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FDD Overview
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Fault #3 — AS35
Economizer Enthalpy i

Observations: ]

v
[
%

1. Many Faults occur for short times

Analysis: =
1. Need Dust Storm Override bit! =
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Fault Detection & Diagnostics (FDD)

What is FDD?
* Examples in PI
* How It can benefit you?
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FDD Allows Continuous

Analytics software that monitors
actual equipment performance:

o Uses multivariable historical, realtime and
static design data

« Evaluates the data using rules to identify
equipment and process faults

« Monetizes the cost of active faults

o Guides the user in diagnosing the root problem

Continuous Commissioning: tuning, adjusting
and fixing issues when they start to erode system
performance rather than waiting for failure.

OSisoft
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Building Efficiency (%)

Retro vs. Contlnuous Commissioning
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Periodic retro-commissioning
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Retro vs. Continuous Commissioning

100
95
FDD Automates visibilit*
90 solution | AT pr-
FDD Solution Enabled Optimization
g L I
}_.>" Efficiency Loss with Retro Commissioning
b
Ll
g‘ 75
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@ 70 Retro-Commission <5% of
equipment per year
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Periodic retro-commissioning
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FDD — The Rules

*NISTIR 6964
 Faults pertaining to AHUs & Terminal Units

e ASHRAE-D-7190
* Expert Rules Set for Fault Detection in AHUS

e Qur/Your own Custom Rules

OSlsoft.
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File View Go Tools Help
3Database [ Query Date - (© ﬁ P Back ) |H, Checkin ¥} + [#]Refresh |5l New Template - |5€arrhE|!ementTempiates pel "‘

a Demo Database General attribute Templates  Ports  Analysis Templates  Motification Rule Templates

= Templates

- [y Element Templates MName: |'°‘HU |
& AHU Description: |A1'r Handling Unit |

(G AHU_VAY

(8, Boiler Base Template: | <Mone:> Type: Element

(@ Chiller Categories: | | Default Attribute: | <None =

(B Cocling_Tower

& CRAH Maming Pattern: | | b

A Allow Extensions Extended Properties (1) Location Securi
[ Event Frame Templates
[ Model Templates Finc:

(i) "I Transfer Templates Derived Elements Referenced Child Templates
- [Zy Enumeration Sets

Derived Templates Elements Referenced Parent Templates

[ ', Reference Types

""" EE:ESC " Find Derived Elements for "AHU' O >

------ able Connections

= (] Categories

(€] Analysis Categories

Attribute Categories

Element Categories

(=] Motification Rule Categories
& / ¢ ;

Reference Type Categories A by e ihs,

Table Categories =

Group by: [ Category [] Template
| Filter L~

ll Mame -"—‘~| Description Categary Type |Tem|:|la13e @

AHL-23 Air Handling Unit Mone AHU

&) AHL-4 Air Handling Unit Mone AHU

5 et

|=={ Event Frames

1 Unit of Measure

82 Contacts
% Management

AHU Modified:3/8/2018 11:47:29 AM.

OSisoft.
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o "WOSI-SALES\Demo Database - Pl System Explorer

File View Ge Tools Help

@ Database P Query Date - @ & | QBack ) |B, Checkin ) « [#]Refresh | @ New Template -

