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Learning Outcomes

Learning Objective 1:
Get an overview of building commissioning process.

Learning Objective 2:
Learn about the various phases of the commissioning process.

Learning Objective 3:
Learn about why the building commissioning process is important.

Learning Objective 4:
Understand the differences and similarities between new building
commissioning and retrocommissioning.
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Commissioning Resources
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PUTTING IT INTO
PERSPECTIVE
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“Building Commissioning” — “What”
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“Building Commissioning” — “What”

Life Cycle Of A Major Campus Building
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BUILDING
COMMISSIONING

WHAT?
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Building Commissioning — “What”

It is a quality assurance process to
determine we got what we paid for!

A building that:

Meets the requirements of the Owner
Has been tested & verified

Is comfortable

Is reliable

Economical to operate and maintain
Is efficient

Safe

VVVYVYVYV

“Building Commissioning” — What”

Two definitions...
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Building Commissioning — “What”

Definition #1

A quality-focused process for enhancing the delivery of a project.
The process focuses upon verifying and documenting that all the
commissioned systems and assemblies are:

» Planned

> Designed

» Installed

» Tested

» Operated and maintained

to meet the Owner’s Project Requirements (more to come on the
OPR).

11/24/2020
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Building Commissioning — “What”

Definition #2

A systematic process of assuring by verification and
documentation, from the Design Phase to a minimum of one year
after the construction, that all facility systems perform interactively

in accordance with:
» The design documentation and intent,

» The Owner’s operational needs, including preparation of

operations personnel.

Reference#16: 20

20

THE “OPR”

A document that details the requirements of

a project and the expectations of how it will be used
and operated. The OPR generally includes:

Project goals,

Measurable performance criteria,
Cost considerations,

Benchmarks,

Success criteria,

Supporting information.

VIWIRVARY. -V Y
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THE “BOD”

The BOD (Basis of Design) definition per ASHRAE
Guideline 0-2005:

A document that records the concepts, calculations,
decisions, and product selections used to meet the
OPR and to satisfy regulatory requirements,
standards and guidelines. Also includes descriptions
and lists of individual items that support the design
process. Should be maintained as a “living” document
capturing decisions made along the way.

22|
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Building Commissioning — “What
and Typically
HVAC Plumbing Electrical Fire Building Other Systems
Protection Envelope
. . Building
Air Ha’.‘d""g Potable Water Transformers Fire Pumps Doars Automation
Units (Hot/ Cold) s
ystem
Roof Top High Purity " Sprinkler .
Units Water Switchgear Systems Wyindows Piping
" " Emergency Kitchen Hood
Fan Qoll Sanitary Power Suppression Esterior Walls Laboratory
Units Sewer {zbove & neiow oras=) | Exhaust System
Systems Systems
IT Room
VAV Boxes | Storm Water upPs Systems Roof Card Access
Chillers Water Breaker Fire Alarm Eriirannng CCTV, Voice,
Treatment Panels System Data
. Restroom Motor Control by & 9
Boilers 5 Communication
Fixtures Centers
Infrastructure
Pumps Lighting Elevators
Building Renewable
Controls Energy 3-23

BUILDING
COMMISSIONING

WHY?
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Building Commissioning — “Why”

. The building meets the requirements of the

Owner.

. The building systems and equipment on the

design documents have been installed and tested
and they WORK!

. The building control systems and components

have been installed, they work, and the
programming works as designed.

. The building occupants will be:

» More comfortable
> More secure/safer
> More satisfied.

25
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Building Commissioning — “Why”

The building complies with applicable building
codes, including local/state energy codes.

The building operators/maintainers have been
adequately trained resulting in improved building
operations and maintenance.

Reduced occupant complaints during turnover
reducing labor hours associated with tracking
down the problems and making the corrections.
Lower Utility Bills - The building is energy
efficient (according to the original design intent).
Buildings are becoming more complex.

26
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Building Commissioning — “Why”

5. The building complies with applicable building
codes, including local/state energy codes.

6. The building operators/maintainers have been
adequately trained resulting in improved building
operations and maintenance.

7. Reduced occupant complaints during turnover
reducing labor hours associated with tracking
down the problems and making the corrections.

