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Building

South Boston

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:

Equipment
Bldg2_VAVSystem
(Ventiation System)

Analysis Start Date Notes Summary M Actions

AHU Ventilation S.. 11/15/2018  Excessive reheating. v

Email Me Report
AHU Ventilation System £ Download Report

Demo Site Request Support

Create Task

Equipment Notes

South Boston
Bldg2_VAVSystem

show associated equipment

show points

show associated equipment points
https:/iclockworks kgsbuildings.com/Diagnostics. aspx?cid=79&aid=93&eid=244988&etid=156&ecid=31&bid=1236&rmg=DAILY&sd=11/15/2018
11/15/2018

Daily

$0

0

2

0

OPPORTUNITY: EXCESSIVE REHEATING

- 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 60 F.

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




EMIS Costs and Benefits

EMIS Whole-Building
Key Uses .
Energy Savings

Capability

. Benchmarking & energy dashboard
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SS
Base: $0.01/sq ft

Annual: S0.01/sq ft

3% median,
portfolio-level
S0.03/sq ft

FDD

ASO




EMIS Costs and Benefits
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EMIS Costs and Benefits

EMIS
Capability

Key Uses

Whole-Building
Energy Savings

. Benchmarking & energy dashboard &¢
. ) o :
. Building load ar\aly5|s Base: $0.01/sq ft 3% m§d|an,
EIS . Energy anomalies alert Annual: $0.01/sq ft portfolio-level
. Peak demand reduction e 9 S0.03/sq ft
. Automated M&V
. System-level performan.ce tracklr.lg. (KI?Is) SSS 9% median,
. Automated fault detection & notification | Base: S0.06/sq ft )
FDD . . portfolio-level
. Fault causes identification Annual: $S0.02/sq ft
: S0.24/sq ft
. Issues tracking
ASO | Optimal HVAC settings prediction SSSS Lirmited Data
Higher than FDD




Whole-Building
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https://betterbuildingssolutioncenter.energy.gov/smart-energy-analytics-campaign-toolkit
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WhICh HVAC faults are most often observed to be present?
How many faults occur each month for a given building?
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What does our study population represent?

All U.S. Commercial buildings

All U.S. Commercial buildings with Fault Detection & Diagnostics (FDD)

AHU/ATU/RTU faults reported by FDD

True faults

False alarms



Data Unification Steps

DiagnosticlD Date EID AlD
1441052425 20159-12-31T00:00:00 139193
374317463 2019-12-31T00:00:00 135234
7258521891 2019-12-31T00:00:00 139136
431177347 2015-12-31T00:00:00 135309
79265722 2019-12-31T00:00:00 139194
402670674 2019-12-30T00:00:00 139193

14R33A14RL 2019-12-30TON-NN-0N 13G1RR

Fault name raw

Stuck Zone Air Relative Humidity Sensor

Stuck Outside Air Temperature Sensor

SAT Too High Condition

Economizer is Disabled during Economizing Conditions

Free Cooling Setpoint Not Met - SAT Too Warm

Zone Air Temperature Sensor C2 Failure: Reading less than 45
Zone Air Dew Point Reading Exceeds 53

Zone Air Relative Humidity Sensor Failure: Reading less than 5%
Outside Air Ratic Below Design at Minimum Position

Catmnint Mot Mat - 7AT _ Nvar Canling

bldg id equip id equip type
58 AHU
57 AHU
48 AHU
48 AHU
58 AHU
49 AHU
57 AHU

282 ATU

254 ATU
48 AHU
53 AHLI

RN NE R NE R RE SR NN

27
65
52
86
27
27
R2

ResultlD

Number of record

date

212015
186060
124078
51223
80559
79564
49345
37080
33730

22401

fault

CFP

= O Q0 Oy Mg o=
o o o o o o o

=)

