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The programmatic specification for installation of the Premium Ventilation measures on stand-alone RTUs
is included in the following Appendix. The programmatic specification includes the revised Sequence of
Operation (see Appendix B for the original).

Premium Ventilation Functional Analysis Appendix A
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Premium Ventilation Upgrade 3

Program Measure Descriptions

The retrofit modifications described in this specification offer building owners a strategy to reduce HVAC system
energy. These modifications comprise of three alternative energy conservation measures that result in a
refurbishment of a unitary air conditioner system outside-air economizer and the incorporation of demand
controlled ventilation (DCV). For application to constant volume single zone rooftop units (RTUs). Once the
economizer is upgraded, the building owner may choose to implement one of the following three Energy
Conservation Measures (ECMs) to incorporate DCV into their HVAC system:

ECM 1: Standard Demand Controlled Ventilation (Standard DCV)

A DCV system adjusts the amount of outside air to match the actual building occupancy. This measure includes
installation of a controller and CO, sensor to adjust the ventilation rate to match the actual requirements. The
sensor shall be integrated into the HVAC system controls to reset the minimum damper position to meet a CO,
target setpoint. Implementation of this measure requires that economizers be refurbished and controls optimized.
Economizers deliver cool air when there is a cooling load inside the building, reducing mechanical, compressor-
driven cooling. Field studies have shown that most economizers are not functional or optimized.

ECM 2: Demand Controlled Ventilation with Fan Cycling (DCV with Fan Cycling)

Building on ECM 1, this measure requires a CO2 sensor and configures controls to adjust the ventilation rate to
match the actual requirements. In this ECM, the controls will also cycle the fan to maintain the average CO, level.
Fan operation only occurs as needed to maintain average ventilation and thermal setpoints.

ECM 3. Demand Controlled Ventilation with Fan VSD (DCV w/ Fan VSD)

This measure also builds on ECM 1 and adds a variable speed drive to the fan motor to provide multiple speed
control of the supply fan. The fan runs continuously during occupied hours, moving to high speed when heating
or cooling is needed.

ECM 4: Premium Ventilation with Fan Cycling (Prem Vent with Fan Cycling)

Building on ECM 2, this measure includes fan control and demand controlled ventilation. In this ECM, the
controls will also provide for: Occupied Mode Deadband; Setpoint limits, lockouts, and user interface; Limited
Setpoint override; Robust Optimum Start; and Unoccupied Ventilation Fan and Temperature Control. In addition,
premium ventilation controls may include optional strategies such as optimum stop, night flush and occupancy
sensor standby.

ECM 5: Premium Ventilation with Fan VSD (Prem Vent w/ Fan VSD)

Building on ECM 3, this measure includes fan control and demand controlled ventilation. In this ECM, the
controls will also provide for: Occupied Mode Deadband; Setpoint limits, lockouts, and user interface; Limited
Setpoint override; Robust Optimum Start; and Unoccupied Ventilation Fan and Temperature Control. In addition,
premium ventilation controls may include optional strategies such as optimum stop, night flush and occupancy
sensor standby.

General Program Requirements

1. These specifications are intended to meet or exceed applicable existing codes and regulations. Codes
and regulations, however, are updated periodically and are also subject to change through the code
processes at State and local jurisdictions. Therefore, the specifications, codes, and regulations shall
apply as follows:

a. HVAC Measures shall be installed in accordance with these specifications, all applicable State
and local codes, and Federal regulations, and the most recent versions of the International Codes
and the National Electric Code;

b. Where State or local code and specification requirements are in conflict, the most stringent of the
requirements shall apply. When State or local codes are less restrictive, Bonneville may approve

RTU Premium Ventilation Proof Of Concept A-3 Appendix A
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their use in lieu of these specifications. Such approval must be requested in writing by the Utility
and approved in writing by Bonneville prior to installation of the Measure; and

C. In cases where a specific application is not addressed in the specification, codes, or regulations,
the Ultility shall determine the appropriate action consistent with the codes and these
specifications. Ultility decisions in these instances shall be thoroughly documented in the Project
file.

2. Definitions — For purposes of this specification, the following definitions apply. All other applicable
definitions can be found in the main body of this Agreement.

a. Code. The most recent edition of the International Codes written by the International Conference
of Building Officials (ICBO) including the International Building Code (IBC), the International
Mechanical Code (IMC), International Plumbing Code (IPC), International Fire Code (IFC),
International Energy Conservation Code (IECC), and other associated codes and the National
Electric Code (NEC) written by the National Fire Protection Association (NFPA) and associated
codes.

3. The Utility shall be responsible for determining HVAC Measures eligible to be installed in each Building
per this specification.

4. All HVAC Measures shall be completed in a manner that will provide a safe, permanent, effective, and
Workmanlike installation.

5. The Utility shall maintain a copy of an Installer certificate containing the following information where
measures are installed:
a. address of the Building;
b date of Installation;
C. name and Address of Installer;
d. the cooling capacity of the existing RTUs;
e The measure installed for each RTU (including controller product name and model)
installed by the Installer;
Acceptance testing results; and
g. savings analysis inputs and results.

—h

General Construction Requirements

Meetings & General
e Attend a pre-construction project walk-through with owner representative.
e Attend project meetings as scheduled by owner.
e Provide walk-through demonstration of operation for site operation staff and interested parties.

Submittals
e Specification sheets for all items listed under products, with clear indication of model selected and any
options.

e Sequence of operation, including existing sequences to coordinate with new sequences. Develop a
comprehensive combined sequence incorporating new control modes into existing sequence of operation.

e Final sequence of operation including any changes during construction or acceptance testing.
e Certification of control system integrator qualifications and training
e Provide any required documentation to incenting utility for their energy saving rebate programs.
e Acceptance testing report forms with simplified flow testing and DCV setup for each unit.
e Maintenance and Warranty Manual in a loose leaf binder with information:
0 Product and maintenance information for installed products
o Final sequence of operation
Premium Ventilation Upgrade 4 Energy for Change™ " :E
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0 Acceptance testing reports for each unit
o Final building permit, if required
0 Warranty and contractor contact information

Permits and Warranty

e Secure any necessary or required building permits before commencing work and coordinate inspections
with building department.

e Provide one year labor & material warranty on installed components. Control materials, products and
labor shall be warranted by the Installer against failure due to manufacturing and installation defects for a
period of at least 2 years, from the installation date. The Installer shall provide a written warranty, with
the installation date, to the Owner or Owner Designee. Manufacturers' written warranties may be used by
Installers to satisfy a part of this requirement where appropriate.

. - E for Ch
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Scope of Work for Base Bid

Provide control measures indicated on units listed in table below. The first line is filled out as an example.

Customer Utility Account #
Contact Phone emalil
Work Location (Street Address)
Unit Unit Manufact- | Heating | ECM # Comments
Tag Cooling | urer Source
Capacity (HP/
(Tons) Gas)
RTU-1 5 Trane Gas 4 Add Economizer
(example)

Additional Requirements:

Include Network Gateway, network wiring, Internet connection and software:
Include occupancy sensors for standby vacancy setback:

Include night flush control for pre-cooling:

Include humidity sensors for high humidity economizer lockout:
[0 OSA comparative drybulb O Combined enthalpy and drybulb

Economizer high limit lockout type:

Premium Ventilation Upgrade

RTU Premium Ventilation Proof Of Concept

O yes
O yes
O yes
O yes

O no
O no
O no
O no
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ECM 1: Standard Demand Controlled Ventilation

This measure includes a CO, sensor that controls the minimum ventilation setpoint. The sensor shall be
integrated into the existing control system and reset the minimum damper setpoint to maintain a CO, level
according to the sequence of operation. Complete the following for the selected unitary air conditioners:

e Provide RTU controls by either:

0 Replace the existing RTU economizer controls with a digital economizer control that is DCV
capable, or

0 Replace thermostat and economizer controllers with local integrated direct digital controllers and
space interface, including wiring as required.

e Provide and Install one CO, sensor in space served or in each unit return air duct (return air duct location
allowed only outside of California). Wire the sensor to the new economizer or integrated controller.

e Where required, replace the economizer damper motors with motors using 2-10VDC input.

e Acceptance testing with simplified airflow verification and setting of the area and full ventilation air damper
positions to verify total airflow, outside airflow at area setting, and outside airflow at full ventilation.

e Refurbish the economizer damper operators and blades as needed for smooth operation and replace any
missing or damaged damper edge seals. If closed outside damper leakage exceeds 20% during
acceptance testing, install closed cell foam insulation on all damper edges.

e Check out and acceptance test unit sequence per acceptance testing protocol in BPA DCV Application
Guide. Test all units and review test results with building representative. Control system integrator shall
provide support as required to cycle unit modes during acceptance testing.

ECM 2: Demand Controlled Ventilation with Fan Cycling
This measure includes the same work that would be completed for ECM 1 with the addition of programming to
provide ventilation fan cycling. This additional work includes:

e Replace thermostat and economizer controllers with local direct digital controllers.

e Program the controllers to manage the fan cycling sequence.

ECM 3: Demand Controlled Ventilation with Fan VSD
This measure includes the same work that would be completed for ECM 1 with the addition of a variable speed
drive (VSD) on the fan motor and associated control sequence programming. This additional work includes:
¢ Installation of a VSD on the fan motor and either
0 A speed controller wired from the VSD to the existing control system, or
0 Replace thermostat and economizer controllers with local direct digital controllers programmed to
manage the VSD control sequence.

ECM 4: Premium Ventilation with Fan Cycling
This measure includes the same work that would be completed for ECM 2 with the addition of programming to
provide a Premium Ventilation Package of strategies, including:
e Occupied Mode Deadband: a deadband between mechanical cooling and heating of 5°F is maintained.
e Setpoint limits for cooling and heating, lockout of user override of fan control, and improved user
interface;
e Limited Setpoint override only allows override for up to 2 or 3 hours with no “hold” option;
e Robust Optimum Start integrates outside air temperature into the start time algorithm and ramps up
setpoint during the warm-up period.
e Unoccupied Ventilation Fan and Temperature Control locks out ventilation when unoccupied except for
economizer or night flush.
In addition, premium ventilation controls may include optional strategies such as
e Optimum stop relaxes temperature setpoints during the last 30 to 60 minutes of occupancy.
e Night flush precools the space with outside air during warm season conditions along with a lowered
occupied heating setpoint and is appropriate for spaces with moderate to high internal loads.
e Occupancy sensor standby relaxes temperature setpoints and reduces ventilation when the space is
vacant during the occupied scheduled period and is appropriate for spaces with periods of vacancy such
as meeting rooms, class rooms, and conference rooms.

. - E for Ch
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ECM 5: Premium Ventilation with Fan VSD

This measure is identical to ECM 4, with the exception that a Fan VSD is used rather than fan cycling. So the

sequences would be based on ECM 3 with the additional control sequences listed in ECM 4.

(All Measures) Temperature & Humidity Sensors

Outside air temperature and humidity points shall be refurbished as follows or provided unless existing points

meet these requirements:

e Provide sensors required for economizer high limit to be differential or comparative dry-bulb control to

allow integrated operation.

Product Specifications

Discharge air sensors shall meet sensor requirements.

Space sensor or interface sensors shall meet sensor requirements.
Optional space humidity sensors shall meet sensor requirements.
Optional occupancy sensors shall meet sensor requirements.

All products provided and installed at site shall be suitable for purpose and meet all applicable codes and
standards. All products, wiring, power supplies, and accessories required for a complete and operating system
shall be provided under this contract. Contractor is responsible for verifying compatibility of products provided

with other provided products and existing products and systems.

General Material Requirements

1. The Utility or Bonneville reserves the right to identify and disapprove for use any weatherization product

at any time when it deems the product not satisfactory.

2. Where written acceptance of materials, components, or products is required, the intent is that, unless
otherwise stated in the specification or the acceptance, once it is accepted by a Utility or Bonneville for
one installation, the material, component, or product shall be acceptable for all other similar installations

without resubmittal to the Utility or Bonneville except as noted in item 1 above.

3. All materials shall be resistant to corrosion, degradation from ultraviolet light, and be compatible with
other elements and materials (will not react chemically, etc.) so as to enhance long life expectancy of

installed Measures.

4. Materials damaged in shipment or in assembly shall not be used.

General Sensor Requirements

A. All sensing inputs shall be provided industry standard signals compatible with existing control systems.
B. Temperatures, humidities, differential pressure signals, and all other signal inputs shall be one of the

following types:

1) 0-20mA

2) 4-20mA

3) 0-5VvVDC

4) 0-10VDC

5) 1000 ohm RTDs

6) 1,000 — 10,000 ohm thermistors

C. All signal inputs shall be compatible with the controllers used and with the requirement for readout of

variables as specified.

D. If sensors are not linear, then software will adjust sensor output to be linear.

E. Minimum sensor accuracy (as compared to a test standard) and range are listed in the following Table.

All accuracy values should be combined effect numbers taking into account thermal drift,

interchangeability, hysteresis, etc.

Premium Ventilation Upgrade
RTU Premium Ventilation Proof Of Concept
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Sensor Type Range (Scale) Min. Accuracy Max. Resolution Increment*

Duct/Air Handling

Unit Temperature 40 - 130°F + 0.5 Degree F 0.2 Degree F
Room Temperature 50 — 85°F + 1 Degree F 0.2 Degree F
Outside Air Temperature - 20to 120°F + 0.5 Degree F 0.5 Degree F
Humidity 0to 100% RH +5% RH 0.5 %RH
CO, sensors 0 to 2,000 PPM + 5% full scale 20 PPM

+ 75 ppm in Calif.

Sensors shall not drift more than 1% of full scale per year.
*Maximum resolution increment includes combined effect of sensor, analog to digital converter, and system
programming.

Carbon Dioxide Sensors

moow»

F.
G.

Sensor output shall be proportional and linear over the specified range.

The transmitter shall be capable of operating from an unregulated 18-30 VDC or VAC power supply.
Sensors shall be field adjustable.

Self-calibrating sensors are required.

Insulation shall be installed between the sensor and open conduit to eliminate false CO, readings due to
drafts.

Sensor may be integral to the controller.

When installing, verify that sensor and controller signal type and range settings match.

Humidity Sensor

A.
B.

C.
D.

E.
F.

The transmitter shall be a two wire type and provide a proportional signal over the 0-100 % range.

The transmitter shall be capable of operating from an unregulated 18-30 VDC power supply. Subjecting
the sensing element to direct contact with moisture shall not damage the sensing element.

Space humidity sensors may be integral to the controller.

Sensors for mounting on insulated ducts or casings are to be equipped with brackets for mounting clear
of the isolation.

Outside sensor enclosure shall be weatherproof and complete with PVC sun shield.

Locate adjacent to existing site outside air sensor.

Outside Air Temperature Sensor

A.
B.

B.

Sensor shall be compatible with controller it is connected to.

Mount the sensor in one of the following locations:

e Atthe same elevation and just outside the outside air intake hood; Outside sensor enclosure shall be
weatherproof and complete with PVC sun shield..

e Alternatively locate inside hood with foam insulation between sensor and hood..

Locate to avoid exhaust air, relief air, condenser exhaust, and other heat sources.

Discharge Air Temperature Sensor

A.
B.

Sensor shall be compatible with controller it is connected to.

Mount the sensor in one of the following locations:

e Near fan inlet where air stream will be turbulent

e In supply air duct, at least 12 inches downstream from furnace outlet at least 6” from ductwork side in
discharge air stream. This location required for Variable Speed Drive options.

Return Air Temperature Sensor

A. Sensor shall be compatible with controller it is connected to.
B. This sensor is optional for integrated controllers that can use a differential between space temperature

and outside temperature for economizer lockout control.
C. Mount the sensor in one of the following locations:

e Near the space inside the return air grille

e Inreturn air duct, at least 36 inches upstream from inlet to the RTU mixed air chamber at least 6”

from ductwork side in discharge air stream.
Premium Ventilation Upgrade 9 Energy for Change™
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Occupancy Sensor

A. Sensor shall provide coverage of at least 75% of the area served by the RTU. Where there are multiple
rooms served or a larger area than sensor coverage, use additional sensors wired in parallel or use a
dual technology sensor.

B. A sensor with a 24VAC power supply is recommended to avoid the need for power wiring or relays.

C. This sensor is optional for standard and fan control DCV and recommended as a premium ventilation item
for spaces that have intermittent occupancy and are unoccupied more than 2 hours a day during the
occupied period.

D. Coordinate the time delay off setting in the sensor with the time delay that may be included in the
program. Target a total of 15 to 30 minutes. For an advanced programmable thermostat (like the T7351)
the full time is set in the sensor. For an integrated controller, a short time (30-90 seconds) is usually set
in the sensor with the full time delay programmed in the controller.

E. If adry contact on an occupancy sensor used for lighting control is used, make sure that the lighting
strategy is not occupancy sensor for off and manual switch for on. The signal for ventilation needs to be
provided whenever the room is occupied, even if the lights have been left off or turned off.

Wiring

A Input/Output Wiring: Wiring serving inputs and outputs from the BAS shall be cables consisting of single
or multiple twisted individually shielded pairs for communication lines. Where recommended by controls
manufacturer, each pair shall have an independent shield with drain wire. Sensor wires can be
unshielded twisted pairs. Cables installed without conduit shall be plenum rated and comply with NEC
article 725. Where automation input/output wiring is run in cable tray furnish and install conductors or
multi-conductor cable rated for use in cable trays per NEC articles 340 and/or 725. Where wiring must be
exposed to interior spaces, provide and install surface wire mold in routing as approved by owner’s
representative.

B Any power wiring (not class 2) shall be installed in conformance with requirements of the National
Electrical Code.

Replacement Damper Motor

Where damper motor is not operable or not compatible with new controls, replace with new and compatible units.
Match torque and configuration as required and match control signal from new controls. A 2-12VDC control input
motor is preferred.

Variable Speed Drive
A. Install VSD (Variable Speed Drive) that slows the supply fan motor speed (RPM) and reduces the motor
power draw on supply air fan.
e |Ifthe VSD is a Variable Frequency Drive (VFD), it must meet ANSI/IEEE 510 and NEMA ICS7
standards.
e VFD suitable for variable torque applications.
e VSD has 0-10 VDC input for speed control
e VSD has fan start stop input accepting 24VAC signal or has 24VDC source for relay dry contact
(provide relay interface with fan start signal)

B. Remove or set at fully open position all air flow throttling devices, such as inlet vanes, discharge
dampers, etc. in the HVAC system.

Local Integrated Programmable Controllers

The control equipment is intended to replace an individual packaged unit electromechanical or programmable
thermostat. There are two possible configurations:

1. Single combined thermostat and custom programmable unit controller with all sensor and control
wiring connected to the main control unit in the space.

2. Separate space sensor and interface unit with rooftop custom programmable unit controller with
all sensor and control wiring connected to the rooftop control unit. Depending on the product

. - E for Ch
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OAt

used, the CO2 and optional occupancy sensors may be separate from the space sensor and
interface unit.

