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Introduction

The Operating Control Sequences are final installed and commissioned operational control sequences for the installed HVAC and other equipment in the building.  Project specifications and HVAC control shop drawing submissions generally include Sequence of Operation descriptions that are based on what is planned for the project.  In many cases the ‘will’ and ‘shall’ wording used in these pre-construction ‘Sequence of Operation’ descriptions can be modified to equivalent present tense sentence structures and adjusted to include any specialized actions developed through the commissioning process.  Ultimately, the Operating Control Sequences should provide the building operator with a reasonable understanding of how the mechanical and electrical systems are controlled in the building.

The following templates are generic and cannot anticipate every possible building requirement.  The document has been developed as a general guideline with expectations that it require adjustments to adequately address the specific requirements of any project it will be applied to – the Operating Control Sequences in this template are intended to be copied, added, deleted and modified to match those of the existing building/ facility.  Sample wording in ‘Red’ has been added to demonstrate how the templates could be used.  The authors of this document offer it for use freely with no guarantees implied, or otherwise. 





Lighting Control Sequence
	
Control Sequences

	Lighting Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	All Light Dimming Systems
	 All General Office Areas

	When dimming is enabled for a zone, the light output from each luminaire will be reduced proportionately based on the level of light measured from the built-in light sensor at each fixture.  The dimming mode schedule for all lighting zones will be programmed through the central lighting control MMI.  When dimming is disabled, the light output from each luminaire will be set at a fixed level, as pre-determined for each space to provide suitable minimum lighting for maintenance activities.

	 
	
	



HVAC Operating Control Sequence
	Control Sequences

	HVAC Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	AHU-1
	 VAV Purge CS
	While operating in this mode the AHU will use early morning ambient conditions, when suitable, to pre-cool and ventilate all zones served by this ventilation with minimal energy use.  This will be accomplished through the use of the mixed air and fan systems to deliver supply air with high concentrations of fresh air tempered to an adjustable purge supply air temperature set-point of 20°C and delivered through VAV’s over-ridden to deliver 80% of the maximum design supply air volume.   The duration of this mode is managed through an optimum start control algorithm with a minimum run time of 15 minutes when the ambient air temperature is suitable.  Suitable ambient air temperature for this purge mode is between 5°C and the purge supply air temperature set-point.  The maximum measured room temperature from the zones served by this AHU system is used as the reference temperature for comparison to a purge room temperature set-point of 22°C, for the optimum start control algorithm.  The supply fan VFD resets fan speed to maintain the duct static pressure at the occupied duct static pressure control set-point, with the high pressure over-ride functionality enabled.  The return fan VFD resets the fan speed to track the measured supply fan air flow as the return fan air flow set-point.  The heating, cooling and humidifiers valves are all closed while in this mode.  When the ambient temperature is either too warm or too cold and considered unsuitable for purge ventilation, the AHU fans remains off and all control devices remain in fail-safe operating positions.

	AHU-2
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	 VAV Low Pop. CS
	While operating in this mode the minimum outdoor air volume is proportionately reduced to accommodate the low building population and the supply fan duct static pressure set-point is reduced to 80% of the normal occupied building duct static pressure set-point.  All other AHU control systems operate in accordance to normal occupied building control sequences.
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	 VAV Reg. Pop. CS
	This is considered the normal occupied building control sequence.  Mixed air dampers adjust to maintain mixed air temperature towards the adjustable mixed air temperature set-point of 12°C, with minimum outdoor air maintained at ____  L/s.  When the outdoor enthalpy exceeds return air enthalpy, the mixed air dampers revert to potions to deliver the minimum outdoor air volume.  The supply fan VFD resets fan speed to maintain the duct static pressure at the occupied duct static pressure control set-point, with a high pressure over-ride that prevents duct pressure at the AHU discharge duct from exceeding 400 Pa.  The return fan VFD resets the fan speed to track the measured supply fan air flow as the return fan air flow set-point.  The Pre-Heat and Heating Coil control valves work in sequence to maintain the operating supply air temperature set-point when the mixed air temperature is 10°C, or lower.  The cooling control valve resets to maintain the operating supply air temperature set-point when the mixed air temperature is 15°C.  When the heating control valves are in use the humidifier control valve is enabled to maintain return air humidity at a set-point reset by the ambient air temperature to prevent condensation development on the northern-most building window while not exceeding the supply air humidity limit of 80% RH.  The specific humidity outdoor reset schedule is ____.  The humidifier valve is closed when all heating valves are closed.