Percentage of record
16.7%
14.6%
9.8%
7.2%
6.4%
6.3%
3.9%
2.9%
2.7%

RO

20190401 Control-Sequence-Setting
20190401 Heating-Heating-Abnormal
20190401 Cooling-Cooling-Abnormal
20190401 Cooling-Coil valve-Leakage
20190401 Cooling-Coil_valve-Leakage
20190401 Heating-Coil valve-Leakage
20190401 Heating-Coil valve-Leakage
20190401 Reheat-Coil_valve-Leakage
20190401 Reheat-Coil_valve-Leakage
20190401 Heating-Coil valve-NA
20190401 NA-Canil valve-Hunting

ENP
10
10
10

10
1n

Fault name mapped

no

RTU-OAT-Frozen
RTU-5AT-Abnormal
RTU-Eco-Set-Fault
RTU-Spt-Fault
VAVUNIT-ZAT-Unspecified
VAVUNIT-ZAT-Unspecified
no

no
WAVLIMIT - ZAT- A hnnrmal

MNP

o o Oy O SO

=3

Fault type
no
CB
BB
CB
CB
CB
CB
no

no
BR

1. Raw data received from partners
= Reported faults

= Building/equipment metadata

= Fault definitions

¥

2. Mapping

= AHU/ATU/RTU faults
renamed per taxonomy

= Anonymized metadata files

$

3. Binary Daily Fault (BDF) data

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

= Base unit of analysis for study
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Analysis Unit: Fault Day |

1 Fault_Day = presence of a specific fault on a specific piece of
equipment on a specific date

Multiple faults may be observed on a given date

17, 939 3843

Fault_Days in the study dataset




28 Components/Parameters

Faults - T
Sequence
setpoint
ol
Collvalve
16 System Coilvalve_control
. Arfiow
Locations Temperature 13 Fault
3 " - ompersture sensor Modes
. Damper - |
Equipment Economizer Damper_control Fouling
Exhaust_air Relative_humidity leakage
Types Heating Fan_control stuk
Mixed_air Differential_pressure Hunting
AHU Outside_air Fan Abnormal
ATU | Preheat . Fiter < Block
RTU Return_air Static_pressure_setpoint Rule_abnormal
supply_air Temperature_setpoint simultaneous
Discharge_air Cooling_heating_control ot
Reheat Pressure_sensor Frozen
= sensor Malfunction
Relative_humidity_sensor
Er. oy - I—
N 02_sensor
Control_board
Dewpoint_sensor
NA
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Faults per AHU per Month
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How common is
AHU fault ‘x’?

—

20% Time Faulted

/5%
80% Time Faulted O

| Of AHUs see
60% Time Faulted | ihic fault

(Pct_Affected)

0% Time Faulted




For equipment that sees
the fault, what portion of

How common is
AHU fault ‘x’?

their time is faulted? 5 3 (y
0

Mean Percent Time Faulted
(MPTF_Affected)

—

- 75%

Of AHUs see
this fault
(Pct_Affected)

‘ 0% Time Faulted
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Percent of AHUs Affected

Outdoor_air-Damper ||| GGG 202

0% 10% (%% 0% 40% 50% B0%%

£1

I

Avg. Pct Affected =



Percent of AHUs Affected

Fault
Outdoor_air-Temperature | <c°:
Supply_air-Temperature_setpoint | - -°:
Centrol-Schedule |G -2
Cooling-Coil_valve |G :::
Cooling-Cooling | NN -:°
Supply_air-Temperature ||| G 20
Control-Econemizer_seguence ||| GG 12
Supply_air-Static_pressure_setpeint ||| GGG z0c:
Coaling-Coil [ -
Control-Sequence ||| GG -2
Mixed_air-Temperature_sensor ||| GTcNGGEEEE 232:
Na-Coil_valve |G z=c:
Supply_air-Temperature_sensor ||| GG 22
NA-Dzmper [N ->°:
Recirculated_air-Damper ||| GG 22+
Outdeor_air-Temperature_sensor _ 22%
Supply_air-Fan [N -1°:
Na-Airflow_sensor [ GGG 20
MA-Temperature_sensor ||| G 20
Outdoor_air-Damper _ 20%

