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Overview

This presentation discusses the
emerging technology of Automate~
Functional Performance Testing
(AFPT)AFPT provides additional
validation and assurance that
building automation systems are
optimally performing. .




Who are “Automated Fault Detection and
Diagnostic” (AFDD) Tool Providers?
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Not all AFDD Tools are Created Equal

Executive Summary oy

Background: It is estimated th30S80f Mk
the energy used in commercial building
wasted due to faults and errors in the
operation of the control system. Tools t
able to automatically identify and isolat
faults offer the potential to greatly impr
performance, and to do so cost effecti
This document characterizedivhese
landscape of these Automated Fault D¢
and Diagnostic (AFDD) technologies,
according to a common framework tha
captures key distinguishing features a
elements

https://eta.lbl.gov/publications/charactesiratsgautomated
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Classical Functional Performance
Testing (Commissioning)

Functional Test Procedure

WAY Terminal Units

Sequence of Operation Verification
1. Warm-Up & Cool Down Mode

With the zone in unoccupied mode and the space needing heating, command through the BAS and verify
that the following occurs. Indicate with a Yes or No as appropriate in the boxes below:

Equipment |D VAV O-X | VAV 1-X [ VAV 2-X

System uses optimum start

AHU in full return,

Space enters occupied time at sel point

Trends analyzed to support testing.

2. Normal Operating Mode
a. Temperature Control - Cooling

With the zone in occupied mode command through the BAS and verify that the following occurs. Indicate
with a Yes or No as appropriate in the boxes below:

Equipment 1D VAW 0-X WAV 1-X VAV 2-X
Damper modulates between min and
max to maintain room temperature set
point

Heating remains OFF,

Space temperature maintained within
+- 2F

Comments:




Classical Functional Performance
Testing (Commissioning)




Classical Functional Testing
Point-to-Point Testing
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A Better Way to Test

What is Automated Functional Testing

Analytics software digest
information from the building

automation systerm [(BAS) o -
: : Building
Design team _ Automation is
Analytics runs the building determines — | programmed for
automation datfi aﬂf_'mﬂ equipment =R AW 500 & Streams
commissioning algorithm d 500 b — ; :
specifically based on the Sequences A e dml' m;hf
of Operation (SO0) that a specified. , e | HEE
[
Analytics delivers a pass [failed I
results with a duration of Analytic
maintaining the pass/fail criteria Analytics "
5|.'E|.'E'l.‘.| |l'| thE SDD. Heuﬂﬂ[ng an prﬂ'u' =
Functional
test results |
- Tests




Example of Algorithm

Fault application also tracks duration in
i the fault condition and set operational
Fault cost value for this condition

Fault
High Range
Acceptable
Room Temp—%/_\
/ /=~ Room Set Point
\ / __Low Range
Acceptable
Simple Fault code: WfAVBox 101 is Occupied and (room temp > Hig

Range) or (Room Temp < Low Range) thewWAg1L01 = Fault

Room Temperature Set Point
Fault Algorithmg




Capitalizing on AFPT Algorithms

Cortgpre
Mode Overview Date range: 04/16/2018 8:00 PM - 04/30/2018 800PM 7/
View Modes/Tests For Asset

Copy csv Excel Print Search

View *  Asset Name Mode Test Name Observed Passed Hours Passed Falled Hours Falled
Q VAV-IED Occupied Airfiow Control 13 13 42225 0 0
Q VAV-1EDY Occupied Space Temperature Control 9 0 0 9 42725
Q VAVIED Cooling Mode Cooling Airflow Control 6 6 2105 0 0
Q VAV-1£01 Cooling Mode Cooling Airflow Control Tuning 7 7 261.78 0 0
Q VAV-1E01 Night Setback Cooling  Night Setback Cooling Control 0 0 0 0 0
Q VAVIEDN Heating Mode Heating Alrflow Control 24 13 3225 n 4175
Q VAV-1EDT Heating Mode Reheat Coill Activation 7 0 0 7 1535
Q VAV-1IEDN Heating Mode Reheat Coil Leaving Temperature 19 15 141.25 “ 7.5
Q VAV-1E0Y Heating Mode Reheat Coll Tuning 7 0 0 7 1535
Q VAV-IED Night Setback Meating Night Setback Heating Damper Control 0 0 0 0 0
Q VAV-1EDY Night Setback Heating Night Setback Heating Reheat Vaive Control 0 0 0 0 0
Q VAV-1E01 Deadband Mode Deadband Control 3 0 0 3 75 m

Algorithms provide the ability to define criteria to be verified in pel



Capitalizing on AFPT Algorithms

O  04-18-2018 08:45.00 23.25 hours A
degf "
» 1
0 / \
o |
- Proof of Performance
©0
NN i e N /‘,‘/\/\/'4../‘\/\/
e s Y
%) [
& [ & 4
\" -3\. &\Qf ‘f
'1'“ \‘{“ & \,.'P
4 4 'd o
= VAV-1E01 FT_ReheatCoilLeaving Temperature (1/0) » VAV-1E01 Supply_Air_Temp (degF) ® AHU-2E01_SA T (degF)
O 04-19-201808:30:00  1.25 hours m

The ability to
root causes of issues.