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	



	
Control Sequences

	HVAC Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	AHU-1
	 VAV UnOcc. CS

	While operating in this mode the AHU fans remains off and all control devices remain in fail-safe operating positions.  When the ambient temperature is less than 5°C, the heating coil control resets to maintain the mixed air temperature at 5°C, otherwise the heating coil control valve is fully closed.  Fail safe positions:  the outdoor air damper, preheat coil control valve, cooling coil control valve and humidifier valve are fully closed.  The return air damper is fully open.  Both the supply fan and return fans are off.  All VAV box air valves are fully open.  All zone heating control valves modulate to maintain room set-back temperature set-points of 12°C.


	AHU-2
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	



	
Control Sequences

	HVAC Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	AHU-3
	 CV UnOcc. CS
	While operating in this mode the AHU fans remains off and all control devices remain in fail-safe operating positions.  When the ambient temperature is less than 5°C, the heating coil control resets to maintain the mixed air temperature at 5°C, otherwise the heating coil control valve is fully closed.  Fail safe positions:  the outdoor air damper, preheat coil control valve, cooling coil control valve and humidifier valve are fully closed.  The return air damper is fully open.  Both the supply fan and return fans are off.  All Fan Coil units box air off.  All zone heating control valves modulate to maintain room set-back temperature set-points of 12°C.

	AHU-4
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	 CV Purge CS

	While operating in this mode the AHU will use early morning ambient conditions, when suitable, to pre-cool and ventilate all zones served by this ventilation with minimal energy use.  This will be accomplished through the use of the mixed air and fan systems to deliver supply air with high concentrations of fresh air tempered to an adjustable purge supply air temperature set-point of 20°C.   The duration of this mode is managed through an optimum start control algorithm with a minimum run time of 15 minutes when the ambient air temperature is suitable.  Suitable ambient air temperature for this purge mode is between 5°C and the purge supply air temperature set-point.  The maximum measured room temperature from the zones served by this AHU system is used as the reference temperature for comparison to a purge room temperature set-point of 22°C, for the optimum start control algorithm.  The return fan starts first and run continuously during this mode.  The return fan starts 5 seconds after the supply fan and run continuously during this mode.  The heating, cooling and humidifiers valves are all closed while in this mode.  When the ambient temperature is either too warm or too cold and considered unsuitable for purge ventilation, the AHU fans remains off and all control devices remain in fail-safe operating positions.	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	





	Control Sequences

	HVAC Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	AHU-3
	 CV Reg Pop. CS

	This is considered the normal occupied building control sequence.  Mixed air dampers adjust to maintain mixed air temperature towards the adjustable mixed air temperature set-point of 12°C, with minimum outdoor air maintained at ____  L/s.  When the outdoor enthalpy exceeds return air enthalpy, the mixed air dampers revert to potions to deliver the minimum outdoor air volume.  If the fans are not operating at the start of this mode, the return fan starts first followed by the return fan start 5 seconds later.  Both fans run continuously during this mode.  The Pre-Heat and Heating Coil control valves work in sequence to maintain the operating supply air temperature set-point when the mixed air temperature is 10°C, or lower.  The cooling control valve resets to maintain the operating supply air temperature set-point when the mixed air temperature is 15°C.  When the heating control valves are in use the humidifier control valve is enabled to maintain return air humidity at a set-point reset by the ambient air temperature to prevent condensation development on the northern-most building window while not exceeding the supply air humidity limit of 80% RH.  The specific humidity outdoor reset schedule is ____.  The humidifier valve is closed when all heating valves are closed.  All zone heating control valves modulate in sequence with all zone VAV systems to maintain room temperature set-points as individually set at each thermostat.