Control Configuration 1 Control Configuration 2

Controller(s)
| RTU Citrl
Econo RTU Citrl; DAt Econo RGWYO DA l

Dmpr RGWYO OAt l Dmpr |—
‘ E

Interface @

o2 Set/Sch Controller 5
cc
Occ HMI

Local Integrated Programmable Controllers shall have the following specifications

Custom programmable and programmed with attached sequence of operation

User interface to allow change of setpoints, schedule, and system mode.

Analog Input (Al) suitable for 0-10 volt CO, sensor with 0.1 VDC resolution.

Analog Ouput (AO) suitable for 2-10 volt damper motor with 0.1 VDC resolution.

Binary Ouput (BO) suitable for control of typical RTU HVAC relays (24 VAC, 20-250mA coils).

Accessible through RS-485 port or Ethernet port for commissioning and program uploading.

Optional network connectable to optional gateway BACnet compatible (BACnet MS/TP LAN up to 76.8 Kbps)
for internet communications.

Battery backup (5 years nominal) and real time clock

Economizer Controller Upgrade
For most installations, a minimum requirement is to upgrade the economizer controller with one that is DCV
compatible. Such economizer controller shall have the following specifications:

Econo
Controller
Econo RTU Cirl
Dmpr RGWYO
Occ
@ Advanced
Thermostat
Premium Ventilation Upgrade Energy for Change™
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Digital input and display of all settings and operating parameters.

Capability of dry-bulb differential control (sensors in both outside air and return air location)
Capability of DCV control with CO, sensor input and settings for area and full ventilation.
Capability of interface to thermostat schedule signal to limit ventilation during warm-up period

Control Configuration 3 (Standard)




Advanced Thermostat Upgrade

In conjunction with upgrading the economizer controller, an improved thermostat can provide better user interface

and improved control. Such advanced thermostat shall have the following specifications:
e Seven-day independent schedules and up to 10 holidays.
Occupancy sensor input with standby temperature setting.
Fan on during occupied, intermittent during unoccupied.
Optimum start with separate ramps for heat pump heat and resistance heat.
Relay output to economizer for occupied period ventilation; integrated with occupancy sensor.
Time limit on setpoint override, 2 hours, or user setable to 2 hours.
No “hold” button (freezes current setpoints), only temporary setpoint override.

Premium Ventilation Upgrade
RTU Premium Ventilation Proof Of Concept
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Ventilation Setpoints

During setup and acceptance testing, fill out the following table to map out the range of OSA setpoints at various
occupancy levels. The acceptance testing tool in the BPA DCV Application Guide for Unitary HVAC can be used
to calculate the required fields. The first line is filled out as an example. Verify total unit airflow using acceptance

test.
Unit Tag Estimated | Zone Use Typ OSA | OSA | OSA% | OSA% | Full
Unit CFM* | (Occupancy Peak area full area | full ** | CO,
Category) People | CFM | CFM ek ppm
AQset
RTU-1 4000 Auditorium 148 130 870 3.3% 22% 1500
(example)

*Airflow estimated based on specification. Verify proper fan operation, and notify building representative if airflow
is significantly low.

CO, setpoints: operate at "OSA area CFM" at or below 450 PPM CO,

Increase OSA proportionally to "OSA full CFM" as CO, increases to full CO, setpoint (1500 PPM for example)

*** QSA% represents percent outside air and NOT damper position as smaller damper open positions provide
greater proportional ventilation. Percentages are based on nominal airflow shown and shall be adjusted based on
measured unit CFM to provide the scheduled area and full ventilation CFM.

. - E for Ch
Premium Ventilation Upgrade 13 nergy for Change
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Suggested Sequence of Operation

The following sequence of operation relates only to specific upgrades. The existing sequence of operation for
temperature, equipment, and schedule control will remain in place and be documented as a part of this contract.
Once the existing sequence is documented, the sequence upgrades listed here shall be integrated into a
comprehensive and functional sequence by the control integrator. Where necessary adapt suggested sequence
to existing sequence and local conditions and requirements to ensure proper control.

All existing physical and virtual points may not be included in the points/control objects table below. Point tags
from the control object tables are referenced with boldface in the sequence, sometimes followed by a default
value in parentheses, for example “... by OAmaxPos (40%) using ...”

Note: The schematic shown has connections for a heat pump. Connections for standard gas heat RTUs is
similar.

. - E for Ch
Premium Ventilation Upgrade 14 nergy for Change
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Typical RTU Control Schematic

Premium Ventilation Upgrade 15
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Control System Object List - Physical Points

Tag Point Name Measure Units Type Low High | Comment
Range | Range

OAT Outside Air Temperature DB Temperature | deg F Al -20 120

DAT Discharge Air Temperature DB Temperature | deg F Al 40 200

RAT Space or return Air DB Temperature | deg F Al 40 120 | This input may be virtual point

Temperature STavg

AQzone Air Quality - Carbon Dioxide CO, ppm Al 0 2500 | Typically 0-10 or 0-5 volts;

(AQ1, AQ2) concentration This input may be virtual point
AQzone.

OArh Outside Relative Humidity Relative Humidity | % RH Al 0 100 Locate adjacent to relocated
site outside air sensor

EconPos Economizer damper Position contact 24 VAC BO For damper motor requiring
2-10vDC AO

EconOpen Economizer damper open contact 24 VAC BO For 3-wire damper motor
requiring 24V BO

EconClose Economizer damper close contact 24 VAC BO For 3-wire damper motor
requiring 24V BO

FanStat Fan status CT Fan Current amps Al Optional

Shaded points are existing Al Analogue Input AO Analogue Output
Bl Binary or Digital Input BO Binary or Digital Output

Control System Object List - Virtual Parameters ?

Tag Point Name Default | Units Type Set by Low High | Comment
User3/ Limit | Limit
Program
STavg; Average Space Temperature deg F A P Equal to RAT space or
return temperature
sensor
AQzone Zone Air Quality (COy) ppm A P When multiple CO,

sensors are used, the
highest concentration
from CO, Sensors

AQset Occupied Air Quality Setpoint 1000 ppm A u2 700 2000 | Setpoint for fully occupied
(COy) space

AQlast CO2 concentration before fan ppm A P CO2 concentration at the
stops time the fan stops

RTU Premium Ventilation Proof Of Concept A-16 Appendix A



Tag Point Name Default | Units Type Set by Low High | Comment
User3/ Limit | Limit
Program

OAareaPos Occupied % OA damper 0.02 fraction A u2 0 0.2 | damper position (not %
position for vacant space (1.0 air): Reflects floor area
= full open). For high speed component; may be zero
fan operation during heating if damper leakage
or cooling. provides adequate area

ventilation

OAfullPos Occupied % OA damper 0.15 fraction A U2 0.01 0.8 | damper position (not %
position for design occupied air): Reflects floor area +
space. For high speed fan people component
operation during heating or
cooling.

OAareaPosLo | Occupied % OA damper 0.04 fraction A u2 0 0.2 | damper position (not %
position for vacant space air): Reflects floor area
when fan running in low component; may be
speed slightly more than zero if

damper leakage provides
adequate area ventilation

OAfullPosLo Occupied % OA damper 0.20 fraction A u2 0.01 1 damper position (not %
position for design occupied air): Reflects floor area +
space when fan running in people component
low speed

OAmaxPos Occupied % OA damper 0.4 fraction A P 0 1 Upper limit of OA damper
maximum for ventilation position in ventilation

mode

OAmaxPosLo | Max OA damper position for 0.15 fraction A u2 0 1 Avoids under capacity for
ventilation when OA < 0°F heating in extreme cold

OAmaxPosCtr | Max OA damper position for 0.50 fraction A u2 0 1 Protects against
ventilation if OA 40°F -80°F uncalibrated CO, sensor

or error

OAmaxPosHi | Max OA damper position for 0.15 fraction A u2 0 1 Avoids under capacity for
ventilation when OA > 100°F cooling in extreme heat

OApurgePos Pre-purge OA damper 0 fraction A u2 0 30 Damper position to
position (CA: provide full air

0.05) requirement; set zero if

no purge is required,;
Typically same as
OAfullPos

RTU Premium Ventilation Proof Of Concept
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Tag Point Name Default | Units Type Set by Low High | Comment
User3/ Limit | Limit
Program
OArcvPos Occupied % OA damper fraction A P OAare 1 damper position (not %
position during recovery aPos air): Required for
ventilation ventilation recovery after
fan is off
OAhIT Ventilation High Temperature 80 deg F A U3 75 20 Max 100% ventilation
temperature
OAloT Ventilation Low Temperature 60 deg F A U3 50 70 Min 100% ventilation
temperature
OApos Current % OA damper fraction A P 0 1 Internally calculated
position variable
EconPos% Current economizer damper fraction A P 0.00 1.00 | Analog fraction; 1= 100%
position outside air
FanPost Post Purge time after 3 minutes A U3 1 5 Allows heat or cool to be
heat/cool extracted from
coil/furnace
FanVSD VSD installed No Logic B U2o
FanVSDspd VSD speed 95% fraction A P
FanMaxOff Maximum off time during 30 minutes A u3 15 90
occupied
FanJustOff Time fan has been off min A P the elapsed time in
minutes the supply fan
was off during the
occupied period since the
end of the last fan
operation or end of the
last standby period
FanRcvMin Time allowed for ventilation minutes A P Adjust recovery time
recovery after fan off period longer when OAT is low
to avoid comfort problems
FanRcvRatio The prescriptive ventilation minutes A P Adjust recovery time

needed as a fraction of the
rate ventilation air will be
delivered during the recovery
period

longer when OAT is low
to avoid comfort problems

RTU Premium Ventilation Proof Of Concept
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Tag

Point Name

Default

Units

Type

Set by
User3/
Program

Low
Limit

High
Limit

Comment

OccTimeOut

Unoccupied time to activate
standby

30

minutes

u2

120

If the time-out is set in the
occupancy sensor, this
time out should be set to
1.

CoolSPo

Occupied Cooling Setpoint

75

deg F

ul

60

90

CoolSPu

Unoccupied Cooling Setpoint

85

deg F

Ul

60

90

ShySPoffset

Standby Cooling & Heating
Setpoint Offset

deg F

u2

10

During standby mode,
heating setpoint lowered
by this much; cooling
setpoint raised by this
much; Preferably, user
may directly input
CooISPs & HeatSPs

CoolSPs

Standby Cooling Setpoint

77

deg F

U2o

35

80

Mech Cooling setpoint
during standby;
calculated based on
SbySPoffset and current
cooling setpoint; May be
calculated or user input

HeatSPs

Standby Heating Setpoint

68

deg F

U2o

35

80

Heating setpoint during
standby; calculated
based on SbySPoffset
and current cooling
setpoint; May be
calculated or user input

CoolSPc

Current Cooling Setpoint

75

deg F

35

90

Currently active cooling
setpoint depending on
modes

HeatSPc

Current Heating Setpoint

70

deg F

60

Heat
SPm

Currently active heating
setpoint depending on
modes

EconDif

Economizer differential below
cooling

deg F

u2

Economizer on below
CoolSP

Premium Ventilation Upgrade
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Tag Point Name Default | Units Type Set by Low High | Comment
User3/ Limit | Limit
Program
EconDATsp Economizer discharge 53 deg F A u2 45 60
setpoint
DATIlowSP Discharge Low Temperature 45 deg F A Ul 35 60
Setpoint
EconAct Economizer activation 5 deg F A u2 1 9 Economizer active at
differential OAT < STavg - EconAct
when fan would otherwise
be off
HeatSPo Occupied Heating Setpoint 68 deg F A Ul 35 80
HeatSPu Unoccupied Heating Setpoint 55 deg F A Ul 35 80
NFenable Night Flush is seasonally TIF B P Enabled when NF_OK
enabled and high temperature is
hit and low not hit and
Heat24 false
Heat24 Heat in last 24 hours T/IF B P Latches True whenever
heat is on; restored to
false after 24 hours of no
heat
NFstartOA NF enable above this OAT 75 deg F A U3 65 85
NFstopOA NF disable below this OAT 45 deg F A U3 35 50
CoolDif Cooling Differential 15 Deg F A U3 1 4 Mech Cooling off half this
value below setpoint
HeatDif Heating Differential 15 Deg F A U3 1 4 Heating off half this value
above setpoint
OptLead Optimum Start Lead Time 180 minutes A U4 60 300 | Minutes before occupied
start that normal (at
heating design OAT)
optimum start setpoint
adjustment begins
OptDur Optimum Start Duration minutes A P Minutes before occupied

start adjusted beyond

Premium Ventilation Upgrade
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Tag Point Name Default | Units Type Set by Low High | Comment
User3/ Limit | Limit
Program
normal when outside
heating or cooling design
OptStart Optimum Start Time Minutes A P Start time internally
/time calculated
OptStop Optimum Stop Lead Time 30 minutes A u2 0 90 Minutes before end of
occupied period that
setpoints will be relaxed
HeatDes Heating Design Temperature 20 deg F A uz2 -50 40 | Approx 99.6% local
heating design
temperature, deg F DB
(see ASHRAE
Fundamentals)
CoolDes Cooling Design Temperature 95 deg F A uz2 75 120 | Approx 0.4% local cooling
design temperature, deg
F DB (see ASHRAE
Fundamentals)
DxSplit =20 when compressor is on 20 deg F A P 0 25 Used in Econo Simple
and = 0 otherwise Predictive Algorithm
HeatSPmax Max Occupied Heating 72 deg F A uz2 35 80 HeatSPo cannot be set
Setpoint above this temperature
CoolSPmin Min Occupied Cooling 73 deg F A uz2 60 85 CoolSPo cannot be set
Setpoint below this temperature
DeadSP Minimum deadband between 5 deg F A u3 3 10
Cooling & Heating Setpoints
HeatLockOA Resistance heating lock out 38 deg F A U3 Resistance heating
locked out above this OA
temperature
CoolLockOA Cooling lockout 56 deg F A U3 Mechanical cooling
locked out below this OA
temperature
OvrTime Time setpoint override is 120 minutes A u2 30 240
active for
OvrUnoc Override allowed during TRUE Logical B uz2 Override function

scheduled unoccupied period

operates during
unoccupied period unless
false

Premium Ventilation Upgrade
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Tag Point Name Default | Units Type Set by Low High | Comment
User3/ Limit | Limit
Program
OvrBP Balance point for switch 60 deg F A U3 40 70 Used for single setpoint
between heating and cooling input user interfaces (May
setpoint use OAIoT if points are
limited)
OvrsSP User override setpoint 72 deg F A U 65 80 Used for single setpoint
input user
CoolStageDif | Cooling inter-stage 15 deg F A U3 1 4 Mech Cooling (Stage 2)
Differential on at CoolSPx +
Cool2Dif + half CoolDif
HeatStageDif | Heating Interstage Differential 2 deg F A U3 1 4 Heating (Stage 2) on at
HeatSPx - Heat2Dif - half
HeatDif
DR10Owvr Override allowed during FALSE | Logical B u2 Override function
demand response 1 period operates during demand
response only if true
DR20vr Override allowed during FALSE | Logical B u2 Override function
demand response 2 period operates during demand
response only if true
Notes: 1 Reserved

2 Not all virtual or parameter points are shown. Provide all points required for software operation.

3 User set items are distinguished: U user accessible; U1 low level lock, U2 contractor lock, U3 Expert lock
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Ventilation Control (ECM 1)

1. Outside damper position Econpos% (0-1.0 = 0-100%) shall be determined by following sequence and
output as EconPos (2-10 VDC) or with floating motor logic as EconOpen and EconClose. Damper
linkage shall be configured to operate return air damper and exhaust air damper (if powered) opposite to
outside air damper.

2. Ventilation Override Mode: When activated at the space user interface, a ventilation override mode shall
activate the fan for the next 30 minutes with the ventilation rate at OAfullPos.

3. Whenever the supply fan is de-energized the outside and exhaust air dampers shall be closed and the
return air damper shall be open, the heating and cooling systems shall be deactivated.

4. Ventilation during occupied periods: The room CO, sensor readings (AQ1, AQ2, etc.) shall be polled to
determine the highest reading AQzone. If there is only one sensor (AQ1), AQzone shall be its reading.

1. Normal ventilation. The damper shall be modulated between OAareaPos and OAfullPos as
follows with an increase above OAfullPos as described.

i. OAareaPos is the damper position required to provide the area outdoor air rate scheduled.
(Note that this represents the damper position, not the minimum outside air percentage. For
most RTUSs, the closed damper leakage will often provide the area ventilation rate.) The
outside air damper shall be at this position when AQzone is at or below 450 ppm.

ii. OAfullPos is the full damper position required to provide the combined people and area
outdoor rate. The outside air damper shall be at this position when AQzone is at AQset
(1500 ppm default, adjustable).

iii. When AQzone is between 450 and AQset ppm, the damper shall move proportionally
between OAareaPos and OAfullPos.

DCV Ventilation Sequence
Set Area & Full Positions based on OSA% measurements

40% | |=——OApos

30% 7\ OSA%
< OAareaPos
8 20% —— @400

10% - OAfullPos

@ AQset
0 i T T T
0% \ 4
0 500 1000 1500 2000
Space/Return CO2 PPM

iv. When AQzone exceeds AQset ppm, the damper shall increase proportionally above
OAfullPos limited by OAmaxPos using the same proportional gain as above.

v. To prevent “lack of capacity” conditions, the ventilation damper position shall always be
limited to no more than OAmaxPos as adjusted based on outside air temperature as shown
in the following figure and per this description;

a. Between 40°F and 80°F OSA, OAmaxPos shall be OAmaxPosCtr (50%,
adjustable by unit)

b. Between 40°F and 0°F OSA, OAmaxPos shall modulate proportionally
between OAmaxPosCtr and OAmaxPosLo (15%, adjustable by unit) and
remain at OAmaxPosLo below 0°F.

c. Between 80°F and 100°F OSA, OAmaxPos shall modulate proportionally
between OAmaxPosCtr and OAmaxPosHi (15%, adjustable by unit) and
remain at OAmaxPosHi above 100°F.

Note: while this strategy may result in brief periods of reduced ventilation during extreme
weather conditions; this is preferable to requiring manual reset of outside air minimums to
maintain comfort conditions, as this inevitably results in more prolonged periods of reduced
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ventilation when settings are not returned to proper automatic operation. For spaces with a
ventilation requirement below 30% OSA, the hours of reduced ventilation are very limited
and occur when outside temperatures are well outside the standard design conditions.

2. Economizer Ventilation. When economizer cooling is called for, the dampers shall maintain the
economizer setpoint, or the ventilation setpoint, whichever is greater.

3. Ventilation Purge Mode: When installed in California, purge mode shall be active for 60
minutes before scheduled occupancy. In purge mode, the fan shall be operational and the
ventilation rate at OAfullPos.

4, CO, Sensor Failure Mode: Should a CO, Sensor Failure be detected (voltage or mA input = 0)
then during occupied periods the fan shall be operational and the ventilation rate at OAfullPos.

4. Ventilation during unoccupied periods: Outside air dampers shall be closed, unless economizer cooling
or night flush is called for.

