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EMIS Costs and Benefits
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3% median, 
portfolio-level

$0.03/sq ft
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https://betterbuildingssolutioncenter.energy.gov/smart-energy-analytics-campaign-toolkit


▪ Which HVAC faults are most often observed to be present?
▪ How many faults occur each month for a given building?

DOE-sponsored Fault Prevalence Study



▪ 3,660 AHUs
▪ 53,865 ATUs

▪ 7,974 RTUs



All U.S. Commercial buildings

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

FDD-equipped buildings within study data set

HVAC faults in studied buildings

AHU/ATU/RTU faults in studied buildings

AHU/ATU/RTU faults reported by FDD

False alarms

True faults

What does our study population represent?



Data Unification Steps
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

CFP ENP MNP



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

17,939,843
Fault_Days in the study dataset



Faults

AHU

ATU

RTU

Control

Cooling

Economizer

Exhaust_air

Heating

Mixed_air

Outside_air

Preheat

Return_air

Supply_air

Discharge_air

Reheat

Zone

Compressor

Condenser

NA

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

Setting

Fouling

Leakage

Stuck

Hunting

Abnormal

Block

Rule_abnormal

Simultaneous

Drift

Frozen

Malfunction

NA

3 
Equipment 

Types

16 System 
Locations

28 Components/Parameters

13 Fault 
Modes



245
Faults per Building per Month
(AHUs and ATUs)

27 - 274
Interquartile Range



3.0
Faults per AHU per Month

1.2
Faults per ATU per Month



75%
Of AHUs see 
this fault
(Pct_Affected)

How common is 
AHU fault ‘x’?



75%
Of AHUs see 
this fault
(Pct_Affected)

53%
Mean Percent Time Faulted
(MPTF_Affected)

How common is 
AHU fault ‘x’?

For equipment that sees 
the fault, what portion of 

their time is faulted?



AHUs



Percent of AHUs Affected
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Percent of AHUs Affected

Sensor
faults



Percent of AHUs Affected

Physical 
components



Percent of AHUs Affected

Economizer 
faults



Mean Percent Time Faulted
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Mean Percent Time Faulted

Economizer 
faults



More 
common

More time 
faulted





ATUs



Percent of ATUs Affected



Mean Percent Time Faulted





Drivers



Seasonal Variation (Example: Cooling Failure)

Monthly Fault Presence

• Coefficient of Variation
5.9% ÷ 11.2% = 0.52

• Higher COV means more 
seasonal variation

Average 11.2%

Standard 
Deviation 5.9%



Seasonal Variation

Bottom 3 faults for seasonal variation

Top 3 faults for seasonal variation



Building Type & Climate Zone



Critical Process / Design Needs
• Commissioning
• Improved sensing
• Methods to prioritize faults by impact type and impact magnitude
• Improved root cause diagnostics
• Automating the correction of faults where possible



Areas for Further Study
• Expansion to more equipment types
• Persistence study
• More data!


