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AlA Quality Assurance

The Building Commissioning Association is a Registered Provider with The American Institute of
Architects Continuing Education Systems (AIA/CES). Credit(s) earned on completion of this program
will be reported to AIA/CES for AIA members. Certificates of the Completion for both AIA members

and non-AlA members are available upon request.
This program 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.



Course Description

This presentation will explore how modern HVAC analytics can turbocharge the value a
commissioning provider delivers.

The concept is simple, train algorithms to look for things that we care about — comfort issues, energy
savings opportunities, and equipment health improvements.

We've always known how to do this manually, but technology has evolved to automate much of this
investigation.

Fed with trend data from HVAC control systems, software can find things night and day, all year long,
based on parameters defined by the commissioning professional.

We will review the core elements of hardware, software and expertise required to collect, visualize

and analyze data from an HVAC control system, including both fault detection and automated
functional testing.
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Learning Objectives

1. Define the automated testing process for new
construction.

2. Describe the barriers to successful system testing
and turnover of critical systems.

3. Compare the use of fault detection and diagnostic
remote monitoring to traditional BMS alarm and
interfaces.

4. ldentify opportunities to leverage FDD to improve
seasonal testing and closeout outcomes for projects.
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AEC Industry and Technology Struggle

Budget

AEC Industry Focus

Schedule Technology



AEC Industry Opportunity

Future Al demand trajectory’
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Commissioning
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Current Al adoption
% of firms adopting one or more Al technology at scale

or in a core part of their business, weighted by firm size?



AEC Industry and Technology Advancement

Source: Johnson Controls Inc.

Major Technology Advances in AEC

- Building Management Systems

- Transition from manual drafting, to CAD, to Revit.

- Contractors implementing document management and Construction Cloud MEP coordination.



Leverage Technology with Commissioning

* Traditional Commissioning Approach:
* Hard Copy Tests and Checklists
« Excel file issue logs
* Excel based BMS trend logs
* Screenshot based BMS review

 Commissioning with Technology:

« Commissioning Document Management
Software

« Remote/VPN access for real time BMS
review

* Testing and system analysis approach with
connected commissioning

* Monitoring Based Commissioning and Energy
Information Systems (EIS)



Cx Document Management

* Real time tracking of project status.

* Integrate and connect into contractor
document management.

* Track and update equipment assets.
* Integrate data into CMMS.
* Future Al options.

* Not just for new construction.

Attempt 1 (EE] e

M RECENT ATTEMPT'S ACCO M o
Test modified and is no longer eligiole to pull changes

New Attempt

Pull Changes




Flavors of Commissioning

New Construction Existing Facilities Existing Facilities
“Project” “Project” ‘Program”
Short-Term Short-Term Long-Term
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What is MBCx

* Applies technology to traditional NCx and EBCx processes.
* Used to be heavy trend data review and ongoing manual analysis.

 Often leverages Fault Detection and Diagnostics (FDD).
* Rule based data to identify possible performance issues.

* Drives energy savings.
« MBCx= Ongoing Trend Analyst + FDD + ongoing implementation



Why MBCx

° 0 W n e r. Analysis Start Date Notes Summary Tasks Cost E C M Actions
[] AHU Coils 3/0/2024 Leaking _pre—heating coil valve. Simultaneous heating 2 $30 10 o
and cooling.
Heating and cooling cycling. Leaking pre-heating coil \
] a t a ra n S a re n C a n C C e S S AHU Coils 3/9/2024  valve. Simultaneous heating and cooling. Valve short 1 s26 9 ! ﬂ ~
- cycling.
Calculated load mismatch. Flow not correlated with 5
Ll Ll L L L
 Efficiently find opportunities ST ety b erorececs r g LA -
L] " .
AHU Econormizer 2/9/2024 Damper §h0r1 :_:ycllng. Heating on, economizer should 1 $0 3 v
. be off. Mixed air temp lower than setpoint.
 Deeper energy savings — s o
. AN BT e 3/9/2024 Excesg mechanical coqlmg. Flow imbalance. Mixed air 1 $8 3 &
temp higher than setpoint. -
N AHU Coils 3/9/2024 Jumping sensor error. Qut of range sensor eror. 0 %6 2 | ~
° C P d Simultaneous heating and cooling.
X r 0 V I e I u Return air static pressure higher than setpoint. Room 1
AU B2 air static pressure lower than setpoint (IAQ). 1 & A

