Project Information
Project ID#:
Measure:
Electric Savings:
Facility Type
Technology:

CE07M016
Multiple
452,593 kWh,
School
Multiple

8.84 Summer kW,

39.26 Winter kW

Measure Description
CH-1 - Chiller Plant Optimization and Control
The chiller plant (chilled water system) is made up of a McQuay air cooled chiller with
primary/secondary pumping.
Enthalpy control was added to enable/disable the chiller system. The chilled water system was
re-scheduled to operate fewer hours. The chilled water bypasses were closed and the differential
set point reduced to 20 psig allowing the secondary pumps to modulate to lower speeds. The lag
secondary pump was interlocked to not run while the lead pump is running.
Prior to this project’s completion the chilled water plant was enabled above 50°F outside air
temperature (OAT). The two secondary loop pumps modulated between 50% and 100% speed
based on the chilled water differential pressure. The baseline differential pressure set point was
set at 30 psig which only allowed the secondary pumps to modulate down to 80-90% speed and
sometimes even turn on the lag pump, causing excessive flow. The chilled water system did not
have a schedule to disable the chiller and the pumps during unoccupied periods – the description
says they ran 24/7 whenever the OAT was above 50°F.
With the completion of this project a humidity sensor was added to calculate outside air (OA)
enthalpy. The chilled water system is now enabled when the OA enthalpy is above 21.0 Btu/lbm.
The chilled water system has an implemented schedule to only allow the chiller and pumps to
run during the academic year from 6:00 a.m. to 9:00 p.m., M-F or when two or more air handling
units call for chilled water. In addition the chilled water bypasses have been closed and the
differential set point reduced to 20 psig, allowing the secondary pumps to modulate to lower
speeds. The lag secondary pump has also been locked from running while the lead pump is
running.
HV-1 – Optimize HVAC operations
Seven air handling units serve the cafeteria, the main entrance area, classrooms and other areas.
All units are designed for constant volume CFM. Variable frequency drives are installed on all
supply and return.
A schedule was set up to shut off the AHU during un-occupied hours and on weekends. Enthalpy
control was added to the economizer. The VFDs that were not operating properly, or in bypass,
were set up to operate as designed. Finally, the speed of the supply and return fans was lowered
during the heating season.
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Prior to the completion of this project the seven air handling units had a variety of
deficiencies that caused them to run inefficiently. Some of the AHUs ran continuously and
others for 14 Hrs/day at 60 Hz, and the VFDs were not being controlled by the EMS. All the
units have CO2 control and dry bulb OA economizer control. Table 1 summarizes the
AHUs and their operation.

Table 1 HV-1 AHUs

Air
Handling
Unit
RAHU-2
RAHU-3
RAHU-6
RAHU-7
AHU-2
AHU-3
AHU-5

Area Served

Operating Hours

Min Damper Position

VFD control status

Classrooms
Cafeteria
Classrooms Core
Main Entry/Stairs
Classrooms West
Classrooms East
Classrooms

14/6
Unstated
14/6
14/6
Unstated
14/6
14/6

20%
Not working
5%
12%
Not working
12%
12%

Both operating
In bypass
Both operating
Both operating
In bypass
Both operating
Both operating

With the completion of this project the EMS was programmed to reschedule all of these units to
operate only during school hours - 7am-4pm, M-F. A new occupied summer schedule (8AM3PM) M-F was added to the operation of all air handling units. A new seasonal (heating/cooling
mode) VFD fan control strategy was added to all of these air handling units. When the OAT is
greater than 50°F (cooling mode) all VFDs operate at maximum fan speed (60 Hz), just as they
did for the base case scenario. When OAT is below 50°F (heating mode) all VFDs operate at 45
Hz. The EMS is now set up to manage outdoor air enthalpy economizer control. All OA dampers
were adjusted and the CO2 sensors were calibrated and verified. The Air balancing contractor
should have verified reduced seasonal CFM on all air handling units and established proper CFM
flow for each air handling unit at the far ends of the ductwork distribution feeding the
classrooms.
HV-2 – Optimize HVAC operations
The Administration area is served by RAHU-5 – which serves seven VAV boxes.
A schedule was set up to shut off the AHU during un-occupied hours and on weekends. The
VAV boxes were scheduled consistent with the fans. Static pressure reset control was added to
the AHU fans to reduce fan motor energy. Enthalpy control was added to the economizer.
Prior to the completion of this project the air handling unit had a variety of deficiencies that
caused it to run inefficiently. The supply and return fan VFDs were in manual bypass, operating
at full speed. The supply air static pressure was very high since there was no VFD speed control
and there appeared to be no reset control. The RAHU has two stages of DX cooling. The unit has
dry bulb OA economizer control only. When in the occupied mode at minimum damper position
the unit provided 0% outdoor air, and the dampers were out of adjustment. All the VAV boxes
seemed to be perpetually in the occupied mode.
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With the completion of this project the EMS was programmed to reschedule all of these units to
operate only during school hours - 6am-5pm, M-F. A new occupied summer schedule (8am3pm) M-F was added to the operation of all air handling units. The schedules for all the VAV
boxes, including new schedules for summer, were properly set up. Static pressure reset control
was added to the supply fan VFD control and the unoccupied CFM set points and hours were
adjusted for all VAV boxes. The EMS was set up to manage outdoor air enthalpy economizer
control. All OA dampers were adjusted. The DX staging of cooling was verified and optimized.
An occupancy override switch was added on the main office thermostat for the VAV unit to
allow administration office persons to operate the unit during unoccupied hours.
HV-3 – Optimize HVAC operations
Several classrooms are served by RAHU-4, which feeds 21 VAV boxes. During unoccupied
hours the RAHU does not cycle for heating, all space heating is accomplished by perimeter HW
radiation and fan powered VAV boxes with reheats.
A schedule was set up to shut off the AHU during un-occupied hours and on weekends. The
VAV boxes were scheduled consistent with the fans. Static pressure reset control was added to
the AHU fans to reduce fan motor energy. Enthalpy control was added to the economizer.
Prior to the completion of this project this air handling unit had a variety of deficiencies that
caused it to run inefficiently. The unit ran 14/6. The supply fan VFDs operated at an average of
80% speed with little variation. The supply air static pressure set point was set at 1.1” wc and
there was no reset control. The unit has dry bulb OA economizer control only. When in the
occupied mode at minimum damper position the unit provided 15% outdoor air. All the VAV
boxes seemed to be always in the occupied mode. During unoccupied hours the RAHU did not
cycle for heating, all space heating was accomplished by perimeter HW radiation and fan
powered VAV boxes with reheats.
With the completion of this project the EMS was programmed to reschedule all of these units to
operate only during school hours – 7am-4pm, M-F. A new occupied summer schedule (8am3pm.) M-F was added to the operation of all air handling units. The schedules for all the VAV
boxes, including new schedules for summer, were properly set up. Static pressure reset control
were added to the supply fan VFD control and the unoccupied CFM set points and hours were
adjusted for all VAV boxes. The EMS was set up to manage outdoor air enthalpy economizer
control.
HW-1 - Heating Plant Optimization and Control
The heating plant consists of two hot water boilers, each with a constant speed primary HW
pump (HWP-1 & HWP-2), and two variable speed secondary pumps (HWP-3 & HWP-4.)
Control was added to the EMS to disable the hot water system when the outside air temperature
is greater than 65°F. A new summer schedule was added to ensure the boilers and pumps are off
between May and September. Also, the secondary bypass valves were closed and the differential
pressure set point was lowered to reduce secondary pump energy use.
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Prior to the completion of this project there was one hot water differential pressure sensor,
located remotely on the HW loop, which controlled the VFDs driving the secondary pumps. The
two variable speed secondary pumps operated in a lead/ lag configuration. The differential
pressure set point was set at 20 psig - resulting in the seasonal pump modulating in a narrow
range of 85-65% speed. The discharge triple duty valves on each pump were 75% open. The
seasonal lead and lag pumps sometimes operated together – causing excessive flow. The hot
water system was enabled at 53°F and disabled at 57°F.
With the completion of this project the hot water system is now enabled at 65°F and below. A
new summer schedule ensures the boilers and pumps are off between May and September. All
hot water bypass valves are now closed. The HW dp sensor was reprogrammed to a set point of
15 psig for setting the speed of the running seasonal pump. The lag seasonal pump is now locked
out when the lead pump is running. There is no discussion of what effect the triple duty valve
position has on the energy use or whether a change was made to this.
OCC-1 – Occupancy sensor control of lighting and HVAC
The 375W Metal Halide (MH) lighting was replaced with Fluorescent lighting in the gym – one
for one. Occupancy sensor control was added to these fixtures. An occupancy sensor was also
installed to shut down the gym AHU (RAHU-1) when the gym is unoccupied. A schedule was
set up to shut off the AHU during un-occupied hours and on weekends. Finally, the speed of the
supply fan was reduced from 60% to 55% - resulting is savings from the VFD motor and air
conditioning.
Prior to the completion of this project the lighting in the gymnasium consisted of (20) MH
fixtures at 375W controlled by wall switches. The lighting was always on during the school day
and sometimes at night, depending on whether or not teachers or custodians turned the lights off.
The gymnasium is heated and cooled by a rooftop unit (RAHU-1) which ran 14 hours a day, 6
days a week. The unit has VFDs on the supply and return fans. The supply fan ran continuously
at 60% (40 Hz) – not controlled by the EMS. The return fan was not operating. The unit has CO2
control and dry bulb OA economizer control only. In the occupied mode the OA dampers were at
15% minimum position.
With the completion of this project both the lighting and RAHU 1 are now controlled with
occupancy sensors - however, local lighting wall switches have not been removed. The
documentation does not discuss why the switches were not removed and how this affects the
proposed use. All (20) MH fixtures were replaced with 4-lamp T-5 high bay fluorescent fixtures.
Occupancy sensors turn both the lighting and the RAHU off if the gym is unoccupied for a time
period of 15 minutes.
If no occupants are in gym during occupied hours (8am-4pm, M-F) the RAHU-1 outside air
dampers close and the fan cycles on low speed (50%) to maintain unoccupied space
temperatures. When anyone enters the gym, the AHU returns to occupied fan mode (40 Hz.)
The EMS is now programmed to allow outdoor air enthalpy to control the economizer. OA
dampers were adjusted, CO2 sensors recalibrated, and controls verified.
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A new occupied summer schedule (9am-3pm) M-F was set up for the rooftop unit. During
scheduled school unoccupied periods the rooftop unit operates at low speed to maintain a
heating/cooling unoccupied space set point. If occupants enter the gym the unit resets to
occupied-fan mode (40 Hz).
OCC-2 – Occupancy sensor control of lighting and HVAC
Occupancy sensor control was added to the existing lighting fixtures in the auditorium. An
occupancy sensor was also installed to slow down the AHUs when the space is unoccupied. A
schedule was set up to shut off the AHU during un-occupied hours and on weekends. Finally, the
air flow through the unit was reduced from 100% to 80%.
Prior to the completion of this project the lighting in the auditorium consisted of (13) house
lights, (9) down lights, and (5) wall sconces, all of which were compact fluorescent lights
totaling 3,600 Watts, controlled by wall switches. The lighting was always on during the school
day and sometimes at night depending on whether or not teachers or custodians turned the lights
off. The auditorium is heated and cooled by two AHUs (AHU-1 & AHU-4) which ran 14 hours a
day, 6 days a week. The supply and return fans ran continuously at 60Hz – not controlled by the
EMS. The return fan for AHU-1 was not operating. The unit has CO2 control and dry bulb OA
economizer control only. When the AHU units were in occupied mode, the damper for AHU-4
was set at a minimum of 26%, and the damper for AHU 1 was set at 0% due to the return fan
being off. The auditorium temperature set points were 70°F for heating and 73°F for cooling.
Each AHU had individual user-adjustable set points which could cause simultaneous heating and
cooling. This space is seldom occupied by students.
With the completion of this project both the lighting and AHU-1 are now controlled with
occupancy sensors – the local lighting switches were removed. The installed occupancy sensors
turn the lighting off if the auditorium is unoccupied for a time period of 15 minutes.
The fan speed during occupied hours was set down to 80% (from existing 100%.) The EMS was
reprogrammed to use a new outdoor air enthalpy economizer control.
A new summer schedule was set up for the auditorium to allow occupied operation of the air
handling units from occupancy zone control and cooling space temperatures.
During occupied hours (8am-4pm) M-F, if the auditorium has no occupants, the AHUs’ outside
air dampers close and the fans cycle on low speed (40 Hz) to maintain an unoccupied space
temperature set point (70°F heating/73°F cooling). If occupants enter the Auditorium the units
return back to occupied fan mode (60 Hz) – and the lights turn on.
During unoccupied periods the AHUs remain off - operating at low speed to maintain a
heating/cooling unoccupied set point. When anyone enters the auditorium the units revert control
to occupied fan sequence (60 Hz) and space set points along with energizing the lights. The EMS
was revised so both AHUs are controlled from one common set point schedule.
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Summary of the Ex Ante Calculations
CH-1 - Chiller Plant Optimization and Control
The changes to the chilled water system include:
 Reduced cooling system operating hour based disabling the chiller during low outside air
enthalpies
 Reduced cooling system operating hour based on revised operating schedules
 A reduction in the secondary pumps flow rates due to the lower chilled water differential
pressure set point and closed bypass valves
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hours of operation: To account for scheduling, the bin hours were multiplied by schedule
factors. Run hours are lower than bin hours. The run hours in both the existing and proposed
cases are based on a 0.7 fraction that is likely a simplification of (5/7) for weekdays only. In both
the existing and proposed cases, there are other adjustment factors in calculating the run hours. It
is unclear what these firm factors are based on.
Chiller operation savings: There are no chiller demand reductions at any temperature bin
calculated for the chiller operation for this measure. In both cases the chiller is assumed not to be
running below the 62.5°F bin. The chiller kW/ton is based on Trane’s design performance data at
95°F OA condenser temp and the RCx contractor’s data loggers recording kW and tons.
Primary CHW pump savings: The primary pump is assumed to operate at a constant 7.5 kW for
all operating hours for both the existing and proposed cases. However, for the existing case the
primary pump is assume to run down to and including the 52.5°F bin – while for the proposed
case this pump is off below the 62.5°F bin. This latter situation assumes the primary pump will
be locked out when the chiller is disabled. The 7.5kW used for this pump is stated to be based on
field measurement of this 10.0hp motor. While this component provides no demand reduction,
there are energy savings due to both reduced run hours from rescheduling and by this pump not
running when the chiller is not running because it is locked out by the EMS.
Secondary CHW pump savings: There are two secondary pumps – only one operating at a time.
These pumps have variable frequency drive (VFD) control systems. The speed is controlled by a
dp sensor in the secondary loop with a base case set point of 30 psi. Open bypass valves make
the pumps operate at higher speeds for all loads (base case). By shutting the bypass valves and
lowering the set point pressure to 20 psi, the VFD will run the motor at lower speeds at all bins.
The pump speeds were based on DDC readings and trends vs. OAT – data taken for both existing
and proposed operations. Pump VFD kW was measured with a power meter in the field at
various frequencies. As with the primary pumps the secondary pumps are locked out by the EMS
when the chiller is disabled.
HV-1 – Optimize HVAC operations
The changes to the seven AHUs include:
 Change the occupied period schedules
 Ensure the economizer is working properly
 Reduce the supply and return fan speeds to operate at 75% during heating season
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Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The AHUs operated 14 hours per day for six days per week for the base case
scenario. For the proposed scenario the occupied period is rescheduled as 7AM to 4PM for five
days per week. The calculations suggest that there is a summer schedule where the AHUs run
only 6 hours per day for five days per week.
Energy savings: Savings are accrued by: 1) Less AC and fan motor loads from increasing the
unoccupied period, 2) less AC and fan motor loads by re-commissioning the economizer controls
to include more temperature bins, 3) Reduced winter air flow for heating mode, by lowering
speed and kW with the VFD.
HV-2 – Optimize HVAC operations
The changes to the AHU include:
 Change the occupied period schedules
 Add static pressure reset control to the AHU fan
 Ensure the economizer is working properly
 Adjust all VAV boxes and ensure they are scheduled properly
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The calculations suggest that the AHU operated 14 hours per day for six days
per week for the base case scenario. For the proposed scenario the occupied period is
rescheduled as 6:00 a.m. to 5:00 p.m. for five days per week during the school year. The summer
occupied schedule calculated as 8 a.m. to 3 p.m., M-F.
Energy savings: Savings are accrued by: 1) Less AC and fan motor loads from increasing the
unoccupied period schedule, 2) less AC and fan motor loads by re-commissioning the
economizer controls to include more temperature bins, 3) Reduced fan motor loads through
lower fan speeds based on re-commissioned static pressure controls.
HV-3 – Optimize HVAC operations
The changes to the seven AHUs include:
 Change the occupied period schedules
 Ensure the economizer is working properly
 Fix VSD controls to vary flow by static pressure set point
 Adjust all VAV boxes and ensure they are scheduled properly
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The calculations suggest that the RAHU operated 14 hours per day for six
days per week for the base case scenario. For the proposed scenario the occupied period is
rescheduled as 7 a.m. to 4:00 p.m. for five days per week during the school year. The summer
occupied schedule is set at 8 a.m. to 3 p.m., M-F.
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Energy savings: Savings are accrued by: 1) Less AC and fan motor loads from increasing the
unoccupied period and reducing the fan speeds, 2) less AC and fan motor loads by recommissioning the economizer controls to include more temperature bins, 3) Reduced fan motor
loads through lower fan speeds based on re-commissioned static pressure controls.
HW-1 - Heating Plant Optimization and Control
The changes in the hot water plant that impact savings are:
 Reduction in the secondary pumps flow rates due to the lower 15 psig hot water dp set
point and closed bypass valves
 Reduction in operating hours for the primary and secondary pumps for bins above 60°F
 Lockout of the lag seasonal pump when the lead is running
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The hot water and seasonal pumps operate 24/7 for bins 55-58°F and below
for the base case scenario. For the proposed scenario the pumps operate 24/7 bins 45-50°F and
below, and fewer hours for the two bins above these.
Primary pump savings: The running primary pump is estimated to operate at a constant 4.7 kW
for all operating hours for both the existing and proposed cases. This kW is a user-specified
number (not calculated in the spreadsheet). Savings are estimated only for the two warmest bins
where there are fewer operating hours.
Seasonal (secondary) pump savings: The seasonal pump speed varies (for the base case) between
75% and 85%. For the proposed case the seasonal pump speed varies between 50% and 75%.
The kW for each pump, in each bin, is a user-specified number. Savings are estimated by the
difference in the demand profiles across bins for the pump – proposed vs. base case.
OCC-1 – Occupancy sensor control of lighting and HVAC
The changes in the gym lighting and AHU that impact savings are:
 Change the occupied period schedules
 Replaced MH lighting with Hi Bay Fluorescent lighting
 Occupancy sensors on the new lighting and the AHU
 Reduced air flow through the AHU
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The lighting operates 10/5 for the base case scenario. For the proposed
scenario the lighting still has 10/5 base operation but the occupancy sensors reduce the hours by
50% during the school year and 80% during the summer.
The AHU runs 14/6 during both the school year and summer for the base case scenario. For the
proposed scenario the occupancy sensors reduce the hours to 6/5 during the school year and 3/5
during the summer.
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Total savings: The lighting changes provide about 50% of the total measure savings –HVAC
changes provide the other 50%.
Lighting savings: A little over 50% of the lighting savings is from converting from MH to HiBay fixtures. The rest of the lighting savings are from the occupancy sensors on the lighting.
AHU savings: About 49% of the AHU savings come from reducing the speed of the AHU fans –
part from the fan energy and part from reduced AC use from cooling less air. The rest of the
AHU savings are from fewer running hours due to the occupancy sensor.
OCC-2 – Occupancy sensor control of lighting and HVAC
The changes in the gym lighting and AHU that impact savings are:
 Change the occupied period schedules
 Occupancy sensors on the lighting and the AHU
 Reduced air flow through the AHU
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hours of operation: The lighting operates 10/6 for the base case scenario. For the proposed
scenario the lighting still has 14/6 base operation but the occupancy sensors reduce the hours by
43% during the school year and 79% during the summer.
The AHU runs 14/6 during both the school year and summer for the base case scenario. For the
proposed scenario the occupancy sensors reduce the hours to 6/5 during the school year and 3/5
during the summer.
Total savings: The lighting changes provide about 16% of the total measure savings – and thus
HVAC changes also provide about 84%.
Lighting savings: The lighting savings are all from installing occupancy sensors to control the
lighting.
AHU savings: About 23% of the AHU savings come from reducing the speed of the AHU fans –
part from the fan energy and part from reduced AC use from cooling less air. The rest of the
AHU savings are from fewer running hours due to the occupancy sensor controls.

Comments on the Ex Ante Calculations
CH-1 - Chiller Plant Optimization and Control
Basic bin analysis is used and reasonable for this type of measure.
The method of calculating the hours of operation for the chiller plant was not consistent across
the bins. The factor 0.7 likely corresponding to 5/7 was used in the calculation of most hours of
operations, but other factors, such as 0.4, 0.55, 0.625, and 0.75 were also used in combination
with the 0.7 factor. In some bins, no factors were used at all. For the proposed calculations these
factors are different as 0.3, 0.50, and 0.625.
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The savings for both the primary and secondary pumps are based on field measured demands –
with no supporting measurement data provided.
The algorithm for the Total kWh for the proposed case uses an unsupported factor of 0.45 for the
Bin Temperatures at 60/65 and 65/70.
HV-1 – Optimize HVAC operations
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
The project documentation lists the problems with the system and how the system should be
operating but does not describe the solutions that were required to fix the issues. For example,
there is no discussion of how that economizer operation was changed to capture more operating
bin hours. And the documentation suggests the proposed summer schedule is 7 hours per day for
five days per week, but the calculations are based on 6 hours per day for five days.
Also, the fan kWs have typically been calculated based on nominal fan HP and an assumed load
factor and not on metered readings.
HV-2 – Optimize HVAC operations
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
The project documentation lists the problems with the system and how the system should be
operating but does not describe the solutions that were required to fix the issues. For example,
there is no discussion of how the economizer operation was changed to capture more operating
bin hours. The documentation suggests the proposed summer schedule is 7 hours per day for five
days per week, but the calculations are based on 6 hours per day for five days.
Also, there is no discussion of how “Unoccupied Space Heating Fan Cycling” contributes to the
proposed operating hours. Also, the fan speeds shown for the proposed scenario are not
supported and decrease as the heating requirement increases.
Finally, the fan kW is calculated based on nominal fan HP and an assumed load factor and not on
metered readings.
HV-3 – Optimize HVAC operations
Basic ASHRAE bin analysis is used and reasonable for this type of measure.
The project documentation lists the problems with the system and how the system should be
operating but does not describe the solutions that were required to fix the issues. For example,
there is no discussion of how the economizer operation was changed to capture more operating
bin hours. The documentation suggests the proposed summer schedule is 7 hours per day for five
days per week, but the calculations are based on 6 hours per day for five days.
Also, there is no discussion of how “Unoccupied Space Heating Fan Cycling” contributes to the
proposed operating hours. The fan speeds shown for the proposed scenario are not supported and
decrease as the heating requirement increases.
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Finally, the fan kW is calculated based on nominal fan HP and an assumed load factor and not on
metered readings.
HW-1 - Heating Plant Optimization and Control
Basic ASHRAE bin analysis is used and reasonable for this type of measure.
There is no explanation of how the reduced hours in the 50-55°F and 55-58°F bins were
estimated. It is possible these are related to either the summer or the lag pump lockouts (or both)
proposed to be programmed into the EMS. Nor do the calculations explain how the primary
pump demand (kW) was determined or what the horsepower of the motor is. There is no
explanation of how the secondary pump kW values were determined for each bin for both the
base case and proposed scenarios.
OCC-1 – Occupancy sensor control of lighting and HVAC
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
There is no support for the assumptions that the occupancy sensors will reduce the lighting by
half during the school year and by 80% during the summer.
The calculations suggest for the base case scenario that the supply fan runs continuously at 60%
speed. This is not consistent with the documentation that suggests the supply fan runs at 60 Hz
for the base case scenario. It is initially assumed that the 60% is correct.
It is not known why this measure ill reduce the air flow through the unit. Also, as with the
lighting, there is no support for the reduced operating hours. However, the proposed scenario
assumes the supply fan runs 55% - which is a more reasonable reduction from 60% than from 60
Hz.
OCC-2 – Occupancy sensor control of lighting and HVAC
Basic ASHRAE bin analysis is used and reasonable for this type of measure.
There is no support for the assumptions that the occupancy sensors will reduce the lighting by
half during the school year and by 80% during the summer.
It is not known why this measure can reduce the air flow through the unit. Also, as with the
lighting, there is no support for the reduced operating hours.

Measurement & Verification Plan
CH-1 - Chiller Plant Optimization and Control
This measure includes closing chilled water bypasses, resetting the pressure differential setpoint
from 30psi to 20 psi and adding controls to optimize the chiller operation.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the chiller scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the chiller system components.
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The Energy Management System (EMS) will be inspected to collect operating schedules and set
points, including the summer and winter VFD speeds and economizer enabling points. The
customer will be interviewed to verify any actions taken to ensure the persistence of savings.
These actions include:
 A high limit alarm for the chilled water dp sensor output for a psi > 25 psi for 60 minutes
 The review of trends for the chilled water system including the chiller and pumps.
 An alarm for when the secondary pump operates at 100% speed for an extended period of
time.
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the chiller system optimization. EMS trends will be collected for all possible
points with special interest in the following:
 Chiller system kW
 Chiller primary pump kW or status
 Secondary CHW pumps 1 and 2 %speed or Hz
 Outside air temperature and humidity
 Differential pressure sensor output - for chilled water flow control to set point
pressure
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the chiller system
equipment with a metering interval no greater than 15 minutes. Spot measurements of Volts,
Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735 power
meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time of the
spot measurements for all motors controlled by variable speed drives. A Hobo U23-001 outside
air temperature and %RH logger will be installed outside with a metering interval no greater than
15 minutes.
HV-1 – Optimize HVAC operations
This measure includes changing the occupied period schedules, repairing the economizer, and
reducing the supply and return fan speeds during heating season.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The EMS
will be inspected to collect operating schedules and set points including the summer and winter
VFD speeds and economizer enabling points. The customer will be interviewed to verify any
actions taken to ensure the persistence of savings. These actions include:
 The supply and return fan status trends for the seven AHUs
 The OA damper commands for the seven AHUs
 The supply fan VFD speeds for the appropriate AHUs
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 Supply fans % speed or Hz
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Return fans % speed or Hz
Outside air temperature and humidity

In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans with a metering interval no greater than 15 minutes. In addition, spot measurements of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735
power meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time
of the spot measurements for all motors controlled by variable speed drives. A Hobo U23-001
outside air temperature and %RH logger will be installed outside with a metering interval no
greater than 15 minutes.
HV-2 – Optimize HVAC operations
This measure includes changing the occupied period schedules, commissioning the economizer,
and reducing the supply and return fan speeds during the heating season.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The EMS
will be inspected to collect operating schedules and set points including the summer and winter
VFD speeds and economizer enabling points. The customer will be interviewed to verify any
actions taken to ensure the persistence of savings. These actions include:
 The supply and return fan status trends for this RAHU
 The supply discharge static pressure trend?
 The supply fan VFD speed
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 Supply fans % speed or Hz
 Return fans % speed or Hz
 Static pressure set point and actual
 Outside air temperature and humidity
 Fan schedules
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans with a metering interval no greater than 15 minutes. In addition, spot measurements of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735
power meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time
of the spot measurements for all motors controlled by variable speed drives. A Hobo U23-001
outside air temperature and %RH logger will be installed outside with a metering interval no
greater than 15 minutes.
HV-3 – Optimize HVAC operations
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This measure includes changing the occupied period schedules, commissioning the economizer,
and reducing the supply and return fan speeds during heating season.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The EMS
will be inspected to collect operating schedules and set points including the summer and winter
VFD speeds and economizer enabling points. The customer will be interviewed to verify any
actions taken to ensure the persistence of savings. These actions include:
 The supply and return fan status trends for this RAHU
 The supply discharge static pressure trend?
 The supply fan VFD speed
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 Supply fans % speed or Hz
 Return fans % speed or Hz
 Static pressure set point and actual
 Outside air temperature and humidity
 Fan schedules
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans with a metering interval no greater than 15 minutes. In addition, spot measurements of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735
power meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time
of the spot measurements for all motors controlled by variable speed drives. A Hobo U23-001
outside air temperature and %RH logger will be installed outside with a metering interval no
greater than 15 minutes.
HW-1 - Heating Plant Optimization and Control
This measure consists of closing chilled water bypasses, resetting the pressure differential set
point from 20 psi to 15 psi and adding controls to optimize the hot water pump operation.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the chiller scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the chiller system components.
The EMS will be inspected to collect operating schedules and set points including the summer
and winter VFD speeds and economizer enabling points. The customer will be interviewed to
verify any actions taken to ensure the persistence of savings. These actions include:
 A high limit alarm for the hot water dp sensor output for a psi >20 psi for 60 minutes
 A high limit alarm if either seasonal pump VFD operates @ 100%, and for how long
before alarming.
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The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the chiller system optimization. EMS trends will be collected for all possible
points with special interest in the following:
 Primary heating pump kW
 Secondary CHW pumps 1 and 2 %speed or Hz
 Outside air temperature
 Differential pressure sensor output - for hot water flow control to set point
pressure
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the hot water pumps
with a metering interval no greater than 15 minutes. Spot measurements of Volts, Amps, PF, and
kW will be taken during the site visit using a NIST-calibrated Fluke 1735 power meter. Percentspeed or hertz shown on the VFD controllers will be recorded at the time of the spot
measurements for all motors controlled by variable speed drives. A Hobo U23-001 outside air
temperature and %RH logger will be installed outside with a metering interval no greater than 15
minutes.
OCC-1 – Occupancy sensor control of lighting and HVAC
This measure includes AHU schedule changes, upgrading lighting and installing occupancy
sensors for control, reducing the air flow through the gym AHU, and installing an occupancy
sensor to shut off the AHU when the gym is empty.
An inspection of the site and this measure will be conducted and the customer will be
interviewed to determine the HVAC scheduling and if any additional changes have occurred
including new operating hours or additions that could affect the operation of the HVAC
equipment. The EMS will be inspected to collect operating schedules and set points including
the summer and winter VFD speeds and economizer enabling points. The customer will be
interviewed to verify any actions taken to ensure the persistence of savings. These actions
include:
 The AHU’s supply and return fan status trends,
 The lighting and AHU occupancy sensors working
Text in one of the documents received suggests they do have some trending capability.
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 Lighting scheduling
 Lighting status
 AHU supply and return %speed or Hz
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans and the gym lighting with a metering interval no greater than 15 minutes. If the lighting
15

panel is not accessible, light intensity loggers will be installed in the gym to determine
scheduling. In addition, spot measurements of Volts, Amps, PF, and kW will be taken during the
site visit using a NIST-calibrated Fluke 1735 power meter. Percent-speed or hertz shown on the
VFD controllers will be recorded at the time of the spot measurements for all motors controlled
by variable speed drives. A Hobo U23-001 outside air temperature and %RH logger will be
installed outside with a metering interval no greater than 15 minutes
OCC-2 – Occupancy sensor control of lighting and HVAC
This measure includes AHU schedule changes, reducing the air flow through the AHU, and
installing an occupancy sensor on lighting and the AHUs to shut them off when the auditorium is
empty.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The EMS
will be inspected to collect operating schedules and set points including the summer and winter
VFD speeds and economizer enabling points. The customer will be interviewed to verify any
actions taken to ensure the persistence of savings. These actions include:
 The AHU’s supply and return fan status trends,
 The lighting and AHU occupancy sensors working
Text in one of the documents received suggests they do have some trending capability.
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 Lighting scheduling
 Lighting status
 AHU supply and return %speed or Hz
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans and the gym lighting with a metering interval no greater than 15 minutes. If the lighting
panel is not accessible, light intensity loggers will be installed in the gym to determine
scheduling. In addition, spot measurements of Volts, Amps, PF, and kW will be taken during the
site visit using a NIST-calibrated Fluke 1735 power meter. Percent-speed or hertz shown on the
VFD controllers will be recorded at the time of the spot measurements for all motors controlled
by variable speed drives. A Hobo U23-001 outside air temperature and %RH logger will be
installed outside with a metering interval no greater than 15 minutes.

Summary of Calculations
CH-1 - Chiller Plant Optimization and Control
A site visit was conducted between 9/6/2011 and 9/15/2011. This included collecting school and
HVAC system operating information and installing and removing the monitoring equipment.
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The chiller system operating schedule and set points were collected from the EMS and
conversations were had with facilities staff and the RCx contractor. The locations of the
electrical panels were identified and either DENT ElitePro or Onset Energy Logger Pro loggers
were installed on the chiller and the primary and secondary pumps. Current transducer sizes
were identified earlier and installed with the loggers. The Hobo U23-001 outside air
temperature/%RH logger was installed outside.
For this school the cooling secondary pump dp control sensor set-point was 20 psi – in
agreement with the description for the proposed scenario. However, the chiller enable enthalpy
setting was not set as proposed. This parameter was set at 13 btu/lbm – where the proposed
setting was to be 21 btu/lbm. The custodian thought this was set lower because they had trouble
cooling some of the areas during mild outside air conditions. The chiller continues to be disabled
when the outside air is below 50°F.
There were minimal EMS trends available and the EMS could only store a short period of time.
Several additional points were set up to trend.
Using the information and data collected for the chiller system the savings were recalculated for
this measure. Savings for this measure are primarily driven by schedule changes, enthalpy
enabling of the chiller and pumps, and secondary pump control from differential pressure set
point changes.
Chiller
The chiller savings were adjusted based on the metered data from the monitoring period. The
data showed the chiller operated from 6:00 a.m. to 4:00 p.m. each weekday during the cooling
season. The metered hours of operation were applied to both the existing and proposed scenarios.
This was done because the measures that calculate air handling unit savings are also calculating
cooling savings for the reduced operating hours of the chiller. The Ex Ante analysis counted
these savings in both the optimization of the chiller plant control and the air handling unit
measures and therefore double counting the savings. The savings will be included in the air
handling measures instead of this measure.
In addition, metered data was used to develop a chiller load profile compared to outside air
temperature for the ASHRAE temperature bins used in the calculations. The curve fit shown in
Figure 1 was used to replace the chiller demand in the calculations.
Figure 1
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Temperature Bin

Primary Pump
The primary pump savings were adjusted based on the metered data collected during the
monitoring period. The metered data showed that the primary pump runs only when the chiller
is enabled as described in the project documentation. The pump was modeled using the same
hours of operation as the chiller for the proposed case and the 24 hours per day during the
weekdays above 50°F for the existing case. The data also shows in Figure 2 the average demand
of the primary pump to be 8.4 kW when it is running - compared to the Ex Ante demand of 7.5
kW. The savings for this pump are based on only a schedule change.
Secondary Pump
The monitoring showed that the secondary pumps run only when the chiller is enabled – as
expected.
The collected data also shows that demand varies with outside air. The demand profile was
applied to the ASHRAE temperature bin analysis for the hours the chiller is running for the
proposed case. The result is that the demand of the secondary pumps is lower for each ASHRAE
bin than the original calculations estimated.
Figure 2
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The final savings are listed below in Table 2. The table shows the savings after each adjustment
was made to the original Ex Ante analysis. The Documentation adjustment reflects changes that
were made by reviewing the calculation and available project documentation. The Technology
adjustment reflects all of the changes due to the identification of different energy savings
application used compared to the Ex Ante calculation. The Quantity adjustment is for any
changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment.
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The savings for this measure were adjusted for multiple reasons. The largest adjustment is due to
the double counting of savings between the chiller scheduling in this measure and the HVAC
measures. The Ex Ante calculation also included factors that reduced the operating hours of the
chiller while this same reduction is accounted for with the average chiller kW being reduced in
the lower temperature bins. The savings were also adjusted based on the metered data that was
collected that showed different loading profiles for the chiller and pumps. The savings were also
affected by the chiller enabling set-point being reset to a lower value, allowing the chillers to run
whenever the outside air is above 50°F.
Table 2 CH-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.80
0.80
0.80
0.80
6.25
6.25
6.25
781%

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

5.16
5.16
5.16
-

0.39
0.39
0.39
-

84,227
41,023
41,023
41,023
32,925
32,925
32,925
39%

HV-1 – Optimize HVAC operations
A site visit was conducted on 12/6/2011 and 12/7/2011. This included collecting school and
HVAC system operating information and installing monitoring equipment. The monitoring
equipment was removed on 1/21/12.
The AHU operating schedule and set points were collected from the EMS and conversations
were had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset Energy Logger Pro loggers were installed on the
supply fans and return fans where appropriate. The Hobo U23-001 outside air temperature/%RH
logger was installed outside.
For this measure there were seven AHUs monitored – RAHUs 2, 3, 6, & 7 and AHUs 2, 3, & 5.
The supply and return fans are integral to the RAHUs and the whole units were monitored at the
panels level. The AHUs have separate supply and return fans served by their respective electrical
panels, in which the appropriate monitoring equipment was installed.
All units were operating during the site visits. There were no indications of improper operation
of these units. There were minimal EMS trends available and the EMS could only store trends
from a short period of time.
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Using the information and data collected for the AHUs the savings were recalculated for this
measure. Savings for this measure are primarily driven by schedule changes, reduction of the
supply and return fan speeds during the heating season, and economizer repair.
The monitoring identified the actual schedules for each of the seven AHUs. Figure 3 shows the
schedule profile for one of the AHUs. The other six AHUs show similar schedule profiles – daily
operation with the units off at night and weekends.
While there were some variations in the measured occupied periods for these units, the average
use is about 16 hours per weekday (6:00 - 22:00) - compared to the ex ante proposed academic
schedule of 8:00 to 15:00.
The monitoring was done in the academic period, not including the summer. The EMS for this
AHU says the summer schedule is the same as the academic-year schedule. Thus, the ex post
uses the academic schedule of 6:00 to 22:00 for the summer compared to the proposed summer
schedule of 8:00 to 15:00.
Figure 3
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Prior to the program these fans are said to have run at 100% speed during both heating and
cooling season. The measure’s intent is to have the fans run at high speed during the cooling
season and at lower speed during the heating season – saving on fan energy during the heating
season.
The fans’ speed-reduction savings were adjusted based on the metered data collected. The
metered data show that five of the seven fans run at two speeds as expected. Two of the fans
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continue to run at high speed. Figure 3 above is an example of demands of a fan that runs at two
speeds. Figure 4 is an example of demand of a fan that runs at high speed at all times.
Figure 4
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The high- and low-speed demands developed for the AHUs vary among the units. Table 3 shows
the measured seasonal demands for these units. The measured totals of heating season = 30.83
kW and cooling season = 50.76 kW compare reasonably well to the ex-ante existing estimates of
heating and cooling = 50.60 kW.
Table 3 AHU Seasonal Demands

RAHU-2
RAHU-3
RAHU-6
RAHU-7
AHU-2
AHU-3
AHU-5
Total =

Heating Ex
Post
Demand
2.22
4.40
1.31
1.57
4.86
9.90
6.58
30.83

Heating Ex Cooling Ex
Ante
Post
Demand
Demand
7.77
4.94
8.29
8.30
9.33
2.95
4.97
3.73
8.08
7.36
8.08
9.90
8.08
13.59
54.60
50.76

Cooling Ex
Ante
Demand
7.77
8.29
9.33
4.97
8.08
8.08
8.08
54.60

Due to the metered kW of the fans being lower then estimated in the Ex Ante analysis this
component of the calculations for this measure has a reduced potential for savings.
The economizer operation was not captured during the metering period; however, the building
load has been adjusted to reflect the load profile collected during the metered period. This
impacts the economizer savings proportional to the load adjustment.
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The savings for the measure are listed below in Table 4. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The savings for this measure were adjusted for multiple reasons. While reviewing the ex ante
calculations during the Document review it was determined that the values of chiller efficiency
(kW/ton) used were not consistent with those developed for the chiller measure (CH-1). The
appropriate values were applied. There were also two calculation errors in the Ex-Ante
calculations that were corrected. One was that the hours used in the estimation of the kWh
savings referenced to the wrong “hours” column. The other was that 6 hours per day was used in
the “proposed summer daily schedule” box while the discussion in the project text said this
should be 7 hours per day.
The monitoring shows a longer actual occupied schedule than used in the Ex Ante baseline
schedule. The recalculation assumes that the new existing schedule is the measured schedule.
The assumption is that they would have changed to this schedule regardless of the RCx program.
To base the analysis on the original schedule of 14 hours, compared to the measured 16 hours,
would result in negative savings for this component of the measure. Using the new operating
hours for the base case and post case results in no savings for the scheduling of the air handling
units.
Finally, the total monitored low and high speed fan demands are a little lower than those
presented in the Ex Ante calculations. This has less impact on the overall energy savings than the
schedule change.
Table 4 HV-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

20.30
20.30
20.30
20.30
17.16
17.16
17.16
85%

5.23
5.23
5.23
-

16.03
16.03
16.03
-

181,156
170,402
170,402
170,402
139,199
139,199
139,199
77%
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HV-2 – Optimize HVAC operations
A site visit was conducted on 12/6/2011 and 12/7/2011. This included collecting school and
HVAC system operating information and installing monitoring equipment. The monitoring
equipment was removed on 1/18/12.
The AHU operating schedule and set points were collected from the EMS and conversations
were had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset Energy Logger Pro loggers were installed on the
supply fans and return fans where appropriate. The Hobo U23-001 outside air temperature/%RH
logger was installed outside.
This unit was operating during the site visits. There were no indications of improper operation of
the unit. There were minimal EMS trends available and it could only store a short period of time.
Using the information and data collected for the AHU, the savings were recalculated for this
measure. Savings for this measure are primarily driven by schedule changes, repairing the fan
speed control based on static pressure set-point, and economizer optimization.
The monitoring identified the actual schedule for this RAHU. Figure 5 shows this schedule
profile – daily variable operation with the RAHU off at night and weekends.
The average use is estimated to be 15.83 hours per weekday (6:10 to 22:00) - compared to the Ex
Ante proposed academic schedule of 11.00 hours per weekday (6:00 to 17:00.)
The monitoring was done in the academic period, not including the summer. The EMS for this
AHU says the summer schedule is the same as the academic-year schedule. Thus, the Ex Post
uses the academic schedule of 6:10 to 22:00 for the summer compared to the Ex Ante proposed
summer schedule of 8:00 to 14:00.
Prior to the RCx project the supply and return fan VFDs were in manual bypass – operating at
full speed. Static pressure reset control was added to the supply fan VFD control. This results in
fan speed changes based on static pressure.
The metered data show that the fan speed changes inversely proportional to the outside
temperature as would be expected. Figure 6 shows that relationship.

23

Figure 5
RAHU 5 Demand
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Figure 6
RAHU-5 Demand vs OAT
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The fan’s speed-reduction savings were adjusted based on the metered data collected.
The economizer operation was not captured during the metering period; however, the building
load has been adjusted to reflect the load profile collected during the metered period. This
impacts the economizer savings proportional to the load adjustment.
The savings for the measure are listed below in Table 5. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
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savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The savings for this measure were adjusted for multiple reasons. While reviewing the ex ante
calculations it was determined that the values of chiller efficiency (kW/ton) used were not
consistent with those developed for the chiller measure (CH-1.) The appropriate values were
applied. There were also two calculation errors in the Ex-Ante calculations that were corrected.
One was that the hours used in the estimation of the kWh savings referenced the wrong “hours”
column. The other was that 6 hours per day was used for the “proposed summer daily schedule”
while the discussion in the project text said this should be 7 hours per day.
The monitoring shows a longer actual occupied schedule than used in the Ex Ante baseline
schedule. The recalculation assumes that the new existing schedule is the same as the measured
proposed schedule. The assumption is that they would have changed to this schedule regardless
of the RCx program. To base the analysis on the original schedule of 14 hours, compared to the
measured 15.83 hours, would result in negative savings for this component of the measure.
Using the new operating hours for both the existing and proposed scenarios results in no savings
for the scheduling of the air handling units.
Finally, the varying proposed heating-season fan demands are a little lower on average than
those presented in the Ex Ante calculations. This has less impact on the overall energy savings
than the schedule change.
Table 5 HV-2 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
1.62
1.62
1.62
-

3.40
3.98
3.98
3.98
3.13
3.13
3.13
92%

2.10
2.10
2.10
-

3.85
3.85
3.85
-

42,844
17,896
17,896
17,896
20,190
20,190
20,190
47%

HV-3 – Optimize HVAC operations
A site visit was conducted on 12/6/2011 and 12/7/2011. This included collecting school and
HVAC system operating information and installing the monitoring equipment as described
above. The monitoring equipment was removed on 1/18/12.
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The AHU operating schedule and set points were collected from the EMS and conversations
were had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset Energy Logger Pro loggers were installed on the
supply fans and return fans where appropriate. The Hobo U23-001 outside air temperature/%RH
logger was installed outside.
This unit was operating during the site visits. There were no indications of improper operation of
the unit. There were minimal EMS trends available and the EMS could only store a small
amount of trended data.
Using the information and data collected for the AHU, the savings were recalculated for this
measure. Savings for this measure are primarily driven by schedule changes, repairing the fan
speed control based on static pressure set-point, and economizer optimization.
The monitoring identified the actual schedule for this AHU. Figure 7 shows this schedule profile
– daily variable operation with the AHU off at night and weekends.
Figure 7
RAHU 4 Demand
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The average use is estimated to be 15.83 hours per weekday only (6:10 to 22:00) - compared to
the Ex Ante proposed academic schedule of 11.00 hours per weekday (6:00 to 17:00.)
The monitoring was done in the academic period, not including the summer. The EMS for this
AHU says the summer schedule is the same as the academic-year schedule. Thus, the Ex Post
uses the academic schedule of 6:10 to 22:00 for the summer compared to the Ex Ante proposed
summer schedule of 8:00 to 14:00.
Also, this monitored schedule has a longer occupied period than the Ex-Ante existing schedule
(14 hours, 5:00 to 19:00 M-Sat.)
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Prior to the RCx project the supply and return fan VFDs operated at an average of 80% speed
with little variation. Static pressure reset control was added to the supply fan VFD control. This
results in fan speed changes based on static pressure.
The metered data show that the fan speed changes proportional to the outside temperature –
which is not expected. Figure 8 shows that relationship. The slope of this change is lower than
expected.
The fan’s speed-reduction savings were adjusted based on the metered data collected.
Figure 8
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The economizer operation was not captured during the metering period; however, the building
load has been adjusted to reflect the load profile collected during the metered period. This
impacts the economizer savings proportional to the load adjustment.
The savings for the measure are listed below in Table 6. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The savings for this measure were adjusted for multiple reasons. While reviewing the ex ante
calculations during the Document review it was determined that the values of chiller efficiency
(kW/ton) used were not consistent with those developed for the chiller measure (CH-1.) The
appropriate values were applied. There was also a calculation error in the Ex-Ante calculations
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that was corrected - 6 hours per day was used in the “proposed summer daily schedule” box
while the discussion in the project text said this should be 7 hours per day.
The monitoring shows a longer actual occupied schedule than used in the Ex Ante baseline
schedule. The recalculation assumes that the new existing schedule is the same as the measured
proposed schedule. The assumption is that they would have changed to this schedule regardless
of the RCx program. To base the analysis on the original schedule of 14 hours, compared to the
measured 15.83 hours, would result in negative savings for this component of the measure.
Using the new operating hours for both existing and proposed scenarios results in no savings for
the scheduling of the air handling units.
Finally, the varying proposed heating-season fan demands are a little lower on average than
those presented in the Ex Ante calculations. This has less impact on the overall energy savings
than the schedule change.