	AHU-4
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	



	
Control Sequences

	HVAC Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	MUA-1
	 MAU UnOcc. CS
	The MUA will remain in this mode when the maximum CO levels in the space remain below 23 PPM.  While operating in this mode the MAU fans remains off and all control devices remain in fail-safe operating positions.  When the ambient temperature is less than 5°C, the heating coil control resets to maintain the mixed air temperature at 5°C, otherwise the heating coil control valve is fully closed.  Fail safe positions:  the outdoor air damper is fully closed.  The supply fan is off.

	
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	 MAU Occ. CS


	The MUA will remain in this mode when the maximum CO levels in the space remains above 25 PPM.  This is considered the normal occupied building control sequence.  The outdoor air damper opens and the supply fan starts when an end-switch at the damper outdoor air damper proves to be 100% open.  The Heating Coil control valves resets to maintain the operating supply air temperature set-point.  The operating supply air temperature is reset between 15°C and 40°C to maintain the room temperature set-point at 20°C.  .	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	






	
Control Sequences

	HVAC Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	- Office Ht-Cl
	Off. DS UnOcc. SAC

	The Programmable Thermostat (P-Tstat) is programmed to operate this equipment to maintain unoccupied cooling set-point of 26°C and unoccupied heating set-point of 12°C while in this mode.

	Ductless-Split 
P-Tstat
	
	

	
	
	

	
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	Off. DS Occ. SAC




	The Programmable Thermostat (P-Tstat) is programmed to operate this equipment to maintain occupied cooling set-point of 24°C and occupied heating set-point of 22°C while in this mode.

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	






	

Control Sequences

	HVAC Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	- UH P-Tstat
	UH UnOcc. SAC
EH UnOcc. SAC
	The Programmable Thermostat (P-Tstat) is programmed to operate this equipment to maintain unoccupied heating set-point of 12°C while in this mode.

	- Ent. Htrs Tstat
	
	

	
	
	

	
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	UH Occ. SAC
EH Occ. SAC


	The Programmable Thermostat (P-Tstat) is programmed to operate this equipment to maintain occupied heating set-point of 22°C while in this mode.

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	



	Control Sequences

	HVAC Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	ERVU-1
	 ERVU Occ. CS

	This is considered the normal occupied building control sequence.  The heat wheel will operate to result in maximum energy recovery in both heating and cooling applications as the first stage of mechanical conditioning.  The heat wheel rotational speed will be adjusted to result in first stage heating or cooling roles towards maintaining the operating supply air temperature set-point.  The heat wheel will stop when the outdoor air temperature is 1.5°C lower than the operating supply air temperature set-point.  The supply fan VFD resets fan speed to maintain the duct static pressure at the occupied duct static pressure control set-point, with a high pressure over-ride that prevents duct pressure at the AHU discharge duct from exceeding 400 Pa.  The exhaust fan VFD resets the fan speed to track the measured supply fan air flow as the return fan air flow set-point.  The Heating Coil control valve will be reset to maintain the operating supply air temperature set-point when the ERV supply air temperature is 10°C, or lower.  The cooling control valve resets to maintain the operating supply air temperature set-point when the ERV supply air temperature is 14°C, or higher.  All zone heating control valves modulate in sequence with all zone VAV systems to maintain room temperature set-points as individually set at each thermostat.


	
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	





	Control Sequences

	HVAC Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	AC-1/ AC-2:
	 LAN Occ. CS

	This is considered the normal occupied building control sequence.  The packaged controller (programmable thermostat), provided with the equipment, sequences the four cooling stages to maintain the room temperature set-point of 24°C and operate the lead ventilation unit in a continuous run mode.  In the event that the lead ventilation unit fails to prove normal air flow, the by-pass dampers will redirect air flow through the Back-Up (BU) unit will start and operate the back-up unit continuously while generating an alarm on the DDC System indicating that the lead unit is in an alarmed state.   The packaged controller, provided with the equipment, will manage the humidity to result in a space humidity set-point of 48% RH, when suitable air flow has been proven.  