[m] hed

| Search Element Templates O~ |

Group by: [ ] Category

pv

Filter
MName | Description Category Severity |~
5 AHU Counter Daily Fault counter None
(@, Chillr 15 AHU FDD Rule1 Outside Air Damper Stuck Closed Naone
[ Cooling_Tower '1 AHU FDD Rule 10 Heating Coil Valve Leaking None
& CRAH =5 AHU FDD Rule11 Dirty Filter None
e . 5 AHU FDD Rule12 Minimum Fan Speed None
H a Model Templates =5 AHU FDD Rule 13 Off Hours Operation None
e %--E_nium:’a:ijr;znplates '1 AHU FDD Rule 14 Simultaneous Heating and Cooling None
[~ '?, Reference Types =g AHU FOD Rule2 Outside Air Damper Stuck Open None
Tables ) 5 AHU FDD Rule3 Valve Overcooling Space None
B % 'Crzlzl:g::::echons '1 AHU FDD Rule4 Fan Overcooling Space None
(€] Analysis Categories '1 AHU FDD Rule5 Cooling Coil Valve Leaking None
;jz:?c::ei‘:ireizs '1 AHU FDD Rules Economizer Optimization (Enthalpy) None
(=] Motification p_ﬁ|e Categaries 5 AHU FDD Rule? Economizer Optimization (Temperature) None
Reference Type Categories =5 AHU FOD Ruleg Valve Overheating Space Nane
Teble Categories '1 AHU FDD Ruled Fan Overheating Space None
'1 AlarmDevice Alarm state history at the device level indicating that one or more device attributes is in a state of alarm (e.g. caution, ... None
'1 AlarmDeviceAttribute Alarm state history at the device attribute level for a single alarm. None
g AlarmDeviceCaution Alarm state history at the device level containing a set of alarms with the same logical caution pricrity as child events. None
'1 AlarmDeviceCritical Alarm state history at the device level containing a set of alarms with the same logical critical priority as child events. None
'1 AlarmDeviceNoComm Alarm state history at the device level indicating that one or more device attributes is in a state of Mo Communication. None
'1 AlarmLimit History of changes to limit(s) for a single alarm. AlarmLimitHistory | None
=5 BLR FOD Rule1 Boiler Pump Operation None
'1 BLR. FDD Rule2 Excessive Cyding None
I~§ BLR FDD Rule3 High Supply Pressure None
=5 BLR FDD Rule4 Overheated Supply Water None
=g BLR FDD Rule5 Low Supply Temperature None
15 BLR FDD Rule6 Low Efficiency None
=g Chiller FDD Rule 1 Leaking Chiller Isolation Valve None
=5 Chiller FDD Rule2 Leaking Condenser Isolation Valve None
=5 Chiller FDD Rule3 Overcooling None
""""" =5 Chiller FOD Rule4 Low Efficiency None
s =g Chiller FDD Rule5 Excessive Exerdise None
(i Event Frames =5 Chiller FDD Rules Low Delta T None
_ =5 Chiller FDD Rule7 High Approach Temperature None
= Unit of Measure '1 Cooling Tower FOD R... |Fan Operation None
82 Contacts '1 Cooling Tower FDD R... |Minimum Fan Speed None
% Management =g Cooling Tower FDDR... |Fan On in Hand None

40 Event Frame Templates

OSlsoft.

PlWorld san rrancisco 2019
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Why This

Matters

Acknowledged Faults

Equipment Fault Most Recent Ack Time ACK Fault Count ACK Total Duration (hr) | ACK Fault Cost ACK Fault Cost per hr | Most Recent Comment
CHL4 Chiller Overcooling 10/25/2017 12:35 99 16.85 $59.60 $5.48|N/A

CHL4 Low Efficiency 10/25/2017 12:34 2 0.25 $0.11 $0.85|N/A

AS19 Cooling Coil Valve Leaking 10/18/2017 19:57 7512 1411.33 $13,302.32 $26.70|N/A

AS19 Economizer Enthalpy 10/18/2017 19:57 6540 6812.2 $35,032.71 $13.07|N/A

AS19 OA Damper Stuck Open 10/18/2017 19:56 2590 2797.78 w4 97 $3.56(N/A

AS16 Cooling Coil Valve Leaking 10/18/2017 18:08 65492 36795.09 $521,443.64 $52.85|N/A

AS46 OA Damper Stuck Open 10/12/2017 18:02 78 41.01 $3.60 $1.24|N/A

valve commanded close by

AS46 Economizer Enthalpy 10/12/2017 18:02 1515 7114.53 $160,339.28 $79.54| hmi button
AS46 OA Damper Stuck Closed 10/12/2017 18:02 1968 6005.47 $0.00 S0.00{N/A