Table 6 HV-3 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
4.73
4.73
4.73
-

7.10
7.11
7.11
7.11
5.38
5.38
5.38
76%

5.39
5.39
5.39
-

5.98
5.98
5.98
-

40,718
38,215
38,215
38,215
40,730
40,730
40,730
100%

HW-1 - Heating Plant Optimization and Control
A site visit was conducted on 12/6/2011 and 12/7/2011. This included collecting school and
HVAC system operating information and installing monitoring equipment. The monitoring
equipment was removed on 1/18/12.
The hot water pump operating schedules and set points were collected from the EMS and
conversations were had with facilities staff and the RCx contractor. The locations of the
electrical panels were identified and either DENT ElitePro or Onset Energy Logger Pro loggers
were installed on the pump circuits. Current transducer sizes were identified earlier and installed
with the loggers. The Hobo U23-001 outside air temperature/%RH logger was installed outside.
For this school the heating secondary pump dp control sensor set-point was 15 psi – in agreement
with the description for the proposed scenario. The primary and secondary pumps were operating
during the site visits. There were no indications of improper operation of the pumps.
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There were minimal EMS trends available and the EMS could only store a small number of data
points.
Using the information and data collected for boiler system pumps the savings were recalculated
for this measure. Savings for this measure are driven by reduction in secondary pump demand
due to lowering the dp set-point, and pump hour reduction for temperatures above 50°F.
The original calculations show reduced primary and secondary pump run hours for temperature
bins above 50°F. It is not clear from the documentation what change affects these savings.
The primary pump operates during all hours below 58.2°F during the monitoring period. This
can be seen in Figure 9. The monitoring data also shows that the secondary pumps operate at all
temperatures – including those above 50°F as seen in Figure 10. These analyses show that there
are no savings from the hours-reduction component of this measure.
Savings are reported from reducing the dp set-point that controls the secondary pump speed –
and demand.
The secondary pump demand data provide a curve of the demand as a function of outside air
temperature as seen in Figure 11. These data are used in the analysis of the savings for this
measure. The analysis shows that less energy is saved than was expected.
Figure 9
Primary Pump Demand vs. OAT
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Figure 10

Secondary Pump Demand
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Figure 11
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The final savings are listed below in Table 7 .The table shows the savings after each adjustment
was made to the original ex ante analysis. The Documentation adjustment reflects changes that
were made by reviewing the calculation and available project documentation. The Technology
adjustment reflects all of the changes due to the identification of different energy savings
application used compared to the ex ante calculation. The Quantity adjustment is for any changes
in the quantity of the energy saving application. The Operation adjustment is for any changes in
operating hours or conditions at the site. The Heating and Cooling adjustment is for the
interactive effects of reduced lighting power and HVAC equipment.
The largest adjustment is due to reduction in demand of the secondary pumps by reducing the
pump control set-point dp. Also, because the anticipated reduction on operating hours of these
pumps was not witnessed, there are no savings from the hours reduction component of the
measure.
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Table 7 HW-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

1.50
1.50
1.50
1.50
1.56
1.56
1.56
104%

0.07
0.07
0.07
-

1.52
1.52
1.52
-

23,869
23,870
23,870
23,870
9,398
9,398
9,398
39%

OCC-1 – Occupancy sensor control of lighting and HVAC
A site visit was conducted on 12/6/2011 and 12/7/2011. This included collecting school and
systems operating information and installing monitoring equipment. The monitoring equipment
was removed on 1/18/12.
This measure includes both occupancy sensors on gym lighting and changes to the AHU
operations.
The gym lighting includes 20 high-bay fluorescent fixtures – all were installed to replace metal
halide fixtures. Energy monitoring equipment was installed on the two circuits serving these
lights. Each circuit powers 10 fixtures. One of the gym teachers said that they use the gym a lot
during the day and he does not see the lights go off too often.
The AHU operating schedule and set points were collected from the EMS and conversations
were had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified for the AHU and the gym lighting and either DENT ElitePro or Onset Energy Logger
Pro loggers were installed on the supply fans and return fans where appropriate. The Hobo U23001 outside air temperature/%RH logger was installed outside.
This AHU unit was operating during the site visits. There were no indications of improper
operation of the unit. There were minimal EMS trends available and the EMS could only store a
small amount of trended data.
Using the information and data collected for the lighting and AHU, the savings were recalculated
for this measure. Savings for this measure are primarily driven by the lighting conversion and
occupancy control, HVAC schedule changes and occupancy control, and repairing the fan speed
control based on static pressure set-point.
The monitoring identified the operating pattern for the gym lighting. Figure 12 shows the power
profile for the gym lighting. This pattern shows that the lights are almost always on – and have
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operated for several days at a time. For example, the lights were on from 12/16@6:45 to
12/21@11:10. The average demand when the lights are on is 4.3 kW. The data suggest that the
occupancy sensors are not operating correctly and reliably. During the end of the monitoring,
when it appears that the schedule is operating, the monitoring shows that the sensor does not turn
off during the occupied period. There are no savings attributed to the occupancy sensor.
Figure 12

Gym Lights Demand
6.0
5.0

kW

4.0
3.0
2.0
1.0
0.0
1

1311 2621 3931 5241 6551 7861 9171 10481 11791 13101
Time

This lighting improvement also included converting the 20 fixtures from 375W MH to 4-lamp T5 high bay fluorescent fixtures. This component of the measure does provide energy savings
through demand reduction – from 7.5 kW to 4.3 kW.
The monitoring identified the actual schedule for the RAHU. Figure 13 shows the schedule
profile for the AHU The unit runs nearly 24/7 – the occupancy sensor is not working, nor is the
scheduler.
Figure 13
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The original calculations suggest that the air flow for this RAHU would be reduced form 60% to
55%. This is reported to reduce the demand from the unit from 3.6 kW to 2.5 kW. The actual
average demand for this unit is about 5.1 kW. This implies that the fan is running at about 70%
speed. No savings are provided for this component of the measure.
The final savings are listed below in Table 8. The table shows the savings after each adjustment
was made to the original ex ante analysis. The Documentation adjustment reflects changes that
were made by reviewing the calculation and available project documentation. The Technology
adjustment reflects all of the changes due to the identification of different energy savings
application used compared to the ex ante calculation. The Quantity adjustment is for any changes
in the quantity of the energy saving application. The Operation adjustment is for any changes in
operating hours or conditions at the site. The Heating and Cooling adjustment is for the
interactive effects of reduced lighting power and HVAC equipment
The savings for this measure were adjusted for multiple reasons:
Lighting: The occupancy sensor is not working and apparently keeps the lights on almost all
hours during the beginning of the monitoring period. This result is the lights using more energy
than they would have if they were only on during scheduled periods. It appears the scheduling is
working at the latter part of the monitoring so in the long term the lights might not be using more
energy than before the project – but the sensors, even then, are providing no energy savings.
Air Handling System: While reviewing the ex ante calculations during the Document review it
was determined that the values of chiller efficiency (kW/ton) used were not consistent with those
developed for the chiller measure (CH1.) The appropriate values were applied.
The occupancy sensor is not working in this gym. It is possible that this sensor is increasing the
energy for at least the AHU because it might be overriding the scheduling. There are no savings
assigned for the proposed fewer AHU hours from the sensor. Further, the measured kW of the
fan is greater than even the original base case demand. Thus, there are no savings for this
component of the measure.
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Table 8 OCC-1 Energy and Demand Savings

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

4.30
4.39
4.39
4.39
3.99
5.21
5.21
121%

3.90
3.92
3.92
3.92
3.44
3.44
3.44
88%

3.77
4.96
4.96
-

4.46
4.46
4.46
-

28,885
29,066
29,066
29,066
26,369
31,647
31,647
110%

OCC-2 – Occupancy sensor control of lighting and HVAC
A site visit was conducted on 12/6/2011 and 12/7/2011. This included collecting school and
systems operating information and installing monitoring equipment. The monitoring equipment
was removed on 1/18/12.
This measure includes both occupancy sensors on the auditorium lighting and AHU unit, and
changes to the AHU operations.
The lighting counts in the auditorium were almost the same as the counts described in the
documentation. However, the lighting panel circuits for only about 2/3 of these lights could be
located. During the visit it was observed that when no one was in the auditorium, there were no
lights on.
The AHU operating schedule and set points were collected from the EMS and conversations
were had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset Energy Logger Pro loggers were installed on the
AHU circuit. Current transducer sizes were identified earlier and installed with the loggers. The
Hobo U23-001 outside air temperature/%RH logger was installed outside. Light level loggers
were installed in the auditorium.
The supply fans for AHU-1 and AHU-4 were operating during the site visits. However, the
return fans for both of these units were not running. The original documentation and the Ex Ante
calculations identified that AHU-1 was not operating, but there was no mention of AHU-4 not
operating. There were minimal EMS trends available and the EMS could only store a small
amount of trended data.
Using the information and data collected for the lighting and AHUs, the savings were
recalculated for this measure. Savings for this measure are primarily driven by the occupancy
control, and the HVAC schedule changes and occupancy control – including slowing the fans.
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The monitoring identified the operating pattern for the auditorium lighting. Figure 14 shows the
power profile for this lighting. The lights appear to be shut off by the occupancy sensors. The
demand shown in the figure has been adjusted to account for the one-third of the lights for which
we could not monitor the use. During the visit it was observed that when no one was in the
auditorium, there were no lights on.
The demand savings used for the original calculations, based on calculated watts, is retained for
the Ex Post calculations. However, the data below allow for recalculation of the energy savings
provided by the occupancy sensors’ hours adjustment.
Figure 14
Auditorium Lights Demand
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The monitoring identified the actual schedules for each of the two AHUs. Figure 16 and Figure
15 show the schedule profiles for the AHUs – daily operation with the units off at night and
weekends.
Figure 15
AHU 4 Demand
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Figure 16
AHU 1 Demand
3.50

kW

3.00
2.50
2.00
1.50
1.00
0.50
0.00
18
1/

15
1/

12
1/

9
1/

6
1/

3
1/
1
/3
12
8
/2
12
5
/2
12
2
/2
12
9
/1
12
6
/1
12
3
/1
12
0
/1
12
/7
12

Date

The average use is about 16 hours per weekday (7:10 to 21:00) - compared to the ex ante
proposed academic unknown schedule of 6 hours of use.
The monitoring was done in the academic period, not including the summer. The EMS for this
AHU says the summer schedule is the same as the academic-year schedule. Thus, the ex post
uses the academic schedule of 7:10 to 21:00 for the summer compared to the ex ante proposed
summer unknown schedule of 3 hours of use.
Prior to the project completion these fans are said to have run at 100% speed during both heating
and cooling season. The measure’s intent is to have the fans run at high speed (80%) during the
hottest days – lowering the speed to between 70% and 60% as the temperature gets lower and
during the heating season.
The fans’ speed-reduction savings were adjusted based on the metered data collected. The
metered data in Figure 14 and Figure 15 above show that the units run at two speeds during the
monitoring period. The fan kW wasn’t measured during the hottest days (above 90°F) – and the
speed they would run then cannot be estimated from the monitoring. Thus, for the highest
temperatures the fans are set to run at the same speed as used in the base case scenario.
The economizer operation was not captured during the metering period; however, the building
load has been adjusted to reflect the load profile collected during the metered period.
The savings for the measure are listed below in Table 9. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
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The savings for this measure were adjusted for multiple reasons. While reviewing the ex ante
calculations it was determined that the values of chiller efficiency (kW/ton) used were not
consistent with those developed for the chiller measure (CH-1.) The appropriate values were
applied. Also, 6 hours per day was used for the “proposed academic daily schedule” while the
discussion in the project text said this should be 8 hours per day. 8 hours per day was used in the
calculation of savings.
The monitoring shows the actual occupied schedule was the same as the Ex Ante baseline
schedule. Thus, there are no savings from a schedule change.
Finally, the total monitored low and high speed fan demands are lower than those presented in
the Ex Ante calculations for the proposed scenario. While this tends to increase the savings in
this case, this has less impact on the overall energy savings than the schedule change.
Table 9 OCC-2 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

3.74
3.88
3.88
3.88
12.03
13.08
13.08
350%

3.06
3.17
3.17
3.17
7.12
7.12
7.12
233%

9.26
10.14
13.84
-

8.14
8.14
11.24
-

50,894
55,206
55,206
55,206
37,047
39,306
39,306
77%
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Summary
The total ex ante savings for this project, along with the total adjustments made, the total ex post savings, and the savings
realization rates for this project are displayed below in

Table 10.
Table 10 CE07M016 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

8.84
9.07
9.07
9.07
25.84
27.94
27.94
316%

39.26
39.98
39.98
39.98
38.83
38.83
38.83
99%

33.75
35.98
35.99
-

39.35
39.35
39.35
-

452,593
375,679
375,679
375,679
305,860
313,396
313,396
69%
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Project Information
Project ID#:
Measure:
Electric Savings:
Gas Savings
Facility Type
Technology:

CE-07-M-017
Multiple
499,754 kWh, 10.30 Summer kW, 5.98 Winter kW
8,353 Therms
School
Multiple

Measure Description
CH-1 - Chiller Plant and Chilled Water Pump Optimization
The chiller plant (chilled water system) is made up of a Trane air cooled chiller with
primary/secondary pumping.
Enthalpy control was added to enable/disable the chiller system. The chilled water system was
re-scheduled to operate fewer hours. The chilled water bypasses were closed and the differential
set point reduced to 12 psig allowing the secondary pumps to modulate to lower speeds. Finally,
the primary and secondary pumps are interlocked off when the chiller is disabled.
This school has a two-pipe heating/cooling system – Prior to this project’s completion the
system was controlled by seasonal manual switch-over. The secondary pumps are used for
both heating and cooling. There is one remote differential pressure sensor on the secondary
loop controlling the VFDs (set point =15 psig). The secondary VFD pumps were found to not
track well with the OAT due to an open bypass valve in the mechanical room. The chiller ran
(15) fifteen hours per day Monday through Friday and was enabled above 60°F OAT. The
chiller primary pump operated whenever the outdoor air dry bulb temperature was above 58°F.
The chilled water system operated on the same schedule all summer long – including during
non-class weeks. The secondary pumps ran 24 hours a day, seven days a week. The outside air
temperature and humidity sensor were not operating properly. There was no flag being sent to
the controllers to let them know when chilled water was available.
With the completion of this project the Trane control logic software was programmed to
enable the chiller system to operate using enthalpy control (21.0 Btu/lb) with new OAT and
OAH sensors. The EMS also now schedules the chiller to be off during unoccupied periods.
The system has a manual change-over mode (April 15 - Oct 15 cooling only). During
unoccupied periods the chilled water system is shut off and can only run if there is an
unoccupied building cooling load. During the cooling mode when the chiller system is
disabled the secondary pumps are shut down. The secondary water dp set point is reset to 12
psig and all chilled water bypass valves the mechanical room have been shut. The field
controllers are to be sent a flag indicating when the system contains hot or chilled water.
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HV-1 – Occupancy sensor control of HVAC
An occupancy sensor was installed to shut down the media center constant volume AHU (AHU2) when the center is unoccupied. Also, a schedule was set up to shut off the AHU during unoccupied hours and on weekends.
The media center is heated and cooled by AHU-2. Prior to the completion of this project the
fans ran 24/7 because the controller was switched to be on all the time, not automatic on/off. An
occupied schedule controlled the unit’s heating and cooling and it operated 15 hrs / day. The unit
does not know if the plant is providing chilled or hot water. The unit has an enthalpy-based OA
economizer control. When in the occupied mode at minimum damper position the unit provided
20% outdoor air. The mixing dampers were not operating efficiently and the economizer was not
being enabled due to an inaccurate outdoor air humidity sensor. The outdoor air damper control
was in need of adjustment. The heating valve on AHU-2 was 100% open. Sometimes the AHU
was providing heat to the space when trying to cool because sometimes the plant was in the
heating mode and the cooling valve would open, trying to cool and satisfy the discharge air set
point but was actually overheating the space.
With the completion of this project the outdoor air enthalpy economizer was repaired and the
mixing dampers were calibrated, and the heat valve repaired. AHU-2 is now controlled by two
occupancy sensors. Occupancy sensors turn the AHU off if the media center is unoccupied for a
time period of 15 minutes.
If no occupants are in media center during occupied hours (7am-3pm, M-F) the AHU outside air
dampers will close and the fan will cycle to maintain occupied space temperatures of 70°F
heating and 73°F cooling. When anyone enters the media center, the AHU will return back to its
occupied fan mode (min OA damper position.)
A new occupied summer schedule was programmed that maintains setback temperatures unless
the occupancy sensors are activated.
During scheduled school unoccupied periods the air handling unit remains off - only operating to
maintain a heating/cooling unoccupied space set point. If occupants enter the media center the
unit resets to occupied-fan mode (40 Hz)
The EMS was programmed with a heating/chilled water lockout from the plant to the air
handling units to ensure they do not try to heat or cool if hot or chilled water is not available. The
hot and chilled water valves need to be locked from operating when the plant is in differing
modes.
HV-2 – Heat Recovery Unit Schedule Changed
The school has a heat recovery rooftop unit (HRU-1) exhausting air from the building and
feeding outside air to 28 classroom fan coil units.
Prior to this project’s completion this unit ran 24 hours a day, 7 days a week. The chilled water
valve never opened regardless of the discharge air temperature. The unit’s hot water valve was
always 100% open and during the heating season the classrooms were overheating. Several
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repairs were made to make this system operate more efficiently.
With the completion of this project a new school-year schedule was set up for the HRU as 6:00
a.m. to 4:00 p.m., M-F. The FCUs’ schedules are now linked to this HRU schedule. A new
summer schedule was also set up for 6 hours per day, M-F. During unoccupied periods the HRU
is programmed off. The chilled or hot water valve is locked out when the plant is operating in
heating or cooling mode respectively. The dysfunctional valves were repaired.
HV-3 – CO2 sensor control of HVAC
The multi-purpose (Cafeteria) room is heated and cooled by a rooftop unit AHU-3.
A new schedule was programmed in the EMS to reduce the occupancy periods. The EMS was
programmed to lock out the season-inappropriate hot or chilled water plants, and a CO2 sensor
was added to reduce OA.
Before the completion of this project this unit ran 16 hours a day, 5 days a week. When in the
occupied mode at minimum damper position the unit provided 20% outdoor air. There is no CO2
control. The unit has an enthalpy based OA economizer control – which did not enable because
of an inaccurate outdoor air humidity sensor. The mixing dampers were not operating efficiently.
The AHU does not know if plant is providing chilled or hot water. The chilled water valves were
opening in the winter, providing excessive heat in the winter.
With the completion of this project a new school-year schedule was set up for AHU-3 as 6:00
a.m. to 6:00 p.m., M-F. A new summer schedule was also set up as 8:00 a.m. to 3:00 p.m., M-F.
A CO2 sensor was added in the return air duct. The EMS is now programmed for heating/chilled
water lockout from the plant to the air handling units to ensure they do not try to heat or cool if
hot or chilled water is not available. The chilled or hot water valves lock out when the plant is
operating in heating or cooling mode respectively.
HV-4 – Optimize HVAC operations
AHU-1 is a VAV unit serving the 1st floor Music and 2nd floor of the school. AHU-5 is a
rooftop VAV unit serving the administration area.
AHU-1 serves 20 VAV boxes. Before the completion of this project the supply and return fan
VFDs were in manual bypass mode, operating at full speed (60Hz). The supply air static
pressure was very high since there was no VFD speed control and there appeared to be no
reset control. The unit operated 15 hours/day M-F. When in the occupied mode at minimum
damper position the unit provided 25% outdoor air. The unit has return air CO2 damper control
and enthalpy based OA economizer control. The mixing dampers were not operating
efficiently and the economizer was not being enabled due to an inaccurate outdoor air
humidity sensor. The AHU does not know if plant is providing chilled or hot water. The
chilled water valves were opening, trying to cool the space, but were actually providing extra
heat in the winter. Simultaneous heating and cooling control was occurring and space
temperatures were extremely warm. All the VAV boxes seemed to be always in the occupied
mode.
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AHU-5 serves 9 VAV boxes. The supply and return fan VFDs were also in manual bypass mode,
operating at full speed (60Hz). The supply air static pressure was very high since there was no
VFD speed control and there appeared to be no reset control. Both fans operated 24 hrs, 7 days a
week. When in the occupied mode at minimum damper position the unit provided 25% outdoor
air. The unit also has return air CO2 damper control and enthalpy based OA economizer control.
The mixing dampers were not operating efficiently and the economizer was not being enabled
due to an inaccurate outdoor air humidity sensor. The CO2 sensor in the return air duct was in
need of calibration and the outdoor air damper control needed adjustment. All the VAV boxes
seemed to be always in the occupied mode.
With the completion of this project the supply and return fan VFDs for AHU-1 & AHU-5
were fixed, tested, and placed in auto run mode. The EMS was reprogrammed to occupied
hours of 6:00 a.m. to 4:00 p.m. M-F for AHU-1. For AHU-5 the occupied period was set up as
6:00 a.m. to 6:00 p.m. The related VAV boxes schedules were also adjusted to the AHU
schedules. Static pressure reset control was added to the supply fans VFD controls.
Unoccupied control points were set up and the VAV boxes set to the same set points. The
outdoor air enthalpy economizers and CO2 controls were tuned and adjusted.
A new occupied summer schedule was set up for AHU-1 as 8:00 a.m. to 3:00 p.m., M-F. A
new occupied summer schedule was set up for AHU-5 as 8:00 a.m. to 4:00 p.m., M-F. The
VAV boxes were also reset to coincide with the AHU set points and schedules.
The EMS was programmed for heating/chilled water lockout from the plant to the air handling
units to ensure they do not try to heat or cool if hot or chilled water is not available. The
chilled or hot water valve now are locked out when the plant is operating in heating or cooling
mode respectively. The mixing dampers needed to be calibrated and remain in the automatic
mode for proper operation.
HV-5 – Optimize operations of fan coil units
There are 28 fan coil units serving classrooms in the school providing heating and cooling via a
two pipe system – these are served from HRU-1 (assessed in measure HV-2.)
A typical unit’s fan is (1/3 HP ea.). Before the completion of this project these units were
controlled by an occupied schedule (12 hrs/day M-F) via the EMS providing heating and cooling
to the spaces. When the spaces were unoccupied, the supply fan for each unit ran continually and
did not cycle based on space temperature, and because the temperature sensors were mounted in
the return ductwork plenum of each ceiling-mounted fan coil unit. All fan coil units were
operating providing cooling to the classrooms during the non-school summer months. The fan
coil units changed between heating and cooling regardless of whether the plant was producing
hot or chilled water. The heat recovery unit HRU-1 was also producing high supply air
temperatures to the fresh air intake of each fan coil unit further compounding the overheating
issue.
With the completion of this project new wall thermostats were installed at each of the 28 fan coil
units. The occupied schedules for the fan coil units were reset to 10 Hrs/day, M-F during the
school year. During the unoccupied mode the fans now cycle to maintain the night-setback
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temperature – and the heat recovery unit remains off. The occupied heating and cooling set
points were set to 70°F heating/74°F cooling. A flag is now sent to each fan coil controller to
lock out heating or cooling when the plant is in the opposite mode. A summer schedule was
added as 6 hours/day, M-F.
HW-1 - Heating Plant Optimization and Control
The heating plant consists of two hot water boilers with lead/lag operation, two primary HW
pumps, and two variable speed secondary pumps. This is a two-pipe heating and cooling system
with seasonal manual change-over.
Control was added to the EMS to disable the hot water system when the outside air temperature
is greater than 55°F. A new summer schedule was added to ensure the boilers and pumps are off
between May and September. Also, the secondary bypass valves were closed and the pressure
difference set point was lowered to reduce secondary pump energy use. Finally, the boiler
combustion air fan is locked out when the outside air temperature is above 35°F.
Before this project was completed the primary loop operated at constant flow with two pumps
that operated when the outdoor air dry bulb temperature was below 58°F - which is only a two
degree differential from the chiller enable set-point. The seasonal pumps operated 24/7. The
secondary loop has two VFD pumps that maintained a pressure set point of 15psi at the hot water
differential pressure sensor, which was common with the chilled water loop. This secondary
loop ran 24/7 year round to maintain the pressure set point – circulating chilled water in the
summer. The boilers shut down @ 170°F and the burner cycles maintained 140°F at the building
water supply temperature sensor. When the boilers were commanded to start, an in-line supply
fan (CF-1) and outside wall damper energized, bringing 100% air into the space for burner
combustion. The boiler cycled on low fire during 40°F days.
With the completion of this project the Trane software was reprogrammed to an enable set point
for the hot water system of 55°F instead of the original 58°F - though the project documentation
suggests this was changed to 50°F. The documentation says there should be a manual
changeover to heating between Oct 15th and April 15th, but does not say what was previously
done. This prevents unnecessary heating during the cooling season. The EMS was reprogrammed
to have only one of the heating primary pumps on per operating boiler. The winter secondary
pump VFD set point was adjusted to 10 psig. The combustion damper now opens when one
boiler starts; CF-1 combustion fan runs when the OAT is below 35°F, assuming that the boiler
burner is no longer at low fire. Each controller in the field is sent a global flag indicating that the
plant is in the “heating” mode – there previously was no indication available.
OCC-1 – Occupancy sensor control of lighting and HVAC
The 350W Metal Halide lights (372W total power consumption with ballast, etc.) were replaced
with Fluorescent lighting in the gym – one for one. These lighting fixtures are now controlled by
occupancy sensors. An occupancy sensor was also installed to shut down the gym AHU (AHU4) when the gym is unoccupied. Finally, a schedule was set up to shut off the AHU on weekends.
Before the completion of this project the lighting in the gymnasium consisted of (32) MH
fixtures at 372W (350w lamps) controlled by local toggle switches. The lighting was always on
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during the school day and sometimes at night, depending on if and when teachers or custodians
turned the lights off. The gymnasium is heated and cooled by a rooftop unit (AHU-4) which ran
24 hours a day, 7 days a week. An occupied schedule in the EMS only controlled the cooling
valve and dampers. When in the occupied mode the dampers were at 15% minimum position. It
appears the cooling valve was not being used in sequence with the mixing dampers during the
economizer cycle. The gym space temperature during occupied mode was maintained at 70°F.
With the completion of this project all (32) MH fixtures were replaced with 4-lamp T-5 high bay
fluorescent fixtures. Both the lighting and AHU-4 are now controlled with occupancy sensors however, local toggle switches have not been removed. The documentation does not discuss why
the switches were not removed and how this affects the proposed use. Occupancy sensors turn
both the lighting and the AHU off if the gym is unoccupied for a time period of 15 minutes.
If no occupants are in gym during occupied hours (8am-5pm, M-F) the RAHU-1 outside air
dampers close and the fan cycles to maintain unoccupied space temperatures of 68°F heating and
72°F cooling. When anyone enters the gym, the AHU returns back to occupied fan mode (40
Hz).
A new occupied summer schedule was programmed into the EMS that maintains setback
temperatures unless the occupancy sensors are activated.
During scheduled school unoccupied periods the rooftop unit operates to maintain unoccupied
set points of 65°F heating and 75°F cooling. If occupants enter the gym the unit resets to
occupied-fan mode (40 Hz).

Summary of the Ex Ante Calculations
CH-1 - Chiller Plant and Chilled Water Pump Optimization
The changes in the chiller plant that impact savings are:
1) A reduction in the secondary pumps flow rates due to the lower 12 psig chilled water dp
set point and closed bypass valves
2) Reduced cooling system operating hour based on revised operating schedules – occupied
hours
3) Reduced cooling system operating hour based disabling the chiller during lower
temperatures
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hours of operation: To account for scheduling the bin hours were multiplied by schedule
factors. Run hours are lower than bin hours. The run hours in both the existing and proposed
cases are based on a 0.7 fraction that is likely a simplification of (5/7) for weekdays only. In both
the existing and proposed cases, there is another adjustment factor in calculating the run hours. It
is unclear what these factors are based on.
Chiller operation savings: There are no chiller demand reductions at any temperature bin
calculated for the chiller operation for this measure. In both cases the chiller is assumed to not be
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running below the 62.5°F temperature bin. The chiller kW/ton is based on Trane’s design
performance data at 95°F OA condenser temp and the contractor’s data loggers recording kW
and tons.
Primary CHW pump savings: The primary pump is assumed to operate at a constant 5.0 kW for
all operating hours for both the existing and proposed cases. However, for the existing case the
primary pump is assumed to run down to and including the 57.5°F bin – while for the proposed
case this pump is off below the 62.5°F bin. The latter situation assumes the primary pump will be
locked out (proposed) when the chiller is disabled. The 5.0 kW used for this pump is stated to be
based on field measurement of this 7.5 hp motor. While this component provides no demand
reduction, there are energy savings due to both reduced run hours from rescheduling and by this
pump not running (proposed) when the chiller is not running because it is locked out by the
EMS.
Secondary CHW pump savings: There are two secondary pumps – only one operating at a time.
The operating pump has a VFD control system. This system is signaled by a dp sensor in the
secondary loop. The speed of the pump is managed by this sensor with a base case set point of 15
psi. Open bypass valves make the pumps operate at higher speeds for all loads in the base case.
By shutting the bypass valves and lowering the set point pressure to 12 psi, the VFD will run the
motor at lower speeds at all bins. The pump speeds were based on DDC readings and trends vs.
OAT data taken for both existing and proposed operations. Pump VFD kW was measured with
kW meter in field at various frequencies. As with the primary pumps the secondary pumps are
locked out by the EMS when the chiller is disabled.
The method of calculating the hours of operation for the chiller plant was not consistent across
the bins. The factor 0.7 likely corresponding to 5/7 was used in the calculation of most hours of
operations, but other factors, such as 0.4, 0.5, and 0.625 were also used in combination with the
0.7 factor for the existing calculations. In some bins, no factors were used at all. For the
proposed calculations these second factors are slightly different as 0.28, 0.495, and 0.625.
The savings for both the primary and secondary pumps are based on field measured demands.
Thus, they cannot be verified without measurement. The existing case assumptions cannot be
verified through ex-post measurements. Proposed demands and speed/demand relationships will
be confirmed through spot and short-term monitoring. These measures will be used to verify
supplemental EMS trending data requested of the customer both before and during monitoring.
The algorithm to calculate total kW for the proposed case uses a factor of 0.45 in the 60-65°F
and 65-70°F temperature bins. This factor is not discussed in the project documentation or the
ex ante calculations spreadsheet. This issue will need to be explored.
HV-1 – Occupancy sensor control of HVAC
The changes in the AHU that impact savings are:
1) Occupancy sensors on the AHU
2) Repair and lockout of cooling and heating valves
3) Reduced OA from 20% to 10%
4) Reduced run time of the unit by schedule changes
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Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The AHU runs 24/7 during both the school year and summer for the base
case scenario. For the proposed scenario the hours are reduced to 8/5 during the school year and
6/5 during the summer.
Energy savings: Savings are accrued by less AC and AHU fan motor loads, and less gas for
heating from increasing the unoccupied period.
There is no support for the “extra-reduced” proposed operating hours. The proposed summer
schedule is not defined in the text – and 6hours/day is used in the calculations. There is no
discussion that supports the reduced OA damper open percent.
There is no discussion of how “Unoccupied Space Heating Fan Cycling” contributes to the
proposed operating hours. Also, the fan speeds shown for the proposed scenario are not
supported and decrease as the heating requirement increases. Finally, the fan kW is calculated
based on nominal fan HP and an assumed load factor and not on metered readings.
HV-2 – Heat Recovery Unit Schedule Changed
The changes in the HRU system that impact savings are:
1) Addition of school-year and summer occupied schedules
2) Repair and lockout of cooling and heating valves
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The HRU runs 24/7 during both the school year and summer for the base
case scenario. For the proposed scenario the occupancy sensors reduce the hours to 10/5 during
the school year and 6/5 during the summer.
Energy savings: Savings are accrued by less AC and HRU fan motor loads, and less gas for
heating from increasing the unoccupied period.
The heating energy savings calculations do not consider the boiler efficiency and consider only
the 40°F to 45°F and lower bins. The same calculations use a formula that does not make sense.
The 60% load factor assumed for the ERU fan motors is not supported. The operating hours for
the proposed scenario are different than stated in the text.
The documentation suggests the proposed academic schedule is 10 hours per day for five days
per week, but the calculations are based on 11 hours per day for five days. Also, the
documentation suggests the proposed summer schedule is 6 hours per day for five days per week,
but the calculations are based on 8.5 hours per day for five days. Finally, the fan kW is
calculated based on nominal fan HP and an assumed load factor and not on metered readings.
HV-3 – CO2 sensor control of HVAC
The changes in the HRU system that impact savings are:
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1)
2)
3)
4)
5)

Addition of a CO2 sensor to reduce OA
Reduced OA from 20% to 10%
Addition of school-year and summer occupied schedules
Programming the BMS to prevent overlap of heating and cooling
Repair and lockout of cooling and heating valves

Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The AHU runs 16/5 during both the school year and summer for the base
case scenario. For the proposed scenario the hours are reduced to 12/5 during the school year and
7/5 during the summer.
Energy savings: Savings are accrued by less AC and HRU fan motor loads and less gas for
heating from increasing the unoccupied period.
There is no support for the “extra-reduced” proposed operating hours. It is unclear why the gas
energy savings calculations use a 65°F heating cutoff for the existing scenario and 55°F cutoff
for the proposed scenario. It is not clear how the CO2 sensor is set up to reduce OA.
Also, there is no discussion of how “Unoccupied Space Heating Fan Cycling” contributes to the
proposed operating hours. Also, the fan speeds shown for the proposed scenario are not
supported and decrease as the heating requirement increases. Finally, the fan kW is calculated
based on nominal fan HP and an assumed load factor and not on metered readings.
HV-4 – Optimize HVAC operations
The changes in the HRU system that impact savings are:
1) Calibration of CO2 sensor to reduce OA from 25% to 15%
2) Addition of school-year and summer occupied schedules
3) Fixing VSD controls to vary flow by static pressure set point
4) Programming the EMS to prevent overlap of heating and cooling
5) Repair and lockout of cooling and heating valves
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The AHU-1 runs 15/5, and AHU-5 runs 24/7, during both the school year
and summer for the base case scenario. For the proposed scenario the hours for AHU-1 are
reduced to 10/5 during the school year and 7/5 during the summer. For the proposed scenario the
hours for AHU-5 are reduced to 12/5 during the school year and 8/5 during the summer.
Energy savings: Savings are accrued by the interaction of all of the above changes to the system,
interstitial within the bin analysis.
There is no support for the “extra-reduced” proposed operating hours. The proposed summer
schedule is not defined in the text – and 6 hours/day is used in calculations. There is no
discussion that supports the reduced OA damper %open.
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The project documentation lists the problems with the system and how the system should be
operating but does not describe the solutions that were required to fix the issues. For example,
there is no discussion of how the economizer operation was changed to capture more operating
bin hours. Also, the documentation suggests the proposed summer schedule is 7 hours per day
for five days per week, but the calculations are based on 6 hours per day for five days.
There is no discussion of how “Unoccupied Space Heating Fan Cycling” contributes to the
proposed operating hours. Also, the fan speeds shown for the proposed scenario are not
supported and decrease as the heating requirement increases. Finally, the fan kW is calculated
based on nominal fan HP and an assumed load factor and not on metered readings.
HV-5 – Optimize operations of fan coil units
The changes in the HRU system that impact savings are:
1) Addition of school-year and summer occupied schedules
2) Moved temperature sensors from FCU return duct to the classroom wall
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The FCUs run 24/7 (documentation says 12/5), during both the school year
and summer for the base case scenario. For the proposed scenario the hours for the FCUs are
reduced to 10.5/5 (documentation says 10/5) during the school year and 6/5 during the summer.
Energy savings: Savings are accrued by changing the occupied and summer schedules to allow
the FCU units to operate fewer hours.
The existing and proposed hours of operation in the calculations do not match those stated in the
measure description. The text says the 28 FCUs have about 1/3 hp each – but the calculations use
0.75 hp. Also, there are unexplained factors added throughout the calculations.
HW-1 - Heating Plant Optimization and Control
The changes in the chiller plant that impact savings are:
1) A reduction in the secondary pumps flow rates due to the lower 10 psig hot water dp setpoint and closed bypass valves
2) The heating enable set point was reduced from 58°F to 50°F
3) One of the primary pumps is disabled
4) The CF fan is locked out when the outside temperature is above 35°F.
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The hot water and seasonal pumps operate 24/7 for bins 50-58°F and below
for the base case scenario. For the proposed scenario the pumps operate 24/7 bins 45-50°F and
below. The combustion fan operates for bins 50-58°F and below for the base case scenario. For
the proposed scenario the fans operate 24/7 bins 30-35°F and below.
Primary pump savings: The primary pumps are both needed when the boilers are operating and
assumed to operate at a constant 4.7 kW each (9.4kW total) for all operating hours for the
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existing case. For the proposed case the total demand is multiplied by 0.5 with the assumption
that one of the pumps will not run. There are also savings estimated for the two warmest bins
where the heating season is no longer enabled.
Seasonal (secondary) pump savings: The speed of the seasonal pump speed varies between 70%
and 60% from warmer to colder weather for the existing case. For the proposed case the seasonal
pump speed varies between 60% and 50% from warmer to colder weather. The kW for each
pump, in each bin, is an entered number with no explanation of how the values were determined.
Savings are estimated by the difference in the demand profiles across bins for the pump –
proposed vs. existing.
Combustion fan savings: The combustion fan operates at 1.0 kW. The savings for this
technology are based on not operating it during the warmest two heating bins. The 1.0 kW is
calculated using amp and volt measurements.
There is no explanation of how the combustion fan, primary pump and secondary pump are
disabled for the 50-55°F and above bins. The calculations do not explain how the primary and
secondary pump demands (kW) were determined or what the horsepower are for these motors.
Neither is there an explanation of how the kW values were determined for each bin for both the
base case and proposed scenarios. There is no support for how the controls prevent one of the
primary pumps from coming on.
OCC-1 – Occupancy sensor control of lighting and HVAC
The changes in the gym lighting and AHU that impact savings are:
1) Replaced MH lighting with high-bay fluorescent lighting
2) Occupancy sensors on the new lighting and the AHU
3) Reduced run time of the unit by schedule change
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The lighting operates 12/5 during school year and 8/5 during the summer for
the base case scenario. For the proposed scenario the lighting still has 10/5 base operation but the
occupancy sensors reduce the hours by 33% during the school year and 75% during the summer.
The AHU runs 24/7 during both the school year and summer for the base case scenario. For the
proposed scenario the occupancy sensors reduce the hours to 9/5 during the school year and 6/5
during the summer.
Total savings: The lighting changes provide about 20% of the total measure savings – and thus
HVAC changes also provide about 80%.
Lighting savings: About 63% of the lighting savings is from converting from MH to Hi-Bay
fixtures. The rest of the lighting savings are from the occupancy sensors on the lighting.
AHU savings: The AHU savings come from schedule change and occupancy sensors.
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There is no support for the assumptions that the occupancy sensors will reduce the lighting by
33% during the school year and by 75% during the summer. As with the lighting, there is no
support for the reduced operating hours from the occupancy sensors. Also, there are several other
assumptions that need to be investigated.

Measurement & Verification Plan
CH-1 - Chiller Plant and Chilled Water Pump Optimization
This measure includes closing chilled water bypasses, recalibrating the pressure differential set
point at 15 psig and adding controls to optimize the chiller operation. Also, scheduling was set
up in the EMS to disable the chillers during unoccupied periods.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the chiller scheduling and if any additional changes have occurred that could affect
the operation of the chiller system components. The Energy Management System (EMS) will be
inspected to collect operating schedules and set points including the summer and winter VFD
speeds and economizer enabling points. The customer will be interviewed to verify any actions
taken to ensure the persistence of savings. These actions include:
 A high limit alarm for the chilled water dp sensor output for a psi > 25 psi for 60 minutes
 The review of trends for the chilled water system including the chiller and pumps.
 An alarm for when the secondary pump operates at 100% speed for an extended period of
time.
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the chiller system optimization. EMS trends will be collected for all possible
points with special interest in the following:
 Chiller system kW
 Chiller primary pump kW – if no, status
 Secondary CHW pumps 1 and 2 %speed or Hz
 Outside air temperature and humidity
 Differential pressure sensor output - for chilled water flow control to set point
pressure
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the chiller system
equipment with a metering interval no greater than 15 minutes. Spot measurements of Volts,
Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735 power
meter. Percent-speed or hertz shown on the VFD controller will be recorded at the time of the
spot measurements for all motors controlled by variable speed drives. A Hobo U23-001 outside
air temperature and %RH logger will be installed outside with a metering interval no greater than
15 minutes.
HV-1 – Occupancy sensor control of HVAC
This measure includes changing AHU schedules and installing a occupancy sensors to shut off
the AHU when the media center is empty.
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An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the AHU operation scheduling if any operation changes have been made since the
completion of the project. The Energy Management System (EMS) will be inspected to collect
operating schedules and set points including the summer and winter VFD speeds and economizer
enabling points. The customer will be interviewed to verify any actions taken to ensure the
persistence of savings. These actions include:
 The trends for the two AHUs’ supply and return fan status and OA damper
positions
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the chiller system optimization. EMS trends will be collected for all possible
points with special interest in the following:
 AHU scheduling
 Occupancy status
 AHU supply and return fan %speed or Hz
 OA damper %open
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the fans with a metering
interval no greater than 15 minutes. Spot measurements of Volts, Amps, PF, and kW will be
taken during the site visit using a NIST-calibrated Fluke 1735 power meter. Percent-speed or
hertz shown on the VFD controller will be recorded at the time of the spot measurements for all
motors controlled by variable speed drives. The Hobo U23-001 outside air temperature and %RH
logger being installed for measure CH-1 will also be used for this measure.
HV-2 – Heat Recovery Unit Schedule Changed
This project included changing HRU schedules.
For the verification effort, EMS trends will be collected, if possible, for a minimum of one
month of winter 2011. The customer will be contacted prior to the site visit to ask them to, if
they are not already, collect and store trend data for the following parameters for each of the
AHU systems in each building.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HRU scheduling and if any operation changes have been made since the
completion of the project. The Energy Management System (EMS) will be inspected to collect
operating schedules and set points including the summer and winter VFD speeds and economizer
enabling points. The customer will be interviewed to verify any actions taken to ensure the
persistence of savings
These actions include:
 The trends for HRU fan status
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to
verify the savings due to the chiller system optimization. EMS trends will be collected for all
possible points with special interest in the following:
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HRU-1 scheduling
HRU-1 supply and return fan %speed or Hz
Outside air temperature

In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the fans with a metering
interval no greater than 15 minutes. Spot measurements of Volts, Amps, PF, and kW will be
taken during the site visit using a NIST-calibrated Fluke 1735 power meter. Percent-speed or
hertz shown on the VFD controller will be recorded at the time of the spot measurements for all
motors controlled by variable speed drives. The Hobo U23-001 outside air temperature and %RH
logger being installed for measure CH-1 will also be used for this measure.
HV-3 – CO2 sensor control of HVAC
This project included changing AHU schedules and installing CO2 sensors to shut off the AHU
when the multi-purpose room is empty.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the AHU scheduling and if any operation changes have been made since the
completion of the project. The Energy Management System (EMS) will be inspected to collect
operating schedules and set points including the summer and winter VFD speeds and economizer
enabling points. The customer will be interviewed to verify any actions taken to ensure the
persistence of savings.
These actions include:
 The alarm generated for improper control sequences
 The activity reports generated for modifications in configurations, set points and time
schedules
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the chiller system optimization. EMS trends will be collected for all possible
points with special interest in the following:
 AHU scheduling
 CO2 levels
 AHU supply and return fan kW or %kW or %speed
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the fans with a metering
interval no greater than 15 minutes. Spot measurements of Volts, Amps, PF, and kW will be
taken during the site visit using a NIST-calibrated Fluke 1735 power meter. Percent-speed or
hertz shown on the VFD controller will be recorded at the time of the spot measurements for all
motors controlled by variable speed drives. The Hobo U23-001 outside air temperature and %RH
logger being installed for measure CH-1 will also be used for this measure.
HV-4 – Optimize HVAC operations
This measure includes changing AHU schedules and calibrating a CO2 sensors reduce OA when
unoccupied, fixed VSD controls to reduce air flow based on static pressure set point.
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An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the AHU scheduling and if any operation changes have been made since the
completion of the project. The Energy Management System (EMS) will be inspected to collect
operating schedules and set points including the summer and winter VFD speeds and economizer
enabling points. The customer will be interviewed to verify any actions taken to ensure the
persistence of savings. The customer will be interviewed to verify any actions taken to ensure
the persistence of savings. These actions include:
 The alarm generated for improper control sequences
 The activity reports generated for modifications in configurations, set points and time
schedules
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the chiller system optimization. EMS trends will be collected for all possible
points with special interest in the following:
 AHU scheduling
 Static pressure and its set point
 CO2 levels and resultant OA damper position
 AHU supply and return fan %speed or Hz
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the fans with a metering
interval no greater than 15 minutes. Spot measurements of Volts, Amps, PF, and kW will be
taken during the site visit using a NIST-calibrated Fluke 1735 power meter. Percent-speed or
hertz shown on the VFD controller will be recorded at the time of the spot measurements for all
motors controlled by variable speed drives. The Hobo U23-001 outside air temperature and %RH
logger being installed for measure CH-1 will also be used for this measure.
HV-5 – Optimize operations of fan coil units
This measure includes changing FCU schedules to run the FCU units fewer hours.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the FCU scheduling and if any additional changes have occurred. The Energy
Management System (EMS) will be inspected to collect operating schedules and set points
including the summer and winter VFD speeds and economizer enabling points. The customer
will be interviewed to verify any actions taken to ensure the persistence of savings. The
customer will be interviewed to verify any actions taken to ensure the persistence of savings.
These actions include:
 FCU schedules for this school
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the chiller system optimization. EMS trends will be collected for all possible
points with special interest in the following:
 FCU scheduling
 FCU supply and return fan kW
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In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the fans with a metering
interval no greater than 15 minutes. Spot measurements of Volts, Amps, PF, and kW will be
taken during the site visit using a NIST-calibrated Fluke 1735 power meter. Percent-speed or
hertz shown on the VFD controllers will be recorded at the time of the spot measurements for all
motors controlled by variable speed drives. The Hobo U23-001 outside air temperature and %RH
logger being installed for measure CH-1 will also be used for this measure.
HW-1 - Heating Plant Optimization and Control
This measure includes closing chilled water bypasses, resetting the pressure differential set-point
from 15 psi to 10 psi and adding controls to optimize the chiller operation. And the heating
system is only enabled when the outside temperature is below either 50°F or 55°F. The
combustion fan is enabled only when the outside temperature is below 35°F.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the boiler scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the how water system components.
The Energy Management System (EMS) will be inspected to collect operating schedules and set
points including the summer and winter VFD speeds and enabling points. The customer will be
interviewed to verify any actions taken to ensure the persistence of savings. These actions
include:
 The high limit alarm for the heated water dp sensor output for heating?
 The high limit alarm if either seasonal pump VFD operates @ 100%, and for how long
before alarming.
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the chiller system optimization. EMS trends will be collected for all possible
points with special interest in the following:
 Primary heating pump kW
 Secondary CHW pumps 1 and 2 %speed or Hz
 Combustion fan kW
 Outside air temperature
 Differential pressure sensor output - for hot water flow control to set point pressure
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the water pumps and fan
with a metering interval no greater than 15 minutes. Spot measurements of Volts, Amps, PF, and
kW will be taken during the site visit using a NIST-calibrated Fluke 1735 power meter. Percentspeed or hertz shown on the VFD controllers will be recorded at the time of the spot
measurements for all motors controlled by variable speed drives. The Hobo U23-001 outside air
temperature and %RH logger being installed for measure CH-1 will also be used for this
measure.
OCC-1 – Occupancy sensor control of lighting and HVAC
This measure includes upgrading lighting and installing occupancy sensors, changing AHU
schedules and installing an occupancy sensor to shut off the AHU when the gym is empty.
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An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the AHU scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the lighting and AHU system
components. The Energy Management System (EMS) will be inspected to collect operating
schedules and set points including the summer and winter VFD speeds and economizer enabling
points. The customer will be interviewed to verify any actions taken to ensure the persistence of
savings. These actions include:
 The trends for the two AHUs’ supply and return fan status and OA damper positions
 The trends used to verify that the lighting and AHU occupancy sensors are working
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the chiller system optimization. EMS trends will be collected for all possible
points with special interest in the following:
 Lighting scheduling
 Lighting status
 AHU scheduling
 AHU supply and return fan %speed or Hz
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the water pumps and fan
with a metering interval no greater than 15 minutes. Spot measurements of Volts, Amps, PF, and
kW will be taken during the site visit using a NIST-calibrated Fluke 1735 power meter. Percentspeed or hertz shown on the VFD controllers will be recorded at the time of the spot
measurements for all motors controlled by variable speed drives. The Hobo U23-001 outside air
temperature and %RH logger being installed for measure CH-1 will also be used for this
measure.

Description of Verification and Calculations
CH-1 - Chiller Plant and Chilled Water Pump Optimization
A site visit was conducted between 9/6/2011 and 9/15/2011. This included collecting school and
systems operating information and installing and removing the monitoring equipment – one
week apart.
The chiller system operating schedule and set points were collected from the EMS and
conversations were had with facilities staff and the RCx contractor. The locations of the
electrical panels were identified and either DENT ElitePro or Onset energy loggers were
installed on the chiller and the primary and secondary pumps. Current transducer sizes were
identified earlier and installed with the loggers. The Hobo U23-001 outside air temperature/%RH
logger was installed outside.
For this school the cooling secondary pump dp control sensor set-point was 14 psi – two psi
greater than the original proposed set-point of 12 psi. The chiller enable enthalpy setting is 23.5 -
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where the proposed setting was to be 21 btu/lbm. The chiller continues to be disabled when the
outside air is below 50°F.
There were minimal EMS trends available – the EMS could only store between 88 and 124 data
points.
Using the information and data collected for the chiller system the savings were recalculated for
this measure. Savings for this measure are primarily driven by schedule changes, enthalpy
enabling of the chiller and pumps, and secondary pump control from differential pressure set
point changes.
The chiller savings were adjusted based on the metered data from the monitoring period. The
data showed the EMS attempted to run the chiller between 7:25 a.m. to 8:25 p.m. each weekday
during the cooling season. Figure 1 shows that this was not fully realized. During the unoccupied
periods that chiller idles between 50 kW and 80 kW – and cycles to zero from this idle for three
of the nights.
Figure 1
Chiller Demand
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The metered hours of operation were applied to both the existing and proposed scenarios. This
was done because the measures that calculate air handling unit savings are also calculating
cooling savings for the reduced operating hours of the chiller. The Ex Ante analysis counted
these savings in both the optimization of the chiller plant control and the air handling unit
measures and therefore double counting the savings. The savings will be included in the air
handling measures instead of this measure.
In addition, metered data were used to develop a chiller load profile compared to outside air
temperature for the ASHRAE temperature bins used in the calculations. The curve fit shown in
Figure 2 was used to replace the chiller demand in the calculations.
Figure 2
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Chiller Demand vs OAT
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The primary pump’s savings were adjusted based on the metered data collected during the
monitoring period. The metered data showed that the primary pump runs 24/7. The original
proposed condition is to allow this pump to run only when the chiller is operating – and since the
chiller appears to be enabled 24/7, this pump is always running. The data also shows in Figure 3
the average demand of the primary pump to be 4.14 kW when it is running - compared to the ex
ante demand of 5.0 kW. The original savings for this pump are based on only a schedule change
– thus, the monitoring suggests no savings from the primary pump anticipated operation change.
Figure 3
Primary Pump Demand
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The monitoring shows that the secondary pumps also run 24/7 – see Figure 4. However, during
the unoccupied periods, the pump idles at a lower demand – in this case about 5.0 kW on
weekdays and about 4.0 kW on weekends.
These data also show the demand varies with outside air temperature - as shown in Figure 5. The
“Estimated Proposed” versus temperature profile was applied to the ASHRAE temperature bin
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analysis for the hours the chiller is running - for the proposed case. The demand of the secondary
pumps is lower for each ASHRAE bin than the original calculations estimated.
Figure 4
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The final savings are listed below in Table 1. The table shows the savings after each adjustment
was made to the original ex ante analysis. The Documentation adjustment reflects changes that
were made by reviewing the calculation and available project documentation. The Technology
adjustment reflects all of the changes due to the identification of different energy savings
application used compared to the ex ante calculation. The Quantity adjustment is for any changes
in the quantity of the energy saving application. The Operation adjustment is for any changes in
operating hours or conditions at the site. The Heating and Cooling adjustment is for the
interactive effects of reduced lighting power and HVAC equipment.
The savings for this measure were adjusted for multiple reasons. The largest adjustment is due to
the double counting of savings between the chiller scheduling in this measure and the HVAC
measures – including the fact that the chiller runs 24/7 during the cooling season. The second
largest adjustment is due to both the primary and secondary pumps operating 24/7 – thus no
schedule change savings are witnessed. Also, the Ex Ante calculation included factors that
reduced the operating hours of the chiller while this same reduction is accounted for with the
average chiller kW being reduced in the lower temperature bins. The savings were also adjusted
based on the metered data that was collected that showed different loading profiles for the chiller
and pumps.
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Table 1 CH-1 Electrical Savings Summary
Winter
Seasonal
Peak
Savings
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

Summer
Seasonal
Peak Savings
Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

0.50
0.50
0.50
0.50
0.00
0.00
0.00
0%

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

3.08
3.08
3.08
-

0.00
0.00
0.00
-

41,205
41,205
41,205
41,205
37,021
37,021
37,021
90%

HV-1 – Occupancy sensor control of HVAC
A site visit was conducted on 11/29/2011 and 11/30/2011. This included collecting school and
systems operating information and installing monitoring equipment as described above. The
monitoring equipment was removed on 1/21/12.
The HVAC operating schedules and set points were collected from the EMS and conversations
were had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset power loggers were installed on the supply fans
and return fans where appropriate. The Hobo U23-001 outside air temperature/%RH logger was
installed outside.
This unit was operating during the site visits. There were no indications of improper operation of
the unit. There were minimal EMS trends available which could only store between 88 and 124
data points.
Using the information and data collected for the affected equipment, the electric and gas savings
were recalculated for this measure. Scheduling adjustments were made per information gathered
during the site visits. Changes to power consumption were made based on spot measurements
and metered data from the site. 4th order polynomial regression relating kW to OA Temp was
created and run through the 8760 operations calculator to determine annual energy savings and
seasonal demand savings. Two separate operations calculators were used - one for temperatures
greater than 62.5°F, one for temperatures less than 62.5°F. The results of both of these
operations calculators are summed to arrive at the new savings numbers for this measure.
The final savings are listed below in Table 2 and Table 3. The tables show the savings after each
adjustment was made to the original ex ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the ex ante calculation. The Quantity adjustment is for any
changes in the quantity of the energy saving application. The Operation adjustment is for any
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changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment.
Table 2 HV-1 Electrical Savings Summary

Winter
Seasonal
Peak
Savings
0.00
0.00
0.00
0.00
0.90
0.90
0.90
-

Summer
Seasonal
Peak Savings
Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

0.00
0.00
0.00
0.00
11.43
11.43
11.43
-

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

10.06
10.06
10.06
-

0.00
0.00
0.00
-

43,012
43,012
43,012
43,012
29,721
29,721
29,721
69%

Table 3 HV-1 Gas Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Peak Day
(CCF/Day)
3.62
3.62
3.62
13.68
13.68
13.68
-

Extreme Peak
Day (CCF/Day
11.89
11.89
11.89
-

Yearly
Savings
(CCF)
1,320
1,315
1,315
1,315
1,309
1,309
1,309
99%

HV-2 – Heat Recovery Unit Schedule Changed
A site visit was conducted on 11/29/2011 and 11/30/2011. This included collecting school and
systems operating information and installing monitoring equipment as outlined above. The
monitoring equipment was removed on 1/21/12.
The HRU operating schedule and set points were collected from the EMS and conversations
were had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset power loggers were installed on the supply fans
and return fans where appropriate. The Hobo U23-001 outside air temperature/%RH logger was
installed outside.
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This unit was operating during the site visits. There were no indications of improper operation of
the unit. There were minimal EMS trends available and could only store a between 88 and 124
data points.
Using the information and data collected for the HRU, the savings were recalculated for this
measure. The Ex Post calculations were done using the 8760 operations calculator, using
schedules for post case based on what was observed to be programmed into EMS. The base case
was assumed to be that specified in the project documentation and in the Ex Ante calculations,
which is that the HRU fan ran 24/7/365.