Getting Data to the Cloud

W Micosoft Azure

Cloud Service
Providers

For this discussion, w Building or Campus Facility
are focusing &#PT

aws

Tools that have rale Data O

. . Extraction - .

and historical access Software BB
. Hardware \ J
data directly from an r ===

: : . | Data mapping
interface with a Buildi Lighting ——————
. R | Data visualization
Automation System =¥ [ Vetering : —
(BAS) Building Data analysis )
[ Automation Data Rules \




Building information (data) is abundant in today’s facilities
How do you leverage this dissimilar information for the success of the project and

ongoing operation?
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Implementing AFPT on a Project

" Design Phase

APlan for Data Acquisil
(interface to the BAS

AAcknowledge IT/Sect
requirements for the
project (stay ahead o
these requirements)

ASpecification Langua
(defines roles and
responsibilities)
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Implementing AFPT on a Project

I Construction/Acceptance
Phase

A Adjust Algorithms based on
project specific Sequence of

Operations
AiPoint to Poin @,
hvalil date dat a == 588

ABuilding System data
acquisition a prerequisite for
Testing

ABoots on the Ground




Advantages of having AFPT Tool Online
during Commissioning

Asset Performance Dashboards

Early recognitic ..

of what i1s worki----
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AHU-1 e
-
and what is not
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Advantages of having AFPT Tool Online during
Commissioning

A Transparency of ProjeClpra— - o

Dashboards > Logs > Fault Leg

Licking County Library

Bills Cooling Dashboard Metering

Status

Functional Performance
Testing (Commissioning
no longer a one time tes
can be repeated with
minimal extra effort

Expedite Testing efforts

Mechanical Dashboard

All Faults » Date range: 09/27/2022 11:00 AM- 09/29/202211:00 AM #

Show All Rollup o Timeline o
copy |[ v || poat || e S I
) . Fault Length X . - . .
View *  Fault Time Object Descriptor Description Cost Priority Expression
(hours)
09/27/2022 {SA.Fan.Sts} == 1 && ({SA.T_spt} > ({SA.T} + {Site.Bldg. AHU_SupplyAirTemperatureThreshold}) | {SA.T_spt} < ({SA.T}-
1.5 AHU-Z Fault_Supply_Air_T ature_Control Low
@ 12:45:00 e e L {Site.Bldg.AHU_SupplyAirTemperatureThreshold}))
09/27/2022 {SAFanSts) == 1 && ({SAT_spt} > ({SAT} + {Site Bldg AHU_SupplyAirTemperature Threshold) || (SA.T_spt} < ({SAT}-
1.25 AHU-4 Fault_Supply_Air_T ature_Control LOW ) ;
@ 13:00:00 AUL-SUppIy- AL Temperature_Lontro {Site.Bldg.AHU_SupplyAirTemperatureThreshold}))
09/27/2022 {SA.Fan.Sts} == 1 && ({SA.T_spt} > ({SA.T} + {Site.Bldg. AHU_SupplyAirTemperatureThreshold}) | {SA.T_spt} < ({SA.T}-
15 AHUA Fault_Supply_Air_Te ature_Control Low
@ 13:00:00 e e L {Site.Bldg.AHU_SupplyAirTemperatureThreshold}))
09/27/2022 Airflow below set- (({AirflowSetpaint} - {Airflow}) > {AirflowSetpoint} * {AirflowPercentageThreshold}) && {AHU.SA Fan.Sts} == 1 8&
15 V206 Fault_AirflowLow LOW
@ 50 aulArtiontow point {AirflowSetpoint} > 0 &8 {Mode_Occupied) == 1
09/27/2022 -
® 140000 0.75 AHU-4 Fault_CoolingCoilLeavingTemperatureControl LOW abs({SA.CC.T}- {SA.CC.T_spt}) > 2 && {SA.CC.Valve_Position} > 0
09/27/2022
® 140000 25 VV3-05 Fault_TerminalCoilLeak Low {SupplyAirTemperature} > {AHU.SA.T} + 8 && {ReheatValvePosition} == 0 && {AHU.SA.Fan.Sts} » 0 && {Airflow} > 50
09/27/2022 -
@ 143000 0.75 AHUA Fault_CoolingCoilLeavingTemperatureControl LOW abs({SA.CC.T}- {SA.CC.T_spt}) > 2 && {SA.CC.Valve_Pasition} = 0
09/27/2022 {SAFan.Sts) == 1 && ({SA.T_spt} > ({SA.T} + {Site.Bldg. AHU_SupplyAirTemperatureThreshold}) || {SA.T_spt} < ({SA.T}-
2 AHU-Z Fault_Supply_Air_T ature_Control Low . )
@ 1515:00 Aullotppy-AlTemperature_Lontro {Site.Bldg.AHU_SupplyAirTemperatureThreshold}))
09/27/2022 {SAFan.Sts} == 1 && ({SA.T_spt} > ({SA.T} + {Site.Bldg. AHU_SupplyAirTemperatureThreshold}) || {SA.T_spt} < ({SA.T}-
1.5 AHUA Fault_Supply_Air_Te ature_Control Low
@ 15:45:00 e {Site.Bldg.AHU_SupplyAirTemperatureThreshold}))
09/27/2022 {CHW_Leaving_Temp} » ({CHW_Leaving_Temp_SP} + {Site.Bldg. CHWPrimary_LeavingTemperatureThreshold)) &&
1.5 CHWPrima Fault_CHWLeavingTempHigh Low . :
© s rmary - Faul L eavingTempHig {System_Enable} == 1 &8 {Occupied) == 1
09/27/2022 (SA.Fan.Sts} == 1 && ({SA.T_spt} > ({SA.T} + {Site.Bldg. AHU_SupplyAirT atureThreshold}) || {SA. T,-
@ T 2 AHU-4 Fault_Supply_Air_Temperature_Control Low {,_ _:m ) - .“. - spl> — : .‘ ‘ e o LppyAirTemperateThrechokf) I