8. Lower Utility Bills - The building is energy
efficient (according to the original design intent).

9. Buildings are becoming more complex.

10.Better building documentation (“Systems
Manual”).

11/24/2020
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THE “SYSTEMS
MANUAL"”

The "Systems Manual” is the main repository of
building information, to be used by facilities and
operations team members, which is needed to
understand, operate, and maintain the building.

Tt will typically include information like ...

29

Building Commissioning — “Why”

Executive OPR BOD
Summary
General Operating REEMILEE
System Narratives Operational Record-
Procedures )
keeping Procedures
Maintenance Opel_'atlons and Testing and Balancing
Procedures, Maintenance Feparis
Schedules, etc. Manuals P
Specifications Approved Submittals Warranties
Issues/Resolution Commissioning Basis of the CMMS
Logs Plans

30

30
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Building Commissioning — “Why”

Summary

11/24/2020

e R@COMMended
Advisory Public Review Draft arational Record-
ping Procedures

System Narrat|

The Systems Manual for Facilities

Maintenanc ;
S -, ng and Balancing
Schedules, € RETEB
Specificatiorn Warranties
Issues/Resolu

Logs

31
Building Commissioning — “Why”
Reasons for implementing NCCx
I
Fraction of reporting projects with reason (New Construction), 2018 (n = 62)
Ensure system performance
LEED or other rating system
Smoother process and tUMOVe! e ———————
Ensure or improve thermal comfort e ————————
Extended equipment life - p————
Obtain energy saving’  p—————
Reduce liability
Research/demonstration /pilot
Existing buildings ordinance
Other wm
0% 10%  20% 30% 40% 50% 60% 70% 80% 90% 100%
32
-
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Building Commissioning — “Who”

1. QUALITY OF COMMISSIONING SERVICES

Downside Conclusion: Owners are often confused about the
role of Providers, and can be frustrated by the quality of work
they expect commissioning to provide, while Providers are often
hampered by Owners' lack of partdcipation or commitment to
the commissioning process.

Reforance £21 015) |

11/24/2020
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Building Commissioning — “Who”

[ [ Predesign [ Design ICOnstruction [ Occupancy

35

35
T . . . T 7]
Building Commissioning — “Who
Predesign | Design | Construction | Occupancy
ouner Project/Construction X X X
Managers
Asset Manager X X X
Building Operations X X X X
Energy Manager X X X X
Occupant Rep X X X X
Reference #16: 36
36
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Building Commissioning — “Who”

11/24/2020

Predesign | Design | Construction | Occupancy

Project/Construction X X X

Owner
Managers

Asset Manager

Building Operations

Energy Manager

Occupant Rep

Design Team Architect PM

XX |[X[X[X]|X
XX |[X|[X|[X]|X

XX [X[X[X

Mech, Elect, Plumbing, Etc.

XX [ X[ X|[X]|X

Reference #16:

37
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Building Commissioning — “Who”

Predesign | Design | Construction | Occupancy

Project/Construction X X X

Owner
Managers

Asset Manager

Building Operations

Energy Manager

Occupant Rep

Design Team Architect PM

XX | X[ X]|X]|X
XX |X|[X|X|X

Mech, Elect, Plumbing, Etc.

General Contractor, PM, Cx
Coordinator, Superintendent

X X[ X|X|[X]|X

Contractor

X | X[ X|X|[X|X]|X

Mech, Elect, Controls, X
Plumb, Fire Protection, etc.

Reference #16:

38

38

. . . . . T 7]
Building Commissioning — “Who
Predesign | Design | Construction | Occupancy
ouner Project/Construction X X X
Managers
Asset Manager X X X
Building Operations X X X X
Energy Manager X X X X
Occupant Rep X X X X
Design Team Architect PM X X X X
Mech, Elect, Plumbing, Etc. X X X X
General Contractor, PM, Cx
Contcioy Coordinator, Superintendent X %
Mech, Elect, Controls, X X
Plumb, Fire Protection, etc.
Cx Provider X X X X
Reference 16 39

39
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Building Commissioning — “Who”

v

v

v
v

v
v

Decision Time:

Do we leverage in-house staff to act as the
commissioning provider, or,

Hire an independent third party?