Extreme OAT Vent Limits
Typical MAT & DAT at 40% and limited with the MAX OA% shown

100.0

90.0 4 —a— MAT40%
o 80-0 — g : L —— MATmax
D . | N
L 700 / —eo— DAT40%
& 60.0 e a \p— —o— DATmax
© ' M
M AX% OA
(O] - 0,
© 40.0 40%
5 — rd AN <@
o 0, 0 o
2 30.0 / \ 30% 38
8 200 > \ 20% ¢ B
10.0 0% 3 &
0.0 : : : ‘ ‘ ‘ % =9
-20 0 20 40 60 80 100 120

Outside Air Temperature, deg F

Ventilation Control (ECM 2)
See Fan Cycling & Ventilation Control section.

Fan Cycling & Ventilation Control (ECM 2)

1. Ventilation: In conformance with ASHRAE Standard 62.1-2010 section 6.2.6.2, an average
ventilation rate may be maintained when the ventilation is interrupted by fan cycling. In the sequence
presented below, the ventilation is increased during a recovery cycle following any time the fan has
been off to provide an average ventilation rate. The room CO, sensor readings (AQ1, AQ2, etc.)
shall be polled to determine the highest reading AQzone. If there is only one sensor (AQ1), AQzone
shall be its reading. There shall be a normal ventilation mode during heating or cooling operation and
a ventilation recovery mode for a period after the fan has been off.

2. Ventilation Startup: If the ventilation pre purge setting (OApurgePos) is set to zero and occupancy is
sensed, during the 20 minutes immediately following the occupied start time, operate the supply fan
with the ventilation damper open to OArcvPos as calculated under ventilation recovery mode below.

3. Normal ventilation. Same as ECM 1 Ventilation.

4. Standby and unoccupied periods, the outside damper shall be closed and the fan off, except as
needed for heating or cooling operation. At the conclusion of heating or cooling operation, fan shall
operate for FanPost (3) minutes.

5.  When the supply fan is off unless in standby mode, a ventilation recovery mode with supply fan
operation shall be initiated for a variable length recovery period when any of the following occur:

a. AQzone exceeds ( AQset (1000 ppm, adjustable) + 200 ppm )
b. When fan has been off for FanMaxOff (30) minutes.
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Typical ventilation mode operation is shown below, demonstrating ASHRAE 62.1 compliance:

Fan Cycling Ventilation (cycles shown to meet ventilation only)

— Vent OA damper CO2 PPM as % of Full Design
=04 Design Occupancy 3.0 hr Avg OA % of prescriptive

160%

Allow ed maximum ventilation increases as Exceeds design

140% - OA approaches space temperature

120% % B :
100% . ‘
NNV
80% y

60% / /
40%

-4
20%
O% T T T T T T T T T T T T T T T
/8 & 0§ & & & & & g
% ) ,\? '\'7/ ,:/\/ N v 3] " %)

Note: Startup ventilation compliant with 62.1 users manual

) . o Fan operates 35.1% of time
is typically below prescriptive levels under CO2 sensor

Ventilation recovery mode: After the fan has been off and starts due to either a heating or cooling
call, off time limits, or high CO, concentration, the ventilation rate shall be increased to provide
average ventilation that matches the ASHRAE standard 62.1 ventilation rate for the prescriptive
method. Ventilation during this mode shall be limited to a maximum that is full damper opening when
outside air is temperate relative to space temperatures (typically between 65°F and 80°F) and ramps
down to the full ventilation setting at either heating or cooling design temperatures. Ventilation shall
operate for at least 5 minutes up to a time related to the ratio of the space CO2 concentration at the
end of the last fan operation period to the target and the allowed ventilation rate for this fan cycle.
Should there be a continued call for heating or cooling after the recovery period is complete,
ventilation shall return to “Normal Ventilation” mode. Specific algorithms follow that are suggested for
this sequence:
a. Whenever the supply fan stops,
i. Record the CO, concentration at the time the fan stops AQlast, ppm
ii. Begin atimer to record fan off period: FanJustOff in minutes; the elapsed time in
minutes the supply fan was off during the occupied period since the end of the last
fan operation or end of the last standby period.
b. Whenever the supply fan starts after an off period, except in standby mode, the ventilation
shall be shall be maintained at the following position OArcvPos:
i. If outside air is above cooling design (CoolDes) or below heating design (HeatDes)
the damper position shall be OAfullPos.
ii. If outside air is between OAloT (60°F) and OAhIT (80°F) the outside damper
position shall be 100% open.
iii. If outside air is between heating design (HeatDes) and OAIloT (60°F) the outside
damper position shall be proportionally between OAfullPos and 100% open.
iv. If outside air is between OAhIT (80°F) and cooling design (CoolDes) the outside
damper position shall be proportionally between 100% open and OAfullPos.
v. OAmaxPos upper limit does not apply during ventilation recovery mode.
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vi. If discharge air temperature (DAT) falls below DATIowSP (45F), then modulate
EconPos closed until DAT exceeds DATIowSP.

Ventilation Recovery Position as shown below

Outside Air Recovery Position for Fan Cycling
Typical MAT & DAT at 25% and limited with the MAX OA% shown
120.0 100%
\ T90% s MAT25
m 100.0 1 80%
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—<o— DATmax
2 60.0 P 50%
= CA ol At MAX%OA
® A - T 40%
g_ 40.0 / \ 1 30% (</()
£ > OAfullPos > 1200 O
— 20.0 X
T10%
0.0 ‘ ; ; ; ; ; 0% =
-20 0 20 40 60 80 100 120
Outside Air Temperature

7. Ventilation recovery time, the FanRcvMin minute recovery period:

a. Find: FanRcvRatio, the prescriptive ventilation needed as a fraction of the rate ventilation air
will be delivered during the recovery period, indicating the fan operation time needed relative
to fan off time

FanRcvRatio = (PeoplePortion * (AQlast - 450) / ( AQset - 450 )
+ 1-peoplePortion) * ( OAfullPos / OArcvPos )
Where:
PeoplePortion = (OA%full — OA%area) / OA%full
a. FanRcvMin =3 min + [(FanJustOff + 5) * FanRcvRatio]

b. Maintain ventilation damper at OArcvPos damper position with supply fan operating for
FanRcvMin minutes.

c. At conclusion of the FanRcvMin minute recovery period:

i. If there is a call for heating, cooling, or economizer requiring fan operation, restore to
normal ventilation operation.

ii. Stop supply fan unless AQzone exceeds ( AQset (1000 ppm) — 100 ppm ), in which
case operate fan with outside damper at OArcvPos determined above until AQzone
<= AQset.

8. Economizer Ventilation. When economizer cooling is called for, the dampers shall maintain the
economizer setpoint, or the ventilation setpoint, whichever is greater.

Ventilation Control (ECM 3)
Ventilation Control shall be as ECM 1 with the following variations:

1. Proportional method: When the VSD speed (FanVSDspd) is less than 90% during occupied periods, the
minimum damper position regardless of CO, sensor readout shall be increased as follows:

OAareaPos / FanVSDspd; example:
OAareaPos = 10%; FanVSDspd = 70%: Minimum damper position = 10%/70% = 14.3%

2. Hi/Lo method: When fan is operating at low speed during idle (no heating, cooling, or economizing),
follow the sequence for ECM 1 with the following substitutions:
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a. Substitute OAareaPosLo for OAareaPos.
b. Substitute OAfullPosLo for OAfullPos.

Setup of OAareaPos and OAfullPos damper positions shall be at lowest conditioning (heating or
cooling) speed (typically first stage heating).

Economizer Control (All Measures)
Outside Air Economizer: Detailed algorithms are suggested below.

The intent of the economizer sequence is to provide a sensible (dry-bulb) differential changeover using room
temperature vs. outside air, enabling the economizer when outside air is colder. When there is a first-stage call
for cooling and economizing is enabled, the compressor shall be locked out and the economizer dampers shall
modulate to maintain a set discharge temperature. Integration: When enabled, the economizer shall also be
active when there is a call for second and third stage mechanical cooling subject to discharge air temperature
(DAT) control. Include a stability method to allow good economizer response during mild outside temperatures
and prevent instability (cycling or hunting) during cold outside temperatures.

a. High limit or changeover control shall use one of the following methods:

i. Space Comparative Changeover: Economizer cooling is enabled whenever the outside air
dry bulb temperature (OAT) is less than the space temperature minus EconAct (5°F). When
mechanical cooling is active or the fan is operating to provide ventilation, integrated
economizer cooling is enabled whenever the outside air temperature (OAT) is less than the
space or return temperature (RAT).

i. Return Comparative Changeover: Economizer cooling is enabled whenever the outside air
temperature (OAT) is less than the return temperature (RAT) minus EconAct (5°F).

iii. High space humidity lockout (optional). In addition to Space or Return Comparative
Changeover, space humidity must be at or below 60% RH.

iv. Boundary or Combination Changeover: Economizer cooling is enabled whenever all of the
following conditions are true (equivalent to enthalpy curve ES2 for JADE economizer):

(a) the outside air dry bulb temperature (OAT) is less than 75°F.
(b) the outside air dewpoint temperature is less than 57°F.
(c) the outside air enthalpy is less than 26.0 Btu/lb-dry air.

Note: differential enthalpy, single enthalpy, and differential boundary changeover shall not be allowed.

b. Activation: When enabled and the space or return temperature (RAT) exceeds the current cooling
setpoint less EconDif (2°F) the economizer shall be active.

c. The outside air damper shall modulate in response to the greater of the economizer and ventilation
control signals subject to a discharge air temperature low limit of DATIowSPC (45°F, adjustable) and an
economizer discharge air temperature (DAT) setpoint of ECOonDATsp (53°F).

d. To avoid unstable operation at low outside air temperatures, control of discharge air temperature (DAT)
shall (1) incorporate an error dead band of +/- 0.5°F (adjustable) from setpoint where no damper
movement occurs, (2) reset Integral gain at each changeover or cooling system activation, and (3) follow
one of these stability schemes:

i. Have separate PI gain parameters for moderate (OAT>40°F, adjustable) and cold (OAT<=40F)

iii.
iv.

conditions
Provide other adaptive Pl method such as gain parameters that are a function of OAT.
Employ a wide proportional band to maintain stability.
Simple Predictive Algorithm (SPA) with Proportional Integral (PI) Trim (SPA-PIT). This method
avoids typical feedback instability by achieving gross position quickly with an SPA and reducing the
gains on a Pl trim control where they will move slowly enough to function stably at high system gains
associated with low outside air temperatures. The PI operates in a trim role by adding the +/- PI trim
amount to a SPA calculated value. For economizers, one expression of the SPA is:

(RAT — EconDATsp — DxSplit) / (RAT — OAT),

limit between OAareaPos and 100%

where: DxSplit = 10 for stage 1 mechanical cooling, = 20 for full mechanical cooling and

= 0 when the mechanical cooling compressor is off.

The economizer Simple Predictive Algorithm (SPA) for different stages of cooling is shown below:
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Integrated Economizer Simple Predictive Algorithm (SPA)
(RAT — EconDATsp — DxSplit) / (RAT — OAT)

100%
90% // //
Mechanical
80%
5 ’ P / Cooling
= 70% / Stages
o
% 60% / — 00 0|=0
[
g 50% / Cool=1
153
?) 40% m— Co0l=2
° /
Z 30% , - — ,
S May be subject to higher ventilation requirement \ /
O 20% /
10%
0% T T T T T T T
40 45 50 55 60 65 70 75 80

Outside Temperature

VSD Fan Control (ECM 3)
Variable speed drive control shall be set up by mode according to following table. For implementations that do
not have discharge air limit control, contractor shall adjust speed settings as needed so that discharge air limits
are maintained based on acceptance testing. Interface with local controller may be in one of two ways:
1. If entire economizer and VSD control programming is internal to local controller and a direct output to
VSD and economizer is provided.
2. If local controller outputs typical thermostat outputs to the RTU with a separate economizer controller in
the RTU (not incorporated in the local controller) then either (a) the economizer signal needs to be input
to the local controller for speed synchronization or (b) an external speed controller can be used.

VFD Speed Setup — Speed logic internal to DDC

Thermostat DDC default Split check DAT limit
Mode Interface VSD Speed | DAT-MAT | setpoint
Fan Only G 20%-40%* ** N/A N/A
Heat Stage 1 W1 80% N/A max 170°F
Heat Stage 2 w2 85% max 90°F max 170°F
Cool Single Stage Y1i** 95% max 32°F min 50°F
Cool Stage 1,
Interlaced Coil Y1i** 80% N/A min 53°F
Cool Stage 1,
Split Coil Y1i** 90% N/A min 58°F
Cool Stage 2 Y2 95% max 32°F min 50°F
Economizer* AUX 100% N/A min 53°F

Check cooling and heating speed against split (IMAT-RAT]) and DAT limits at full capacity
*Activate economizer mode when economizer active and dampers > 75% OSA position
*Deactivate economizer mode when economizer inactive or dampers < 20% OSA position
**Y1i is output from economizer controller for actual compressor activation.

*** Fan speed less than 40% for existing motors, 30% for replacement, 20% for PMM
Target 25% "Fan only" speed if motor accommodates; Increase "Fan only"

speed to match exhaust airflow or maintain space pressurization
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VFD Speed Setup (EVO 4-speed controller shown)

Function Tstat EVO term VSD VDC | VSD Speed | Split check | DAT check
Fan G Inl 4.0 40% N/A N/A
Heat w1 In2 8.5 85% max 90°F | max 170°F
Cool Y1i In3 9.5 95% max 32°F min 50°F
Econ AUX In4 10.0 100% N/A N/A

Voltage/speed settings suggested; verify with proper system operation

Check cooling and heating speed against split (IDAT-MAT]) and DAT limits at full capacity
AUX signal from JADE set for Exhaust fan 2 at 75% OSA position

Note that highest active EVO input # controls output (default application 0)

EVO device may not be necessary if VFD provides same logic

Increase "Fan only" speed to match exhaust airflow or maintain space pressurization

VSD Fan on/off operation shall be as follows:
1. Fan shall be powered on during occupied period, pre-purge, night flush, and when setback heating or
cooling is required.

a. When the thermostat calls for heating, cooling, or economizer operation the VSD shall run no
higher than 97% (58 Hz) of the original fan motor speed.

b. When the thermostat is not calling for heating or cooling and CO, sensor is not calling for
ventilation, then the VSD can lower the fan motor speed to lower than 40% (24 Hz) but no
less than 25% (15 Hz) of the original fan motor speed.

c. Should CO; sensor readout exceed AQset by more than 20% and the damper is fully open,
then VSD shall operate at 97% (58 Hz) of the original fan motor speed until CO, sensor
readout is less than AQset,

When the thermostat or EMS HVAC control is in standby, setback or unoccupied mode, the VSD
must allow the motor to go fully off (0% speed) when the thermostat is not calling for heating, cooling,
economizer, or night flush. At the conclusion of heating or cooling operation, fan shall operate at the
heat or cool speed for FanPost (3) minutes.

Premium Ventilation Control (ECMs 4 and 5)

In addition to DCV and fan control as described in ECMs 2 or 3, Premium ventilation includes several additional
control strategies: Occupied Mode Deadband; Setpoint limits, lockouts, and user interface; Limited Setpoint
override; Robust Optimum Start; and Unoccupied Ventilation Fan and Temperature Control. In addition, premium
ventilation controls may include optional strategies such as optimum stop, night flush and occupancy sensor

standby.

1. Occupied Mode Deadband: Occupied mode heating and cooling control may already be well
established in the control system. The following sequences incorporate setpoint lockout and
integration sequences that may be desirable.

a. The heatpump, electric or gas heat and DX cooling shall stage through physical outputs
(Compl, Comp2, Rev, Heatl, Heat?2) in sequence to maintain heating and cooling setpoints:
HeatSPo and CoolSPo. Provide a deadband of at least 5 degrees between heating and
cooling setpoint. There are three alternative suggested methods to stage equipment:

RTU Premium Ventilation Proof Of Concept

Premium Ventilation Upgrade

Differential Staging. The DX unit shall stage up or down if a steady temperature error
exceeds CoolStageDif (1.5°F, adjustable). The heating shall stage up or down if a
steady temperature error exceeds HeatStageDif (2°F, adjustable). If the system
cycles under a steady load, the controller shall be adjusted to limit cycling to a single
stage.

Proportional Integral Heating and Cooling loops with timed proportioning output. A
ten minute heating or cooling cycle shall be maintained and the stages of heating or
economizer and cooling shall cycle on proportional to PID loop output.

Energy for Change™
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iii. Proportional Integral staging. A table showing suggested cut-in (ON on rise) and cut-
out (OFF on fall) for outputs based on separate heating and cooling loops setpoint
driven PI outputs is shown:

Pl Loop Electric | Electric | Compl Comp2 Reversing Economizer
Output Heat 1 Heat 2 Valve

Heat 0% Cut-Out
Heat 10% Cut-Out Cut-In

Heat 20% Cut-Out
Heat 30% Cut-In
Heat 40% | Cut-Out
Heat 50% Cut-In
Heat 60% Cut-Out
Heat 70% | Cut-In

Heat 90% Cut-In
Cool 0% Cut-Out

Cool 10% Cut-Out Cut-In
Cool 20%
Cool 30% Cut-Out
Cool 40%
Cool 50% Cut-Out
Cool 60% Cut-In
Cool 70%
Cool 90% Cut-In

b. Compressor operation:

i. If the outside air temperature is greater than the DX lockout temperature
CoolLockOA (56°F, adjustable) and the system is not in morning warm-up, DX
cooling shall be enabled.

ii. DX cooling and heat pump compressor operation shall observe the following timing
constraints:

a. When a compressor stage is called to run, it will run for at least the DX
minimum on-time (2 min).

b. When a compressor stage cycles off, it will remain off for at least the DX
minimum off-time (5 min).

iii. Multi-stage compressor operation shall observe the following performance
constraints:

a. Under a steady partial load, if the system cycles, the cycling must be limited to
a single stage, while the other stages stay on or off.

b. Under a steady partial load, if the system stabilizes, the space temperature
error must be less than the DX temperature deadband.

c. Safety trips and loss of fan status (FanStat), if provided, shall override the time delays and
de-energize all compressors.

2. Setpoint limits, lockouts, and user interface:

a. Cooling occupied setpoint shall be no lower than CoolSPmin (73°F). Heating setpoint shall
be no higher than HeatSPmax (72°F). Note that these are adjustment limits, and that per the
previous staging sequence, a deadband of at least DeadSP (5) degrees between heating and
cooling setpoint shall be maintained.

b. Once mechanical cooling has completed operation, there will be a 5 minute delay before
heating is allowed to operate. Once heating has completed operation, there will be a 5
minute delay before mechanical cooling is allowed to operate. For heat pump systems this
requirement shall be met by the minimum 5 minute off time for the compressor.

c. For heat pump systems electric resistance heat shall be locked out whenever:

i. Outside air temperature is above HeatLockOA (38°F),
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ii. Warm up is occurring during the optimum start period before occupancy unless
outside air temperature is below 10°F or space temperature is below current ramp
optimum start setpoint by more than 3°F,

iii. During compressor minimum off time, or

iv. For 3 minutes after heat pump heating has started

d. Provide user input of occupied heating and cooling setpoints: HeatSPo and CoolSPo subject
to limits and deadband specified. These standard setpoints shall be input on a setup screen
and not adjusted on the home screen of the thermostat. See setpoint override.