Advantages of having AFPT Tool Online during
ommissioning
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Advantages of having AFPT Tool Online during
Commissioning

BOD —
75

A Allows technical resources | - B —
focus on issue resolution ar - EEEW,nW

areas for improvement

o 100
g g0-
gz

A Automation of traditional
NTrendi ng Anc¢ =

: 3.5 =Cos
z 30- H-go
< & Z-55
. . 3, 20+ E—s_c
A Persistent Testing; 24/7 i
o
y 1.0 - N - — 4.0
0.5 | 35
I|I 3.0
0.0 —-25
0.5- 20
1.0- 15
1.5 1.0
20 05
WDSP MDSF Setpo
| | | |
i ¥ ) 1 .

int WEupply Air Flow BReturn Air Flow



LEED v4: Monitoring Based
Commissioning (MBCx) Basics
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A Supplier of water treatment products
A Alumni of the 2021 SustainableCincy Cohort
A

Blue Ocean Solids is a company that is committed to making
BLUE a difference in protecting the planet and providing a much
safer work environment.




Water plays a key role in the cooling and heating of
commercial buildings

COOLING TOWERS Water also is used in many industrial cooling and heating
BOILERS processes

Water is heated and cooled using and



WATER TREATMENT
BASICS

A During the hydrological cycle, water picks up impurities that
can result in scale, corrosion and microbial fouling in cooling

towers and bollers

A Water treatment is used to tie up these impurities so they do
not cause issues in cooling towers and boilers



WATER TREATMENT
BASICS

IMPURITIES

A SCALE can cause equipment to run less efficiently
A CORROSIONcan cause failed equipment and piping

A MICROBIAL FOULING®an also cause equipment to run less
efficiently and can allow exposure to bacteria like Legionella



YESIII
DOES TH'S A Scale as thin as a credit card can result in a

12% increase In energy usage

A Microbial fouling can be as much as a 25%
Increase in energy usage

MATTER?



A Traditional water treatment products are a hazardous liquid with a pH
CURRENT WATER of 14
TREATMENT PAIN A Usually comes in a 5gallon, 508pound drum
A Potential of a hazardous spill
POINTS o oo
A Risk of injury or caustic burn



A Mechanical rooms are usually tight spaces

LIQUID INSTALLATION A Drums clutter the space
PICTURES A Drums cause issues due to the tight space
A Hazardous Spills



What Makes
BLUE OCERAN

Different?