Benefits of In-House:

Better institutional knowledge of standards;

Standardization of BAS graphics, programming,
(A3

Retaining of project knowledge in-house
Improved support o FM group as questions or

11/24/2020

issues arise post-turnover

T . . . T 7]
Building Commissioning — “Who
Predesign | Design | Construction | Occupancy
ouner Project/Construction X X X
Managers
Asset Manager X X X
Building Operations X X X X
Energy Manager X X X X
Occupant Rep X X X X
Design Team Architect PM X X X X
Mech, Elect, Plumbing, Etc. X X X X
General Contractor, PM, Cx
Contcioy Coordinator, Superintendent X R
Mech, Elect, Controls, X X
Plumb, Fire Protection, etc.
Cx Provider X X X X
Suppliers X X
Reference 16 41

BUILDING
COMMISSIONING

HOW?

42

42
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Planning

Construction

. Post-
PYOccupancy

43

43

Planning

Construction

. Post-
Occupancy

Construction

P /Occupancy

45

45
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“PREPARE FOR CMMS”
CAUTION?

Do not overlook the importance of having
the asset management program in place
BEFORE the day the building is turned
over.

Start planning NOW!

47

47

48

48
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“PRE-FUNCTIONAL TESTING”

Tssues are identified and corrected during equipment
installation. Catching them at this phase , the issues
are:

> Resolved faster;
> Cheaper to resolve;

compared to correcting them after construction is
complete. The focus is on the “components” not the
poperating systems.

50

51

51
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Functional

Testing
o,

mmmmmm
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. . Post: Y
Planning / Construction D_Dccupancy

52

“FUNCTIONAL TESTING”

The Of The Commissioning Process!

Functional testing is the “dynamic” testing of a
functioning “system” rather than only the
components.

53

Functional
Testing
Gonirob,

54
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“ISSUES LOG”

A document maintained by the CxP used to identify
and track describes system deficiencies found and
what action was taken by who to correct them.

MPORTANT NOTICE: -
151 HVAC QA ISSUES LOG DaTE: 12720004
Ovmer's DDC Project
TEN T [rotteaion SUES ACTION REQUIRED.
PRty | DATE
no. | owe | owre Loe Responsivie | rea | ey | owre
[General
5| vrizos | ot been falowed
[QA reviewed Cont s handout - more stl needs to be don 1o allow pat raming
5 4721104 |convention - ofred to mark it up.
[ QA to review point names on graphics and prads comment to Cont_ance Cort
5 310104 |providos document
3 |QA documented poit name corections on Cort’s spreadsheet
3 [A ecited Cont's  ain Buldng
[ Q4 t0 provida the ramaindar of corracted hard and softpoin names. Update.
5 622104 |proudod 1727704
[Port name conections are il to be completed_QA provded access to program
a1 has began making feisions o point names and trend names in program per
5 1304 |7127/04 speeaish
Mt terminal box point names are sl to be rovised and zone cortroller
5 911/04_|CoMeReset% trend wires added in FBs. See 9/2/04 spreadsh cont fonons ]| aa | 1m0
3 2/19/04 [Overide stet Iocation vs_ isoltion area neds to be worked out
5 371704 [0 provided marked up pints and description of zone blocks and requEmEnts
5 572104 _|A provided update to Cont’s programmer

55

0&M
Review
Functional Owner
Testing Training
Gonto
Bala

i . i i Post-
Planning / Construction Yoceupancy

Functional
Testing
=

i % Desi . . Post-
Planning / Construction Focoeemcy

57

57
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“PREPARE FOR CMMS”
GCOAL?

Have the asset management program
100% complete at building turnover so
preventive maintenance work orders
start coming out immediately and ALL
work requests associated with this new
building will be logged on DAY 1!

