming / Labeling

8.   Unclear / Boiler Plate Documents

7.   Lighting Controls Placement

6.   Fuel System

5.   Heating / Reheat

4.   Phasing / Constructability Issues

3.   Working Clearances

2. Maintenance Access

1.   SEQUENCE OF OPERATIONS



What Happens When There’s 
No Sequence of Operations What Happens When There Is











WHEN IS READY READY?



Some Data Analytics (300+ Cx Projects)
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WHERE ARE ISSUES MADE?































When Is Ready Ready?

When is Ready Ready: System Cx
• Controls Integration Meeting
• Red Zone Meeting
• All Checklists are Complete
• Start-Up is Complete: 

• TAB
• Load Bank
• Manufactures Reports

• Controls are Complete

When is Ready Ready: IST
• O/E/C Team Bought into IST Plan
• IST Prep Meeting
• All Tests Passed



THESE WERE THE DROIDS 
WE WERE LOOKING FOR !!





















Non-Separately Derived Grounding





SINGLE 
POINTS OF 

FAILURE









NOT THE DROIDS 
WE WERE LOOKING FOR





















IST CASE STUDY 
EXAMPLE #1 

New Critical Care Tower Addition to 
Existing Hospital

7 Stories, 200,000 sf
Mechanical / Electrical Penthouse
Added Generator & Chiller in CEP



How We Cx: Integrated Systems Testing







IST CASE STUDY 
EXAMPLE #2

New Corporate HQ Office Building
7 Stories, 160,000 sf

Mechanical Penthouse
2nd Floor Electrical

8 Story Parking Garage

















IST CASE STUDY 
EXAMPLE #3 

New Patient Tower Addition & CEP Addition 
to Existing Hospital

6 Stories, AHU on each floor
Added Generator, Chillers, Boilers in CEP



























LESSONS LEARNED



Who Should Do IST ?

• Mission Critical

• Healthcare

• Large / Complex Buildings

• Public / Life Safety

• Any Building You Want 



Kickoff & Safety Briefing



Coffee and Sign In (and Clipboard)



Fire Alarm Matrix



Owner Involvement



Waiting Around



Be Prepared to Repair… But Not If It Holds Up Testing



Debrief – Action Items and Next Steps



Document, Document, Document!



Issues Logs

Issues Logs Reports



THANK YOU! 

Mark Gelfo 
PE, CxA, LEED Fellow, EMP
TLC Engineering Solutions
mark.gelfo@tlc-eng.com
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