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FIGURE 8: Measures implemented with EMIS support by organizations in the
Smart Energy Analytics Campaign

®m DOEstudies on operational savings potential: (Respondents may indicate multiple measures; n = 76)
— 29% savings potential from equipment/controls . I ————
faults, and common problems (pull) Reduce simultancous heating and cooling
— Commissioning saves 6% (common problems in nproLe EeenomEET Dperon e
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H Tune control loops to avoid hunting
right)

Duct static pressure reset 37%

Reduction of VAV box minimum setpoint 33%
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Background

m FDD/MBCx approach proven to reap savings, and we have data on common measures - but:

— Which faults are most often observed to be present? (just #ow common are they?)
— How many faults occur each month for a given building?

— What percentage of units are faulted at any given point in time?
m FDD fault historians enable us to answer those questions!

®m Who cares?

FDD tool developers Building owners/operators

* Add or refine rules for highest priority * Build from new base of empirical * Ensure adequate operations
fault types, and establish more understanding for fault reporting resourcesto address highest priority
consistent approach to fault prevalence fault risk areas; further bolster
naming/hierarchy to enable big data business case for analytics
analysis investment
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EMIS
Capabilities

Monthly Data Analytics

Energy Information System
® |nterval Meter Data Analytics
® Advanced M&V
(Measurement and Verification)

Automated System Optimization
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Buiding Equipment Analysis Start Date
South Boston B““-c i".“'sm) AHU Ventiiation'S... 11/152018  Excessive reheating.
Details

Daily AHU Ventilation System analysis data for Bldg2_VAVSystem performed on 11/15/2018.

Analysis Name:
Client Name:
Building Name:
Equipment Name:

Associated Equipment:
Points:

Associated Equip. Points:
Direct Link:

Date:

Display Interval:

Cost Savings:

Comfort Priority (0-10):
Energy Priority (0-10):
Maintenance Priority (0-10):
Notes:

AHU Ventilation System
Demo Site

South Boston
Bldg2_VAVSystem

show associated equipment

show points

show associated equipment points

htp: com/D: aspx?cid=798aid=03&eid="

Notes Summary

11/152018
Daily

0
2
0
OPPORTUNITY: EXCESSIVE REHEATING

— -
—
]
L
Tasks Cost E c M Actions
o s 2 <
Email Me Report

£ Download Report

Request Support
Create Task

Equipment Notes

156&ecid=318bid=12368rng=DAILY&sd=11/15/2018

- Excessive reheating was occuring in the zone units for 4.4 hrs continuously over the analysis period, although the AHU supply air temperature is already

above

Suggested Actions:

- Consider raising the AHU supply air temperature closer to the lowest VAV supply temperature.
- Check that the zone unit minimum air flow setpoints are not too high.

VENTILATION SYSTEM INFORMATION
- This diagnostic detected 17 zone units in the ventilation system.

- 17 zones were reheating at some point over the diagnostic period (out of 17 possible).