[ ] HW Lool 3/9/2024 Low loop temp difference. Supply temp lower than 0 $4 2
ase ofr tren dala. P cetmomt 0

- 1-]-
<

. . AHU Fan 3/9/2024 (FI,?\I(-I;]?H while unoccupied. Filter pressure sensor drift 0 $4 2 &
« See the big picture '
L] . -
HW Loop 3/9/2024 Jumping sensor error. Low laop temp difference. Out of 0 ¢4 ] w
range sensor error.
r _ .

L E a Sy t 0 ev a l u a t e . Zone Unit 3/9/2024 Zane on while unoccupied. 0 $3 3 P '
° E b - d AHU Heat Recovery 3/9/2024 Low heat recovery effectiveness. 0 $3 ‘ v
Mprace our inher nerd. -

Zone Unit 3/9/2024 Zaone on while unoccupied. 0 $2 2 P ~
Leaking heating coil valve. Supply air flow higher than 2

Zone Unit /812024 setpoint (IAQ). Zone supply damper stuck open. 0 $1 A ﬁ e

Zone Unit 3/9/2024 Heating and cooling setpoints close together. No night 0 $1 2 = v
setback. Occupancy sensor on longer than expected.
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Can’t my BMS do that?

Improved trend data resolution through
FDD and MBCx software.

BMS is largely reactive based to
generate alarms based on simple
thresholds.

BMS trends are mostly archived or
overridden after a certain time period.

Integration across multiple
vendors/platforms for many buildings is
expensive.

Deeper data transfer and integration to
“outside” data points.

MBCx programs can offer visibility
beyond the BMS staff.

Leaking pre-heating coil valve.
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Traditional NCx — Common Challenges

Labor-Intensive
Occupied Spaces

Constrained Schedules

Seasonal Aspects

Remote Access to BAS Hard to Obtain

Trend Data is Lacking



Traditional NCx — Testing Delays

Contractor pre-testing
Network install and connection
Integration details

Partial graphics/trends

Details - the final 5%




Monitoring Based Cx Approach to NCx

TANDART Save time with clean trend formats

R RS W T ) PR NE
e Sk B ey
e Fe WS g — S———

e More granular data

e Proactive review of system operation

g e — iy i s e e e e e e

s m—s ==+

Eliminate scheduling headaches
Adapt to seasonal changes

Richer data to facilitate training



Traditional EBCx — Common Challenges

Screenshots with phone

Excel downloads with messy formatting
Occupancy challenges - live building
Lacking trend data

Inconsistent onsite BMS knowledge

Report/Study Focused




Monitoring Based Cx Approach to EBCx

Access points that weren't originally

A __ Integrated

Commissioning Process Utilize “virtual” metering to

for Existing Systems and .
Assemblies supplement energy metering

S e Eliminate scheduling headaches
Supports deeper analysis/findings

Immediate feedback on operation



This is What We Really Want

N EVERYTHI
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Quick Revisit — Flavors of Cx

New Construction Existing Facilities Existing Facilities
“Project” “Project” ‘Program”
Short-Term Short-Term Long-Term
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Connected Cx Today

Commissioning
sssssssssss

v' Do-lIt-Yourself Options
® v BAS Vendor Optionality

v' Tech/FDD Providers
v Turn-Key Options



Get Connected

’—------------------~

/ S .- >
' BACnet/IP i “vay ~
Controller )
I l
BACnet/IP
I p Z Controller I
I BACnet/IP
j Y Controller I
1| ) [
j U ) BACnet/IP Router I
1 ( N (Master Controller) I
I U ) Mleed a way to connect software
|\” ) the BAS network... there are
\ / » multiple ways to accomplish this.