58

Update OPR 0&M
&BOD Review

Functional Owner
Training

Planning / / Construction

59

Building Commissioning — “How”
Bldg Envelope Commissioning (BECXx)
1. Key standards for BECx:

ASTM E2813-18 Std Practice for Building Enclosure Commissioning
ASTM E2947-16a Standard Guide for Building Enclosure Commissioning
NIBS Guideline 2-2012 Building Enclosure Commissioning Process BECx

ASTM and AAMA (American Architectural Manufacturers Association) Testing Stds

60

60
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NIBS Guideline 3-2012
Building Enclosure Commissioni

This Guideline s for Use with ASHRAE Guic 1
The Commissioning Process

@2 [ER———

Standard Guide for
Buiding Enclosure Commissioning

61

Building Commissioning — “How”

Bldg Envelope Commissioning (BECXx)
1. Key standards for BECx:

ASTM E2813-18

Std Practice for Building Enclosure Commissioning

ASTM E2947-16a

Standard Guide for Building Enclosure Commissioning

NIBS Guideline 2-2012

Building Enclosure Commissioning Process BECx

ASTM and AAMA (American Architectural Manufacturers Association) Testing Stds

2. Integrated into the design process and visually
observe the work DURING the construction.

3. Testing Considerations:
» Preconstruction laboratory mockups
> Field-constructed mockups
> Field testing of assemblies at key intervals
> Post-occupancy evaluation

62

11/24/2020

Building Commissioning — “How”

Bldg Envelope Commissioning (BECXx)

4. Key elements of the enclosure include:

Roof/Ceilings

Exterior Above-Grade Walls

Exterior Below-Grade Walls
and Foundations

Fenestration (windows,
curtainwalls, doors,
skylights, louvers)

Exposed Floors

Slab-on-Grade

Interior Partitions

Exterior Cladding

Plaza Decks/Gardens over
Occupied Spaces

Fall Protection Systems

Expansion Joints

a

. Why BECx?

Mitigate Contractual Risk

Prevent Indoor Air Quality
Problems

Optimize Energy
Performance

Enhance Security &
Resiliency

Improve Operations &

Maintenance

Meet Regulatory and
Program Requirements

63

63
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BUILDING

COMMISSIONING

$’'S?

64

64

11/24/2020

Building Commissioning — “$’s”
1. Costs are highly dependent on the nature of the
building:
» Size
»> Function
»> Complexity
2. “Soft,” non-CxP, costs are hard to quantify:
» Owner
> Design team
» Contactors
3. Scope of the commissioning process will have a
major impact.
65
Building Commissioning — “$’s”
% of Total Source
Construction Cost
~1% Reference #20: The Building Commissioning Handbook
(APPA/Building Commissioning Association)
~0.25% Reference #27: 2018 Commissioning Cost/Benefit Study
Findings (Lawrence Berkeley National Lab)
0.5% - 1.5% Reference #1: United State General Services
Administration
0.3% - 1.1% Reference #4: California Commissioning Collaborative
66
66
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Building Commissioning — “$’s

1. NCCx Cost

a.  $0.82 per sq.ft., typical range $0.40-$1.35, compared with median $1.16 in 2009
study

0.25% of overall construction cost, compared with median 0.57% in 2009 study

c. Difference in 2018 and 2009 sample composition makes it difficult to
conclude true shift in market costs for NCCx, though there is anecdotal
evidence costs have reduced

d. Larger projects tend to have lower cost per sq.ft., and market segment also
has an impact on cost

2. Savings and Payback: insufficient data for updating 2009 results

a.  Survey responses report that only 6% of projects include scope item to
evaluate energy savings

3. NCCx Scope of Work
a. For projects in 2018 dataset, >90% of Cx Providers were involved at the
design review stage
b. Engagement of Cx provider for post-occupancy services is still low
4.  Non-Energy Benefits

a. 10 high-value non-energy benefits reported on over two thirds of projects,
impacting construction project first costs and ongoing benefits m
£X

Reference #22: 2018 | 67
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Building Commissioning — “$’s”

v

2y U.S. General Services Administration

Commissioning Agent Costs

0 1.5% pf total

Total building commissioning costs for commissioning agent services can range fromj0.5¢
construction costs (according to U.S. Department of Energy’s Rebuild America Program, written by the
Portland Energy Conservation, Inc. (PECI)). The National Association of State Facilities Administrators

(NASFA) recommends budgeting1.25 t0 2.25°
commissioning agent services. GSA's commissioning practice is expected to cost approximately 0.5% of the
construction budget for federal buildings and border stations. More complex projects such as courthouses

could run 0.8 - 1% of the construction budget, and even more complex facilities such as laboratories can

fJof the total construction costs for total building

exceed 1%. Factors influencing commissioning costs include facility type, phasing 24/7 operations, the
depth and breadth of commissioning services, the level of commissioning desired, and the systems and
assemblies chosen to be commissioned.

