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1.0 PART 2 - PRODUCTS
1.1 Materials

1.1.1 Application Specific Controllers

1.1.1.1 VAV System Applications

1.1.1.1.1 VAV Controllers - Retrofit 

1.1  boofoo

A.  VAV zoning system . The zoning system shall be compatible with variable air volume air source and consist of configurable, multiple communicating VAV Air Terminal Controllers. The system shall also include a complete array of input and output devices. The system shall provide full control of HVAC heating and cooling equipment in a multiple zone application. The zoning system shall be capable of operating as a stand-alone system or networked with multiple systems to communicating air source controllers. 

1.  Zone control. Each zone shall be capable of monitoring space conditions and providing the correct amount of conditioned air to satisfy the space load. Each zone shall be capable of the following:

a.  Space temperatures control. To maintain individual heating and cooling set points.

b.  Relative Humidity/Air Quality (DCV). Each zone shall be capable of maintaining space relative humidity set point or air quality set point (zone level demand control ventilation) as defined in ASHRAE 62-1989 (including Addendum 62a-1990).

c.  Demand coordination. Each zone shall be capable of zone demand data coordination with other zones in the system.  

2.  Static pressure rest control. 

The static pressure reset function of the zone system shall automatically reset the central air source's supply-fan static pressure set point (downward) as a function of the zone damper position. This allows the system to automatically make adjustments to the static pressure and optimize performance of the central air source fan. The maximum pressure is determined by the set point configured at the equipment control. The minimum value is determined by the maximum value configured.

3.  Air source control. Shall control all associated air source equipment functions, and be capable of stand-alone or networked operation. The resident algorithms shall use error reduction logic as designated in ASHRAE standard 90.1 to provide temperature control and lower energy usage. The Air source shall be capable of zone demand data coordination with the associated zones. 

4.  System Terminal Modes. Each air terminal mode shall be based on the current air source mode, terminal type, space temperature, and the current temperature set points. 

a.  Off: 

No active control of temperature or CFM in the zone

b.  Cooling:

When the fan is determined to be on, the linkage master zone controller reads the primary air temperature value. If the temperature is less than the average occupied zone temperature, as calculated by the linkage master zone controller, minus 2 degrees F, the mode is determined to be cooling.

c.  Night Time Free Cooling (NTFC):

The following conditions must be present for free cooling mode:

1)  The fan is determined to be on by the linkage master zone controller

2)  The average zone temperature value is greater than the average unoccupied zone cooling temperature set point, as determined by the master zone controller

3)  The current time is between 3:00 AM and 7:00 AM

4)  The equipment is providing cooling to the system

5)  If the above conditions are true, then the mode is determined to be NTFC. This mode is then communicated to all the zone controllers in the system associated.

d.  Vent:

Temperature requirement of the zone is satisfied. Minimum cooling CFM or damper position is maintained

e.  Heat:  

The zone controller will modulate the primary air damper to maintain the minimum heating CFM, unless the system is configured for VAV Central Heating. If a zone controller is configured for VAV heating, the zone controller will modulate the primary air damper between the minimum and maximum Heating CFM positions

f.  Pressurization: 

The system will bring in as much outside air as possible in order to pressurize the area. This mode is used for smoke control and prevents smoke from entering into an area that is adjacent to an area of smoke. Each zone controller will modulate its damper to provide maximum cooling airflow into the space. If the terminal contains a series fan, the fan will be turned on. If the terminal contains a parallel fan it will be turned off. If the terminal contains auxiliary heat, the heating will be controlled so as to maintain the current heating set point. 

g.  Evacuation:

During the Evacuation mode all terminal fans shall be disabled and all dampers shall close.