A BEE BN DS DS DEE SN EEE BEE DS DS BEN BEE BN BN B e



Secondary Subnet — Isolated From Owner

’—---------------—

/ \
' BACnet/IP 1
I Controller I
[ BACnet/IP I
7 Z Controller I
I BACnet/IP I
I N J Controller I
I e
I( J BACnet/IP Router I
I ¢ b (Master Controller) I
I { ) i Need a way to connect software
l\” ) i J to the BAS network... there are
S / "N g multiple ways to accomplish this.
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Cybersecurity — The VPN

Point-to-Point VPN Technology (Private

and Invisible from the Internet) The Three Types Of VPNs

256 AES Encrypted

Physical First, Multi-Factor
Authentication

Outbound Ports Only (No Inbound Ports =
Ever, No Port Forwarding, No Static [P) [rmsssuose]

User Access Control and Auditing

Commissioning

Remote Access VPNs

L e
| Extranet-based Site~tu~8ite|



Make Connections to HVAC Devices

IP Address + DevicelD + Network No. + MAC Address

id | connStatus connState bacnetConn bacnetDeviceName
\/ P % (D) AC-1 v 0Ok @ Opq bacnet://10.155.214.4/12012?dnet=12&dadr=c MelcoBEMS MINI (A1M)
D ISCOove ry () AC2 v 0Ok ® Open : 214, : : v MelcoBEMS MINI (A1M)
(D AC3 v 0k @ Open bacnet://10.155.214.4/230102dnet=23&dadr=a v MelcoBEMS MINI (A1M)
: () AC-4 ~ Ok @ Open bacnet://10.155.214.3/120132dnet=12&dadr=d MelcoBEMS MINI (ATM)
\/ BAS S u b m |tta l_ (D AC5 « 0k @ Open bacnet//10.155.214.3/12014%dnet=12&8dadr=e MelcoBEMS MINI (ATM)
(1) AHU-T v Ok @ Open bacnet://10.155.214.3/110262dnet=11&dadr=1a v AHU-1 DiningRm
() AHU-2 v 0k @® Open bacnet://10.155.214.3/11027?dnet=11&dadr=1b v AHU-2 MultiPurposeRm
\/ B AS Ve N d or (1) AHU-3 Ok ® Open bacnet://10.155.214.3/11024%dnet=11&dadr=18 AHU-3
(D) AHU-4 « 0k @ Open bacnet//10.155.214.4/220122dnet=228dadr=c AHU-4
(D) AHU-5 " 0k @ Open bacnet://10.155.214.4/210262dnet=21&dadr=1a v AHU-5
\/ B AS UI () AHU-6 Vv 0Ok @ Open bacnet//10.155.214.4/210272dnet=21&dadr=1b AHU-6
(1) AHU-7 0k @ Open bacnet//10.155.214.4/220312dnet=22&dadr=1f AHU-7
() BCIR v 0k @ Open bacnet://10.155.214.3/110252dnet=11&dadr=19 RTU-1
() CHW-PLANT ./ Ok @ Open bacnet://10.155.214.3/110292dnet=11&dadr=1d v CHW-Plant
() HW-PLANT ./ Ok @ Open bacnet//10.155.214.3/110302dnet=11&dadr=Te HW-Plant
(1) VAV-3-T v Ok @ Open bacnet://10.155.214.3/110012dnet=11&dadr=1 v VAV-3.01-Rm-A131
(1) VAV-3-2 v 0k @ Open bacnet://10.155.214.3/110022dnet=11&dadr=2 VAV-3.02-Rm-A130
(1) VAV-3-3 v 0Ok @ Open bacnet//10.155.214.3/110032dnet=11&dadr=3 VAV-3.03-Rm-A142
(D) VAV-3-4 « 0Ok @ Open bacnet//10.155.214.3/11004%dnet=11&dadr=4 VAV-3.04-Rm-A143
(1) VAV-3-5 " 0k @ Open bacnet://10.155.214.3/110052dnet=11&dadr=5 v VAV-3.05-Rm-A149
(1) VAV-3-6 Vv 0Ok @ Open bacnet//10.155.214.3/110062dnet=11&dadr=6 VAV-3.06-Rm-D101
(1) VAV-3-7 v Ok @ Open bacnet//10.155.214.3/110072dnet=11&dadr=7 VAV-3.07-Mech-C138
A (D) VAV-3-8 v 0k @ Open bacnet://10.155.214.3/110082dnet=11&dadr=8 v VAV-3.08-IDF-C142
@ IA (1) VAV-3-9 ~ Ok @ Open bacnet://10.155.214.3/110092dnet=11&dadr=9 VAV-3.09-Elec-C143
T wave 10 Ol & Nnen haornet-//10 1858 214 2/110102dnet=118Aadr=0 £ MAV 2R I10.Bm 100