AS43 Cooling Coil Valve Leaking 10/12/2017 18:01 30 0.09 $0.41 $7.28|N/A

AS43 Economizer Enthalpy 10/12/2017 18:01 2853 10059.81 $64,374.89 S46.94|N/A

AS43 OA Damper Stuck Closed 10/12/2017 18:01 230 74.07 $0.00 $0.00|N/A

AS41 OA Damper Stuck Open 10/12/2017 18:00 888 2095.77 $1,076.61 $2.73|N/A

AS41 Economizer Enthalpy 10/12/2017 18:00 210 330.13 $840.92 $11.15|N/A

AS41 OA Damper Stuck Closed 10/12/2017 18:00 16 1.73 $0.00 $0.00|N/A

AS40 Economizer Enthalpy 10/12/2017 18:00 22 31.31 $274.04 $19.53|N/A

AS39 OA Damper Stuck Closed 10/12/2017 17:59 108 97.73 $0.00 $0.00|N/A

AS39 Economizer Enthalpy 10/12/2017 17:59 1746 1693.47 $1,860.39 $3.77|N/A

AS39 OA Damper Stuck Open 10/12/2017 17:59 1111 1208.31 $193.78 S1.20(N/A

AS38 Economizer Enthalpy 10/12/2017 17:59 120 216.97 $191.16 $2.98|N/A

AS36 Economizer Enthalpy 10/12/2017 17:58 256 452.8 $3,583.59 $25.83|N/A

AS36 OA Damper Stuck Closed 10/12/2017 17:58 234 57.84 $0.00 $0.00|N/A

AS35 Economizer Enthalpy 10/12/2017 17:58 1316 6429.14 $124,078.14 $67.78|N/A

AS25 DA Namner Stick Clnsad 10/12/2017 17-58 210 53 71 4<nnn <nnnin/a

OSisoft
Pl\World sanrrancisco 2019 #PIWorld
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o \WO5I-5ALES\Demo Database - Pl System Explorer

File  Search View Go Tools Help

@Database F% Query Date - (© ﬁ eEack (> ] H,, Checkln %2 « @Raﬁesh

1 New Element ~

Search Elements

Elements

5 Elements

B (§ Argonne

= (§ Building 241
S (@ AHU_VAVL

=}~ £ Building200
Gl () AHU_VAVL
& AHU-23

[ (§ Buildng214
(£, Element Searches

== Event Frames

2] Library

e Unit of Measure

84 Contacts

%2 Management

CH-1

General

Child Elements  Attributes Ports  Analyses Notification Rules  Version

Narme: |Rule 1 - Fault

=

fea
fea
H
fea

fra

MName Backfilling
Rule 1 - Cast
Rule 1 - Fault
Rule 1 - Leaking Chiller Is...
Rule 2 - Cost
Duida 7 - Caule

~ Description: |Rule‘| Fault

Categories: [

Analysis Type: @ Expression Rollup

Event Frame Generation sQc

|:| |:| Evaluate

MName

Fault

Expression

if "STS'="0On" and 'CHW_IS0 VLV_CMD'="Closed" and 'CHW_

Value at Evaluatio  Value at Last Tige  Output Attribute

Rule 1 Fault ‘

if 'STS'="0On" and 'CHW_ISO VLV _CMD'="Closed” and 'CHW_FLOW'>1@ then 1 else @

Add a new vanable

Functions

Insert functions into the expression

All

BadVal
Bod
Bom
Bonm
Ceiling
Char
Compare
Concat
Contains
Convert
Cos
Cosh
Cot

Abs (number x)
Return the absolute value of an integer or real number,
Example: Abs(1)

Attributes

Scheduling:

e Event-Triggered Periodic Advanced...

Trigger on |Any Input - ]

® Connected to the Pl Analysis Service.