5.  Air source interface. The zoning system shall be capable of zone demand data coordination with a communicating air source. Setpoints and zone temperature information from the zones shall be shared with the air source controller so that the air source controller's error reduction calculations can determine the proper amount of heating or cooling in order to satisfy the system load.

a.  The zoning system shall have the capability of linking up to 128 zones to a single air source and determining system heating and cooling requirements.

b.  The zoning system shall be capable of providing a communication check of all associated controls and display device type as well as error conditions.

c.  The zoning system shall coordinate and exchange the flowing data as minimum: 

1)  Average zone temperature

2)  Average occupied zone temperature

3)  Average occupied and unoccupied heat/cool set points

4)  Occupancy status

5)  Damper position

6)  RH and CO2 values (if applicable)

d.  Space temperature and space temperature set points for use by the air source controller shall include a weighted factor, proportional to the size of the zone. 

e.  Only those zones with valid temperature readings shall be included.

f.  The zoning system shall provide periodic updates to the air source. 

g.  The zoning system shall obtain and support the following air source modes as a minimum: 

1)  Off

2)  Warm-up

3)  Cooling

4)  Heating

5)  Night Time Free Cooling

6)  Ventilation

7)  Pressurization

8)  Evacuation

h.  The air source controller shall, through the Air Distribution System, bias its occupancy time schedules to provide optimization routines and occupant override.

1)  For those zoning systems that do not include inherent air source interface capacity, each zone shall independently determine the operational mode of the equipment through its associated duct temperature sensor mounted in the supply ductwork. If there is air source controller, then the system will assumed to be always On.

6.  Energy Conservation. 

a.  Load balancing from error reduction calculations that optimize staging.

b.  The locking out of mechanical heating or cooling modes based on configurable outside air temperature limits.

c.  Staggered start. The system shall intelligently start all equipment in a stagger start manner after a transition from unoccupied to occupied modes as well as power failure to reduce high peak power consumption on start-up.

d.  Peak Demand Limiting. Controllers in the system shall have the capability of being overridden by separate heating and cooling Peak Demand Limiting signals. Option/General purpose controller existing on the communications bus shall be able to send a demand limiting broadcast to reduce overall energy consumption and control on and off peak time kW usage

e.  Temperature compensated start. The VAV Air Terminal Controller shall be capable of supporting temperature compensated start with the air source. Prior to occupancy the VAV Air Terminal Controllers and Air Source shall work together to provide zone-by-zone temperature compensated conditioning. The air source will track the time required for recovery report the optimal start bias time to the zones prior to each occupied period so that the zone can start conditioning the space prior to occupancy.

7.  Abnormal Conditions. The proposed system shall include the ability to detect abnormal conditions, and to react to them automatically. A return to normal conditions shall also generate a return to normal notification and the system shall revert back to its original control scheme before the abnormal condition existed. The following abnormal terminal conditions shall automatically generate an alarm and the system shall take the following actions:

a.  If a space temperature sensor is determined by the VAV Air Terminal Controller to be invalid  the controller generates an alarm and disables all local heating or cooling. The controller modulates the damper to the minimum heat, minimum cool, or ventilation position based on the air source mode. Normal operation resumes when the controller detects a valid sensor value.

b.  If a relative humidity sensor is determined by the VAV Air Terminal Controller to be invalid, the VAV Air Terminal Controller shall generate an alarm. 

c.  If an indoor air quality sensor is determined by the VAV Air Terminal Controller to be invalid, the VAV Air Terminal Controller shall generate an alarm, and disable its IAQ algorithm.

d.  System level demand coordination. If an air source controller is participating in demand coordination with other zones and loses communication with the associated zones, it shall generate an alarm. Likewise, any zone detecting a communication failure, will generate an alarm.

e.  Zone level demand coordination. If the system looses communication with one of the zones associated with that system the zoning system shall remove that zone temperature from its weighted averages. The VAV Air Terminal Controller shall continue to operate in a stand-alone mode.

f.  If the zoning system if configured to interface with the air source for  zone demand data coordination and that communication is broken, each VAV Air Terminal Controller shall determine the equipment operating mode based on the temperature of the primary air. The air source will be assumed to be always on.

B.  VAV Air Terminal Retrofit Controller (ATRC). Defined as Application Specific Controllers (ASC) shall be capable of independent zone control or function as part of the VAV zoning system to achieve performance as specified for zone control. 

1.  Input and output devices shall be wired to "quick-connect plug type" terminals to facilitate removal of the module without disconnecting wiring from the plug type terminal.

2.  ATRC shall have an integrated airflow pick-up and transducer, and brushless actuator and be capable of operating zone dampers as well as series and parallel fan powered terminal boxes.

3.  ATRC shall have the capability to support adjustable minimum and maximum primary CFM control.

4.  ATRC shall have the capability to support VAV cooling and relative humidity control

5.  ATRC shall have the capability to support IAQ control (Demand Controlled Ventilation CO2 management as per ASHRAE 62) with optional comfort override

6.  ATRC shall be capable of controlling supplemental heat or auxiliary heat sources, including fan control, when required at the zone level.