3. Limited Setpoint override: The setpoint may be overridden by the user within certain limits. Setpoint
override shall be available at all times when OvrUnoc is true, and only during the occupied schedule
when when OvrUnoc is false. When overridden, the controller shall restore the normal setpoint at
the next change in temperature mode, after OvrTime (120 minutes) has elapsed since the override
setpoint adjustment, or during demand response periods unless DR10Ovr or DR20Ovr are true.
Depending on display and user interface capabilities, a number of different options may be used to
manage the heating and cooling setpoints:

a. The displayed setpoint adjustment shall match either heating HeatSPc or cooling CoolSPc
current setpoint depending on the active or most recent mode when the setpoint was
adjusted or there shall be a separate override setpoint available for heating and cooling. The
user shall be able to switch between modes so they can adjust the setpoint of interest. This
may be accomplished in one of several ways:

i. Provision may be provided to change from heating to cooling mode.

ii. The mode may roll over at the limits. For example if the unit is in the heating mode
and the user is trying to lower the cooling setpoint, when they lowered the setpoint
and reached the lower limit for heating mode setting, pressed the “down” button
again, the mode would switch to cooling and the cooling setpoint would be displayed
and adjusted.

iii. A less desirable, but acceptable option, would be to have the non-displayed setpoint
move in the same direction as the active mode setpoint, offset by the deadband and
subject to CoolSPmin and HeatSPmax.

b. For a single user override setpoint OvrSP the following alternative strategy may be used:

i. When the outside air temperature (OAT) is less than OvrBP (60°F) (or the most
recent mode is heating) the HeatSPc is set equal to OvrSP (override setpoint) and
the CoolSPc is HeatSPc + DeadSP (5) degrees

ii. When the outside air temperature (OAT) is greater than OvrBP plus 10°F (70°F) (or
the most recent mode is cooling) the CoolSPc is set equal to OvrSP (override
setpoint) and the HeatSPc is CoolSPc - DeadSP (5) degrees

iii. When the outside air temperature (OAT) is between OvrBP (60°F) and OvrBP plus
10°F (70°F) the override setpoint OvrSP is used as follows (not necessary for recent
mode method):

a. HeatSPc = OvrSP - (OAT — OvrBP) / (10 / DeadSP)
b. CoolSPc = OvrSP + (OAT — OvrBP) / (10 / DeadSP)

iv. HeatSPc and CoolSPc are subject to limits of CoolSPmin (73°F) and HeatSPmax
(72°F).

v. Where points or memory are limited, OAIoT (60°F) may be substituted for OvrBP

c. When the override is active, setpoints shall be subject to setpoint limits already discussed
(CoolSPmin, HeatSPmax and DeadSP). During the override period, occupancy sensor time
out shall be active and restore to a standby offset; however, when occupancy is again
detected, the override setpoint shall be restored for the remainder of the original override
period.
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Note on Robuist Optimum Start: The sequence below probably differs from the typically provided
manufacturer’s sequence. A research finding is that learning optimum start algorithms based solely on
indoor temperature fail to warm up in time when there is an unexpected low night outside temperature.
If the following sequence is not implemented, it is recommended that such learning algorithms have the
input of a combination of outdoor and indoor temperature since the outdoor temperature point is
included in this sequence as an input.

4. Robust Optimum Start: Optimum start mode will gradually move from unoccupied to occupied
setpoints, so that when unoccupied space temperature had not drifted all the way to unoccupied
setpoints, warm up or cool down time will be reduced. When outside temperature indicates
conditions exceed design conditions, the optimum start time is extended. Prior to the scheduled daily
occupied start time, the optimum start program shall determine ramp rates and optimum duration as
follows:

a. The assessment shall occur 2 x OptLead (180) minutes before the scheduled daily occupied
start time.
b. The optimum start duration OptDur in minutes shall be based on outside air temperature at
assessment time as follows:
i. If current OAT <50: OptLead * (50 — [current OAT]) / (50 — HeatDes)
ii. If current OAT >=50: OptLead * ( [current OAT] - 50) / (CoolDes — 31)
iii. maximum of 2 x OptLead minutes
iv. minimum of 60 minutes
c. Beginning at the optimum start time (OptStart = OptDur minutes before scheduled occupied
time) the heating and cooling setpoints shall be adjusted every 15 minutes, as follows:
i. Heat: Increase setpoint by 15 * (HeatSPo — HeatSPu) / OptDur
ii. For heatpumps, interstage differential between heat pump heat and electric heat
shall be triple normal: 3 * HeatStageDiff, returning gradually to normal during the first
hour of occupancy.
iii. Cooling: Decrease setpoint by 15 * (CoolSPu — CoolSPo) / OptDur
iv. Economizer setpoint shall be maintained below occupied cooling setpoint (CoolSP -
EconDif) unless night flush is active.

5. Unoccupied Fan Control: The supply fan shall be de-energized except when operation is called for
as described below.

6. Unoccupied Ventilation Control: Outside air dampers and exhaust dampers shall be closed and
return air damper open except as required for night flush or economizer operation.

7. Unoccupied Setback: When the space temperature drops below unoccupied heating space
temperature setpoint HeatSPu (55°F, adjustable), supply fan shall energize, outside and exhaust
dampers shall remain closed, and return damper shall remain open. The heating system shall stage
to maintain heating temperature setpoint of HeatSPu (55°F, adjustable). Supply fan speed and post
heating operation shall be controlled as described in occupied mode. When unoccupied heating
space temperature setpoint + differential HeatDif (1.5°F) is reached, then the unit shall return to
Unoccupied Off mode.

8. Unoccupied Setup: When the space temperature goes above unoccupied cooling space temperature
setpoint CoolSPu (85°F, adjustable), supply fan shall energize, outside and exhaust dampers shall
remain closed, and return damper shall remain open unless economizer is active. The cooling system
shall stage to maintain cooling temperature setpoint of CoolSPu (85°F, adjustable). Supply fan
speed and post cooling operation shall be controlled as described in occupied mode. When
unoccupied cooling space temperature setpoint less differential CoolDif (1.5°F, adjustable). is
reached, then the unit shall return to Unoccupied Off mode. Economizer setpoint shall be maintained
EconDif (2°F, adjustable) below the cooling setpoint unless night flush is active and shall operate as
described under occupied mode.
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9. Unoccupied override: When the override button is activated (may be first activation of temperature
adjustment) the unit will return to occupied mode for three hours. No “hold” options shall be allowed,
in other words, there shall be no user accessed mode to put the unit in permanent temperature hold
position, bypassing programming. A vacation or holiday mode shall be allowed, putting the unit in the
unoccupied setpoint until deactivated or the set number of days has elapsed.

Optional Additional Sequences

The following modes or similar sequences may be a part of standard programming in the advanced thermostat or
premium ventilation controls. If not, they should be strongly considered. Any savings will be in addition to DCV
and fan control savings. Virtual point variables may not be included in the points table for these sequences.

1. Optimum Stop Mode: Unless OptStop is set to 0, beginning at OptStop (30) minutes before the end
of the occupied period, gradually increase the cooling setpoint 1.0°F every 15 minutes until CoolSPs
standby setpoint is reached and gradually decrease the heating setpoint 1.0°F every 15 minutes until
HeatSPs standby setpoint is reached. During optimum stop period, suspend ventilation unless
AQzone exceeds ( AQset (1000 ppm) — 100 ppm ), in which case operate fan in normal ventilation
mode

2. Standby Mode: When no occupancy sensors (Occl, Occ2, etc.) have sensed occupancy (Occ) for
OccTimeOut (30) minutes, then:

a. Heating and Cooling setpoints shall be adjusted to standby cooling CoolSPs and heating
HeatSPs setpoints, where the standby cooling setpoint CoolSPs = CoolSPo + ShySPoffset
and the standby heating setpoints HeatSPs = HeatSPo - SbySPoffset.

b. If the fan is operating, Fan operation based on FanMaxOff shall be suspended and
FanJustOff shall be reset to 0. If the fan is off when space becomes occupied, FanJustOff
timer shall be suspended at its current value until occupancy is again detected.

c. Economizer setpoint shall remain below normal occupied cooling setpoint (CoolSPo -
EconDif).

d. When occupancy is again detected for a period of at least 2 minutes,

i. If the space temperature is above CoolSPo, then beginning with a cooling setpoint at
the space temperature gradually decrease the cooling setpoint (CoolSPc) 1.0°F
every 15 minutes until CoolSPo occupied setpoint is reached, otherwise return
CoolSPc immediately to CoolSPo.

ii. If the space temperature is below HeatSPo, then beginning with a cooling setpoint at
the space temperature gradually increase the heating setpoint (HeatSPc) 1.0°F
every 15 minutes until HeatSPo occupied setpoint is reached, otherwise return
HeatSPc immediately to HeatSPo.

iii. Resume incrementing of FanJustOff timer.

3. Night Flush: Night flush will use the economizer only to pre-cool the building and be subject to the
following conditions:
a. Night flush shall be enabled (NFenable = true) whenever the following 3 conditions are true:
i. The user setup flag (NF_OK) allowing night flush is true, and
ii. The outside temperature is suitable, that is OAT has exceeded 75°F (NFstartOA),
and continue until the outside temperature falls below 45°F (NFstopOA), and
iii. There has been no heating operation during the last 24 hours (Heat24 = false).
(Note that these conditions may switch independently; for example suitable temperature and
user selection may be true, and heating may disable night flush. Once heating is not used for
24 hours, night flush would again be enabled. This night flush enablement is intended to be
seasonal, but may switch more often during swing seasons.)
b. Night flush shall be active when all the following conditions are true
i. Night flush enabled (NFenable =true) as above
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ii. Outside air temperature (OAT) is less than the space temperature (STavg) minus the
economizer activation differential EconAct (5°F)

iii. Space temperature (STavg) is greater than the occupied heating setpoint (HeatSPo)
plus 1°F. [Note: users who want more aggressive night cooling can lower the
occupied heating setpoint during summer months.]

iv. Itis between midnight and the start of the occupied period (night flush can continue
during the optimum start period)

v. Optional humidity overrides (depending on availability of space or outside humidity
sensors, one of the following limits can be applied as an additional condition for night
flush operation):

a. The outside humidity ratio is less than or equal to 0.009 pounds of water per
pound of dry air, based on measurement of outside air temperature and
relativity humidity. (The intent of this provision is to provide an upper limit of
60% relative humidity at an indoor temperature greater than 69°F) Humidity
ratio may be estimated with approved method or the formula:

Humidity Ratio (Ib water/Ib air) =
-0.0071588 + 0.0002975 * [OAT DB] + 0.0084584 * LN([%RH]/100)

b. The space humidity ratio is less than or equal to 0.009 pounds of water per
pound of dry air using the space DB and space %RH similar to above.

c.  When night flush is active, mechanical cooling shall be disabled or a separate setpoint
maintained for night flush economizer and mechanical cooling on the optimum start ramp,
heating shall be disabled, and the supply fan activated, and the economizer discharge air
setpoint at 45°F. Heating shall continue to be disabled for one hour following night flush
mode operation.
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Suggested Products

The following products are known to meet the specifications. Other products that meet the specifications are
allowed, as approved by owner’s representative.

Carbon Dioxide Sensors: Honeywell C7242, AirTest TR9290, TR9291 or TR9292, Veris Industries CWE
series, BAPI BA/AQS-D-10 or BA/AQS-R-10.

Humidity Sensors: Vaisala HMD50U, Automation Components Inc A/RH3-D, Kele H-31k series.

Occupancy sensors: 24VAC: Wattstopper Cl-24 PIR and IR-TECH OS-550DT dual technology for larger
areas

Variable Frequency Drives: Allen Bradley Powerflex 4 and Honeywell Smart VFD Compact or HVAC
VSD Speed controller: Evolution Controls EVO™/IF-4DI1AO

Local Integrated Programmable Controllers:

e KMC FlexStat
0 BAC-11063CW with integrated occupancy sensor, or
0 BAC-131163CEW with integrated occupancy sensor and CO, sensor

e Innotech innTOUCH space interface with one of two optional setups:
o UMO01C and UMO1 (1@) microMAX controllers and IGO1 network gateway, or
o MMO01C and MMO1 (1@) miniMAX controllers

e Alerton VisualLogic™ Display (VLD)

e Transformative Wave Technologies Catalyst controller

Replacement Economizer Controller: Honeywell W7220 JADE economizer controller

Excluded Products
The following products fail to meet the specifications, based on independent testing. Later independent testing
may show that product manufacturer has improved and qualify them for program use.

Carbon Dioxide Sensors by the following manufacturers: Digital Control Systems Inc.; Intec Controls Inc.;
Sensata (Texas Instruments). Based on excessively high or low reading in independent testing.*

! Gregory Maxwell, “Product Testing Report: Wall Mounted Carbon Dioxide (CO2) Transmitters” (lowa Energy
Center, June 2009), http://www.energy.iastate.edu/Efficiency/Commercial/download_nbcip/PTR_CO2.pdf.

Energy for Change™
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The construction documents used for bidding are included on the following pages. Note that the contract
itself is not included for brevity. A revised Programmatic Specification (including a revised Sequence of
Operation) based on the findings of this investigation are included in Appendix A.
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PecCl

Construction Documents

May 3, 2010

Premium Ventilation Control Upgrade: Fan Cycling DCV

Amazon Community Center, City of Eugene
2700 Hilyard Street, Eugene, OR - (541) 682-5373

Revision History

Revision | Date Changes

Bid April 20, 2010 Issued for Bid

A May 3, 2010

Revised for Addenda; Ventilation setpoints Added; Testing included

Contents

Task Scope of Work

Site Equipment Location Plan
Sequence of Operation
Acceptance Test Procedures

PECI (Engineer) Contact:
P. Reid Hart, PE

Portland Energy Conservation, Inc.
1400 SW 5™ Ave Suite 700
Portland, OR 97201

Direct: 503-961-6142

Mobile: 541-510-8545
Email: rhart@peci.org
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Task Scope of Work (May 3, 2010)

Complete installation of premium ventilation controls using control equipment from three manufacturers on 6 heat
pump units at Amazon Community Center in Eugene, OR. Individual unit installation and configuration as follows:

Bldg unit Tons | Trane Model \ Control Occupancy | Configuration **

Serial Number Manuf Sensors

A HP-3 6.5 WCDO075C300BC\ | KMC 1 1: Space controller (FlexStat)
R38100082D Controls In FlexStat

B HP-4 2.5 WCCO030F100BF\ | Innotech 1 2: RTU controller with space
R375U5X1H sensor (ICS)*

B HP-5 4.0 WCCO048F300BF \ | Innotech 1 2: RTU controller with space
R131S3A2H sensor & interface (miniport)*

C HP-6 3.5 WCX042G300AB\ | KMC 1 2: RTU controller with space
Z233X771H Controls In NetSensor | sensor (NetSensor)

C HP-7 3.5 WCX042G300AB \ | Alerton 1 2: RTU controller (VLC) with
Z2613CH1H Ceiling Mount | space sensor (VLD)

C HP-8 3.0 WCX036G300AB \ | Alerton 2 1: Space controller (VLD)
Z245X0ON1H

* Innotech units require network gateway installed in box and wiring for battery backup of date/time
** For each manufacturer, provide optimum start per PECI sequence on one unit and Manufacturer’s standard
optimum start on another.

Attend a pre-construction project walk-through with engineer and owner representatives. Coordinate access with
owner. Roof access will be available at all times, and units may be turned off up to 2 hours while served spaces
are occupied when outside temperature is between 60°F and 80°F. The rooms are intermittently scheduled and
access times can be arranged through City staff.

Complete the following for the six (6) heat pumps listed above:

Replace the economizer damper motors with Honeywell M7215 motors using 2-10VDC input. Verify
proper physical replacement for existing motors with supplier.

Refurbish the economizer damper operators as needed for smooth operation and install closed-cell foam
insulation or weather-stripping on damper blade edges where seals are not present and to fill edge gaps
greater than 3/16 inch.

Upgrade thermostat to a programmable thermostat/controller(s) per table above with sequence as
specified in the sequence of operation. Install or update programming provided by control manufacturer
as necessary for proper operation. Deliver copies of final program files and documentation to PECI &
City.

Replace or adapt to thermostat wiring as necessary. Assume replacement of wiring for bid purposes and
provide a deduct amount if existing wiring can be used (expected for configuration 2).

Provide, install and wire CO, sensors with 0 to 10 VDC output; Honeywell C7242, AirTest eSENSE 9290-
L or 9291, BAPI BA/AQS-D-10 or BA/AQS-R-10 or equal or as recommended by controller manufacturer.
Provide, install and wire temperature and occupancy sensors Watt Stopper ClI-24 or equal or as
recommended by controller manufacturer.

Check out and acceptance test unit sequence (with engineer present for the first unit), per attached
acceptance testing protocol. Test remaining units and review test results with engineer. Provide
documentation to EWEB for their HVAC rebate program.

Provide one year labor & material warranty on installed components.

Provide walk-through demonstration of operation for City HVAC staff and interested parties.
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Ventilation Setpoints

During setup and acceptance testing, set unit ventilation as follows, using three-temperature measurement of
outside air (OSA) percentage.

Bldg Unit | Estimated | Zone Use Typ OSA | OSA | OSA% | OSA%
Tag CFM* (Occupancy Peak area full area full
Category) People | CFM | CFM
A HP-3 2400 Gym (Daycare) 20 110 310 5% 13%
B HP-4 900 Crafts (Art Class) 20 160 360 18% 40%
B HP-5 1500 Clay (Art Class) 18 160 340 11% 23%
C HP-6 1300 Dance (Music) 37 60 250 5% 19%
C HP-7 1300 Music (Dance) 32 50 210 4% 16%
C HP-8 1100 Conference 22 30 140 3% 13%

*Airflow estimated based on unit size. Verify proper fan operation, and notify engineer if airflow is
significantly low.

The following settings and parameters are provided for convenience. Verify and adjust as needed.

Unit Tag Full OSA area OSA full OSA area OSA full
CO, damper damper volts volts
ppm position* position* 2-10 2-10
AQset | OSareaPos | OSfullPos

HP-3 850 0.010 0.057 2.08 2.46
HP-4 750 0.093 0.350 2.74 4.80
HP-5 750 0.043 0.135 2.34 3.08
HP-6 1,400 0.011 0.105 2.08 2.84
HP-7 1,400 0.007 0.080 2.06 2.64
HP-8 1,400 0.002 0.056 2.02 2.45

*OA damper settings (fraction open) and voltages (for 2-10 volt damper motors) are typical settings intended as a
starting place. Adjust appropriately using outside air measurements to achieve scheduled %OA or CFM.

