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	Meter-level KPIs

	Checkpoint/Metric
	EMIS View
	What to look for 

	Annual Energy use with normalizing factors such as gross floor area and CDD
	Annual Energy Use Intensity (EUI) in kWh/m2 or by fuel Energy Star portfolio manager benchmark score to gauge climate-normalized performance relative to peers
	Rank portfolio and review outliers


	Monthly Energy use with normalizing factors such as gross floor area and CDD
	Monthly EUI in kWh/m2 or by fuel
	Compare to previous month or previous year of the same month

	Daily electricity KPI:
(Total bldg. kWh/day)/(Avg. daily outdoor air temperature)
	Min/max/average/current daily reading
	Establish Facility benchmarks after commissioning

	Daily gas KPI:
(Total therms/day)/(Avg. daily outdoor air temperature)
	Min/max/average/current daily reading
	Establish Facility benchmarks after commissioning

	Meter-level Analytics 

	Checkpoint
	EMIS View
	What to look for

	Schedules
	Use heat map and/or load profile graphs with filtering for weekday/weekend/holiday 
	Confirm that time-of-day schedules meet the current Facility requirements. Check weekends and holidays for scheduling improvement opportunities

	Base load
	Use heat map and/or load profile graphs with filtering for weekday/weekend/holiday 
	Compare to the peak load to assess the after-hour setback


	Energy signature
	Hourly Energy consumption vs. hourly outside air temperature (or daily Energy consumption vs. degree-days). Some EMIS automatically compare the Energy signature metrics to industry benchmarks
	Weather-dependency of loads, balance point temperature at which heating or cooling starts, and base load. High heating Energy use in summer may be associated with simultaneous heating and cooling

	Load shape
	24-hour demand plot, min/max/avg. by day type
	Start time, stop time, weekend, and holiday scheduling

	Energy anomaly
	Flag when Energy use is outside the modeled prediction (see Appendix D for modeling instruction)
	Energy use outside of a defined threshold of performance (+/- 10% for instance)

	Meter data
	Flag when meter has failed. A time series graph may be used to visually identify a gap 
	Large or repetitive (i.e. at regular intervals) gaps in Energy data

	Energy Savings/M&V
	The cumulative annual Energy savings, or % change in Energy use
	Model statistics are within the thresholds set




	System-level Key Performance Indicators

	Checkpoint
	EMIS View
	What to look for (Establish Facility benchmarks after commissioning)

	BMS Override Report
	Building automation system override summary
	Identify overrides that should not be in place. Overrides often point to larger system control or performance issues

	BMS Alarm Report
	List of recent alarms 
	Identify patterns in which systems are alarming. Potentially create Fault Detection and Diagnosis (FDD) rules to help troubleshoot alarms

	Occupant Comfort Index (%)
	% of operating hours spent within zone target temperature
	Measure for each zone or collection of zones. Track average, minimum, and maximum values for each building

	Cooling Plant Efficiency (kW/ton)
	kilowatt (kW)/ton daily profile 
Daily Average (kW/ton)/ton 
kW of entire plant preferred, but pump metering is not always available 
	Will vary based on load. Review kW/ton vs. ton plots over time to identify performance drift 

	Heating Plant Efficiency (%)
	· kW (out)/kW (in)
· Review daily profile
	Will vary based on load. Review efficiency vs. load plots over time to identify performance drift 

	Fan System Efficiency (%) 
	kW of supply/return/exhaust fans per cubic feet per minute (cfm) of airflow

	Will vary based on load. Look for variance between air handlers or performance drift

	Chilled water delta 
	Daily average difference in chilled water supply and return temperatures
	If there is an insufficient temperature difference, investigate over-pumping or other issues


Table 1: Monitoring Action Plan – Checkpoints and Metrics

	Fault Detection and Diagnosis

	Faults
	FDD Tool Analysis 

	General Faults

	Schedules (AHUs), terminal units, chillers, boilers, pumps, cooling towers, plug and process loads, and garage exhaust fans)
	Check if equipment is operating out of hours.

	Manual override (AHUs, terminal units, chillers, boilers, pumps, and cooling towers)
	Identify overrides that should not be in place. 

	Controllers (actuators/valves/speed drives)
	· Compare controller output set-points to the actual condition to find failed devices.
· Determine the stability of controllers.