C.  Communicating Room Space Temperature (SPT)

1.  Shall have integrated, easy-to-read LCD on display. Able to display space temperature, outside air temperature, heating setpoint, cooling setpoint, and local override (after hours occupancy), time

2.  Shall have Precise 10K ohm thermistor with + 0.36ºF (0.2ºC) standard accuracy and less than 0.18ºF (0.01ºC) drift over a ten year span - requires no maintenance or re-calibration 

3.  Shall allow zone setpoints adjustment by pressing the Warmer or Cooler buttons 

4.  Shall have a hidden communication port allows a laptop computer or a handheld keypad to commission and maintain the connected equipment easily 

5.  Shall allow multiple SPT sensors to be daisy-chained to one controller for temperature averaging or high/low select control 

6.  Shall have ability to mount on a standard 2" x 4" electrical box for easy installation

1.1.1.1.2 VAV Controllers - Factory

1.2  boofoo

A.  VAV zoning system . The zoning system shall be compatible with variable air volume air source and consist of configurable, multiple communicating VAV Air Terminal Controllers. The system shall also include a complete array of input and output devices. The system shall provide full control of HVAC heating and cooling equipment in a multiple zone application. The zoning system shall be capable of operating as a stand-alone system or networked with multiple systems to communicating air source controllers. 

1.  Zone control. Each zone shall be capable of monitoring space conditions and providing the correct amount of conditioned air to satisfy the space load. Each zone shall be capable of the following:

a.  Space temperatures control. To maintain individual heating and cooling set points.

b.  Relative Humidity/Air Quality (DCV). Each zone shall be capable of maintaining space relative humidity set point or air quality set point (zone level demand control ventilation) as defined in ASHRAE 62-1989 (including Addendum 62a-1990).

c.  Demand coordination. Each zone shall be capable of zone demand data coordination with other zones in the system.  

2.  Static pressure rest control. 
The static pressure reset function of the zone system shall automatically reset the central air source’s supply-fan static pressure set point (downward) as a function of the zone damper position. This allows the system to automatically make adjustments to the static pressure and optimize performance of the central air source fan. The maximum pressure is determined by the set point configured at the equipment control. The minimum value is determined by the maximum value configured.

3.  Air source control. Shall control all associated air source equipment functions, and be capable of stand-alone or networked operation. The resident algorithms shall use error reduction logic as designated in ASHRAE standard 90.1 to provide temperature control and lower energy usage. The Air source shall be capable of zone demand data coordination with the associated zones. 

4.  System Terminal Modes. Each air terminal mode shall be based on the current air source mode, terminal type, space temperature, and the current temperature set points. 

a.  Off: 
No active control of temperature or CFM in the zone
b.  Cooling:
When the fan is determined to be on, the linkage master zone controller reads the primary air temperature value. If the temperature is less than the average occupied zone temperature, as calculated by the linkage master zone controller, minus 2 degrees F, the mode is determined to be cooling.

c.  Night Time Free Cooling (NTFC):
The following conditions must be present for free cooling mode:

1)  The fan is determined to be on by the linkage master zone controller

2)  The average zone temperature value is greater than the average unoccupied zone cooling temperature set point, as determined by the master zone controller

3)  The current time is between 3:00 AM and 7:00 AM

4)  The equipment is providing cooling to the system

5)  If the above conditions are true, then the mode is determined to be NTFC. This mode is then communicated to all the zone controllers in the system associated.

d.  Vent:
Temperature requirement of the zone is satisfied. Minimum cooling CFM or damper position is maintained

e.  Heat:  
The zone controller will modulate the primary air damper to maintain the minimum heating CFM, unless the system is configured for VAV Central Heating. If a zone controller is configured for VAV heating, the zone controller will modulate the primary air damper between the minimum and maximum Heating CFM positions

f.  Pressurization: 
The system will bring in as much outside air as possible in order to pressurize the area. This mode is used for smoke control and prevents smoke from entering into an area that is adjacent to an area of smoke. Each zone controller will modulate its damper to provide maximum cooling airflow into the space. If the terminal contains a series fan, the fan will be turned on. If the terminal contains a parallel fan it will be turned off. If the terminal contains auxiliary heat, the heating will be controlled so as to maintain the current heating set point. 

g.  Evacuation:

1)  During the Evacuation mode all terminal fans shall be disabled and all dampers shall close.

