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Basic Definitions

 Energy Anomaly and System Fault Detection Toolsets
— Top-down Approach, Energy Anomaly Detection (EAD) Toolsets

» Rely on whole building energy monitoring to model/predict energy
consumption

* Anomalies triggered when current energy consumption exceeds model
projections
— Specific faults not identified
— Diagnostics are typically limited

— Bottom-up Approach, System Fault Detection and Diagnostic

(FDD) Toolsets

» Typically rely on an installed BAS for data
« FDD=automating process of detecting faults and diagnosing their causes

» Fault detection via a physical model or via expert rules
— Physical Model: compare data to system design intent
— Expert Rules: “if-then” rules to check system operation relative to expected operation
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Challenges

Difficult to obtain information

— Started out wanting an exhaustive list of toolsets, ended up with
nine toolsets which represent both EAD and FDD

Difficult to obtain participants within the study
— 30% of vendors from the original list chose not to participate

Number of tools deployed and in use is limited
— Did talk to vendors for both EAD and FDD toolsets

California market penetration is low

— Vendors either did not have any CA installations or had one
main CA customer
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Business Model Definitions

o Software as Service: hybrid of service and tool capability

— Pro: service fee less than full service option which can be a plus
for sites with sufficient staff

— Con: reports must be read by internal staff

e Service

— Pro: engineer affiliated with the vendor analyzes data prior to
report issuance to site requiring few site resources

— Con: relatively high ongoing expense

o Expert Rules Programmed Directly into BAS
— Pro: no external device which may make data acquisition easier
— Con: controls engineer required to support (no service)
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Research Process

 List of potential participants (vendors) generated based
on literature review and internet search

 RFIs sent to vendors
— 30% response rate to RFIs

 Formal interview with vendors including toolset demo

* Vendors provided customer contacts

— One end user per toolset (CA focused, expect where no CA
customer existed)

 End user interviewed including a demo of toolset
— Interviewed building operators and energy managers
— No physical installation observed
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Vendor and Toolsets Included in Research

Pulse Energy, Inc. Pulse EAD Software as a
Service
North Write Energy Expert EAD Software as a
Service
Cimetrics Infometrics FDD Service
Scientific SCIWatch FDD Software as a
Conservation, Inc. Service
Facility Dynamics PACRAT FDD Software as a
Engineering Service
Johnson Controls  Metasys FDD Software as a
Sustainability Service
Manager
EffTec EffTrack FDD, Chiller Only  Software as a
Service
NIST APAR and VPACC FDD, Air Handler = Expert Rules

and VAV boxes
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Finding #1: Lack of Education

 Minimal Education has led to low market penetration in
CA

— One large CA customer to no CA customer for each vendor in
study

— Sites interviewed chose first toolset presented to them and were
unaware of other options
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Finding #2: Diagnostic and Energy Cost
Analysis Still Evolving

« Less than half of toolsets evaluated have diagnostic
capability
— If a toolset provides suggestions to end user on possible causes
of a given fault—it has diagnostic capability
— Four of the nine toolsets have diagnostic capability

« Six of the nine toolsets evaluated do include energy cost
analysis

— Rough cost analysis which incorporates energy savings from an
identified fault (extrapolated into next year)

— Utility rate information not always updated within tools and
therefore cost savings not used much by end user
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Top-Down Toolset Example: Pulse

| .53 Edit Chart | ﬁ

CCC PIER Program 2009-2012

120
i0
g8
= 5
)
i
o
[
4
- v 1
Thresheld trigg The valus for 'Buchanan Towser kW
(632,744 kW] averaged over 2 half-hour is above the
thresheld valus 62,42 kW, z
- ~
-_.' ~
u]
12:00 PM 2:00 PM 4:00 FPM 5:00 PM 8:00 PM 10:00 PM 12:00 AM 2:00 AM 4:00 AM 6:00 AM 8:00 AM 10:00 AM 12:00 PM
| Hour | [ Day J | Wesk | | Month | | 2Meonths | | Year |
Start: 2010-04-30 | |12 :00 PM|- cg < Now = =5 Options Timeline
L= \ LA H I\ I ) ! A\

10

©California Commissioning Collaborative



California Commissioning Collaborative

Bottom-Up FDD Toolset Example: Metasys
Sustainability Manager
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Bottom-Up FD Toolset Example: SCIWatch
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Bottom-Up FD Single System Toolset Example:

APAR
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Cold deck temperature setpaint
H'W valve

Fule 21 Alarm Qutside air damperis cycling hetween minimum and maximuom

Hat deck temperature

Fule 22 Alarm Coaling is cycling on and off,

SETTINGS

e —

b Mrue Delay secondsy |
s MSupply Fan Temperature Rise |
8 Wrstum Fan Temperature Rise |
b WTernperature Error Threshald |
5 Jsimuttaneous Modulation Time Threshold {seconds) |
¥ Wiode Switch Limit ¢ perhoun |