The final savings are listed below in Table 4 and Table 5. The tables show the savings after each
adjustment was made to the original ex ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the ex ante calculation. The Quantity adjustment is for any
changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment.
Table 4 HV-2 Electrical Savings Summary

Winter
Seasonal
Peak
Savings
0.00
0.00
0.00
0.00
5.23
5.23
5.23
-

Summer
Seasonal
Peak Savings
Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

0.00
0.00
0.00
0.00
10.47
10.47
10.47
-
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Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

9.48
9.48
9.48
-

3.62
3.62
3.62
-

87,480
87,480
87,480
87,480
78,807
78,807
78,807
90%

Table 5 HV-2 Gas Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Peak Day
(CCF/Day)
10.74
10.74
10.74
68.71
68.71
68.71
-

Extreme Peak
Day (CCF/Day
61.09
61.09
61.09
-

Yearly
Savings
(CCF)
3,922
3,922
3,922
3,922
5,244
5,244
5,244
134%

HV-3 – CO2 sensor control of HVAC
A site visit was conducted on 11/29/2011 and 11/30/2011. This included collecting school and
systems operating information and installing monitoring equipment as described above. The
monitoring equipment was removed on 1/21/12.
The AHU operating schedules and set points were collected from the EMS and conversations
were had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset power loggers were installed on the supply fans
and return fans where appropriate. The Hobo U23-001 outside air temperature/%RH logger was
installed outside.
This unit was operating during the site visits. There were no indications of improper operation of
the unit. There were minimal EMS trends available and could only store a between 88 and 124
data points.
Using the information and data collected for the AHU, the savings were recalculated for this
measure.
For this measure the Ex Ante calculations were reviewed, necessary changes were made based
on metered data and information collected from site representative, equipment, and EMS. The
generated temperature profiles were run through 8760 calculator to determine annual gas and
kWh savings as well as the seasonal demand savings and seasonal peak demand savings.
The final savings are listed below in Table 6 and Table 7 (electric and gas, respectively). The
tables show the savings after each adjustment was made to the original ex ante analysis. The
Documentation adjustment reflects changes that were made by reviewing the calculation and
available project documentation. The Technology adjustment reflects all of the changes due to
the identification of different energy savings application used compared to the ex ante
calculation. The Quantity adjustment is for any changes in the quantity of the energy saving
application. The Operation adjustment is for any changes in operating hours or conditions at the
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site. The Heating and Cooling adjustment is for the interactive effects of reduced lighting power
and HVAC equipment.
Table 6 HV-3 Electrical Savings Summary

Winter
Seasonal
Peak
Savings
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

Summer
Seasonal
Peak Savings
Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

0.00
0.00
0.00
0.00
34.54
34.54
34.54
-

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

27.67
27.67
27.67
-

0.00
0.00
0.00
-

17,255
17,255
17,255
17,255
24,915
24,915
24,915
144%

Table 7 HV-3 Gas Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Peak Day
(CCF/Day)
2.14
2.14
2.14
12.64
12.64
12.64
-

Extreme Peak
Day (CCF/Day
10.89
10.89
10.89
-

Yearly
Savings
(CCF)
780
777
777
777
632
632
632
81%

HV-4 – Optimize HVAC operations
A site visit was conducted on 11/29/2011 and 11/30/2011. This included collecting school and
systems operating information and installing and the monitoring equipment. The monitoring
equipment was removed on 1/21/12.
The operating schedule and set points were collected from the EMS and conversations were had
with facilities staff and the RCx contractor. The locations of the electrical panels were identified
and either DENT ElitePro or Onset power loggers were installed on the supply fans and return
fans where appropriate. The Hobo U23-001 outside air temperature/%RH logger was installed
outside.
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This unit was operating during the site visits. There were no indications of improper operation of
the unit. There were minimal EMS trends available and could only store a between 88 and 124
data points.
Using the information and data collected for the AHU, the savings were recalculated for this
measure. For this measure the Ex Ante calculations were reviewed, necessary changes were
made based on metered data and information collected from site representative, equipment, and
EMS. The generated temperature profiles were run through 8760 calculator to determine annual
gas and kWh savings as well as the seasonal demand savings and seasonal peak demand savings.
The final savings are listed below in Table 8 and Table 9 (electric and gas, respectively). The
tables show the savings after each adjustment was made to the original ex ante analysis. The
Documentation adjustment reflects changes that were made by reviewing the calculation and
available project documentation. The Technology adjustment reflects all of the changes due to
the identification of different energy savings application used compared to the ex ante
calculation. The Quantity adjustment is for any changes in the quantity of the energy saving
application. The Operation adjustment is for any changes in operating hours or conditions at the
site. The Heating and Cooling adjustment is for the interactive effects of reduced lighting power
and HVAC equipment
Table 8 HV-4 Electrical Savings Summary

Winter
Seasonal
Peak
Savings
0.00
0.00
0.00
0.00
7.28
7.28
7.28
-

Summer
Seasonal
Peak Savings
Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

3.47
3.47
3.47
3.47
75.52
75.52
75.52
2176%
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Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

65.24
65.24
65.24
-

14.86
14.86
14.86
-

98,721
98,721
98,721
98,721
100,804
100,804
100,804
102%

Table 9 HV-4 Gas Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Peak Day
(CCF/Day)
6.38
6.38
6.38
65.93
65.93
65.93
-

Extreme Peak
Day (CCF/Day
45.26
45.26
45.26
-

Yearly
Savings
(CCF)
2,330
2,330
2,330
2,330
2,073
2,073
2,073
89%

HV-5 – Optimize operations of fan coil units
A site visit was conducted on 11/29/2011 and 11/30/2011. This included collecting school and
systems operating information and installing and the monitoring equipment. The monitoring
equipment was removed on 1/21/12.
The FCU operating schedules and set points were collected from the EMS and conversations
were had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset power loggers were installed on the supply fans
and return fans where appropriate. The Hobo U23-001 outside air temperature/%RH logger was
installed outside.
The fan coil units were operating during the site visits. There were no indications of improper
operation of the units. There were minimal EMS trends available and could only store a between
88 and 124 data points.
Using the information and data collected for the AHU, the savings were recalculated for this
measure. For this measure the Ex Ante calculations were reviewed, necessary changes were
made based on metered data and information collected from site representative, equipment, and
EMS. The generated temperature profiles were run through 8760 calculator to determine annual
electrical energy savings as well as the seasonal demand savings and seasonal peak demand
savings.
The final savings are listed below in Table 10. The table shows the savings after each adjustment
was made to the original ex ante analysis. The Documentation adjustment reflects changes that
were made by reviewing the calculation and available project documentation. The Technology
adjustment reflects all of the changes due to the identification of different energy savings
application used compared to the ex ante calculation. The Quantity adjustment is for any changes
in the quantity of the energy saving application. The Operation adjustment is for any changes in
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operating hours or conditions at the site. The Heating and Cooling adjustment is for the
interactive effects of reduced lighting power and HVAC equipment.
Table 10 HV-5 Electrical Savings Summary

Winter
Seasonal
Peak
Savings
0.00
0.00
0.00
0.00
4.15
4.15
4.15
-

Summer
Seasonal
Peak Savings
Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

0.00
0.00
0.00
0.00
10.39
10.39
10.39
-

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

8.82
8.82
8.82
-

2.87
2.87
2.87
-

52,508
52,508
52,508
52,508
61,842
61,842
61,842
118%

HW-1 - Heating Plant Optimization and Control
A site visit was conducted on 11/29/2011 and 11/30/2011. This included collecting school and
systems operating information and installing and the monitoring equipment. The monitoring
equipment was removed on 1/21/12.
The boiler system water pumps schedules and set points were collected from the EMS and
conversations were had with facilities staff and the RCx contractor. The locations of the
electrical panels were identified and either DENT ElitePro or Onset power loggers were installed
on the water pumps and combustion fan. Current transducer sizes were identified earlier and
installed with the loggers. The Hobo U23-001 outside air temperature/%RH logger was installed
outside.
For this school the heating secondary pump dp control sensor set-point was 10 psi – in agreement
with the description for the proposed scenario. The primary and secondary pumps were operating
during the site visits. There were no indications of improper operation of the pumps.
There were minimal EMS trends available and could only store a between 88 and 124 data
points.
Using the information and data collected for boiler system pumps the savings were recalculated
for this measure. Savings for this measure are driven by reduction in secondary pump demand
due to lowering the dp set-point, and pump hour reduction for temperatures above 50°F.
Primary & Secondary Pumps and Combustion Fan Hours Reductions
The original calculations assume reduced primary and secondary pumps run hours for outside
temperature bins above 50°F. Also, the combustion fan is expected to be disabled for all
temperatures above 30°F.
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The primary pump operates during all hours during the monitoring period. This can be seen in
Figure 6. The monitoring data also shows that the secondary pumps operate at all temperatures –
including those above 50°F as seen in Figure 7. These analyses show that there are no savings
from the hours-reduction component of this measure.

Figure 6 – Primary Pump Demand
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Figure 7 – Secondary Pump Demand
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Further, Figure 8 shows that the combustion fan cycles all hours of the day and is not disabled
for temperatures above 30°F. Figure 9 shows the fan’s demand as a function of analysis
temperature bins.
Figure 8 – Combustion Fan Demand
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Secondary Pump Combustion Fan Demand Reduction
Savings are reported from reducing the dp set-point that controls the secondary pump speed –
and demand. There are also savings from reduced demand for the combustions fan.
The secondary pump demand data provide a curve of the demand as a function of outside air
temperature as seen in Figure 9. Similarly, Figure 10 shows the combustion fan demand as a
function of temperature. These data are used in the analysis of the savings for this measure.
Figure 9 – Secondary Pump Demand vs. OAT
Secondary Pump Demand vs OAT
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Figure 10 – CF Demand vs. OAT
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The final savings are listed below in Table 11. The table shows the savings after each adjustment
was made to the original ex ante analysis. The Documentation adjustment reflects changes that
were made by reviewing the calculation and available project documentation. The Technology
adjustment reflects all of the changes due to the identification of different energy savings
application used compared to the ex ante calculation. The Quantity adjustment is for any changes
in the quantity of the energy saving application. The Operation adjustment is for any changes in
operating hours or conditions at the site. The Heating and Cooling adjustment is for the
interactive effects of reduced lighting power and HVAC equipment.
The largest adjustment is due to pumps and fans running at higher temperatures where they are
supposed to be disabled. Another significant adjustment is related to the lower then expected
reduction in demand of the secondary pumps by reducing the pump control set-point dp.
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Table 11 HW-1 Electrical Savings Summary

Winter
Seasonal
Peak
Savings
0.00
0.00
0.00
0.00
3.08
3.08
3.08
-

Summer
Seasonal
Peak Savings
Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.11
0.11
0.11
-

3.07
3.07
3.07
-

49,901
38,909
38,909
38,909
17,107
17,107
17,107
34%

OCC-1 – Occupancy sensor control of lighting and HVAC
A site visit was conducted on 11/29/2011 and 11/30/2011. This included collecting school and
systems operating information and installing and the monitoring equipment. The monitoring
equipment was removed on 1/21/12.
This measure includes both occupancy sensors on gym lighting and changes to the AHU
operations.
Lighting
The gym lighting includes (32) high-bay fluorescent fixtures – these replaced (32) metal halide
fixtures.
Power monitoring equipment was installed on the two circuits serving these lights. Each circuit
powers (10) fixtures.
Air Handling System
The AHU operating schedule and set points were collected from the EMS and conversations
were had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset power loggers were installed on the AHU circuit.
Current transducer sizes were identified earlier and installed with the loggers. The Hobo U23001 outside air temperature/%RH logger was installed outside.
This AHU unit was operating during the site visits. There were no indications of improper
operation of the unit. There were minimal EMS trends available and it could only store a short
period of time.
Using the information and data collected for the lighting and AHU, the savings were recalculated
for this measure. Savings for this measure are primarily driven by lighting conversion and
occupancy control, HVAC schedule changes and occupancy control, repairing the fan speed
control based on static pressure set-point.
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Lighting
The monitoring identified the operating pattern for the auditorium lighting. Figure 11 shows the
power profile for this lighting. The lights appear to be shut off by the occupancy sensors. The
data below allow for recalculation of the energy savings provided by the occupancy sensors’
hours adjustment.
Figure 11 – Gym Lighting Schedule
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The final savings are listed below in Table 12. The table shows the savings after each adjustment
was made to the original ex ante analysis. The Documentation adjustment reflects changes that
were made by reviewing the calculation and available project documentation. The Technology
adjustment reflects all of the changes due to the identification of different energy savings
application used compared to the ex ante calculation. The Quantity adjustment is for any changes
in the quantity of the energy saving application. The Operation adjustment is for any changes in
operating hours or conditions at the site. The Heating and Cooling adjustment is for the
interactive effects of reduced lighting power and HVAC equipment.
Table 12 OCC-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal
Peak Savings

Winter
Seasonal
Peak Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

6.34
6.34
6.34
6.34
15.27
15.27
15.27
241%

5.98
5.98
5.98
5.98
6.06
6.06
6.06
101%

14.22
14.22
14.22
-

2.86
2.86
2.86
-

109,672
109,672
109,672
109,672
91,013
91,013
91,013
83%

Summary
All of the Ex Ante savings for this project and all of the adjustments made for all measures are
summed up and presented below in Table 13 and Table 14(electric and gas, respectively).
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Table 13 CE07M017 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal
Peak Savings

Winter
Seasonal
Peak Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

10.30
10.30
10.30
10.30
157.61
157.61
157.61
1530%

5.98
5.98
5.98
5.98
26.70
26.70
26.70
446%

138.68
138.68
138.68
-

27.28
27.28
27.28
-

499,754
488,762
488,762
488,762
441,230
441,230
441,230
88%

Table 14 CE07M017 Gas Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Peak Day
(CCF/Day)
22.88
22.88
22.88
160.96
160.96
160.96
-
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Extreme Peak
Day (CCF/Day
129.13
129.13
129.13
-

Yearly
Savings
(CCF)
8,353
8,345
8,345
8,345
9,258
9,258
9,258
111%

Project Information
Project ID#:
Measure:
Electric Savings:
Gas Savings:
Technology:

CE07M018
Multiple
241,719 kWh
0 CCF
Lighting, HVAC

2.05 Summer kW,

28.30 Winter kW

Measure Description
CH-1 - Chiller Plant Optimization and Control
The chilled water system consists of one packaged roof-mounted Cooling Technology (130
Ton capacity) chiller with Evapco water cooled tower with primary/secondary pumping.
Enthalpy control was added to enable/disable the chiller system. The chilled water system was
re-scheduled to operate fewer hours.
Prior to the project’s completion the chilled water plant was enabled above 50°F OAT. There
was one remote differential pressure sensor on the secondary loop controlling the VFDs (set
point =10Psig). The chiller ran between 5:30 a.m. and 6:00 p.m. seven days per week. The
chiller primary and secondary pumps ran when the chiller was scheduled to run. The chilled
water system operated on the same schedule all summer long – including during non-class
weeks.
With the project’s completion the Siemens control logic software was programmed to enable
the chiller system to operate using Enthalpy control (22.0 Btu/lb) with new OAT and OAH
sensors. The BAS also now schedules the chiller to run only between 6:00 a.m. and 9:00 p.m.
Another schedule was added to accommodate summer periods when there are no classes: 6:00
a.m. and 3:00 p.m. During unoccupied periods the chilled water system is shut off and can
only run if there is an unoccupied building cooling load (space classroom temperatures exceed
80F) and more than 25% cooling demand load on fan coil units.
HV-1 – Optimize operations of fan coil units
There are 73 fan coil units serving all classrooms in the school – providing heating and cooling
via a four pipe system. These are served by heat recovery units ERU-1, ERU-2, and ERU-3.
Academic and summer schedules were set up to put the FCUs into setback mode during
unoccupied periods. The temperatures sensors were moved to be more effective.
A typical unit’s fan is (1/2 HP ea.). Prior to the project’s completion these units were controlled
by an occupied schedule (10 hrs/day M-F) by the EMS – providing heating and cooling to the
spaces. When unoccupied the supply fan for each unit cycled based on room temperature. All fan
coil units were operating, and providing cooling to the classrooms during the non-school summer
months. Each FCU had a room temperature sensor mounted on the ceiling level – causing a
higher than actual room temperature reading.
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With the project’s completion an offset was added to the temperature sensors to adjust for the
difference between the ceiling and desk height. The occupied schedules for the fan coil units
were reset to 10 Hrs/day, M-F during the school year. During the unoccupied mode the fans
cycle to maintain the night-setback temperature – and the heat recovery unit remains off. The
occupied heating and cooling set points were set to 70F heating/74°F cooling. A flag is sent to
each fan coil controller to lock out heating or cooling when the plant is in the opposite mode. A
summer schedule was added as 6 hours/day, M-F.
HV-2 – Optimize HVAC operations
RTU-1 is a VAV unit serving the administrative offices.
RTU-1 serves 14 series fan powered VAV boxes. Prior to the project’s completion the supply
fan VFD was always at 100% speed with an air discharge static pressure of 0” water column
(wc). The unit operated 12 hours/day M-F. The Trane unit has an on-board enthalpy based OA
economizer control. The unit’s outdoor air temperature and humidity sensors were found to be
inaccurate thus not allowing the unit’s economizer to operate correctly. The outdoor air
damper control needed adjustment. There was CO2 damper control with a return air sensor.
The unit has two stages of D/X cooling.
With the completion of this project the rooftop Trane control was reprogrammed with an added
global outdoor air enthalpy economizer control set point from the Siemens EMS system. The OA
dampers were adjusted and the CO2 sensors recalibrated, then control verified. The supply fan
static pressure control was investigated and a static pressure reset control was added to the
supply fan VFD. An occupancy override switch/sensor was added on the main office thermostat
for the VAV unit which allows the administration personnel to operate the unit for (1 hr adj.)
during unoccupied hours. A new occupied summer schedule (8am-3pm) M-F was added to the
operation of the VAV rooftop unit along with all the VAV boxes.
HV-3 –HVAC system optimized
This constant volume roof top unit (RTU-4) serves the media center.
A new seasonal schedule was added in the EMS for this unit. Reduced fan speed during the
heating season. Reduced the OA from 15% to 10%.
The media center is heated and cooled by RTU-4. Prior to the project’s completion this unit ran
9.5 hours a day, 5 days a week. The space is frequently occupied during the day and less
frequently used during the summer. The supply fan VFD was always @ 100% speed with no
control sequence. The Trane unit has its own enthalpy based OA economizer control board. The
unit’s outdoor air temperature and humidity sensors were found to be inaccurate thus not
allowing the unit’s economizer to operate correctly. There is CO2 damper control with a return
air sensor. The outdoor air damper control needs adjustment. The unit has two stages of D/X
cooling.
With the completion of this project the supply fan VFD for RTU-4 was fixed, tested, and placed
in auto mode. A new seasonal (heating/cooling mode) VFD fan control strategy was
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programmed in the EMS for RTU-4. That is, when the OAT is greater than 55°F (cooling mode)
the supply fan VFD shall operate at maximum fan speed (58 Hz) as presently designed. When
OAT is below 55°F (heating mode) the VFD shall operate at 65% speed.
The rooftop Trane control was reprogrammed with an added a global outdoor air enthalpy
economizer control set point from the Siemens EMS system. The OA dampers were adjusted and
CO2 sensor recalibrated, and demand ventilation control was verified. Also, an occupancy
override switch/sensor was added in the main media center area which allows the media center
personnel to operate the unit (1 hour adj.) when needed during unoccupied hours.
A new occupied summer schedule was added to the operation of the rooftop unit as (8am-2pm)
M-F.
HV-4 –HVAC system optimized
This measure results in only one boiler CAU operating and makes the other CAU a backup unit.
No CAU fan runs for outside air >38°F. Also, the operating boiler CAU runs less during low-fire
boiler operation.
Prior to the project’s completion the two 5 hp boiler make-up air fans operated at full speed
whenever either boiler was firing.
One of the boilers is designated a back up unit. With the completion of the project the lead boiler
CAU no longer runs when the outside air temperature is above 38°F, as this is when the boiler is
expected to operate only in low-fire. At these temperatures, the wall intake and CAU intake
dampers are open and provide enough make-up air without using a fan. When the OAT falls
below 38°F CAU-1 supply fan VFD operates @ 60% (calculations use 50%) speed for added
combustion air to the boiler since the burner no longer operates at low fire. When OAT falls
below 20°F the supply fan VFD operates @ 100% (60 Hz.)
HV-5 – Heat Recovery Unit Schedule Changed
The school has three heat recovery rooftop units (ERU-1, 2, &3) exhausting air from the building
and feeding outside air to 73 classroom and hallway fan coil units (FCUs).
New schedules were set up for the academic and summer ERU operations.
Prior to the project’s completion ERU-1 and ERU-2 ran 10 hours a day, 5 days a week, and
ERU-3 ran 15 hours a day, 5 days a week.
With the completion of this project a new school-year schedule was set up for the three ERUs to
run 10 hours per day, M-F. These units were also set up with new summer schedules to run 6
hours per day, M-F. The FCUs’ schedules were linked to this HRU schedules. During
unoccupied periods the ERUs are now programmed off. The chilled or hot water valves now lock
out when the plant is operating in heating or cooling mode, respectively.
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HW-1 - Heating Plant Optimization and Control
The heating plant consists of two hot water boilers, and two HW primary and two variable-speed
secondary HW pumps.
Prior to the completion of the project each boiler had its own “primary” pump – both pumps
operated even when only one boiler was on. The two variable-speed secondary pumps ran at the
same time and at excessive speeds. The one hot water differential pressure sensor, located
remotely on the HW loop, was used to control the VFDs driving the secondary pumps. The
differential pressure set point was set at 20 psig, resulting in the seasonal pump modulating in a
narrow range of 65-85% speed. The hot water boilers and pumps were enabled at temperatures
below 60°F. There was found to be a very small temperature differential between the HW supply
and return. The hot water system had a reset schedule from the EMS.
With the completion of the project the Siemens EMS now enables the hot water system when the
outside temperature is below 53°F. The “primary” pumps are interlocked in a lead/lag
configuration so that only one operates at time. A new summer schedule was added to the EMS
to ensure the pumps are off between May and September. All hot water bypass valves were
closed. The HW differential pressure (dp) sensor was reprogrammed to a set point of 15 psig for
setting the speed of the running seasonal pump. The triple-duty valve at the pumps was fully
opened to reduce head loss. This results in the secondary pumps’ speeds varying between 65%
and 75%.
OCC-1 – Occupancy sensor control of lighting and HVAC
The gym lighting fixtures are now controlled by occupancy sensors. The installed occupancy
sensor also shuts down the gym AHU (RTU-3) when the gym is unoccupied.
Prior to the completion of this project the lighting in the gymnasium consisted of (24) 275W
fluorescent high-bay fixtures controlled by one wall switch. The lighting was always on during
the school day and sometimes at night, depending on when teachers or custodians turned the
lights off. The gymnasium is heated and cooled by a rooftop unit (RTU-3) which ran 9.5 hours a
day, M-F. The unit has VFDs on the supply fan. The supply fan ran continuously at 100% speed
– not controlled by the EMS. The return fan was not operating. The Trane unit has its own
enthalpy-based OA economizer control board. The unit’s outdoor air temperature and humidity
sensors were found to be inaccurate, thus not allowing the unit’s economizer to operate correctly.
There is CO2 damper control with a return air sensor. The unit has two stages of D/X cooling.
The outdoor air damper control was found to be in need of adjustment. The gymnasium space
was found to have excessive airflow.
With the completion of the project both the lighting and RTU-3 are controlled with two
occupancy sensors, however, local wall switches have not been removed. The documentation
does not discuss why the switches were not removed and how this affects the proposed use.
Occupancy sensors turn both the lighting and the RTU off if the gym is unoccupied for 15
minutes. If no occupants are in the gym during occupied hours (8am-4pm, M-F), the RTU-3
outside air dampers close and the fan cycles on low speed (60%, 36 Hz) to maintain unoccupied
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space temperatures. When anyone enters the gym, the AHU returns back to occupied fan mode
(60 Hz.) A new occupied summer schedule (9am-3pm) M-F was established for the RTU.
The EMS is now programmed to allow outdoor air enthalpy to control the RTU’s economizer.
OA dampers were adjusted and CO2 sensors were recalibrated, and controls verified.
OCC-2 – Occupancy sensor control of lighting and HVAC
The auditorium lighting fixtures are now controlled by occupancy sensors. An occupancy sensor
was also installed to shut down the auditorium RTU-5 when the auditorium is unoccupied. The
RTU OA minimum was reduced and speeds of the fans were reduced during the winter.
The auditorium space is rarely used by students and faculty. The lighting in the auditorium
consists of (16) 170W house lights controlled by dimmers. Prior to the completion of this project
the lighting was always on during the school day and sometimes at night, depending on whether
or not teachers or custodians turned the lights off. The auditorium is heated and cooled by the
rooftop unit RTU-5 – which ran 9.5 hours a day, M-F. The unit has VFDs on the supply fan. The
supply fan ran continuously at 100% speed – not controlled by the EMS. The return fan was not
operating. The Trane unit has its own enthalpy-based OA economizer control board. The unit’s
outdoor air temperature and humidity sensors were found to be inaccurate, thus not allowing the
unit’s economizer to operate correctly. There is CO2 damper control with a return air sensor. The
unit has two stages of D/X cooling. The outdoor air damper control was found to be in need of
adjustment. The auditorium space was found to have excessive airflow.
With the completion of this project, both the lighting and RTU-5 are now controlled with two
occupancy sensors - however, local wall switches have not been removed. The documentation
does not discuss why the switches were not removed and how this affects the proposed use.
Occupancy sensors now turn both the lighting and the RTU off if the auditorium is unoccupied
for a time period of 15 minutes.
If no occupants are in auditorium during occupied hours (8am-4pm, M-F.), the RTU-5 outside
air dampers close and the fan cycles on low speed (40Hz) to maintain unoccupied space
temperatures of 70°F heating and 73°F cooling. When anyone enters the auditorium, the AHU
returns back to occupied fan mode (60 Hz).
The EMS is now programmed to allow outdoor air enthalpy to control the economizer. OA
dampers were adjusted, CO2 sensors recalibrated, and controls verified.
Two changes shown in the calculations that are not discussed in the text are: 1) Reduced OA by
closing the OA dampers from 15% (existing) to 10% (proposed.), and 2) Reducing the speed of
the fans during the winter from 100% to 60%.

Summary of the Ex Ante Calculations
CH-1 – Chiller Plant Optimization and Control
The changes in the chiller plant that impact savings are:
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Reduced cooling system operating hours based on revised operating schedules – occupied
hours,
Reduced cooling system operating hours based disabling the chiller during low
temperatures,

Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: To account for scheduling the bin hours were multiplied by schedule factors.
Run hours are lower than bin hours. The run hours in both the existing and proposed cases are
based on a 0.7 fraction that is likely a simplification of (5/7) for weekdays only. In both the
existing and proposed cases, there is another adjustment factor in calculating the run hours. It is
unclear what these firm factors are based on. There are significant discrepancies between the text
and the calculations regarding the operating hours for the proposed scenario. The text says (for
proposed) that during the school year the occupied hours are 6:00 a.m. to 9:00 p.m. and during
the summer 6:00 a.m. to 3:00 p.m. The calculations show a school year schedule of 6:00 a.m. to
4:00 p.m. and also 10 hours per day during the summer.
Chiller operation savings: There are no chiller demand reductions at any temperature bin
calculated for the chiller operation for this measure. In both cases the chiller is assumed to not be
running below the 57.5°F bin. The chiller kW/ton is based on Cooling Technology’s design
performance data at 95°F OA condenser temp and the implementation contractor’s data logger
recordings of kW and tons.
Primary CHW pump savings: The primary pump is assumed to operate at a constant 4.7 kW for
all operating hours for both the existing and proposed cases. However, for the existing case the
primary pump is assumed to run down to and including the 57.5°F bin, while for the proposed
case this pump is off below the 62.5°F bin. This latter situation assumes the primary pump will
be locked out (proposed) when the chiller is disabled. The 4.7 kW used for this pump is stated to
be based on field measurement of this 7.5hp motor. While this component provides no demand
reduction, there are energy savings due to both reduced run hours from rescheduling and by this
pump not running (proposed) when the chiller is not running – locked out by the BMS.
Secondary CHW pump savings: There are two secondary pumps – only one operating at a time.
The operating pump has a VFD control system. This system is signaled by a dp sensor in the
secondary loop. The speed of the pump is managed by this sensor with a base case set point of 10
psi. They did not adjust the dp sensor as it was already and a reasonable pressure. Savings from
the secondary pumps are accrued only from reduced run times coincident with the chiller and
primary pumps.
HV-1 - Optimize operations of fan coil units
The changes in the HRU system that impact savings are:
 Addition of school year and summer occupied schedules
 Offset temperature readings to account for ceiling-mounted sensors.
Calculations for this project were completed using the simplified ASHRAE bin analysis.
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Hour of operation: The FCUs run 10 hours per day, 5 days per week (10/5) during both the
school year and summer for the existing scenario. For the proposed scenario the hours for the
FCUs are reduced to 10/5 during the school year and 7/5 during the summer.
Energy savings: Savings are accrued by changing the occupied and summer schedules to allow
the FCU units to operate fewer hours.
HV-2 – Optimize HVAC operations
The changes in the HRU system that impact savings are:
 Calibration of CO2 sensor
 Addition of a summer occupied schedule
 Fixing VSD controls to vary flow by static pressure set point
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: RTU-1 runs 11.5/5 (description says 12/5) during both the school year and
summer for the base case scenario. For the proposed scenario the hours for RTU-1 are not
reduced from 12/5 during the school year but are reduced to 7/5 during the summer.
Energy savings: Savings are accrued by the interaction of all of the above changes to the system,
interstitial within the bin analysis.
HV-3 –HVAC system optimized
The changes in the AHU that impact savings are
 Reduced run time of the unit via schedule changes
 Added supply fan control strategy running the fan at 65% during heating
 Reduced OA from 15% to 10%
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The AHU runs 10/5 (documentation says 9.5/5) during both the school year
and summer for the base case scenario. For the proposed scenario the occupancy sensors reduce
the hours to 6/5 during only the summer.
Energy savings: Savings are accrued by: 1) adding a summer schedule, slowing the supply fan
during heating, and reducing the OA percentage from 15% to 10% all year long.
HV-4 –HVAC system optimized
The changes in the AHU that impact savings are:
 Reduced run time of the boiler combustion air fans
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The CAU fans both run 24/7 when the outside air is below 65°F and the
boiler is running during both the school year and summer for the base case scenario. For the
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proposed scenario the hours of operation are reduced by one fan not running at all and the other
operating at reduced speeds that depend on the outside air temperature.
Energy savings: Savings are accrued by: 1) using only one CAU at any time, 2) running the CAU
fan at 0% for OAT >38°F, 50% (documentation says 60%) during OAT temps between 20°F an
38°F, and 100% at OAT <20°F.
HV-5 – Heat Recovery Unit Schedule Changed
The changes in the ERU system that impact savings are:
1) Addition of school-year and summer occupied schedules,
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The HRU runs 24/7 during both the school year and summer for the base
case scenario. For the proposed scenario the occupancy sensors reduce the hours to 10/5 during
the school year and 6/5 during the summer.
Energy savings: Savings are accrued by less AC and ERU fan motor loads, and less gas for
heating from increasing the unoccupied period.
HW-1 - Heating Plant Optimization and Control
The changes in the chiller plant that impact savings are:
 A reduction in the secondary pumps flow rates due to the lower 15 psig hot water dp set
point, closed bypass valves and opened triple-duty valve
 The hot water system is disabled when the outside air temperature is greater than 53°F
 Operate only one of the primary pumps at a time in lead/lag mode.
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The hot water and seasonal pumps operate 24/7 for bins 55-58°F and below
for the base case scenario. For the proposed scenario the pumps operate 24/7 in and below the
50-55°F bin, and fewer hours for the bins above this – though it is not explained what these new
fewer hours are based on.
Primary pump savings: The primary HW pumps both operating along with the excess pump
speeds during the heating season with little or no load is wasted electricity. The proposed
scenario is to ensure that only one of the pumps operates at a time. The primary pumps are
assumed to operate at a constant 5.7 and 5.5 kW, respectively for all operating hours for the base
scenario. For the proposed scenario only one of these pumps is expected to be running. These
kW values are entered numbers with no explanation of how they were determined.
Seasonal (secondary) pump savings: The seasonal pumps speeds operate at speeds between 75%
and 85% for the existing case. For the proposed case the seasonal pump speeds vary between
65% and 75%. The kW for each pump, in each bin, is an entered number with no explanation of
how they were determined. Savings are estimated by the difference in the demand profiles across
bins for the pump – proposed vs. existing.
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OCC-1 – Occupancy sensor control of lighting and HVAC
The changes in the gym lighting and AHU that impact savings are:
 Occupancy sensors on the new lighting and the AHU
 Reduced run time of the unit by schedule changes
 Ensure the economizer is working properly
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The lighting operates 14/5 for the base case scenario. For the proposed
scenario the lighting still has 14/5 base operation but the occupancy sensors reduce the hours by
64% during the school year and by 82% during the summer.
The AHU runs 9.5/5 during both the school year and summer for the base case scenario. For the
proposed scenario the occupancy sensors reduce the hours to 6/5 during the school year and 3/5
during the summer.
Total savings: The lighting changes provide about 47% of the total measure savings – and thus
HVAC changes also provide about 53%.
Lighting savings: The lighting savings are from the occupancy sensors on the lighting.
AHU savings: The AHU savings come from reducing the speed of the AHU fans, and by
reducing the operating hours due to the occupancy sensors and from a new summer schedule.
OCC-2 – Occupancy sensor control of lighting and HVAC
The changes in the auditorium lighting and AHU that impact savings are:
 Occupancy sensors on the new lighting and the AHU
 Reduced run time of the unit by schedule changes
 Reduced fan speeds during the winter
 Reduced OA brought in
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The lighting operates 12/5 for the base case scenario. For the proposed
scenario the lighting still has 12/5 base operation but the occupancy sensors reduce the hours by
67% during the school year and 83% during the summer.
The AHU runs 9.5/5 during both the school year and summer for the base case scenario. For the
proposed scenario the occupancy sensors reduce the hours to 6/5 during the school year and 2/5
during the summer.
Total savings: The lighting changes provide about 16% of the total measure savings – and thus
HVAC changes also provide about 84%.
Lighting savings: The lighting savings are from the occupancy sensors on the lighting.
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AHU savings: The AHU savings come from reducing the speed of the AHU fans in the winter,
adjusting the OA damper from 15% to 10% and by reducing the operating hours due to the
occupancy sensor.

Comments on the Ex Ante Calculations
CH-1 - Chiller Plant Optimization and Control
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
The method of calculating the hours of operation for the chiller plant was not consistent across
the bins. The factor 0.7 likely corresponding to 5/7 was used in the calculation of most hours of
operations, but other factors, such as 0.4, 0.55, and 0.625 were also used in combination with the
0.7 factor for the existing calculations. In some bins, no factors were used at all. For the
proposed calculations these second factors are slightly different as 0.3 0.5, and 0.625. There is
another factor, of undocumented origin, that increases the operating hours about 10%.
The savings for both the primary and secondary pumps are based on measured demands. Thus,
they cannot be verified without measurement. The existing case assumptions cannot be verified
through ex post measurements. We will attempt to measure proposed demands and
speed/demand relationships through spot measurements and short-term monitoring. These
measurements will be used to verify supplemental BMS trending data requested of the customer
both before and during monitoring.
The algorithm used to determine total kWh use for the proposed case uses a factor of 0.70 in the
55-60°F through 80-85°F temperature bins that is not supported in the text. This issue will need
to be explored.
HV-1 – Optimize operations of fan coil units
Basic ASHRAE bin analysis is used and reasonable for this type of measure.
The proposed summer hours of operation in the calculations do not match those stated in the
measure description. The text says the 73 FCUs have motors that about 1/2 hp each – but the
calculations use 0.65 hp. Also, there are unexplained factors added throughout the calculations.
HV-2 – Optimize HVAC operations
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
There is no discussion of how the “Unoccupied Space Heating Fan Cycling” added hours
contribute to the proposed operating hours. The documentation suggests the proposed academic
schedule is 9.5 hours per day for five days per week, but the calculations are based on 10 hours
per day for five days.
Also, the fan kW values are calculated based on nominal fan HP and an assumed load factor and
not on metered readings.
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HV-3 –HVAC system optimized
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
There is no discussion of how “Unoccupied Space Heating Fan Cycling” added hours contribute
to the proposed operating hours. The documentation suggests the proposed academic and
summer schedules are 9.5 hours per day for five days per week, but the calculations are based on
proposed academic = 10 hours and proposed summer = 6 hours per day for five days.
The reduced OA percentage from 15% to 10% shown in calculations is not discussed in the
documentation. Also, the fan kW values are calculated based on nominal fan HP and an assumed
load factor and not on metered readings.
HV-4 –HVAC system optimized
Basic ASHRAE bin analysis is used and reasonable for this type of measure.
The calculations assume the running fan will operate at 50% for temperatures between 30°F and
38°F. The text suggests that the fan will operate at 60% for temperatures between 20°F and 38°F.
The value used for the fan at the calculated 50% speed is 0.80 kW – but not supported.
HV-5 – Heat Recovery Unit Schedule Changed
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
The heating energy savings calculations do not consider the boiler efficiency and consider only
the 40°F to 45°F and lower bins. The calculations use a formula that does not make sense.
The 60% load factor assumed for the ERU fan motors is not supported. The hours in the schedule
box do not agree with the calculated hours below the main calculations for the three ERUs. And
the documentation suggests the proposed summer schedule is 6 hours per day for five days per
week, but the calculations are based on 4 hours per day for five days.
Also, the fan kW values are calculated based on nominal fan HP and an assumed load factor and
not on metered readings.
HW-1 - Heating Plant Optimization and Control
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
There is no explanation of how the reduced hours in the two warmer bins were estimated. It is
likely these are related to the summer lockout proposed to be programmed into the EMS. The
calculations do not explain how the primary pumps demands (kW) were determined or what the
horse powers of the motors are. Neither is there an explanation of how the secondary pump kW
values were determined for each bin for both the base case and proposed scenarios.
OCC-1 – Occupancy sensor control of lighting and HVAC
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
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There is no support for the assumptions that the occupancy sensor will reduce the lighting by
64% during the school year and by 82% during the summer.
There is no discussion of how “Unoccupied Space Heating Fan Cycling” added hours contribute
to the proposed operating hours. Also there is no support for the assumptions that the AHU
occupancy sensor will reduce the RTU run time from 9.5h/day all year long to 6h/day during the
school year and 3h/day during the summer.
Finally, the Ex Ante calculations used a fan law exponent of 2.59. When the average fan law
exponent is not known it is standard practice to assume it to be about 2.00.
OCC-2 – Occupancy sensor control of lighting and HVAC
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
There is no support for the assumptions that the occupancy sensor will reduce the lighting by
67% during the school year and by 83% during the summer.
There is no discussion of how “Unoccupied Space Heating Fan Cycling” added hours contribute
to the proposed operating hours. Also there is no support for the assumptions that the AHU
occupancy sensor will reduce the RTU run time from 9.5h/day all year long to 6h/day during the
school year and 2h/day during the summer.
Also, it is not clear if a new summer schedule was added and how this affects the total run time
of the RTU – in concert with the occupancy sensor. Finally, the Ex Ante calculations used a fan
law exponent of 2.59. When the average fan law exponent is not known it is standard practice to
assume it to be about 2.00.

Measurement & Verification Plan
CH-1 - Chiller Plant Optimization and Control
This measure includes adding controls to optimize the chiller operation and scheduling was set
up in the BAS to disable the chillers during unoccupied periods.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the chiller scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the chiller system components.
The Energy Management System (EMS) will be inspected to collect operating schedules and set
points including the summer and winter VFD speeds and economizer enabling points. The
customer will be interviewed to verify any actions taken to ensure the persistence of savings.
The customer will be interviewed to verify any actions taken to ensure the persistence of savings.
These actions include:
 A high limit alarm for the chilled water dp sensor output for a psi > 25 psi for 60 minutes
 The review of trends for the chilled water system including the chiller and pumps
 An alarm for when the secondary pump operates at 100% speed for an extended period of
time
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The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the chiller system optimization. EMS trends will be collected for all possible
points with special interest in the following:
 Chiller system kW
 Chiller primary pump kW
 Secondary CHW pumps 1 and 2 %Speed or Hz
 Outside air temperature and humidity
 Differential pressure sensor output - for chilled water flow control to set point
pressure
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the chiller system
equipment with a metering interval no greater than 15 minutes. Spot measurements of Volts,
Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735 power
meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time of the
spot measurements for all motors controlled by variable speed drives. Hobo U23-001 outside air
temperature and %RH logger will be installed outside with a metering interval no greater than 15
minutes.
HV-1 – Optimize operations of fan coil units
This measure includes changing FCU schedules to run the FCU units fewer hours.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The
Energy Management System (EMS) will be inspected to collect operating schedules and set
points including the summer and winter VFD speeds and economizer enabling points. The
customer will be interviewed to verify any actions taken to ensure the persistence of savings.
These actions include:
 The FCU schedules for this school
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 FCU scheduling
 FCU supply and return fan kW
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans with a metering interval no greater than 15 minutes. In addition, spot measurements of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735
power meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time
of the spot measurements for all motors controlled by variable speed drives. Hobo U23-001
outside air temperature and %RH loggers will be installed outside with a metering interval no
greater than 15 minutes.
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HV-2 – Optimize HVAC operations
This measure includes changing AHU schedules and calibrating a CO2 sensors reduce OA when
unoccupied, fixed VSD controls to reduce air flow based on static pressure set point.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The
Energy Management System (EMS) will be inspected to collect operating schedules and set
points including the summer and winter VFD speeds and economizer enabling points. The
customer will be interviewed to verify any actions taken to ensure the persistence of savings.
These actions include:
 The trends for supply fan status, damper command, and supply discharge static pressure
 The alarm programming and reports for the supply discharge static pressure when it
exceeds the system control pressure by 0.5” wc for more than 60 minutes
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 AHU scheduling
 OA damper position or control
 AHU supply and return fan %speed or Hz
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans with a metering interval no greater than 15 minutes. In addition, spot measurements of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735
power meter. Percent-speed or hertz shown on the VFD controller will be recorded at the time of
the spot measurements for all motors controlled by variable speed drives. Hobo U23-001
OAT/%RH loggers will be installed outside with a metering interval no greater than 15 minutes.
HV-3 –HVAC system optimized
This measure includes changing AHU schedules, reducing fan speed during heating, and
reducing OA damper open percent.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The
Energy Management System (EMS) will be inspected to collect operating schedules and set
points including the summer and winter VFD speeds and economizer enabling points. The
customer will be interviewed to verify any actions taken to ensure the persistence of savings.
These actions include:
 The trends for RTU-4 supply fan status and VFD speed, and damper command
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The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 AHU scheduling
 OA damper position or control
 AHU supply and return fan kW or %kW or %speed
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans with a metering interval no greater than 15 minutes. In addition, spot measurements of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735
power meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time
of the spot measurements for all motors controlled by variable speed drives. A Hobo U23-001
outside air temperature and %RH logger will be installed outside with a metering interval no
greater than 15 minutes.
HV-4 –HVAC system optimized
This measure includes changing the operating hours of the boiler combustion air make-up fans.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the combustion fan equipment.
The Energy Management System (EMS) will be inspected to collect operating schedules and set
points including the summer and winter VFD speeds and economizer enabling points. The
customer will be interviewed to verify any actions taken to ensure the persistence of savings.
These actions include:
 The alarm for when OAT is >40°F and either CAU is running
 The alarm for when both CAUs are running at the same time
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 Boiler fire level status
 CAU enable status
 CAU-1 and CAU-2 fan %speed or Hz
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the CAU fans with a
metering interval no greater than 15 minutes. In addition, spot measurements of Volts, Amps,
PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735 power meter.
Percent-speed or hertz shown on the VFD controller will be recorded at the time of the spot
measurements for all motors controlled by variable speed drives. A Hobo U23-001 outside air
temperature and %RH logger will be installed outside with a metering interval no greater than 15
minutes.
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HV-5 – Heat Recovery Unit Schedule Changed
This measure includes changing ERU schedules.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The
Energy Management System (EMS) will be inspected to collect operating schedules and set
points including the summer and winter VFD speeds and economizer enabling points. The
customer will be interviewed to verify any actions taken to ensure the persistence of savings.
These actions include:
 The trends for ERU fan status
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 ERUs-1, 2, and 3 scheduling
 ERUs-1, 2, and 3 supply and return fan %speed of Hz
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans with a metering interval no greater than 15 minutes. In addition, spot measurements of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735
power meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time
of the spot measurements for all motors controlled by variable speed drives. A Hobo U23-001
outside air temperature and %RH logger will be installed outside with a metering interval no
greater than 15 minutes.
HW-1 - Heating Plant Optimization and Control
This measure includes closing chilled water bypass valves, resetting the pressure differential set
point from 20 psi to 15 psi and adding controls to optimize the chiller operation. Also,
scheduling was set up in the EMS to disable the hot water pumps between May and September.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the chiller scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the hot water system components.
The Energy Management System (EMS) will be inspected to collect operating schedules and set
points including the summer and winter VFD speeds and enabling points. The customer will be
interviewed to verify any actions taken to ensure the persistence of savings. These actions
include:
 Can you show me the high limit alarm for the heated water dp sensor output for heating?
 Is this alarm set at 20 psi for >60 minutes?
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The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the hot water system optimization. EMS trends will be collected for all
possible points with special interest in the following:
 Primary heating pumps (1 and 2) kW
 Secondary CHW pumps (3 and 4) kW
 Outside air temperature
 Differential pressure sensor output - for hot water flow control to set point
pressure
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the hot water pumps
with a metering interval no greater than 15 minutes. In addition, spot measurements of Volts,
Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735 power
meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time of the
spot measurements for all motors controlled by variable speed drives. A Hobo U23-001 outside
air temperature and %RH logger will be installed outside with a metering interval no greater than
15 minutes.
OCC-1 – Occupancy sensor control of lighting and HVAC
This measure includes installing occupancy sensors on the gym lighting and RTU when the gym
is empty.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The
Energy Management System (EMS) will be inspected to collect operating schedules and set
points including the summer and winter VFD speeds and economizer enabling points. The
customer will be interviewed to verify any actions taken to ensure the persistence of savings.
These actions include:
 The trends for the RTU-3 supply fan status and VFD speed
 The trends used to verify that the lighting and AHU occupancy sensors are working
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 Lighting scheduling
 Lighting status
 AHU supply and return fan %speed or Hz
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the lighting (where
accessible) and the supply and return fans with a metering interval no greater than 15 minutes.
In addition, spot measurements of Volts, Amps, PF, and kW will be taken during the site visit
using a NIST-calibrated Fluke 1735 power meter. Percent-speed or hertz shown on the VFD
controllers will be recorded at the time of the spot measurements for all motors controlled by
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variable speed drives. A Hobo U23-001 outside air temperature and %RH logger will be
installed outside with a metering interval no greater than 15 minutes.
OCC-2 – Occupancy sensor control of lighting and HVAC
This measure includes installing occupancy sensors on the auditorium lighting and RTU when
the auditorium is empty, reducing OA intake, and slowing the RTU fans in the winter.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The
Energy Management System (EMS) will be inspected to collect operating schedules and set
points including the summer and winter VFD speeds and economizer enabling points. The
customer will be interviewed to verify any actions taken to ensure the persistence of savings.
These actions include:
 The trends for the RTU-3 supply fan status and VFD speed
 The trends used to verify that the lighting and AHU occupancy sensors are
working
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 Lighting scheduling
 Lighting status
 AHU supply and return fan %speed or Hz
 OA damper setting
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the lighting (where
accessible) and the supply and return fans with a metering interval no greater than 15 minutes.
In addition, spot measurements of Volts, Amps, PF, and kW will be taken during the site visit
using a NIST-calibrated Fluke 1735 power meter. Percent-speed or hertz shown on the VFD
controller will be recorded at the time of the spot measurements for all motors controlled by
variable speed drives. A Hobo U23-001 outside air temperature and %RH logger will be
installed outside with a metering interval no greater than 15 minutes.