5.  Air source interface. The zoning system shall be capable of zone demand data coordination with a communicating air source. Setpoints and zone temperature information from the zones shall be shared with the air source controller so that the air source controller’s error reduction calculations can determine the proper amount of heating or cooling in order to satisfy the system load.
a.  The zoning system shall have the capability of linking up to 128 zones to a single air source and determining system heating and cooling requirements.

b.  The zoning system shall be capable of providing a communication check of all associated controls and display device type as well as error conditions.

c.  The zoning system shall coordinate and exchange the flowing data as minimum: 

1)  Average zone temperature

2)  Average occupied zone temperature

3)  Average occupied and unoccupied heat/cool set points

4)  Occupancy status
5)  Damper position

6)  RH and CO2 values (if applicable)
d.  Space temperature and space temperature set points for use by the air source controller shall include a weighted factor, proportional to the size of the zone. 

e.  Only those zones with valid temperature readings shall be included.

f.  The zoning system shall provide periodic updates to the air source. 

g.  The zoning system shall obtain and support the following air source modes as a minimum: 

1)  Off

2)  Warm-up

3)  Cooling

4)  Heating

5)  Night Time Free Cooling

6)  Ventilation

7)  Pressurization

8)  Evacuation

h.  The air source controller shall, through the Air Distribution System, bias its occupancy time schedules to provide optimization routines and occupant override.

i.  For those zoning systems that do not include inherent air source interface capacity, each zone shall independently determine the operational mode of the equipment through its associated duct temperature sensor mounted in the supply ductwork. If there is air source controller, then the system will assumed to be always On.

6.  Energy Conservation. 

a.  Load balancing from error reduction calculations that optimize staging.

b.  The locking out of mechanical heating or cooling modes based on configurable outside air temperature limits.

c.  Staggered start. The system shall intelligently start all equipment in a stagger start manner after a transition from unoccupied to occupied modes as well as power failure to reduce high peak power consumption on start-up.

d.  Peak Demand Limiting. Controllers in the system shall have the capability of being overridden by separate heating and cooling Peak Demand Limiting signals. Option/General purpose controller existing on the communications bus shall be able to send a demand limiting broadcast to reduce overall energy consumption and control on and off peak time kW usage

e.  Temperature compensated start. The VAV Air Terminal Controller shall be capable of supporting temperature compensated start with the air source. Prior to occupancy the VAV Air Terminal Controllers and Air Source shall work together to provide zone-by-zone temperature compensated conditioning. The air source will track the time required for recovery report the optimal start bias time to the zones prior to each occupied period so that the zone can start conditioning the space prior to occupancy.

7.  Abnormal Conditions. The proposed system shall include the ability to detect abnormal conditions, and to react to them automatically. A return to normal conditions shall also generate a return to normal notification and the system shall revert back to its original control scheme before the abnormal condition existed. The following abnormal terminal conditions shall automatically generate an alarm and the system shall take the following actions:

a.  If a space temperature sensor is determined by the VAV Air Terminal Controller to be invalid  the controller generates an alarm and disables all local heating or cooling. The controller modulates the damper to the minimum heat, minimum cool, or ventilation position based on the air source mode. Normal operation resumes when the controller detects a valid sensor value.

b.  If a relative humidity sensor is determined by the VAV Air Terminal Controller to be invalid, the VAV Air Terminal Controller shall generate an alarm. 

c.  If an indoor air quality sensor is determined by the VAV Air Terminal Controller to be invalid, the VAV Air Terminal Controller shall generate an alarm, and disable its IAQ algorithm.

d.  System level demand coordination. If an air source controller is participating in demand coordination with other zones and loses communication with the associated zones, it shall generate an alarm. Likewise, any zone detecting a communication failure, will generate an alarm.
e.  Zone level demand coordination. If the system looses communication with one of the zones associated with that system the zoning system shall remove that zone temperature from its weighted averages. The VAV Air Terminal Controller shall continue to operate in a stand-alone mode.

f.  If the zoning system if configured to interface with the air source for  zone demand data coordination and that communication is broken, each VAV Air Terminal Controller shall determine the equipment operating mode based on the temperature of the primary air. The air source will be assumed to be always on.
B.  VAV Air Terminal Controller (ATC).  Product integrated factory mounted controller. Defined as Application Specific Controllers (ASC) shall be capable of independent zone control or function as part of the VAV zoning system to achieve performance as specified for zone control. 