A Water treatment in a solid,
concentrated form

A Four tgallon jugs weighing less
than 50 pounds takes the place
of a 55gallon, 506pound drum
of hazardous liquid chemistry

A Helps with all 3 pillars of
sustainability PEOPLEPLANET
andPROFIT




PEOPLE

Safer Handling
Safer Transport
Safer Storage




PLANET

Carbon Emissions Reduction
100% Recyclable Packaging
Water Savings




PROFIT

Reduced Liability
Shipping Savings

,% | ' .5
(“.}l i
\&

Reduced Storage Space




A Easily installed on wall

BLUE OCEAN A Frees up valuable floor space

A Neater, less cluttered mechanical room
A Install dissolvers above pumps to maintain prime

INSTALLATION PICTURES



Improving All SAFER
3 PILLARS of SUSTAINABIdz

SUSTAINABILITY BROFIT
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Where Are You On 1 .9 h!' Q+9 /hat[9¢95Y

A Energy Efficiency (LED)
Your A Waste Reduction (Recycling)

SUSTAINABILITY A Renewables (Solar/Wind)
JOURNEY A NOW WHAT?




Have You Thought About
Your
WATER TREATMENT
PROGRAM

A ENERGY EFFICIENEYeliable water treatment program keeps this
equipment running efficiently

A WATER SAVINGS\llows water to be used an optimal number of
times and eliminates the need to triple rinse drums



Have You Thought About
Your
WATER TREATMENT
PROGRAM REDUCE WASTE

CARBON EMISSIONG



HAZARDOUS!

(pH of 14)

SO0 Pounds

(takes 25x more fuel to deliver)

Destined for Landfill

(packaging not easily recycled)

Water Waster

{over LO galions of water needed
for rinsing for proper disposal)

Expensive to Ship

(approximately £x more than shipping
equivalent amount of BLUE OCEAN)

Non-Hazardous

(neutral pH)

<50 Pounds

(making it easier to handle)

A DANGER | = 100% Recyclable Packaging

(can be placed in with traditional recycling collections)

Sodium
droxide|

No Triple Rinsing

(easily recycled)

Shipping Savings

(can ship reguiar UPS of Fedex with no special accomedations)

SOLIDS vs. LIQUIDS



BLUE OCERAN

Come See Us To Find Out

HOW WE CAN HELP www.BlueOceanSolidsom
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What might you
Do Differently
IN the
Post Pandemic Era?



Architects
Mechanical Consultants
Building Owners
Mechanical Contractors

eeeeHow wi /|l you buil d
systems differently?



Focus Has Shifted from 5
z#A KT «z , XJIK°| Z ©°- Z8NNA°J«?O

ASHRAE SAYS:

- Bring In More Fresh Air
Increase Filtration Effectiveness
- Control Relative Humidity
- Consider Addltlonal Level of Air Cleaning

yd

eeeecCan It be don




é.. At the same ti me, you are |
Sustainable Buildings

Energy Efficiency/Net Zero Designs
Carbon Neutral / Decarbonization
or, Electrification
eeeels there a confl
here?

Challenges



The “Bring in More Outside Air”
Challenge

Challenge #1 Challenge #2

More Outside Air = More Carbon 8 Ao’ T X 3

o results in higher emissions & more cost
Emissions & Cost g

1. Larger and more expensive HVAC
systems

2. Higher energy use and carbon
emissions

3. Increased operating costs

4. What if the outside air is polluted?

FdzidzNBE 2F NBIlIffée 3I22
YIIGA@gSa (2 OSyiaAatl aaA
2N SOSNEGKAY I DE

R
2

y

- Prof. WilliamBahnfleth, Past ASHRAE President



.....a Shift in focus

Building Ventilation

(Historically)

Volume Fresh Air = Bldg FT3 * #Occupants



Building Ventilation

(a better way in the Future)

the amount of
contaminants
In the space

contaminants
— being emitted =
into the space

More OA

supply

Occupied Space

contaminants being
flushed out of space -

Ur ®q 1 0 @updisgq | ®r 20
r] f~1®{r|1]®« ]z2j]htratibn®ei/icba®i «d
] raiRi
Technologies are available
l .
Clt;i;ing
Supply Air

supply

cfm
Remains Constant

Occupied Space




The “Increase Filtration Effectivenes: "

Challenge

Challenge #1 Challenge #2

Can your equipment handle it? Operational Cost

Not as easy as it sounds

~

¢SOKy2t23ASa INb F@FAflFofS
effectiveness




The “Risk”
Challenge

Challenge #1 Challenge #2

Prove It Show Me

Be Ready
Ventilation Effectiveness
IAQ Monitoring
ASHRAE Guidelines and Local Codes

Dashboards, Sensors and Meters are available to monitor an
prove




The Message

Y.if your Company, Client, Bui |
you with¥YY.