Faults and opp: by this




NS
i U m




Data Unification Steps

DiagnosticlD Date EID AlD ResultlD CFP ENP
1441052425 2019-12-31T00:00:00 139193 27 1 0 10
374317463 2019-12-31T00:00:00 139234 65 2 0 10
728521891 2019-12-31T00:00:00 139186 52 6 0 10
431177347 2019-12-31700:00:00 135309 86 8 0 2
79265722 2019-12-31T00:00:00 139194 27 10 0 2
402670674 2019-12-30T00:00:00 139193 27 1 0 10
14ARIIA1ARL 201G 12-30TAN-0N-0n 1361738 R? R n n
Fault name raw Number of record Percentage of record Fault name mapped
Stuck Zone Air Relative Humidity Sensor 212015 16.7% | no
Stuck Qutside Air Temperature Sensor 186060 14.6% RTU-QOAT-Frozen
SAT Too High Condition 124078 9.8% RTU-SAT-Abnormal
Economizer is Disabled during Economizing Conditions 91223 7.2% RTU-Eco-Set-Fault
Free Cooling Setpoint Not Met - SAT Too Warm 80599 6.4% RTU-Spt-Fault
Zaone Air Temperature Sensor C2 Failure: Reading less than 45 79564 6.3% VAVUNIT-ZAT-Unspecified
Zone Air Dew Point Reading Exceeds 53 49845 3.9% VAVUNIT-ZAT-Unspecified
Zone Air Relative Humidity Sensor Failure: Reading less than 5% 37050 2.9% [no
Outside Air Ratic Below Design at Minimum Position 33750 2.7% [no
Catmnint Mat Rlat - FAT - Dwar Canling 22AN1 PR VATIMIT-ZAT-Ahnnarmnal
bldg id equip id equip type date fault
4 58 AHU 20190401 Control-Sequence-Setting
4 57 AHU 20190401 Heating-Heating-Abnormal
4 48 AHU 20190401 Cooling-Cooling-Abnormal
4 48 AHU 20190401 Cooling-Coil valve-Leakage
4 58 AHU 20190401 Cooling-Coil_valve-Leakage
4 49 AHU 20190401 Heating-Coil valve-Leakage
4 57 AHU 20190401 Heating-Coil valve-Leakage
4 282 ATU 20190401 Reheat-Coil_valve-Leakage
4 254 ATU 20190401 Reheat-Coil_valve-Leakage
4 48 AHU 20190401 Heating-Coil valve-NA
BUILDING Tew. iivibe v wBAHU . oo 20090401, NAL il valve-Hunting

BERKELEY LAB

Energy Technologies Area

MNP

E R =T =R - R = PR R

Fault type
no
CB
BB
CB
CB
ce
ce
no

no
BR

1. Raw data
= Reported faults

» Building/equipment
metadata

\ 4

2. Mapping

= AHU/ATU/RTU faults
renamed per taxonomy

= Anonymized metadata files

\ 4

3. Binary Daily Fault (BDF) data

= Faults reported by date, by
equipment ID, by building ID

= Base unit of analysis for study



3
Equipment
Types

AHU

ATU
RTU
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16 System
Locations

Control
Cooling
Economizer
Exhaust_air
Heating
Mixed_air
Outside_air
Preheat
Return_air
Supply_air
Discharge_air
Reheat
Zone
Compressor
Condenser
NA
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28 Components/Parameters

gum—

Schedule

Sequence

Setpoint

Coil

Coil_valve
Coil_valve_control
Airflow

Temperature
Temperature_sensor
Airflow_sensor

Damper
Damper_control
Relative_humidity
Fan_control
Differential_pressure
Fan

—< Filter
Static_pressure_setpoint
Temperature_setpoint
Cooling_heating_control
Pressure_sensor

Sensor
Relative_humidity_sensor
CO2

CO2_sensor
Control_board
Dewpoint_sensor

NA

>2,000 raw fault names unified,
then reduced/synthesized

13 Fault
Modes

Setting
Fouling
Leakage
Stuck
Hunting
Abnormal

=1 Block
Rule_abnormal
Simultaneous
Drift

Frozen
Malfunction
NA




Faults per Building per Month
(Median, AHUs and ATUs)




Faults per AHU per Month
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Metrics based on daily fault records

How common is
AHU fault ‘x’?

——

20% Time Faulted

80% Time Faulted 7 5 %

| o Of AHUs see
60% Time Faulted this fault

(Pct_Affected)

AHU #4 \0 \ 0\ 0 | o | o0 | 0%TimeFaulted

—




Percent of AHUs Affected

NA-Temperature_sensor [ IENGTNGNGGE -0°:
0% 10% 20% 20% A0% 50% 60%

Avg. Pct Affected =
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Percent of AHUs Affected