Control Manufacturer Contacts:

KMC Controls Innotech America

Nathan Davis Scott Gregson

Mobile: (574) 312-0276 Business: (360) 892-1299
E-mail: ndavis@kmccontrols.com Mobile: (360) 521-9998

E-mail: sgregson@innotechamerica.com

Environmental Control Corp (for Alerton)
2460 W 11th Avenue, Suite 201

Eugene, OR 97402

Tel: (541) 968-8089

Fax: (541) 344-5012

Tom Mabhrer

E-mail: tomm@eccportland.com

Energy for Change™

Premium Ventilation Functional Analysis Appendix B B-4



HP4
m [I-

YU : - ] °

g 1= / “:W@W J |

= |HP5 m,g_ Building A - d

P i <+ Office/Gym
O T -
Locate Innotech o) i
Netwo_rk_Gate_way Buidng B
and Miniport in Lo Crafts
lockable box in (( )
storeroom. = ;
Confirm Location i ““E{ﬁ;ﬁﬁ'@% 1
with Owner. - =
P
Fo
(] SE——

For HP7, locate F
occupancy sensor ¥ & b
on ceiling so that HP7 @ |= _
activity in both — = oHP8 BUIIO_IIr/lg C -/
parts of room are — T - Music/Dance/Conference
sensed N T T

HP6

=
o ingr 07 Provide 2
e D = Occupancy

Premium Ventilation Control
Upgrade: Fan Cycling DCV
Equipment Location Drawing
PECI; May 3, 2010

— Premim Veniaion Funconal ARaIUSS

Amazon Community
Center, City of Eugene
2700 Hilyard Street,
Eugene, OR

Apnend K

Sensors for HPS,
one in office & one
in conference room



rhart
Text Box
Building A - 
Office/Gym

rhart
Text Box
HP3

rhart
Text Box
Building B - 
Crafts

rhart
Text Box
Building C -
Music/Dance/Conference

rhart
Text Box
HP4

rhart
Text Box
HP6

rhart
Text Box
HP5

rhart
Text Box
HP7

rhart
Text Box
HP8

rhart
Text Box
AC2

rhart
Text Box
AC1

rhart
Callout
Locate Innotech Network Gateway and Miniport in lockable box in storeroom.  Confirm Location with Owner.

rhart
Callout
Provide 2 Occupancy Sensors for HP8, one in office & one in conference room

rhart
Text Box
T

rhart
Text Box
T

rhart
Text Box
T

rhart
Text Box
T

rhart
Text Box
T

rhart
Text Box
T

rhart
Callout
For HP7, locate occupancy sensor on ceiling so that activity in both parts of room are sensed

rhart
Text Box
Premium Ventilation Control Upgrade: Fan Cycling DCV 
Equipment Location Drawing
PECI; May 3, 2010


rhart
Text Box
Amazon Community Center, City of Eugene
2700 Hilyard Street, Eugene, OR


Sequence of Operation

Premium Ventilation Customized Programmable Thermostat

Demand Controlled Ventilation (DCV) with Cycling Fan
Revision A - May 3, 2010

CV or VAV Unitary Air Handler, Single Zone, Demand Controlled Ventilation, Economizer.

Note: This sequence is available for use by manufactures developing custom
programmable thermostats for the premium ventilation test. It shall be made available
to other manufacturers who participate in BPA programs.

Copyright © 2010 Portland Energy Conservation, Inc.
ALL RIGHTS RESERVED.

As a preliminary sequence, there may be areas that require clarification or correction.
Please do not hesitate to direct questions, comments or suggestions to Reid Hart, PE;
503-961-6142 rhart@peci.org

Disclaimer: This sequence was prepared by Portland Energy Conservation, Inc. (PECI) as an account of work
sponsored by Bonneville Power Administration (BPA). Neither PECI, BPA, any agent thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by PECI or BPA. While recommendations contained herein
are believed to be industry standard approaches to conserving energy, the user assumes sole responsibility for
determining suitability for their particular situation and for taking any mitigating measures to ensure a healthy
and safe facility environment.

Revision History

Revision | Date Changes
A May 3, 2010 Passive Demand Shed Mandatory; Ventilation rate calculation; Startup &
Testing Added

SECTION | — DESCRIPTION OF EQUIPMENT

Quick Summary
Fan Speed: | Temperature Control on Mode (if VSD)

Occupancy Standby Control: | Included; “Hold” disallowed

Space Pressure Control: | None

Minimum OA Control: | Demand Controlled Ventilation based on
fan cycling

Economizer: | Differential Dry Bulb Temp

Humidification: | No

Dehumidification: | No

Premium Ventilation Sequence - Cycling 1 Revision A: May 3, 2010
Copyright © 2010 Portland Energy Conservation, Inc. All Rights Reserved
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A OVERVIEW & EQUIPMENT CONFIGURATION

This sequence of control describes the custom programmable thermostat control requirements for a simple unitary
constant or variable volume air handling system. These air-handling units are typically in the range of 800 to
15,000 cfm, serving multiple rooms with one zone of control.

The control equipment is intended to replace an individual packaged unit electromechanical or programmable
thermostat. For this project, the test units are heat pumps. Installing these controllers in retrofit situations will
likely require more wires from a room controller to the unit on the roof than existing thermostats require, so three
configurations are anticipated:

There are three possible configurations:

1. Single combined thermostat and custom programmable unit controller with all sensor and control
wiring connected to the main control unit in the space. Additional wires to space are typically
required.

2. Separate space sensor and interface unit with rooftop custom programmable unit controller with
all sensor and control wiring connected to the rooftop control unit. Existing wires to space are
usually adequate.

3. Some hybrid of the previous approaches with multiple communicating custom programmable
controllers connected by network wiring or wireless communication. Existing wiring to space
should be adequate.

Note: Some controllers may require connection to a network gateway to provide battery backup
of date and time.

Configuration 1 Configuration 2

Sensor — Sensor
RTU C riU || RTU
Sensor - Controller Sensor

Econo \

Q‘]O_J

Space Space
Controller Interface

B. PRIORITIES OF DEVELOPMENT

The basic thermostat and control sequence shall meet Oregon building code requirements.

The custom programmable thermostat is intended to directly control existing economizers. Typical
economizer damper motors can be controlled with a 0-10 VVDC signal either directly or using an
adapter on the motor. Some units will require a three-wire motor setup where open and close
operation is triggered by separate 24 volt signals.

There are multiple sequences proposed and they may not all be possible with each implementation
due to point or memory limitations. The priority of modes and features is shown in the following
table. Note: Priorities 1 through 7 are required for this field test. The remaining items may be
implemented by the manufacturer; however, at this point there is not funding for testing these modes,
so the manufacturer must undertake bench testing if they are to be implemented. There may be future
testing of implementation of these modes.

Premium Ventilation Sequence - Cycling 2 Revision A: May 3, 2010
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Priority | Mode / Feature Description
1 Space Temperature Control

Direct Economizer Control

Optimum Start

Night Flush

Occupancy Sensor Standby

Temperature Override Mode

Ventilation Override Mode

Passive Demand Shed

Demand Limit Pre-cool

Additional Cooling/Heating
10 Stages

11 Three-wire Damper Output
12 Utility Demand Input

13 Mode Runtime Recording
14 Basic Fault Diagnostics

15 Advanced Fault Diagnostics

O |NoO|O|~W(N

C. SYSTEM SCHEMATIC
See schematic following sequence.

D. CONTROL SYSTEM OBJECT LIST
See object list following sequence.
Obiject or point tags from the object list are shown bold in the sequence, with user-adjustable
default values shown in parentheses, as in this example:
... than the DX lockout temperature CoolLock (56°F)

E. TYPICAL OPERATION
To assist in describing sequences, typical one day setpoint changes are shown in graphs for heating,
moderate cooling, and hot day cooling.

Winter Mode Setpoints = OA Damper
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Summer Typical Mode Setpoints
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SECTION Il - SEQUENCE OF OPERATION

The occupancy mode (Occupied or Unoccupied) shall be determined through a user-adjustable, seven-day
schedule with a holiday schedule.

Whenever the supply fan is de-energized, as sensed by either the optional status switch (FanStat) or fan
command (Fan), the outside and exhaust air dampers shall be closed and the return air damper shall be open, the
heating and cooling systems shall be deactivated or positioned as described below.

A. OCCUPIED MODE

1. The supply fan shall operate through activation of Fan output in submodes as follows:

a.

b.

When cooling is called for, the supply fan shall operate and continue to operate for FanPost
(3) minutes following cessation of cooling.

When heating is called for, and FanWithHeat (Yes) is true, the supply fan shall operate and
continue to operate for FanPost (3) minutes following cessation of heating.

When economizer or ventilation is called for, supply fan shall operate.

When fan has been off for FanMaxOff (30) minutes, fan shall operate for 5 minutes, unless
in standby mode.

The modes in grey text are included as optional. Consulting budget is not currently available for testing
or troubleshooting; although it may be added later. If these modes are instituted, manufacturers should
carefully bench test the sequences before releasing code to the site.

3. The heatpump, electric or gas heat and DX cooling shall stage through physical outputs (Compl,
Comp2, Rev, Heatl, Heat2) in sequence to maintain heating and cooling setpoints: HeatSPo and
CoolSPo. Provide a deadband of at least 5 degrees between heating and cooling setpoint. The DX
unit shall stage up or down if a steady temperature error exceeds CoolStageDif (1.5°F, adjustable).
The heating shall stage up or down if a steady temperature error exceeds HeatStageDif (2°F,
adjustable). If the system cycles under a steady load, the controller shall be adjusted to limit cycling
to a single stage.

4. Compressor operation:

a. If the outside air temperature is greater than the DX lockout temperature CoolLock
(56°F, adjustable) and the system is not in morning warm-up, DX cooling shall be
enabled.
b. DX cooling and heat pump compressor operation shall observe the following timing
constraints:
1. When a compressor stage is called to run, it will run for at least the DX minimum
on-time (2 min).
Premium Ventilation Sequence - Cycling 5 Revision A: May 3, 2010
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2. When a compressor stage cycles off, it will remain off for at least the DX
minimum off-time (5 min).
C. Multi-stage compressor operation shall observe the following performance constraints:
1. Under a steady partial load, if the system cycles, the cycling must be limited to a
single stage, while the other stages stay on or off.
2. Under a steady partial load, if the system stabilizes, the space temperature error
must be less than the DX temperature deadband.
d. Safety trips and loss of fan status (FanStat), if provided, shall override the time delays
and de-energize all compressors.

5. Setpoint limits: Cooling occupied setpoint shall be no lower than CoolSPmin (73). Heating setpoint
shall be no higher than HeatSPmax (72).

6. Setpoint override: The setpoint may be overridden by the user within certain limits. When
overridden, the controller shall restore the normal setpoint at the next change in temperature mode.

7. Outside Air Economizer: The sequence includes a complete overhaul of the damper controls,
replacing the damper motor if (usually) necessary to allow a 0-10 volt DC control signal. Detailed
algorithms are suggested below. The intent of the economizer sequence is to provide a differential
changeover using room temperature vs. outside air, enabling the economizer when outside air is
colder. When there is a first-stage call for cooling, the compressor shall be locked out and the
economizer shall modulate to maintain a set discharge temperature. Include a stability method to
allow good economizer response during mild outside temperatures and prevent instability (cycling or
hunting) during cold outside temperatures.

a. Changeover: Economizer cooling is enabled whenever the outside air temperature (OAT) is less
than the space temperature (STavg) minus EconAct (5). When mechanical cooling is active or
the fan is operating to provide ventilation, integrated economizer cooling is enabled whenever the
outside air temperature (OAT) is less than the space temperature (STavg).

b. Activation: When enabled and the space temperature (STavg) exceeds the current cooling
setpoint less EconDif (2) the economizer shall be active. In standby mode, economizer setpoint
shall remain below normal occupied cooling setpoint (CoolSPo - EconDif).

c. The outside air damper shall modulate in response to the greater of the economizer and
ventilation control signals subject to a discharge air temperature (DAT) low limit of 45°F
(adjustable) and an economizer discharge air temperature (DAT) setpoint of EconDATsp (53°F).
To avoid unstable operation at low outside air temperatures, control of discharge air temperature
(DAT) shall (1) incorporate an error deadband of +/- 0.5F (adjustable) from setpoint where no
damper movement occurs, (2) reset Integral gain at each changeover or cooling system activation
and (3) follow one of these stability schemes:

i. Simple Predictive Algorithm with Proportional Integral (PI) Trim (SPA-PIT). This method
avoids typical feedback instability by achieving gross position quickly with an SPA and
reducing the gains on a PI control where they will move slowly enough to function stably at
high system gains associated with low outside air temperatures. The Pl operates in a trim role
by adding the +/- PI trim amount to a SPD calculated value. For economizers, the SPA is:

(STavg — EconDATSsp — DxSplit) / (STavg — OAT) ,
limit between OAareaPos and 100%
where: DxSplit = 20 when compressor is on and = 0 otherwise

ii. Have separate Pl gain parameters for moderate (OAT>40F, adjustable) and cold
(OAT<=40F) conditions

iii. Provide other adaptive Pl method such as gain parameters that are a function of OAT.

Premium Ventilation Sequence - Cycling 6 Revision A: May 3, 2010
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Important note: The following ventilation method meets ASHRAE Standard 62.1-2007, but is not
compliant with 2008 California Title 24 ventilation requirements.

8. Ventilation: In conformance with ASHRAE Standard 62.1-2007 section 6.2.6.2, an average
ventilation rate may be maintained when the ventilation is interrupted by fan cycling. In the sequence
presented below, the ventilation is increased during a recovery cycle following any time the fan has
been off to provide an average ventilation rate. The room CO, sensor readings (AQ1, AQ2, etc.) shall
be polled to determine the highest reading AQzone. If there is only one sensor (AQ1), AQzone shall
be its reading. There shall be a normal ventilation mode during heating or cooling operation and a
ventilation recovery mode for a period after the fan has been off.

Typical ventilation mode operation is shown below, demonstrating ASHRAE 62.1 compliance:

Fan Cycling Ventilation (cycles shown to meet ventilation only)

— Vent OA damper CO2 PPM as % of Full Design
= 0% Design Occupancy 3.0 hr Ayg OA % of prescriptive

160%
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Note: Startup ventilation compliant w ith 62.1 users manual

. . . Fan operates 35.1% of time
is typically below prescriptive levels under CO2 sensor

a. Ventilation Startup: If the ventilation pre purge setting (OApurgePos) is set to zero and
occupancy is sensed, during the 20 minutes immediately following the occupied start time,
operate the supply fan with the ventilation damper open to OArcvPos as calculated under
ventilation recovery mode below.

b. Normal ventilation. The damper shall be modulated between OAareaPos and OAfullPos as
follows with an increase above OAfullPos as described.

i. OAareaPos (1%) is the damper position required to provide the area outdoor rate. (Note
that this represents the damper position, not the minimum outside air percentage. For
most RTUs, the closed damper leakage will often provide the area ventilation rate.) The
outside air damper shall be at this position when AQzone is at or below 400 ppm.

ii. OAfullPos (3%) is the full damper position required to provide the combined people and
area outdoor rate. The outside air damper shall be at this position when AQzone is at
AQset (1000 ppm, adjustable).

Premium Ventilation Sequence - Cycling 7 Revision A: May 3, 2010
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iii. When AQzone is between 400 and AQset ppm, the damper shall move proportionally
between OAareaPos and OAfullPos.

iv. When AQzone exceeds AQset ppm, the damper shall increase proportionally above
OAfullPos limited by OAmaxPos (40%) using the same proportional gain as above.

c. Standby period, the outside damper shall be closed.

d. When the supply fan is off unless in standby mode, a ventilation recovery mode with supply
fan operation shall be initiated for a variable length recovery period when any of the
following occur:

i. AQzone exceeds ( AQset (1000 ppm, adjustable) + 200 ppm )
ii. When fan has been off for FanMaxOff (30) minutes.

e. Ventilation recovery mode: After the fan has been off, the ventilation rate shall be increased
to provide average ventilation that matches the ASHRAE standard 62.1 ventilation rate for
the prescriptive method. Ventilation during this mode shall be limited to a maximum that is
full damper opening when outside air is at a point between the heating and cooling setpoints
and ramps down to the full ventilation setting at either heating or cooling design
temperatures. Ventilation shall operate for at least 5 minutes up to a time related to the ratio
of the space CO2 concentration at the end of the last fan operation period to the target and the
allowed ventilation rate for this fan cycle. Specific algorithms follow that are suggested for
this sequence:

i. Whenever the supply fan stops,
1. Record the CO, concentration at the time the fan stops AQlast, ppm
2. Begin atimer to record fan off period: FanJustOff in minutes; the elapsed time
in minutes the supply fan was off during the occupied period since the end of the
last fan operation or end of the last standby period.
3. Whenever the supply fan starts after an off period, except in standby mode, the
ventilation shall be shall be maintained at the following position OArcvPos:

a. If outside air is above cooling design (CoolDes) or below heating design
(HeatDes) the damper position shall be OAfullPos.

b. If outside air is between OAIoT (65°F) and OAhIT (80°F) the outside
damper position shall be 100% open.

c. If outside air is between heating design (HeatDes) and OAIloT (65°F) the
outside damper position shall be proportionally between OAfullPos and
100% open.

d. If outside air is between OAIT (80°F) and cooling design (CoolDes)
the outside damper position shall be proportionally between 100% open
and OAfullPos.

e. OAmaxPos does not apply during ventilation recovery mode.