1.  ATC shall be factory-mounted and wired and provide terminal or baseboard heat for pressure independent VAV air terminals. Terminals may be Single Duct, Parallel Fan Powered, or Series Fan Powered type.
2.  Input and output devices shall be wired to “quick-connect plug type” terminals to facilitate removal of the module without disconnecting wiring from the plug type terminal.

3.  ATC shall have an integrated airflow pick-up and transducer, and brushless actuator and be capable of operating zone dampers as well as series and parallel fan powered terminal boxes.
4.  ATC shall have the capability to support adjustable minimum and maximum primary CFM control.

5.  ATC shall have the capability to support VAV cooling and relative humidity control

6.  ATC shall have the capability to support IAQ control (Demand Controlled Ventilation CO2 management as per ASHRAE 62) with optional comfort override
7.  ATC shall be capable of controlling supplemental heat or auxiliary heat sources, including fan control, when required at the zone level.
C.   Communicating Room Space Temperature (SPT)

1.  Shall have integrated, easy-to-read LCD on display. Able to display space temperature, outside air temperature, heating setpoint, cooling setpoint, and local override (after hours occupancy), time
2.  Shall have Precise 10K ohm thermistor with + 0.36ºF (0.2ºC) standard accuracy and less than 0.18ºF (0.01ºC) drift over a ten year span – requires no maintenance or re-calibration 

3.  Shall allow zone setpoints adjustment by pressing the Warmer or Cooler buttons 

4.  Shall have a hidden communication port allows a laptop computer or a handheld keypad to commission and maintain the connected equipment easily 

5.  Shall allow multiple SPT sensors to be daisy-chained to one controller for temperature averaging or high/low select control 
6.  Shall have ability to mount on a standard 2” x 4” electrical box for easy installation

1.1.1.1.3 VAV Demand Controlled Ventilation

1.3  boofoo

A.  VAV zoning system . The zoning system shall be compatible with variable air volume air source and consist of configurable, multiple communicating VAV Air Terminal Controllers. The system shall also include a complete array of input and output devices. The system shall provide full control of HVAC heating and cooling equipment in a multiple zone application. The zoning system shall be capable of operating as a stand-alone system or networked with multiple systems to communicating air source controllers. 

1.  Zone control. Each zone shall be capable of monitoring space conditions and providing the correct amount of conditioned air to satisfy the space load. Each zone shall be capable of the following:

a.  Space temperatures control. To maintain individual heating and cooling set points.

b.  Relative Humidity/Air Quality (DCV). Each zone shall be capable of maintaining space relative humidity set point or air quality set point (zone level demand control ventilation) as defined in ASHRAE 62-1989 (including Addendum 62a-1990).

c.  Demand coordination. Each zone shall be capable of zone demand data coordination with other zones in the system.  

2.  Static pressure rest control. 

The static pressure reset function of the zone system shall automatically reset the central air source's supply-fan static pressure set point (downward) as a function of the zone damper position. This allows the system to automatically make adjustments to the static pressure and optimize performance of the central air source fan. The maximum pressure is determined by the set point configured at the equipment control. The minimum value is determined by the maximum value configured.

3.  Air source control. Shall control all associated air source equipment functions, and be capable of stand-alone or networked operation. The resident algorithms shall use error reduction logic as designated in ASHRAE standard 90.1 to provide temperature control and lower energy usage. The Air source shall be capable of zone demand data coordination with the associated zones. 