Site Visit Findings
CH-1 - Chiller Plant Optimization and Control
A site visit was conducted between 9/6/2011 and 9/15/2011. This included collecting school and
systems operating information and installing and removing the monitoring equipment.
The chiller system operating schedule and set points were collected from the EMS and
conversations were had with facilities staff and the RCx contractor. The locations of the
electrical panels were identified and either DENT ElitePro or Onset Energy Logger Pro loggers
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were installed on the chiller and the primary and secondary pumps. The Hobo U23-001 outside
air temperature/%RH logger was installed outside.
For this school the cooling secondary pump dp control sensor set-point was 8 psi – though this
parameter was not adjusted. The chiller enthalpy enable setting was 21.5 btu/lbm – where the
proposed setting was to be 22 btu/lbm.
While the EMS does track some parameters, we were unable to determine how these could be
saved as any kind of data file. We created pdf files for the graphs that this system was limited to
providing.
HV-1 – Optimize operations of fan coil units
A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
systems operating information and installing monitoring equipment. The monitoring equipment
was removed on 1/18/12.
The fan operating schedules and set points were collected from the EMS and conversations were
had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset Energy Logger Pro loggers were installed on the
fan circuits. Current transformer sizes were identified earlier and installed with the loggers. The
Hobo U23-001 outside air temperature/%RH logger was installed outside.
This unit was operating during the site visits. There were no indications of improper operation of
the unit. The EMS shows that the general AHU schedule for the whole school is M-F 6a-4p,
Start/Stop off during the school year, and the Summer is the same. RTU-1 through RTU-5 are on
this general schedule.
While the EMS does track some parameters, we were unable to determine how these could be
saved as any kind of data file. pdf files were created for the graphs that this system was limited to
providing.
HV-2 – Optimize HVAC operations
A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
systems operating information and installing monitoring equipment. The monitoring equipment
was removed on 1/18/12.
The fan operating schedules and set points were collected from the EMS and conversations were
had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset Energy Logger Pro loggers were installed on the
fan circuits. Current transformer sizes were identified earlier and installed with the loggers. The
Hobo U23-001 outside air temperature/%RH logger was installed outside.
This unit was operating during the site visits. There were no indications of improper operation of
the unit. The EMS shows that the general AHU schedule for the whole school is M-F 6a-4p,
Start/Stop off during the school year, and the Summer is the same. RTU-1 through RTU-5 are
tied to this general schedule. The RTU-1 Static Press Setpoint is 1.22" wc.
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While the EMS does track some parameters, we were unable to determine how these could be
saved as any kind of data file. pdf files were created for the graphs that this system was limited to
providing.
HV-3 –HVAC system optimized
A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
systems operating information and installing monitoring equipment. The monitoring equipment
was removed on 1/18/12.
The fan operating schedules and set points were collected from the EMS and conversations were
had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset Energy Logger Pro loggers were installed on the
fan circuits. Current transformer sizes were identified earlier and installed with the loggers. The
Hobo U23-001 outside air temperature/%RH logger was installed outside.
This unit was operating during the site visits. There were no indications of improper operation of
the unit. The EMS shows that the general AHU schedule for the whole school is M-F 6a-4p,
Start/Stop off during the school year, and the Summer is the same. RTU-1 through RTU-5 are
tied to this general schedule.
While the EMS does track some parameters, we were unable to determine how these could be
saved as any kind of data file. pdf files were created for the graphs that this system was limited to
providing.
HV-4 –HVAC system optimized
A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
systems operating information and installing monitoring equipment. The monitoring equipment
was removed on 1/18/12.
The CAU operating schedules and set points were collected from the EMS and conversations
were had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset Energy Logger Pro loggers were installed on the
CAU circuits. Current transformer sizes were identified earlier and installed with the loggers.
The Hobo U23-001 outside air temperature/%RH logger was installed outside.
This unit was operating during the site visits. During the visit there was very little air coming
from both CAU units. A ladder was used to get up to the discharge dampers and a piece of string
was used to deflect from the air flow. The ladder was then moved to the access panels for both
units on the suction side and both were almost fully closed. This impacts the demands of the
units.
The EMS shows that the general AHU schedule for the whole school is M-F 6a-4p, Start/Stop
off during the school year, and the summer is the same. RTU-1 through RTU-5 are on this
general schedule. While the EMS does track some parameters, we were unable to determine how
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these could be saved as any kind of data file. pdf files were created for the graphs that this
system was limited to providing.
HV-5 – Heat Recovery Unit Schedule Changed
A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
systems operating information and installing monitoring equipment. The monitoring equipment
was removed on 1/24/12.
The fan operating schedules and set points were collected from the EMS and conversations were
had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset Energy Logger Pro loggers were installed on the
fan circuits. Current transformer sizes were identified earlier and installed with the loggers. The
Hobo U23-001 outside air temperature/%RH logger was installed outside.
This unit was operating during the site visits. There were no indications of improper operation of
the unit. The EMS shows that the general AHU schedule for the whole school is M-F 6a-4p,
Start/Stop off during the school year, and the summer is the same. RTU-1 through RTU-5 are
tied to this general schedule. The RTU-1 Static Press Setpoint is 1.22" wc.
While the EMS does track some parameters, we were unable to determine how these could be
saved as any kind of data file. pdf files were created for the graphs that this system was limited to
providing.
HW-1 - Heating Plant Optimization and Control
A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
systems operating information and installing monitoring equipment. The monitoring equipment
was removed on 1/18/12.
The hot water pump operating schedules and set points were collected from the EMS and
conversations were had with facilities staff and the RCx contractor. The locations of the
electrical panels were identified and either DENT ElitePro or Onset Energy Logger Pro loggers
were installed on the pump circuits. Current transformer sizes were identified earlier and
installed with the loggers. The Hobo U23-001 outside air temperature/%RH logger was installed
outside.
For this school the heating secondary pump dp control sensor set-point was 9 psi – which is
lower than the 15 psi for the proposed scenario. The primary and secondary pumps were
operating during the site visits. There were no indications of improper operation of the pumps.
While the EMS does track some parameters, we were unable to determine how these could be
saved as any kind of data file. We created pdf files of the graphs that the EMS system was
limited to providing.
OCC-1 – Occupancy sensor control of lighting and HVAC
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A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
systems operating information and installing monitoring equipment. The monitoring equipment
was removed on 1/17/12.
This measure includes both occupancy sensors on gym lighting and changes to the AHU
operations.
The fan operating schedules and set points were collected from the EMS and conversations were
had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset Energy Logger Pro loggers were installed on the
fan circuits. Current transformer sizes were identified earlier and installed with the loggers. The
Hobo U23-001 outside air temperature/%RH logger was installed outside.
Lighting
The gym lighting includes (24) 260W high-bay fluorescent fixtures – all were installed.
The circuit that serves these lights could not be located, so a power logger was not installed.
Given the distribution of and lack of access to put the lighting logger in some of the fixtures the
lighting logger was placed on one of the exit lights in the gym.
Air Handling System
This unit was operating during the site visits. There were no indications of improper operation of
the unit. The EMS shows that the general AHU schedule for the whole school is M-F 6a-4p,
Start/Stop off during the school year, and the summer is the same. RTU-1 through RTU-5 are
tied to this general schedule.
While the EMS does track some parameters, we were unable to determine how these could be
saved as any kind of data file. pdf files were created of the graphs that this system was limited to
providing.
OCC-2 – Occupancy sensor control of lighting and HVAC
A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
systems operating information and installing monitoring equipment. The monitoring equipment
was removed on 1/17/12.
This measure includes both occupancy sensors on auditorium lighting and AHU, and changes to
the AHU operations.
The fan operating schedules and set points were collected from the EMS and conversations were
had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset Energy Logger Pro loggers were installed on the
fan circuits. Current transformer sizes were identified earlier and installed with the loggers. The
Hobo U23-001 outside air temperature/%RH logger was installed outside.
Lighting
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The auditorium lighting measure is for (16) 170W house lights – only 14 were found. These
lights are on five switches. One toggle switch turns on some of them. The other four are dimmers
switches, each controlling every other lamp in each fixture as four rows/banks of fixtures.
The circuit that serves these lights could not be located, so a power logger was not installed.
Given the distribution of, and lack of access to put the lighting logger in some of the fixtures, the
lighting logger was placed on one of the exit lights in the auditorium.
Air Handling System
This unit was operating during the site visits. There were no indications of improper operation of
the unit. The EMS shows that the general AHU schedule for the whole school is M-F 6a-4p,
Start/Stop off during the school year, and the summer is the same. RTU-1 through RTU-5 are
tied to this general schedule.
While the EMS does track some parameters, we were unable to determine how these could be
saved as any kind of data file. pdf files were created of the graphs that this system was limited to
providing.

Summary of Calculations
CH-1 - Chiller Plant Optimization and Control
Using the information and data collected for the chiller system the savings were recalculated for
this measure. Savings for this measure are primarily driven by schedule changes and enthalpybased enabling of the chiller and pumps.
Chiller
The chiller savings were adjusted based on the metered data from the monitoring period. The
data showed the chiller operated from 6:00 a.m. to 4:15 p.m. each weekday during the cooling
season. Though the original intent was to not run the chiller on weekends, we found that it
operated a short time on Saturday – about from 12:00pm - 2:15pm. The metered hours of
operation were applied to both the existing and proposed scenarios. This was done because the
measures that calculate air handling unit savings are also calculating cooling savings for the
reduced operating hours of the chiller. The ex ante analysis counted these savings in both the
optimization of the chiller plant control and the air handling unit measures and therefore double
counting the savings. The savings will be included in the air handling measures instead of this
measure.
In addition, metered data were used to develop a chiller load profile compared to outside air
temperature for the ASHRAE temperature bins used in the calculations. The curve fit shown in
Figure 1 was used to replace the chiller demand in the calculations.
Figure 1
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Chiller kW vs OAT
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Primary Pump
The primary pump’s savings were adjusted based on the metered data collected during the
monitoring period. The metered data showed that the primary pump runs 24/7. The original
proposed condition is to allow this pump to run only when the chiller is operating – this disabling
is not happening. Figure 2 shows the average demand of the primary pump to be 4.5 kW when it
is running - compared to the Ex Ante demand of 4.7 kW. The savings for this pump are based on
only a schedule change – thus, the monitoring suggests no savings from the primary pump
anticipated operation change.
Figure 2
Primary Pump Demand
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Secondary
Pump
The monitoring shows that the secondary pumps run on a schedule similar to the chiller – but not
necessarily enabled/disabled with the chiller. The schedule for the secondary pumps is 5:30 a.m.
to 4:00 p.m. on weekdays and 11:45 a.m. to 2:15 p.m. on Saturday – see Figure 3.
The data also shows that the demand varies with outside air temperature - as shown in Figure 4.
The demands for each bin were applied to the calculations. The demand of the secondary pumps
is lower for each ASHRAE bin than the original calculations estimated. The proposed demand of

24

the secondary pump is the same as the existing (baseline) demand because the dp set point was
not changed as part of this measure.
Figure 3 – Secondary Pump Schedule
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Figure 4 – Secondary Pump Demand vs. OAT
Secondary Pump Demand vs OAT
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Results
The final savings for this measure are listed below in Table 1. The table shows the savings after
each adjustment was made to the original ex ante analysis. The Documentation adjustment
reflects changes that were made by reviewing the calculation and available project
documentation. The Technology adjustment reflects all of the changes due to the identification of
different energy savings application used compared to the Ex Ante calculation. The Quantity
adjustment is for any changes in the quantity of the energy saving application. The Operation
adjustment is for any changes in operating hours or conditions at the site. The Heating and
Cooling adjustment is for the interactive effects of reduced lighting power and HVAC
equipment.
The savings for this measure were adjusted for multiple reasons. The largest adjustment is due to
the double counting of savings between the chiller scheduling in this measure and the HVAC
measures. The Ex Ante calculation also included factors that reduced the operating hours of the
chiller while this same reduction is accounted for with the average chiller kW being reduced in
the lower temperature bins. The savings were also adjusted based on the metered data that was
collected that showed different loading profiles for the chiller and pumps – including the primary
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pump running 24/7 during the monitoring. The savings were also affected by the chiller enabling
set-point being reset to a lower value, allowing the chillers to run whenever the outside air is
above 50°F.
Table 1: CH-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

0.73
0.73
0.73
-

0.00
0.00
0.00
-

36,830
30,192
30,192
30,192
25,511
25,511
25,511
69%

HV-1 – Optimize operations of fan coil units
Savings for this measure are primarily driven by academic and summer schedules set up to put
the FCUs into setback mode during unoccupied periods.
Schedule Change
The FCU fan motors were too many, too small, and too distributed to monitor. The FCUs’
schedules are linked to this ERU schedules. We recalculate the savings based on the schedules
identified for the ERUs by the monitoring. The occupied period of the schedule is 8:00 a.m. to
5:00 p.m. (9 hours) Monday - Friday. This applies to both the academic year and summer. This is
shorter than the original proposed schedule of 10 hours per day weekdays during the academic
year and 6 hours per day weekdays in the summer.
Results
The savings for the measure are listed below in Table 2. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The savings for this measure were adjusted upward primarily due to the measured occupied
hours being shorter than originally proposed.

26

Table 2 HV-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
0.00
(2.52)
(2.52)
-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

(3.78)
(3.78)
(3.78)
-

0.00
0.00
0.00
-

5,838
7,470
7,470
7,470
7,615
7,615
7,615
130%

HV-2 – Optimize HVAC operations
Using the information and data collected for the RTU, the savings were recalculated for this
measure. Savings for this measure are primarily driven by schedule changes, repairing the fan
speed control based on static pressure set-point, and economizer optimization.
Schedule Change
The monitoring identified the actual schedule for this RTU. Figure 5 shows this schedule profile
– daily variable operation with the RTU off at night and weekends.
Figure 5
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The average use is estimated to be 10.0 hours per weekday only (6:00 to 16:00) – consistent with
the Ex Ante proposed academic schedule of 10.0 hours per weekday (6:00 to 16:00.)
The monitoring was done in the academic period, not including the summer. The EMS for this
AHU says the summer schedule is the same as the academic-year schedule. Thus, the Ex Post
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uses the academic schedule of 6:00 to 16:00 for the summer compared to the Ex Ante proposed
summer schedule of 8:00 to 15:00.
Fan Speed Variation
Prior to the RCx project the supply and return fan VFDs were in manual bypass – operating at
full speed. Static pressure reset control was added to the supply fan VFD control. This results in
fan speed changes based on static pressure.
The metered data show that the fan speed changes proportional to the outside temperature –
which is not expected. Figure 6 shows that relationship. The slope of this change is lower than
expected.
Figure 6

RTU 1 Demand vs OAT
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The fan’s speed-reduction savings were adjusted based on the metered data collected.
Economizer commissioning
The economizer operation was not captured during the metering period; however, the building
load has been adjusted to reflect the load profile collected during the metered period. This
impacts the economizer savings proportional to the load adjustment.
Results
The savings for the measure are listed below in Table 3. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
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The savings for this measure were adjusted for a couple of reasons. There were two calculation
errors in the Ex-Ante calculations that were corrected. One was that the existing academic year
schedule used 11.5 hours in the calculation while the measure description said it was 12.0 hours.
The other was the same discrepancy with the proposed academic schedule.
The monitoring shows a shorter actual occupied schedule for the academic year than used in the
original baseline schedule. On the other hand the Ex Post occupied schedule for the summer has
greater hours than the original calculations estimated.
Finally, the varying proposed heating-season fan demands are a lower on average than those
presented in the Ex Ante calculations. This leans toward increasing the energy savings.
Table 3 HV-2 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
10.08
10.08
10.08
-

2.30
0.00
0.00
0.00
0.00
0.00
0.00
0%

9.08
9.08
9.08
-

2.25
2.25
2.25
-

11,019
11,179
11,179
11,179
11,451
11,451
11,451
104%

HV-3 –HVAC system optimized
Using the information and data collected for the RTU, the savings were recalculated for this
measure. Savings for this measure are primarily driven by schedule changes, repairing the fan
speed control based on static pressure set-point, and economizer optimization.
Schedule Change
The monitoring identified the actual schedule for this RTU. Figure 7 shows this schedule profile
– daily variable operation with the RTU off at night and weekends.
Figure 7
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The average use is estimated to be 11.0 hours per weekday only (5:00 to 16:00) – one hour more
than the Ex Ante proposed academic schedule of 10.0 hours per weekday (6:00 to 16:00.)
The monitoring was done in the academic period, not including the summer. The EMS for this
AHU says the summer schedule is the same as the academic-year schedule. Thus, the Ex Post
uses the academic schedule of 5:00 to 16:00 for the summer compared to the Ex Ante proposed
summer schedule of 8:00 to 14:00.
Speed Reduction
Prior to the project’s completion these fans are said to have run at 100% speed during both
heating and cooling season. The measure’s intent is to have the fans run at 65% during the
heating season.
The fan’s speed-reduction savings were adjusted based on the metered data collected. The
metered data in Figure 7 above show that the units run at two speeds during the monitoring
period. The average demands for high and low speed are 7.2 kW and 2.0 kW respectively. The
fan’s speed-reduction savings were adjusted based on the metered data collected.
Economizer commissioning
The economizer operation was not captured during the metering period; however, the building
load has been adjusted to reflect the load profile collected during the metered period. This
impacts the economizer savings proportional to the load adjustment.
Results
The savings for the measure are listed below in Table 4. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The savings for this measure were adjusted for a couple of reasons. There were two calculation
errors in the Ex-Ante calculations that were corrected. One was that the existing academic year
schedule used 10.0 hours in the calculation while the measure description said it was 9.5 hours.
The other was that the proposed summer schedule used 6.0 hours in the calculation while the
measure description said it was 9.5 hours.
The monitoring shows a longer actual occupied schedule than used in the Ex Ante baseline
schedule. The recalculation assumes that the new existing schedule is the same as the measured
proposed schedule. The assumption is that they would have changed to this schedule regardless
of the RCx program. To base the analysis on the original schedule of 10 hours, compared to the
measured 11.0 hours, would result in negative savings for this component of the measure. Using
the new operating hours for both existing and proposed scenarios results in no savings for the
scheduling of the air handling units.
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Finally, the proposed heating-season fan demands are a lower than presented in the Ex Ante
calculations. This leans toward increasing the energy savings.
Table 4 HV-3 Electrical Savings Summary

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
1.14
1.14
1.14
-

4.88
4.88
4.88
4.88
0.00
0.00
0.00
0%

1.10
1.10
1.10
-

0.00
0.00
0.00
-

10,878
8,163
8,163
8,163
7,677
7,677
7,677
71%

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

HV-4 –HVAC system optimized
Using the information and data collected for the CAUs, the savings were recalculated for this
measure. Savings for this measure are running the CAU fans for fewer hours and at lower speeds
during warmer weather.
The fans ran at different speeds during different outside temperatures as anticipated – shown in
Figure 8 below. Next to this figure is Table 5 showing the average demands of the fans for
specific, observed outside air temperature regimes.
Table 5

Figure 8
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These demands were applied to the Ex Post calculations in the appropriate temperature bins.
Results
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The savings for the measure are listed below in Table 6. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The savings for this measure were adjusted based on the actual measured demands for each
outside air temperature bin used in the calculations.
Table 6 HV-4 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

3.30
3.30
3.30
3.30
5.10
5.10
5.10
155%

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

0.00
0.00
0.00
0.00
4.92
4.92
4.92
-

37,232
37,232
37,232
37,232
27,245
27,245
27,245
73%

HV-5 – Heat Recovery Unit Schedule Changed
Using the information and data collected for the ERUs, the savings were recalculated for this
measure. Savings for this measure are primarily driven by schedule changes.
Schedule Change
The monitoring identified the actual schedule for this ERU. Figure 9 shows this schedule profile
– daily variable operation with the RTU off at night and weekends.
Figure 9
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The average use is estimated to be 9.0 hours per weekday only (8:00 to 17:00) – different from
the Ex Ante proposed academic schedule of 11.50 hours per weekday (6:30 to 18:00.)
The monitoring was done in the academic period, not including the summer. The EMS for this
AHU says the summer schedule is the same as the academic-year schedule. Thus, the Ex Post
uses the academic schedule of 8:00 to 17:00 for the summer compared to the Ex Ante proposed
summer schedule of 9:00 to 13:00.
The average measured demand for the ERUs is 7.7 kW – which is applied to the Ex Post
calculations.
Results
The savings for the measure are listed below in Table 7. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The savings for this measure were adjusted for a change in the schedule from the original
proposed times. There were two calculation errors in the Ex-Ante calculations that were
corrected. One was that the existing academic year schedule used 11.5 hours in the calculation
while the calculated hours below the main calculations show it to be 11.65 hours. The other was
that the proposed summer schedule used 4.0 hours in the calculation while the measure
description said it was 6.0 hours.
The monitoring shows a shorter actual occupied schedule for the academic year than used in the
original baseline schedule. On the other hand the Ex Post occupied schedule for the summer has
greater hours than the original calculations estimated.
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Table 7 HV-5 Electrical Savings Summary

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
4.02
4.02
4.02
-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

0.00
0.00
0.00
-

9.28
9.28
9.28
-

17,934
16,153
16,153
16,153
15,400
15,400
15,400
86%

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

HW-1 - Heating Plant Optimization and Control
Using the information and data collected for boiler system pumps the savings were recalculated
for this measure. Savings for this measure are driven by reduction in secondary pump demand
due to lowering the dp set-point, and pump hour reduction for temperatures above 53°F.
Primary and Secondary Pump Hours Reductions
The original calculations show reduced primary and secondary pump run hours for temperature
bins above 53°F. It is not clear from the documentation what change effects these savings.
The primary pump operates during all hours below 59.1°F during the monitoring period. This
can be seen in Figure 10. The monitoring data also shows that the secondary pumps operate at all
temperatures – including those above 50°F as seen in Figure 11. These analyses show that there
are no savings from the hours-reduction component of this measure.
Figure 10
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Figure 11

Primary Pump Demand vs OAT
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Secondary Pump Demand Reduction
Savings are reported from reducing the dp set-point that controls the secondary pump speed –
and demand.
The secondary pump demand data provide a curve of the demand as a function of outside air
temperature as seen in Figure 12. The demand is highly varying and shows that there is not much
change in the demand across the temperature bins. These data are used in the analysis of the
savings for this measure.
Figure 12
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Results
The final savings are listed below in Table 8. The table shows the savings after each adjustment
was made to the original Ex Ante analysis. The Documentation adjustment reflects changes that
were made by reviewing the calculation and available project documentation. The Technology
adjustment reflects all of the changes due to the identification of different energy savings
application used compared to the Ex Ante calculation. The Quantity adjustment is for any
changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment
There is not much adjustment to the original savings for this measure. The largest adjustment is
due to the anticipated reduction on operating hours of these pumps was not witnessed, there are
no savings from this component of the measure.
Table 8 HW-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

7.50
7.50
7.50
7.50
8.46
8.46
8.46
113%

0.00
0.00
0.00
-

8.58
8.58
8.58
-

45,314
45,314
45,314
45,314
32,857
32,857
32,857
73%

OCC-1 – Occupancy sensor control of lighting and HVAC
Using the information and data collected for the lighting and AHU, the savings were recalculated
for this measure. Savings for this measure are primarily driven by lighting conversion and
occupancy control, and HVAC schedule changes and occupancy control.
Lighting
A lighting logger was installed to capture the actual operating hours of the lights. The lighting
logger was placed on one of the exist lights in the gym. It turns out that the natural light
overpowers the electric lighting in this gym, thus the logger information was unreliable.
Because of this complication, we do not adjust the savings from this component of the measure.
AHU Schedule Change
The monitoring identified the actual schedule for this RTU. Figure 13 shows this schedule
profile – daily variable operation with the RTU off at night and weekends.
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Figure 13
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The average use is estimated to be 12.5 hours per weekday only (6:00 to 18:30) – different from
the Ex Ante proposed academic schedule of 6.0 hours per weekday (6:30 to 16:00.)
The monitoring was done in the academic period, not including the summer. The EMS for this
AHU says the summer schedule is the same as the academic-year schedule. Thus, the Ex Post
uses the academic schedule of 6:00 to 18:30 for the summer compared to the Ex Ante proposed
summer schedule of 9:00 to 15:00.
Speed Reduction
Prior to the program these fans are said to have run at 100% speed during both heating and
cooling season. The measure’s intent is to have the fans run at 60% during the heating season.
The fan’s speed-reduction savings were adjusted based on the metered data collected. The
metered data in Figure 13 above show that the units run at two speeds during the monitoring
period. The average demands for high and low speed are 4.46 kW and 3.43 kW respectively. The
fan’s speed-reduction savings were adjusted based on the metered data collected.
Economizer commissioning
The economizer operation was not captured during the metering period; however, the building
load has been adjusted to reflect the load profile collected during the metered period. This
impacts the economizer savings proportional to the load adjustment.
Results
The savings for the measure are listed below in Table 9. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
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The savings for this measure were adjusted for a couple of reasons. The original calculations
used a fan exponent of 2.59 – which was adjusted during the document review to 2.00 because
this is the standard value accepted where the average exponent over the range is not known.
The monitoring shows a longer actual occupied schedule than used in the Ex Ante baseline
schedule. The recalculation assumes that the new existing schedule is the same as the measured
proposed schedule. The assumption is that they would have changed to this schedule regardless
of the RCx program. To base the analysis on the original schedule of 9.5 hours, compared to the
measured 12.5 hours, would result in negative savings for this component of the measure. Using
the new operating hours for both existing and proposed scenarios results in no savings for the
scheduling of the air handling units.
Finally, the proposed heating-season fan demands are lower than presented in the Ex Ante
calculations. This leans toward increasing the energy savings.
Table 9 OCC-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

1.30
1.30
1.30
1.30
6.82
9.42
9.42
725%

9.51
9.51
9.51
9.51
5.57
5.57
5.57
59%

5.78
7.71
7.71
-

3.33
3.33
3.33
-

39,608
39,608
39,608
39,608
21,574
24,864
24,864
63%

OCC-2 – Occupancy sensor control of lighting and HVAC
Using the information and data collected for the lighting and AHU, the savings were recalculated
for this measure. Savings for this measure are primarily driven by lighting occupancy control,
and HVAC schedule changes and occupancy control.
Lighting
The monitoring identified the operating pattern for the auditorium lighting. Figure 14 shows the
lighting level profile for this lighting. The lights appear to be shut off by the occupancy sensors.
The data below allow for recalculation of the energy savings provided by the occupancy sensors’
hours adjustment.
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Figure 14
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Schedule Change
The monitoring identified the actual schedule for this RTU. Figure 15 shows this schedule
profile – daily variable operation with the RTU off at night and weekends.
Figure 15
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The average use is estimated to be 10.0 hours per weekday only (6:00 to 16:00) – different from
the Ex Ante proposed academic schedule of 6.0 hours per weekday for unspecified hours.
The monitoring was done in the academic period, not including the summer. The EMS for this
AHU says the summer schedule is the same as the academic-year schedule. Thus, the Ex Post
uses the academic schedule of 6:00 to 16:00 for the summer compared to the Ex Ante proposed
summer schedule of 2.0 hours per weekday for unspecified hours.
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Speed Reduction
Prior to the program these fans are said to have run at 100% speed during both heating and
cooling season. The measure’s intent is to have the fans run at 40% during the heating season
and when no one is in the space during the occupied period.
The fan’s speed-reduction savings were adjusted based on the metered data collected. The
metered data in Figure 15 above show that the units run at two speeds during the monitoring
period. The average demands for high and low speed are 7.68 kW and 4.63 kW respectively. The
fan’s speed-reduction savings were adjusted based on the metered data collected.
Economizer commissioning
The economizer operation was not captured during the metering period; however, the building
load has been adjusted to reflect the load profile collected during the metered period. This
impacts the economizer savings proportional to the load adjustment.
Results
The savings for the measure are listed below in Table 10. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The savings for this measure were adjusted for a couple of reasons. The original calculations
used a fan exponent of 2.65 – which was adjusted during the document review to 2.00 because
this is the standard value accepted where the average exponent over the range is not known.
The monitoring shows a longer actual occupied schedule than used in the Ex Ante baseline
schedule. The recalculation assumes that the new existing schedule is the same as the measured
proposed schedule. The assumption is that they would have changed to this schedule regardless
of the RCx program. To base the analysis on the original schedule of 9.5 hours, compared to the
measured 12.5 hours, would result in negative savings for this component of the measure. Using
the new operating hours for both existing and proposed scenarios results in no savings for the
scheduling of the air handling units.
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Table 10 OCC-2 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.75
0.75
0.75
0.75
9.78
10.61
10.61
1415%

0.81
0.81
0.81
0.81
1.54
1.54
1.54
190%

7.21
7.87
7.87
-

1.19
1.19
1.19
-

37,065
36,816
36,816
36,816
18,476
20,297
20,297
55%

Summary
The total savings for this project (the sum of all the measures discussed above) is displayed
below in Table 11.
Table 11 CE07M018 Total Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

2.05
2.05
2.05
2.05
31.84
32.74
32.74
1597%

28.30
26.00
26.00
26.00
20.66
20.66
20.66
73%

20.13
22.71
22.71
-

29.55
29.55
29.55
-

241,719
232,127
232,127
232,127
167,806
172,918
172,918
72%
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Project Information
Project ID#:
Measure:
Electric Savings:
Facility Type
Technology:

CE07M019
Multiple
435,811 kWh, 71.30 Summer kW, 1.80 Winter kW
School
Multiple

Measure Description
CH-1 - Chiller Plant Optimization and Control
The chiller plant (chilled water system) is made up of a McQuay air cooled chiller with
primary/secondary pumping.
Enthalpy control was added to enable/disable the chiller system. The chilled water system was
re-scheduled to operate fewer hours. The chilled water bypasses were closed allowing the
secondary pumps to modulate to lower speeds.
Prior to the completion of this project the chilled water plant was enabled above 50°F OAT.
The two secondary pumps have VFDs, operating lead/lag. There were three remote differential
pressure sensor installed on the secondary loop controlling the VFDs, only one of these was
working properly. The chiller ran 24/7 due to a false cooling building demand load. The chiller
primary and secondary pumps ran when the chiller was scheduled to run. The secondary VFD
pumps didn’t track well with the OAT due to open bypass valves at all of the fan coil units and
air handlers.
With the completion of this project the JCI control logic software was programmed to enable the
chiller system to operate using Enthalpy control (22.5 Btu/lb) with recalibrated OAT and OAH
sensors. The EMS was programmed to add a new “summer cooling occupied schedule,” but this
is not defined. The Operating Hours in the calculations do not show any change in the schedule.
During unoccupied periods the chilled water system is shut off and can only run if there is an
unoccupied building cooling load. The project documentation shows that the balancing
contractor was to shut all of the bypass valves – leaving only minimum bypass flow to the
farthest area.
HV-1 – Occupancy sensor control of HVAC
An occupancy sensor was installed to shut down the auditorium constant volume AHUs (AHU2A & 2B) when it is unoccupied. Also, a schedule was set up to shut off the AHUs during unoccupied hours and on weekends. In addition, the operating outside air was reduced from 25% to
10% while the cooling occupied set point was increased from 70°F to 74°F.
The auditorium is heated and cooled by 2 AHUs. Prior to the completion of this project these
units had an occupied schedule of 15 hours a day, 5 days a week. When in the occupied mode at
minimum damper position the unit provided 25% outdoor air. The auditorium space temperature
during occupied mode was maintained at 70°F and the space is seldom occupied with students.
1

The cooling valve was operating when the dampers were at 100%, and the economizer wasn't
being utilized correctly. The AHUs had individual user-adjustable set points which would
occasionally cause one to heat while the other cooled. During the implementation audit, AHU2A was in cooling mode and AHU-2B was in heating mode – both trying to maintain a space set
point of 70°F.
With the completion of this project four occupancy sensors were installed in the auditorium to
control the two AHUs. Occupancy sensors turn the AHU off if the auditorium is unoccupied for
a time period of 20 minutes.
If no occupants are in the auditorium during occupied hours (8am-3pm, M-F) the AHUs’ outside
air dampers close and the fans cycle to maintain occupied space temperatures of 65°F
heating/80°F cooling. When anyone enters the auditorium, the AHUs return back to occupied
mode set points of 70°F heating/74°F cooling..
A new occupied summer schedule (2h/d, M-F) is programmed that maintains setback
temperatures during unoccupied periods unless the occupancy sensors are activated. Both AHUs
are controlled from one common set point schedule. During scheduled school unoccupied
periods the AHUs remain off - only operating to maintain a heating/cooling unoccupied space set
points of 65°F heating/80°F cooling. If occupants enter the auditorium the units reset to occupied
mode.
HV-2 – Heat Recovery Unit Schedule Changed
The school has a three heat recovery rooftop units (AHU-1, 3, &5) exhausting air from the
building and feeding outside air to 62 classroom and building fan coil units.
New schedules for the academic year and summer were set up to run the HRUs in setback mode.
Prior to the completion of this project AHU-1, 3, & 5 ran 16 hours a day, 5 days a week. AHU-1
and AHU-3 serve 62 fan coil units in classrooms. AHU-5 serves fan coil units in the Physical
Education offices. When the Physical Education offices, locker rooms and classrooms are
unoccupied these AHU’s still operated providing heating and cooling for the spaces.
With the completion of this project a new school-year schedule was set up for the three AHUs to
run 11 hours per day, M-F. These units were also set up with new summer schedules to run 4
hours per day, M-F. The FCUs’ schedules are now linked to this AHU schedule. During
unoccupied periods the AHUs are now programmed off. The occupied period supply air set
points are now set to (68°F heating/75°F cooling) for AHU-1, 3, 5.
HV-3 – Optimize control of HVAC
The unit serving the dining area (AHU-6) was optimized by commissioning the OA dampers,
CO2 sensors, and enthalpy sensors and controls. Also, a schedule was set up to shut off the
AHUs during un-occupied hours and on weekends.
The dining area is heated and cooled by AHU-6. Prior to the completion of this project this unit
had an occupied schedule of 15 hours a day, 5 days a week. When occupied the dampers were at
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25% and modulated to 100%. The cooling valve was operating when dampers were at 100%, and
the economizer wasn't being utilized correctly. The dining space temperature during occupied
mode was maintained at 70°F. The CO2 sensor in the return air duct needed to be calibrated and
the outdoor air damper control needed to be adjusted. The supply and return fan VFD's were in
manual speed override (set at 40 Hz).
With the completion of this project the supply and return fan VFD’s were fixed, tested, and
placed in auto mode. The occupied hours were reduced to 10h/d (6:00am - 4:00pm) M-F. The
AHU now cycles to maintain occupied space temperatures of 70°F heating/74°F cooling. A new
occupied summer schedule (6h/d, M-F) was programmed.
The CO2 return air sensor was calibrated and its control sequence was reinstated. The
economizer operation control was re-commissioned and reprogrammed for dual enthalpy control.
HV-4 – Optimize HVAC operations
AHU-7 is a VAV unit serving the 1st through 3rd floors of the school. AHU-8 is a rooftop VAV
unit serving the media center and administration areas.
AHU-7 serves 24 VAV boxes. Prior to the completion of this project all 24 VAV boxes were
always in the occupied mode and there was no unoccupied schedule programmed from the
EMS. The supply and return fan VFDs were in manual bypass mode, operating at full speed
(60Hz). The unit operated 24 hours/day, 7 days per week. The outdoor air dampers weren't
operating and the units’ chilled water valves were always open, causing low discharge air
temperatures. Simultaneous heating and cooling was occurring and space temperatures were
excessively cold.
AHU-8 serves 6 VAV boxes, and prior to the completion of this project all of these boxes were
also always in the occupied mode. The return fan VFD was in manual bypass operating at full
speed (60Hz) and operated 24 hours per day. The supply fan was also in manual bypass mode,
operating at full speed (60Hz), and the EMS schedule had the supply fan VFD running 15
hrs/day. When in occupied mode the OA dampers were at 100% outdoor air. The cooling valves
operated when dampers were at 100%, and the economizer wasn't being utilized correctly. The
CO2 sensor in the return air duct was found to be in need of calibration, and the outdoor air
damper control needed to be adjusted.
With the completion of this project the supply and return fan VFDs for AHU-7 & AHU-8
were fixed, tested, and placed in auto-run mode before starting the commissioning project. The
EMS was reprogrammed to occupied hours of 6:00 a.m. to 5:00 p.m., M-F for both AHUs.
During the school unoccupied periods the AHUs should now be off. An unoccupied schedule
was added for all the VAV boxes with set points of 65°F Heating/80°F cooling. A new
occupied summer schedule was set up for both AHUs. The CO2 return air sensor was
recalibrated and the CO2 control sequence for the air handler was reinstated.
HV-5 –HVAC system optimized
The boiler combustion air makeup fan AHU-9 operates at full speed whenever either boiler is
firing. This measure has the AHU VFD ramp up as the boiler increases its firing rate.
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Prior to the completion of this project, when the hot water heating system was enabled (65°F
OAT), the AHU ran with the VFD at 48 Hz – along with a small outside air roof intake hood. If
the boiler burner was off and not operating or only cycled for a short time, the AHU still ran. The
EMS controls the AHU and also monitors the boiler burner run status. If both boilers are
operating the fan VFD operated at 60 Hz.
With the completion of this project the BMS was programmed to control the speed of AHU-9
based on OAT. When the heating system is enabled the outside air roof intake hood opens along
with the AHU-9 outside air dampers – but the fan VFD is not enabled. This will allow a
sufficient amount of combustion air for the boiler at low firing rates. The project documentation
suggests that when the OAT falls below 38°F the fan VFD runs at 48 Hz to provide adequate
combustion air at higher firing rates.
The ex ante calculations suggest that the fan operates @ 30 Hz between 38°F and 10°F. Below
10°F the VFD speed will rise to 75 %.
HV-6 – Optimize operations of fan coil units
There are 58 fan coil units serving all classrooms in the school – providing heating and cooling
via a four pipe system. These are served by heat recovery units AHU-1, AHU-3, and AHU-5.
All fan coil units are operating, providing cooling to the classrooms during the non-school
summer months.
A typical unit’s fan is (1/3 HP ea.). These units are controlled by an occupied schedule by the
EMS – providing heating and cooling to the spaces. Prior to the completion of this project, when
in unoccupied mode the supply fan for each unit remained operating and did not cycle off of
space temperature. All fan coil units were operating and providing cooling to the classrooms
during the non-school summer months.
With the completion of this project the occupied schedules for the fan coil units were all set to
6:00 a.m. to 6:00 p.m., M-F during the school year. During the unoccupied mode the fans cycle
to maintain the night-setback temperature – and the heat recovery unit remains off. The occupied
heating and cooling set points were set to 70°F heating/74°F cooling. A summer schedule was
added as 4 hours/day, M-F.
HW-1 - Heating Plant Optimization and Control
The heating plant consists of two hot water boilers, and two variable speed secondary pumps –
no primary pumps.
A new summer schedule was added to ensure the boilers and pumps are off between May and
September. Also, the secondary bypass valves were closed and the triple-duty valve is now fully
opened, allowing the water pump to operate at lower speeds.
Prior to the completion of this project the hot water system was enabled at 65°F and disabled at
68°F. Two of the three differential pressure sensors, located remotely on the HW loop, were
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working to control the VFDs driving the seasonal pumps. The two variable speed secondary
pumps operate in a lead/ lag configuration. The loop differential pressure set-point setting is not
stated in the project documentation. The discharge triple duty valves on each pump were 60%
open. The excessive amount of flow to the end units resulted in the secondary pump modulating
in a narrow range of 85-55% speed. The heating system was being enabled when outside air
temperatures were warm, causing the building to overheat – resulting in simultaneous heating
and cooling of the school during occupied and unoccupied hours, and hot water pumps and
boilers operating with little or no load – wasting electricity and natural gas.
With the completion of this project a new summer schedule was added to the EMS to ensure the
boilers and pumps are off between May and September. All hot water bypass valves were closed
and the triple-duty valve was fully opened.
L-1 – Day-lighting control of atrium lights
The atrium light fixtures are controlled by a daylight sensor in the main atrium lobby area.
Prior to the completion of this project there were (22) 100W metal halide lights in the atrium and
the adjacent hallway controlled by local key switches. These lights were turned on first thing in
the morning and are shut off at night when the school closed.
With the completion of this project the fixtures are now controlled by a new day lighting control
sensor, located in the main atrium lobby area. Six fixtures were removed, thus (16) fixtures
remain. The installed sensor turns off the lights when outside lighting levels are sufficient. These
lights still can be controlled by keyed switches – to be shut off at night and on again in the
morning.
OCC-1 – Occupancy sensor control of lighting and HVAC
The gym lighting fixtures are controlled by occupancy sensors. An occupancy sensor was also
installed to shut down the gym AHU-4 when the gym is unoccupied. New schedules were added
for academic year and summer to reduce run time.
The lighting in the gymnasium consists of (25) 350W fluorescent high bay fixtures controlled by
three local key switches on the wall. Prior to the completion of this project the lighting was
always on during the school day and sometimes at night, depending on when teachers or
custodians turned the lights off. The gymnasium is heated and cooled by AHU-4 – which ran
24/7. The occupied schedule only controlled the cooling valve and dampers and when occupied
the dampers were at 40%. The cooling valve operated when dampers were at 100%. The
economizer wasn't being utilized correctly. The gym space temperature during occupied mode
was maintained at 70°F.
With the completion of this project both the lighting and AHU-4 are now controlled with two
occupancy sensors - however, local wall switches have not been removed. The documentation
does not discuss why the switches were not removed and how this affects the proposed use. The
installed occupancy sensors turn both the lighting and the RTU off if the gym is unoccupied for a
time period of 15 minutes.
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If no occupants are in the gym during occupied hours (8am-5pm, M-F.) the AHU-4 outside air
dampers close and the fan cycles to maintain unoccupied space temperatures of 65°F
heating/78°F cooling. When anyone enters the gym, the AHU returns back to occupied fan mode
(60 Hz).
The occupied cooling space set point was increased from 70°F to 74°F. A new occupied summer
schedule allows the occupied set point temperature for 7 hours per day, M-F.

Summary of the Ex Ante Calculations
CH-1 - Chiller Plant Optimization and Control
The changes in the chiller plant that impact savings are:
 Reduced cooling system operating hour based disabling the chiller during low outside air
enthalpies
 Reduction in secondary pump power due to shutting bypass valves at the same dp sensor
setting
 Reduced primary pump hours due to being locked out when the chiller is off
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hours of operation: To account for scheduling the bin hours were multiplied by schedule
factors. Run hours are lower than bin hours. The run hours in both the existing and proposed
cases are based on a 0.7 fraction that is likely a simplification of (5/7) for weekdays only. In both
the existing and proposed cases, there is another adjustment factor in calculating the run hours. It
is unclear what these adjustment factors are based on.
Chiller operation savings: There are no chiller demand reductions at any temperature bin
calculated for the chiller operation for this measure. For the existing scenario the chiller operates
down to the 52.5°F OAT. For the proposed scenario assumed to not be running below the 62.5°F
bin. The chiller kW/ton is based on McQuay’s design performance data at 95°F OA condenser
temp and the implementation contractor’s data loggers recording kW and tons.
Primary CHW pump savings: The primary pump is assumed to operate at a constant 5.1 kW for
all operating hours for both the existing and proposed cases. However, for the existing case the
primary pump is assume to run down to and including the 57.5°F bin – while for the proposed
case this pump is off below the 62.5°F bin. This latter situation assumes the primary pump will
be locked out (proposed) when the chiller is disabled. The 5.1 kW used for this pump is stated to
be based on field measurement of this 7.5hp motor. While this component provides no demand
reduction, there are energy savings due to this pump not running (proposed) when the chiller is
not running – locked out by EMS.
Secondary CHW pump savings: There are two secondary pumps – only one operates at a time.
The operating pump has a VFD control system. This system is signaled by a dp sensor in the
secondary loop. The speed of the secondary pump is managed by this sensor with an unspecified
base case set point. There is no discussion suggesting that the set point was changed, but bypass
valves were closed – that might lower the speed of the pump during all temperatures. The
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calculations show lower proposed speeds based on DDC readings and trends vs. OAT – data
taken for both existing and proposed operations. Pump VFD kW was measured with a power
meter in the field at various frequencies. As with the primary pumps the secondary pumps are
locked out by the EMS when the chiller is disabled.
HV-1 – Occupancy sensor control of HVAC
The changes in the AHU that impact savings are:
 Occupancy sensors on the AHUs
 Reduced OA from 25% to 10%
 Reset the occupied cooling temperature from 70°F to 74°F
 Reduced run time of the units by schedule changes
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The AHUs run fifteen hours per day, five days per week (15/5) during both
the school year and summer for the base case scenario. For the proposed scenario the hours are
reduced to 7/5 during the school year and 2/5 during the summer.
Energy savings: Savings are accrued by less AC and AHU fan motor loads, and less gas for
heating from increasing the unoccupied period.
HV-2 – Heat Recovery Unit Schedule Changed
The changes in the AHU system that impact savings are:
 Addition of school-year and summer occupied schedules
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The AHUs run 16/5 during both the school year and summer for the base
case scenario. For the proposed scenario the occupancy sensors reduce the hours to 11/5 during
the school year and 4/5 during the summer.
Energy savings: Savings are accrued by less AC and AHU fan motor loads, and less gas for
heating from increasing the unoccupied period.
HV-3 – Optimize control of HVAC
The changes in the AHU that impact savings are:
 The CO2 system was re-commissioned
 The OA dampers were reset and the enthalpy controls re-commissioned
 Reduced OA from 25% to 10%
 Reduced run time of the units via schedule changes
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The AHUs run 15/5 during both the school year and summer for the base
case scenario. For the proposed scenario the hours are reduced to 10/5 during the school year and
6/5 during the summer.
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Energy savings: Savings are accrued by less AC and AHU fan motor loads, and less outside air
by re-commissioned economizer and CO2 systems and controls.
HV-4 – Optimize HVAC operations
The changes in the HRU system that impact savings are:
 Calibration of CO2 sensor to reduce OA
 Reduced OA from 25% to 15%
 Addition of school-year and summer occupied schedules
 Fixing VSD controls to vary flow by static pressure set point
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The AHU-1 runs 15/5, and AHU-5 runs 24/7, during both the school year
and summer for the base case scenario. For the proposed scenario the hours for AHU-1 are
reduced to 10/5 during the school year and 7/5 during the summer. For the proposed scenario the
hours for AHU-5 are reduced to 12/5 during the school year and 8/5 during the summer.
Energy savings: Savings are accrued by the interaction of all of the above changes to the system,
interstitial within the bin analysis.
HV-5 –HVAC system optimized
The changes in the AHU that impact savings are:
 Reduced run time and speed of the boiler combustion air fan.
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The CAU fans both run 24/7 when the outside air is below 65°F and the
boiler is running. For the proposed scenario the fan does not run when the OAT is greater than
38°F.
Energy savings: Savings are accrued by: 1) not using the CAU above OAT of 38°F and 2)
running the CAU fan at lower speeds during the rest of the heating season.
HV-6 – Optimize operations of fan coil units
The changes in the HRU system that impact savings are:
 Addition of school-year and summer occupied schedules
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The FCUs run for unspecified hours, during both the school year and
summer for the base case scenario. For the proposed scenario the hours for the FCUs are
changed to 11/5 during the academic year (documentation says 12/5) during the summer.
Energy savings: Savings are accrued by changing the occupied and summer schedules to allow
the FCU units operate fewer hours.
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HW-1 - Heating Plant Optimization and Control
The changes in the chiller plant that impact savings are:
 A reduction in the secondary pumps flow rates due to closed bypass valves and open
triple-duty valve,
 A change in the pump operating schedule not allowing it to energize between May and
September,
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The hot water and seasonal pumps operate 24/7 for bins 60-65°F and below
for the base case scenario. For the proposed scenario the pumps operate 24/7 bins 55-60°F and
off for temperatures above this. The 55-60°F bin has 250 hours entered – with no explanation.
The rest of the heating-season colder bins have a factor of 0.71 in the proposed hours column in
the calculation spreadsheet.
Seasonal (secondary) pump savings: The seasonal pump speed varies between 55% and 80% for
the base case. For the proposed case the seasonal pump speed varies between 45% and 70%. The
kW for each pump, in each bin, is an entered number with no explanation of how the values were
determined. Savings are estimated by the difference in the demand profiles across bins for the
pump – proposed vs. existing.
L-1 – Day-lighting control of atrium lights
The changes in the atrium lighting:
 Day-lighting sensor controls the lights
Hour of operation: The lighting operates 17/5 during the school year and 16/5 during the
summer for the base case scenario. For the proposed scenario the lighting still has 17/5 and 16/5
(as discussed) base operation but the day-light sensors reduce the hours by 60% during the
school year and summer.
Lighting savings: The lighting savings are from removing six fixtures and the day-light sensors
reducing the lighting hours of operation.
Occ-1 – Occupancy sensor control of lighting and HVAC
The changes in the gym lighting and AHU that impact savings are:
 Occupancy sensors on the new lighting and the AHU
 Reduced run time of the unit by schedule changes.
Calculations for this project were completed using the simplified ASHRAE bin analysis.
Hour of operation: The lighting operates 14/5 for the base case scenario. For the proposed
scenario the lighting still has 14/5 base operation but the occupancy sensors reduce the hours by
43% during the school year and 25% during the summer.
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The AHU runs 24/7 during both the school year and summer for the base case scenario. For the
proposed scenario the occupancy sensors reduce the hours to 8/5 during the school year and 6/5
during the summer.
Total savings: The lighting changes provide about 25% of the total measure savings – and thus
HVAC changes also provide about 75%.
Lighting savings: The lighting savings are from the occupancy sensors on the lighting.
AHU savings: The AHU savings come from reducing the operating hours due to the occupancy
sensor and maybe from a new summer schedule.