4. Ventilation recovery time, the FanRcvMin minute recovery period:

a. Find: FanRcvRatio, the prescriptive ventilation needed as a fraction of
the rate ventilation air will be delivered during the recovery period,
indicating the fan operation time needed relative to fan off time

FanRcvRatio = (PeoplePortion * (AQlast - 400) / ( AQset - 400)
+ 1-peoplePortion) * ( OAfullPos / OArcvPos )
Where:
PeoplePortion = (OA%full — OA%area) / OA%full
b. FanRcvMin =3 min + [(FanJustOff + 5) * FanRcvRatio]
ii. Maintain ventilation damper at OArcvPos damper position with supply fan operating for
FanRcvMin minutes.
iii. At conclusion of the FanRcvMin minute recovery period:
1. If there is a call for heating, cooling, or economizer requiring fan operation,
restore to normal ventilation operation.
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2. Stop supply fan unless AQzone exceeds ( AQset (1000 ppm) — 100 ppm ), in
which case operate fan with outside damper at OArcvPos determined above until
AQzone <= AQset.
f. Economizer Ventilation. When economizer cooling is called for, the dampers shall maintain
the economizer setpoint, or the ventilation setpoint, whichever is greater.
9. Ventilation Override Mode: When activated at the room interface, a ventilation override mode shall
activate the fan for the next 30 minutes with the ventilation rate at OAfullPos.
10. Standby Mode: When no occupancy sensors (Occl, Occ2, etc.) have sensed occupancy (Occ) for
OccTimeOut (30) minutes, then:
a. Heating and Cooling setpoints shall be adjusted to standby cooling CoolSPs and heating
HeatSPs setpoints
b. If the fan is operating, Fan operation based on FanMaxOff shall be suspended and
FanJustOff shall be reset to 0. If the fan is off when space becomes occupied, FanJustOff
timer shall be suspended at its current value until occupancy is again detected.
c. Economizer setpoint shall remain below normal occupied cooling setpoint (CoolSPo -
EconDif).
d. When occupancy is again detected for a period of at least 3 minutes,
i. gradually decrease the cooling setpoint 1.0°F every 15 minutes until CoolSPo
occupied setpoint is reached and
ii. gradually increase the heating setpoint 1.0°F every 15 minutes until HeatSPo
occupied setpoint is reached.
iii. Resume incrementing of FanJustOff timer

The modes in grey text are included as optional. Consulting budget is not currently available for testing
or troubleshooting; although it may be added later. If these modes are instituted, manufacturers should
carefully bench test the sequences before releasing code to the site.
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12. Basic Demand Response mode: Demand response modes are included that do NOT require a utility
input (although that can be included) and are designed to activate based on prior day high temperature
or outside temperature at beginning of demand response period.

a. Reset DR1active to false, each day at midnight. When DR1ok is true and one of the
following conditions occurs, make DR1active True.
i. The prior day high temperature exceeds DR1high (90°F), or
ii. The outside temperature one hour prior to DRtime (2:00 pm) exceeds DR1trigger
(83°F), or

b. When DR1active is True then lock out local override temperature adjustments, adjust the
cooling setpoint upward. The following logic provides two-thirds (default) of the
temperature increase during the first third of the adjustment period, emulating an exponential
increase. Stagger the setpoint adjustments on 5 minute intervals based on the duty cycle
setting of the thermostat:

i. One hour prior to DRtime (2:00 pm), if DRpreOK (precooling) is not activated,
decrease the cooling setpoint 0.5 degrees every 15 minutes, arriving at
CoolSPdrStart, but no lower than CoolSPp (70°F)

ii. Starting at DRtime (2:00 pm), increase the cooling setpoint every 15 minutes by
((CoolSPdrStart — CoolSPdr) * DRtempl) / (DRdur * DRdurl / 15) degrees.

iii. Starting at DRtime (2:00 pm) + (DRdur * DRdurl), increase the cooling setpoint
every 15 minutes by ((CoolSPdrStart — CoolSPdr) * (1 - DRtempl)) / (DRdur * (1
- DRdurl) / 15) degrees.

iv. At the conclusion of the demand response period DRtime (2:00 pm) + DRdur, for
the remainder of the occupied period (if not in optimum stop mode), decrease the
cooling setpoint 1.0°F every 15 minutes, but no lower than the higher of CoolSPp
and CoolSPo or if in standby mode: the higher of CoolSPp and CoolSPs.

v. Inthe logic above, if the pre-cooling setpoint CoolSPp is set high (80°F+) then both
post demand cooling restore and the brief precooling period will be locked out as
may be appropriate if the building is not on a time of day demand rate.

The modes in grey text are included as optional. Consulting budget is not currently available for testing
or troubleshooting; although it may be added later. If these modes are instituted, manufacturers should
carefully bench test the sequences before releasing code to the site.
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14. Optimum Stop Mode: Unless OptStop is set to 0, beginning at OptStop (30) minutes before the end
of the occupied period, gradually increase the cooling setpoint 1.0°F every 15 minutes until CoolSPs
standby setpoint is reached and gradually decrease the heating setpoint 1.0°F every 15 minutes until
HeatSPs standby setpoint is reached. During optimum stop period, suspend ventilation unless
AQzone exceeds ( AQset (1000 ppm) — 100 ppm ), in which case operate fan in normal ventilation
mode

B. UNOCCUPIED MODE

1. Unoccupied Off: The supply fan shall be de-energized except when operation is called for as
described below. Outside air dampers and exhaust dampers shall be closed and return air damper
open.

2. Unoccupied Setback: When the space temperature drops below unoccupied heating space
temperature setpoint HeatSPu (55°F, adjustable), supply fan shall energize, outside and exhaust
dampers shall remain closed, and return damper shall remain open. The heating system shall stage to
maintain heating temperature setpoint of HeatSPu (55°F, adjustable). Supply fan speed and post
heating operation shall be controlled as described in occupied mode. When unoccupied heating space
temperature setpoint + differential HeatDif (1.5°F) is reached, then the unit shall return to
Unoccupied Off mode.

3. Unoccupied Setup: When the space temperature goes above unoccupied cooling space temperature
setpoint CoolSPu (85°F, adjustable), supply fan shall energize, outside and exhaust dampers shall
remain closed, and return damper shall remain open unless economizer is active. The cooling system
shall stage to maintain cooling temperature setpoint of CoolSPu (85°F, adjustable). Supply fan speed
and post cooling operation shall be controlled as described in occupied mode. When unoccupied
cooling space temperature setpoint less differential CoolDif (1.5°F, adjustable). is reached, then the
unit shall return to Unoccupied Off mode. Economizer setpoint shall be maintained EconDif (2°F,
adjustable) below the cooling setpoint unless night flush is active and shall operate as described under
occupied mode.

4. Unoccupied override: When the override button is activated (may be first activation of temperature

adjustment) the unit will return to occupied mode for three hours. No “hold” options shall be
allowed, in other words, there shall be no user accessed mode to put the unit in permanent
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temperature hold position, bypassing programming. A vacation or holiday mode shall be allowed,
putting the unit in the unoccupied setpoint until deactivated or the set number of days has elapsed.

5. Night Flush: Night flush will use the economizer only to pre-cool the building and be subject to the
following conditions:

a. Night flush shall be enabled whenever the outside temperature exceeds 70°F and continue
until the outside temperature falls below 45°F. This enablement is intended to be seasonal,
but may switch more often during swing seasons.

b. Night flush shall be active when all the following conditions are true

i. Night flush enabled as above
ii. Outside air temperature (OAT) is less than the space temperature (STavg) minus the
economizer activation differential EconAct (5°F)
iii. Space temperature (STavg) is greater than the occupied heating setpoint (HeatSPo)
plus 1°F. [Note: users who want more aggressive night cooling can lower the
occupied heating setpoint during summer months.]

v. Itis between midnight and the start of the occupied period (night flush can continue
during the optimum start period)

c. When night flush is active, mechanical cooling shall be disabled or a separate setpoint
maintained for night flush economizer and mechanical cooling on the optimum start ramp,
heating shall be disabled, and the supply fan activated, and the economizer discharge air
setpoint at 45°F. Heating shall continue to be disabled for one hour following night flush
mode operation.

Note on Optimum Start: The sequence below probably differs from the typically provided
manufacturer’s sequence. Please provide the sequence below for ONE of each manufacturer’s
installation. Provide the manufacturer’s standard sequence on the other installation..

6. Optimum Start: Optimum start mode will gradually move from unoccupied to occupied setpoints, so
that when unoccupied space temperature had not drifted all the way to unoccupied setpoints, warm up
or cool down time will be reduced. When outside temperature indicates conditions exceed design
conditions, the optimum start time is extended. Prior to the scheduled daily occupied start time, the
optimum start program shall determine ramp rates and optimum duration as follows:

a. The assessment shall occur 2 x OptLead (180) minutes before the scheduled daily occupied
start time.
b. The optimum start duration OptDur in minutes shall be based on outside air temperature at
assessment time as follows:
i. If current OAT <50: OptLead * (50 — [current OAT]) / (50 — HeatDes)
ii. If current OAT >=50: OptLead * ([current OAT] - 50) / (CoolDes — 31)
iii. maximum of 2 x OptLead minutes
iv. minimum of 60 minutes
c. Beginning at the optimum start time (OptStart = OptDur minutes before scheduled
occupied time) the heating and cooling setpoints shall be adjusted every 15 minutes, as
follows:
i. Heat: Increase setpoint by 15 * (HeatSPo — HeatSPu) / OptDur
ii. For heatpumps, interstage differential between heat pump heat and electric heat shall
be triple normal: 3 * HeatStageDiff, returning gradually to normal during the first
hour of occupancy.
iii. Cooling: Decrease setpoint by 15 * (CoolSPu — CoolSPo) / OptDur

Premium Ventilation Sequence - Cycling 12 Revision A: May 3, 2010
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iv. Economizer setpoint shall be maintained below occupied cooling setpoint (CoolSP -
EconDif) unless night flush is active.

v. Stagger setpoint adjustments by 5 minutes per duty cycle assignment (DutySeq) so
cycle 1 occurs on the hour and every 15 minutes following, cycle 2 occurs 5 minutes
past the hour and every 15 minutes following, and cycle 3 occurs 10 minutes past the
hour and every 15 minutes following

The modes in grey text are included as optional. Consulting budget is not currently available for testing
or troubleshooting; although it may be added later. If these modes are instituted, manufacturers should
carefully bench test the sequences before releasing code to the site.

7. Ventilation Pre-Purge: If the ventilation pre purge setting (OApurgePos) is greater than 0, during the
60 minutes prior to occupied start time, operate the supply fan with the ventilation damper open to
OApurgePos.

C. SAFETY SHUTDOWNS

Duct smoke detection, space smoke detection, high duct static, and low temperature limit trips shall de-
energize the supply fan and close the outside air and exhaust air dampers. The hardware point Safety
shall be closed during normal operation, with an open contact indicating a safety condition. Manual reset
of the tripped device shall be required to restart the system. Provide a binary input for safety shutdowns.
Set SafetyUsed parameter to Yes or True if safety input is used. If SafetyUsed parameter is No or False,
do not initiate safety sequence.

D. STARTUP & TESTING
Provide means for installing and servicing contractor to set parameters required to adjust and test each

mode of operation. Use of software on a laptop computer connected via adapter to controller is an
acceptable method. Provide software to contractor for startup and throughout warranty period.

1. Setup parameter access shall include but not be limited to:

a. Set and test damper position and provide output of DAT.

b, Set and test OSareaPos and OSfullPos for ventilation.

C. Verify CO, sensor output with ppm readout

d. Verify input of each physical point

e. Independently set and verify output of each physical point
Premium Ventilation Sequence - Cycling 13 Revision A: May 3, 2010
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The modes in grey text are included as optional. Consulting budget is not currently available for testing
or troubleshooting; although it may be added later. If these modes are instituted, manufacturers should
carefully bench test the sequences before releasing code to the site.

2. Provide display or web accessible sequence to access trended data.

3. Initial automated test through range of system operation modes. Startup test on contractor
initiation accessible from unit will cycle unit on half to one minute intervals through all operating
modes and stages, including OSA damper closed, 50%, 100%, OSfullPos,.and OSareaPos.

4, Provide readout of estimated outside airflow: OA%Est = (STavg — (DAT - 1)) / (STavg — OAT);

when optional return air sensor is installed, use OA%Est = (RAT — (DAT - 1)) / (RAT — OAT);
When difference between RAT or STavg and OAT is less than 10 degrees, provide accuracy

warning and when difference is less than 5 degrees do not display.

E. FAULT DIAGNOSTICS AND OPERATION HISTORY
1. Track current day, yesterday, current week, last week, since reset time in minutes for various operating
modes listed and described in table below:
A. Each minute determine mode and add 1 to mode minute counter for current_day; current _week &
since_reset.
B. At midnight, copy current_day into yesterday, then reset current_day to zeros
C. Sunday at midnight, copy current_week into last_week, then reset current_week to zeros
Mode Tracking Record & Display Minutes & Faults

Mode Test (Each minute = one mode) Today yest- cur last since
Tracking erday | week | week | reset
Heat Heat call and SAT > STavg + 5 M M M M M
Cool Cool call and SAT < STavg - 5 M M M M M
Econo Econo call (no cool call) and SAT < STavg -2 M M M M M
Fan Only | No call above and fan on M M M M M
Off Fan off M M M M M
Faults Test after 3 minutes of mode operation
Heat Heat call and SAT < STavg +5 F F F F F
Cool Cool call and SAT > STavg - 5 F F F F F
Econo Econo call (no cool call) and SAT > STavg -2 F F F F F
Damper | See test procedure below table** F F F F F
Schedule | Daily “off” time less than 120 minutes F F F F

M = number of minutes
F = number of fault occurances

**Damper test to detect dampers open much wider than expected; testing to occur during “fan on” at least
5 minutes after any call for heating, cooling, or economizer is over AND there is at least a 10F difference
between space temperature and outside temperature AND the outside damper signal has been constant for

more than one minute.

Given current damper position, OApos find estimated outside air fraction

a. Current desired outside airflow OA%Cur =

OApos <10%: OApos * (OA%10 — OA%leak) / 10% + OA%leak

OApos >=10%: (OApos — 10% ) * OAslope + OA%10

b. Estimated outside airflow: OA%Est = (STavg — (DAT - 1)) / (STavg — OAT)

Premium Ventilation Sequence - Cycling 14
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SECTION Il - CONTROL MODE SUMMARY

HP El

Mode Secondary Mode OA Damper® | Heat | Heat | Cooling | SF (cycle)
Occ Occupied Heat 2 min/DCV ON | ON off ON
Occ Occupied Heat 1 min/DCV ON off off ON
Occ Occupied Deadband min/DCV off off off Vent Cycle
Occ Occupied Economizer Only 53°F DAT off off off ON
Occ Occupied Cool + Econo 53°F DAT off off ON 1 ON
Occ Occupied Cool Only min/DCV off off ON 1 ON
Occ Occupied Cool Stage 2 min/DCV off off | ON 1&2 ON
Occ Standby Same as above; wider heat/cool setpoints; no ventilation
Occ Demand Limit PreCool Decreased Cool Setpoint
Occ Demand Limit Prep Decreasing Cool Setpoint
Occ Demand Limit 1 Increasing Cool Setpoint
Occ Demand Limit 2 Increasing Cool Setpoint with duty cycle
Occ Post Limit Recovery Decreasing Cool Setpoint
UnOcc | Off Closed off off off off
UnOcc | Setback Closed ON off off ON
UnOcc | Setup Economizer off off ON ON
UnOcc | NightFlush 45°F DAT off off off ON

Increasing Heat Setpoint with duty
UnOcc | WarmUp cycle; electric heat lockout cycle
UnOcc CoolDown Decreasing Cool Setpoint with duty cycle cycle
UnOcc | Pre-Cool Decreased Cool Setpoint cycle
UnOcc | Pre-Purge Ventilation Purge Set ON
Safeties | (smoke or freeze detection) Closed ‘ off ‘ off | off off

Return air damper shall cycle opposite outside air (OA) damper. Exhaust damper shall cycle with OA damper if

motorized.

Premium Ventilation Sequence - Cycling
Copyright © 2010 Portland Energy Conservation, Inc.

Premium Ventilation Functional Analysis

15

Appendix B

Revision A: May 3, 2010

All Rights Reserved

B-20



[y

gq dwa] aoeds z wooy :Z1S

200 z wooy 120V

Aouednaop gz wooy :2D0

=

aa QEm._. aoeds T wooy :T1S/brels

v

Location at Fan Inlet

Alternate DAT

71
@ AouednooQ T wWooy :TD0/I20

AV

g dwsa] 11y 8breyosid 1 1va

asuodsay puewaq Aeq 1xaN AN :xuda

asuodsay puewaq jo-Aeq AN :opdaA

RA
v }-@

(feuondQ) |011u0D peads ueH :dSA

S >
wiely A1afes Jo axyows :Alajes

(reuondo) meiq Jamod nun :¥MdnN

=

— T Controls

24
VAC

i

,
9/y aAnfeA Buisianay :ney A_

,
s/s ueH Ajddns :ueH A_

Compressor

Z 9be1s 1eaH 21109(3 (Z1esH

s/s z Jossaidwo) :zgdwo)d

System Board Unit Terminals
Y1 WLE Y2W2G O RC

nlololoYoXoln

f
T 9belS JeaH o1199|3 (TIeaH A

Exhaust / Relief Air
Gravity Damper
RAt

,
s/s T Jossaidwo) :Tdwo)d A

/N\N/\/
MA

(reuondo) g dwa 1 Iy paxIA : LVIN

_ /N\N/\/

NANNNN

;\I&,_I

OAt
I

b

@
4a dwal Iy dpIsio :LYO v

VSO 9s0|D Jadweq A1y paxii :9s0jQu0o3

VSO uadQ Jadweq Iy paxip :usdouodg

@)
Jadweq 1y paxi :S04uodg A_

<EA

(reuondo) g dwa] Iy uinay :1vy

o>
202 VY duozdv

Optional
Added
Rooms

B-21

AO | BO

Bl

4
5
9

vvAA

Al

Point Type
Required
Optional
Possible

Appendix B

Premium Ventilation Control System Schematic
Unitary Heat Pump System with Economizer

Rev A: May 3, 2010
Copyright © 2010 by Portland Energy Conservation, Inc.

All Rights Reserved

Premium Ventilation Functional Analysis



Physical Points

Control System Object List

Tag Point Name Measure Units Type Low High |Comment
Range | Range

OAT Outside Air Temperature DB Temperature deg F Al -20 120 |See Note 5

DAT Discharge Air Temperature DB Temperature deg F Al 40 200

STavg Space Air Temperature DB Temperature deg F Al 40 120 |This input may be virtual point

(ST1, ST2) STavg

AQzone Air Quality - Carbon Dioxide CO2 ppm Al 0 2500 |[Typically 0-10 or 0-5 volts; This

(AQ1, AQ2) concentration input may be virtual point AQzone.
See Notes 1 and 2

FanStat Fan status CT Fan Current ampa Al Optional

Occ Occupancy sensor(s) See Notes 1|dry contact Yes/No Bl This input may be virtual point

(Occl, Occ2) &3 Occ. See Note 3

Safety Safety Lockout dry contact Yes/No BI Input from smoke detector or fire
alarm (See Note 4)

DRnx Day-Ahead Demand Response Utility/User Input Yes/No Bl Optional; may be supplied as a
network broadcast point

DRdo Day-of Demand Response Utility/User Input Yes/No BI Optional; may be supplied as a
network broadcast point

Compl Compressor (stage 1) contact 24 VAC BO Cooling or compressor call

Comp?2 Compressor (stage 2) contact 24 VAC BO Cooling or compressor call

Rev Reversing Valve contact 24 VAC BO For heatpump, switches to heating
mode for normally cooling

Heatl Heat or Furnace (stage 1) contact 24 VAC BO Heating call, or supplemental heat
for heatpump

Heat2 Heat or Furnace (stage 2) contact 24 VAC BO Heating call, or supplemental heat
for heatpump

Fan Fan contact 24 VAC BO

FanSpeed Speed control for VSD VDC AO 0 10 [Typically 0-10 volts with 0=off

EconPos Economizer damper position VDC AO 0 10 |Typically 0-10 volts with O=closed
OSA or 2=closed to OSA

EconOpen Economizer damper open contact 24 VAC BO 3-wire damper motor requiring 2-
24V BO

EconClose Economizer damper close contact 24 VAC BO 3-wire damper motor requiring 2-
24V BO

Shaded points are optional

Al Analogue Input

AO Analogue Output

Bl Binary or Digital Input BO Binary or Digital Output

Premium Ventilation Unitary Upgrade
Control Physical Object List - Revision A
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Control System Object List - Notes

1. The occupancy sensor and CO2 sensor can be shared to avoid adding hardware points. This would be achieved by routing the CO2
signal through the dry occupancy sensor contacts. When the room is unoccupied, ventilation control will be suspended, so a CO2 signal is
not necessary. This will require recording an AQIlast value on a regular schedule (every 1-5 min) so that when the CO2 signal is lost, the last
value is available for future sequence use. When this hardware approach is used, the time-out (OccTimeOut) should be set in the occupancy
sensor and OccTimeOut in the program set to 1 minute; however, if occupancy sensors have a dedicated point, it is preferred that time out
be set in the program and the occupancy sensor be set to the minimum time out.