Fault
Supply_air-Temperature_setpoint [ I NEGEGIG, 5o
Supply_air-Temperature [, 40
Supply_air-Static_pressure_setpoint [ INEGNNENEGEGEEEEEEEEN -0
Cooling-Coil_valve IINEGTININGNGEGEEEEEEEE -
Control-Schedule [INEIENEGEGEGEGEGEGEGEGEEEEEEEEEEEEE -0
Cooling-Cooling NG -2
Control-Economizer_sequence NG 1
Supply_air-Fan [INNENININININ5EIEEEEEN -0°:
Outdoor_air-Damper INEGTININGNGGEGEEEEEEEN -0
Cooling-Coil I NG -
NA-Fan NG 242
Control-Sequence NG -4c:
Mixed_air-Temperature_sensor [INEGNNIEGEGGEN -
NA-Coil_valve [IINIEGININ -:-:
Supply_air-Temperature_sensor NG 222
NA-Damper [INNNEEGEGEN --°:
Recirculated_air-Damper [INNNEGGEENEN o2
Outdoor_air-Temperature_sensor | IENEGTE -2
Heating-Coil_valve |GGG -
NA-Airflow_sensor |GG :cc:
NA-Temperature_sensor [ IENGTNGNGNGE -0°%:

0%  10% 20% 30%
Avg. Pct Affected =

40% 50% 60%
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Percent of AHUs Affected

Fault
Supply_air-Temperature_setpoint [, 550
Supply_air-Temperature [, 40%
Supply_air-Static_pressure_setpoint [ 255
Cooling-Coil_valve [y 359
Control-Schedule [INEIENEGEGEGEGEGEGEGEGEEEEEEEEEEEEE -0
Cooling-Cooling I 3406
Control-Economizer_sequence NG 1
Supply_air-Fan [N 20%
Outdoor_air-Damper [ =0%
Cooling-Coil I NG -
NA-Fan [ 24%
Control-Sequence NG -4c:
Mixed_air-Temperature_sensor [INEGNNIEGEGGEN -
NA-Coil_valve [N 22%
Supply_air-Temperature_sensor NG 222
NA-Damper [N 22%
Recirculated_air-Damper I 22%
Outdoor_air-Temperature_sensor | IENEGTE -2
Heating-Coil_valve [N 22%
NA-Airflow_sensor |GG :cc:
NA-Temperature_sensor [ IENGTNGNGNGE -0°%:

0%  10% 20% 30% 40%
Avg. Pct Affected =

50% 60%
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Percent of AHUs Affected

Fault
Supply_air-Temperature_setpoint [ I NEGEGIG, 5o
Supply_air-Temperature [, 40
Supply_air-Static_pressure_setpoint [ INEGNNENEGEGEEEEEEEEN -0
Cooling-Coil_valve IINEGTININGNGEGEEEEEEEE -
Control-Schedule [INEIENEGEGEGEGEGEGEGEGEEEEEEEEEEEEE -0
Cooling-Cooling NG -2
Control-Economizer_sequence NG 1
Supply_air-Fan [INNENININININ5EIEEEEEN -0°:
Outdoor_air-Damper INEGTININGNGGEGEEEEEEEN -0
Cooling-Coil I NG -
NA-Fan NG 242
Control-Sequence NG -4c:
Mixed_air-Temperature_sensor I 23%
NA-Coil_valve [IINIEGININ -:-:
Supply_air-Temperature_sensor [ 22%
NA-Damper [INNNEEGEGEN --°:
Recirculated_air-Damper [INNNEGGEENEN o2
Outdoor_air-Temperature_sensor [N 22%
Heating-Coil_valve |GGG -
NA-Airflow_sensor [N 0%
NA-Temperature_sensor [N 0%

0%  10% 20% 30%
Avg. Pct Affected =

40% 50% 60%
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Percent of AHUs Affected

Fault
Supply_air-Temperature_setpoint [ I NEGEGIG, 5o
Supply_air-Temperature [, 40
Supply_air-Static_pressure_setpoint [ INEGNNENEGEGEEEEEEEEN -0
Cooling-Coil_valve IINEGTININGNGEGEEEEEEEE -
Control-Schedule [INEIENEGEGEGEGEGEGEGEGEEEEEEEEEEEEE -0
Cooling-Cooling NG -2
Control-Economizer_sequence I 21%
Supply_air-Fan [INNENININININ5EIEEEEEN -0°:
Outdoor_air-Damper [ =0%
Cooling-Coil I NG -
NA-Fan NG 242
Control-Sequence NG -4c:
Mixed_air-Temperature_sensor I 23%
NA-Coil_valve [IINIEGININ -:-:
Supply_air-Temperature_sensor NG 222
NA-Damper [N 22%
Recirculated_air-Damper I 22%
Outdoor_air-Temperature_sensor [N 22%
Heating-Coil_valve |GGG -
NA-Airflow_sensor |GG :cc:
NA-Temperature_sensor [ IENGTNGNGNGE -0°%:

0%  10% 20% 30%
Avg. Pct Affected =

40% 50% 60%
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For equipment that sees
the fault, what portion of

How common is
AHU fault ‘x’?

their time is faulted? 5 3 (y
(how frequent/persistent?) O
Mean Percent Time Faulted
(MPTF_Affected)

—

75%

Of AHUs see
this fault
(Pct_Affected)




Mean Percent Time Faulted

Control-Setpoint | I NEGTNINGNGNGEGEGEGEE -0
0% 10% Z0% 20% A0%

Avg. MPTF Affected =
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Mean Percent Time Faulted

Fault
Supply_air-Relative_humidity [ INEGEGING, 2o
Return_air-Airflow NG -c:
Supply_air-Temperature_sensor NG :cc:
Return_air-Relative_humidity INREGNNENGNGEEEEEEEN -2
Outdoor_air-Airflow NG -
Return_air-C02_sensor IINIEGINING ::-:
Outdoor_air-Airflow_sensor [ IENEGINININGGGGGEEEE -0::
Mixed_air-Differential_pressure NG 2o
NA-Airflow_sensor NG -
Supply_air-Temperature_setpoint [ RNGTNININGGEGEEEEEEN 2
Mixed_air-Differential_pressure_sensor [INRGNN -:c:
Return_air-Temperature [[INNEGGEEEEN 22
NA-Coil_valve NG -
Control-Economizer_sequence [IINGTINIGNGGEGEGEGEEEEN -
Return_air-Relative_humidity_sensor [ NG 10
Supply_air-Airflow INEGININGNGNGNNEE -0
Supply_air-Static_pressure_setpoint [ IENEGTTNGIGNGEGEEEEEEE -0
Control-Setpoint [ INEGTNGEGEGEGEE -0

0% 10% 20% 30% 40%
Avg. MPTF Affected =
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Mean Percent Time Faulted

Fault
Supply_air-Relative_humidity I, 42%
Return_air-Airflow I 39%
Supply_air-Temperature_sensor NG :cc:
Return_air-Relative_humidity Iy 24
Outdoor_air-Airflow N 23%
Return_air-C02_sensor IINIEGINING ::-:
Outdoor_air-Airflow_sensor [ IENEGINININGGGGGEEEE -0::
Mixed_air-Differential_pressure I 29%
NA-Airflow_sensor NG -
Supply_air-Temperature_setpoint [ 249
Mixed_air-Differential_pressure_sensor [INRGNN -:c:
Return_air-Temperature I 3%
NA-Coil_valve [N 2%
Control-Economizer_sequence [IINGTINIGNGGEGEGEGEEEEN -
Return_air-Relative_humidity_sensor [ NG 10
Supply_air-Airflow NN 21%
Supply_air-Static_pressure_setpoint [N 0%
Control-Setpoint [ INEGTNGEGEGEGEE -0

0% 10% 20% 30%
Avg. MPTF Affected =
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Mean Percent Time Faulted

Fault
Supply_air-Relative_humidity [ INEGEGING, 2o
Return_air-Airflow NG -c:
Supply_air-Temperature_sensor [ z6%
Return_air-Relative_humidity INREGNNENGNGEEEEEEEN -2
Outdoor_air-Airflow NG -
Return_air-CO2_sensor I 23%
Outdoor_air-Airflow_sensor [N 20%
Mixed_air-Differential_pressure NG 2o
NA-Airflow_sensor [N 279
Supply_air-Temperature_setpoint [ RNGTNININGGEGEEEEEEN 2
Mixed_air-Differential_pressure_sensor [ 23%
Return_air-Temperature [[INNEGGEEEEN 22
NA-Coil_valve NG -
Control-Economizer_sequence [IINGTINIGNGGEGEGEGEEEEN -
Return_air-Relative_humidity_sensor [ 219
Supply_air-Airflow INEGININGNGNGNNEE -0
Supply_air-Static_pressure_setpoint [ IENEGTTNGIGNGEGEEEEEEE -0
Control-Setpoint [ INEGTNGEGEGEGEE -0