Hot deck temperature setpoint

Outside airtemperature

Return air temperature

57.4 °F IMixed air temperature

100 % JEconamizer position




California Commissioning Collaborative CCC PIER Program 2009-2012

Finding #3: Success of toolset hinges on site
buy-in

 Complete site acceptance of tool key to success

— Complete “buy-in” incorporates acceptance from technician to
corporate

— Seven of the nine sites interviewed struggle to obtain facility
wide acceptance of tool
e Assigning a champion another key

— The most successful sites had a champion designated to
manage the tool, review reports and take action (or delegate
necessary action)

* Energy savings goals also key

— The most successful sites had corporate and site-wide energy
savings goals tied to bonuses

14
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Finding #4: Clear Reporting and Limited
Nuisance Alarms Key to Customer Acceptance

* Eight of the nine sites interviewed felt toolsets were
about 90% accurate with respect to reported faults

— One site had run a test using SCIWatch to address issues with
426 VAV boxes. 120 VAV boxes were found to have defects—
energy manager of the site reported a 90% accuracy rate for the
faults detected in the 120 VAV boxes.

e One site felt its tool was 10% accurate
— VPACC generated over 200 work orders for the site and only
10% of those work orders were confirmed to be actual faults
« All toolsets evaluated have some level of reporting
— Seven of the nine toolsets offer continuous reporting

— PACRAT and Infometrics provide reports based on contract

terms
15
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Sample of a Top-Down Toolset’s Reporting
Capability: NorthWrite Energy Expert

Energy Expert ScoreCard for : CP Meter &

Date: 371472010 -

21 3316 kW 48 °F

5 W 8 9 10 1TWkon 1 2 3
I 0 R N A N N A

Calculated Savings / (Cost)

Sunday, 03/14/2010: § 33 Year-To-Date: § 1,907
Prior 30 Days: § 209 Prior 12 Months: $ 1,972
Consurmption Load Profile
s Peak of 331.6 kW at 11:30 AM
D) —
20
TaHE
i Actual Use
1M 5,520 kwh
0
A —
W0
= Expected Use .
e 6,265 kwh Load Profile
=]
@
Bazeline Z6% Based on 24 hours
What does this mean?

Potential Peak Days*

S-Day Look Forwary m—————
Risk of Peak Day: Man, 05/15 Tue, 03716 Wed, 03/17 Thu, 03718 Fri, 03419
High:
Mediurm:
Low:
Forecast High Temp: 55 °F 56 °F 45 °F 42 °F 41 °F

*Based on peak demand (kW corresponding closely to max/min annual outdoor temperatures

Comments
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Sample of A Bottom-Up FDD Toolset’s
Reporting Capability: PACRAT

Chiller Statistics Report

Tons CHWS CHWR CHWF LMTDeLMTDcEff* %9 Run  RunTime  Ton-Hrs
JK Plunt
J958-03 484,535
CH 28 Date Range: 301/%8-04/3058
Min 3465 % 5 30,927
Avgl 3 438 474 35W 0. 56 106 Tomfw Tot Recs In Prd: 740
Max 4.3 368 Tot Recordings: 73211
CH29 Date Range: 301/98-04/3058
Min 3498 e 4% 05,405
Avg| 618 438 480 357 0. 55 120 Tomfhw Tot Recs In Prd: 740
Max 443 3,666 Tot Recordings: 715.)
CH 30 Date Range: 301/%5-04/3058
Min 3495 254 1% 148,304
Avgl W7 40 434 3541 0. 55 131 Tomhw Tot Recs In Prd: 740
Max 430 3,38 Tot Recordings: 7220
J908-04 529262
CH 28 Date Range: 301/%5-04/3058
Min 3457 550 391 20418
avgl M7 438 486 %8 00 62 125 Tomfhw Tot Recs In Prd: 700
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Sample of Bottom-UP FDD Toolset’s Reporting
Capabillity: Cimetrics’ Infometrics

18
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Sample of Bottom-UP Single System FDD
Toolset: EffTec’s Efftrack
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Conclusions

« Education is needed to increase market penetration

— Eight of the nine sites interviewed were unaware of any other
toolset other than the toolset ultimately selected

— Sites are installing products based on “first contact”

— Two of the nine toolsets did not have CA installations; the
remaining had only one major CA installation

« Diagnostic capabillity is lacking
— Less than half of the toolsets evaluated have diagnostic
capability
— Diagnostic capability is evolving and likely to be incorporated into
the second generation of toolsets

20
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Future of EAD and FDD

 LEED requirements may fuel traction for toolsets

 BAS vendors will likely continue to develop their
products to include FDD and EAD (similar to JCI's
Metasys Sustainability manager)

 FDD and EAD will likely merge into one toolset

— Sites interviewed expressed an interest in having both fault
detection and diagnostics and energy information/dashboard

21
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Questions

22
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