	Dampers (AHUs, terminal units)
	Identify if a damper is stuck open, closed, or at a fixed position, or leaking
(i.e. compare mixed air temperature to return air temperature with outdoor air damper closed).

	Cooling/heating/precooling/preheating/
reheating valve and coils
	· Identify if a valve is stuck or leaking.
· Identify a fouled or blocked coil (i.e. a temperature difference exists across a coil when a valve is shut or not achieving a desired temperature drop across a coil when a valve is open).

	Air Handler Faults

	Economizer operation/use
	· Detect if the RTU or AHU is not economizing when it should.
· Detect if the RTU/AHU is economizing when it should not (i.e. calculate relevant theoretical outdoor air ratio with outdoor air temperature, return air temperature, and mix air temperature).
· Detect if the economizer lockout set point is too high or low.

	Ventilation
	Ensure that the ventilation rate is adequate. Detects if the RTU/AHU is bringing in too much outside air when not in economizer mode.

	Simultaneous heating and cooling
	Detect if unnecessary heating, economizer cooling, and/or mechanical cooling happen at the same time.

	Discharge air temperature reset
	Identify if the discharge air temperature set point is a fixed value or does not vary through the reset range. Confirm that the point is not frequently pegged to an upper or lower limit.

	Duct static pressure reset
	Identify if the duct static pressure set point is a fixed value or does not vary through the range. Confirm that the point is not frequently pegged to an upper or lower limit.

	Sensors 
	· Critical sensors: Outdoor air, discharge air, return air, and mixed air temperature; wet bulb temperature or relative humidity; pressure; airflow rates.
· Detect flatlining, bias, drift, or failure in sensor or if the sensor is outside of a feasible range.

	Dirty Filter
	Determine if the air filter needs replacement (i.e. filter pressure drop outside specified range).

	Variable Air Volume (VAV) Box Faults

	Sensors 
	· Critical sensors: space temperature, relative humidity, carbon dioxide, airflow rate. 
· Detect flatlining, bias, drift, or failure in sensor, or if the sensor is outside of a feasible range.

	Thermostat occupied/unoccupied cooling/heating set points
	Detect if the space cooling/heating set points dead band is not high enough.

	Thermostat space temperature
	Identify if zones are outside of an acceptable temperature range over a period of time. Indicate if the space is over/under cooled/heated or if there is a leaky/stuck VAV damper.

	VAV supply airflow 
	· Detect if supply airflow is adequate to the zone (i.e. supply airflow is below the set point while the supply damper is fully open).
· Detect if supply airflow is constantly at maximum flow.

	Chilled Water Plant Faults

	Sensors 
	· Critical sensors: Chiller, and cooling tower leaving and return water temperatures; chilled water flow rate; pressure.
· Detect flatlining, bias, drift, or failure in sensor, or if the sensor is outside of a feasible range.

	Chilled water plant lockout
	Identify if the lockout temperature is too low.

	Chiller leaving water temperature reset
	Identify if the chiller leaving water temperature set point is a fixed value or does not vary through the reset range.

	Tower leaving water temperature reset
	Identify if the tower water temperature set point is a fixed value or does not vary through the reset range.

	Hydronic differential pressure reset
	Identify if the hydronic differential pressure set point is a fixed value or does not vary through the reset range.

	Chiller short cycling
	Identify if the chiller is cycling too frequently.

	Cooling tower fan cycling
	Identify if the fan is cycling too frequently.

	Hot Water Plant Faults

	Sensors 
	· Critical sensors: Boiler leaving and return water temperatures; hot water flow rate; pressure.
· Detect flatlining, bias, drift, or failure in sensor or if the sensor is outside of a feasible range.

	Hot water plant lockout
	Identify if the lockout temperature is too high or if the boiler is in operation when no heating load exists.

	Boiler leaving water temperature reset
	Identify if the boiler leaving water temperature set point is a fixed value or does not vary through the reset range.

	Hydronic differential pressure reset
	Identify if the hydronic differential pressure set point is a fixed value or does not vary through the reset range.

	Boiler short cycling
	Identify if the boiler cycles on and off too frequently.


Table 2: Monitoring Action Plan – Fault Detection and Diagnosis
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