0% 10% 20% 30%
Avg. MPTF Affected =
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Mean Percent Time Faulted

Fault
Supply_air-Relative_humidity [ INEGEGING, 2o
Return_air-Airflow NG -c:
Supply_air-Temperature_sensor NG :cc:
Return_air-Relative_humidity INREGNNENGNGEEEEEEEN -2
Outdoor_air-Airflow N 23%
Return_air-C02_sensor IINIEGINING ::-:
Outdoor_air-Airflow_sensor [N 20%
Mixed_air-Differential_pressure I 29%
NA-Airflow_sensor NG -
Supply_air-Temperature_setpoint [ RNGTNININGGEGEEEEEEN 2
Mixed_air-Differential_pressure_sensor [ 23%
Return_air-Temperature [[INNEGGEEEEN 22
NA-Coil_valve NG -
Control-Economizer_sequence [N 22%
Return_air-Relative_humidity_sensor [ NG 10
Supply_air-Airflow INEGININGNGNGNNEE -0
Supply_air-Static_pressure_setpoint [ IENEGTTNGIGNGEGEEEEEEE -0
Control-Setpoint [ INEGTNGEGEGEGEE -0

0% 10% 20% 30%
Avg. MPTF Affected =
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Most Common vs Most Frequent (AHU)
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Avg. MPTF Affected
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42%

40%
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36%
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32%

30%

28%

26%

24%
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209

209%

SAT
Sensor

Airflow

./ Sensor
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® | valve

25%

30%

Economizer
Sequence

SA Static Pressure

./ Setpoint

35% 40% 45%
Avg. Pct Affected #
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Percent of ATUs Affected

Fault

Zone-Temperature [ NG, 250
Zone-Temperature_sensor [, 6%
Reheat-Coil_valve [N =22
Discharge_air-Airflow [ NG 10
Heating-Heating [ NG -:°:
Reheat-Coil NG oo
Discharge_air-Temperature_sensor INEGNING - --:
Control-Sequence NG -2c:

0% 10% 20% 309% A40% 509%
Avqg. Pct Affected =
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Mean Percent Time Faulted

Fault
Zone-CO2_sensor NG scco
Zone-Relative_humidity NG oo
Cooling-Cooling [ NEEG_— - 10c
Zone-CO2 NG -
Control-Sequence NG 72
Zone-Temperature_sensor [N =70
Heating-Heating [INEGTNGNGEGEEEEEEN -
Discharge_air-Airflow_sensor [INEGTN -5%%
Discharge_air-Temperature_sensor [ 4%
Control-Schedule |GGG 2
Discharge_air-Temperature [[INNEGN -3%
Control-Override [ NG 2:0:
Reheat-Coil_valve | IIEGTEINGEGEGE 21

0% 10% 20% 30% 40% 50% 60%
Avg. MPTF Affected =
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Avg. MPTF Affected

Most Common vs Most Frequent (ATU)
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60%
Most Common vs Most Frequent (ATU)
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m Study addressed key questions:

— Which faults are most often observed to be present? (just fow common are they?)
— How many faults occur each month for a given building?
— What percentage of units are faulted at any given point in time?

m To meet aggressive performance goals (emissions, comfort, flexibility) buildings need to be operating to full
potential; study shows we have a way to go - hundreds of faults per building per month

m Ongoing development needs:
— Improved diagnosis of behavior-based faults to support faster resolution
— Auto-correction of faults (in progress)
— Standardized fault identification approaches
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Thank You!

< A : }\ |
AN
Jessica
Granderson
Staff Scientist, Deputy

for Research Programs

Berkeley Lab Director’s statement on
Inclusion, Diversity, Equity, and
Accountability (excerpt)

Fostering a diverse workforce - diverse in
experiences, perspectives, and
backgrounds - and a culture of inclusion
are key to attracting and engaging the
brightest minds and advancing our record
of scientific excellence and
groundbreaking innovations.

https://diversity.Ibl.gov/directors-
statement/
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