{1 4 want you t o me e tandehélp metremairs e n

sustainable, green, energy efficient, reduce carbon footprint
and electrify my builidi

It is a big challenge But, there are products and technologies
g ATl otS Ay (UKS YIFENJSOGLX O
there may be ways to fund these projects aside from your

typical CAP- . dzR3I S X X




CUSTOMER: Arlington Public Schaols

CHALLENMNGES: Providing the best-in-class indoor air
quality for students and optimizing building energy
Consumption

SOLUTION: 3 enverid HLR modules were installed to
scrub for all indoor contaminants, reduce ventilation
load, and provide best-in-class indoor air quality

RESULTS:
+  $304,680 cost savings over 20 years

+ 137488 kWh in annual energy savings resulting in
$15,234 in annual energy cost savings

R + 112-ton reduction in peak cooling load

+  Best-in-class indoor air quality resulting in CO,
levels around 800 ppm {15% improvement
relative to typical schools)

EMNIGINEER: ChTA

SALES REPRESENTATIVES: HAVTECH

LOCATION: Arlington, VA

] { DEPLOYED: 2019
B
&

SQUARE FOOTAGE: 110,000 ft*

enVerid Snapshot

Alice West Fleet School

Largest Net Zero Energy School in the U.S. Achieves Excellent Indoor Air Quality

s
e
)

4

i énVerid

Energy savings. Air quality.

© 9

LEED Points Ventilation Energy
(KWhAyr)
80
o 208,000
No HLR With HLR No HLR With HLR
LEED Gold to $ 305k utility bill
LEED Platinum rating lifetime savings

4

i

Metric Tons CO,/yr.

147

50
I

No HLR With HLR

Reduced 97 metric
tons CO, annually

*,

: .

&/ :
B ..



Case StudyFhoroughgoodelementary School (VA)

PROJECT GOALS

A LEED Gold certification
A Improved indoor air quality
A Peak cooling and heating load reduction

Project Details

Location Virginia Beach, V/
Owner Viriginia Beach City Public Scho
Contractor Conrad Brothers
MEP exp.
Year Installed 2020
Project Type New Construction
Floor Area 91,913 f¢
HLR Modules 6 Rooftop & 1 Indoor

LEED/WELL LEED Gold




Case StudyFhoroughgood; Outside Air & Indoor Air Quality

The design reduced outside air requirements by 43% frdmdoor air contaminant levels were measured in 6 locations :

17,755 CFM to 10,052 CFM remained well below LEED limits
o (CFM) - e
Contaminant Concentration
(ug/m3)
(ug/m3)

6,775
Formaldehyde
4,505 Total Volatile Organic
4,019
Compounds (TVOC) 200 <Ie
2,800
2,500 ’ D 800 ppm
2 033 :
17 1 800 1,900 Carbon Dioxide (VRP equivalent) 569 ppm
> . PM2.5 12 1

MAU-1 ERV-1 ERV-2 RTU-2 RTU-3 _
m Before HLR m After HLR Indoor formaldehyde and particulate mater levels were

recorded at concentrations be

The project demonstrated that the technology can be used to provide superior
indoor air quality with much less outside air.
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Case Studyrhoroughgood; Project Outcomes

Lo

Peak Cooling Load

LEED Points
(tons)
131
. 86
No HLR With HLR No HLR With HLR

From LEED Silver to
LEED Gold rating

$60Kk first cost savings
on new HVAC system

@ Mi ‘i

Ventilation Energy Carbon Footprint

(KWhiyr)
137,488
90,439
- ]
No HLR With HLR No HLR With HLR

Reduced 42 metric
tons CO, annually

$100Kk utility bill
lifetime savings

These outcomes were achieved while maintaining indoor air quality well below LEED limits
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The Message

Y.if your Company, Client, Bui |
you with¥YY.

{1 4 want you t o me e tandehélp metremairs e n

sustainable, green, energy efficient, reduce carbon footprint
and electrify my builidi

It is a big challenge But, there are products and technologies
g ATl otS Ay (UKS YIFENJSOGLX O
there may be ways to fund these projects aside from your

typical CAP- . dzR3I S X X
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Green Cincinnati

BUILDING A SUSTAINABLE AND EQUITABLE CITY




vz

Green Cincinnati

BUILDING A SUSTAINABLE AND EQUITABLE CITY