Map Points

id |::ul'l|l'al curstatus |::ur_. |w._ | WITTE ... |write5t_. |wri__ | hisStat... |h| bacnetConnRef bacnetCur bacnetDis

[:] Columbia Heights ES CH-CP-11 Building-Schedule ON Ok 17 Un... Ok CH-MainController BV BUILDING_SCH_BV_MUX
IZ:ZI Columbia Heights ES CH-CP-11 CP-Command OM 0k 17 Ln... 0k CH-MainContraller BO1202 CH_DHW_CP11_C

[:] Columbia Heights ES CH-EF-14 Building-Schedule ON Ok 17 Un... Ok CH-MainController BV BUILDING_SCH_BV_MUX
IZ:ZI Columbia Heights ES CH-EF-14 EF-Command OM 0k 17 Ln... 0k CH-MainContraller BO1203 CH_EF14_C

[:] Columbia Heights ES CH-EF-15 Building-Schedule ON Ok 17 Un... Ok CH-MainController BV BUILDING_SCH_BV_MUX
IZ:ZI Columbia Heights ES CH-EF-15 EF-Command OM 0k 17 Ln... 0k CH-MainController BO1204 CH_EF15_C

(1) Columbia Heights ES CH-F-1 Building-Schedule OM « Ok 17 « Ok Ok CH-MainController  BW1 BUILDING_SCH_BWV_MUX
(1) Columbia Heights ES CH-F-1 Heat OFF " Ok 17 Un... " Ok CH-MainController  BO1101 CH_F1_HEAT_C

[:] Columbia Heights ES CH-F-1 MA-Damper 10% w0k 17 Lin... w0k CH-MainController  AQ1301 CH_F1_MAD_C

IZ:ZI Columbia Heights ES CH-F-1 Min-0A-Damper 10% 0k 0k CH-MainController  AWZ3 CH_F1_MIN_OAD_POS
[:] Columbia Heights ES CH-F-1 Mode Qccupied -~ Ok w0k CH-MainController  MSW1 F1_MODE

i::J Columbia Heights ES CH-F-1 OccSpaceSP 68°F W 0K 17 W 0K w0k CH-MainController  AW11 F1_0CC_RT_SP

(1) Columbia Heights ES CH-F-1 SA-Temp 75.43°F " Ok " Ok CH-MainController  AIT101 CH_F1_SAT

i::J Columbia Heights ES CH-F-1 SF-Command OM w0k 17 Un... 0k CH-MainContraller BO1102 CH_F1_SF_C

(1) Columbia Heights ES CH-F-1 SF-Status OM " Ok " Ok CH-MainController BW11 CH_F1_SF_S5_BV

i::J Columbia Heights ES CH-F-1 Space-C02 A12ppm w0k 0k CH-MainController  AI201004  CH_F1_C0O2

May have to look at live values to confirm what you

want
£7)
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Start Collecting Trend Data