0% 10% 0% 0% 40% 50% B0%

I

Avg. Pct Affected =



Percent of AHUs Affected

Fault
Outdoor_air-Temperature | <c°:
Supply_air-Temperature_setpoint | - -°:
Centrol-Schedule |G -2
Cooling-Coil_valve |G :::
Cooling-Cooling | NN -:°
Supply_air-Temperature ||| G 20
Control-Econemizer_seguence ||| GG 12
Supply_air-Static_pressure_setpeint ||| GGG z0c:
Coaling-Coil [ -
Control-Sequence ||| GG -2
Mixed_air-Temperature_sensor [ EKGKTRGTEGEGEGGEG 232
Na-Coil_valve |G z=c:
Supply_air-Temperature_sensor ||| KGR 22
NA-Dzmper [N ->°:
Recirculated_air-Damper ||| GG 22+
Outdeor_air-Temperature_sensor _ 22%
Supply_air-Fan [N -1°:
Na-Airflow_sensor |GGG 20
NA-Temperature_sensor ||| KEKGKGTG 20
Outdoor_air-Damper _ 20%

0% 10% 0% 0% 40% 50% B0%

I

Avg. Pct Affected =




Percent of AHUs Affected

Fault
Outdoor_air-Temperature | <c°:
Supply_air-Temperature_setpoint | - -°:
Centrol-Schedule |G -2
Cocling-Coil_valve || G 22
Cooling-Cooling | NN -:°
Supply_air-Temperature ||| G 20
Control-Econemizer_seguence ||| GG 12
Supply_air-Static_pressure_setpeint ||| GGG z0c:
Cooling-Coil [ 25
Control-Sequence ||| GG -2
Mixed_air-Temperature_sensor [ EKGKTRGTEGEGEGGEG 232
Na-Coil_valve |GG z=°:
Supply_air-Temperature_sensor ||| KGR 22
NA-Damper [N 2%
Recirculated_air-Damper ||| KGN 22+
Outdeor_air-Temperature_sensor _ 22%
Supply_air-Fan [N -1°:
Na-Airflow_sensor |GGG 20
NA-Temperature_sensor ||| KEKGKGTG 20
Outdoor_air-Damper _ 20%

0% 10% 0% 0% 40% 50% B0%

I

Avg. Pct Affected =




Percent of AHUs Affected

Fault
Outdoor_air-Temperature | 562
supply_sir-Temperature_setpoint ||| G -
Central-Schedule |G ::o:
Cooling-Ceil_valve |G :::
Cooling-Cooling [N -2
Supply_air-Temperature ||| G 2o
Control-Econemizer_seguence |GGG 12
Supply_air-Static_pressure_setpoint ||| G =0c:
Cooling-Coil || G -2
Control-Sequence |GG -2
Mixed_air-Temperature_sensor [ KEKGKTREGEGEGEGEG 232
Na-Coil_valve |G z=°:
Supply_air-Temperature_sensor ||| GGG 22
NA-Dzmper [N -2
Recirculated_air-Damper || GGG 22+
Outdoor_air-Temperature_sensor (|GGG 220
Supply_air-Fan | NNEEEE -1°
Na-Airflow_sensor [ GGG 20
MA-Temperature_sensor ||| G 20
Outdoor_air-Damper || GGG 20