4.  System Terminal Modes. Each air terminal mode shall be based on the current air source mode, terminal type, space temperature, and the current temperature set points. 

a.  Off: 

No active control of temperature or CFM in the zone

b.  Cooling:

When the fan is determined to be on, the linkage master zone controller reads the primary air temperature value. If the temperature is less than the average occupied zone temperature, as calculated by the linkage master zone controller, minus 2 degrees F, the mode is determined to be cooling.

c.  Night Time Free Cooling (NTFC):

The following conditions must be present for free cooling mode:

1)  The fan is determined to be on by the linkage master zone controller

2)  The average zone temperature value is greater than the average unoccupied zone cooling temperature set point, as determined by the master zone controller

3)  The current time is between 3:00 AM and 7:00 AM

4)  The equipment is providing cooling to the system

5)  If the above conditions are true, then the mode is determined to be NTFC. This mode is then communicated to all the zone controllers in the system associated.

d.  Vent:

Temperature requirement of the zone is satisfied. Minimum cooling CFM or damper position is maintained

e.  Heat:  

The zone controller will modulate the primary air damper to maintain the minimum heating CFM, unless the system is configured for VAV Central Heating. If a zone controller is configured for VAV heating, the zone controller will modulate the primary air damper between the minimum and maximum Heating CFM positions

f.  Pressurization: 

The system will bring in as much outside air as possible in order to pressurize the area. This mode is used for smoke control and prevents smoke from entering into an area that is adjacent to an area of smoke. Each zone controller will modulate its damper to provide maximum cooling airflow into the space. If the terminal contains a series fan, the fan will be turned on. If the terminal contains a parallel fan it will be turned off. If the terminal contains auxiliary heat, the heating will be controlled so as to maintain the current heating set point. 

g.  Evacuation:

During the Evacuation mode all terminal fans shall be disabled and all dampers shall close.

5.  Air source interface. The zoning system shall be capable of zone demand data coordination with a communicating air source. Setpoints and zone temperature information from the zones shall be shared with the air source controller so that the air source controller's error reduction calculations can determine the proper amount of heating or cooling in order to satisfy the system load.

a.  The zoning system shall have the capability of linking up to 128 zones to a single air source and determining system heating and cooling requirements.

b.  The zoning system shall be capable of providing a communication check of all associated controls and display device type as well as error conditions.

c.  The zoning system shall coordinate and exchange the flowing data as minimum: 

1)  Average zone temperature

2)  Average occupied zone temperature

3)  Average occupied and unoccupied heat/cool set points

4)  Occupancy status

5)  Damper position

6)  RH and CO2 values (if applicable)

d.  Space temperature and space temperature set points for use by the air source controller shall include a weighted factor, proportional to the size of the zone. 

e.  Only those zones with valid temperature readings shall be included.

f.  The zoning system shall provide periodic updates to the air source. 

g.  The zoning system shall obtain and support the following air source modes as a minimum: 

1)  Off

2)  Warm-up

3)  Cooling

4)  Heating

5)  Night Time Free Cooling

6)  Ventilation

7)  Pressurization

8)  Evacuation

h.  The air source controller shall, through the Air Distribution System, bias its occupancy time schedules to provide optimization routines and occupant override.

1)  For those zoning systems that do not include inherent air source interface capacity, each zone shall independently determine the operational mode of the equipment through its associated duct temperature sensor mounted in the supply ductwork. If there is air source controller, then the system will assumed to be always On.

6.  Energy Conservation. 

a.  Load balancing from error reduction calculations that optimize staging.

b.  The locking out of mechanical heating or cooling modes based on configurable outside air temperature limits.

c.  Staggered start. The system shall intelligently start all equipment in a stagger start manner after a transition from unoccupied to occupied modes as well as power failure to reduce high peak power consumption on start-up.

d.  Peak Demand Limiting. Controllers in the system shall have the capability of being overridden by separate heating and cooling Peak Demand Limiting signals. Option/General purpose controller existing on the communications bus shall be able to send a demand limiting broadcast to reduce overall energy consumption and control on and off peak time kW usage

e.  Temperature compensated start. The VAV Air Terminal Controller shall be capable of supporting temperature compensated start with the air source. Prior to occupancy the VAV Air Terminal Controllers and Air Source shall work together to provide zone-by-zone temperature compensated conditioning. The air source will track the time required for recovery report the optimal start bias time to the zones prior to each occupied period so that the zone can start conditioning the space prior to occupancy.