	
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	





	

Control Sequences

	HVAC Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	ERVU-2: Floor 1
	ERVU2 Low Occ. CS
	While operating in this mode the supply fan duct static pressure set-point is reduced to 80% of the normal occupied building duct static pressure set-point.  All other AHU control systems operate in accordance to normal occupied building control sequences.


	
	
	

	
	
	

	
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	ERVU2 Occ. CS


	This is considered the normal occupied building control sequence.  The heat wheel will operate to result in maximum energy recovery in both heating and cooling applications as the first stage of mechanical conditioning.  The heat wheel rotational speed will be adjusted to result in first stage heating or cooling roles towards maintaining the operating supply air temperature set-point.  The heat wheel will stop when the outdoor air temperature is 1.5°C lower than the operating supply air temperature set-point.  The supply fan VFD resets fan speed to maintain the duct static pressure at the occupied duct static pressure control set-point, with a high pressure over-ride that prevents duct pressure at the AHU discharge duct from exceeding 400 Pa.  The exhaust fan VFD resets the fan speed to track the measured supply fan air flow and to manage the building static pressure to an operating set-point of – 0.5 Pa.  The return fan operating air flow set-point is calculated from the measured supply air flow plus an adjustment factor derived from the building static pressure control loop.  The Heating Coil control valve will be reset to maintain the operating supply air temperature set-point when the ERV supply air temperature is 10°C, or lower.  The cooling control valve resets to maintain the operating supply air temperature set-point when the ERV supply air temperature is 14°C, or higher.  All zone heating control valves modulate in sequence with all zone VAV systems to maintain room temperature set-points as individually set at each thermostat.


	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	






Hydronic Operating Control Sequence

	

Control Sequences

	Hydronic Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	HWB-1
	Boiler Disabled. CS
	While the ambient temperature is greater than 5°C, the boiler(s) remain off.  If the boiler(s) are operating when the ambient temperature transitions to a value greater than 3°C, while there is a demand for heat, the boiler(s) control will be reduced to minimum fire until the ambient conditions continue to increase past 5°C to Disable the boiler(s) or re-establish Enabled boiler operation with ambient temperature decrease below 3°C.  When the boiler(s) are disabled, each respective boiler injection pump will continue to operate 10 minutes before stopping and remaining off.


	BIP-1
	
	

	HWB-2
	
	

	BIP-2
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	Boiler Enabled. CS


	While the ambient temperature is between 3°C and 5°C, the lead boiler injection pump is Enabled to operate.  When the lead boiler injection pump proves normal operation, the lead boiler is Enabled to operate at minimum fire.  In the event that lead boiler injection pump fails to prove normal operation, the stand-by boiler injection pump will be started and proven normal operation before Enabling the stand-by boiler operate at minimum fire.  Failure of the lead pump to prove normal operation will be alarmed on the DDC system.

When the ambient temperature is less than 5°C, both boiler injection pumps and boilers will be enabled and the gas turn-down for each boiler will be reset to the same value for each boiler to maintain the heated glycol operating set-point.  The heated glycol operating outdoor reset schedule is ____.  Failure of either pump to prove normal operation or heated glycol temperature not remaining within +/- 3°C of the operational set-point for a time period of 5 minutes will be alarmed on the DDC system.

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	





	

Control Sequences

	Hydronic Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	GHP-1
	Ht. Hyd. Lp. Pump Disabled. CS
	With both boilers Disabled and both boiler injection pumps off, the lead glycol heating pump will ramp-down the pump speed and stop.



	GHP-2
	
	

	
	
	

	
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	Ht. Hyd. Lp. Pump Enabled. CS


	When either boiler is Enabled, the lead glycol heating pump will start and ramp-up pump speed to maintain the hydronic heating loop operating pressure set-point.  The initial hydronic heating loop operating set-point of 325 Pa is reduced by 5 Pa every 3 minutes until the maximum control valves position in the hydronic heating loop is less than 25% open.  The hydronic heating loop operating set-point will increase 2 Pa up to a maximum of 325 Pa every 4 minutes when the maximum control valve position in the hydronic heating loop is greater than 75% open.  In the event that lead glycol heating pump fails to prove normal operation, the stand-by boiler glycol heating pump will be started.  Failure of the lead pump to prove normal operation will be alarmed on the DDC system.
 