Comments on the Ex Ante Calculations
CH-1 - Chiller Plant Optimization and Control
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
The method of calculating the hours of operation for the chiller plant was not consistent across
the bins. The factor 0.7 likely corresponding to 5/7 was used in the calculation of most hours of
operations, but other factors, such as 0.4, 0.5, and 0.625 were also used in combination with the
0.7 factor for the existing calculations. In some bins, no factors were used at all. For the
proposed calculations these factors are slightly different as 0.25, 0.50, and 0.625.
The savings for both the primary and secondary pumps are based on field measured demands.
Thus, they cannot be verified without measurement. The existing case assumptions cannot be
verified through Ex Post measurements. Attempt will be made to measure proposed demands and
speed/demand relationships through spot and short-term monitoring. These measures will be
used to verify supplemental EMS trending data requested of the customer both before and during
monitoring.
HV-1 – Occupancy sensor control of HVAC
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
There is no discussion of how “Unoccupied Space Heating Fan Cycling” contributes to the
proposed operating hours. Also, there is no support for the assumptions that the AHU occupancy
sensor will reduce the RTU run time from 15.0h/day all year long to 7h/day during the school
year and 2h/day during the summer.
The chiller kW/ton values used in the original calculations are not consistent with those used in
the CH-1 measure. There is no discussion that supports the reduced OA damper open percent. It
is not clear how the fixed CO2 sensors save energy.
Finally, the fan kWs are calculated based on nominal fan HP and an assumed load factor and not
on metered readings.
HV-2 – Heat Recovery Unit Schedule Changed
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The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
The heating energy savings calculations do not consider the boiler efficiency and consider only
the 40°F to 45°F and lower bins. The same calculations use a formula that does not make sense.
The 60% load factor assumed for the AHU fan motors is not supported. The operating hours for
the existing scenario are different than stated in the project documentation. The operating hours
for the proposed summer scenario are different than stated in the project documentation.
HV-3 – Optimize control of HVAC
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
There is no discussion of how “Unoccupied Space Heating Fan Cycling” contributes to the
proposed operating hours. Also, there is no support for the assumptions that the AHU occupancy
sensor will reduce the RTU run time from 15.0h/day all year long to 10h/day during the school
year and 6h/day during the summer.
The chiller kW/ton values used in the original calculations are not consistent with those used in
the CH-1 measure. There is no discussion that supports the reduced OA damper open percent. It
is not clear how the fixed CO2 sensors save energy.
Finally, the fan kWs are calculated based on nominal fan HP and an assumed load factor and not
on metered readings.
HV-4 – Optimize HVAC operations
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
The project documentation lists the problems with the system and how the system should be
operating but does not describe the solutions that were required to fix the issues. For example,
there is no discussion of how the economizer operation was changed to capture more operating
bin hours.
Also, the chiller kW/ton values used in the original calculations are not consistent with those
used in the CH-1 measure. There is no discussion that supports the reduced OA damper %open.
Finally, it is not clear how the fixed CO2 sensors save energy.
The proposed total fan demand decreases constantly from the highest temperature bin (100105°F) to the lowest temperature bin (-10 to -5°F.) This is not consistent with the expected
operation of VAV systems flows.
Finally, the fan kW values are calculated based on nominal fan HP and an assumed load factor
and not on metered readings.
HV-5 –HVAC system optimized
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
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The project documentation suggests the fan will operate at 75% (with VFD) for temperatures
below 10°F, however the kW assumed in the calculations equates to about 94% of full load kW.
HV-6 – Optimize operations of fan coil units
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
There is no discussion of how “Unoccupied Space Heating Fan Cycling” contributes to the
proposed operating hours. The documentation suggests the proposed academic schedule is 12.0
hours per day for five days per week, but the calculations are based on 11 hours per day for five
days.
The fan kW values are calculated based on nominal fan HP and an assumed load factor and not
on metered readings.
HW-1 - Heating Plant Optimization and Control
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
There is no explanation of how the reduced hours in the two warmest bins were estimated. The
errant number in the 50-55°F bin is unsupported. Also, the 0.71 adjustment factor for the
proposed scenario hours in lower bins is unsupported. While it is realized that 0.71 is decimal
equivalent to 5/7 (i.e. 5day of 7days), there is no reason to believe the heating season is shut off
on weekends.
The calculations do not explain how the secondary pump kW values were determined for each
bin for both the base case and proposed scenarios.
L-1 – Day-lighting control of atrium lights
There is no support for the baseline hours of operation. There is no support for the assumptions
that the daylight sensor will reduce the lighting use by 60% year round. There also is a math
error in the calculations.
Occ-1 – Occupancy sensor control of lighting and HVAC
The simplified ASHRAE bin analysis is used and reasonable for this type of measure.
There is no support for the assumptions that the occupancy sensor will reduce the lighting by
43% during the school year and by 25% during the summer. Also, there is no support for the
assumptions that the AHU occupancy sensor will reduce the AHU run time from 24h/day all
year long to 8h/day during the school year and 6h/day during the summer. Finally, it is not clear
how the new summer schedule affects the total run time of the AHU – in concert with the
occupancy sensor.

Measurement & Verification Plan
CH-1 - Chiller Plant Optimization and Control
This measure includes adding controls to optimize the chiller operation and scheduling was set
up in the EMS to disable the chillers during unoccupied periods.
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An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the chiller scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the cooling components of the
HVAC system. The Energy Management System (EMS) will be inspected to collect operating
schedules and set points including the summer and winter VFD speeds and enabling points. The
customer will be interviewed to verify any actions taken to ensure the persistence of savings.
These actions include:
 A high limit alarm for the chilled water dp sensor output for a psi > 25 psi for 60 minutes
 The review of trends for the chilled water system including the chiller and pumps
 An alarm for when the secondary pump operates at 100% speed for an extended period of
time
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the chiller system optimization. EMS trends will be collected for all possible
points with special interest in the following:
 Chiller system kW
 Chiller primary pump kW – if no, status
 Secondary CHW pumps 1 and 2 %speed or Hz
 Outside air temperature and humidity
 Differential pressure sensor output - for chilled water flow control to setpoint
pressure
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the chiller system
equipment with a metering interval no greater than 15 minutes. Spot measurements of Volts,
Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735 power
meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time of the
spot measurements for all motors controlled by variable speed drives. A Hobo U23-001 outside
air temperature and %RH logger will be installed outside with a metering interval no greater than
15 minutes.
HV-1 – Occupancy sensor control of HVAC
This measure includes changing AHU schedules and installing occupancy sensors to shut off the
AHU when the auditorium is empty.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The EMS
will be inspected to collect operating schedules and set points including the summer and winter
VFD speeds and economizer enabling points. The customer will be interviewed to verify any
actions taken to ensure the persistence of savings. These actions include:
 The trends for the two AHUs’ supply and return fan status and OA damper positions
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The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 AHU scheduling
 Occupancy status
 AHU supply and return fan %speed or Hz
 OA damper %-open
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans with a metering interval no greater than 15 minutes. In addition, spot measurements of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735
power meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time
of the spot measurements for all motors controlled by variable speed drives. A Hobo U23-001
outside air temperature and %RH logger will be installed outside with a metering interval no
greater than 15 minutes.
HV-2 – Heat Recovery Unit Schedule Changed
This measure includes changing AHU schedules.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The EMS
will be inspected to collect operating schedules and set points including the summer and winter
VFD speeds and economizer enabling points. The customer will be interviewed to verify any
actions taken to ensure the persistence of savings. These actions include:
 The trends for AHU fan status
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 AHUs-1, 3, and 5 scheduling
 AHUs-1, 3, and 5 supply and return fan %speed or Hz
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans with a metering interval no greater than 15 minutes. In addition, spot measurements of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735
power meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time
of the spot measurements for all motors controlled by variable speed drives. A Hobo U23-001
outside air temperature and %RH logger will be installed outside with a metering interval no
greater than 15 minutes.
HV-3 – Optimize control of HVAC
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This measure includes changing AHU schedules and re-commissioning the economizer and CO2
systems and controls.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The EMS
will be inspected to collect operating schedules and set points including the summer and winter
VFD speeds and economizer enabling points. The customer will be interviewed to verify any
actions taken to ensure the persistence of savings. These actions include:
 The trends for the two AHUs’ supply and return fan status and OA damper positions
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 AHU scheduling
 AHU supply and return fan %speed or Hz
 OA damper %-open
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans with a metering interval no greater than 15 minutes. In addition, spot measurements of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735
power meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time
of the spot measurements for all motors controlled by variable speed drives. A Hobo U23-001
outside air temperature and %RH logger will be installed outside with a metering interval no
greater than 15 minutes.
HV-4 – Optimize HVAC operations
This measure includes changing AHU schedules and calibrating CO2 sensors to reduce OA when
unoccupied, and fixing VSD controls to reduce air flow based on static pressure set point.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The EMS
will be inspected to collect operating schedules and set points including the summer and winter
VFD speeds and economizer enabling points. The customer will be interviewed to verify any
actions taken to ensure the persistence of savings. These actions include:
 The alarm generated for improper control sequences
 The activity reports generated for modifications in configurations, set points and time
schedules
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 AHU scheduling
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Static pressure and its set point
CO2 levels and resultant OA damper position
AHU supply and return fan %speed or Hz
Outside air temperature

In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans with a metering interval no greater than 15 minutes. In addition, spot measurements of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735
power meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time
of the spot measurements for all motors controlled by variable speed drives. A Hobo U23-001
outside air temperature and %RH logger will be installed outside with a metering interval no
greater than 15 minutes.
HV-5 –HVAC system optimized
This measure includes changing the operating temperatures and speed of the boiler combustion
air make-up fans.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The EMS
will be inspected to collect operating schedules and set points including the summer and winter
VFD speeds and economizer enabling points. The customer will be interviewed to verify any
actions taken to ensure the persistence of savings. These actions include:
 The trend for AHU-9 run status
 The trend for OAT
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 Boiler fire rate or status
 AHU-9 enable status
 AHU-9 fan %speed or Hz
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans with a metering interval no greater than 15 minutes. In addition, spot measurements of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735
power meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time
of the spot measurements for all motors controlled by variable speed drives. A Hobo U23-001
outside air temperature and %RH logger will be installed outside with a metering interval no
greater than 15 minutes.
HV-6 – Optimize operations of fan coil units
This measure includes changing FCU schedules to run the FCU units fewer hours
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An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the HVAC equipment. The EMS
will be inspected to collect operating schedules and set points including the summer and winter
VFD speeds and economizer enabling points. The customer will be interviewed to verify any
actions taken to ensure the persistence of savings. These actions include:
 The FCU schedules for this school
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. EMS trends will be collected for all possible points
with special interest in the following:
 FCU scheduling
 FCU supply and return fan kW
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the supply and return
fans with a metering interval no greater than 15 minutes. In addition, spot measurements of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke 1735
power meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the time
of the spot measurements for all motors controlled by variable speed drives. A Hobo U23-001
outside air temperature and %RH logger will be installed outside with a metering interval no
greater than 15 minutes.
HW-1 - Heating Plant Optimization and Control
This measure includes closing chilled water bypasses and opening the triple-duty valve. Also,
scheduling was set up in the EMS to disable the hot water pumps between May and September.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the chiller scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation of the hot water system components.
The EMS will be inspected to collect operating schedules and set points including the summer
and winter VFD speeds and enabling points. The customer will be interviewed to verify any
actions taken to ensure the persistence of savings. These actions include:
 A high limit alarm for the hot water dp sensor output for a psi >20 psi for 60 minutes
 The high limit alarm if either seasonal pump VFD operates @ 100%, and for how long
before alarming
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the hot water system optimization. EMS trends will be collected for all
possible points with special interest in the following:
 Secondary CHW pumps 1 and 2 %speed of Hz
 Outside air temperature
 Differential pressure sensor output - for hot water flow control to set point
pressure
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In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the hot water pumps
with a metering interval no greater than 15 minutes. Spot measurements of Volts, Amps, PF, and
kW will be taken during the site visit using a NIST-calibrated Fluke 1735 power meter. Percentspeed or hertz shown on the VFD controllers will be recorded at the time of the spot
measurements for all motors controlled by variable speed drives. A Hobo U23-001 outside air
temperature and %RH logger will be installed outside with a metering interval no greater than 15
minutes.
L-1 – Day-lighting control of atrium lights
This measure includes installing day-light sensors on the atrium lighting.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation light level sensors. The customer will
be interviewed to verify any actions taken to ensure the persistence of savings. These actions
include:
 The atrium and connecting walkway light always off when there is adequate natural
lighting
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. Any available EMS trends will be collected for all
possible points with special interest in the following:
 Day-light sensor status
 Outside lighting levels
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the atrium lighting
circuit if available, with a metering interval no greater than 15 minutes. In addition, spot
measurements of Volts, Amps, PF, and kW will be taken during the site visit using a NISTcalibrated Fluke 1735 power meter.
Occ-1 – Occupancy sensor control of lighting and HVAC
This measure includes installing occupancy sensors on the gym lighting and RTU when the gym
is empty.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation light level sensors. The customer will
be interviewed to verify any actions taken to ensure the persistence of savings. These actions
include:
 The trends for the AHU-4 supply fan status and VFD speed
 The trends used to verify that the lighting and AHU occupancy sensors are working
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The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. Any available EMS trends will be collected for all
possible points with special interest in the following:
 Lighting scheduling
 Lighting status
 AHU supply and return fan kW or %kW or %speed
 Outside air temperature
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
DENT ElitePro or Onset Energy Logger Pro loggers will be installed on the gym lighting circuit
if available, with a metering interval no greater than 15 minutes. In addition, spot measurements
of Volts, Amps, PF, and kW will be taken during the site visit using a NIST-calibrated Fluke
1735 power meter. Percent-speed or hertz shown on the VFD controllers will be recorded at the
time of the spot measurements for all motors controlled by variable speed drives. A Hobo U23001 outside air temperature and %RH logger will be installed outside with a metering interval no
greater than 15 minutes.

Summary of Calculations
CH-1 - Chiller Plant Optimization and Control
A site visit was conducted between 9/6/2011 and 9/15/2011. This included collecting school and
HVAC system operating information and installing and removing the monitoring equipment.
The chiller system operating schedule and set points were collected from the EMS and
conversations were had with facilities staff and the RCx contractor. The locations of the
electrical panels were identified and either DENT ElitePro or Onset power loggers were installed
on the chiller, and the primary and secondary pumps. Current transducer sizes were identified
earlier and installed with the loggers. A Hobo U23-001 outside air temperature/%RH logger was
installed outside.
For this school the cooling secondary pump dp control sensor set-point was 10 psi – it was not
specified in the original documentation. The chiller enable enthalpy setting is 24.0 - where the
proposed setting was to be 22.5 btu/lbm. The chiller continues to be disabled when the outside
air is below 50°F.
There were minimal EMS trends available, as the EMS only has the ability to store a very small
number of data points..
Using the information and data collected for the chiller system the savings were recalculated for
this measure. Savings for this measure are primarily driven by schedule changes, enthalpy
enabling of the chiller and pumps, and shutting the secondary system bypass valves.
The chiller savings were adjusted based on the metered data from the monitoring period. The
data showed the EMS attempted to run the chiller between 4:50 a.m. to 3:45 p.m. each weekday
during the cooling season. Figure 1shows that this was not fully realized. During the unoccupied
periods the chiller modulates between 0 kW and about 80 kW.
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The metered hours of operation were applied to both the existing and proposed scenarios. This
was done because the measures that calculate air handling unit savings are also calculating
cooling savings for the reduced operating hours of the chiller. The ex ante analysis counted
these savings in both the optimization of the chiller plant control and the air handling unit
measures and therefore double counting the savings. The savings will be included in the air
handling measures instead of this measure.
The metered data was used to develop a chiller load profile compared to outside air temperature
for the ASHRAE temperature bins used in the calculations. The curve fit shown in Figure 2 was
used to replace the chiller demand in the calculations.
Figure 1
Chiller Demand
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Figure 2
Chiller Demand vs OAT
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The primary pump electrical savings were adjusted based on the metered data collected during
the monitoring period. The metered data showed that the primary pump runs 24/7. The original
proposed condition was to allow this pump to run only when the chiller is operating – and since
the chiller appears to be enabled 24/7, this pump is always running. The data also shows in
Figure 3 the average demand of the primary pump to be 6.97 kW when it is running - compared
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to the ex ante demand of 5.1 kW. The savings for this pump are based on only a schedule change
– thus, the monitoring suggests no savings from the primary pump anticipated operation change.
Figure 3
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The monitoring shows that the secondary pumps also run 24/7 - as shown in Figure 5. However,
during the unoccupied periods, the pump idles at a lower demand – in this case about 2.0 kW
The data also shows that the demand varies with outside air temperature - as shown in Figure 4.
The profile displayed in Figure 5 was applied to the ASHRAE temperature bin analysis for the
hours the chiller is running for the proposed case. The demand of the secondary pumps is nearly
the same for each ASHRAE bin, as the original calculations estimated this is because only the
bypass valves were closed – there is no dp set-point change.
Figure 4
Secondary Pump Demand vs. OAT
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New Baseline

Figure 5
Secondary Pump Demand
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The final savings are listed below in Table 1. The table shows the savings after each adjustment
was made to the original ex ante analysis. The Documentation adjustment reflects changes that
were made by reviewing the calculation and available project documentation. The Technology
adjustment reflects all of the changes due to the identification of different energy savings
application used compared to the ex ante calculation. The Quantity adjustment is for any changes
in the quantity of the energy saving application. The Operation adjustment is for any changes in
operating hours or conditions at the site. The Heating and Cooling adjustment is for the
interactive effects of reduced lighting power and HVAC equipment.
The savings for this measure were adjusted for multiple reasons. The largest adjustment is due to
the double counting of savings between the chiller scheduling in this measure and the HVAC
measures – including the fact that the chiller runs 24/7 during the cooling season. The second
largest adjustment is due to both the primary and secondary pumps operating 24/7 – thus no
schedule change savings are witnessed. Also, the ex ante calculation included factors that
reduced the operating hours of the chiller while this same reduction is accounted for with the
average chiller kW being reduced in the lower temperature bins. The savings were also adjusted
based on the metered data that was collected that showed different loading profiles for the chiller
and pumps.
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Table 1 CH-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

2.35
2.35
2.35
-

0.00
0.00
0.00
-

35,212
35,212
35,212
35,212
40,680
40,680
40,680
116%

HV-1 – Occupancy sensor control of HVAC
A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
HVAC system operating information and installing monitoring equipment as outlined above. The
monitoring equipment was removed on 1/23/12.
The fan operating schedules and set points were collected from the EMS and conversations were
had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset power loggers were installed on the fan circuits.
Current transducer sizes were identified earlier and installed with the loggers. A Hobo U23-001
outside air temperature/%RH logger was installed outside.
This unit was operating during the site visits. There were no indications of improper operation of
the unit. The EMS shows the AHUs 2A and 2B schedules as Academic Year: M-F, 6a-3p,
Start/Stop Off . Summer: M-F 10a-12p, Start/Stop Off.
There were minimal EMS trends available, as the EMS only has the ability to store a very small
number of data points.
Using the information and data collected for the AHUs, the savings were recalculated for this
measure. Savings for this measure are primarily driven by schedule changes and occupancy
sensors to turn off the unit when the auditorium is empty.
Schedule Change
The monitoring identified the actual schedule for these AHUs. Error! Reference source not
found. shows this schedule profile for AHU-2A and Figure 6 for AHU-2B – primarily daily
operation with the AHUs off at night and weekends. This does appear to have been a problem
with AHU-2A in the early days of the monitoring.
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Figure 6
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Figure 7
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The average academic year schedule is estimated to be 11.25 hours per weekday (4:45 to 16:00)
– which is more than the Ex Ante proposed academic weekday schedule of 7.0 hours (8:00 to
15:00.)
The monitoring was done in the academic period, not including the summer. The EMS says the
summer schedule for these AHUs is two hours per day and no weekend use. Thus, the Ex Post
uses the academic schedule of 10:00 to 12:00 for the summer based on the summer schedule
identified in the EMS system.
The average measured demand for the AHUs is 10.0 kW – which is applied to the Ex Post
calculations.
The savings for the measure are listed below in Table 2. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
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The savings for this measure were adjusted for multiple reasons. While reviewing the ex ante
calculations during the Document review it was determined that the values of chiller efficiency
(kW/ton) used were not consistent with those developed for the chiller measure (CH-1.) The
appropriate values were applied.
The savings for this measure were adjusted for a change in the schedule from the original
proposed times. The monitoring shows a longer actual occupied schedule for the academic year
than used in the original proposed schedule. This leans toward decreasing the savings.
Finally, the measured fan demands are about half the value presented in the Ex Ante
calculations. This leans toward decreasing the savings.
Table 2 HV-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

9.00
9.51
9.51
9.51
20.15
20.15
20.15
224%

0.00
0.00
0.00
0.00
6.79
6.79
6.79
-

12.68
12.68
12.68
-

6.56
6.56
6.56
-

55,091
68,674
68,674
68,674
33,852
33,852
33,852
61%

HV-2 – Heat Recovery Unit Schedule Changed
A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
HVAC system operating information and installing monitoring equipment as outlined above. The
monitoring equipment was removed on 1/23/12.
The fan operating schedules and set points were collected from the EMS and conversations were
had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset power loggers were installed on the fan circuits.
Current transducer sizes were identified earlier and installed with the loggers. A Hobo U23-001
outside air temperature/%RH logger was installed outside.
These units were operating during the site visits. There were no indications of improper
operation of the unit. The EMS shows the AHUs 1, 3, 5 have different schedules:
AHU-1: Academic year = M-F 5:55a-5p, Start/Stop Off // Summer M-F 5a-2p, Start/Stop Off
AHU-3: Academic year = M-F 6a-6:15p, Start/Stop Off // Summer M-F 6a-2p, Start/Stop Off
AHU-5: Academic year = M-F 6a-5:00p, Start/Stop Off // Summer M-F 6a-4p, Start/Stop Off

25

There were minimal EMS trends available, as the EMS only has the ability to store a very small
number of data points.
Using the information and data collected for the AHUs, the savings were recalculated for this
measure. Savings for this measure are primarily driven by schedule changes and occupancy
sensors to turn off the unit when the auditorium is empty.
Schedule Change
The monitoring identified the actual schedule for these AHUs. Figure 8 shows this schedule
profile for AHU-1, Figure 9 for AHU-3, and Figure 10 for AHU-5 – primarily daily operation
with the AHUs off at night, and some hours on Saturday. There does appear to be some erratic
operation of AHU-5 during the monitoring.
Figure 9
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Figure 8
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Figure 10
AHU 5 Demand
10.0

kW

8.0
6.0
4.0
2.0
0.0
23
1/
19
1/
15
1/
11
1/

7
1/

3
1/
0
/3
12
6
/2
12
2
/2
12
8
/1
12
4
/1
12
0
/1
12
/6
12

Date

The average academic year schedule is estimated to be 11.25 hours per weekday only (5:00 to
16:15) – which is more than the Ex Ante proposed academic weekday schedule of 7.0 hours
(8:00 to 15:00.) Also, for the academic year, the data shows some hour on Saturdays for two of
the schools – estimated to be 0.8h per Saturday (11:00 to 11:45.)
The monitoring was done in the academic period, not including the summer. The average EMS
summer schedule for these AHUs is 9.0 hours per weekday and no weekend use. Thus, the Ex
Post uses the schedule of 5:40 to 14:40 for the summer based on the summer schedules identified
in the EMS system.
The average measured demand for the AHUs is 27.2 kW – which is applied to the Ex Post
calculations.
The savings for the measure are listed below in Table 3. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The monitoring shows a longer actual occupied schedule than used in the Ex Ante baseline
schedule. The recalculation assumes that the new existing schedule is the same as the measured
proposed schedule. The assumption is that they would have changed to this schedule regardless
of the RCx program. To base the analysis on the original schedule of 10 hours, compared to the
measured 11.25 hours, would result in negative savings for this component of the measure.
Using the new operating hours for both before and after results in no savings for the scheduling
of the air handling units.
Finally, the measured fan demands are about 70% of the value presented in the Ex Ante
calculations. This leans toward decreasing the savings.
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Table 3 HV-2 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
10.81
10.81
10.81
-

0.00
0.00
0.00
0.00
18.63
18.63
18.63
-

7.38
7.38
7.38
-

9.05
9.05
9.05
-

72,654
78,993
78,993
78,993
36,185
36,185
36,185
50%

HV-3 – Optimize control of HVAC
A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
HVAC system operating information and installing monitoring equipment as outlined above. The
monitoring equipment was removed on 1/21/12.
The fan operating schedules and set points were collected from the EMS and conversations were
had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset power loggers were installed on the fan circuits.
Current transducer sizes were identified earlier and installed with the loggers. A Hobo U23-001
outside air temperature/%RH logger was installed outside.
These units were operating during the site visits. There were no indications of improper
operation of the unit. The EMS shows the AHU schedule for AHU-6: Academic year M-F 6:00a5:00p, Start/Stop Off. Summer M-F 9:00a-3:00p, Start/Stop Off.
There were minimal EMS trends available, as the EMS only has the ability to store a very small
number of data points.
Using the information and data collected for the AHU, the savings were recalculated for this
measure. Savings for this measure are primarily driven by schedule changes and recommissioning the economizer and CO2 systems and controls.
The monitoring identified the actual schedule for this AHU. Figure 11 shows this schedule
profile – primarily daily operation with the AHU off at night and weekends. There is a lot of
cycling during mostly the unoccupied periods and there is also some during the occupied period
as well, but the core scheduling is fairly consistent.
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Figure 11
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The average academic year schedule is estimated to be 11.00 hours per weekday only (4:35 to
15:30) – which is more than the Ex Ante proposed academic weekday schedule of 10.0 hours
(8:00 to 15:00.)
The monitoring was done in the academic period, not including the summer. The EMS for this
AHU says the summer schedule is 6.00 hours per day and no weekend use. Thus, the Ex Post
uses the academic schedule of 9:00 to 15:00 for the summer based on the summer schedule
identified in the EMS system.
The average measured demand for the AHUs is 4.9 kW – which is applied to the Ex Post
calculations.
The savings for the measure are listed below in Table 4. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The savings for this measure were adjusted for multiple reasons. While reviewing the ex ante
calculations during the Document review it was determined that the values of chiller efficiency
(kW/ton) used were not consistent with those developed for the chiller measure (CH-1.) The
appropriate values were applied.
The savings for this measure were adjusted for a change in the schedule from the original
proposed times. The monitoring shows a longer actual occupied schedule for the academic year
than used in the original proposed schedule.
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Finally, the measured fan demands are about half the value presented in the Ex Ante
calculations.
Table 4 HV-3 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

6.50
6.96
6.96
6.96
24.54
24.54
24.54
378%

0.00
0.00
0.00
0.00
2.86
2.86
2.86
-

21.45
21.45
21.45
-

2.45
2.45
2.45
-

19,485
21,559
21,559
21,559
27,776
27,776
27,776
143%

HV-4 – Optimize HVAC operations
A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
HVAC system operating information and installing monitoring equipment as outlined above. The
monitoring equipment was removed on 1/17/12.
The fan operating schedules and set points were collected from the EMS and conversations were
had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset power loggers were installed on the fan circuits.
Current transducer sizes were identified earlier and installed with the loggers. A Hobo U23-001
outside air temperature/%RH logger was installed outside.
These units were operating during the site visits. There were no indications of improper
operation of the unit. The EMS shows the schedules for these AHUs:
AHU-7: Academic year M-F 5:30a-5p, Start/Stop Off. Summer Unoccupied.
AHU-8: Academic year M-F 5:55a-5p, Start/Stop Off. Summer Unoccupied.
There were minimal EMS trends available, as the EMS only has the ability to store a very small
number of data points.
Using the information and data collected for the AHUs, the savings were recalculated for this
measure. Savings for this measure are primarily driven changing AHU schedules and fixing VSD
controls to reduce air flow based on static pressure set point.
The monitoring identified the actual schedules for these AHUs. Figure 12 shows this schedule
profiles for the two units. AHU-7 did not run until January 9th, 2012 and after the 13th, it ran all
hours. AHU-8 never turns off though it runs at a slightly lower demand during “unoccupied”
hours.
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Figure 12
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Prior to the RCx project the supply and return fan VFDs were in manual bypass – operating at
full speed. Static pressure reset control was added to the supply fan VFD control. This should
result in fan speed changes based on static pressure. However, Figure 12 shows functionally no
change is speed of the AHUs. Because there are no apparent changes to the scheduling of the
AHUs, and because that is all that this measure consists of, there are no savings for this measure.
The savings for the measure are listed below in Table 5. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
Table 5 HV-4 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

39.20
41.86
41.86
41.86
0.00
0.00
0.00
-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

0.00
0.00
0.00
-

0.00
0.00
0.00
-

135,203
144,507
144,507
144,507
0
0
0
0%
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HV-5 –HVAC system optimized
A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
HVAC system operating information and installing monitoring equipment as outlined above. The
monitoring equipment was removed on 1/18/12.
The fan operating schedules and set points were collected from the EMS and conversations were
had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset power loggers were installed on the fan circuits.
Current transducer sizes were identified earlier and installed with the loggers. A Hobo U23-001
outside air temperature/%RH logger was installed outside.
These units were operating during the site visits. There were no indications of improper
operation of the unit. There were minimal EMS trends available, as the EMS only has the ability
to store a very small number of data points.
Using the information and data collected for the AHU, the savings were recalculated for this
measure. Savings for this measure are from changing the operating temperatures and speed of the
boiler combustion air make-up fans.
Prior to the RCx project the combustion make up air fan is enabled @ 65°F OAT. The fan
operated continuously @ 48 Hz. Proposed operation is to enable @ 38°F OAT where the fan will
operate @ 30 Hz - until the temperature drops to 10°F and less where it will run at 75 % speed.
Figure 13 shows the demand profile as a function of OAT. This chart shows the fan runs at all
temperatures below 59°F. Furthermore the table developed from these data, Table 6, shows that
the demand is significantly lower than anticipated. The table also shows that the demand (speed,
flow) decreases as the OAT decreases – not as expected.
Figure 13
CAU Demand vs OAT
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Table 6
Speed Shifts at OAT
Temperature

Average Demand

>30F

0.255

25-30

0.091

20-25

0.052

15-20

0.020

<15

0.015

The savings for the measure are listed below in Table 7. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The combustion make up air fan operates at very low flows, so there are significant electrical
savings over the base case. It is not clear if this measure has any effect on the efficiency of the
boilers.
Table 7 HV-5 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

0.00
0.00
0.00
0.00
0.77
0.77
0.77
-

0.00
0.00
0.00
0.00
0.20
0.20
0.20
-

0.00
0.00
0.00
0.00
0.79
0.79
0.79
-

7,745
8,379
8,379
8,379
7,074
7,074
7,074
91%

HV-6 – Optimize operations of fan coil units
A site visit was conducted on 12/1/2011 and 12/2/2011. This included collecting school and
HVAC system operating information and installing monitoring equipment as outlined above. The
monitoring equipment was removed on 1/18/12.
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The fan operating schedules and set points were collected from the EMS and conversations were
had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset power loggers were installed on the fan circuits.
Current transducer sizes were identified earlier and installed with the loggers. A Hobo U23-001
outside air temperature/%RH logger was installed outside.
This unit was operating during the site visits. There were no indications of improper operation of
the unit. There were minimal EMS trends available, as the EMS only has the ability to store a
very small number of data points.
Savings for this measure are primarily driven by academic and summer schedules set up to put
the FCUs into setback mode during unoccupied periods.
The FCU fan motors were too many, too small, and too distributed to monitor. The FCUs’
schedules are linked to this ERU (AHU-1, 3, and 5) schedules. The savings were recalculated
based on the schedules identified for the ERUs by the monitoring. The occupied period of the
academic year schedule is 5:00 a.m. to 16:15 p.m. (11.25 hours) Monday through Friday. Also,
for the academic year, the data shows some operating hours on Saturdays – estimated to be 0.8h
per Saturday (11:00 to 11:45.) The Ex Post schedule for the ERUs of 5:40 to 14:40 for the
summer are used for the FCUs because they are linked. These hours are longer than the original
proposed academic year schedule of 11.0 hours per weekday, and proposed summer schedule of
4 hours per weekday.
The savings for the measure are listed below in Table 8. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The savings for this measure were adjusted upward primarily due to the measured occupied
hours being shorter than originally proposed.
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Table 8 HV-6 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

12.20
12.20
12.20
12.20
4.74
4.74
4.74
39%

0.00
0.00
0.00
0.00
12.19
12.19
12.19
-

5.56
5.56
5.56
-

11.02
11.02
11.02
-

40,806
75,049
75,049
75,049
67,901
67,901
67,901
166%

HW-1 - Heating Plant Optimization and Control
A site visit was conducted on 12/5/2011 and 12/6/2011. This included collecting school and
HVAC system operating information and installing monitoring equipment as outlined above. The
monitoring equipment was removed on 1/17/12.
The hot water pump operating schedules and set points were collected from the EMS and
conversations were had with facilities staff and the RCx contractor. The locations of the
electrical panels were identified and either DENT ElitePro or Onset power loggers were installed
on the pump circuits. Current transducer sizes were identified earlier and installed with the
loggers. A Hobo U23-001 outside air temperature/%RH logger was installed outside.
For this school the heating secondary pump dp control sensor set-point was 10 psi – though this
was not adjusted for this measure. The primary and secondary pumps were operating during the
site visits. There were no indications of improper operation of the pumps.
There were minimal EMS trends available, as the EMS only had the ability to store a small
number of data points. Several additional points were setup to trend, for future collection.
Using the information and data collected for boiler system pumps the savings were recalculated
for this measure. Savings for this measure are driven by reduction in secondary pump demand
due to closing bypass valves in the hot water system, and pump hour reduction from shutting off
the pumps when the outside temperature is above 60°F and during weekends.
The original calculations show reduced secondary pump run hours because it should be off for
temperature bins above 55°F. Also, the calculations assume the pumps are not running on
weekends for the proposed scenario. It is not clear from the documentation what change affects
these savings.
The hot water pumps both operate all hours during the monitoring period – during which there
were many hours above 55°F. This can be seen in Figure 14. The monitoring data also shows
that the hot water pumps operate at all temperatures – many periods above 55°F, with a
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maximum of 67°F. These analyses show that there are no savings from the hours-reduction
component of this measure.
Figure 14
Hot Water Pumps Demand
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Savings are reported from the pump running at lower demands for the proposed scenario. This is
likely attributed to shutting some bypass valves in the system.
The final savings are listed below in Table 9.The table shows the savings after each adjustment
was made to the original ex ante analysis. The Documentation adjustment reflects changes that
were made by reviewing the calculation and available project documentation. The Technology
adjustment reflects all of the changes due to the identification of different energy savings
application used compared to the ex ante calculation. The Quantity adjustment is for any changes
in the quantity of the energy saving application. The Operation adjustment is for any changes in
operating hours or conditions at the site. The Heating and Cooling adjustment is for the
interactive effects of reduced lighting power and HVAC equipment.
The largest adjustment is due to the speed reduction of the pump due to shutting bypass valves,
which proved to be much more significant than originally anticipated. The monitoring data
shows that the pump runs when the OAT is greater than 55°F, so that part of the measure does
not contribute to the savings for this measure.
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Table 9 HW-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

0.00
0.00
0.00
0.00
7.96
7.96
7.96
-

0.58
0.58
0.58
-

8.04
8.04
8.04
-

13,928
16,287
16,287
16,287
50,846
50,846
50,846
365%

L-1 – Day-lighting control of atrium lights
A site visit was conducted on 12/5/2011 and 12/6/2011. This included collecting school and
HVAC system operating information and installing monitoring equipment as outlined above. The
monitoring equipment was removed on 1/17/12.
The 16 metal halide lights that are part of the measure are positioned high in the atrium – at
about the second story level.
The measure metal halide lights were never on when the site engineer passed through the atrium.
This was most often during the school day and mostly sunny days. The site engineer passed
through this area on a couple of overcast days and the lights were not on.
The custodian and person in the school office were questioned about the operation of the lights in
the atrium. The receptionist in the office next to the atrium did not pay much attention to the
lights and could not offer any insights. The day custodian said the he never sees the lights on and
does not turn them off or on. The site engineer never encountered the evening custodian.
The circuits in the electrical panels in this building are notoriously unmarked. The site engineer
spent considerable time looking for the circuit that feeds the lights in the atrium without success.
Thus, the site engineer was not able to put power monitoring equipment on the circuit for this
lighting.
As a consequence of ambiguity in the information that the staff was able to provide, the site
engineer’s being unable to locate the lighting circuit to monitor the operation of these lights, and
the fact that they were never on during the day, the savings were adjusted to assume that these
lights are never on.
It was discovered that the ex ante calculations used 6 weekdays per week where it should be 5
weekdays per week – based on the layout of the calculations. This value was set to 5 for the
documentation adjustment, causing a reduction in savings. The fact that the lights are never on
brings the savings back up, to over 100% of the ex ante savings, as shown below.
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The final savings are listed below in Table 10. The table shows the savings after each adjustment
was made to the original ex ante analysis. The Documentation adjustment reflects changes that
were made by reviewing the calculation and available project documentation. The Technology
adjustment reflects all of the changes due to the identification of different energy savings
application used compared to the ex ante calculation. The Quantity adjustment is for any changes
in the quantity of the energy saving application. The Operation adjustment is for any changes in
operating hours or conditions at the site. The Heating and Cooling adjustment is for the
interactive effects of reduced lighting power and HVAC equipment.
Table 10 L-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.50
0.00
0.00
0.00
1.56
2.21
2.21
442%

0.40
0.40
0.40
0.40
1.17
1.17
1.17
293%

1.25
1.77
1.77
-

1.20
1.20
1.20
-

8,797
7,301
7,301
7,301
6,964
8,922
8,922
101%

OCC-1 – Occupancy sensor control of lighting and HVAC
A site visit was conducted on 12/5/2011 and 12/6/2011. This included collecting school and
HVAC system operating information and installing monitoring equipment as outlined above. The
monitoring equipment was removed on 1/17/12.
This measure includes both occupancy sensors on gym lighting and changes to the AHU
operations.
The gym lighting includes (25) 8-lamp flourescent fixtures. Many of them had seven or less of
the eight lamps working as follows: (3) fixtures with (8) working lamps, (16) with (6) working
lamps, (5) with (4) working lamps, and (1) with (2) working lamps. There was no
change/upgrade to the lighting fixtures in the gym.
The circuit that serves these lights could not be located, so a power logger was not installed.
Given the distribution of, and lack of access to put the lighting logger in some of the fixtures, a
Hobo U12-012 lumen level logger was placed on top of one of the exit signs in the gym, with the
light sensor pointing at the ceiling lights.
The fan operating schedules and set points were collected from the EMS and conversations were
had with facilities staff and the RCx contractor. The locations of the electrical panels were
identified and either DENT ElitePro or Onset power loggers were installed on the fan circuits.
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Current transducer sizes were identified earlier and installed with the loggers. A Hobo U23-001
outside air temperature/%RH logger was installed outside.
These units were operating during the site visits. There were no indications of improper
operation of the unit. The EMS shows the schedules for these AHUs:
AHU-4: Academic year M-F 8:00a-3:05p, Start/Stop Off. Summer Unoccupied.
There were minimal EMS trends available, as the EMS only has the ability to store a very small
number of data points.
Using the information and data collected for the lighting and AHU, the savings were recalculated
for this measure. Savings for this measure are primarily driven by lighting occupancy control,
HVAC schedule changes and occupancy control, and repairing the fan speed control based on
static pressure set-point.
The monitoring identified the actual schedule for this AHU. Figure 15 shows this schedule
profile – primarily daily operation with the AHU off at night and weekends.
Figure 15
AHU 4 Demand
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The average academic year schedule is estimated to be 11.00 hours per weekday only (4:40 to
15:40) – which is more than the Ex Ante proposed academic weekday schedule of 8.0 hours
(8:00 to 16:00.)
The monitoring was done in the academic period, not including the summer. The EMS for this
AHU says the AHU is off during the summer. Thus, the Ex Post uses no run time for this unit in
the summer.
The average measured demand for AHU-4 is 1.6 kW – which is applied to the Ex Post
calculations.
The savings for the measure are listed below in Table 11. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
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changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The savings for this measure were adjusted for a change in the schedule from the original
proposed times. The monitoring shows a longer actual occupied schedule for the academic year
than used in the original proposed schedule.
Table 11 OCC-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

3.90
3.90
3.90
3.90
9.26
11.34
11.34
291%

1.40
1.39
1.39
1.39
7.07
7.07
7.07
505%

8.10
9.75
9.75
-

7.14
7.14
7.14
-

46,890
76,651
76,651
76,651
43,971
48,066
48,066
103%

Summary
The ex ante electrical savings for all of the measures of this project, along with all of the
adjustments made and the ex post savings are summed, and the total project savings and
realization rates are calculated and displayed below in Table 12.
Table 12 CE07M019 Project Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

71.30
74.43
74.43
74.43
71.06
73.79
73.79
103%

1.80
1.79
1.79
1.79
57.43
57.43
57.43
3191%

59.54
61.71
61.71
-

46.25
46.25
46.25
-

435,811
532,612
532,612
532,612
315,249
321,302
321,302
74%
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Project Information
Project ID#:
Measure:
Demand Savings:
Facility Usage:

EA07M003
HVAC and Lighting
11.3 Summer kW, 7.0 Winter kW, 295,586 kWh
School

Measure Description
The customer performed several measures to reduce the building’s energy use. These measures
consisted of Optimizing the Secondary Chilled Water Loop Pump (Measure CH-1), Optimizing
the Heat Recovery and Heat Pump Controls in the F Wing of the school (Measure HP-1),
Reducing the operating hours of unit ventilators and fan coil units (Measure HV-1), optimizing
the VFD exhaust fans controls (which is based on outside air temperature) (Measure HV-3),
optimizing the kitchen exhaust control (measure HV-4), occupancy control in the old and new
gyms (Measures OCC-1 and OCC-2, respectively), optimizing the auditorium air handling unit
scheduling (measure HV-7), adding classroom emergency nightlight controls (measure L-3), and
optimizing the corridor lighting controls (measure L-4). These measures are described in more
detail below:
Measure #CH-1: Optimize Secondary Chilled Water Loop Pump (SCHWP)
The customer installed a new Calibrated Chilled Water (CHW) differential sensor, lowered the
CHW Differential Pressure (DP) set point, reprogrammed the existing Invensys control logic
software, and rewired the new CHW DP sensor back to the chiller room panel to make it a
dedicated input parameter controlling the Variable Frequency Drive PID loop. The chilled water
system consists of 2 York chillers with primary/secondary pumping. A fixed-speed pump for
each chiller and 2 secondary pumps with VFDs provide lead and lag. There is a chilled water
differential sensor in the secondary CHW loop, which controls the VFDs, but it was found to be
not working properly. This was causing the secondary pumping to run at full capacity all the
time that the chillers were enabled.
Measure # HP-1: Heat Recovery & Heat Pump Control Optimization - F Wing
The customer reprogrammed the existing Invensys control logic software for the water / water
heat pump and optimized the heat pump compressor staging sequence. The existing Outside Air
Temperature (OAT) sensor was recalibrated, and a heating / cooling water supply reset schedule
was added to the heat pumps, which is able to reset the condenser loop supply water temperature
based on the outside air temperature. The first floor control valve was repaired because it was
found to be defective. The summer / winter setpoint changeover temperature was changed to
65ºF from 55ºF, and the building load was integrated into the new control scenario. An
“unoccupied” schedule was added to the sequence of the water /water heat pump system, to be
used when the main heat recovery unit is unoccupied or if there is no load needed. There are
three water/ water heat pump units and chilled water/ hot water pumps in the F wing mechanical
room, which provide chilled or hot water to space coils off the main rooftop heat recovery unit.
The first floor coil was found to have a leaking temperature control valve sequenced by the
BMS. There are also heat pumps individually controlling the temperature of the air in the

classrooms. The OAT sensor controlling the changeover was found to read 5°F lower than
actual. The inaccurate OAT reading caused simultaneous heating and cooling to occur
occasionally. When the six compressors switch at the same time (when going from heating to
cooling mode), a demand spike of about 30kW occurs. The calculations provided in the
documentation received should be carefully reviewed for accuracy and credibility (it is unknown
where many of the numbers in the calculations came from). The heat pumps operate on a tiered
system, where if the demand exceeds what the first pump can provide, the second heat pump will
kick in, and the same will occur with the third heat pump coming in when necessary.
Measure #HV-1 - Reduce operating Hours on unit ventilators and fan coil units
The customer reprogrammed the existing Invensys BMS System so that the occupied &
unoccupied setpoints for the school became coordinated with the current operation. There are
many unit ventilators and fan coil units (exact number not specified) which provide both heating
and cooling, controlled by the BMS with an Optimum Start/Stop (OSS) schedule. The OSS
schedule did not line up very well with the occupied/unoccupied hours of the building, and there
were a lot of discrepancies with the fan time schedules for various areas and building zones.
Measure # HV-3: Optimize VFD exhaust fans on Outside Air Temperature
The customer reprogrammed the existing Invensys BMS to control all exhaust fan VFDs using
the outside air temperature. There are 11 roof exhaust fans with VFDs used for ventilation for
classrooms and occupied spaces. Controlled by the BMS, they operate at minimum fan speed
when the unit ventilators are not in economizer mode and the classroom space temperatures are
below the cooling setpoint. When classroom temperatures are above the cooling setpoint,
outdoor air dampers open, the main chiller plant doesn’t operate, and the VFDs modulate to
100% for space cooling (assuming the economizers are working). If the main chiller plant is
operational, exhaust fan VFDs operate at minimum speed. Nearly all of the classroom space
temperatures are above the cooling setpoint, causing the exhaust fan VFDs to run at 100%. The
exhaust fans operating at 100% most of the time is unnecessary, thus significant amounts of
electricity is wasted.
Measure #HV-4: Kitchen Exhaust control optimization
The customer installed an adjustable time switch for the kitchen exhaust fans in place of the
existing local switch at the fan starter. The customer wired and interlocked the corresponding
make-up air unit (MAU) into the timer switch circuit in lieu of the MAU existing switch
operation. The new timer controls both the hood exhaust fans and the MAU together and will
turn off this equipment when the timer times out. The electrical time switch will be adjustable,
and allow the equipment to continuously operate for up to 8 hours. Sometimes the equipment is
left on all night if nobody bothered to turn it off and the end of the day, which wastes a
significant amount of electricity.
Measure #OCC#1: Old Gym Occupancy control
The Customer installed occupancy zone controls on the existing roof top units (RTUs) and
lighting in the Old Gym. The new occupancy zone control turns off the gym’s lighting and
RTUs if the space became unoccupied for 15 minutes. The RTUs then switch to an unoccupied
mode. Once an occupant enters the gym, the occupancy sensors will set the lighting and the
RTUs to an occupied mode. During unoccupied hours the RTUs are controlled by the existing

space thermostat only for heating, and the outside air dampers are set to be fully closed. This
measure covers two smaller measures (sub-measures) – one measure for lighting and one for
RTUs. The claimed energy savings from lighting is 10,573kWh and that from RTUs is
18,110kWh.
Measure #OCC #2: New Gym Occupancy Control
The customer installed zone controls for the existing Heating Ventilation units, exhaust fans, and
lighting in the New Gym, which are controlled by the newly installed occupancy sensors. This
turns off the lighting along with the RTUs in the gym if the space becomes unoccupied for 15
minutes. The system immediately switches to an occupied mode when occupants enter the gym.
During unoccupied hours the RTUs are controlled by the existing space thermostat only for
heating, and the outside air dampers are set to be fully closed. This measure covers two smaller
measures (sub-measures) – one measure for lighting and one for RTUs. The claimed energy
savings from lighting is 20,390kWh and that from RTUs is 9,185kWh.

Measure #HV-7: Optimize Auditorium AHU scheduling
The customer changed the occupancy setpoint schedule for the auditorium air handling unit,
making it always run in unoccupied mode. The air handling unit can only run in occupied mode
when there is an event or function in the auditorium, and the air handling unit switches modes
via an Optimal Start/Stop schedule. Previously the auditorium was heated and cooled (the AHU
was on) based on the occupancy hours of the rest of the school, which was controlled by the
BMS.
Measure #L-3: Addition of Classroom Emergency Nightlight control
At each emergency lighting inverter panel, the customer installed controls to de-energize the
emergency lighting circuits to a status of off during a non-emergency condition. The controls
energize the circuit when the lights are required during an emergency condition with power
supplied though the inverter. These emergency lights are installed in the existing lighting
fixtures, and are all wired independently from the building lighting circuits and are fed from
dedicated emergency lighting inverter panels. Previously the lights operated continuously, after
this measure they operate for 17.5 hours a day.
Measure #L-4: Corridor lighting control optimization
The customer installed new motion sensors in all the corridors and hallways to control the
existing lighting fixtures and night lamps. The new occupancy zone controls turn off lighting if
the areas became unoccupied for 30 minutes and turn on instantly if occupants enter a corridor or
hallway. The customer reprogrammed the BMS to command all lighting fixtures to be energized
and under zone control during occupied school days. Once the corridors and hallways become
unoccupied and the custodians and cleaning crews turn off the lighting at local switches, the
emergency lighting lamps only activate if the motion sensors identify activity in the corridor or
hallway. Previously, all light fixtures that were on during the day were often times left on all
night for custodians and cleaning crews. In addition, emergency lights remained on continuously
as described in Measure L-3. The number of fixtures was not specified in the provided
documentation.

Summary of the Ex Ante Calculations
The provided Ex Ante Calculations listed below are broken down by measure.
Measure #CH-1: Optimize Secondary Chilled Water Loop Pump (SCHWP)
The Ex Ante calculated energy savings were done using an ASHRAE simplified Bin analysis.
The pump usage within each bin was specified for before and after this measure was performed.
Table 1 outlines the bins and the pump’s speed before and after this measure was performed:
Table 1 CH-1 SCHWP load summary

Temperature Range

% Speed before

% Speed after

95-100
90-95
85-90
80-85
75-80
70-75
65-70
60-65

100
100
100
100
100
100
100
100

100
100
90
75
65
60
55
50

The power draw of the pump at the various speeds specified above was calculated with the fullcapacity power draw and the ratio of the partial load to full load speed. The provided
calculations use a squared relationship to determine power consumption, but given that it is
relating power to speed, theoretically it should be a cubed relationship. (P1/P2) = (N1/N2)3.
Because in actuality this is not always accurate (a power of around 2.5 yields results closer to
actual), a power of 2 was likely used as a conservative estimate. The full load power
consumption of the pump is claimed to be 13.7 kW.
Measure # HP-1: Heat Recovery & Heat Pump Control Optimization - F Wing
The Ex Ante calculated energy savings were done using an ASHRAE simplified Bin analysis.
The existing and proposed schedule for each heat pump (HP-17, HP-16, HP-15, which are all 2stage) and the HWS/CHWS Pump were specified for each bin. The difference between the
existing and proposed heat pump schedule (along with the average number of hours per year
within each temperature range and the average occupied hours) was used to determine the annual
energy savings for the measure.
Measure #HV-1 - Reduce operating Hours on unit ventilators and fan coil units
The Ex Ante calculated energy savings were done using an ASHRAE simplified Bin analysis.
An existing and proposed set of operating hours is specified, the reduction in operating hours
being 6% of the existing operating hours. The total horsepower of the fans is 10.8hp, and this is
multiplied by the total annual reduction in operating hours in order to determine the energy
savings due to fan use reduction. The outside air cooling savings were determined by
multiplying the total annual reduction in operating hours for each bin by the average power draw
for cooling and the percent outside air the is being used. The annual energy savings for each bin
were then added to find the total cooling energy savings for the measure. The heating savings
were determined using the same functions as the cooling savings.