Reference #1: US GSA 68

11/24/2020
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Building Commissioning — “$’s”

BY\ U.S. General Services Administration

Industry sources indicate that on average the operating costs of a commissioned building range lron@m
20"
such as cost shared USDOE Energy Contractors, may even result in a negative capital investment cost. GSA's

)Jﬂmw that of a non-commissioned building. Certain available commissioning implementation tools,

goal in adopting building commissioning is:

Reference #1: US GSA 69

69
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Building Commissioning — “$’s”

California Commissioning Guide:
New Buildings

Cost Savings: The Benefit of an Early Start

When commissioning starts during the design phase of a new construction project,
the result is significant cost savings. Errors caught on paper, rather than on the
job site, are much less expensive to fix. Because commissioning identifies and helps
resolve potential problems, it reduces costly change orders and contractor call-
backs. This in tumn helps keep the project on schedule and on budget.

“ Savings from Commissioning’ A
« costsavingsin project. Costsavings
are usually presented as a range, since actual savings vary depending on the building type,
its location, and the scope of the c process. A found the

following cost savings ranges:

Description Range of Values
Value of Energy Savings $002- 50.19/5gt
| Value of Non-Energy Savings | 6023- s696/satt |
Reference d; i 70

11/24/2020
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Building Commissioning — “Keys”

-

. Make the decision early.

2. Create the OPR WITH the CxP.

3. Hire the CxA (Commissioning Provider) based on
qualifications.

4. The Owner needs to be engaged and supports
the CxP.

72

72
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Plug key members
of the operations
and maintenance
team in EARLY &

OFTEN!

73

“Building Commissioning” — “What”

% Life Cycle Of A Major Campus Building .
L

74

74

Building Commissioning — “Keys”
1. Make the decision early.
2. Create the OPR WITH the CxP.
3. Hire the CxP (Commissioning Provider) based on
qualifications.
4. The Owner needs to be engaged and supports
the CxP.
5. Integrated into the design process and visually
observe the work DURING the construction.
6. Contractors “feet are held to the fire.”
> Honest
» Proper planning & coordination with others
» Schedules are met (major impact on the CxP)

75

75
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Building Commissioning — “Keys”

7. Plan for effective operator training.

8. Make sure all members of the project team
understands and appreciates the roles and
responsibility of each team member.

9. And, finally ....

11/24/2020

76

Plug key members
of the operations
and maintenance
team in EARLY &

OFTEN!

77

JJRE »” AN D
a“ RETRO”
COMMISSIONING

78
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“Re”/“Retro”/’Ongoing” Commissioning

Retrocommissioning

1. “Retrocommissioning” is the application of the
commissioning process to existing buildings.

2. RCx is a process that seeks to improve how
building equipment and systems function
together.

3. RCx often resolve problems that occurred during
design or construction, or address problems that
have developed throughout the building's life.

4. RCx improves a building's operations and
maintenance (O&M) procedures to enhance
overall building performance.

11/24/2020
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79

“Re”/“Retro”/’Ongoing” Commissioning
Recommissioning

1. “Recommissioning” is another type of
commissioning that occurs when a building that
has already been commissioned undergoes
another commissioning process.

2. The decision to recommission may be triggered
by a change in building use or ownership, the
onset of operational problems, or some other
need.

80

80

“Re”/“Retro”/’Ongoing” Commissioning
Ongoing Commissioning

1. Incorporates the key aspects and Re and Retro
but the process is “ongoing” in a never-ending
cycle.

81

81
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& WORD &ABOUT
KIFDD”

11111

82

Building Commissioning — “FDD”

“FDD” Stands For:
“F” is for “FAULT”

“D” is for “DETECTION” %

= WK

“D” is for “DIAGNOSTICS” [E%

2

83
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Building Commissioning — “FDD”

A “significant” DEVIATION from the ...
EXPECTED value of a parameter ...
over particular period of TIME.