- Dashboard QICUCIEEM Testlog  TestDetail  Bulk TestReview  Fault Detail  Issues Log  Faulty Points

| Select v| < Today > Options Detzils | @+

@ Boys Town ATU-012 HeatCapacity
BMMBTU
EMMETU |
4MMETU |

2ZMMBTU |

OMMBTU ¥

@ Boys Town ATU-012 EffSpaceSP @ Boys Town ATU-012 LocalSP @ Boys Town ATU-012 OccCoolSP - @ Boys Town ATU-012 OccHeatSP @ Boys Town ATU-012 SA-Temp @ Boys Town ATU-012 Space-Temp @ Boy
@ Boys Town ATU-012 UnoccCoolSP @ Boys Town ATU-012 UnoccHeatSP
£

@ Boys Town ATU-012 Occupancy @ Boys Town ATU-012 Qccupancy-Status
Nul

Occupied ‘I |
Uncccupied

Bypass

Standby

@ Boys Town ATU-012 DamperPosition @ Boys Town ATU-012 Heat-1 @ Boys Town ATU-012 Space-Humidity
%
|

@ Boys Town ATU-012 AirflowActual @ Boys Town ATU-012 AirflowSP @ Boys Town ATU-012 HeatAirflowSPE @ Boys Town ATU-012 MaxairflowSP @ Boys Town ATU-012 MinAirflowSP

400cfm
200cfm

Ocfm —*

4p
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Automated Fault Detection

| Allsites | Selectv || < | Jul-2023 | > || Rules || options |

| Allsites |

Site | Rule | Duration ‘ Wed5th  Sun9th  Thul3th Mon17th  Fri2ist  Tue25th  Sat29th | Equips =

Boys Town > [:] Economizer Savings Opportunity [AHU] | 11y | | | I| IIIIIIIIIIIIIIIIIIIIIII [:] x2

(i) EffSpaceSP Not Calculated Properly [VAV] 0 g7day DR
(7) Excessive Return Fan Pressure [AHU] | 258502y [ (7) Boys Town AHU-1
(7) Humidity Out of Range [VAV] | 478day |I| || | I| | |I || | ‘ |I II I || (7) Boys Town ATU-012
(i Insufficient AirFlow [VAV] I 52 3day (D x2
(1) Low CHW System Delta T [CHW System] | 8.47day (1) Boys Town CHW System
(1) Low Heating Capacity [VAV] | widy  [FTHIININEERIINBERRIRRRRE N (7) Boys Town ATU-171
(i) OA Damper Mot Physically Opening As Expected [AHU] | 1.17hr | | (i) Boys Town AHU-T
(7) Potential Comfort Issue - Space Too Cold [VAV] | 5.07day | | || III |I | | | ‘ I I | I I I | I | (7) Boys Town ATU-171
(1) Potential Comfort Issue - Space Too Warm [WAY] I 37.73day (i) x4
(1) Supply Pressure Reset Starving Condition [AHU] I 53.07day (D x2
(1) Unusually Tight Deadband [VAV] N 955.13day (D x21




Automated KPI’s

All Sites | Select w || < 26-Jul-2023 > Rules || Options

All Sites | Boys Town

Equip ' Run Hours - Heating [WAV]
Boys Town ATU-005 1 -
Boys Town ATU-116A [
Boys Town ATU-135 [
Boys Town ATU-139 I
Boys Town ATU-1468 [
Boys Town ATU-156 [
Boys Town ATU-159 I
Boys Town ATU-169 [
Boys Town ATU-171 [
|
|
|
|
|
|
|
|

Boys Town ATU-173
Boys Town ATU-174
Boys Town ATU-131
Boys Town ATU-168
Boys Town ATU-012
Boys Town ATU-161
Boys Town ATU-152

Boys Town ATU-143 |
Boys Town ATU-157 Site Equipment Type FaultActivity Yesterday FaultActivity LastWeek FaultActivity LastMonth Fault Detail AvgCHWSTemp LastWeek Chiller RunHours LastWeek Pumping RunHours LastWeek