0% 10% (%% 0% 40% 50% B0%%

I

Avg. Pct Affected =




Mean Percent Time Faulted

Supply_air-Airflow NG -1
0 10% 20% 30% A405% S0%a
Avg. MPTF Affected =




Mean Percent Time Faulted

Fault
Outdoor_air-Airflow [N, =
Supply_air-Relative_humidity | /3°:
Return_air-Airflow [N -5
Supply_air-Temperature_sensor ||| G -
Return_air-Relative_humidity ||| G 2
Return_air-C02_sensor ||| KT ::
Outdoor_air-Airflow_sensor ||| GGG =0
Mixed_air-Differential_pressure ||| EGTcNGGGEEEEEEEEEE 2o
Control-Setpoint || GG 2:::
Contral-Economizer_sequence ||| GG -2
Na-tirflow_sensor [[TTKGTGTTTEEEEEE :72:
Supply_air-Static_pressure_setpeint ||| GGG z-2:
Supply_air-Temperature _ 25%
Supply_air-Temperature_setpoint _ 24%
Mixed_air-Differential_pressure_sensor ||| EGTGTcNGGEEEEE =0
Return_air-Temperature ||| KT 2z
MA-Coil_valve |GG -
na-ran I -0
Return_air-Relative_humidity_sensor ||| GGG 21
Outdoor_air-Damper ||| GG 21:-
Supply_air-Airflow [ GGG -
0% 10% 20% 30% A40% 504%
Avg. MPTF Affected =




Mean Percent Time Faulted

Fault
Outdoor_air-Airflow [ <
Supply_air-Relative_humidity [ /3°:
Return_air-Airflow [ -5
Supply_air-Temperature_sensor ||| KGN ;-2
Return_air-Relative_humidity ||| KT 22
Return_sir-CO2_sensor ||| KT :::
Outdoor_air-Airflow_sensor ||| KGTcGGGEEEEEEEEEE =0
Mixed_air-Differential_pressure ||| EGTNGGEEEEEEEEEEE 2:o:
Contral-Setpoint ||| GG ::::
Contral-Economizer_sequence |G -2
Na-sirflow_sensor [T :72:
Supply_air-Static_pressure_setpeint ||| KT -2
Supply_air-Temperature ||| GG 2:2:
Supply_air-Temperature_setpoint ||| GTGTGTcNGGEEEEEEEGE -22:
Mixed_air-Differential_pressure_sensor ||| EGTcGTGGGGGEEEE Z:0:
Return_air-Temperature ||| KT 23
NA-Coil_valve |GG o
na-Fan [N -0
Return_air-Relative_humidity_sensor ||| KGTcNGGGEEEGEEGE -
Outdoor_air-Damper || G -12:
Supply_air-Airflow [ GGG -
0% 10% 20% 30%
Avg. MPTF Affected =



Mean Percent Time Faulted

Fault
Outcoor_air-airflow [, <
Supply_air-Relative_humidity _43%
Return_air-Airflow | -°
Supply_air-Temperature_sensor [ KK :5::
Return_air-Relative_humidity ||| GG 2
Return_sir-C02_sensor ([ EKGTTEEEEEEEEEE ::c:
Outdoor_air-Airflow_sensor ||| KT z0::
Mixed_air-Differential_pressure ||| G --c:
Contral-Setpoint |GG -:o:
Contral-Economizer_sequence ||| G -2
Na-sirflow_sensor |G :72:
Supply_air-Static_pressure_setpeint ||| KT -2
Supply_air-Temperature ||| GG z-2:
Supply_air-Temperature_setpoint ||| G -22:
Mixed_air-Differential_pressure_sensor ||| EGTcNGTTGEEEEEE Z:0:
Return_air-Temperature (||| KT 23
Na-Coil_valve |G 22
na-Fan [N -
Return_air-Relative_humidity_sensor ||| KGTGcNGGEEEGEEGE 21
Outdoor_air-Damper || KT 212
Supply_air-Airflow ||| GG :c:
0% 10% 20% 30%
Avg. MPTF Affected =