FDD, on top of a well-configured BAS is
a wonderful “tool” that will keep a
building running correctly and
efficiently and can be leveraged as
effective commissioning “tool”.

85
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PREPARING FOR
BUILDING
TURNOVER

86

86

Update OPR

Building Turn Over Workgroup Planning
Managed and Led by “Operations”

29
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13 »
Who should be “at the table?
Building Operations & Custodial Construction Manager
Maintenance
Fire Protection & Fire Alarm Building Controls Key and Access Services
Landscape Services Environmental Environmental Health & Safety
Compliance
Work Control Utilities Distribution Energy Management
IT Services The “Customer” TOW Coordinator
FF&E Coordinator Project Manager Space Management
88

Who should be “at the table?”

“Great”
“ ”
Poor” Turnover Turnover
Process Process

7850 GOAL!

89

89

Quote #1

“Failure to prepare operationally, prior to moving into a
space designed for a set workflow, can upset the
financial parameters on which the project was approved.
It can also create a negative perception of the project
delivery team’s performance even if all the building
systems are functioning properly.”

Patrick Duke
Health Facilities Management Magazine
August 2015

90

90
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Potential Discussion Items

1. Opening Statement:

v' Becomes less important as individuals know their role. We

want conversation and communication!
2. TOW Membership:

v Confirm we have the right stakeholders with the right
information participating at the right time so we can make
better decisions!

3. EM Personnel:

v' Who (by name) is going be involved in the building?

v' What is their role and responsibilities and when do
they need to get involved?

v' When will the new hires be on-board?
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Potential Discussion Items

4. Project Walk-Throughs (PWTs):

v" When, who, documented issues, close the loop.

v Expectations of PWT participants

v' “TOW-Initiated Issues Log” vs. “Project Issues Log’
5. Custodial/Waste/Recycling:

v' Containers? Will they fit?

v" Maintenance of flooring and other finishes

6. Operations/Maintenance Manuals:

v" Who is going to review the manuals by when!
7. Asset Management Program:

v’ Physical asset inventory $ & tagging

v Preventive maintenance program development

v" Who is going to what by when?

v Internal or external resources?

3
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@ Potential Discussion Iltems

8. Training:
v" What systems will which members of the FM team be
trained on?
v Syllabus review and confirm instructor credentials.
v' Who (by name) will attend which sessions.
v’ Training of occupants
v" “How The Building Works” training
9. Tools & Equipment Purchases:
v' Funding
v' Lead time
10.Warranty Management:
v" Documentation
v Information flow

11-93
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Potential Discussion Items

11.Attic Stock Management:
v" What do we want?
v" Where are we going to put it?
12.Safety:
v Arcflash
v Lockout/tag-out
v' Eyewash stations/safety shower
v' Confined spaces
v/ Safety data sheets
13. Others:
v Access control
v Building automation system
v’ Fire protection
v T
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Best Practices

1. Start meeting with the team early — no later than 12
to 18 months prior to Substantial Completion.

2. Get the “customers” involved early.
3. Emphasize the team (avoid “we/they”).
4. Continue to meet post-Substantial Completion.
5. Send out agendas
6. Distribute meeting notes within 48 hours.
7. Do not turn it into a “project meeting”.
8. Focus on:
* What
« By When
« By Who
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Commissioning Resources

11/24/2020
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uid u
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e tlon]
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20 SR atea (SuGie o Ul o) ASTM https://www.astm.org/Standards/E2947.htm $
Enclosure Commmissioning)
2 Building Commissioning & Each Other Magazine =
08 — 100 P
2 Findings Laboratory. view G
Z SSHRAE id=2076120 $
https/Jonwvstechstreet.com/ashrae/standards/ashrae-20:
2 ASHRAE 202-2018 ASHRAE e s
3067 wac]
2 Cudee;f.L200J AN Technical ASHRAE r-technical-requirements-for-the-commissioning- $
Requirements forthe Commisioning Process :
ia-1573306
% |« Free
P Building Commissioning o || o
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i - content/up
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Doug Litwiller, PE, CEM
Building Maintenance Optimization Emory University

douglaspl@buildingmoc.com

Q&A
WRAP-UP

onselns mike.robbins@emory.edu

Mike Robbins, LEED AP O+M
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