2. Where multiple rooms are served by one unit, one CO2 sensor can be placed in the lower occupancy room, and AQset set 100 ppm
below the lowest appropriate setpoint, typically 900 ppm. Where desired and hardware points are available, multiple sensors can be
installed, and the highest reading used in the software for AQzone. Where a single CO2 sensor is used it may be installed in the return air
duct (except in California).

3. Where there are multiple rooms or a large room area where a single occupancy sensor will not typically be triggered every half hour,
install multiple occupancy sensors wired in parallel. For advanced monitoring where multiple hardware points are available, each sensor
may be assigned a independent physical point (Occl, Occ2, etc.) and have software make Occ TRUE if any contact is closed.

4. The safety shut down signal can be shared with the DAT input to avoid adding hardware points, wiring the DAT output through
normally closed safety relays in series, as a open or very high resistance across the temperature sensor will indicate system shut down and
the DAT input will not be required. This may require a separate safety relay be installed where there is a smoke detector or other safety
detection device. For units under 2000 cfm smoke detectors might not be installed and safety shutdown may not be required. Where other
approved safety shutdown devices are provided, it is not necessary to provide the control safety input as long as safety shutdown will result
in outside and exhaust dampers closing.

5. If two units are controlled with the same outside air signal, then the outside air sensor shall be located near the hood, but outside the
hood in a weather shield, locate at a similar height above the roof as the outside air intake. Weather shield shall be similar to Ambient
Weather SRS100 or equal. Where a separate outside sensor is installed for each unit, install in a shield as above OR install inside the
outdoor intake hood using a 4 inch square of duct board (Plenum rated, UL 181 class 1 rigid air duct listed, insulation value R-2 or greater) to
insulate between the sensor and the metal hood.

Premium Ventilation Unitary Upgrade Copyright (c) 2010 Portland Energy Conservation, Inc.
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Control System Object List

Virtual Parameters 2

Tag Point Name Default [Units Type Set by Low High |Comment
User3/ | Limit | Limit
Program
STavg Average Space Temperature deg F A P Average of all space temperature
Sensors
Occ Occupancy Sensor - direct input if B P When multiple occupancy sensors
one sensor; OR function for are used, Occ is true if any are
multiples activated
AQzone Zone Air Quality (CO2) ppm A P When multiple CO2 sensors are
used, the highest concentration
from CO2 Sensors
AQset Occupied Air Quality Setpoint 1000 ppm A u2 700 2000 |Setpoint for fully occupied space
(CO2)
AQlast CO2 concentration before fan ppm A P CO2 concentration at the time the
stops fan stops
OA%area Occupied area based OSA cfm 0.06 fraction A U2 0 1 |Area portion of ventilation based
percentage as a fraction on ASHRAE 62.1
OA%full Occupied area + people based 0.15 fraction A u2 0 1 Area plus people portion of
OSA cfm percentage as a fraction ventilation at full occupancy based
(15% = 0.15) on ASHRAE 62.1
OAareaPos Occupied % OA damper position 0.02 fraction A u2 0 0.2 |damper position (not % air):
for vacant space (1.0 = full open) Reflects floor area component;
may be zero if damper leakage
OAfullPos Occupied % OA damper position 0.05 fraction A u2 0.01 1 damper position (not % air):
for design occupied space Reflects floor area + people
component
OAmaxPos Occupied % OA damper 0.4 fraction A u2 0 1 Upper limit of OA damper position
maximum for ventilation in ventilation mode
OApurgePos  |Pre-purge OA damper position 0 fraction A uz2 0 30 [Damper position to provide full air
(CA: 0.05) requirement; set zero if no purge is
required; Typically same as
OAfullPos
OArcvPos Occupied % OA damper position fraction A P OAarea 1 damper position (not % air):
during recovery ventilation Pos Required for ventilation recovery
after fan is off
OAhIT Ventilation High Temperature 80 deg F A )4 75 90 [Max ventilation temperature
Premium Ventilation Unitary Upgrade Copyright (c) 2010 Portland Energy Conservation, Inc.
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Tag Point Name Default [Units Type Set by Low High [Comment
User3/ | Limit | Limit
Program

OAloT Ventilation Low Temperature 65 deg F A U2 50 70 |Min ventilation temperature

OApos Current % OA damper position fraction A P 0 1 Internally calculated variable

OA%cur Current % OA fraction A P Internally calculated variable

OA%ESst Estimated % OA fraction A P Internally calculated variable

OAerr OA Damper error threshold 15 fraction A u3 1 2  |When when OA%Est / OA%Cur >
OAerr, the OA damper is
considered stuck open

OA%leak OA fraction closed 0.04 fraction A (UK] 0.01 0.15 |fraction of OA when damper fully
closed

0OA%10 OA fraction @ 10% position 0.2 fraction A U3 0.1 0.5 |fraction of OA when damper 10%
open

OAslopel Slope OA above 10% 2.1 slope A U3 1 3 Increase in fraction of OA per
fraction damper open below 10%

OAslope2 Slope OA above 10% 0.625 slope A U3 0.5 1.5 |[Increase in fraction of OA per
fraction damper open 10% to 50%

OAslope3 Slope OA above 10% 0.36 slope A U3 0.25 1 Increase in fraction of OA per
fraction damper open above 50%

FanPost Post Purge time after heat/cool 3 minutes A u2 1 5 |Allows heat or cool to be extracted
from coil/furnace

FanWithHeat |Fan activated on heating call Yes Logic B uz2 Set to NO for gas furnace with
integral fan controls

FanVSD VSD installed No Logic B U2

FanMaxOff Maximum off time during occupied 30 minutes A u2 15 90

FanJustOff Time fan has been off min A P the elapsed time in minutes the
supply fan was off during the
occupied period since the end of
the last fan operation or end of the
last standby period

FanRcvMin Time allowed for ventilation minutes A P Adjust recovery time longer when

recovery after fan off period OAT is low to avoid comfort

problems

Premium Ventilation Unitary Upgrade Copyright (c) 2010 Portland Energy Conservation, Inc.
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Tag Point Name Default [Units Type Set by Low High |Comment
User3/ Limit | Limit
Program
FanRcvRatio |The prescriptive ventilation minutes A P Adjust recovery time longer when
needed as a fraction of the rate OAT is low to avoid comfort
ventilation air will be delivered problems
during the recovery period
OccTimeOut Unoccupied time to activate 30 minutes A u2 1 120 |If the time-out is set in the
standby occupancy sensor, this time out
should be set to 1.

DutySeq Duty Cycle Sequence Random 1-3 1,2,3 Ul 1 3 Indicates which duty cycle this
particular thermostat is on. Set
thermostats at site to evenly
distribute cooling load

DutyOff Duty Cycle Off Time 10 minutes time U2 0 15 |0 =no cycle; 10 = 1/3 off; 15 =
50% off

CoolSPo Occupied Cooling Setpoint 75 deg F A Ul 60 90 |Mech Cooling (Stage 1) on half
CoolDif above this temp

CoolSPs Standby Cooling Setpoint 78 deg F A Ul 60 90 [Mech Cooling (Stage 1) on half
CoolDif above this temp

CoolSPu Unoccupied Cooling Setpoint 85 deg F A Ul 60 90 [Mech Cooling (Stage 1) on half
CoolDif above this temp

CoolSPdr Demand Response Setpoint 77 deg F A u2 60 90 [For demand response: Maximum
setpoint at end of demand
response period

CoolSPp Occupied Precooling Setpoint 70 deg F A u2 60 90 [For demand response precooling:
Mech Cooling (Stage 1) on half
CoolDif above this temp (Set this
parameter high - 85F - to disable
pre and post cooling adjustment
periods.

CoolSPdrStart |[Cool Setpoint at start Demand deg F A P Internally calculated variable

Response

EconDif Economizer differential below 2 deg F A u2 1 3 Economizer on below CoolSP

cooling

EconDATsp Economizer discharge setpoint 53 deg F A u2 45 60

EconAct Economizer activation differential 5 deg F A u2 1 9 Economizer active at OAT <
STavg - EconAct when fan would
otherwise be off

Premium Ventilation Unitary Upgrade Copyright (c) 2010 Portland Energy Conservation, Inc.
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Tag Point Name Default [Units Type Set by Low High |Comment
User3/ Limit | Limit
Program

CoolDif Cooling Differential 15 deg F A u2 1 4 Mech Cooling off half this value
below setpoint

CoolStageDif [Cooling inter-stage Differential 15 deg F A u2 1 4 Mech Cooling (Stage 2) on at
CoolSPx + Cool2Dif + half
CoolDif

CoolLock Mechanical Cooling Lockout 56 deg F A u2 45 60 [Mech Cooling is locked out below
this outside temperature;
economizer cooling is allowed

HeatSPmax Max Occupied Heating Setpoint 72 deg F A U2 35 80

CoolSPmin Min Occupied Cooling Setpoint 73 deg F A U2 60 85

HeatSPo Occupied Heating Setpoint 70 deg F A Ul 35 80 [Heating (Stage 1) on half HeatDif
below this temp

HeatSPs Standby Heating Setpoint 67 deg F A Ul 35 80 [Heating (Stage 1) on half HeatDif
below this temp

HeatSPu Unoccupied Heating Setpoint 55 deg F A Ul 35 80 [Heating (Stage 1) on half HeatDif
below this temp

HeatDif Heating Differential 15 deg F A u2 1 4 Heating off half this value above
setpoint

HeatStageDif |Heating Interstage Differential 2 deg F A uz2 1 4 Heating (Stage 2) on at HeatSPx -
Heat2Dif - half HeatDif

OptLead Optimum Start Lead Time 180 minutes A u2 60 300 [Minutes before occupied start that
normal (at heating design OAT)
optimum start setpoint adjustment
begins

OptDur Optimum Start Duration minutes A P Minutes before occupied start
adjusted beyond normal when
outside heating or cooling design

OptStart Optimum Start Time minutes/timg P Start time internally calculated

OptStop Optimum Stop Lead Time 30 minutes A u2 0 90 [Minutes before end of occupied
period that setpoints will be
relaxed
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Tag Point Name Default [Units Type Set by Low High |Comment
User3/ Limit | Limit
Program
HeatDes Heating Design Temperature 20 deg F A u2 -50 40 [99.6% local heating design
temperature, deg F DB (see
ASHRAE Fundamentals)
CoolDes Cooling Design Temperature 95 deg F A u2 75 120 |0.4% local cooling design
temperature, deg F DB (see
ASHRAE Fundamentals)

DRtime Demand response period starts, 2:00 pm |minutes Time uz2 0:00 | 24:00 [Minutes before occupied start that
or 3-4 hours before typical daily optimum start setpoint adjustment
high if no TOD rates begins

DRdur Demand Response Duration 180 minutes A u2 60 300 |Minutes before occupied start that

optimum start setpoint adjustment
begins

DRdurl Demand Response Shift Time 0.33 fraction A u3 0.2 0.5 |fraction of DRdur (period 1) at

which shift from steep temperature
increase 0ccurs

DRtempl Demand Response Shift Rise 0.66 fraction A u3 0.5 0.75 |fraction of temperature setpoint

shift that occurs during period 1 of
demand response time

DR1ok Enable Level 1 Demand Y logical B u2 Level 1 demand response is
Response enabled

DR1lactive Enable Level 1 Demand logical B u2 Level 1 demand response is active
Response

DR1High OAT high from previous day 90 deg F A u2 80 100 |Same day demand response
indicating peak day triggered based on prior day high

DR1trigger Current OAT indicating peak day 83 deg F A u2 75 95 [Same day demand response
around DRtime triggered based on early afternoon

temperature

DR20ok Enable Level 2 Demand No logical B u2 Level 2 demand response is
Response enabled
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Tag Point Name Default [Units Type Set by Low High |Comment
User3/ Limit | Limit
Program

DR2active Enable Level 2 Demand logical B u2 Level 2 demand response is active
Response

DRpreOK Enable precooling for Demand No logical B u2 Only use with peak rate increase
Response tarrif

DxSplit =20 when compressor is on and = 20 deg F A P 0 25 |Used in Econo Simple Predictive
0 otherwise Algorithm

SafetyUsed Safety input is used No logical B u2 If NO, ignore safety shutdown

input.

1 Lockout alarm when unit is de-energized. Provide 15-minute start up delay prior to enabling alarm

2 Not all virtual or parameter points are shown. Provide all points required for software operation.

3 User set items are distinguished: U user accessible; U1 low level lock, U2 contractor lock, U3 Expert lock
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Appendix A: Supplemental Acceptance Testing Checklist

Note: preliminary version; requires field testing with multiple contractors

5/2/2010
Items Marked Grey require field research work before finalization or are not appropriate for this sequence
Premium Ventilation Package - Fan Cycling DCV
Functional Test Procedure
Supplement to standard acceptance testing
Premium Vent -
Mode.of Step | Component [Test Procedure Data, or pass/fail Inma!s, —
Operation time
Tested
Weekday "On" schedule:
Note the programmed operating schedule of the unit, |Weekend "On" schedule:
1 and the occupied / unoccupied temperature Occupied setpoints: __ °Fclg, __ °F htg
setpoints. Standby setpoints: ___ °Fclg, _ °F htg
Unocc'pd setpoints: ~ °Fclg,  °F htg
Does the operating schedule match the occupied
2 ; ) .
period? (y=pass, n=fail, note differences)
3 Note the as-found economizer lockout setpoint. Setpoint: °F
Warm-Up Put the system in unoccupied (off) mode. Adjust the
4 night setback setpoint as necessary to trigger the
warm-up cycle. Note the actual space temperature  [Space temp: °F
and night setback setpoint. Setback setpoint: °F
5 Is the fan on? (y=pass, n=fail)
6 Note the speed of the fan. rpm, or Hz
Ventilation . . .
? (v= =
7 lockout Is the outside air damper closed? (y=pass, n=fail)
A Are damper seals installed on the outside air damper
Ventilation L ! .
8 to limit leakage during morning warm-up? (y=pass,
lockout .
n=fail)
" - - - >
9 Optimum Start Is _the therrfos_tats optimum start setting activated~
(y=pass, n=fail)
OchleriaeId Program the schedule or time so that the unit is
P 10 operating in occupied mode. Return the temperature
setpoints to the as-found condition, noted in step 1.
Occupied, no
heat or cool 11 Fan Cycle [Disable any call for heating or cooling or ventilation.
rpm, or Hz
12 Fan Cycle |Does the fan cycle off? (y=pass, n=fail)
13 Fan Cycle |Wait 30 minutes or set the max fan off time shorter
14 Fan Cycle |Does the fan cycle on? (y=pass, n=fail)
Premium Ventilation Functional Analysis Appendix B
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Premium Vent

Mode.of Step | Component [Test Procedure Data, or pass/fail Inltla!s, date,
Operation time
Tested
Occupied, Simulate a call for heating by raising the thermostat
heating 15 Resistance |setpoint. Simulate an outside air temperature greater
heat lockout |than 35°F, or note the outside air temperature if it is
already above 35°F. OAT: °F
16 Is the electric resistance heat locked out? (y=pass,
n=fail)
Note the range of the CO2 sensor output, and the
17 DCV corresponding CO2 levels. For example, "0-10 volt
sensor output. 0 volts at 0 ppm CO2, 10 volts at
5,000 ppm CO2." volts or milliamps, and CO2 levels
Note the demand controlled ventilation (DCV)
18 DCV L . . -
activation setting (volts or milliamps). volts, or milliamps
Calculate the corresponding CO2 level related to this
19 DCV ;
setting. ppm CO2
Is the CO2 level full setpoint within 100 ppm of the
20 DCV .
calculated full level? (y=pass, n=fail)
21 DCV Note the location of the CO2 sensor.
hg;?:g"i?éh Lower the DCV_ activation _setting to below Fhe current
CO’2 22 DCV CO2 level, or simulate a high CO2 Ievgl u;lng a
voltage / milliamp source. Note the activation level. co2: or volts: or milliamps:
Is the outside air damper 100% open (or
23 DCV appropriately open based on OSA temp)? (y=pass,
n=fail)
24 DCV Is the return air damper 100% closed (or opposite the
OA damper)? (y=pass, n=fail)
Occupied, no Disable any call for heating or cooling and simulate a
heat or cool 25 Fan Cycle [call for ventilation above the "full" CO2 setting. Note
the method used to simulate call
26 Fan Cycle |Does the fan cycle on? (y=pass, n=fail)
27 Fan Cycle Doe_s the outsiQe air d_amper o_pep above the "full"
ventilation setting? (y=pass, n=fail)
Lower the simulated CO2 level to 50% of the "Full"
28 Fan Cycle |level. Note the number of minutes until the fan cycles
off. minutes

Premium Ventilation Functional Analysis
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Mode of
Operation

Step

Premium Vent
Component
Tested

Test Procedure

Data, or pass/fail

Initials, date,
time

Occupied,
cooling, hot
OAT, low CO2

29

Raise the DCV activation setting to the maximum
setting possible, to temporarily lock out the DCV.
Alternatively, simulate 0 ppm CO2 using a voltage /
milliamp source. Note the activation level.

CO2: or volts:

or milliamps:

30

base OA

Simulate a call for cooling. Lower the economizer
lockout setpoint to below the current outside air
temperature (to simulate hot OA temp). Note the
space temperature and the outside air temperature.

Space temp: °F

OAT: °F

31

base OA

Note the position of the outside air damper (visual
estimate).

% open:

32

base OA

Adjust the minimum (area) damper position setting /
dial, visually verify that the damper moves in
response. (moves=pass, doesn't move=fail)

33

base OA

If the outside air temperature is below 60°F or above
85°F, note the return air, outside air, and mixed air
temperatures.

RAT: °F
OAT: °F
MAT: °F

34

base OA

Calculate the % minimum outside air using the
following equation: % OSA = (MAT-RAT) / (OAT-
RAT) * 100

% OSA:

35

base OA

Simulate a call for cooling. Is the mechanical cooling
operating? (y=pass, n=fail)

Occupied,
cooling, cold
OAT, low CO2

37

Return the economizer lockout setpoint to its normal
position (step 3).

38

Economizer

Simulate cool outside air conditions (<55°F) by either
adjusting the lockout setting to below the current
OAT, using a cold spray on the OAT sensor, or make
no adjustment if the actual OAT<55°F. Note the
method of simulation.