CH-1 Modified:8/8/2018 84455 AM. Version: 1/1/1970 12:00:00 AM, Revision 1

PlWorld san rrancisco 2019

#PIWorld
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) \\OSI-SALES\Dema Database - PI System Explorer - O >
File Search View Go Tools Help
@Database F% Query Date - @© ﬁ eBack (] E‘( CheckIn &7 « @Reﬁesh 1 Mew Element - Search Elements pe '|
Elements CH-1
5 Elements General Child Elements Attributes Ports ~ Analyses  Notification Rules  Version
E- [ Argonne
£ 9 Buldng 241 Name: [Rule 1- Cost |
E‘ g Ag“;:?ll @ B = Name Backfilling ~ Description: |Fau|t Rule 1 Cost Calculations |
G vavz o 8 e etk o G Categories: [ -
& vav3 @ 8 fiy Rulel-Fault
& AHUL1 © = | Rulel-Lesking Chiller Is.. Analysis Type: » Expression Rollup Event Frame Generation sQc
= (F Buiding200 B feo Rule 2 - Cost
& AHU_vAVL I Y e -
& AHU23 M m B Dula P Lol wd
& AHU-4
& CcH1 :
& T l:‘ l:‘ Evaluate Functions
- (J Buiding214 MName Expression Value at Evaluatio Value at Last Trigc  Qutput Attribute Insert functicns into the expression
(L, Element Searches
Cost Max('CHWP_SPD'*'CHWP HP'*@.716*'RATE'*8760,0) Map All >
EventFrameActive |IF (TagVal('Rule_1_Fault’,"*-3@s') <> @ and SecSinceCt Map i:: &
3
CostRateYearly |If EventFramefctive=1 then cost else 8 Rule 1 Cost And
Ascii
Asin
Atn
Atn2
Avg
BadVal
Bod
Bom
+| Bonm
Ceiling
Char
Compare
Concat
Contains
Convert
Cos
Cosh
Cot “
Abs{number x)
Return the absolute value of an integer or real number.
Example: Abs(1)
= Event Frames
I@ Library Add a new variable Attributes
e Unit of Measure
88 Contacts Scheduling: e Event-Triggered Periodic
3 Management Trigger on | Any Input - | ® Connected to the Pl Analysis Service.
CH-1 Medified:8/8/2018 8:44:55 AM. Version: 1/1/1970 12:00:00 AM, Revision 1

0OSlsoft.
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Prioritize What You Pay Attention To

OSisoft.

PlWorld san rrancisco 2019

30 Day Fault Count & Cost
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e Active Fault Count == Fault$
Aggregates
Avg faults/day |80 $73,445|Total Fault Cost
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Berkeley Lab Study of 154 Buildings

« Half of commercial lab
buildings waste 16% - 30%
of total energy consumed

o Waste increases with the size
and complexity of the facility

« Median cost $.46/sqft per
year = $46,000/yr wasted for
a 100,000 sqft facility

OSisoft

PI WO rl d SAN FRANCISCO 2019 RoviSys Building Technologies 2017 Confidential

Energy Savings (%)

50%

40%
30%
20%
10%

0%

10%

Viela-aralysis

Evan Mills, Paul A Mathew (2012) Monitoring-based
Commissioning: Benchmarking Analysis of 24 University,
Buildings in California

#PIWorld ©2019 OSlsoft, LLC
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Berkeley Lab Study of 154 Buildings

Frequency of Occurrence

o 98% of issues are easy fixes:

. . . . . % of sites with deficiency
° 2% DESlgn or Installatlon DGflClenCIGS B 10% 20% 30% 40% S0% GO%  TO%

° 56% Controls & Operatlons Errors HVAC [combined heating and oooking ] | ——

Coaling plant  —

0 .
e 42% Overlooked Maintenance ISP o ——
Air Rard g B e B i Cor |

Termiral Lfits |

o 1.9 yr simple payback to correct Lgpine
issues with monitoring based erveiope. S
Contlnuous CommISSIOnlng Plug loads [