7.  Abnormal Conditions. The proposed system shall include the ability to detect abnormal conditions, and to react to them automatically. A return to normal conditions shall also generate a return to normal notification and the system shall revert back to its original control scheme before the abnormal condition existed. The following abnormal terminal conditions shall automatically generate an alarm and the system shall take the following actions:

a.  If a space temperature sensor is determined by the VAV Air Terminal Controller to be invalid  the controller generates an alarm and disables all local heating or cooling. The controller modulates the damper to the minimum heat, minimum cool, or ventilation position based on the air source mode. Normal operation resumes when the controller detects a valid sensor value.

b.  If a relative humidity sensor is determined by the VAV Air Terminal Controller to be invalid, the VAV Air Terminal Controller shall generate an alarm. 

c.  If an indoor air quality sensor is determined by the VAV Air Terminal Controller to be invalid, the VAV Air Terminal Controller shall generate an alarm, and disable its IAQ algorithm.

d.  System level demand coordination. If an air source controller is participating in demand coordination with other zones and loses communication with the associated zones, it shall generate an alarm. Likewise, any zone detecting a communication failure, will generate an alarm.

e.  Zone level demand coordination. If the system looses communication with one of the zones associated with that system the zoning system shall remove that zone temperature from its weighted averages. The VAV Air Terminal Controller shall continue to operate in a stand-alone mode.

f.  If the zoning system if configured to interface with the air source for  zone demand data coordination and that communication is broken, each VAV Air Terminal Controller shall determine the equipment operating mode based on the temperature of the primary air. The air source will be assumed to be always on.

B.  Ventilation Sensors: Wall-Mounted Combination Sensors

Wall-mounted combination sensors shall contain a space temperature sensor and Carbon Dioxide (CO2) sensors in a single, decorative housing. The CO2 sensor shall use single-beam absorption infrared diffusion technology (non-dispersive infrared), and shall have integral programming to perform automatic baseline calibration without user interface. The recommended manual recalibration period shall not be less than five years. Other sensors features shall include:

1.  Operating conditions: 60 to 90ºF (15 to 32ºC), and 0 to 95% RH, non-condensing.

2.  Power supply: 18-30 VAC, 50/60 Hz [18-42 VDC polarity protected].

3.  CO2 sampling method: diffusion.

4.  CO2 sensor output: 4 to 20 ma or 0 to 10-Volt signal.

5.  CO2 measurement range: 0-2,000 PPM.

6.  Sensitivity: ±20 PPM.

7.  Accuracy: ±100 PPM at 60 to 90ºF (15 to 32ºC); and 760 mmHg.

8.  CO2 sensor calibration: single point calibration via push button and LED.

9.  Space temperature sensor: 10K-ohm ±2% at 77ºF (25ºC) thermistor with pushbutton override [and a temperature setpoint adjustment potentiometer].

10.  Combination sensors shall be provided with the manufacturer's recommended Carbon Dioxide calibration kit. The quantity shall be suitable to initially calibrate each project sensor.

C.  Ventilation Sensors: Wall-Mounted Carbon Dioxide Sensors

Carbon dioxide (CO2) sensors shall be manufactured in a decorative, wall-mounted housing. The CO2 sensor shall use single- or dual-beam absorption infrared diffusion technology (non-dispersive infrared), and shall have integral programming to perform automatic baseline calibration without user interface. The recommended manual recalibration period shall not be less than five years. Sensors shall be equipped with an LED display. Other features of wall-mounted Carbon Dioxide sensors shall include:

1.  Operating conditions: 60 to 90ºF (15 to 32ºC), and 0 to 95% RH, non-condensing

2.  Power supply: 18-30 VAC, 50/60 Hz half-wave rectified [18--42 VDC polarity protected]

3.  CO2 sampling method: diffusion or flow-through.

4.  CO2 sensor output: 4 to 20 ma or 0 to 10-volt signal.

5.  CO2 measurement range: 0-10,000 PPM.

6.  Setpoint: adjustable.

7.  Sensitivity: ±10 PPM.

8.  Accuracy: ±50 PPM (0-2000 PPM), ±5% of reading (2000-10,000 PPM).

9.  CO2 sensor calibration: single point calibration via push button and LED

10.  Relay contacts: normally open or normally closed, 2 amps at 24 vac.

11.  Carbon Dioxide sensors shall be provided with the manufacturer's recommended calibration kit. The quantity shall be suitable to initially calibrate each sensor provided for the project.

D.  Ventilation Sensors: Duct-Mounted Carbon Dioxide Sensors 

Carbon Dioxide (CO2) sensors for duct-mounted applications shall be identical to the wall-mounted sensors specified above except as described below.