Boys Town ATU-46C | - \farshalMS  CHILLER-PLANT1  VarPrimary-CHW-System 844 4916 Q 15340  Review 52.46°F 167.88N 167.88N
Boys Town ATU-113

Boys Town ATU-141 /-\\ A

Boys Town ATU-105 Kingswood ES  CH-1 CV-CHW-System <o @ = 20,694  Review 714F 167.12h 167.87h
Boys Town ATU-125 i -

Boys Town ATU-013 Marshall MS  BLDG-1S-CHILLER CV-CHW-System @ 95 O 1,102 ) 6,006  Review 47.29°F Q 167.88h Q 167.88h
Boys Town ATU-106 )

Boys Town ATU-108 || |
Boys Town ATU-177 I
Boys Town ATU-121 ol
A Boys Town ATU-126 (]

® Building
Commissioning
Association




Automated Testing — Force Conditions

@ College of Business TU7-08 EffCoolSP @ College of Business TU7-10 EffCoolSP @ College of Business TU7-11 EffCoolSP

S0°F

85°F
|

“Active”

| — 1 = VS
= —— — — | “Passive”

80°F

70°F ——
65°F
60°F
1a 2a 3a 43 2a fa 7a da 9a 10a
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Automated Testing — Review in Bulk

~  Dashboard REGHLDECR 2 T I -0 G T Bulk Report Review

| VAV-Occ :|| Latest Reports +

Building

Uoes Heneat-vaive = U ¢
Does AirflowSP = MinAirflowSP ?
Is AirflowActual within 10% OR 50CFM of AirflowSP ?

Is SA-Temp < (SA-Temp-AHU + 5) ? {i.e, minimal/no heating is being applied to airstream from terminal...

Occupied Heating Mode [30min]

Override: Override Space Setpoints to result in a heating condition (ie, override Space Setpoints a few d...
Owverride: SP-Max = 90degF

Override: SP-Min = 50degF

Override: CoolSPOffset = 3

Override: HeatSPOffset = 3

Override: SpaceSP = current Space-Temp - LocalOffset + BdegF

Is current Space-Temp < EffHeatSP and EffCoolSP 7 (if no, test results for this mode are invalid)
Is Reheat-Valve = 10% ? (ie, heating)

Does AirflowSP = MinAirflowSP 7

Is AirflowActual within 10% OR 50CFM of AirflowSP 7

Is $A-Temp > B0degF ? (ie, is heating being applied to the space?)

Is SA-Temp < 100degF ?

Occupied Cooling Mode [30min]

Override Space Setpoints to result in a cooling condition (ie, override Space Setpoints a few degrees be...

Override: SP-Max = 90degF

Override: SP-Min = S0degF

Override: CoolSPOffset = 3

Override: HeatSPOffset = 3

Override: SpaceSP = current Space-Temp - LocalOffset - 8degF

Is current Space-Temp > EffCoclSP and EffHeatSP ? (if no, test results for this mode are invalid)
Does Reheat-Valve = 0% ?

Does AirflowSP = MaxAirflowSP ?

Is AirflowActual within 10% OR S0CFM of AirflowSP 7

Is SA-Temp = (SA-Temp-AHU + 5) 7 (i.e., minimal/no heating is being applied to airstream from terminal...

Document Existing Conditions Are Restored [10min]

ANl mabmalnban abmilel bm ksl ba tkaes thoa sises o8 thoa stoet af bantlins fla avmeeldas ealansnd meamarhi =

Commissioning

Association

Issues Log

o
95
a2
44
519

98
95
95
93
59
79

93
100
90
89
n
100

Faulty Points

10
11
29

o
95
92

86

98
95
95
93
59
79
89

93
100
90
89
n
100

Details

Equipment Name

@ B1-05VAV-514
@ B1-06-VAV-606
@ B1-05-VAV-504
@ B1-05-VAV-509
@ B1-06-VAV-615
@ B1-06-VAV-608
@ B1-05VAV-501
@ B1-05VAV-508
@ B1-06-VAV-613
@ B1-07-VAV-711
@ B1-06-VAV-629
@ B1-07-VAV-710
@ B1-07-VAV-T12
@ B1-07-VAV-709
@ B1-07-VAV-714
@ B1-07-VAV-713
@ B1-07-VAV-708
@ B1-07-VAV-707
@ B1-07-VAV-706
@ B1-06VAV-619
(1) B1-09-VAV-911
() B1-09-VAV-209
) B1-09-VAV-303
) B1-05-VAV-513
) B1-06-VAV-503
B1-06-VAV-624