Mean Percent Time Faulted

Fault
Outcoor_air-airflow [, <
Supply_air-Relative_humidity _43%
Return_air-Airflow I --°:
Supply_air-Temperature_sensor ||| KGTEEEEEEEEEEEEEEEE :-::
Return_air-Relative_humidity ||| GG 2
Return_sir-C02_sensor ([ EKGTTEEEEEEEEEE ::c:
Outdoor_air-Airflow_sensor ||| KT z0::
Mixed_air-Differential_pressure ||| G --c:
Contral-Setpoint |GG -:o:
Contral-Economizer_sequence ||| KNG 272
Na-sirflow_sensor [ TTKKGTTTEEEEEEE :7::
Supply_air-Static_pressure_setpeint ||| KT -2
Supply_air-Temperature ||| GG z-2:
Supply_air-Temperature_setpoint ||| G -22:
Mixed_air-Differential_pressure_sensor ||| EGTcNGTTGEEEEEE Z:0:
Return_air-Temperature (||| KT 23
Na-Coil_valve |GGG 222
na-Fan [N -
Return_air-Relative_humidity_sensor ||| KGTGcNGGEEEGEEGE 21
Outdoor_air-Damper || KT 212
Supply_air-Airflow ||| GG :c:
0% 10% 20% 30%
Avg. MPTF Affected =



Avg. MPTF Affected
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Avg. MPTF Affected
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Percent of ATUs Affected

Fault

Zone-Temperature | - -
Zone-Temperature_sensor ||| G -
Discharge_air-Airflow _ 38%
Reheat-Coil_valve _ 34%
Heating-Heating [N -°:
Reheat-Coil |GG -:c:
Discharge_air-Temperature_sensor _ 25%
Centrol-Seguence _ 24%

0% 10% 20% 30% 40% 50% 60%

Avg. Pct Affected =




Mean Percent Time Faulted

Fault

Zone-C02_sensor | S
Zone-Relative_humidity _ 52%
Caaling-Caaling | 5126
Discharge_air-Temperature ||| G =00
Zone-Co2 NN -5
Control-Sequence |GG 272
Zone-Temperature_sensor _ 27%
Heating-Heating _ 26%
Discharge_air-Airflow_sensor ||| GGG 25
Discharge_sir-Temperature_sensor ||| GG 220
Control-Schedule |G 222
Control-Override _ 23%
Reheat-Coil_valve _ 21%
Discharge_air-Airflow [ GGG 212
Zone-Temperature |GGG 20

0% 10% 20% 30% 40% S50% 60%
Avg. MPTF Affected =




Avg. MPTF Affected
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I Discharge Air
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O
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Drivers



Seasonal Variation (Example: Cooling Failure)

 Coefficient of Variation
5.9% +11.2% =0.52

 Higher COV means more
seasonal variation




Seasonal Variation

Fault
Cool-Cool-Failure | 0 52|
Zone-Dewpeint-Abnormal [ GG 0.:7
Zone-Temp.Sensor-NA || GGG .22 III I
Zone-RH-Abnerma| |GGG 0.2

oa-Airflow-Abnormal [ GG 0.12
Zone-Temp-Abnormal |G .15
RA-Temp.Sensor-Frozen ||| Gz 0.14
Control-Econ.Sequence-Setting ||| Gz 0.12
sa-Temp-Abnormal |Gz 012 . .

Zone-Temp.Sensor-Frozen (||| N 0.12 “ ©

NA-CO2 Sensor-Frozen || 0.10 )

sA-Temp.Sensor-Frozen || 0.09 )
Fone-Dewpoint Sensor-Frozen [ 0.06

Zone-RH.Sensor-NA [l 0.06 ‘I

OA-Temp.Sensor-Frozen ] 0.04 S

Zone-RH.Sensor-Frozen [ 0.04 J .

0.00 0.10 0.20 0.30 0.40 0.50 0.60

Coefficient of Variation = :

5

5
IS

5

se
@ ~




Building Type & Climate Zone

Bldg Type
other I -
Health Care [N -

office I 15°:
=ducation [N 11%
0% 5% 10% 15% 20% 25%

Avg. Equip Time Faulted =

CZ (BA)
Hot-Dry | - 72
Marine [N -1

cold |G 13-
Hot-Humid [ 1%
0% 5% 10% 15% 20% 25% 3

Avg. Equip Time Faulted =

L]

¥



* Commissioning
= ¢ |mproved sensing
?ﬁ * Methods to prioritize faults by impact type and impact magnitude

ke Improved root cause diagnostics
 Automating the correction of faults where possible
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Areas for Further Study
* Expansion to more equipment types
g Persistence study

|« More data!
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