1.  The CO2 sensor shall be mounted in an enclosed aspirator box that mounts directly to the duct.  The aspirator box shall be equipped with an induction tube to direct a side-stream of air from the duct through the CO2 sensor.  A hinged, clear access door shall be installed on the front of the aspirator box to permit access to the sensor and to permit viewing the sensor without opening the door.

2.  CO2 sensors for duct-mounted applications shall be designed for flow-through sampling.

E.  Controller Software

Demand Controlled Ventilation

1.  Zone Controllers

The following paragraphs describing DCV requirements for solid-state, microprocessor (direct digital) controllers, and should be inserted as supplements to the project controller specifications. They are not intended to describe the complete requirements for controllers.
a.  Each single-duct [fan-powered] zone controller shall be specifically designed to provide demand controlled ventilation (DCV) operation using a proportional-integral (PI) control loop. All DCV application software shall be resident in the zone controller's memory and shall be factory-tested and factory-configured. The zone controller shall be capable of stand-alone operation and shall execute the DCV control functions without being dependent on a network system, additional hardware, or intermediate controllers.

b.  Zone controllers shall be capable of being added to a system network without additional hardware.  They shall be designed for connection to other zone controllers and to a common system controller to perform DCV control functions as part of an integral ventilation system.

c.  Zone controllers shall be designed to interface directly with the specified CO2 sensors.

d.  Zone controllers shall be capable of maintaining a ventilation setpoint through a DCV algorithm in conjunction with system controller to fulfill the requirements of ASHRAE standard, 62-1989 "Ventilation For Acceptable Indoor Air Quality" (including Addendum 62a-1990). The algorithm shall also be capable of modulating the terminal unit heating to maintain the space temperature between the heating and cooling setpoints. For terminal units without supplementary heating, the zone controller DCV algorithm shall have a primary airflow limit to protect the zone from overcooling.

e.  DCV control sequences shall be as specified herein [or as indicated on the drawings].

2.  System Controllers:

a.  System controllers shall be specifically designed to provide demand-controlled ventilation (DCV) operation using a proportional-integral (PI) control loop.  All DCV application software shall be resident in the system controller's memory and shall be factory-tested and factory-configured. The system controller shall be capable of stand-alone operation and shall execute the DCV control functions with out being dependent on a network system, additional hardware, or intermediate controllers.

b.  The system controller shall be designed for connection to zone controllers to perform DCV control functions as part of an integral ventilation system.

c.  The system controller shall be designed to interface directly with the specified CO2 sensors

d.  The system controller shall be capable of maintaining a ventilation setpoint through a DCV algorithm in conjunction with zone controllers to fulfill the requirements of ASHRAE standard, 62-1989 "Ventilation For Acceptable Indoor Air Quality" (including Addendum 62a-1990).

e.  DCV control sequences shall be as specified herein [or as indicated on the drawings].

3.  Unit (Product Integrated) Controllers

a.  The unit controller shall be a solid-state microprocessor controller using direct digital control and software specifically designed to provide demand controlled ventilation (DCV) functions. The controller shall be factory-installed and wired within the unit, and shall be furnished complete with all application software to perform DCV functions.  The unit controller shall be pre-configured and pre-tested for DCV operation

b.  The controller shall maintain an adjustable CO2 setpoint by control of the mixed-air damper position. The unit controller shall also have the ability to limit the maximum amount of outdoor air during DCV operation, and modulate heating to maintain a minimum supply air temperature.

c.  The unit controller shall be designed to interface directly with the specified CO2 sensors.

d.  DCV control sequences shall be as specified herein [or as indicated on the drawings].

1.1.1.1.4 VAV Demand Limit

1.4  boofoo

A.  Demand Limiting. 

1.  System shall monitor building power consumption from building power meter pulse generator signals or from building feeder line watt transducer or current transformer.

2.  When power consumption exceeds adjustable levels, system shall automatically adjust set points, de-energize low-priority equipment, and take other programmatic actions to reduce demand as specified in Sequence of Operations for HVAC Controls. When demand drops below adjustable levels, system shall restore loads as specified.

3.  The controller shall be capable of providing separate heating and cooling demand control utilizing two independent demand inputs.

2.0 Sequences of Operation

2.1 Sequence of Operation for 
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