Facility-wide [e.g. controls, EMCE, or utility
rifated) ——

Evan Mills, Paul A Mathew (2012) Monitoring-based
Commissioning: Benchmarking Analysis of 24 University,
Buildings in California

OSlsoft.
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Direct Digital Control (DDC) Systems
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Direct Digital Control (DDC) Systems

Sporting KC Home simi o

27-Mar-19 2:20 PM CDT

Sport Club

»

N

Zone C Temp SP Zone B Temp SP Zone A Temp SP

70.0 °F : 70.0 °F : 70.0 °F :

Zone F Temp SP Zone E Temp SP Zoae D Temp SP L
A A A —
T00°F 3 650F 3 650F zone off [ | Requeston |l  zoneon [] zone Fature [

Outside Temperature: 69,9 °F

OSisoft

Pl\World sanrrancisco 2019

#PIWorld
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DDC HVAC Control & WAGES Monitoring

« Examples of DDC systems

* Open Protocol
e Johnson Controls
e Siemens
« Alerton
« Automated Logic

* Open Integration
» Tridium |

* Distech

* Phoenix Contact

s server s Typical Network Riser Diagram
All devices are typical and can be located a here in the

facility, connected to any JACE supervisory controller,

OSlsoft.
@ PlI'\World san rrancisco 2019 #PIWorld  ©2019 OSisoft, LLC 20




DDC HVAC Control & WAGES Monitoring

BMS Server running

Supervisor software Typical Network Riser Diagram

All devices are typical and can be located anywhere in the
facility, connected to any JACE supervisory controller,

a 1 Ethemet TCP/IP: HTTP XML OBIX BACNEL L )
JACE/BMS JACE/BMS JACE/BMS
Controller Controller Controller

Boiler

VAV Box. Gasieter ﬁ

- Fan Coil d Water Meter
Chiller o
Air Handler ‘j - a-— Unit Heater g— BTU Meter
OSisoft.

PlWorld san rrancisco 2019 #PIWorld  ©2019 OSlsoft, LLC 21
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DDC Data Into PI

CLOUD SERVICES

Vi - Biaasaiotect sl Ss > Q Pl Cloud Connect
! Notificatio
, ns .
: @Arcals
Event PI INTEGRATORS . /A Azure
: L _ .
u?ﬁ.‘:’“”m." Typical Network Riser Dia : rames BUS|neSS AnalytICS
o‘g—»—E ; SAP HANA
J .J . s ®) P vision
,,,,,,, ¥} I - _
,,, — = [®] PI DataLink
- -8 VISUALIZATION

__________________ B § Pl Manual Logger

¢ Pl ProcessBook

Pl WebParts

< _P_' SYSTEMACCESS» Custom applications

Business systems

U P LSS S S S S S

OSlsoft. @- PI SERVER

PlWorld san rrancisco 2019 #PIWorld  ©2019 OSlsoft, LLC 22
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Tridium Niagara > OSlsoft Pl Connector

* Automatically build PI-AF hierarchy

* Poll all device meta-data, values, and
hierarchies from Niagara

* Write data from Pl = Niagara

OSisoft.
&S PIWOrId san rrancrsco a0t #PWONd 29 0sot LG 23



#Tagging
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File

4
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=]
o

»