Fail
Fail
Fail
Pass
Pass
Pass

Interactive Report

Review
Review
Review
Review
Review
Review

68.8°F
67.6°F
67.3°F
66.9°F
66.8°F
66.5°F

SA-Temp-AHU (from associated AHU)

60°F
60.1°F
60°F
62.9°F
66.9°F
66.9°F



Results in Detail = Confidence

Dashboard Trend Data ACEALT I Test Detail Bulk Report Review  Issues Log Faulty Points

Select ¥ || < 13-Jul-2024 > Options Rules hd
B1-05-VAV-509 OTTO FPT Results * 13-Jul-2024 - SCR JMB B1-05-VAV-509
Apparent Heat When Commanded Off [VAV,FP-VAV,SVHC,FC]
o orse T S W -
Document Existing Conditions (Assumes HVAC in Occupied Mode) 2 12:00AM - 12:20AM Potential Comfort Issue - Space Too Warm [VAVFP-VAVSVHC,FC]
Occupied Heating Mode 1 12:50AM - 1:20AM
Occupied Cooling Mode _ 1:20AM - 1:50AM Weather Seattle, WA, United States @ Humidity (%RH) @ Temp (°F) | Daytime
S0%RH B 90°F
Document Existing Conditions Are Restored 0 1:50AM - 2:00AM - \ |
BD°F
Description | Answer | = TORRR J .
Occupied Cooling Mode [1:20AM - 1:50AM] ——
Override Space Setpoints to resultin a cooling condition (ie, override Space Setpoints a few degr.. —— _,__-'""'_ G0°F
Override: SP-Max = 90degF 30%RH 50°F

Override: SP-Min = S0degF
@ EffCoolSP @ EffHeatSP @ EffSpaceSP @ OccCoolSP ) OccHeatSP @ SA-Temp @ SP-Max @ SP-Min @ Space-Temp

Overide: CoolSPOffset = 3 : o ; o s -
t
Override: HeatSPOffset = 3 - @ spaceSP @ UnoccCool @ UnoccHea

Override: SpaceSP = current Space-Temp - LocalOffset - BdegF
Functional Questions After 25 min... [1:454M]

Is current Space-Temp > EffCoolSP and EffHeatSP ? (if no, test results for this mode are invalid) Pass
Space-Temp T4.8°F
EffCoolSP 69.5°F
EffHeatSP 63.5°F
Does Reheat-Valve = 0% 7 Pass @ CoolSPOifset @ HeatSPOffset @ LocalOffset
Reheat-Valve 0% :
Does AirflowSP = MaxAirflowSP 7 Pass 2
AirflowSP 425¢fm
MaxairflowSP 425¢cfm !
Is AirflowActual within 10% OR 50CFM of AirflowSP 7 Fail o
AirflowActual 345¢cfm
Alrflowse 425cfm @ DamperPosition @ Reheat-Valve
Is 5A-Temp = (SA-Temp-AHU + 5) ? (i.e., minimal/no heating is being applied to airstream from te.. Fail _‘u ’_| T
SATemp 88°F sow | [ |f
SA-Temp-AHU (from associated AHU) 63.5°F I, ‘ |l|
e |
=
P
® aiflowactual @ AirflowsP @ MaxaiflowSP @ MinAirflowsP
500cfm
400cim |
W e e e e ol e M N W N

300cfm | | Y
| |
A ° Bulding 200chm ||
A Commissioning W
Association 100cfm




What Can’t (or Shouldn’t) be Automated?