	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	





	

Control Sequences

	Hydronic Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	CH-1
	Chiller Disabled. CS
	While the ambient temperature is less than 8°C, the chiller(s) remain off.  If the chiller(s) are operating when the ambient temperature transitions to a value less than 10°C, while there is a demand for cooling, the chiller(s) control will be reduced to minimum cooling capacity until the ambient conditions continue to decrease past 8°C to Disable the chiller(s) or re-establish Enabled chiller operation with ambient temperature increase above 10°C.

	CH-2
	
	

	CWP-1
	
	

	CWP-2
	
	

	 C-1
	
	

	 C-2
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	Chiller Enabled. CS


	While the ambient temperature is between 8°C and 10°C, the lead chilled water and condenser water pumps are Enabled to operate.  When both pumps prove normal operation, the lead chiller is Enabled to operate at minimum cooling capacity.  In the event that either pump fails to prove normal operation, the respective stand-by pump will be started and proven normal operation before Enabling the chiller operate at minimum cooling capacity.  

When the ambient temperature is greater than 10°C and there is a demand for cooling, the lead chiller will be reset to maintain the chilled water temperature at the operating set-point. If the chilled water temperature increases more than 5°C above the operating set-point for more than 10 minutes, the cooling demand will be determined to be beyond the capacity of the lead chiller and the stand-by chiller will be Enabled to start and ramp-up to maintain the chilled water temperature at the operating set-point.  Upon reduced cooling demand where the stand-by chiller is operated at minimum cooling capacity for 15 minutes, the Stand-by chiller will be Disabled.

Failure of either pump to prove normal operation or chilled water temperature not remaining within +/- 3°C of the operational set-point for a time period of 10 minutes will be alarmed on the DDC system.

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	





	

Control Sequences

	Hydronic Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	CWP-1
	Cl. Hyd. Lp. Pump Disabled. CS
	With both boilers Disabled and both boiler injection pumps off, the lead glycol heating pump will ramp-down the pump speed and stop.



	CWP-2
	
	

	
	
	

	
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	Cl. Hyd. Lp. Pump Enabled. CS


	When either boiler is Enabled, the lead glycol heating pump will start and ramp-up pump speed to maintain the hydronic heating loop operating pressure set-point.  The initial hydronic heating loop operating set-point of 325 Pa is reduced by 5 Pa every 3 minutes until the maximum control valves position in the hydronic heating loop is less than 25% open.  The hydronic heating loop operating set-point will increase 2 Pa up to a maximum of 325 Pa every 4 minutes when the maximum control valve position in the hydronic heating loop is greater than 75% open.  In the event that lead glycol heating pump fails to prove normal operation, the stand-by boiler glycol heating pump will be started.  Failure of the lead pump to prove normal operation will be alarmed on the DDC system.
 


	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	



	Control Sequences

	HVAC Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	CT-1
	 Cl. Tower.CS

	When the respective condenser pump has proven normal operation, the cooling tower fan starts and ramps up fan speed to maintain the condensing water temperature at the condenser water operational set-point.  When the respective condenser pump has stopped, the cooling tower fan ramps down and stops
Any cooling tower motor or vibration monitored faults will be alarmed on the DDC system.



	CT-2
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	






Building Lighting Control Sequence
	

Control Sequences

	Lighting Systems
	CS Reference from the 
Equipment Operating Schedule
	Installed Control Sequence

	Office Tower
	Lighting Unocc. CS
	While operating in this mode these Lighting Zones are off and all night lighting remains Enabled.  5 minutes prior to entering into this mode, the lights in the respective zones are turned off and on 3 times to warn building occupants.



	Main Floor
	
	

	Shop and Garage
	
	

	Main Floor Lobby
	
	

	Outdoor
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	

	 
	Lighting Enabled. CS


	This is considered the normal occupied building control sequence.  While operating in this mode these Lighting Zones are on.
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