Measure # HV-3: Optimize VFD exhaust fans on Outside Air Temperature
The Ex Ante calculated energy savings were done using an ASHRAE simplified Bin analysis.
The VFD fan speeds for each tabulated temperature range is specified for existing and proposed
cases during academic year hours and summer hours. It is specified that the exhaust fans are run
80 hours per week (uniform running hours, fan speed is controlled by outside air temperature)
during the school year, and not run at all during the summer. The power consumption of the
exhaust fans is calculated for each bin using a squared affinity law (a method of getting a
conservative estimate). This power consumption is multiplied by the annual operating hours in
each bin, and the difference between the existing and proposed is the estimated energy savings.
The sum of these bin values is the total annual energy savings for the measure.
Measure #HV-4: Kitchen Exhaust control optimization
The Ex Ante calculated energy savings were done using an ASHRAE simplified Bin analysis. It
is estimated that the kitchen hood exhaust fans and Makeup Air Unit (MAU) run for 120 hours a
week, and that the running time can be reduced by 40% with this measure. The use of these
exhaust fans are not dependent on the outside air temperature. The calculation of energy savings
given the assumptions stated above could be simplified by multiplying the existing and proposed
hours of operation per week by the number of weeks the equipment is in use throughout the year.
The difference would be the resulting energy savings. The calculations for this measure include
calculations of the energy saved due to less cool air entering the facility during the winter due to
the MAU operating less. It appears as if there is a heating coil fed by a boiler which heats air
entering the building through the MAU. The savings as a result of this are not included in the
reported savings for this measure, but they probably should be.
Measure #OCC-1: Old Gym Occupancy control
There are 2 exhaust fans and 2 heating/ventilating units for this gym. The previous case
presented in the calculations is that they are run continuously. The exhaust fans each have
2.0kW fan motors, and blow air out of the building. The heating/ventilating units are essentially
makeup air handling units (MAUs). This measure does not consider any heating that is done in
these units, just the fan operation. These units each have 2.9kW fan motors, and they also run
continuously. The proposed schedule is to have them run continuously when the outside air
temperature is below 45°F, and run based on occupancy sensors the rest of the time. The
occupancy sensors that are to control these units are also used to control the lighting in the gym
(lighting is controlled by the occupancy sensors all the time, not temperature-dependent). It was
estimated that the occupancy sensors would be able to decrease lighting use by 40%. When the
fan motors are to be controlled by the occupancy sensors, it is estimated that their use will also
decrease by 40%. If the fans and lights are both controlled on/off by occupancy sensors (when
the outside air temperature is above 45°F), they should both operate the same number of hours.
This is not the case in the calculations because they have different base cases, and are decreased
by the same percentage. For the heating/ventilation and exhaust fans, the existing and proposed
hours of operation throughout the year are multiplied by the power consumption of the units, and
the difference between the existing and proposed is the energy savings. The same is done for
lighting, except that the power consumption is simply multiplied by the existing and proposed
annual hours of use, and the difference is the energy savings. The total savings of the

heating/ventilation fans, the exhaust fans, and the lighting are the claimed savings for the entire
measure.
Measure #OCC-2: New Gym Occupancy Control
The new gym has 2 heating/ventilating units, but there are no exhaust fans specified in the
measure documentation (there are 2 exhaust fans specified in Measure OCC-1). The control via
occupancy sensors for the lighting and ventilation fans is identical to that in Measure OCC-1,
except that the estimated savings is 50% instead of 40%. Given that there are 2
heating/ventilating units specified but no units that would contribute to moving air out of the
gym, a positive pressure would be experienced in the gym. It is possible that there is ventilation
equipment to move air out of the gym that is not specified in this measure (further investigation
is needed).
Measure #HV-7: Optimize Auditorium AHU scheduling
The auditorium has an Air Handling Unit (AHU) that keeps the air at a constant temperature
from 7AM -2PM Monday-Saturday. Most of the time the auditorium is vacant, and thus it does
not need to be temperature-controlled most of the time. It is estimated that the AHU would be
able to heat and cool the auditorium based on an optimum start/stop schedule (OSS). The
Building Management System with the OSS would be programmed with the scheduled
occupancy of the auditorium so that it is temperature-controlled only when necessary. It is
estimated that this would reduce the run time of the AHU by 75%. The AHU Motor is specified
to be 10.8kW, which is the continuous power draw when it is operating (which moves 4500
CFM). The Ex Ante calculated energy savings were done using an ASHRAE simplified BIN
analysis. The system load for heating and cooling at a range of BIN temperatures, the annual
number of hours the outside air is at each BIN temperature range, and the existing and proposed
operating hours are used to determine the average electrical load for each BIN and the total
annual electricity use for each BIN. These are added up to get the total energy savings for the
measure. The energy savings specified for the measure only includes the AHU motor savings
and the cooling savings, but does not include the heating savings. This should probably be
included in the savings for this measure.
Measure #L-3: Addition of Classroom Emergency Nightlight control
The emergency lighting in all interior classrooms in the existing lighting fixtures is run
continuously (8,760 hours per year). The proposed case is that the emergency lighting only be
on 17.5 hours per day (turns off for 6.5 hours every night). There are a total of 273 fixtures with
35W of emergency lighting. This measure has a straightforward calculation – 273 fixtures
multiplied by 35W, multiplied by 8,760 hours results in the existing annual energy use.
Multiplying by 6,387.5 hours instead of 8,760 (17.5 hours per day instead of 24) yields the
proposed energy use. The difference between the existing and proposed energy use is the
savings for the measure.
Measure #L-4: Corridor lighting control optimization
There are a total of 158 fixtures in the corridors/hallways of the school, and the installation of
occupancy sensors to control these lights reduces their use by an estimated 60% during the
school year and 85% during the summer. Because there are custodians and cleaning crews that
occupy the building at night, often times the hallway lights are on continuously. It is estimated

that during the school year lighting use would be reduced to 9.6 hours on weekdays, 5.6 hours on
Saturdays, and 0 hours on Sundays, and during the summer it would be 3.6, 2.1, and 0 hours,
respectively. The calculations were done in the same manner as that of Measure L-3 (above).

Measurement and Verification Plan
The measurement and verification plan is outlined below by measure.
Measure #CH-1: Optimize Secondary Chilled Water Loop Pump (SCHWP)
For the verification effort of this measure, a Hobo H22-001 Energy logger will be installed to
measure the energy consumption of each chiller (2 chillers) at a maximum interval of 15 minutes
for a period of no less than one month. The logger will be installed during “summer” use, and
will again be installed to log “winter” use (minimum 1 month each). The Hobo H22001 EnergyPro Energy logger combined with the onset WattNode is a status logger that records
the average kW over a predetermined time interval by measuring the total kWh for the stated
time interval. If installed, the Hobo H22-001 logger must be launched from a computer that has
the clock synchronized to a NIST time source and programmed with a logging interval of no less
than once every 15 minutes. Per the manufacturer specifications, the Hobo H22-001 loggers
have a rated time accuracy of ±5 sec/week. The Onset WattNodes combined with SCT Amp
Current Transformers have a combined rated accuracy of ±1.5% within 10% to 130% of SCT
Amp Current Transformer rated current. This meets the requirements of the M-MVDR for both
±2 min/month time accuracy and ±2% kW accuracy. The customer will be interviewed to verify
the baseline condition (the system characteristics prior to the implementation of the measure).
Per the project documentation, the baseline condition is the secondary pumps running at full
capacity whenever the system enabled (along with the primary pumps).
Measure # HP-1: Heat Recovery & Heat Pump Control Optimization - F Wing
For the verification effort of this measure, U12-012 loggers will be installed to measure the
temperature and relative humidity of the air going from the rooftop heat recovery unit to the heat
pumps in the F-wing mechanical room, and from the mechanical room heat pumps to the
individual classroom heat pumps. Loggers will also be installed in a representative number of
classrooms to measure the temperature of the air entering the room from the individual (1 per
classroom) heat exchangers.
The Hobo U12-012 Temp/%RH logger is a status logger that records the dry bulb temperature
and % relative humidity at a preset time interval. If installed, the Hobo U12-012 must be
launched from a computer that has the clock synchronized to a NIST time source and
programmed with a logging interval of no less than once every 15 minutes. Per the manufacturer
specifications, the U12-012 loggers have a rated time accuracy of ±1 min/month. This meets the
requirements of the M-MVDR. Because the temperature/%RH will not be used to directly
calculate demand they are not required to meet the ±2% accuracy set forth by the M-MVDR for
proxy variables. The loggers will be installed during “summer” use, and will again be installed
to log “winter” use (minimum 1 month each).
If it is possible to obtain information about the heating/cooling system (setpoints, scheduling,
etc.) from the BMS, all available relevant information will be recorded. The customer will be

interviewed, and asked if there is any additional information available that would help in
determining the base case of the system. With the information and data collected, a load profile
will be created, which will allow an accurate base case to be determined, which will be used to
determine the energy savings for the measure.
Measure #HV-1 - Reduce operating Hours on unit ventilators and fan coil units
For the verification effort of this measure, the installation of loggers is dependent on what
information is available from the BMS. If it is possible to obtain the scheduling/running time for
the unit ventilators and fan coil units, a spot-measurement of the demand of a representative
sample of units will be taken using a NIST calibrated Fluke 1735 power meter. If this
information is not available from the BMS, Hobo U12-012 loggers with CTV external
measurement devices will be installed in the power supply panels of a representative sample of
unit ventilators and fan coil units to determine the running schedule of the units, and spot
measurements of Amps, PF, and kW will be taken during the site visit using a NIST calibrated
Fluke 1735 power meter. If heat recovery is done, the temperature of the supply air and
discharge air will also be logged.
The Hobo U12-012 Temp/%RH/external channel logger is a status logger that records the dry
bulb temperature and % relative humidity at a preset time interval, and information made
available by an external measurement device. If installed, the Hobo U12-012 must be launched
from a computer that has the clock synchronized to a NIST time source and programmed with a
logging interval of no less than once every 15 minutes, and will log data for a minimum of 1
month. The loggers will be installed during “summer” use, and will again be installed to log
“winter” use (minimum 1 month each). Per the manufacturer specifications, the U12-012
loggers have a rated time accuracy of ±1 min/month. This meets the requirements of the MMVDR. Because the temperature/%RH/external channel readings will not be used to directly
calculate demand they are not required to meet the ±2% accuracy set forth by the M-MVDR for
proxy variables. In order to accurately determine the base case for this measure, accurate
previous scheduling information will be needed, which may be available from the BMS and/or
the customer.
Measure # HV-3: Optimize VFD exhaust fans on Outside Air Temperature
For the verification effort of this measure, because the exhaust fans are controlled by the BMS,
information will be gathered from the BMS about the operating schedule/controls for the exhaust
fans (if available). Given that the exhaust fans are controlled based on the inside air temperature
compared to the cooling setpoint, there is likely not a regular schedule that they follow, but
information about their operation history may be available. If this is true, a spot measurement of
Volts, Amps, PF, and kW will be taken during the site visit using a NIST calibrated Fluke 1735
power meter. If information about their operating schedule is not available, U12-012 loggers
with CTV external devices will be used to determine the operating schedule for the exhaust fans,
and the Fluke 1735 will be used to measure the demand at minimum and maximum fan speeds.
The Hobo U12-012 Temp/%RH/external channel logger is a status logger that records the dry
bulb temperature and % relative humidity at a preset time interval, and the information made
available by additional devices connected via the external channel. If installed, the Hobo U12012 must be launched from a computer that has the clock synchronized to a NIST time source

and programmed with a logging interval of no less than once every 15 minutes, and will log data
for a minimum period of 1 month. The loggers will be installed during “summer” use, and will
again be installed to log “winter” use (minimum 1 month each). Per the manufacturer
specifications, the U12-012 loggers have a rated time accuracy of ±1 min/month. This meets the
requirements of the M-MVDR. Because the temperature/%RH/external channel readings will
not be used to directly calculate demand they are not required to meet the ±2% accuracy set forth
by the M-MVDR for proxy variables. The operation of the exhaust fans is dependent on the
indoor air temperature, which is often times dependent on the unit ventilator dampers (some of
which were found to be not working).
Measure #HV-4: Kitchen Exhaust control optimization
For the verification effort of this measure, an amp logger (U12-012 logger with CTV external
device) will be installed on the power supply for the exhaust fans. The Hobo U12-012
Temp/%RH logger is a status logger that records the dry bulb temperature and % relative
humidity at a preset time interval, and any data made available by an external device connected
to it. When installed, the Hobo U12-012 must be launched from a computer that has the clock
synchronized to a NIST time source and programmed with a logging interval of no less than once
every 15 minutes, and will log data for a minimum of 1 month. The loggers will be installed
during “summer” use, and will again be installed to log “winter” use (minimum 1 month each).
Per the manufacturer specifications, the U12-012 loggers have a rated time accuracy of ±1
min/month. This meets the requirements of the M-MVDR. Because the temperature/%RH will
not be used to directly calculate demand they are not required to meet the ±2% accuracy set forth
by the M-MVDR for proxy variables.
This will allow a use schedule for the exhaust fans to be determined. To determine the demand
of the exhaust fans, spot measurements of Volts, Amps, PF, and kW will be taken during the site
visit using a NIST calibrated Fluke 1735 power meter.
Measure #OCC#1: Old Gym Occupancy control
For the verification effort of this measure, a U12-012 logger will be installed to determine the
lighting use in the gym. The Hobo U12-012 light lumen level logger is a status logger that
records the measured light lumen level at a preset time interval. When installed, the Hobo U12012 must be launched from a computer that has the clock synchronized to a NIST time source
and programmed with a logging interval of no less than once every 15 minutes, and data will be
gathered for a minimum of 1 month. The loggers will be installed during “summer” use, and
will again be installed to log “winter” use (minimum 1 month each). Per the manufacturer
specifications, the U12-012 loggers have a rated time accuracy of ±1 min/month. This meets the
requirements of the M-MVDR. Because the lumen level will not be used to correlate to demand,
but instead is used at a “threshold” variable indicating light status, the lumen level accuracy
requirement is not subject to the M-MVDR requirements and is not addressed. In addition, spot
measurements of Volts, Amps, PF, and kW will be taken during the site visit using a NISTcalibrated Fluke 1735 power meter, to determine the electrical demand of the lights. The
customer will be interviewed to determine the base case if sufficient information is not available
from the BMS.

For the heating/ventilating (HV) units and exhaust fans, amp loggers (U12-012 loggers with
CTV external devices) will be installed in the power supply panels for a minimum of 1 HV unit
and 1 exhaust fan, which will allow the typical operating hours/patterns to be determined. The
Hobo U12-012 Temp/%RH/external channel logger is a status logger that records the dry bulb
temperature and % relative humidity at a preset time interval, and the information made available
by external devices connected via the external channel. When installed, the Hobo U12-012 must
be launched from a computer that has the clock synchronized to a NIST time source and
programmed with a logging interval of no less than once every 15 minutes, and will log data for
a minimum period of 1 month. The loggers will be installed during “summer” use, and will
again be installed to log “winter” use (minimum 1 month each). Per the manufacturer
specifications, the U12-012 loggers have a rated time accuracy of ±1 min/month. This meets the
requirements of the M-MVDR. The Fluke 1735 will also be used to take spot measurements of
the demand of the HV units and exhaust fans.

Measure #OCC #2: New Gym Occupancy Control
For the verification effort of this measure, a U12-012 logger will be installed to determine the
lighting use in the gym. The Hobo U12-012 light lumen level logger is a status logger that
records the measured light lumen level at a preset time interval. When installed, the Hobo U12012 must be launched from a computer that has the clock synchronized to a NIST time source
and programmed with a logging interval of no less than once every 15 minutes, and data will be
gathered for a minimum of 1 month. The loggers will be installed during “summer” use, and
will again be installed to log “winter” use (minimum 1 month each). Per the manufacturer
specifications, the U12-012 loggers have a rated time accuracy of ±1 min/month. This meets the
requirements of the M-MVDR. Because the lumen level will not be used to correlate to demand,
but instead is used at a “threshold” variable indicating light status, the lumen level accuracy
requirement is not subject to the M-MVDR requirements and is not addressed. In addition, spot
measurements of Volts, Amps, PF, and kW will be taken during the site visit using a NISTcalibrated Fluke 1735 power meter, to determine the electrical demand of the lights. The
customer will be interviewed to determine the base case if sufficient information is not available
from the BMS.
For the heating/ventilating (HV) units and exhaust fans, amp loggers (U12-012 loggers with
CTV external devices) will be installed in the power supply panels for a minimum of 1 HV unit
and 1 exhaust fan, which will allow the typical operating hours/patterns to be determined. The
Hobo U12-012 Temp/%RH/external channel logger is a status logger that records the dry bulb
temperature and % relative humidity at a preset time interval, and the information made available
by external devices connected via the external channel. If installed, the Hobo U12-012 must be
launched from a computer that has the clock synchronized to a NIST time source and
programmed with a logging interval of no less than once every 15 minutes, and will log data for
a minimum period of 1 month. The loggers will be installed during “summer” use, and will
again be installed to log “winter” use (minimum 1 month each). Per the manufacturer
specifications, the U12-012 loggers have a rated time accuracy of ±1 min/month. This meets the
requirements of the M-MVDR. The Fluke 1735 will also be used to take spot measurements of
the demand of the HV units and exhaust fans.

Measure #HV-7: Optimize Auditorium AHU scheduling
For the verification effort of this measure, if it is possible to collect data about the AHU
operation from the BMS (both past and present operation), all relevant data will be collected. A
Hobo U22-001 Energy logger will be installed in the power supply panel for the AHU, which
will be used to determine the average energy consumption of the AHU. The Hobo H22001 EnergyPro Energy logger combined with the onset WattNode is a status logger that records
the average kW over a predetermined time interval by measuring the total kWh for the stated
time interval. If installed, the Hobo H22-001 logger must be launched from a computer that has
the clock synchronized to a NIST time source and programmed with a logging interval of no less
than once every 15 minutes. Data will be collected for no less than one month. The loggers will
be installed during “summer” use, and will again be installed to log “winter” use (minimum 1
month each). Per the manufacturer specifications, the Hobo H22-001 loggers have a rated time
accuracy of ±5 sec/week. The Onset WattNodes combined with SCT Amp Current Transformers
have a combined rated accuracy of ±1.5% within 10% to 130% of SCT Amp Current
Transformer rated current. This meets the requirements of the M-MVDR for both ±2 min/month
time accuracy and ±2% kW accuracy.
If the BMS does not have information about the past operation of the auditorium AHU, the
customer will be interviewed, so that an accurate base case can be determined.
Measure #L-3: Addition of Classroom Emergency Nightlight control
For the verification effort of this measure, spot measurement of Volts, Amps, PF, and kW will be
taken during the site visit using a NIST calibrated Fluke 1735 power meter, to determine the
demand of the emergency lights. In addition, information will be gathered from the BMS to
confirm the current and base case.
Measure #L-4: Corridor lighting control optimization
For the verification effort of this measure, several U12-012 loggers will be installed. Some of
the loggers installed for this measure can likely be used for measure L-3 as well. The Hobo U12012 light lumen level logger is a status logger that records the measured light lumen level at a
preset time interval. If installed, the Hobo U12-012 must be launched from a computer that has
the clock synchronized to a NIST time source and programmed with a logging interval of no less
than once every 15 minutes. Per the manufacturer specifications, the U12-012 loggers have a
rated time accuracy of ±1 min/month. This meets the requirements of the M-MVDR. Because
the lumen level will not be used to correlate to demand, but instead is used at a “threshold”
variable indicating light status, the lumen level accuracy requirement is not subject to the MMVDR requirements and is not addressed. The data collected by these loggers will show when
the lights (including emergency lights) are on and off.
In addition, spot measurement of Volts, Amps, PF, and kW will be taken during the site visit
using a NIST calibrated Fluke 1735 power meter, to determine the demand of each set of lights
(fixture w/ballast and lamps).
Measure: Repair Outside Air Dampers
If there is information available in the BMS (heat recovery unit temperature readings, damper
status, etc), all relevant information will be collected. The outdoor air temperature is being

recorded for other measures, so no loggers are needed for outdoor air temperature readings. If it
is possible to install U12-012 loggers to measure the outdoor air temperature after it goes
through the heat recovery unit (HRU) as well as the exhaust air as it is exiting the RHU, they will
be installed.
The Hobo U12-012 Temp/%RH logger is a status logger that records the dry bulb temperature
and % relative humidity at a preset time interval. If installed, the Hobo U12-012 must be
launched from a computer that has the clock synchronized to a NIST time source and
programmed with a logging interval of no less than once every 15 minutes. Per the manufacturer
specifications, the U12-012 loggers have a rated time accuracy of ±1 min/month. This meets the
requirements of the M-MVDR. Because the temperature/%RH will not be used to directly
calculate demand they are not required to meet the ±2% accuracy set forth by the M-MVDR for
proxy variables.
Using the data collected as outlined above, the heating load for the base case and postimplementation can be determined, from which the gas savings can be calculated.

Description of Verification
An initial site visit was performed on July 28, 2011, during which the facility manager was
interviewed about the operation of the Cooling and Heating Systems and the work that was
performed with the completion of this project. The facility manager was able to direct the
visiting engineer to the units that were involved in the project and was able to grant access to the
BMS used to control the heating and cooling systems, but they were unable to provide much
relevant information concerning the control of the units. The visiting engineer looked through
the BMS for any trending capabilities or relevant control sequences or system setpoints, but the
information available was extremely minimal.
During the initial site visit a U12-012 temperature/%RH/lumen level logger was installed to
measure the temperature of the air inside the auditorium and the light level in the auditorium.
The data collected with this logger will be used in the calculation of savings for measure HV-7.
U12-012 temperature/%RH loggers were also installed inside the Heat Recovery unit involved in
measure HP-1 to measure the discharge air temperature, the exhaust air temperature, and the
return air temperature. Three U12-012 loggers were also installed in the F-wing of the school to
measure the air temperature entering the classrooms through the ceiling registers. A U12-012
External Channel logger with thermistors was installed to measure the temperature of the supply
and return pipes of the heat pumps used in the F-wing.
Two Hobo Energy Logger Pro loggers were also installed during the initial site visit – one to
measure the energy supplied to the supply fan of RTU-1, and one to measure the energy supplied
to the AHUs serving the Gym.
A Hobo U23-001 Outside Temperature/%RH logger was installed to measure the outside air
temperature.

The installed loggers were collected on August 18, 2011, and the data offloaded to a computer
for future analysis.
A third site visit was performed on January 18, 2012 during which loggers were installed to
monitor the operation of the equipment involved in this project while school is in session and the
building is in heating mode. During this site visit U12-012 External Channel loggers with 50A
or 100A CTs were installed to monitor the operation of the heat pumps serving the F-wing of the
building, and U12-012 temperature/%RH loggers were installed in the Heat Exchanger metered
during the summer to measure the temperature of the exhaust air, the return air, the supply air,
and the outside air entering the unit. A Hobo U12-012 External Channel logger with 20A CT
was installed to monitor the current drawn by the kitchen hood exhaust fan motor involved in
measure HV-4. A Hobo U12-012 External Channel logger with 100A CT was installed to
monitor RTU serving the gym and a U12-012 logger with 20A CT was installed to measure the
current drawn by the lights in the gym.
For verification of the measures that involved installing occupancy sensors to control lights, a
total of (10) U12-012 lumen level loggers were installed to record the lighting level in various
areas of the building where the lights are now controlled by occupancy sensors (a few hallways
scattered throughout the building).
A Hobo U23-001 Outside Temperature/%RH logger was installed to measure the outside air
temperature.
All of the loggers installed for winter monitoring were collected on February 10, 2012, and the
data offloaded to a computer for future analysis.

Summary of Calculations
The ex post energy savings for this project is 118,060 kWh compared to the ex ante savings of
295,586 kWh, yielding a realization rate of 40%. The ex post summer and winter savings are 8.7
kW and 11.3 kW, respectively, compared to the ex ante savings of 11.3 and 7.0 kW, yielding
realization rates of 77% and 161%, respectively. The ex post summer and winter seasonal
demand savings are 11.25 kW and 5.63 kW, respectively. The energy and demand savings
calculations for each measure are summarized below.
Measure #CH-1: Optimize Secondary Chilled Water Loop Pump (SCHWP)
The secondary chilled water pumps never run, and because the operating hours are assumed to be
the same for the base case, there are no savings for this measure.
Measure # HP-1: Heat Recovery & Heat Pump Control Optimization - F Wing
The first adjustment made for this measure is the documentation adjustment. The ex ante
calculations were reviewed and some adjustments were made to the calculations as follows: The
ex ante calculations used a temperature bin analysis method to calculate annual energy savings
for this measure. The loading of the pumps in the bin analysis was adjusted to coordinate with
the conditioning demands of the building, and the hours of operation for the base case and post
case were found to be accurate. These adjustments resulted in an adjusted annual energy savings

of 53,655 kWh, which is 48,061 kWh less than the ex ante savings. There are no ex ante demand
savings, and this did not change with the documentation adjustments.
The operations adjustment for this measure was calculated based on temperature profiles that
were created based on data collected using temperature sensors installed to measure the supply
and return pipe temperatures of the heat pumps. The temperature data collected during both the
summer and winter periods of monitoring is displayed in Figure 1 and Figure 2, and from this
data and the information gathered from the building management system, it was concluded that
this measure only contributes to savings during the heating season, when the outside air
temperature is between 65°F and 80°F. The load on the heat pumps for each hour of the year is
calculated in the 8760 calculator, and the sum of the difference between the base case and post
case loads is the energy savings for this measure.
Figure 1

Figure 2

The ex post energy savings for this measure are 8,803 kW, compared to the ex ante savings of
101,726 kWh, yielding a realization rate of 8.7%. The ex post summer demand savings for this
measure is 1.0 kW. There are no other ex post demand savings. There are no ex ante demand
savings, thus there are no realization rates for the demand savings.
Measure #HV-1 - Reduce operating Hours on unit ventilators and fan coil units
The only adjustment made for this measure is an operations adjustment. The ex ante
calculations, which utilize a temperature bin analysis, were reviewed and found to be reasonable.
The cooling electrical load is graphed versus average bin temperature, and a linear regression
line relating kW to average bin temperature is calculated. This linear regression is integrated
into the 8760 calculator. This, along with the operating schedule for the unit ventilators and fan
coil units before and after the project’s completion is used to calculate the energy and demand
savings for the measure.
The ex post energy savings for this measure are 9,289 kWh, compared to the ex ante savings of
8,574, yielding a realization rate of 108%. The ex post summer and winter demand savings are 0
kW and 7.76 kW, and the ex post peak summer and winter demand savings are 5.87 kW and 4.20
kW, respectively. There are no ex ante demand savings for this measure, thus there are no
demand savings realization rates for this measure.
Measure # HV-3: Optimize VFD exhaust fans on Outside Air Temperature
The only adjustment made for this measure is an operations adjustment. The ex ante
calculations, which utilize a temperature bin analysis, were reviewed and found to be reasonable.

The VFD-driven exhaust fan electrical load is graphed versus average bin temperature, and 3
separate linear regression lines relating kW to average bin temperature are calculated – one for
heating mode, one for economizer mode, and one for cooling mode. These linear regression
lines are integrated into the 8760 calculator. This, along with the operating schedule for the unit
ventilators and fan coil units before and after the project’s completion is used to calculate the
energy and demand savings for the measure.
Measure #HV-4: Kitchen Exhaust control optimization
The only adjustment made for this measure is an operations adjustment. The kitchen exhaust fan
was metered from January 19, 2012 to February 10, 2012. There were multiple periods during
the metering period when the exhaust fan ran for days at a time, thus the timer (if it is even in
place) is not shutting the exhaust fan off after 8 hours like it is supposed to be doing. The
operations adjustment accounts for the lack of control by any timing device, and the result is that
there are no energy or demand savings for this measure.
Measure #OCC#1: Old Gym Occupancy control
The only adjustment made for this measure is an operations adjustment. The RTUs serving the
gym were metered from January 19, 2012 to February 10, 2012, and the metered data shows that
the gym RTUs are not providing outside air to the gym during occupied periods. There are no
CO2 sensors in the gym for RTU control, and this along with the lack of ventilation during
occupied hours does not meet building code. Savings will not be given for measures that cause
HVAC systems to no longer meet code that were meeting code prior to the project’s completion.
This measure also includes the control of lighting in the gym with the same occupancy sensors
that were installed to control the RTUs. During the site visit it was observed that the occupancy
sensors were broken and did not turn the lights on when someone would walk around in the gym.
A lumen level logger was installed during both the summer and winter monitoring periods to
verify this observation, and the metered data clearly shows that the lights often remain on for
days at a time, thus they are obviously not being controlled by the occupancy sensors. Because
the occupancy sensors are not working, there are no savings for the control of lights with
occupancy sensors.
There are no savings for the control of the gym RTUs and lights with occupancy sensors,
therefore there are no savings for this measure.
Measure #OCC #2: New Gym Occupancy Control
The only adjustment made for this measure is an operations adjustment. The RTUs serving the
gym were metered from January 19, 2012 to February 10, 2012, and the metered data shows that
the RTUs are only running to meet thermostat requirements. There are no CO2 sensors in place
to control ventilation in the gym. The RTUs cycling on and off to meet thermostat requirements
with no CO2 sensors in place to control ventilation does not meet code. Because the project’s
completion breaks building code there will be no savings given for the control of the RTUs.
For the lighting portion of this measure the only adjustment made is an operations adjustment.
Two average weekly profiles are created using the data collected with lumen level loggers
installed in the gym during both the summer and winter. For the base case, the lights are

assumed to be on during every hour of the week when the average logged data shows the lights
being on even a little. The instantaneous power consumption is used with the base case and post
case weekly profiles for summer and winter use to calculate the annual energy savings for the
lighting portion of this measure. The Ex Post energy savings due to lighting for this measure is
17,065 kWh compared to the ex ante savings of 20,390 kWh, yielding a realization rate of 84%
for the lighting portion of the measure. The ex post summer and winter demand savings are 2.67
kW and 2.38 kW, respectively, compared to the ex ante savings of 2.37 kW and 1.80 kW,
yielding realization rates of 113% and 132%. The ex post summer and winter peak demand
savings are 1.63 kW and 0.81 kW, respectively. These ex post savings values are the total
savings for this measure as there are no savings for the HVAC portion of this measure.
For the entire measure (both HVAC and lighting), the ex ante energy savings are 29,575 kWh,
and the summer and winter demand savings are 2.37 kW and 1.80 kW, respectively. The overall
realization rates are 58% for energy savings, and 113% and 132% for the summer and winter
demand savings.
Measure #HV-7: Optimize Auditorium AHU scheduling
The only adjustment for this measure is an operations adjustment. The ex ante calculations,
which utilize a temperature bin analysis, were reviewed and found to be reasonable. The
auditorium AHU electrical load is graphed versus average bin temperature, and a linear
regression line relating kW to average bin temperature is calculated for the base case and post
case situations. These linear regression lines are integrated into the 8760 calculator. This, along
with the operating schedule for the unit ventilators and fan coil units before and after the
project’s completion is used to calculate the energy and demand savings for the measure.
The ex post energy savings for this measure is 18,545 kWh compared to the ex ante energy
savings of 18,913 kWh, yielding a realization rate of 98%. The ex post summer and winter
demand savings are 1.92 kW and 0 kW, respectively. There are no ex post summer and winter
peak demand savings. There are no ex ante demand savings so there are no demand realization
rates for this measure.
Measure #L-3: Addition of Classroom Emergency Nightlight control
For this measure an operations adjustment and a heating and cooling adjustment were made. The
time clocks used to control the classroom emergency nightlights were observed during the site
visits in the summer and winter, and pictures were taken of the time setpoints. During the
summer the lights are on from 5:30AM to 10:30PM, and during the winter the lights are on
during the same time period. This does not change based on the occupancy of the building, the
day of the week, and weather or not school is in session. It was assumed that before the
installation of the time clocks, the lights would operate all the time.
Weekly profiles were created for the summer and winter for the base case and post case and
populated with the percent of the time that the lights are on during each hour of the week, per the
information outlined above. These weekly profiles were integrated into the 8760 calculator to
determine the energy and demand savings for the operations adjustment for this measure. The
energy savings for this measure with the operations adjustment are 24,413 kWh, and there are no
demand savings.

The method for integrating interactive effects into the calculation of savings is outlined in the UI
and CL&P Program Savings Documentation for 2011 Program Year. The heating and cooling
adjustments for this measure is 6,866 kWh, which is added to the operation savings to yield an
ex post energy savings for this measure of 31,279 kWh. This yields a realization rate of 138%.
There are no ex ante or ex post demand savings for this measure so there are no demand
realization rates.
Measure #L-4: Corridor lighting control optimization
For this measure an operations adjustment and a heating and cooling adjustment were made.
Two average weekly profiles are created using the data collected with lumen level loggers
installed in the hallways during both the summer and winter. For the base case, the lights are
assumed to be on 24 hours a day, Monday-Friday, and 6AM – 8PM Saturday and Sunday. The
instantaneous power consumption is used with the base case and post case weekly profiles for
summer and winter use to calculate the annual energy savings for this measure. The operations
adjustment energy savings for this measure is 19,708 kWh. The summer and winter demand
savings are 1.76 kW and 1.13 kW, respectively.
The method for integrating interactive effects into the calculation of savings is outlined in the UI
and CL&P Program Savings Documentation for 2011 Program Year. The heating and cooling
adjustments for this measure is 5,543 kWh, which is added to the operation savings to yield an
ex post energy savings for this measure of 25,251 kWh. This yields a realization rate of 100%.
The additional summer and winter demand savings due to heating and cooling adjustments are
0.73 kW and 0 kW, respectively, yielding ex post savings of 2.49 kW and 1.13 kW (realization
rates 61% and 126%, respectively). The additional summer and winter peak demand savings are
1.10 kW and 0 kW, respectively, yielding ex post savings of 3.75 kW and 0.62 kW, respectively
(no realization rates because there are no ex ante savings).
The total ex ante and ex post savings, along with all of the adjustments made and the realization
rates for the project, are displayed in Table 2.
The ex post savings for the entire project, broken down by measure, are displayed in Table 3.
Table 2 Summary of Project Savings

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings
11.30
11.30
11.30
11.30
10.15
11.25
11.25
100%

Winter
Seasonal Peak
Savings
7.00
7.00
7.00
7.00
5.63
5.63
5.63
80%

Summer Winter
Peak
Peak
Savings Savings
7.99
11.27
8.72
11.27
8.72
11.27
-

kWh
Savings
295,586
247,525
247,525
247,525
105,651
118,060
118,060
40%

Table 3 Ex Post Project Savings by Measure

Measure
CH-1
HP-1
HV-1
HV-3
HV-4
OCC-1 A
OCC-1 B
OCC-2 A
OCC-2 B
HV-7
L-3
L-4
Total Ex Post
Total Ex Ante
Realization Rate

Summer
Seasonal
Peak Savings
0.00
0.00
5.87
0.00
0.00
0.00
0.00
0.00
1.63
0.00
0.00
3.75
11.25
11.30
100%

Winter
Seasonal
Peak
Savings
0.00
0.00
4.20
0.00
0.00
0.00
0.00
0.00
0.81
0.00
0.00
0.62
5.63
7.00
80%

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.95
0.00
0.66
0.00
0.00
0.00
0.00
2.70
1.92
0.00
2.49
8.72
-

0.00
0.00
7.76
0.00
0.00
0.00
0.00
0.00
2.38
0.00
0.00
1.13
11.27
-

0
8,803
9,289
7,827
0
0
0
0
17,065
18,545
31,279
25,251
118,060
295,586
40%

Project Information
Project ID#:
Measure:
Electric Savings:
Gas Savings:
Technology:

EA07M006
Install occupancy controls on hallway lighting for two dormitories
39,497 kWh
2.0 Summer kW
2.0 Winter kW
0 CCF
Lighting

Measure Description
The customer installed EMS controls to turn off the hallway lighting when unoccupied.

Summary of the Ex Ante Calculations
The customer installed EMS controls to turn off the lighting in hallway spaces when the space is
unoccupied. For measure L-1, the sensors are controlling a total of (65) 2 lamp 32W T8
fluorescent fixtures. These fixtures are expected to use a total of 4.45kW. It is expected that the
lighting operation in the baseline condition is 8,736 hours per year. In the proposed case, the
lights are only expected to operate 3,212 hours per year. The demand savings are calculated as
0.283 x 4.45kW. The source of the 0.283 value is not clear.
For measure L-2, the sensors are controlling a total of (36) 2 lamp 32W T8 fluorescent fixtures.
These fixtures are expected to use a total of 2.7kW. It is expected that the lighting operation in
the baseline condition is 8,736 hours per year. In the proposed case, the lights are only expected
to operate 3,212 hours per year. The demand savings are calculated as 0.283 x 2.7kW. The
source of the 0.283 value is not clear.
Per the project documentation, the expected useful life of this measure is 9 years.
The ex ante results are displayed in the table below.
Measure

Technology

Total
L-1
L-2

Lighting
Lighting
Lighting

Summer
Seasonal Peak
Savings
2.00
1.30
0.80

Winter
Seasonal Peak
Savings
2.00
1.30
0.80

kWh
Savings
39,497
24,582
14,915

Comments on the Ex Ante Calculations
For L-1, the savings are based on a total demand of 4.45kW. Per the O&M manual, for the four
floors, the total measured fixture demand was 4.46kW. For L-2, the savings are based on a total
demand of 2.70kW. Per the O&M manual, for the four floors, the total measured fixture demand
was 2.78kW. This demand value appears to be based on the assumption of a 1.0 power factor.
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This may not be appropriate for the fluorescent fixtures controlled. In addition, the energy
savings are based on the lights in the proposed case operating according to the proposed
schedule:
Summer
7
3
3
12
492

Weekday Hours per Day
Saturday Hours per Day
Sunday Hours per Day
Weeks Per Year
Total Hours

Winter
12
4
4
40
2720

Total

52
3212

Trend data from the customer EMS system appears to indicate that 7 hours per weekday and 3
hours per weekend day in the summer months may be reasonable. It does not appear that any
trend data was supplied to justify the winter operating hours.
The summer and winter demand savings are based on the reduction of lighting demand by
28.3%. No description or justification for this factor could be found in any of the supplied
documentation. Based on the supplied trend data, this appears to be very conservative, at least
for the summer demand savings, which indicate closer to a 70% reduction in demand. No trend
data was found for the school year, so no conclusions can be inferred regarding the
appropriateness of that value for the winter demand savings.
It should also be noted that not interactive effects are considered with this analysis. Based on the
project documentation, it is expected that the affected spaces are fully conditioned (both heated
and cooled). Therefore, the ex post analysis will evaluate the appropriateness of incorporating
HVAC or other interactive effects.

Measurement & Verification Plan
This project included the calculation of savings due to the occupancy control of lighting for
hallway lighting in two buildings. An Option A: Partially Measured Retrofit Isolation approach
will be taken.
Based on the project documentation, the EMS system currently trends the status of the lighting
for each of the areas controlled. The EMS system data indicates if the lights in each area
controlled are “Active” or “Inactive.” This data was recorded on a 15 minute interval basis.
For the verification effort, the EMS trends will be collected for a minimum of one month of
“summer” operation and one month of “winter” operation. Because the data is collected on a 15
minute basis, this meets the requirement of the M-MVDR. If the data cannot be collected from
the EMS system, either Hobo U9-002 light on/off status logger or a Hobo U12-012 lumen level
logger will be installed to record the light on/off status.
The Hobo U9-002 light on/off logger is a state logger that records an even indicating a change in
light state (on to off or off to on). If installed, the Hobo U9-009 must be launched from a
computer that has the clock synchronized to a NIST time source. Per the manufacturer
specifications, the U9-002 loggers have a rated time accuracy of ±1 min/month at 25°C. This
meets the requirements of the M-MVDR.
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The Hobo U12-012 light lumen level logger is a status logger that records the measured light
lumen level at a preset time interval. If installed, the Hobo U12-012 must be launched from a
computer that has the clock synchronized to a NIST time source and programmed with a logging
interval of no less than once every 15 minutes. Per the manufacturer specifications, the U9-002
loggers have a rated time accuracy of ±1 min/month. This meets the requirements of the MMVDR. Because the lumen level will not be used to correlate to demand, but instead is used at a
“threshold” variable indicating light status, the lumen level accuracy requirement is not subject
to the M-MVDR requirements and is not addressed.
In addition to the status measurements, the lighting kW for each space must also be determined.
For each space, the type and quantity of fixtures will be recorded. Special note will be made of
any fixtures that do not operate, are switched, or have burned out bulbs.
The demand of each circuit will then be spot-checked using a NIST-calibrated Fluke 1735.
If the affected spaces for these measures are conditioned, the customer will be interviewed to
determine the operation of the HVAC equipment. In addition, the HVAC equipment will be
inspected and nameplate information will be recorded.
The owner will also be asked about other possible changes at the facility that might have affected
the operation of the lighting since the implementation of this measure, e.g. fixture replacement
projects, programming changes, or changes in the occupancy level of the dormitories.
The customer will also be interviewed to verify the baseline condition, prior to the
implementation of the measure. Per the project documentation, the baseline condition is all the
lights in the affected spaced operating continuously.
In addition, the customer will be interviewed to verify any actions taken to ensure the persistence
of savings as well as interviewed regarding satisfaction level with the measure and the program.
The persistence and satisfaction battery of questions are presented in a separate document.

Description of Verification
An initial site visit to verify the installation of the measure was conducted on July 27, 2011. The
occupancy sensors were inspected and found to be installed and in operation. In addition, the
controlled lighting was inspected. The Facilities manager and 2 maintenance employees were
interviewed, and they provided a tour of the facility and pointed out where the new equipment
associated with the project was installed. The installation of the documented physical equipment
was verified, and the new control sequences programmed into the BMS were also verified.
Spot-measurements were taken of the lighting circuits to verify the lighting demand for each
circuit controlled. Trends were gathered from the BMS for each circuit. The collected trends
included approximately 281 days of operation, and included both summer and winter operation
periods. The BMS trends included a time-stamp for each change in status (on/off) for each
circuit included in the project. A sample section of one data trend is given in Table 1 below.
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Table 1 Sample Trend Data

Time

Status

7/25/2011 11:32:57 AM
7/25/2011 11:23:57 AM
7/25/2011 11:17:57 AM
7/25/2011 11:08:57 AM
7/25/2011 10:17:57 AM
7/25/2011 9:08:57 AM
7/25/2011 9:02:57 AM
7/25/2011 8:59:57 AM
7/25/2011 8:53:57 AM
7/25/2011 8:47:57 AM
7/25/2011 8:35:57 AM

Active
Inactive
Active
Inactive
Active
Inactive
Active
Inactive
Active
Inactive
Active

Summary of Calculations
The ex post energy savings for this measure are 34,528 kWh, compared to the ex ante savings of
39,497 kWh per year for a realization rate of 87%. The ex post summer and winter demand
savings are 4.86 kW and 1.79 kW, respectively, compared to the ex ante peak demand savings of
2.0 kW for both summer and winter, yielding realization rates of 243% and 89%, respectively.
The collected BMS trended data was used to develop hourly operating profiles, indicating the
percent time on, for each circuit controlled by the occupancy sensors installed for this project.
Separate profiles were developed for summer and winter operation, as well as for weekday and
weekend operation. The calculated percent time on profiles for each circuit in one building is
shown below, with the school year operation being shown in Figure 1 and the summer operation
shown in Figure 2.
Figure 1 Lighting Percent Time On, School Year Weekday Operation
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Figure 2 Lighting Percent Time On, Summer Weekday Operation

Based on the customer interview, it was confirmed that in the baseline condition all of the lights
are expected to operate continuously throughout the year.
For both the base case and the post-implementation case an the summer and winter hourly load
profiles were used, along with the verified circuit demands and the school year schedule to
determine an 8760 hour load profile for each circuit. These hourly demand profiles were then
summed to determine the difference in annual energy consumption, seasonal demand, and
seasonal peak demand.
In addition to the operation adjustment previously described, the savings were increased due to
HVAC interactive effects, which were not accounted for in the ex ante analysis. In order to
account for the HVAC interactive effects, the energy and demand were increased as outlined in
the Connecticut Program Savings Documentation. The additional energy savings due to HVAC
interactive effects are calculated as:
kWhHVAC = kWhLighting x F / COPCooling
where the COP is assumed to be 2.4 and F is the fraction of annual kWh energy savings that
must be removed by the cooling system, as determined from the table below:
Building Area, A, F
Sq ft
< 2,000
0.48
2,000 – 20,000
0.195( A  2,000)
0.48 
18,000
>20,000
0.675
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The additional summer demand savings due to HVAC interactive effects are calculated as:
kWHVAC = kWLighting x CFocc x (1 + 0.73 / COPCooling)
where CF is the reduction in percent time the lights operate during the peak period and the 0.73
factor is the percent of the heat output of the lights that must be removed by the HVAC system,
as determined from modeling
The ex ante savings and the magnitude and type of adjustments made to the savings are
presented in Table 2. Additionally, the ex post savings and realization rates are presented.
Table 2 Energy Savings Comparison

Ex Ante Savings
Documentation Adjustment
Technology Adjustment
Quantity Adjustment
Operations Adjustment
Heating and Cooling
Adjustment
Ex Post Savings
Realization Rate

Summer
Seasonal
Peak Savings

Winter
Seasonal
Peak Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

2.00
3.48

2.00
1.49

1.43

(0.21)

39,497
-12,548

1.45
4.93
247%

1.49
75%

1.43
4.86
-

1.79
-

7,579
34,528
87%
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Project Information
Project ID#:
Measure:
Electric Savings:
Technology:

EA08M003
Chiller Plant Optimization
442,863 kWh, Summer Demand: 233 kW, Winter Demand: 0 kW
Office Building

Measure Description
CH-2— Optimize chiller sequencing and pumping strategy during "Mechanical Cooling"
Mode
This measure consists of optimizing the chiller plant sequence and resetting the condenser water
temperature during the “Mechanical Cooling” mode. The central utility plant operates 24/7,
though the office buildings it serves are not occupied 24/7.
This measure relates to operating the chiller plant for “bin hours” where the outside temperature
is at and above 52.5°F or greater – basically late spring, summer, and early fall.
The facility changed sequence of operation of the chillers to operate the most efficient chillers
for each temperature regime relative to its part-load efficiency during mechanical cooling.
The plant has five chillers, Chiller 1 thru 4 and a data center chiller. Prior to this measure’s
completion, during the spring to fall seasons, Chillers 1 and 2 (1340 Tons each) were not being
used, and Chillers 3 and 4 (500 Tons each) were carrying most of the cooling load for the plant
and the data center, sequenced in a lead/lag configuration (Chiller 3 was lead most of the time).
The Data Center Chiller (size not listed) cooled the data center only during the hottest days of
summer.
With the completion of this measure, with the proposed sequencing the large Chiller 1 carries the
full cooling load when outside air temperature is above about 75°F (and only during occupied
times). At temperatures below 75°F and during unoccupied hours, the load is split between
Chillers 3 and 4, with Chiller 3 continuing as lead. The data center chiller will not be used at all.
Energy savings were achieved by optimizing chiller sequencing and pumping strategy during the
"Mechanical Cooling" Mode. Unused chillers will remain on site as back-up units.
CH-3— Optimize chiller sequencing and pumping strategy during "Free Cooling" Mode
No documents that provided a description of the measure were provided. This description is
based on review of all available information and the information in the calculations spreadsheet.
The customer optimized the chiller plant sequence and reset the condenser water temperature
during the “Mechanical Cooling” mode.
The central utility plant operates 24/7, though it is not occupied 24/7.
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This measure relates to operating the chiller plant for “bin hours” where the outside temperature
is less than 52.5°F – basically late fall through early spring.
The free cooling mode is reconfigured to operate for more hours of the year than was previously
possible. This also allows the condenser side of the system to operate at lower water and air
flows, resulting is less pump and fan electrical energy.
Prior to this measure’s completion, during the late fall through early spring the building load was
comprised of the data center load and some miscellaneous equipment loads. Only Chiller 3 (500
Tons) was used to supply this load. While the operating mode of this chiller takes some
advantage of free cooling, it is not optimized. When the chiller ran, the condenser discharge
temperature was set to 72°F, and while “free cooling” was advantaged, this temperature set point
was 42°F.
Under the proposed sequencing Chiller 3 is no longer needed – all calling is done by “free
cooling.” Thus, the only cooling system loads are the pumps and fans to move water and air. As
part of the changes, the condenser discharge temperature was reset to 48°F at all times. Energy
use is lowered by automating the current water side free cooling mode, reducing condenser water
flows and using only one cooling tower cell during winter operation.

Summary of the Ex Ante Calculations
CH-2— Optimize chiller sequencing and pumping strategy during "Mechanical Cooling"
Mode
Calculations for this project were completed using the simplified ASHRAE bin analysis.
The actions taken to save energy include:
a) Re-sequencing the chillers to operate them on more efficient loads of the kW/ton profiles
b) Running the chilled water pumps slower at lower OAT conditions
c) Running the condenser water pumps slower at lower OAT conditions.
d) Lowering the condenser water return temperature from the cooling towers from 80°F to about
72°F (under a Twb+9°F scheme.)
e) Running the cooling tower fans faster at non-peak wet bulb OAT to lower the condenser reset
temperatures (negative savings.)
The chiller loads are specified with a note that they were determined from trend logs – calibrated
to kW measurements. The chiller efficiencies are “from the Trane chiller manufacturer, and
confirmed through historical operating and trend data.” There is no explanation of the
methodology under which these were estimated – and they are entered, rather than calculated,
values.
The hours of operation are defined for each weather bin based on 24/7/365 operation of the
cooling equipment. The auxiliary equipment demand (chilled water pumps, condenser water
pumps, and cooling tower fans) are stated based on “through EMS trend analysis, operating logs
and field measurements.” Again, no explanation of the methodologies used to determine them is
given.
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CH-3— Optimize chiller sequencing and pumping strategy during "Free Cooling" Mode
The actions taken to save energy include:
a) Not running the chillers at all during free-cooling applicable temperatures
b) Reducing condenser water flow from ~ 2500 GPM to 1350 GPM
c) Increasing the condenser water return temperature during free-cooling from 42°F to 48°F.
This measure involved removing the minimal cooling load on the chiller at outside temperatures
just below 50°F. This load is cooled by the free-cooling heat exchanger with adequate cooling
tower flows. The change also includes increasing the condenser water set point from 42°F to
48°F. This is said to result in a decrease in condenser water pumping and cooling tower fan
requirements.
As with the mechanical cooling commissioning measure, the loads are specified as from trend
logs – calibrated to kW measurements.
The hours of operation are defined for each weather bin based on 24/7/365 operation of the
cooling equipment. The auxiliary equipment demand (chilled water pumps, condenser water
pumps, and cooling tower fans) are stated based on “through trend analysis, operating logs and
field measurements.” Again, no explanation of the methodologies used to determine them is
given.

Comments on the Ex Ante Calculations
CH-2— Optimize chiller sequencing and pumping strategy during "Mechanical Cooling"
Mode
No documents providing a description of the measure were provided. This description is based
on review of all available information and the information in the calculations spreadsheet.
The savings are based on chiller demands and efficiencies that were determined by measured
demand, calibrated trend data and/or manufacturer kW/ton curves for the units. The monitoring
performed for this analysis will be compared to the original estimates – rather than a robust
engineering calculation approach.
This measure information suggests the condenser water temperature set point is reset from 80°F
to 72°F – resulting in lower kW/ton for the chillers. However, the savings are hidden in the
entered kW/ton values and pump and fan kWs. There is no way to verify the impacts of this
measure savings component.
There is no discussion of how running the chilled water pumps at slower speeds saves energy.
Thus this cannot be assessed even with monitoring the chilled water pumps as it is not clear what
the baseline is based on.
CH-3— Optimize chiller sequencing and pumping strategy during "Free Cooling" Mode
No documents that provided a description of the measure were provided. This description is
based on review of all available information and the information in the calculations spreadsheet.
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All demands are entered values based on measured demand calibration of trend data. Thus, a
robust engineering estimation is limited. There is no way to verify the impacts of this measure
savings component.
There is no discussion of why the condenser water flow can be significantly reduced under the
proposed scenario and still provide adequate energy transfer under free cooling.