Pre-Test Activities:
Start-Up Checklist, Pre-Functional Testing, I/0 Verification,
Test and Balance

Physical Safeties:
Critical Safety Tests, High Duct Static, Smoke Alarm Interlocks

Other:
Critical zones or processes sensitive to failure



Project Example

« 125,000 SF Cancer Center

 FDD and automated testing not originally
part of commissioning plan.

* Schedule was comBressin? and project
expectation was 100% VAV testing for 170+
VAV terminals.

* Completion date of March 2024, decision for
FDD and automated testing in August 2023.

* Graphics online and visible January 2024.

« MBCx program was live early December
2023

* Immediate impact on pre-testing and
readiness visibility.

» Tested test batch in January 2024. First
gg’czzh of VAVs over 4-day period in February

Mon 4ti Thu 7tk Sun 10t at 16th Tue 19th Fri 22nd Mon 25th Thu 28th Sun 31st Equips
3.58Nr | | | "
NN |

7100 |
Goamen i | [TV WWImT [T § (N
1022.35day _
e 1N A L
22.17hr | | H ‘ ‘ |

1587.85day
wasy LT TIEITET 0T TN N - i i o
3.92hr ® x3
reesser [ AN NI i BN (NN
vossey [ | m 7 (1 M

, il Bl 0o
13.42hr | @ x5
1.41day 11 [ | @ x5




Automated Testing — Lessons Learned

* Equipment running at design set point for
HWS, CHWS, and Discharge Air.

» Setpoints on BMS are in place for
VAV/terminal unit modes.

 Select VAVs in batches to avoid nuisance e

L]
t r I s Potential Comfort Issue - Space Too Cold [VSV]

Weather Lincoln, NE, United States @ Humidity (%RH) @ Temp (°F) Daytime

« Run test batch as needed to avoid bulk re- =l .. | ,
testing. = A=< hpn:cE

7:20AM-7:30AM B8 20%RH

 Understand zone set points and coil sizing ——= =

U0ES MaxAITIo!
MaxAirflowSP 600cf
MaxAirflowSP-Desig 600cf
i @® DATemp @EfSP @ LocalSP @ OccCoolSP @ OccHeatSP @ SP-Max @ SP-Min @ SpaceSP @ SpaceTemp
Does MinAirflow ® un
MinAirflowse ~ 320cfm B 120°F
inAirflo
Does Hea
i
i




Remote Monitoring/FDD— Lessons Learned

e Getting remote monitoring and FDD started
ea r.l'y is a great pre-teSt before g ra phics a re “4 + Dashboard BIGHGEEIEM TestLog  TestDetail Bulk Test Review IssueslLog  Faulty Points
Onllne “select v || < Q12024 | > | options | | petails | @ v

E Specialized - Bryan Health CCC

* Tune faults to actual sequences. -_-—__— m |
Comprehen er Center HWS hwP1Status - I

¢ PrOVIde early Input On Integrated pOInts. Comprehensive Cancer Center HWS hwP2Enable

_ IS [1 I ]

Comprehensive Cancer Center HWS hwP2Status

* Faults and issues should lower as you work s 1 . o
through testing. v —

DDDDD

TTTTTTTTTT

@ Sarpy County VA CBOC HW-Panel DhwRTmp @ Sarpy County VA CBOC HW-Panel DhwS]1
@ Sarpy County VA CBOC HW-Panel HwSpt_Hi @ Sarpy County VA CBOC HW-Panel HwSpt.
@ Sarpy County VA CBOC HW-Panel RmTmp

0°F

VVVVVV

@ Sarpy County VA CBOC HW-Panel HwDeltaT
708°F /\_/‘l
A 30A°F 1

\\\\\\\\
i ?f A mmmmmmm joning 10A°F
sssss iation
@ Sarpy County VA CBOC HW-Panel LeadLagPmp
Pump 3




Presented By:
Kenny Reed, PE, CCP, CEM, LEED AP BD+C Derek McGarry, PE, LEED AP
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