]
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WorkPlace N4

Edit  Search Bookmarks  Tools  Window  Wire Sheet

D O-of CBOHE-

S [X] ® MyNetwork

» © mav1running

© waU 1 BumerEnabled

© MAU 1 5upply Fan Running

© mavu 1 start Initiated

© AU 1 Stop Initiated

() MAU 1 Discharge Air Temperature
Q) WAL 1 GasValve Position

(@ MAU 1 RuntimeHours

(@ MAaU 1 5pace Temperature

@ MAU L Total Current

(@ MAU 1 5pace Temperature Setpoint1
Q) MAU 1 Gas Meter Counter

© AU 2 Analog Value out of Range
© mav2 Poweroff

© AV 2BumerFault

O MaU 2 High Discharge Temperature
© MAU 2 HiLo Gas Pressure Fault

- Palette

W X B | #§ vtcontrol

Conversion

Energy

HVAC

(3l InterstartDelayMaster
© interstartDelsyControl
I
I
@ LoopPoint

112 sequenceLinear

eadLagCycles

eadlLagRuntime

12 SequenceBinary
O st
I
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Edit Tags: MAU 1 Discharge Air Temperature
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&l hsimau
Wl hs:discharge
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Building Performance Against Target/Design
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AUROS360™ TECHNOLOGY SOLUTION

EVIDENCE-BASED PERFORMANCE
BUILDING PERFORMANCE

DIGITAL SIMULATION
: Smart Building Infrastructure
Data Source

Primary Source Digital Utility Meters

(o)
L. 71
BAS-BMS Integration aa

Monitoring-based
Commissioning Indoor Air Quality pa—
& Sensors ‘__J
Interrogation-based Outdoor Climate Station
- .. and iy =
Commissioning Weather Station H 4
Niagara N4, JACE 8000

. Controller

CLOING PERFORCE GAPS DURING OPERATIONS
AUROS360 Data Flow Diagram
#PIWorld  ©2019 OSlsoft, LLC
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CONNECTING DESIGN TO OPERATIONS

Single Buildings,
Groups of
Buildings,

and
Groups of
Campuses

ar oal setting for buildings connectec
¥9 9 operatlgns

OSisoft.
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GasDay Asset | Boier Room and Building Gas ¥

# Home Whole Building Metrics v Energy & Water v Indoor Air Quality ~ Weather Station  ~ Building Management System v

East Liberty ELPC - Gas Meters GROUP
Preshyterian Church
fom et Year Month Day Hour
Boiler Room and Building Gas|Consumption Daily
100 @00 ! Bailer Room and Buikding Gas|Consumption Daily
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Electric Month ~ Asset | 2000 Amp 2084120V MDP ¥

# Home Whole Building Metrics v Energy & Water v Indoor Air Quality

Presbyterian Church

THE CATHEDRAL OF HOPE

‘J East Liberty ELPC - Electric Meters

Year Month Day Hour
2000 Amp 208/120V MDP|Consumption Monthly
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k25,000 \
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[ 15,000

F 10,000 \

[5.000
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5,000 40,000 1 1 L I
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Building Management System

(.

33.087.84 kWh
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Home ELPC Asset‘AssucialePaserAﬁ v

Whole Building Metrics v Energy & Water v Indoor Air Quality v Weather Station v Building Management System v

ELPC - Building Wide Indoor Air Qualit o . .
i Past%r 249 y ELPC - Whole Building Metrics (Invoices)

PM25 @ma 1.8 ug/m3 o N ©o S

85.9 | [106.8| (134,558 922.7| | 2.55

kBtu/sf/y

PM 10 Good 1.8 pug/m3

Updated:

CO, s 456 ppm
ELPC - Whole Building Metrics (Meters)

l'(gasféilzer‘ly ik TOtal voc Unheaity 56400 pg/m3 Site EUI | Som:cm Cost

resbyterian Lhurci

DT " Requires 12 Months of Metered Data
Temperature 3. 33°F [t et Tons

Updated:  NO RESULTS

Humidity 24 .40 %

Updated: 4/3/2019 11:29:41 AM

3/1/2009 12:00:00 AM ‘ 4/3/2019 11:29:41 AM

7 OSisoft
&‘ PIWorld san rrancisco 2010 #PIWorld  ©2019 OSisoft, LLC 0



NN L AR AR SN
Take Aways

» Getting PLC data into Pl is well established
» Getting DDC data Is also important!
» Connector will make it easy to get DDC data

* This data can be used to:
* Optimize existing underperforming systems (FDD)

* Determine if building is performing to design
(advanced modeling)
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