Measurement & Verification Plan
CH-2— Optimize chiller sequencing and pumping strategy during "Mechanical Cooling"
Mode
This measure includes savings due to sequencing of chillers, running chilled water and condenser
water pumps at lower speeds, and increasing the speeds of the cooling tower fans.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the HVAC operations. The customer will be
interviewed to verify any actions taken to ensure the persistence of savings. The customer will
be interviewed to verify any actions taken to ensure the persistence of savings. These actions
include:
 The re-sequencing of the chillers during mechanical cooling mode
 The consistency of the condenser water set point.
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. Any available EMS trends will be collected for all
possible points with special interest in the following:
 Chiller kW
 Chilled Water Pump kW
 Condenser Water Pump kW
 Cooling Tower fan kW
 Chiller loads or % Chiller load for each chiller run this season
 If no chiller loads or % load, then Chiller EWT and LWT and Chiller flow
 Condenser water entering temperature
 Condenser water leaving temperature
 Outside air temperature
 Outside air humidity
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
Dent ELITEpro or Hobo Energy loggers will be installed on the chillers, pumps and fans, with a
metering interval no greater than 15 minutes. In addition, spot measurements of Volts, Amps,
PF, and kW will be taken during the site visit using a NIST calibrated Fluke 1735 power meter.
Percent-speed or frequency shown on the VFD controller will be recorded at the time of the spot
measurements for all motors controlled by variable speed drives. Hobo U23-001 outside air
temperature and %RH logger will be installed outside with a metering interval no greater than 15
minutes.
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CH-3— Optimize chiller sequencing and pumping strategy during "Free Cooling" Mode
This measure includes savings due to removing a chiller from operation during winter months by
improving utilization of “free cooling” and reducing the condenser water flow and cooling tower
fan speed.
An inspection of the site and this measure will be conducted and the owner will be interviewed
to determine the HVAC scheduling and if any additional changes have occurred including new
operating hours or additions that could affect the operation light level sensors. The customer will
be interviewed to verify any actions taken to ensure the persistence of savings. The customer
will be interviewed to verify any actions taken to ensure the persistence of savings. These actions
include:
1. The elimination of chiller use during free-cooling conditions
2. The consistency of the condenser water set point.
The IPMVP “Option A: Partially Measured Retrofit Isolation” approach will be used to verify
the savings due to the HVAC optimization. Any available EMS trends will be collected for all
possible points with special interest in the following:
 Chilled Water Pump kW
 Condenser Water Pump kW
 Cooling Tower fan kW
 Condenser water entering temperature
 Condenser water leaving temperature
 Outside air temperature
 Outside air humidity
In addition to the EMS trends, data loggers will be installed to calibrate the EMS trend values.
Dent ELITEpro or Hobo Energy loggers will be installed on the chillers, pumps and fans, with a
metering interval no greater than 15 minutes. In addition, spot measurements of Volts, Amps,
PF, and kW will be taken during the site visit using a NIST calibrated Fluke 1735 power meter.
Percent-speed or hertz shown on the VFD controller will be recorded at the time of the spot
measurements for all motors controlled by variable speed drives. Hobo U23-001 outside air
temperature and %RH logger will be installed outside with a metering interval no greater than 15
minutes.

Site Visit Findings
A site visit was conducted on 9/19/2011. This included collecting systems operating information
and installing and the monitoring equipment. The monitoring equipment was removed on
1/18/2012.
The equipment operating schedule and set points were collected from the EMS and
conversations with facilities staff. The locations of the electrical panels were identified and either
Dent ELITEpro or Onset power loggers were installed on the chillers, pumps and fans. The Hobo
U23-001 outside air temperature/%RH logger was installed outside. Hobo loggers with
thermocouples were set under the insulation where the condenser water return (from towers) and
supply (to towers) entered the building.
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General System Information: The chillers are all piped in parallel and interchangeable. The
chilled water and condenser water systems are similarly parallel – as is the operation of the
cooling tower fans. All of the motors on these pumps and fans are driven through VFDs. The
chiller load is managed to maintain a chilled water supply temperature of 44°F during
mechanical cooling.
Building Cooling Loads – The original owner decided to sell the facility to a new owner during
the implementation of the program and the new owner continued participation after it took over
management of the campus – this ownership transfer was completed around July 2010. The freecooling changes were reported completed at the end of 2009, and the retro-commissioning
process was completed early in 2010 – prior to the cooling season. The original owner moved
out gradually in the early years of the program – decreasing the load on the chiller plant, and the
new owner is renovating the buildings one at a time. At the time of the visit the cooling load was
significantly diminished from that prior to the RCx project – this original, higher load is the basis
for the “existing” scenario in the energy savings calculations.
The original load was based on cooling the three “towers” and the data center. At the time of the
visit, the data center load did not exist and only one of the three towers had been renovated and
was being cooled. Tower “C” is the first to be occupied – and was unoccupied until March 2011.
The contact expects this building to have a greater load than it did under the original owner –
because there are expected to be more employees per square foot. He suggested that if they
occupy all towers at the same (new, higher) employee density the chillers might witness greater
load than they did under the previous owner.
Based on this current occupancy, the peak load demand will change for each temperature/time
bin depending on both the Data Center load and occupancy hours. This will clearly affect the
energy use that will be captured by the monitoring. It is not clear that the data center will ever be
used again.
Mechanical Cooling Operation: The project documentation suggests that the chilled water flows
have been reduced due to the RCx project. When asked what they might have changed to in
order to allow this chilled water flow to be decreased, the contact did not know of anything done
reduced chilled water flow.
Cooling Tower fan speed control: The CT fans were originally controlled to maintain a
condenser water supply (to chillers) temperature of 80°F. As part of the RCx program, they now
control this temperature to “wb+9” with a minimum of about 75°F and a maximum of about
85°F. The contact showed these (75°F and 85°F) limits on the EMS. This does not seem
consistent with language in the spreadsheet: “The existing entering condenser water set point is
constant at 72°F during mechanical cooling and 42°F during free cooling periods.” A closer look
at the calculations suggests that this quote is inaccurate but reasonable. The dry bulb temperature
is 72°F at the bin where the wet bulb temperature is 63: 63+9=72.
Note: If re-sequencing chillers results in higher average part-load efficiency, this could result in
less heat rejected to the condenser-side water and lower temperature water into the cooling
tower. This would allow the CT fan to run slower while keeping the set point temperature at the
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original 80°F - reducing the energy use of the CT fan. Conversely, if the condenser water
temperature set point is then reduced from 80°F to 72°F, this would require the cooling tower
fans to run faster – increasing the energy use of the fans. It appears likely that the decreased fan
energy from the former change is lower than the increased energy from the latter change. Thus
the fan speed, overall, should increase at lower outside air enthalpies - which is witnessed in the
calculations. However, there is also a decrease in fan speed at the higher temperatures – where
the outside air is too high for the lower condenser water temperature set-point to have an impact.
It is possible that this is due to lower load on the cooling tower resulting from the more efficient
chiller arrangement (lower part-load kW/ton.) In this case, the tower fans might run slightly
slower while still maintaining the same condenser water temperature exiting the tower. These
impacts are inseparable in the calculations and monitored loads.
Free-Cooling Operation: The project documentation indicates that originally the condenser water
temperature set point was 42°F and with the completion of this project this temperature was
raised to 48°F. The contact affirmed that the original set point was 42°F and that it is now 48°F
during free-cooling operation.
Changeover to Free-Cooling: The change to free-cooling is done manually up to the time of the
site visit. The contact said they had not yet started using free-cooling in 2011, but expected to set
the system up for automatic changeover to free-cooling within the three weeks following the site
visit. The required parts were expected to be sent from California by the 21st of September.
When they change over, they will open and close valves to bypass the chilled water and
condenser water to the chillers – and thus pass the flows through the heat exchanger. During a
phone discussion with the contact in November he informed that they finally completed the
upgrade around November 1st.
They change over to free-cooling when weather forecasts suggest the wet bulb temperature will
not exceed 42°F during the day. This typically occurs below a dry bulb temperature of about
50°F in their area. That is why the energy calculations show the changeover for the bin below
50°F.
The changeover from mechanical to free-cooling requires them to “bring on” the heat exchanger
while a chiller is still running using all three cooling towers. When the chilled water temperature
is stabilized at a low enough temperature they can shut down the chillers and eventually shut
down one or two cooling towers. This is possible because they also, as part of the
commissioning, stabilized the mechanical chillers with head pressure control improvements.
Before the retro-commissioning, and without head-pressure controls, they had to wait until it was
colder than 42°F outside and then the system was left in free-cooling until the spring.
Condensate pumps: The project documentation indicates that originally, during free cooling, the
CW pump speeds varied from 52% to 58% – providing about 2,500gpm. And the documentation
suggests that now it should run constantly at 53% while reducing flow to about 1,350gpm. When
the contact was asked if he recalled this flow originally being 2,500gpm, he said that the pumps
never provided 2,500 gpm - that figure comes from a bad flow meter. He believes flow was
always about 1,350 gpm through the heat exchanger.
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Chilled Water Temperatures: When the contact was asked what the chilled water temperature is
when they run in free-cooling at the higher OATs (~47F), he said that the chilled water out of the
heat exchanger is around 50°F. He thinks that the system can achieve this temperature because
the heat exchanger is large and effective and that the returning chilled water is not as high as
with mechanical cooling because of the low loads at these OAT temperatures. The chiller leaving
water temperature during mechanical cooling is about 44°F.
Cooling Tower Fan Operation: The records indicate that originally, during free-cooling, two CT
Fans varied from 15% to 100% speed. And they suggest that due to the commissioning only one
should run - between 40% and 100% as the OAT increases. When the contact was asked if he
recalls using two fans before commissioning and how many they are currently using, he
suggested that they had been using two fans during free-cooling and last year they were able to
use only one fan – but they do not know if they could continue with one fan if the buildings were
completely occupied.
Persistence: The contact presented a section on the EMS set up for persistence monitoring. He
said that they did a very comprehensive re-calibration of sensors throughout the chiller plant – to
ensure that the system would operate as proposed for some time.
They generally have been able to continue the proposed chiller-sequencing approach – though it
has been more difficult to run the large chillers (Chillers 1 and 2) as proposed because of the low
building loads due to low recent occupancy. They expect that as renovation of each office tower
is completed and the tower occupied, the load will increase and mitigate this problem.
They did extensive testing when the data center was running to ensure that there would not be a
heat bump when switching from mechanical to free-cooling. However, the data center is not
being used currently so they do not have a concern now.
EMS Parameters: The EMS panel is in an office and has a non-windows screen:
The EMS shows the wb+9 set-point and the contact said they are trending this value and will
include it in the trending data that he will send. The EMS shows another parameter setting called
“CWwb Temp difference” = 9 – which is referenced by the set point control point.
The system showed Chiller #4 running at 112 kW. The chilled water flow was 466 gpm. The
condenser water flow was 1136 gpm. Chilled water supply showed 44.2°F and return at 54.9°F.
Condenser LWT was 79.6°F and EWT was72.9°F.
The EMS shows the setting for “Calc CT Active Setpoint.” When the OATwb = 42°F the
condenser water return (from tower) is set to a constant 48°F (shown on the screen.) The thencurrent setting: OATwb = 40°F.
Dent and Hobo loggers were installed on the chillers, chilled water pumps, condenser water
pumps, and cooling tower fans. A Hobo OAT/H logger was set outside the facility.
The contact accepted a list of the trending logs of interests and sent them later.
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Summary of Calculations
Using the information and data collected for the chillers, pumps and fans, the savings were
recalculated for this measure. Savings for this measure are primarily driven by:
 Re-sequencing the chillers to operate them on more efficient loads of the kW/ton
profiles
 Running the chilled water pumps slower at lower OAT conditions
 Running the condenser water pumps slower at lower OAT conditions
 Lowering the condenser water return temperature from the cooling towers from
80°F to about 72°F
 Running the CT fans faster at non-peak OATwbs to lower the condenser reset
temperatures (negative savings.)
Chiller Re-sequencing
This measure includes the proposed re-sequencing of the chillers to operate them on more
efficient loads of the kW/ton profiles. Under the existing conditions, the larger Chillers 1 and 2
were not run at all. The proposed sequence of operation is to run Chiller 1 at temperatures above
75°F, then to run Chiller 3 (lead) and Chiller 2 (lag) at temperatures below 75°F - and not run the
significantly less efficient Data Center air-cooled chiller at all.
The actual operation of the system at the time of the visit is based on new ownership, vacant
buildings, and contact expectations in the short term. The site contact suggested they have run a
large chiller above 75°F since the commissioning was completed – but they ran only Chillers 3
& 4 in 2011. This is driven by the current load of less than 1/3 of that prior to the implementation
of the project.
The chiller monitoring shows that Chillers 3 and 4 were run at all temperatures - the highest of
which was 92.7°F on 10/8/11. This is primarily confirmed by the trend data sent by the customer
contact.
Chiller tons vs. OAT values were developed from the chiller monitoring data. Figure 1 below
charts these results. From this analysis, a reference table was developed which was used in
recalculating savings from the actual chiller re-sequencing.
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Figure 1
Seasonal Total Chiller Tonnage Profile
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Figure 2

New efficiency curves were developed from monitoring data as shown in Figure 2. These new
efficiency curves were used in the recalculation of savings. However, there is significantly
savings from re-sequencing chillers as the large chillers (1&2) were not run in 2011.
Chilled Water Pump Speed
The chilled water pumps were claimed to run less as a result of the system changes - without
explanation. The contact at the facility does not know why there would be lower chilled water
flow and says they have not seen any change.
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A plot of kW vs. OAT from the monitoring suggests the CHWP power increases as OAT
increases. The monitored kW is significantly lower than that shown in the original calculations
for all OAT conditions. This primarily is due to the severely lower total load due to low building
occupancy. The linear estimates of measured demand shown in Figure 3 are used for both the
existing and demand scenarios in the recalculations of savings – resulting in no savings from
chilled water operation.
Figure 3
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Condenser Water Pump Speed
The original calculations show that the condenser water pumps run slower for the "proposed"
scenario than for the "existing" scenario. We found no discussion of why the condenser water
pumps operate at lower frequencies for the proposed sequencing of chillers for this measure.
Lowering the speed of the condenser water, and thus its flow, tends to increase the kW/ton of the
chiller for the same entering water temperature. For the original calculations, this effect is
embodied in the proposed estimated chiller kW/ton values used. Also, lowering the speed of the
condenser water pumps lowers their demand, providing some of the energy savings for the
measure. The contact suggested that they have been running the pumps at lower speeds than
before the project.
A plot of kW vs. OAT suggests the pump demand does not vary a lot with air temperature
changes. The two condenser water pumps alternated run times during the monitored period.
These measurement-estimated demands are about two-thirds the original calculations for the
proposed scenario. This primarily is due to the severely lower total load from low building
occupancy. Figure 4 shows the measured and estimated demands used for each bin – which are
used to recalculate the savings for this component of the measure.

11

Figure 4
Condensate Pumps Demand vs. OAT
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Condenser Water Return Temperature
Under the "existing" scenario the condenser water temperature was 80°F. The proposed setting
was to be about (the wb+9 equivalent of) 72°F. The system is programmed for the wb+9
approach with a lower limit of 75°F and an upper limit of 85°F per settings in the BMS.
Comparing trending data of the set-point temperature vs. OAT/OATwb shows that the set-point
runs at 75°F for temperatures of about 72°F/63°Fwb during mechanical cooling. This is
consistent with what the contact showed on the EMS. However, the original narrative and
calculations suggest that this set-point was to be set to 72°F. This approximately 3°F mechanical
mode set-point suggests less energy savings than proposed.
Figure 5 suggests that the condenser water temperature set point function is operating. The figure
also shows that during mechanical cooling, the supply temperature is about 75°F (understanding
that the dark blue, Supply Temperature, to the chiller, trend is presented 40°F lower than actual
for ease of viewing). The figure also shows that during colder temperatures the set-point changes
to about 48°F as expected.
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Figure 5

Comparison of CT Suppy and Return Temps
Supply Temp has 40F subtracted to see trend more clearly
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Cooling Tower Fan Speed
The original calculations show that the cooling tower fans run faster at lower outside air
temperatures/enthalpies. This allows the plant to lower the condenser water return temperature
(out of the towers) from 80°F to 72°F. This lower temperature, in turn, allows the chillers to run
more efficiently.
The contact suggested that he observed that the CT fans do run more since the changes were
made but he could not quantify this. The trends sent by the site contact show that the set-point is
75°F rather than the proposed 72°F as just discussed. This trending file also provides fan speeds.
However, plotting these speeds against outside air temperatures does not allow comparison
against the original calculations because the total load is significantly lower than proposed due to
current significantly lower cooling loads.
These data allow development of an operating curve of fan demand against outside air
temperature. This is shown in Figure 6.
Figure 6
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The measured demands are used to estimate the proposed energy use of the CT fans. And these
data are used to estimate existing demands for each temperature bin for the much reduced
cooling load of the campus.
Results
The savings for the measure are listed below in Table 1. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site.
The savings for this measure were adjusted for multiple reasons. The primary reason for lower
energy savings and demand reduction is the significant reduction in the chiller loads – based on
lower occupancy of the campus under new ownership. The second most significant reason for
adjustment is that the facility is not sequencing the chillers as proposed – but instead is
sequencing as it was prior to the commissioning project. This is also tied to the significant
reduction in cooling loads. Also, there are no savings attributed to running the chilled water
pumps at slower speeds. Finally, though there are savings for running the condensate water
pumps slower and dis-savings from running the cooling tower fans faster at lower temperatures,
these savings too are reduced due to the significantly lower loads.
Table 1 - Energy and Demand Savings

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

Ex Ante

206.94

0.00

-

-

227,811

Documentation

213.54

0.00

-

-

203,318

Technology

213.54

0.00

-

-

203,318

Quantity

213.54

0.00

-

-

203,318

Operation

7.90

0.00

6.39

0.00

14,013

Heating and Cooling

7.90

0.00

6.39

0.00

14,013

Ex Post

7.90

0.00

6.39

0.00

14,013

Realization Rate

4%

-

-

-

6%

CH-3— Optimize chiller sequencing and pumping strategy during "Free Cooling" Mode
The equipment operating schedule and set points were collected from the EMS and
conversations with facilities staff. The locations of the electrical panels were identified and either
Dent ELITEpro or Onset power loggers were installed on the chillers, pumps and fans. The Hobo
U23-001 outside air temperature/%RH logger was installed outside. Hobo loggers with
thermocouples were set under the insulation where the condenser water return (from towers) and
supply (to towers) entered the building.
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General System Information: The chillers are all piped in parallel and interchangeable. The
chilled water and condenser water systems are similarly parallel – as is the operation of the
cooling tower fans. All of the motors on these pumps and fans are driven through VFDs. The
chiller load is managed to maintain a chilled water supply temperature of 44°F during
mechanical cooling.
Building Cooling Loads: The original owner decided to sell the facility to a new owner during
implementation the RCx program and the new owner continued participation after it took over
management of the campus – this ownership transfer was completed around July 2010. The freecooling changes were reported completed at the end of 2009. And the retro-commissioning
process was completed early in 2010 – prior to the cooling season. The original owner moved
out gradually in the early years of the program – decreasing the load on the chiller plant. And the
new owner is renovating the buildings one at a time. At the time of the visit the cooling load was
very diminished from that prior to the RCx project – this original, higher load is the basis for the
“existing” scenario in the energy savings calculations.
The original load was based on cooling the three “towers” and the data center. At the time of the
visit, the data center load did not exist and only one of the three towers had been renovated and
was being cooled. Tower C is the first to be occupied – and was unoccupied until March 2011.
The contact expects this building to have a greater load than it did under the original owner –
because there are expected to be more employees per square foot. He suggested that if they
occupy all towers at the same (new, higher) employee density the chiller might witness greater
load than it did under the previous owner.
Mechanical Cooling Operation – The project documentation suggests that the chilled water flows
have been reduced due to the RCx project. When asked what they might have changed to allow
this chilled water flow to be decreased, the contact did not know of anything done reduced
chilled water flow.
Cooling Tower fan speed control – They were originally controlling the CT fans to maintain a
condenser water supply (to chillers) of 80°F. As part of the RCx program, they now control this
temperature to “wb+9” with a minimum of about 75°F and a maximum of about 85°F. The
contact showed these (75°F and 85°F) limits on the EMS. This does not seem consistent with
language in the spreadsheet: “The existing entering condenser water set point is constant at 72°F
during mechanical cooling and 42°F during free cooling periods.” A closer look at the
calculations suggests that this quote is inaccurate but reasonable. The dry bulb temperature is
72°F at the bin where the wet bulb temperature is 63: 63+9=72.
The calculations appropriately show that, for the proposed scenario, the CT fans run more during
lower OA bin temperatures to provide a lower condenser water return (to chiller) temperature.
However, at some of the higher bins, the fans run less for the proposed scenario. (One possible
answer is less condenser load because they are more frequently using more efficient chillers.)
The contact does not know what the flows were at any loads before and after the commissioning.
(There is no discussion of this in the records.)
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Free-Cooling Operation – The records indicate that originally the condenser water temperature
set point was 42°F and the commissioning raised it to 48°F. The contact affirmed that the
original set point was 42°F and that it is now 48°F during free-cooling operation.
Changeover to Free-Cooling – The change to free-cooling is done manually: up to the time of the
site visit. The contact said they had not yet started using free-cooling in 2011, but expected to set
the system up for automatic changeover to free-cooling within the three weeks following the site
visit. The required parts were expected to be sent from California by the 21st of September.
When they change over, they will open and close valves to bypass the chilled water and
condenser water to the chillers – and thus pass the flows through the heat exchanger. During a
phone discussion with the contact in November he informed that they finally completed the
upgrade around November 1st.
They change over to free-cooling when weather forecasts suggest the wet bulb temperature will
not exceed 42°F during the day. This typically occurs below a dry bulb temperature of about
50°F in their area. That is why the energy calculations show the changeover for the bin below
50°F.
The changeover from mechanical to free-cooling requires them to “bring on” the heat exchanger
while a chiller is still running using all three cooling towers. When the chilled water temperature
is stabilized at a low enough temperature they can shut down the chillers and eventually shut
down one or two cooling towers. This is possible because they also, as part of the
commissioning, stabilized the mechanical chillers with head pressure control improvements.
Before the retro-commissioning, and without head-pressure controls, they had to wait until it was
colder than 42°F and then the system was left in free-cooling until the spring.
Condensate pumps: The records indicate that originally, during free cooling, the CW pump
speeds varied from 52% to 58% – providing about 2,500gpm. And they suggest that now it
should run constantly at 53% while reducing flow to about 1,350gpm. When the contact was
asked if he recalled this flow originally being 2,500gpm, he said that the pumps never provided
2,500 gpm - that figure comes from a bad flow meter. He believes flow was always about 1,350
gpm through the heat exchanger.
Chilled Water Temperatures: When the contact was asked what the chilled water temperature is
when they run in free-cooling at the higher OATs (~47°F), he said that the chilled water out of
the heat exchanger is around 50°F. He thinks that the system can achieve this temperature
because the heat exchanger is large and effective and that the returning chilled water is not as
high as with mechanical cooling because of the low loads at these OAT temperatures. The chiller
leaving water temperature during mechanical cooling is about 44°F.
Cooling Tower Fan Operation: The project documentation indicates that originally, during freecooling, two CT Fans varied from 15% to 100% speed, and the documentation suggests that due
to the commissioning only one should run - between 40% and 100% as the OAT increases.
When the contact was asked if he recalls using two fans before commissioning and how many
they are currently using, he suggested that they had been using two fans during free-cooling and
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last year they were able to use only one fan – but they do not know if they could continue with
one fan if the buildings were completely occupied.
Persistence: The contact presented a section on the EMS set up for persistence monitoring. He
said that they did a very comprehensive re-calibration of sensors throughout the chiller plant – to
ensure that the system would operate as proposed for some time.
They generally have been able to continue the proposed chiller-sequencing approach – though it
has been more difficult to run the large chillers (Chillers 1 and 2) as proposed because of the low
building loads due to low recent occupancy. They expect that as renovation of each office tower
is completed and the tower occupied, the load will increase and mitigate this problem.
They did extensive testing when the data center was running to ensure that there would not be a
heat bump when switching from mechanical to free-cooling. However, the data center is not
being used currently so they do not have a concern now.
EMS Parameters: The EMS panel is in an office and has a non-windows screen:
The EMS shows the wb+9 set-point and the contact said they are trending this value and will
include it in the trending data that he will send. The EMS shows another parameter setting called
“CWwb Temp difference” = 9 – which is referenced by the set point control point.
The system showed Chiller #4 running at 112 kW. The chilled water flow was 466 gpm. The
condenser water flow was 1136 gpm. Chilled water supply showed 44.2°F and return at 54.9°F.
Condenser LWT was 79.6°F and EWT was72.9°F.
The EMS shows the setting for “Calc CT Active Setpoint.” When the OATwb = 42°F the
condenser water return (from tower) is set to a constant 48F (shown on the screen.) The thencurrent setting: OATwb = 40°F.
Dent and Hobo loggers were set on the chillers, chilled water pumps, condenser water pumps,
and cooling tower fans. A Hobo OAT/H logger was set outside the facility.
The contact accepted a list of the trending logs of interests and sent them later.

Adjustments to Savings
Using the information and data collected for the chillers, pumps and fans, the savings were
recalculated for this measure. Savings for this measure are primarily driven by the actions taken
to save energy include:
a) Not running the chillers at all during free-cooling applicable temperatures
b) Reducing condenser water pump speed, hence flow from ~ 2500 GPM to 1350 GPM
c) Increasing the condenser water return temperature during free-cooling from 42°F to 48°F.
Chiller Elimination
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The existing scenario had one chiller running occasionally while the system was operating in the
free-cooling regime. System optimization and automating controls allows the facility to operate
without any chiller equipment when outside temperatures go below about 50°F.
The automating technology was installed in early November. The monitoring data presented as a
scatter diagram shows significant chiller run time below 50°F. Looking closer at the data around
each mode change, during the monitoring period, suggests that there are significant points where
a chiller was running with OAT below 50°F just before the logic tells the chillers to shut off, and
where the logic tells the chillers to come on before the temperature reaches 50°F – possibly an
anticipator mode. Comparing these data suggests that, primarily, the setting for changeover is
about 48°F.
Thus, there are savings attributed to no longer running the chiller for outside temperatures below
50°F – operating only in free-cooling mode.
Condenser Water Pump Speed
The condenser water pump flow of 2,500 gpm for the existing scenario is proposed to be reduced
to 1,350 gpm. The contact at the site does not know why the documents suggest this – as he says
the flow always was about 1350 gpm.
The kW trends and monitored data show that the condenser fan total demand during free-cooling
varies between 19 kW and 20 kW. This compares to the original proposed demand of 32 kW. As
during mechanical cooling, this lower demand is primarily due to the significantly lower total
cooling load from low building occupancy.
Figure 7 shows the measured and estimated demands used for each bin – which are used to
recalculate the savings for this component of the measure.
Figure 7
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Estimated Proposed

Cooling Tower Fan Speed
By increasing the condenser water return temperature set-point during free-cooling mode from
42°F to 48°F, the CT fans run less – which reduces their energy use. The contact at the site
affirmed on the EMS that they have changed this temperature to 48°F. He further suggests that
because of the size and efficiency of the free-cooling heat exchanger the system has provided
enough cooling for the loads when outside temperatures are below 50°F, especially since the
loads are much below normal.
The Trends suggest that for lower OATwb (free-cooling mode) the VFD speeds run between
25% and 47%. These relate to fan demands that are lower than those proposed in the original
calculations. However, again, the much lower loads due to lower building occupancy have a
greater impact on the fan speed and demand.
Results
The savings for the measure are listed below in Table 2. The table shows the savings after each
adjustment was made to the original Ex Ante analysis. The Documentation adjustment reflects
changes that were made by reviewing the calculation and available project documentation. The
Technology adjustment reflects all of the changes due to the identification of different energy
savings application used compared to the Ex Ante calculation. The Quantity adjustment is for
any changes in the quantity of the energy saving application. The Operation adjustment is for any
changes in operating hours or conditions at the site. The Heating and Cooling adjustment is for
the interactive effects of reduced lighting power and HVAC equipment, where appropriate.
The savings for this measure were adjusted for a couple of reasons. The primary reason for lower
energy savings and demand reduction is the significant reduction in the chiller loads – based on
lower occupancy of the campus under new ownership. Also, though there are savings for running
the condensate water pumps slower and negative savings from running the cooling tower fans
faster at lower temperatures, these savings too are reduced due to the significantly lower loads.
Table 2 Energy and Demand Savings

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

Ex Ante

0.00

26.00

-

-

215,052

Documentation

0.00

26.00

-

-

215,052

Technology

0.00

26.00

-

-

215,052

Quantity

0.00

26.00

-

-

215,052

Operation

0.00

2.86

0.00

3.73

160,636

Heating and Cooling

0.00

2.86

0.00

3.73

160,636

Ex Post

0.00

2.86

0.00

3.73

160,636

-

11%

-

-

75%

Realization Rate
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Savings Summary
The savings for both measures are combined to yield the total savings numbers for this project.
The total savings values and the energy and demand savings realization rates are displayed in
Table 3.
Table 3 Total Project Energy and Demand Savings

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

206.94
379.94
379.94
379.94
7.90
7.90
7.90
4%

26.00
26.00
26.00
26.00
2.86
2.86
2.86
11%

12.65
12.65
12.65
-

3.73
3.73
3.73
-

442,862
418,369
418,369
418,369
174,648
174,648
174,648
39%
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Project Information
Project ID#:
Measure:
Electric Savings:
Gas Savings:
Technology:

EA08M007
Optimize chilled water plant, and roof top units
257,536 kWh
41.0 Summer kW
0 CCF
HVAC

24.9 Winter kW

Measure Description
The customer optimized several systems including the chilled water, economizers, heat recovery,
and occupancy controls for the gym and auditorium.
Optimizing the Chilled Water System and Seasonal VFD Pumping
The building is conditioned with a two pipe system providing hot water in the winter via two
boilers and chilled water during the summer via two air-cooled McQuay chillers. The system is
a primary loop only with variable flow rates and a bypass valve to maintain minimum flow rates
through the chillers. There are two seasonal pumps that are 30 HP each. There is an additional
hot water loop that provides the heating for the gymnasium area with two 3 HP variable speed
pumps. The seasonal pump VFDs adjust the pump speed to maintain a differential pressure of
18 PSIG. The chilled water system is enabled when the outside air is at or greater than 63F;
however when the temperature is below this the rooftop fans operate at 100% speed to cool the
space. The pumps are not scheduled and operate year round.
Humidity sensors will be installed to calculate outside enthalpy and the chiller system will be
enabled at or above an enthalpy of 23.5 Btu/lb. The chilled water system will also be given a
schedule to turn off the pumps and chillers unless two or more units require cooling. During the
school year the chilled water system will be in occupied mode from 6AM to 9PM on the
weekdays. Nights and weekends the chilled water system will be scheduled off. During the
summer months the chilled water system will be in occupied mode weekdays from 6AM to 6PM.
The lag pumps will also be reprogrammed and will not be allowed to operate while the primary
pump is running.
Enthalpy Economizer Control for RTU 1, 4, 5, and 6
The rooftop units currently have dry bulb economizer controls enabled at 75F. RTUs 4 and 5 are
VAV systems that typically operate at 80% speed. The VAV boxes appear to always be in
occupied mode requiring the units to bring in excess outside air. RTUs 1 and 6 are constant
volume units serving the cafeteria. All four units also have CO2 controls.
All four rooftop units will have the optimal start/stop adjusted and new seasonal scheduled
programmed. During the summer the units will only be allowed to operate on weekdays from
8AM to 3PM. The occupied space temperatures will also be adjusted to 70F for heating and 74F
for cooling. The unoccupied schedule will be adjusted to 65F for heating and 80F for cooling.
The demand control ventilation will also be reinstated by adjusting the return air setpoint to 1100
ppm as well as fix the outside air dampers. The economizer controls will also be upgrade to
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operate based on humidity. The VAV units (4 and 5) will also have static pressure reset controls
enabled.
Enhance VFD Control on Heat Recovery Units
There are three heat recovery units that serve two stories of classrooms. The heat recovery units
provide outside air to the individual classroom fan coil units. The units have 15HP VFD
controlled supply and exhaust fans and are programmed to maintain a setpoint of 0.5; however
the outside air dampers for the FCUs are always open and the setpoint is never reached. The
FCUs are controlled by occupancy sensors and yet they still have open outside air dampers. In
addition the units start between 4 and 5AM and run for 11 hours a day.
The heat recovery units will be scheduled to run from 7:30AM to 4:00PM Monday through
Friday during the school year. During the summer the units will run between 8AM and 2PM
Monday through Friday. The FCUs will be reprogrammed to close the outside air dampers even
during occupied hours when the occupancy sensors show no occupancy. In addition the FCU fan
will shut down as well. The dampers will also be inspected and repaired if necessary. During
unoccupied periods the motion sensor can enable to FCU to occupied mode however the heat
recovery units will remain off.
Install VFD Occupancy Control in the Gym
The gym in heated with two constant volume rooftop units that operate 6 days a week 14 hours a
day. The units utilize a dry bulb economizer set at 75F.
VFDs will be installed to control the return and supply fans to run at either 30HZ for unoccupied
and 45HZ in the occupied mode. The units will also be scheduled occupied from 8AM to 4PM
Monday through Friday during the school year. During the summer the gym units will only
operate based on occupancy sensors in the space.
Install VFD Occupancy Control in the Auditorium
The auditorium is served by two multi-zone constant-volume AHUs that operate 11 hours/day
Monday through Friday. The units maintain an occupied temperature set point of 72°F. The
units have an economizer mode, for which the dry bulb setpoint is 65°F. The units also have
demand control utilizing a local CO2 sensor.
This measure involves installing VFDs on the supply fans and return fans of these units (10hp
and 5hp supply and return fans, respectively) and installing 2 occupancy sensors in the
Auditorium. The BMS was reprogrammed to allow the newly-installed VFDs to cycle on low
(30 Hz) when the space is unoccupied. During the school day setback temperatures of 70°F
(heating season) and 73°F (cooling season) are maintained when there is nobody in the
auditorium. During nights and weekends setback temperatures of 65°F (heating season) and
78°F (cooling season) are maintained. Whenever someone enters the Auditorium the units run at
high speed (50 Hz) and maintain a 72°F temperature.
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Summary of the Ex Ante Calculations
CH-1 Optimize Chiller Water System and Seasonal VFD Pumping
For the calculation of savings for this measure a bin analysis method was used. Five degree
temperature bins from -10°F to 105°F were created (with the exception of one bin created for
55°F to 58°F and another for 58°F to 60°F). The number of annual operating hours correlating
to OAT in each bin was specified, along with the building load for each bin. This was done
using the existing schedules and control sequences for the chiller plant. The chiller efficiency is
specified for each bin, along with the %speed of all four pumps. Affinity laws and full-load
demand for each pump is used to determine the demand of each pump in each bin. The building
load and chiller efficiency is used to calculate the chiller demand for each bin. The demand of
the chiller and the pumps is added up in each bin to get the total demand. This is multiplied by
the number of annual operating hours specified for that bin to get the annual energy use of the
chiller system for that bin. The sum of the annual energy use for all bins is the base case energy
use for this measure.
An identical table was created for the post case, in which the operation of the chiller and the
pumps is changed to reflect the work completed for this measure. Instead of all four chilled
water pumps running (which was happening in the base case), only two are running in the post
case. The %speed of those still operating was reduced in some bins and increased in other bins.
The post case table also shows that with the completion of the project the chiller will actually
turn on at lower temperatures than in the base case – the post case shows it turning on at 58°F
compared to 60°F in the base case. The method of calculating annual energy use for the post
case is the same as that described above for the base case. The difference between the base case
and the post case is the energy savings for this measure.
HV-1 Enthalpy Economizer Control for RTU 1, 4, 5, and 6
For the calculation of savings for this measure a bin analysis method was used. Two separate bin
analyses were done – 1 for RTU-1 and RTU-6, which are both constant-volume RTUs, and 1 for
RTU-4 and RTU-5, which are both variable-volume RTUs. For each of the bin analyses the
maximum CFM of the units is specified, along with the %OA and %speed for each bin. Using
specified supply air temperatures and the average bin temperatures and the information
previously mentioned, the cooling load of the units was calculated for each bin. The chiller plant
efficiency was then integrated to determine the energy use of the cooling plant due to these units
running. The energy use of the fan motors in all of the units was determined based on the fullload demand and the %speed in each bin. The chiller plant demand and fan motor demands were
added together to get the total demand for each bin. This is multiplied by the annual operating
hours in each bin to determine the annual energy use for each bin. This is summed to find the
annual energy use.
For the post case an identical bin analysis table was created. For the post case the %OA of the
units was decreased from 25% to 15% for all bins not in economizer mode. The mixed air
enthalpy was changed to reflect the lower %OA, and a new reduced-hours schedule was used to
calculate the energy use in each bin. The new operating schedule is 7AM-4PM Monday-Friday
during the school year and 8AM-3PM Monday-Friday during the summer. The base case
schedule is 6AM-4PM all year. Using the post case hours of operation in each bin the post case
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energy use was calculated. The difference in annual energy use between the base case and the
post case is the energy savings for this measure.
HV-5 Enhance VFD Control on Heat Recovery Units
For the calculation of savings for this measure a bin analysis method was used. For this bin
analysis the maximum CFM of the units is specified, along with the %OA and %speed for each
bin. The demand of the fan motors for all of the units was determined based on the %speed in
each bin. This demand is multiplied by the number of operating hours in each bin to determine
the annual energy use in each bin. The energy use for all bins is summed to find the annual
energy use.
For the post case an identical bin analysis table was created. For the post case the %OA of the
units remain the same, but the %speed of the units decreases for all bins – down to between 60%
and 85% for all bins, compared to the base case of 100% for all bins. The demand of the fan
motors was calculated using these post case %speed numbers for each bin. The hours of
operation of these units was decreased, from 55 hours/week during the school year and 45
hours/week during the summer to 36 hours/week during the school year and 30 hours/week
during the summer. The fan motor demand for each bin is multiplied by the reduced operating
hours in each bin to determine the post case annual energy use for each bin. The energy use for
all bins is summed to find the post case annual energy use. The difference in annual energy use
between the base case and the post case is the energy savings for this measure.
OCC-1 Install VFD Occupancy Control in the Gym
For the calculation of savings for this measure a bin analysis method was used. For this bin
analysis the maximum CFM of the units (RTU-2 and RTU-3) is specified, along with the %speed
for each bin and the units’ operating schedule. The demand of the fan motors for both of the
units was determined based on the %speed in each bin. This demand is multiplied by the number
of operating hours in each bin to determine the annual energy use in each bin. The energy use
for all bins is summed to find the annual energy use.
For the post case an identical bin analysis table was created. For the post case the %speed of the
units was decreased from 100% for all bins down to between 65% and 75%. A new reducedhours schedule is specified for the post case and is used to calculate the annual energy use in
each bin. The new operating schedule is based on the estimated occupancy of the space, which
is 50 hours/week during the school year and 45 hours/week during the summer. The base case
schedule is 5AM-7PM (14 hours/day) all year. Using the post case hours of operation in each
bin the post case energy use was calculated. The difference in annual energy use between the
base case and the post case is the energy savings for this measure.
OCC-3 Install VFD Occupancy Control in the Auditorium
For the calculation of savings for this measure a bin analysis method was used. One bin analysis
was done covering both RTU-7 and RTU-8, which were both constant-volume RTUs prior to the
installation of VFDs. For this bin analysis the maximum CFM of the units is specified, along
with the %OA and %speed for each bin. Using specified supply air temperatures, mix air
enthalpies, and the average bin temperatures and the information previously mentioned, the
cooling load of the units was calculated for each bin. The chiller plant efficiency was then
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integrated to determine the energy use of the cooling plant due to these units running. The
energy use of the fan motors in all of the units was determined based on the full-load demand
and the %speed in each bin. The chiller plant demand and fan motor demands were added
together to get the total demand for each bin. This is multiplied by the annual operating hours in
each bin to determine the annual energy use for each bin. This is summed to find the annual
energy use.
For the post case an identical bin analysis table was created. For the post case the %OA of the
units was decreased from 25% to 12% for all bins not in economizer mode. The %speed of the
fans was also decreased, from 100% for all bins in the base case to between 70% and 75% for all
bins in the post case. The mixed air enthalpy was changed to reflect the lower %OA, and a new
reduced-hours schedule was used to calculate the energy use in each bin. The new operating
schedule is based on the installed occupancy sensors, and it is estimated that this will cause the
units to operate 40 hours/week during the school year and 30 hours/week during the summer.
The base case schedule is 6AM-5PM Monday-Friday (55 hours/week) all year. Using the post
case hours of operation in each bin the post case energy use was calculated. The difference in
annual energy use between the base case and the post case is the energy savings for this measure.

Measurement & Verification Plan
This project included the calculation of savings due to the occupancy control of lighting for
hallway lighting in two buildings. An Option A: Partially Measured Retrofit Isolation approach
will be taken.
Based on the project documentation, the EMS system currently trends the status of the lighting
for each of the areas controlled. The EMS system data indicates if the lights in each area
controlled are “Active” or “Inactive.” This data was recorded on a 15 minute interval basis.
For the verification effort, the EMS trends will be collected for a minimum of one month of
“summer” operation and one month of “winter” operation. Because the data is collected on a 15
minute basis, this meets the requirement of the M-MVDR. If the data cannot be collected from
the EMS system, either Hobo U9-002 light on/off status logger or a Hobo U12-012 lumen level
logger will be installed to record the light on/off status.
The Hobo U9-002 light on/off logger is a state logger that records an even indicating a change in
light state (on to off or off to on). If installed, the Hobo U9-009 must be launched from a
computer that has the clock synchronized to a NIST time source. Per the manufacturer
specifications, the U9-002 loggers have a rated time accuracy of ±1 min/month at 25°C. This
meets the requirements of the M-MVDR.
The Hobo U12-012 light lumen level logger is a status logger that records the measured light
lumen level at a preset time interval. If installed, the Hobo U12-012 must be launched from a
computer that thas the clock synchronized to a NIST time source and programmed with a
logging interval of no less than once every 15 minutes. Per the manufacturer specifications, the
U9-002 loggers have a rated time accuracy of ±1 min/month. This meets the requirements of the
M-MVDR. Because the lumen level will not be used to correlate to demand, but instead is used
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at a “threshold” variable indicating light status, the lumen level accuracy requirement is not
subject to the M-MVDR requirements and is not addressed.
In addition to the status measurements, the lighting kW for each space must also be determined.
For each space, the type and quantity of fixtures will be recorded. Special note will be made of
any fixtures that do not operate, are switched, or have burned out bulbs.
The demand of each circuit will then be spot-checked using a NIST-calibrated Fluke 1735.
If the affected spaces for these measures are conditioned, the customer will be interviewed to
determine the operation of the HVAC equipment. In addition, the HVAC equipment will be
inspected and nameplate information will be recorded.
The owner will also be asked about other possible changes at the facility that might have affected
the operation of the lighting since the implementation of this measure, e.g. fixture replacement
projects, programming changes, or changes in the occupancy level of the dormitories.
The customer will also be interviewed to verify the baseline condition, prior to the
implementation of the measure. Per the project documentation, the baseline condition is all the
lights in the affected spaced operating continuously.
In addition, the customer will be interviewed to verify any actions taken to ensure the persistence
of savings as well as interviewed regarding satisfaction level with the measure and the program.
The persistence and satisfaction battery of questions are presented in a separate document.

Description of Verification
An initial site visit was performed on July 25, 2011, during which the customer was interviewed
about the control and operation of the chillers and the chilled water system, and of the Roof Top
Units (RTUs) and Heat Recovery Units (RHUs). The customer explained that all of the work
specified in the project documentation had been completed, and that to the best of his knowledge
everything was still in place and was contributing to savings.
During the initial site visit the customer was able to show the visiting engineer the Building
Management System (BMS), in which trends had been set up to record a large number of
relevant parameters with a time interval no greater than 15 minutes. All relevant trends were
gathered by creating pdf files of the trended data (in spreadsheet form) and copying them onto a
USB portable storage device. All relevant controls information, setpoints, schedules, and
equipment information available in the BMS was collected.
During this site visit Onset Energy Logger Pro loggers were installed to monitor the energy use
of Chillers 1, 2, 3, and 4, AHU-4, RTU-5, Heat Exchangers HX-1, 2, and 3, and the chilled water
pumps. A Hobo U23-001 outdoor air temperature and humidity sensors was also installed. All
relevant data available on the VFD controller modules was recorded, and spot measurements of
Volts, Amps, kW, and Power Factor were taken using a NIST-calibrated Fluke 1735 Power
Analyzer. Nameplate data for the motors in use in the AHUs, RTUs, pumps, and Heat
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Exchangers was also gathered. The installed loggers were collected on August 18, 2011, and the
data offloaded to a computer for future analysis.
Additional visits to the facility were made on September 15, 2011 and January 17, 2012, during
which the trends collected during the initial site visit were again collected.