Simulation method (circle one):
- Adjust lockout setting

- Cold spray

- Actual OAT °F.

39

Economizer

Simulate a call for cooling. Does stage one cooling
activate the economizer? (y=pass, n=fail)

40

Economizer

Is the mechanical cooling operating during stage one
cooling? (n=pass, y=fail)

41

Economizer

Is the fan speed the same as the speed noted in step
6? (y=pass, n=fail)

Return to
normal

42

DCV

Return the DCV activation setting to a setting that
corresponds to 1,000 ppm. Note the activation setting
(volts or milliamps).

volts, or milliamps

43

Return the system to 'auto’. Return the operating
schedule and occupied / unoccupied temperature
setpoints to the as-found condition (step 1). Return
the economizer lockout setting to the as-found
condition (step 3).

Premium Ventilation Functional Analysis

Appendix B

B-32



Bids received from contractors based on the Construction Documents (Appendix B) are included below.
Contractor names have been omitted.
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FROM

(WED) APR 28 2010 9:19/3T. 9:15/No. 68014561026 P 3

Bid Form _
Premium Ventilation Control Upgrade: Fan Cycling DCV
Location:! Amazon Community Center, City of Eugene

2700 Hilyard Street, Eugene, OR

¢  Optional Pre-Bid Metting Friday, April 23,2010 1;30 pm
Amazon Community Center, Building A, 2700 Hilyard Street, Eugene, OR
¢ Completed Bid Due: Tuesday, April 27,2010 3:00 p.m.

Via email: thatt@TECI org

Via fax: 503.295-0820 .

Hand delivery or mail: Reid Hart, 85444 Appletree Ct,, Eugene OR 97405
Mail delivery: PECL Attn: Reid Hart, 1400 SW 5* Ave Suite 700, Portland, OR 97201

Bldg | unit | Contral | Configuration Bid Amount
Manuf {Lump Sum each)
A | HP3 | Alerton | 2: RTU controller (VLC) with space  $ o2
sensor (VLD) 3 7 (=
B | HP4 | Innotech | 2: RTU controller-with space . $ .
sensor (ICS); plus monitoring C oL
on one phase Z } %65
B | HP5 | Innotech | 2: RTU controller with space $ o
' sensor & interface (miniport) 2 Y 535
C |HPB |KMC | 2: RTU controller with space $ 2o
Controls | sensor (NetSensor) 2 7 7 22)
C | HP7 | KMC 1: Space controller (FlexStat) $ ae..
‘ Controls 7,04 S
C | HP8 | Alerton | 1: Space controller (VLD) $ 22
%, 20|
Total for 8 control retrofits® Ils

(Total of above detall) b, 247 o~

Deduct per controller if new $ o8, each
thermostat wires are NOT required 750

Allowance per controller to reinstall  $ b ep. each .
original controls after 12 months ’ (®)

Houry rate for additional research  § 80@- per hour
related tasks.

* Note: Individual controller prices are for information purpose. The entire project will be awarded to one
contrastor. The price used for bid evaluation will be the total for 6 control retrofits plus the hourly rate for
additional tasks times 48 hours. Lowest bidder with acceptable references will be sclected,

Bids shall be good for 60 days. I acknowledge I have read the scope and sequence and am aware of site
conditions. Bid amount represents total project costs. PECI will pay for work net of EWEB incentives,

Pleasc provide three client references your firm has provided HVAC controls work for.

1 certif‘y that I am authorized to executc this bid on behalf of
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APR. 27. 2010 4:32PM

FM SHEETMETAL INC

Addendum(s) 1 & 2 Noted

Bid Form

NO. 9969

Premium Ventilation Control Upgrade: Fan Cycling DCV
Amazon Comimunity Center, City of Eugene
2700 Hilyard Street, Eugene, OR

Location:

s Optional Pre-Bid Meeting

Fridey, April 23,2010 1:30 pm

Amezon Community Center, Building A, 2700 Hilyard Street, Eugenc, OR

s Completed Bid Due:

Via email: thart@PECLorg
Via fax: 503-205-0820
Hand delivery or mail: Reid Hert, 85444 Appletree Ct., Eugene OR. 97405

Mail delivery: PECL Attn: Reid Hart, 1400 SW 5® Ave Suite 700, Portland, OR 97201

Tuesday, April 27,2010 3:00 p.m.

Bldg | unit | Confrol | Configuration Bid Amount
. Manuf . (Lump Sum each)
| A | P [ Alerton | 2: RTU controller (VL.O) withspace § 4.966.00
| sensor (VLD)
' B | HP4 | innotech | 2: RTU controller with space $ 3,395.00
I sensor (ICS); plus monitoring CT
on one phase
B | HP5 | Innotech | 2: RTU controller with space $ 3,905.00
sensor & interface (miniport)
C | HP6 | KMC 2; RTU controller with space $ 3,840.00
Controls | sensor (NetSensor) .
C | HPT |KMC 1: Space controller (FlexStat) © ' § 3,745.00
Cenfrols
C | HPB | Aletton [ 1: Space controller (VLD) $ 4,250.00
Total for 6 control retrofits® $ 24,102.00
(Total of above detsil) |
Deduct per confroller if new § 100.00 gach
thermostat wires ara NOT required
Allowancs per controller to reinstal] § 570.00 each
original controls after 12 months
Hourly rate for additional research § 95.00 per hour

related tasks,

Premium Ventilation Functional Analysis
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# Note; Individnal controller prices are for information purpose, The entire project will be awarded to one
contractor. The price used for bid evaluation will be the total for 6 control refrofits plus the hourly rate for
additional tasks times 48 hours. Lowest bidder with acceptable references will be selected. '
Bids shall be good for 60 days. ¥ acknowledge I bave read the scope and sequence and am aware of site
conditions. Bid amount represents total project costs, FPECK will pay for work net of EWEB inceatives,

Please provide three client referertces your firm has provided HVAC controls work for,

Sea Attached for References
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Analysis periods outlined in the tables below were used to compare pre and post data for three distinct
Amazon Community Center analyses (CO, concentration impact of DCV, fan cycling controls effect on fan
run time, and sensible cooling provided by the economizer) and one Wacom analysis (sensible cooling
provided by the economizer). Due to data loss and corruption issues, the pre and post analysis periods
vary for each of these analyses. The analysis periods were defined with the goal of having the closest
possible OAT during the pre and post periods, given the constraints on data availability. Note that RTU
HP-4 at Amazon was not analyzed due to missing and corrupt data.

Table 1. Analysis Period — CO, Concentration Impact of DCV — Amazon

Unit Baseline Baseline Post-retrofit | Post-retrofit Pre-retrofit Post-retrofit
Start End Start End Avg OAT Avg OAT
HP-3 6/26/10 7/23/10 6/26/11 7/23/11 65 63
HP-5 6/9/10 6/24/10 6/9/11 6/24/11 58 59
HP-6 5/6/10 5/22/10 5/6/11 5/22/11 54 53
HP-7 8/21/10 9/21/10 6/2/11 7/1/11 63 60
HP-8 5/6/10 5/23/10 5/6/11 5/23/11 53 53
Table 2. Analysis Period — Fan Cycling Controls Effect on Fan Run Time — Amazon
Unit Baseline Baseline Post-retrofit | Post-retrofit Pre-retrofit Post-retrofit
Start End Start End Avg OAT Avg OAT
HP-3 5/6/10 5/22/10 5/6/11 5/22/11 54 53
HP-5 6/9/10 6/25/10 6/9/11 6/25/11 58 59
HP-6 5/6/10 5/23/10 5/6/11 5/23/11 53 53
HP-7 8/21/10 9/20/11 6/2/11 7/1/11 63 60
HP-8 5/6/10 5/23/10 5/6/11 5/23/11 53 53
Premium Ventilation Functional Analysis Appendix D
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Table 3. Analysis Period — Sensible Cooling Provided by the Economizer — Amazon

. . Post- Post- Pre- Post-
Unit Basstzlrltn e Bazﬁ:;ne retrofit retrofit retrofit retrofit
Start End Avg OAT | Avg OAT
HP-3 (date range 1) 5/6/10 5/23/10 5/6/11 5/23/11 53 53
HP-3 (date range 2) 6/26/10 7/23/10 6/26/11 7/23/11 65 63
HP-5 6/9/10 6/25/10 6/9/11 6/25/11 58 59
HP-6 5/6/10 5/24/10 5/6/11 5/6/11 54 53
HP-7 8/21/10 9/21/10 6/2/11 7/1/11 63 60
HP-8 5/6/10 5/23/10 5/6/11 5/23/11 53 53
Table 4. Analysis Period — Sensible Cooling Provided by the Economizer — Wacom
. . Post- Post- . Post-
Unit Basstt;I:trl e Bazzlc;ne retrofit retrofit P;?;rect;:.:.'t retrofit
Start End 9 Avg OAT
IT Office 10/09/10 10/19/10 10/28/10 11/07/10 53 53
CFO SW Office 10/09/10 10/19/10 10/28/10 11/07/10 53 53
Premium Ventilation Functional Analysis Appendix D
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Acceptance testing of the RTUs at Amazon Community Center was completed in April 2011. The detailed
acceptance testing result forms are included on the following pages. Note that the acceptance testing
process has been updated based on feedback during this project and final acceptance testing and air flow
measuring procedure tools are available in Addendum 1.

Premium Ventilation Functional Analysis Appendix E E-1



Premium Ventilation Package - Fan Cycling DCV Key:
Acceptance Checklist Entry
Unit Tag Zone Name: Check One
[HP-3 | |[Gym Bldg A | Optional
Manufucturer Model # Serial # Comment
[Trane | [wcDo75c300BC [R38100082D |
Site Name Address City, ST, Zip
|Amazon Cmty Ctr | |2700 Hilyard St |Eugene OR 97405 |
Date & Time of testing Technician Contractor
[4/1/2011 5:15 PM | [Stacy Castleman [Innovative Air |
Biz Sched Mon Tue Wed Thur Fri Sat Sun Typical Business hours
Start 9:00 9:00 9:00 9:00 9:00 9:00 9:00 Based on interview of site staff
Stop 22:00 | 22:00 | 22:00 | 22:00 | 22:00 | 22:00 | 22:00
Same =X X X X X X X
RTU Sched Mon Tue Wed Thur Fri Sat Sun Actual operation times from thermostat
Start 8:30 8:30 8:30 8:30 8:30 8:30 8:30 Start time like 5a or 5:15a
Stop 21:30 | 21:30 | 21:30 | 21:30 | 21:30 | 21:30 | 21:30 End time like 6p or 5:45p
Same =X X X X X X X Enter "x" if same as previous day
Setpoints Heat Cool Deadband/Offset
Occupied 69 |[°F 75 |°F 6
Unoccupied 57 |°F 80 |[°F 23
Standby 66 |°F 78 |°F 3 33
Limits 72 |°F 73 |°F 1 Temp occupied = 2 hrs
Optimum Start  Holiday Settings
Activated = X y no Temp
Comments: |
Occupancy Sensor  Active Sensor delay Program Delay
for Standby y |Y/N | 1 |min 30 |min Verify 30 minute timeout set at sensor or
Economizer High Limit A/B/C/D/ "Dif" = C High Limit in program, not both
High Limit | 68 |°For | | or Enthalpy Setting
Type DryBulb Enthalpy Boundary Other; Comment:
(Check One) | X | | | |Jade Controller
Cool Stage Single Dedicated DDC Dedicated indicates 2-stage wiring at tstat and cntrlr
(Check One) X DDC indicates integrated DDC control
Damper Operation Full Closed Full Open Seals Good Verify actual damper operation - cycle
| X |Y/N | X |Y/N Y/N |1/2 " gap in OSA damper both sides
Mode Testing DAT Damper Position Split Temp Diff ~ Split temperature is from mixed air to discharge
Stage 1 Heat 106 |[°F % Open| 28.9 [°F % Open is eyeball estimate
Stage 2 Heat 104 |[°F % Open| 26.9 [°F (Can verify airflow during heating test)
Stage 1 Cool °F % Open °F °F OAT X Stage 1 economizer
Stage 2 Cool 52 |°F % Open| 20.1 [°F
Activated with Setpoint Adj Jumper/test Program  Other; Comment:
(Check One) | | | X | |Jade operation test on dampers
Stage 1 Cool Economizer (if needed) Split Temp Diff
Stage 1 Cool |°F | |% Open °F Use cold spray or deactivate OAT sensor before
test if not active above
Unoccupied | °F | |% Open|:|°F Set time just before stop; reset after test

Jade Econo Cycle Test: dampers OK; CO2 Sensor needs adjustment-wrong voltage
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Unit Tag Premium Ventilation Package - Fan Cycling DCV Key:
HP-3 | Ventilation & DCV Setup Entry
Check One
Total Unit Airflow Heat Test Flow Plates Velometer Fan Curve Optional
Measured by | X | or | | or I:I or I:I
Nameplate Measured Unit Tons CFM/Ton Percent of Nameplate
Airflow [ 2500 JcPm [ 2248]cem [ 63 Jtons  [3seo]crm [o.8094]%
Ventilation % Temp Split Flow Plates Velometer Hot Wire
Measured by | | or | | or I:I or I:I
Occupancy Type Floor Area Area Rate
Area Information 800 sf 0.06 CFM/sf
Reported People People People Rate
32 5 CFM/person
Needed Calculated Target Area %
Area (Min) Ventilation | 55 |CFM 48 |CFM % Needed CFM from Installation Schedule
OAT RAT Target MAT Set Damper Position
| 60 |°F | 75 |°F °F % Verify in programming
Needed Calculated Target Full %
Full (Max) Ventilation | 220 |CFM | 208 |CFM %
OAT RAT Target MAT Set Damper Position
| 60 |°F | 75 |°F °F % Verify in programming
CO2 Sensor Test Occupancy Condition CO2 Damper Position
Room Empty PPM % Open Room Empty
Blow on Sensor PPM % Open Blow on Sensor
Lo Sensor Range 0 PPM 0 [Volts or mA output Volts mAmMp
Hi Sensor Range 2000 |PPM 10 [Volts or mA output or I:I
Double check dip switches
CO2 Sensor Settings CO2
Area (Min) Ventilation 450 |PPM
Full (Max) Ventilation Cr setting PPM I:IVerify in programming
Findings needing repair or adjustment or comments Date Fixed
1|CO2 sensor measured high voltage; not accepted by JADE as correct input 4/29/11
2|When CO2 sensor repaired; input Area and Full ventilation settings 4/29/11
3|OSA Damper has huge gap; high leakage; [Change Order] 5/9/11
4[Connect Occupied Tstat output to JADE Occupied input 5/9/11
5[Unoccupied setback verified by trending na
Acceptance Test Summary: Yes Partial No Date
Schedule and setpoints set per program guidelines X 4/1/11
Economizer operation verified & changeover set X 4/29/11
All heating and cooling stages operate X 4/1/11
CO2, Outside & Discharge air sensors verified X 4/29/11
DCV Area (min) & Full (Max) settings verified X 4/29/11
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Additional "Smart Phone" tools that are used at site for setup Unit Tag
These tools are still in development

Heat Test to find Unit CFM

Nominal
Entering Air
Heated Air
Fan Heat
Electric Cap
Gas Cap
Gas Eff
Total Cap
Temp Diff
Supply Air

Delivery

Cool Cap
Cool Cap
CFM/Ton

2,500 CFM

77.1 °F

104.7 °F
0.8 °FdT

20.3 kW
MBH

100% %
69.284 MBH
28.4 °FdT
2,248 CFM

90%
75 MBH
6.3 tons

360

HP-3

Rated CFM from nameplate

Before heater

After heater

Est 0.8° if entering T is before fan

Heater Rating

Output or input

If Cap is input (100% for output) outherwise ~65%
Output

Percent of Nominal

Set Area (Min) and Full (Max) Ventilation

Supply Air
Floor Area
People

Area Rate
People Rate
Area Vent (Min)
Full Vent (Max)
Area Vent (Min)
Full Vent (Max)
Outside Air
Return Air
Target:

Area (Min)

Full (Max)

OSA Dmpr Pos
Actual target
Actual % OSA

AQset

2,248 CFM
600 sq feet
20
0.18 CFM/sf

10 CFM/person

108 CFM
308 CFM

5% %
14% %

56.5 °F OAT
67.6 °F RAT

67.07 °F MAT
66.08 °F MAT
0.01
62.7 °F MAT
44.1%

850

Premium Ventilation Functional Analysis

(2-10 VDC)
2.38 2.1

3.10 3

565 565 565 565 565 565 56.5 565
67.7 677 674 674 674 67.4 674 67.4

full area
0.13 1.00 0.00 0.13 0.01
61.9 60.9 63.1

51.8% 60.7% 39.4% 618.3% ###H#H# 618.3% 618.3% 618.3%
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Premium Ventilation Package - Fan Cycling DCV
Acceptance Checklist

Unit Tag

[HP4 |
Manufucturer

[Trane |
Site Name

|Amazon Cmty Ctr |
Date & Time of testing

Zone Name:

|Preschoo| |
Model # Serial #
[WCC030F100BF | [R375U5X1H
Address City, ST, Zip

|2700 Hilyard St | |Eugene OR 97405
Technician Contractor

Key:

Entry

Check One

Optional

Comment

[4/1/2011 1:40p | [Stacy Castleman | [Innovative Air

Biz Sched Mon Tue Wed Thur Fri Sat Sun Typical Business hours

Start 8:00 8:00 8:00 8:00 8:00 U U Based on interview of site staff

Stop 5:00 1:00 5:00 1:00 5:00

Same =X

RTU Sched Mon Tue Wed Thur Fri Sat Sun Actual operation times from thermostat
Start 8:30 8:30 8:30 8:30 8:30 U U Start time like 5a or 5:15a

Stop 13:30 | 13:30 | 13:30 | 13:30 | 13:30 End time like 6p or 5:45p

Same =X Enter "x" if same as previous day
Setpoints Heat Cool Deadband/Offset

Occupied 70.5 |[°F 75 |°F 45

Unoccupied 57 |°F 80 |[°F 23

Standby 67.5 |[°F 77 |°F 32

Limits 725 |°F 73 |°F 0.5

Optimum Start  Holiday Settings

Activated = X X no

Comments: |

Occupancy Sensor  Active Sensor delay Program Delay

for Standby y |Y/N | 1 |min 30 |min Verify 30 minute timeout set at sensor or

Economizer High Limit A/B/C/D/ "Dif" = C High Limit in program, not both

High Limit | °For | Diff | or Enthalpy Setting

Type DryBulb Enthalpy Boundary  Other; Comment:

(Check One) | X | | |

Cool Stage Single Dedicated DDC Dedicated indicates 2-stage wiring at both
(Check One) thermostat and controller

Damper Operation Full Closed Full Open Seals Good DDC indicates integrated DDC control

| X |Y/N | X |Y/N Y/N Verify actual damper operation - cycle

Mode Testing DAT Damper Position Split Temp Diff Split temperature i