Summary of Calculations
CH-1 - Optimize Chilled Water System and Seasonal VFD Pumping
The Ex Ante calculations were reviewed and found to be accurate, so there are no documentation
adjustments for this measure. There are also no Technology or Quantity adjustments.
For the chilled water system, the kW recorded by the BMS was verified by the metered data and
the spot-measurements taken during the initial site visit. Using the information included in the
project documentation and provided by the facility manager, the trended data was used to
calculate the energy use of the pumps for the base case and the post case scenarios. This
measure only saves energy between May 1 and October 15, as that is when the chiller system is
providing cooling to the building. The metered and trended data was compared to the logged
outdoor temperatures, and there appeared to be little to no correlation between the energy use of
the chilled water system and the outdoor air temperature. Using the calculated power
consumption data described above, non-weather-dependent average weekly demand profiles
were created for both before and after the completion of the project. These weekly demand
profiles were integrated into the 8760 calculator to determine the summer and winter seasonal
demand savings, the summer and winter seasonal peak demand savings, and the annual energy
savings for this measure. These calculations provide the Operation Adjustment for this
measure’s savings.
There are no Heating and Cooling adjustments for this measure. The Ex Ante savings, along
with all of the savings adjustments, the Ex Post savings, and the realization rates for this
measure, are displayed below in Table 1.
Table 1 CH-1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

3.77
3.77
3.77
3.77
0.00
0.00
0.00
0%

9.16
9.16
9.16
9.16
0.00
0.00
0.00
0%

6.66
6.66
6.66
-

9.16
9.16
9.16
-

26,208
26,208
26,208
26,208
29,618
29,618
29,618
113%
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HV-1 Enthalpy Economizer Control for RTU 1, 4, 5, and 6
The Ex Ante calculations were reviewed and deemed reasonable. The Ex Post calculations for
this measure were done in two parts – the savings due to decreased fan energy use, and the
cooling savings due to bringing in less outside air. First the calculation of savings due to
decreased fan energy use will be discussed.
For each RTU the load profile used in the Ex Ante calculations was obtained. These profiles
specify the %speed that the RTU fans will run at during each temperature bin. These profiles,
along with the schedule for each unit prior to the completion of the project, were integrated into
the 8760 calculator. Algorithms were written that determine the %speed (an the resulting kW) of
the fan motors for each hour of the year based on the hourly temperatures specified in the 8760
calculator and the fan profiles discussed earlier. Profiles relating %speed to kW were used to
determine the demand of the fan motors for every hour of the year. This provides the base case
in the 8760 calculator for the fan energy savings. To determine the fan energy use after the
completion of the project, two different methods were used, based on the availability of trended
and metered data.
For RTU-1 and RTU-6, monitoring equipment was not installed, so the Ex Post calculations
were completed using the trended data and site data collected for these units, the spotmeasurement data collected during the site visit, and the information collected from the customer
and the project documentation. The %OA being used by these units was trended, and these
trends were compared to OAT to develop a 2nd order polynomial regression relating OA damper
position to temperature when the OAT is between 40°F and 70°F. If the temperature is outside
of this range the dampers maintain 10% OA when the building is in occupied mode. When the
building is in unoccupied mode there is no OA brought in. Prior to the completion of this project
these units would use 25% OA during occupied periods. For both the base case and the post case
an algorithm was written that determines the %OA brought in for each hour of the year, based on
the average hourly temperatures specified in the 8760 calculator and the profiles outlined above.
Again using the trended data, for the post case a polynomial regression was created relating the
%speed of the units to the OAT when the temperature is below 58°F and the building is in
occupied mode. Above this temperature the %speed is kept at 80% during occupied mode. An
algorithm was used to calculate the %speed of the fan motors for every hour of the year based on
the average hourly temperatures specified in the 8760 calculator. Profiles relating kW to %speed
were used to calculate the fan motor energy use after the completion of the project for every hour
of the year. The base case and post case fan demand for every hour of the year was integrated
into the 8760 calculator to determine the annual motor energy savings for RTU-1 and RTU-6.
The OAT, %speed, and %OA for every hour of the year was used to calculate the cooling energy
needed before and after the completion of the project. The chiller efficiency of 1.1 kW/ton was
used for both the base case and post case calculation of chiller energy. The resulting hourly
demands were integrated into the 8760 calculator to determine the energy savings due to reduced
cooling for this measure.
For RTU-4 and RTU-5, metered data is available from the monitoring equipment installed on
these units. All of the savings calculations for these units were done identically to those done for
RTU-1 and RTU-6 outlined above, except that for these units the metered data was used in
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conjunction with the trended data to establish the fan motor kW profiles. Just as with RTU-1 and
RTU-6, polynomial regressions relating %speed and %OA to OAT were created for both the
base case and the post case and, along with the schedules for the units, the information collected
during the site visit and the information included in the project documentation, the fan kW and
chiller kW for each hour of the year was calculated for both the base case and the post case. The
calculated kW for each hour of the year for the base case and post case were integrated into the
8760 calculator to determine the total energy and demand savings for these two units.
The energy and demand savings for all four RTUs involved in this measure were added up to
find the total energy and demand savings for this measure. This is the operations adjustment for
this measure. Because these units and the chillers are located on the roof there are no heating
and cooling interactive effects, thus there are no heating and cooling adjustments for this
measure.
The Ex Post savings for this measure are significantly less than the Ex Ante savings. The most
significant factor in the reduction of savings is that the hours of operation were not reduced as
proposed. The Ex Ante calculations specify that with the completion of this project the building
will be in occupied mode 9 hours/day Monday-Friday during the school year, compared to 10
hours/day previously. The trended and metered data show that the units involved in this measure
are running 12 hours/day, which is even more than they were running in the base case, according
to the supplied documentation.
The Ex Ante and Ex Post savings, along with all of the adjustments made and the realization
rates for this project are displayed below in Table 2.
Table 2 HV-1 Measure Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

25.20
25.20
25.20
25.20
5.83
5.83
5.83
23%

3.67
3.67
3.67
3.67
(3.67)
(3.67)
(3.67)
-100%

51.10
51.10
51.10
-

3.70
3.70
3.70
-

49,237
49,237
49,237
49,237
22,994
22,994
22,994
47%

HV-5 Enhance VFD Control on Heat Recovery Units
For the calculation of savings for this measure, both trended data and metered data is available,
as energy loggers were individually installed on all three heat exchanger units (HX-1, HX-2,
HX-3) involved in this measure.
The trended data available for these three units provides %speed data, but no demand
information. For HX-1, for the periods during which both trended and metered data was
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available, the trended %speed and the metered kW were used to create a polynomial regression
relating kW to %speed. This regression was used to calculate the demand of HX-1 for every
trended data point. This calculated demand was then used to calculate the average hourly
demand of HX-1 for all of the periods for which trended data was gathered. This average hourly
demand was used to create a weekly profile in which the average demand for every hour of the
week is calculated. A weekly profile was created for both the Summer and the School Year.
The method of calculations described above for HX-1 was repeated for HX-2 and HX-3 to create
weekly profiles of average hourly demand for all three units.
The base case for all three heat exchanger units is the full-load (100% speed) demand of the units
from 5AM-4PM Monday-Friday during both the School Year and the Summer. A weekly
profile of average hourly demand was created for each heat exchanger unit and populated with
the full-load demand during the hours of the week specified above.
The base case and post case weekly profiles of average hourly demand for the summer and
school year for each heat exchanger were integrated into the 8760 calculator to determine the
energy and demand savings for this measure. This provides the operation adjustment for this
measure.
The Ex Post savings for this measure are greater than the Ex Ante savings largely because the Ex
Ante calculations specify that the heat exchangers will run 6 hours/day during the summer, when
in reality it was found that HX-2 and HX-3 almost never run during the summer, causing even
greater savings during the summer. HX-1 was found to run as the Ex Ante calculations specify.
Because these units are located on the roof, there are no heating or cooling interactive effects,
therefore there are no heating and cooling adjustments for this measure.
The Ex Ante and Ex Post savings, along with all of the adjustments made and the realization
rates for this project are displayed below in Table 3.
Table 3 HV-5 Measure Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
24.48
24.48
24.48
-

0.00
0.00
0.00
0.00
(0.76)
(0.76)
(0.76)
-

26.89
26.89
26.89
-

(0.39)
(0.39)
(0.39)
-

83,841
83,841
83,841
83,841
92,881
92,881
92,881
111%
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OCC-1 Install VFD Occupancy Control in the Gym
For the calculation of savings for this measure trended data for the gym RTUs and the metered
data collected with the OAT logger installed during the initial site visit was used, along with
information collected during the site visits and from the project documentation.
The trended data for the RTUs serving the Gym (RTU-2 and RTU-3) provides the %speed of the
fan motors. Comparing the trended RTU speeds to the temperature data collected with the
installed U23-001 Outdoor Air logger reveals that the fan %speed does not correlate to outside
air temperature. These units do not have any means of cooling the air in the gym, only heating it.
Because of this, there are no chiller savings associated with this measure like there were in
measure HV-1.
The trended data shows that the units only run at 3 different speeds – 0%, 50%, and 75%. The
trended data was put into a spreadsheet and an algorithm was used to determine on average what
percent of the time during each hour of the week each unit is at 0% speed, 50% speed, and 75%
speed. The %time that the unit is at 50% speed during an hour of the week is multiplied by the
demand of the motor at 50% speed. The %time that the unit is at 75% speed during an hour of
the week is multiplied by the demand of the motor at 75% speed and this is added to the
previously mentioned demand. This yields the average motor demand for each hour of the week.
This was done for both units, separate weekly profiles being created for the Summer and for the
School Year. These profiles were integrated into the 8760 calculator as Post Case non-weatherdependent demand profiles. An individual 8760 calculator was used for each of the two RTUs.
For the base case it was assumed that the units would run at 100% speed from 5AM-7PM
Monday-Friday all year.
The 8760 calculator, along with the base case and post case demand profiles outlined above,
were used to determine the energy and demand savings for this measure.
The Ex Post energy savings for this measure are significantly less than the Ex Ante savings. The
largest contributing factor to the decrease in savings is that even with the completion of this
project the RTUs still run quite frequently during nights and weekends, which is something that
was not anticipated in the Ex Ante calculations.
The Ex Ante and Ex Post savings, along with all of the adjustments made and the realization
rates for this project are displayed below in Table 4.
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Table 4 OCC-1 Measure Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

5.80
5.80
5.80
5.80
9.90
9.90
9.90
171%

5.80
5.80
5.80
5.80
2.29
2.29
2.29
39%

13.33
13.33
13.33
-

11.04
11.04
11.04
-

39,118
39,118
39,118
39,118
25,540
25,540
25,540
65%

OCC-3 Install VFD Occupancy Control in the Auditorium
For the calculation of savings for this measure trended data for the auditorium RTUs and the
metered data collected with the OAT logger installed during the initial site visit was used, along
with information collected during the site visits and from the project documentation.
The trended data for the RTUs serving the auditorium (RTU-7 and RTU-8) provides the %speed
of the fan motors. Comparing the trended RTU speeds to the temperature data collected with the
installed U23-001 Outdoor Air logger reveals that the fan %speed does not correlate to outside
air temperature.
The trended data shows that the units only run at 3 different speeds – 0%, 50%, and 75%. The
trended data was put into a spreadsheet and an algorithm was used to determine on average what
percent of the time during each hour of the week each unit is at 0% speed, 50% speed, and 75%
speed. The %time that the unit is at 50% speed during an hour of the week is multiplied by the
demand of the motor at 50% speed. The %time that the unit is at 75% speed during an hour of
the week is multiplied by the demand of the motor at 75% speed and this is added to the
previously mentioned demand. This yields the average motor demand for each hour of the week.
This was done for both units, separate weekly profiles being created for the summer and for the
School Year. These profiles were integrated into the 8760 calculator as Post Case non-weatherdependent demand profiles. An individual 8760 calculator was used for each of the two RTUs.
For the base case it was assumed that the units would run at 100% speed from 5AM-7PM
Monday-Friday all year, and that in the base case the units ran the same amount during nights
and weekends as they do with the project’s completion.
The 8760 calculator, along with the base case and post case demand profiles outlined above,
were used to determine the energy and demand savings for this measure.
The Ex Post energy savings for this measure are significantly less than the Ex Ante savings. The
largest contributing factor to the decrease in savings is that even with the completion of this
project the RTUs still run quite frequently during nights and weekends, which is something that
was not anticipated in the Ex Ante calculations. The only contribution to savings is from periods
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during the day (which would normally be “occupied” mode) when there is nobody in the
auditorium.
The Ex Ante and Ex Post savings, along with all of the adjustments made and the realization
rates for this project are displayed below in Table 5.
Table 5 OCC-3 Measure Savings Summary

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

6.20
6.20
6.20
6.20
12.69
12.69
12.69
205%

6.20
6.20
6.20
6.20
0.00
0.00
0.00
0%

18.46
18.46
18.46
-

6.20
6.20
6.20
-

59,132
59,132
59,132
59,132
37,228
37,228
37,228
63%

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summary
The measure savings specified above are added together to determine the total energy savings for
this project. The total Ex Ante and Ex Post savings, along with the total savings with each
adjustment, and the overall project realization rates, are displayed below in Table 6.
Table 6 Project Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

41.00
41.00
41.00
41.00
52.90
52.90
52.90
129%

24.90
24.90
24.90
24.90
(2.13)
(2.13)
(2.13)
-9%

116.44
116.44
116.44
-

29.75
29.75
29.75
-

257,536
257,536
257,536
257,536
208,261
208,261
208,261
81%
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Project Information
Project ID#:
Measure:
Electric Savings:
Gas Savings:
Facility Usage:

EA08M010 / EA09G081
Optimize RTU’s VAV control and Economizer
137,643 kWh
0.00 Summer kW
2,746 CCF
School

0.00 Winter kW

Measure Description
This project involves several different solutions that collectively generate the given savings for
nine roof top units located throughout the high school facility. These RTU are split between three
groups of calculations, labeled HV-1A, HV-1B and HV-1C. The solutions are as follows:
1) Implement optimum start/stop on all the roof top units with a warm up/cool down mode;
reducing run hours by approximately 1 hour per day
2) Implement comparative enthalpy mode for all the roof top units and utilize an average of
all outdoor air stations for control
3) Implement static pressure reset for all RTU’s based upon VAV box positions
4) Modify all VAV box settings to increase the dead band from 2 degrees to a minimum of
6 degrees.
5) Implement occupancy control of classroom VAV’s to enable VAV boxes to go to zero
flow during occupied periods
6) Implement a Summer Mode sequence that minimizes RTU run time based upon
occupancy
7) Maintain a fixed 55°F supply air temperature
8) Raise occupied summer temperature set points for all the spaces to 74-76°F.
Although all these solutions were listed in the project plan, only number 1, 2, 6 and 8 were
shown in the calculations.

Summary of the Ex Ante Calculations
This calculation was split into three sections. Table 1 shows a breakdown of each section, RTU
involved, and associated electric and gas savings.
Table 1 Measure Summary

Section
HV-1A
HV-1B
HV-1C

Roof Top Units
8, 9
1, 2
3-7

Electric Savings (kWh)
20,621
21,371
95,652

Gas Savings (CCF)
46.6
43.6
121.4

BIN data was created for Bridgeport, CT and split based on academic and non academic hours.
This calculation used January to May and September to December for the academic year and
June to July for the non academic year. These hours were then multiplied by the hours of
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operation and a 5/7 factor to adjust for weekday hours only. Existing and proposed hours of
operation for academic and non academic periods are given in Table 2.
Table 2 Hours of Operation

Academic Year
Non Academic Year

Existing
11
8.5

% ON
46%
35%

Proposed
10
7.0

% ON
42%
29%

Solution 1 implemented optimum start/stop on the RTU with a warm up/cool down mode. The
one hour per day decrease in operating time for the academic year and non academic year is
assumed to be attributed to this solution. The proposed decrease in operation is consistent in all
RTU’s.
Section HV-1A, which calculates savings for RTU 8 and 9, implemented solutions 1, 2 and 8.
For the existing system, a total CFM was established from the sum of the RTU’s involved and
the %OA is hard coded in at 15% except for economizer mode where is it at 100% and 75% for
60-65°F and 55-60°F temperature ranges, respectively. The resulting supply CFM is the sum of
the OA and RA. The cooling energy required is then calculated from the following equation:
Cooling Energy (Btu/hr) = 4.5 * Supply CFM * (Mixed Air Enthalpy – 24.4) where 24.4 is the
space cooling set point. The resulting required tons are calculated as cooling energy/12,000.
Total cooling kW is calculated by the product of the cooling tons and a kW/ton factor of 1.2. The
kWh is then the product of the kW and the total hours of operation for the year.
Fan motor kW is calculated based on the hard coded fan speed percentages and fan kW and
efficiency.
Heating mode starts when the BIN temperature range falls below 55°F and the required
MMBtu/hr is calculated based on the following equation.
MMBtu/hr = ((1.08 * ΔT * ΔCFM) * hours of operation)/1,000,000
The proposed system has the same calculations as the existing system, except for several values
which are attributed to the resulting savings. %OA is the same throughout the BIN data except
for the 65-70° range where it is increased to 100% for increased economizer operation. This
change is due to solution 2; enthalpy economizer operation, although this value is hard coded and
not calculated. The fan speed for this temperature range stays constant at 93% which is not
expected when operating at 100% outside air. The mixed air enthalpy also has hard coded values
which are assumed to match the listed mixed air temperature and no explanation is given for the
calculation method. This value of mixed enthalpy is used to calculate cooling energy but is equal
to the existing system in the economizer mode temperature range.
Solution 8, which implements a rise in summer temperature set points, can be attributed to the
increase in return air temperature for the proposed system during the cooling mode. These
numbers are also hard coded into the calculation and are not explained. Even though these values
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are changed to represent the summer temperature set points, the summer and winter BIN hours
are used to calculate savings, which does not match the listed solution.
Section HV-1B, which calculates savings for RTU 1 and 2, is very similar to section 1A in how
savings were calculated. In addition to the savings solutions that were implemented in section
1A, section 1B states it includes solution 5 which allows occupancy control of classroom VAV’s
to enable VAV boxes to go to zero flow during occupied periods. Nowhere in the calculation did
it show where this was taking place. Hours of operation remained consistent with that of section
1A.
Fan speed in the proposed system is shown to have a decreased usage based on improved VFD
control.
Section HV-1C, which calculates savings for RTU 3, 4, 5 and 6, is also very similar to the
previous two sections where a total CFM was generated by adding all the RTU’s together.
Savings were generated from the cooling energy required based on the difference in enthalpy of
the mixed and supply air. Similar to the previous systems, most of these critical values are hard
coded and it is unclear how they were generated. Section 1C also states it includes solution 5,
although nowhere in the calculation did it show where this was taking place.
In the proposed system, the fan speed percentage is reduced because of increased control of the
VFD, but no further information is available. An additional temperature range is added into the
economizer mode, although the calculations are hard coded and don’t correlate to the required
%OA to meet the space conditions. Mixed air enthalpy and return air temperatures are hard
coded and changed to what is assumed to be the change in set back temperature, but it is unclear
how these values were generated, especially how the enthalpy was determined from the
temperature.
Solution 6 implements a Summer Mode sequence that minimizes RTU run time based upon
occupancy. This section of RTU’s show the hours of operation to be 8am-2pm, although cooling
only happens from 8-10am and 12-2pm, resulting in 4 hours of cooling. This change is assumed
to correlate with solution 6.
The claimed ex ante savings are shown in Table 4.
Table 3 Ex Ante Energy Savings

Measure
Optimize RTUs

Summer
Seasonal
Peak Savings

Ex Ante Savings
Winter
Seasonal Peak
KWh
Savings
Savings

0.00

0.00

Measurement & Verification Plan

3

137,643

Peak Day
CCF

CCF
Savings

708

2,746

This project included the calculation of savings due to controlling (9) RTU throughout a high
school building during academic and non academic hours. An Option A: Partially Measured
Retrofit Isolation approach will be taken.
From information specified on the application, EMS data is available for this facility, although
not attached in the project documentation. The customer will be interviewed to determine if this
information is available.
For the verification effort, EMS trends will be collected, if possible, for a minimum of one
month of non academic and one month of academic operation. It should be noted that the MMVDR requires the data is collected on a 15 minute basis.
For this project, the load of the system will be measured based on temperature, CFM of the units,
and fan power. If EMS data is not available, two options are available to record measurement
verification data. The first option would be to install 1 energy logger on each of the 9 RTU. This
would include installing Hobo H22-001 energy loggers to record the supply, return and DX
systems; the total energy of the RTU. In addition, percent fan speed trends from EMS will be
collected. Along with the EMS trends instantaneous measurements of the RTU’s fan kW will be
taken at different fan speeds to confirm the EMS data using a NIST calibrated Fluke 1735 power
meter. With the percent fan speed data, the fan usage and DX usage can be properly split up
from the total kW figures that are generated. Hobo U12-012 Temperature/%RH loggers will be
installed to measure supply and mixed air temperature for each RTU as well as one logger to
measure outside air.
The second option would to install Hobo H22-001 an energy logger to measure the total fan
usage for both the supply and return fan together. An additional H22-001 will be installed on the
DX system to track the compressor and condenser data.
Hobo U12-012 Temperature/%RH loggers will also be installed to measure supply and mixed air
temperature for each RTU as well as one logger to measure outside air. In addition, spot
measurement of Volts, Amps, PF, and kW will be taken during the site visit using a NIST
calibrated Fluke 1735 power meter.
Specific information regarding the Hobo H22-001 and U12-012 can be found at the end of this
document.
The owner will also be asked about other possible changes at the facility that might have
affected the operation of the roof top units since the implementation of this measure, e.g.
programming changes, load requirements or changes in the occupancy level of the school.
The customer will also be interviewed to verify the baseline condition, prior to the
implementation of the measure. Per the project documentation, the baseline condition is all RTU
operating at the same OA levels and cooler set point temperatures.
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In addition, the customer will be interviewed to verify any actions taken to ensure the persistence
of savings as well as interviewed regarding satisfaction level with the measure and the program.
The persistence and satisfaction battery of questions are presented in a separate document.
Measurement verification logger information:
The Hobo H22-001 EnergyPro Energy logger combined with the onset WattNode is a status
logger that records the average kW over a predetermined time interval by measuring the total
kWh for the stated time interval. If installed, the Hobo H22-001 logger must be launched from a
computer that has the clock synchronized to a NIST time source and programmed with a logging
interval of no less than once every 15 minutes. Per the manufacturer specifications, the Hobo
H22-001 loggers have a rated time accuracy of ±5 sec/week. The Onset WattNodes combined
with SCT Amp Current Transformers have a combined rated accuracy of ±1.5% within 10% to
130% of SCT Amp Current Transformer rated current. This meets the requirements of the MMVDR for both ±2 min/month time accuracy and ±2% kW accuracy.
The Hobo U12-012 Temp/%RH logger is a status logger that records the dry bulb temperature
and % relative humidity at a preset time interval. If installed, the Hobo U12-012 must be
launched from a computer that has the clock synchronized to a NIST time source and
programmed with a logging interval of no less than once every 15 minutes. Per the manufacturer
specifications, the U9-002 loggers have a rated time accuracy of ±1 min/month. This meets the
requirements of the M-MVDR. Because the temperature/%RH will not be used to directly
calculate demand they are not required to meet the ±2% accuracy set forth by the M-MVDR for
proxy variables.

Summary of Verification
An initial site visit was performed on July 19, 2011, during which the facilities manager was
interviewed about the operation and control of the RTUs, the schedule that is used to control the
RTUs, and to verify that the documented work had been completed and was still in place. The
facility manager was able to grant access to the BMS for the visiting engineers and showed that
trends had been set up on a large number of parameters for each RTU, which could be
downloaded to .pdf files for copying onto a portable storage device.
During the initial site visit energy monitoring equipment (Onset Energy Logger Pro or DENT
ElitePro) utilizing voltage clips and split-core current transducers were installed on six of the
nine RTUs. On July 23, 2011, 3 of the installed Onset Energy Logger Pro loggers were removed
and installed on the remaining three RTUs that monitoring equipment was not originally
installed on. During the site visit a U23-001 outdoor Temperature/%RH logger was installed on
the roof of the building where all of the RTUs are located.
The installed monitoring equipment was collected on August 17, 2011 and the collected data
offloaded to a computer for future analysis. At the time that the monitoring equipment was
collected, all of the trends available in the BMS that had been deemed relevant were again
collected.
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The facility was visited again on December 8, 2011 and the same trends were gathered. These
trends provide operating data from the winter, when school is in session and the building was in
heating mode.
Interval data was acquired from CL&P, which provides the total electrical energy use for this
facility. Because the energy use of the RTUs is a significant portion of the electrical energy use
of the school, changes in RTU energy use should be evident in the interval data.

Summary of Calculations
The trended data, interval data, and the data collected from the installed monitoring equipment
was reviewed, and it was discovered that over the course of a year the RTUs actually use more
energy now than they did prior to this project’s completion. Because of this, the energy and
demand savings for this project were all set to zero.
The collected data shows that the RTUs were still operating based on the new schedules that
were programmed into the BMS during the project’s implementation. The schedule change itself
would contribute to savings, but it was found that prior to the project’s completion the RTUs
would turn off during the unoccupied period, whereas after the project’s completion they would
kick on periodically during unoccupied periods in order to maintain setback temperatures.
The energy and demand savings for this project were also dependent on the HVAC system being
switched between heating and cooling modes when necessary (switch from heating to cooling in
the spring, and switch from cooling to heating in the fall). The information collected shows that
the necessary switch-over work to go from heating mode to cooling mode (and vice versa) is not
being performed, thus the system is not running optimally, and the result is that a lot of energy is
being wasted.
The interval data provided by CL&P, along with weather data, was used to determine normalized
energy use for the facility before and after the project’s completion. The energy use of the
facility was separated out into 3 different time periods throughout the year – from January 1 to
the end of the school year, summer vacation, and from the beginning of the school year to
December 31. Linear regression analysis was used to find temperature-dependent scaling factors
for the weekdays and weekends of the weekly demand profiles created for each of the time
periods specified above. These demand profiles were integrated into the 8760 calculator to
determine the summer and winter demand savings, summer and winter seasonal peak demand
savings, and the annual energy savings.
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Figure 1 Pre vs. Post Daily kWh vs. Average Daily Temperature

It should be noted that the pre kWh/day and post kWh/day trends follow two distinct lines. The
top line in each case (approximately 6000 kWh/day below 60°F, ramping up to approximately
10,000 kWh/day at 80°F) are days that the school is in session. The days where the kWh/day is
lower are weekends, holidays, summer break, and other days that the school is not in session.
From this analysis it was determined that the facility is using more energy now than it was prior
to this project’s completion. Because of this, the savings for this project were set to zero. Figure
1 shows the daily energy use compared to the average daily temperature for the facility before
and after the project’s completion. It can be easily seen that the energy use of the facility is
greater than it was prior to the project’s completion for all temperatures.
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Table 4 Ex Post Electrical Savings

Ex Ante Savings
Documentation Adjustment
Technology Adjustment
Quantity Adjustment
Operations Adjustment
Heating and Cooling Adjustment
Ex Post Savings
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal
Peak Savings

Summer
Peak
Savings

Winter
Peak
Savings

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

0.00
0.00
0.00

0.00
0.00
0.00
-

-

Table 5 Ex Post Gas Savings

Ex Ante Savings
Documentation Adjustment
Technology Adjustment
Quantity Adjustment
Operations Adjustment
Heating and Cooling Adjustment
Ex Post Savings
Realization Rate
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Peak Day
(CCF/Day)
708.00
0.00
0.00
0.00
(708.00)
0.00
0.00
0%

Extreme
Peak Day
(CCF/Day
0.00
0.00
0.00
-

kWh
Savings

Yearly
Savings
(CCF)
2,746
0
0
0
-2,746
0
0
0%

137,643
0
0
0
-137,643
0
0
0%

Project Information
Project ID#:
Measure:
Electric Savings:
Technology:

WE06M021, WE07M001, WE06M022,
WE06M023, WE07M002
Condenser water temperature reset, Static Pressure Reset Optimization
757,092 kWh, 40.6 Summer kW, 40.6 Winter kW
HVAC

Measure Description
This project includes 5 identical projects installed on 5 separate buildings with the same two
measures installed in each building. These measures include ECM#1-Static Pressure Reset, and
ECM#6-Tower Condenser Water Reset.
ECM#1 – Static Pressure Reset
The existing branch static pressure sensors, located downstream of the branch dampers, are to be
tied into the BAS to allow for the monitoring of the floor branch static pressures. The existing
pneumatically-controlled branch dampers are to be converted and tied into the BAS. The BAS
will “poll” all of the floor branch dampers to determine their damper positions and control the
branch dampers to maintain a branch static pressure set point. The BAS will have useradjustable floor branch static pressure set points. The BAS will reset the AHU static pressure set
points based upon the floor branch damper position that is open the most. If any floor branch
damper is open greater than 90% for 5 minutes, incrementally increase the AHU duct static
pressure set point in 0.1” w.c. intervals. If all of the floor branch dampers are open less than
80% for 5 minutes, incrementally decrease the AHU duct static pressure set point in 0.1” w.c.
intervals. The operating static pressure set point shall range from 1.25” w.c. to 1.75” w.c. The
BAS shall have an operator-interface graphic screen to monitor the system operation and shall
include, but is not limited to the following: AHU main plenum (“trunk”) static pressures and set
points, AHU supply fan and return fan VFD speeds, all floor plenum (“branch”) static pressures
and set points, and all floor branch damper positions and control signals. In addition, this project
also involves installing floor discharge air static pressure sensors and output transducers to the
DDC control system. These sensors will control the existing pneumatic discharge dampers
serving VAV box duct runs.
ECM#6—Cooling Tower Water Temperature Reset
This plan represents five measures where the same “identical” measure was installed in five (5)
separate buildings.
Savings for this measure are accrued through lowering the condenser water set point temperature
from the cooling towers.
Existing operation: The condenser water return temperature set point is currently fixed at 80°F.
The cooling tower fans’ speeds vary through their VFDs to maintain the exiting temperature at
this set point. Under this operation it is estimated that the average chiller efficacy is 0.767
kW/ton.

Proposed operation: The condenser water exit temperature set point is reset to 70°F. The EMS
will control the cooling tower fan VFD’s to maintain the condenser water temperature at set
point. The cooling tower fans’ speeds vary as before, but will run at higher speeds for
temperature regimes below 70.6°Fwb. The lower condenser entering water temperature at the
chiller will result in a higher chiller efficiency, estimated at an average of 0.718 kW/ton –
varying from 0.767 to 0.667 kW/ton for lower outside wet bulb regimes. While the CT fan
energy will increase, reduction in chiller energy use will be greater than the cooling tower fan
energy use increase.
Listed in Table 1 is a summary of the buildings involved and the respective savings for each
building for this measure. There are no demand savings for this measure.
Table 1 Project Description and Savings

Project
Number
WE-06-M-021
WE-07-M-001
WE-06-M-022
WE-06-M-023
WE-06-M-002

Building

Measure

kWh Savings

kW Savings

101
201
301
401
501

ECM #6
ECM #6
ECM #6
ECM #6
ECM #6

88,752
88,752
88,752
88,752
88,752

------

The savings shown in the original calculations spreadsheet do not match the savings above from
the tracking system for each building. The original calculated savings are 98,963 kWh per year
per building. There is no information in the records to explain this difference.

Summary of the Ex Ante Calculations
ECM#1 – Static Pressure Reset
The calculation for this measure is based on reducing the main duct static pressure, which
reduces the required demand while keeping load constant. Savings were calculated in the same
manner for all buildings, but have different savings due to different cooling demand
requirements. Table 2 lists the total cooling load for each building and the resulting savings.
Table 2 Cooling Load Savings per Building

Building
101
201
301
401
501

Total Cooling
CFM
133,650
153,900
144,855
171,875
186,953

Measured
Motor kW
109.23
150.95
80.97
89.90
92.93

New motor
kW (Case 1)
65.94
91.93
48.70
54.27
56.10

New motor
kW (Case 2)
78.02
107.82
57.62
64.21
66.38

New motor
kW (Case 3)
92.32
127.58
68.18
75.98
78.54

Note the new motor demand was calculated three different ways based on various fan law
relationships. Every case uses the same basic equation for the new motor demand, and only
varies the exponent of the pressure ratio. The fan law is shown in Equation 1.

Case 1: X=3/2, Case 2: X=1, and Case 3: X=1/2. In every case the current main duct static
pressure = 1.75 and the new main duct static pressure = 1.25.
The total cooling load was determined from the following equation:

Where the VFD cooling load factor is a hard-coded value ranging from 80-95% and the airflow
load factor is based on the traverses of the pipe. This airflow factor equals 75% for buildings
101-401 and 93% for building 501. The design CFM was also a hard-coded value with no
explanation on it origins. The final Ex Ante savings were taken from the most conservative
value, which was Case 3 in all buildings.
Using the most conservative value for the new motor demand, the total demand reduction was
calculated by the difference in the new and measured demand. The estimated peak demand was
calculated by assuming it to be half of the reduced demand. Total kWh reduction was calculated
by the product of the demand reduction and hours of operation, which were stated to be 3864
hours for all buildings. The hours of operation were determined from the following equation.
Hours/year = (((Hours/weekday *5) + Hours/weekend)*52)-(Holidays*Hours/weekday)
Where the weekday hours are listed at 14 hours, the weekend hours are 7 (Saturday only) and 10
holidays, resulting in a total of 3864 annual hours.
The resulting savings for this measure for each of the 5 buildings involved in this project are
displayed below in Table 3.
Table 3: ECM-1 Measure Summary

Building
101
201
301
401
501

Annual kWh
savings
65,357
90,317
48,265
53,789
55,604

Measured
Motor kW
8.46
11.69
6.25
6.96
7.20

ECM#6— Cooling Tower Water Temperature Reset
No documents that provided a description of the measure were found. This description is based
on review of all available information and the information in the calculations spreadsheet.
Calculations for this project were completed using the simplified ASHRAE bin analysis, and are
identical for each of the 5 buildings involved in this project.
The savings from this measure are based on lowering the condenser water temperature entering
the chiller from 80°F to 70°F during appropriate cooler weather. This results in the chiller
operating at a higher efficiency (lower kW/ton.) The calculation uses wet-bulb bin temperatures
above 55°F for Bridgeport, CT. For wb temperatures above 71°F the cooling tower return
temperature cannot be lowered below 80°F. Below this wb temperature savings are accrued as
the achievable cooling tower exit temperature is lowered to the set point of 70°F.
The normal chiller operation is that during design load temperature periods the chiller might
discharge chilled water at about 95°F. The cooling tower is typically sized to reduce the
temperature of the condensate water to about 85°F during design conditions – about a 10°F drop.
The calculations suggest that the existing condition is that the condensate water leaves the
cooling tower at 80°F for all operations (including design temperature). This suggests that either
the chiller or the cooling tower is oversized compared to typical designs. Either the chiller is
discharging at 85°F or the cooling tower is dropping the temperature 15°F from 95°F to 80°F.
The calculations assume the chiller efficiency will be improved by 1% per degree the condenser
return water is decreased below 80°F. This 1% is cumulatively applied per degree to improve the
efficiency – lowering it from the existing 0.767 kW/ton chiller existing efficiency.
The achievable condensing water return temperature is estimated to be about 7°F above the wb
temperature for each weather regime bin:
Condensing Water Temperature achieved = Outside Air Wet-Bulb Temperature (+) 7°F.
To calculate the cooling load for the existing and proposed cases, the cooling water temperature
reduction from 80°F was calculated by subtracting the achievable cooling water temperature
from 80°F. The assumed 1% chiller plant efficiency improvement for every 1°F cooling water
temperature reduction was applied to this difference to estimate the improvement in chiller
efficiency for each weather bin.
The kW/ton ratio for the existing and proposed case is calculated from dividing the total tons of
the system by the total kW of the system, as expected. Entered values are used for the chiller
kW, chiller tons and pump kW, and are summarized below in

Table 4.

Table 4 Chiller Existing Efficiency Development

Existing
360+300 = 660
241+213 =454
17
17
18.5

Chiller Tons
Chiller kW
CHW Pump kW
CW Pump kW
Avg. CT Fan
kW
Total kW
506.5
kW/ton
506.5/660 = .767

Proposed
360+300 = 660
241+213 =454
17
17
21.6
509.6
.718

The proposed average efficiency of 0.718 used in the calculations is calculated as the (unweighted) average kW/ton of all the bins.
The existing and proposed annual kWh is calculated by adding the cooling tower fan energy with
the chiller energy. The difference in these values results in the total savings. This total annual
kWh is then multiplied by 6 to get the total savings of the facility. This assumes each building
has the same load, which is in consistent with the information given earlier in the savings
calculation.
For the cooling tower system to lower the temperature of the condenser water returning to the
chiller, the tower fans must provide more air flow. This requires that the fans be operated at
higher speeds – and use more energy.
Sensors and EMS logic tell the condenser motor control system to slow or speed up the motor to
maintain the desired 7°F differential discussed earlier. The calculations assume that for each 1°F
that the return condensate is lowered below 80°F, the pump motor speed increases by 1%.
The proposed case listed the condenser water set point to be 70°F, and the VFD load factor is
generated based on the assumption of 1% speed reduction for every 1°F difference in the
condensing water set point. In the proposed case, all temperatures above the 80-84°F bin resulted
in a higher achievable temperature than the set point. At these conditions, there are no savings
from this measure. The resulting condenser VFD speed is 100%.
For the remaining bin levels, the VFD load factor equation is as follows:
Cooling Tower VFD Load Factor = previous bin LF *((CW Set Point – Achievable CW Temp.)*
1% VFD Speed Reduction.)
The CT fan demand is determined by multiplying the load factor by a constant 2-fan 30hp (15 +
15) and by the 0.746 conversion factor. Cooling tower fan kWh is then calculated from the
product of the fan kW and the respective BIN hours.
As expected, the fan demand increases in the proposed case due to more work being done to
lower the cooling tower water temperature. The calculations suggest the average fan kW for the

cooling tower increased from 18.5 kW in the existing case to 21.6 kW in the proposed case. This
discounts the savings from operating the chiller at a lower condenser inlet temperature.
This assumption that each building has the same load is unlikely given different conditioned
areas, and resultant AC tons; and different occupancies. The combination of greater fan energy
use and reduced cooling energy use yields annual energy savings of 88,752 kWh for measure
ECM-6 for each of the 5 buildings involved in this project.
The savings for this measure are combined with those from measure ECM-1 to yield the total ex
ante savings for this project. The total ex ante savings for each of the 5 buildings involved in this
project are displayed below in Table 5.
Table 5 Ex Ante Savings

Measure

Technology

Total
WE-06-M-021
WE-07-M-001
WE-06-M-022
WE-06-M-023
WE-07-M-002

HVAC
HVAC
HVAC
HVAC
HVAC
HVAC

Summer
Seasonal
kW
40.56
8.46
11.69
6.25
6.96
7.20

Winter
Seasonal
kW
40.56
8.46
11.69
6.25
6.96
7.20

kWh
757,092
154,109
179,069
137,017
142,541
144,356

Comments on the Ex Ante Calculations
ECM#6— Cooling Tower Water Temperature Reset
The calculated kW/ton in the existing case is the overall central plant efficiency, which does not
break out the chiller and ancillary equipment. In both the existing and proposed cases, the current
chiller plant kW/ton is calculated by subtracting the % efficiency improvement from the
calculated kW/ton value. Because the existing system has no efficiency improvement, this value
remains a constant 0.767 kW/ton. In the proposed case, however, there is a % improvement
when the bin temperature falls below 85°F because the achievable CW temperature falls below
the previous set point temperature of 80°F. The new chiller plant kW/ton needs to break out the
chiller from the pump and fan demands because improvements in kW/ton apply only to the
chiller efficiency. This value also directly subtracts the % efficiency improvement from the
kW/ton fraction, which does not correctly represent the savings – as kW/ton - %Savings. The
%Savings should be applied as kW/ton *(1-%Savings.)
The percent cooling load for the bin data is created by incrementally increasing the load from
40% at 55-59°F to 100% at the 90-94°F temperature range. This entered value of 9% per
temperature range is not explained in the calculation. Nowhere in this calculation does it explain
if there is an economizer mode and when it takes place.
Nowhere does the calculation provide discussion of or document the assumption that the CT Fan
speed decreases by 1% for each degree that the condenser water temperature is decreased below
the original 80°F set point.

The CT fan demand equation does not apply either a motor efficiency or the affinity relationship.
These must be accounted for with any VFD driven motor.

Measurement & Verification Plan
This project included the calculation of savings due to controlling the AHUs in each building
based on static pressure and changing the fixed condenser water temperature set point for each
building from 80°F to 70°F, labeled measure ECM-1 and ECM-6, respectively. IPMVP Option
A: Partially Measured Retrofit Isolation will be used to determine savings for this project.
ECM#1 – Static Pressure Reset
For this measure, the fan power of the system along with outside air temperature will be metered
to determine the total energy usage for the existing and proposed conditions.
From information specified on the application, BAS data is available for this facility. For the
verification effort, BAS trends will be collected, if possible, for a minimum of one month of
summer and one month of winter operation. It should be noted that the M-MVDR requires the
data is collected on a 15 minute basis. Duct pressure readings at various locations as well as
percent speed of the VFD and any amperage data will be collected from the BAS. Duct pressure
readings will be compared with the base case level of 1.75" w.c. to determine savings. In
addition, spot measurement of Volts, Amps, PF, and kW will be taken during the site visit using
a NIST-calibrated Fluke 1735 power analyzer.
The metering conducted for this measure will also include installing Hobo H22-001 energy
loggers or DENT ElitePro energy loggers to record the supply fan energy usage. The project
documentation provided by the utility states there are a total of 16 supply fans in the 5 buildings,
with 2 supply fans each in Building 101 and 201 and 4 supply fans each in Building 301, 401 and
501. This results in a total of 16 energy loggers for this measure. Outside temperature will be
measured with a Hobo U23-001 Temperature/%RH logger and one logger will suffice for all
buildings.
The customer will be asked about any possible changes at the facility that might have affected
the operation of the AHU since the implementation of this measure, e.g. programming changes,
load requirements or changes in occupancy levels.
The customer will also be interviewed to verify the baseline condition prior to the
implementation of the measure. Specifically, the customer will be asked how the fans operated
and if they had constant or varying airflow.
In addition, the customer will be interviewed to verify any actions taken to ensure the persistence
of savings as well as interviewed regarding satisfaction level with the measure and the program.
ECM#6— Cooling Tower Water Temperature Reset
For this measure, information on the outside air temperature and relative humidity, cooling tower
fan power, chiller power, and cooling load will be determined to generate the total energy usage
for the existing and proposed conditions. Because the chiller controls for the chillers in all 5

buildings is identical, this Measurement and Verification Plan will apply to all buildings
involved in this project.
From information specified on the application, BAS data is available for this facility. For the
verification effort, BAS trends will be collected, if possible, for a minimum of one month of
summer and one month of winter operation. It should be noted that the M-MVDR requires the
data is collected on a 15 minute basis.
This measure will also include installing 2 Onset Energy Logger Pro or DENT ElitePro energy
loggers to record the cooling tower fan and chiller energy usage. The ex ante calculations state
that the cooling tower fan energy should increase due to the lower condensing water set point
which would increase efficiency of the chiller. Outside temperature and percent relative humidity
will be measured with a Hobo U23-001 Temperature/%RH logger. If possible, a thermistor will
be attached to a Hobo U12-012 external channel logger and the thermistor placed in the bottom
of the cooling tower to record the approach temperature.
Nameplate information and manufacturer specifications will be collected for the cooling tower
fan, chiller, and pumps, if available.
The customer will be asked about other possible changes at the facility that might have affected
the operation of the HVAC system since the implementation of this measure, e.g. programming
changes, load requirements or changes in the occupancy level.
The customer will also be interviewed to verify the baseline condition prior to the
implementation of the measure. Specifically, the customer will be asked how the VFD load
factor and percent cooling load was calculated and request information on the motor load factor.
In addition, the customer will be interviewed to verify any actions taken to ensure the persistence
of savings as well as interviewed regarding satisfaction level with the measure and the program.
The persistence and satisfaction battery of questions are presented in a separate document.
Logger Information:
The Onset Energy Logger Pro combined with the Onset WattNode is a status logger that records
average kW over a predetermined time interval by measuring the total kWh for the stated time
interval. If installed, the Onset Energy Logger Pro must be launched from a computer that has
the clock synchronized to a NIST time source and programmed with a logging interval of no less
than 15 minutes. Per the manufacturer specifications, the Onset Energy Logger Pro loggers have
a rated time accuracy of ±5 sec/week. The Onset WattNodes combined with SCT Amp Current
Transformers have a combined rated accuracy of ±1.5% within 10% to 130% of SCT Amp
Current Transformer rated current. This meets the requirements of the M-MVDR for both ±2
min/month time accuracy and ±2% kW accuracy.
The Hobo U23-001 Temp/%RH logger is a status logger that records the dry bulb temperature
and % relative humidity at a preset time interval. If installed, the Hobo U23-001 must be
launched from a computer that has the clock synchronized to a NIST time source and
programmed with a logging interval of no less than once every 15 minutes. Per the manufacturer
specifications, the U23-001 loggers have a rated time accuracy of ±1 min/month. This meets the

requirements of the M-MVDR. Because the temperature/%RH will not be used to directly
calculate demand they are not required to meet the ±2% accuracy set forth by the M-MVDR for
proxy variables.

Description of Verification
ECM#1 – Static Pressure Reset
A site visit was performed on October 25, 2011, during which the facilities manager was
interviewed about the layout of the ventilation in each building and the controls for the supply
and return fans. The facility manager explained that the air ducts in each building are in a “tree”
configuration, where one central plenum supplies air to multiple branches on each floor that each
have their own VAV boxes. The facility manager was able to verify that the static pressure reset
controls were still in place just as they had been at the time of the project’s completion. The
EMS used to control the heating and cooling systems in all of the buildings was accessed, and it
was discovered that all of the trending that the system was able to do could not be exported to a
file for download. Screen shots of trend graphs were taken, as it was found to be the only way of
gathering any relevant data from the EMS.
During the initial site visit DENT ElitePro energy loggers were installed to monitor 2 supply fans
in each building. At the same time as the DENT energy loggers were being installed in the VFD
panels of the supply fans, spot measurements of Volts, Amps, kW, and Power Factor were taken
using a NIST-calibrated FLUKE 1735 power analyzer.
During the visit a Hobo U23-001 Temperature/%RH logger was installed to monitor the outside
air temperature and humidity.
The installed loggers were collected on December 13, 2011 and the data offloaded for later
analysis.
ECM#6— Cooling Tower Water Temperature Reset
An initial site visit was performed on September 12, 2011, during which the facilities manager
was interviewed about the operation of the cooling system in each building. During the site visit
DENT ElitePro energy loggers were installed to monitor a representative sample of the chillers
and cooling tower fans in use at all of the buildings. The EMS used to control the cooling
systems in all of the buildings was accessed, and it was discovered that all of the trending that
the system was able to do could not be exported to a file for download. Screen shots of trend
graphs were taken, as it was found to be the only way of gathering any relevant data from the
EMS.
At the same time as the DENT energy loggers were being installed in the electrical supply panels
of the chillers and the VFD panels of the cooling tower fans, spot measurements of Volts, Amps,
kW, and Power Factor were taken using a NIST-calibrated FLUKE 1735 power analyzer.
During the visit a Hobo U23-001 Temperature/%RH logger was installed to monitor the outside
air temperature and humidity.

The installed loggers were collected on October 19, 2011 and the data offloaded for later
analysis.

Summary of Calculations
ECM#1 – Static Pressure Reset
The ex ante calculations were reviewed, and documentation adjustments were made for all five
of the projects involved in this evaluation. Upon review it was determine that the ex ante
calculations use the wrong affinity law when calculating fan motor savings. The ex ante
calculations determine the savings by multiplying the base case fan kW by the square root of the
pressure ratio (post/base), but it should actually be found by multiplying the base case fan kW by
the pressure ratio. In all projects this causes the adjusted ex ante savings to be significantly
greater than the ex ante savings.
The collected data was used to determine a post case typical weekly operating schedule for the
supply fans. Based on the metered data and the information provided by the facilities manager it
was determined that the energy use of the supply fans is not dependent on the outdoor air
temperature, thus it would not make sense to try to correlate the supply fan energy use to
temperature.
For each set of metered data, static pressure vs kW correlation regression equations were used to
calculate the duct static pressure for each metered data point (Data relating kW to static pressure
was provided in the project documentation for this project and was found to be reasonable). An
example of the correlation regression lines is displayed below in Figure 1.
Figure 1: Example pressure vs kW correlation
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The calculated static pressure was then used to calculate the %speed of the fans for each metered
data point using %speed vs static pressure correlation regression equations. Data relating
%speed to static pressure was provided in the project documentation for this project and was
found to be reasonable. An example of the correlation regression lines is displayed below in
Figure 2.
Figure 2: Example Pressure vs %Speed correlation
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The duct static pressure, fan kW, motor efficiency, and fan efficiency are then used to determine
the airflow provided by the supply fan for each metered data point.
The airflow created by the supply fans was assumed to be the same for the base case as the post
case, and the static pressure in the base case was determined by increasing the static pressure in
the post case by the average static pressure decrease that resulted from the implementation of this
measure (the average static pressure difference was found using the same pressure information
referenced above).
From the airflow and calculated base case static pressure the base case %speed and kW were
calculated using the correlation regression lines discussed above (in the same manner as the post
case data, except for the base case the kW for each metered data point is calculated using
pressure and airflow). This was done for every metered data point, and the resulting calculated
base case power was used to determine a typical base case weekly operating schedule for the
supply fans, just as was done with the metered data for the post case.

An example of the metered fan demand and the calculated base case demand is displayed
graphically in Figure 3. Figure 3 consists of the metered post demand and calculated base case
demand for supply fan #1 for project WE07M001.
Figure 3 WE07M001 Fan#1 base case and post demand during monitoring period
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The base case and metered case average weekly demand profiles were integrated into the 8760
calculator to determine the summer and winter demand savings, the summer and winter seasonal
peak demand savings, and the annual energy savings. This was done for all five of the projects
individually. For projects WE06M021 and WE07M001 monitoring equipment was installed on
both of the supply fans, so the savings calculations were simply done using the metered data.
For projects WE06M022, WE06M023 and WE07M002, each building has 4 identical supply
fans, and loggers were installed on 2 of these supply fans in each building. The energy use and
savings for these projects was determined using the metered data just as with the other two
projects, but after the savings were calculated they were doubled to account for the fact that only
half of the fan motors were metered.
There are no heating and cooling adjustments for this measure in all projects.
The ex ante savings, along with all adjustments made to the savings and the resulting realization
rates for this measure in all of the projects are displayed in

Table 6

through Table 10 below.

Table 6 WE06M021 Static Pressure Reset Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

8.50
15.60
15.60
15.60
11.16
11.16
11.16
131%

8.50
15.60
15.60
15.60
0.00
0.00
0.00
0%

0.00
0.00
0.00
0.00
9.34
9.34
9.34
-

0.00
0.00
0.00
0.00
3.30
3.30
3.30
-

65,357
120,594
120,594
120,594
40,575
40,575
40,575
62%

Table 7 WE07M001 Static Pressure Reset Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

11.69
21.56
21.56
21.56
12.23
12.23
12.23
105%

11.69
21.56
21.56
21.56
8.99
8.99
8.99
77%

0.00
0.00
0.00
0.00
9.81
9.81
9.81
-

0.00
0.00
0.00
0.00
8.76
8.76
8.76
-

90,317
166,649
166,649
166,649
49,698
49,698
49,698
55%

Table 8 WE06M022 Static Pressure Reset Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

6.30
11.52
11.52
11.52
10.82
10.82
10.82
172%

6.30
11.52
11.52
11.52
4.00
4.00
4.00
63%

0.00
0.00
0.00
0.00
8.77
8.77
8.77
-

0.00
0.00
0.00
0.00
6.66
6.66
6.66
-

48,265
89,056
89,056
89,056
39,944
39,944
39,944
83%

Table 9 WE06M023 Static Pressure Reset Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

7.00
12.84
12.84
12.84
2.76
2.76
2.76
39%

7.00
12.84
12.84
12.84
0.49
0.49
0.49
7%

0.00
0.00
0.00
0.00
2.28
2.28
2.28
-

0.00
0.00
0.00
0.00
1.35
1.35
1.35
-

53,789
99,250
99,250
99,250
9,620
9,620
9,620
18%

Table 10 WE07M002 Static Pressure Reset Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

7.20
13.28
13.28
13.28
11.22
11.22
11.22
156%

7.20
13.28
13.28
13.28
5.84
5.84
5.84
81%

0.00
0.00
0.00
0.00
9.27
9.27
9.27
-

0.00
0.00
0.00
0.00
7.53
7.53
7.53
-

55,604
102,598
102,598
102,598
40,095
40,095
40,095
72%

ECM#6— Cooling Tower Water Temperature Reset
The ex ante calculations were reviewed (the ex ante savings for all 5 projects discussed here
were found to be identical), and it was found that the ex ante calculations do not take into
account motor efficiencies, load factors, or affinity factors. These were all applied to the ex ante
calculations described earlier in this report, and the resulting savings are the adjusted ex ante
calculations.
The data collected by the installed monitoring equipment was used to determine correlations
between cooling system kW and outside air temperature during the buildings’ occupied periods.
The correlation found for the building in project WE06M021 is displayed graphically in Figure
4.

For the base case of this measure the ex ante calculations were reviewed. The ex ante
calculations were corrected based on the information collected from the facilities manager and
the cooling system specifications. Along with the adjustments described above (that contributed
to the adjusted ex ante savings calculations) the cooling load of the buildings within each
temperature bin was updated to the loads calculated from the metered data, and the largest source
of adjustment to the savings was the reduction in hours of operation. The original analysis
assumed continuous operation; however, based on the cooling schedules from the customer EMS
systems, the cooling systems are only expected to operate approximately 67 hours per week.
Additionally, the motor loading factor was found to be lower than anticipated in the original
analysis.
The base case and post case kW vs. temperature correlations were used to formulate regression
lines relating kW to temperature. These regressions, along with the building operating
schedules, were integrated into the 8760 calculator to calculate the summer and winter demand
savings, summer and winter seasonal peak demand savings, and the annual energy savings.
The savings calculation methodology described above was duplicated for the measures in
projects WE07M001, WE06M022, WE06M023, and WE07M002 that are identical to this
measure of project WE06M021.
Figure 4 WE06M021 cooling system temperature correlation
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There are no heating and cooling adjustments for this measure in all projects.
The ex ante savings, along with all adjustments made to the savings and the resulting realization
rates for this measure in all of the projects are displayed in

Table 11through
Table 15 below.

Table 11 WE06M021 Cooling Tower Water Temperature Reset Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
5.97
5.97
5.97
-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

6.23
6.23
6.23
-

0.09
0.09
0.09
-

88,752
84,972
84,972
84,972
16,388
16,388
16,388
18%

Table 12 WE07M001 Cooling Tower Water Temperature Reset Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
7.34
7.34
7.34
-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

8.17
8.17
8.17
-

0.37
0.37
0.37
-

88,752
84,972
84,972
84,972
18,449
18,449
18,449
21%

Table 13 WE06M022 Cooling Tower Water Temperature Reset Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
5.12
5.12
5.12
-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

5.66
5.66
5.66
-

0.13
0.13
0.13
-

88,752
84,972
84,972
84,972
12,007
12,007
12,007
14%

Table 14 WE06M023 Cooling Tower Water Temperature Reset Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
6.74
6.74
6.74
-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

7.42
7.42
7.42
-

0.32
0.32
0.32
-

88,752
84,972
84,972
84,972
19,168
19,168
19,168
22%

Table 15 WE07M002 Cooling Tower Water Temperature Reset Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
6.03
6.03
6.03
-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

7.89
7.89
7.89
-

0.00
0.00
0.00
-

88,752
84,972
84,972
84,972
15,404
15,404
15,404
17%

Summary
The savings for both measures of each project were added together to find the overall savings
and realization rates for each project. These values are displayed below in

Table 16 through Table 20.

Table 16 WE06M021 Project Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

8.50
15.60
15.60
15.60
11.16
11.16
11.16
131%

8.50
15.60
15.60
15.60
0.00
0.00
0.00
0%

9.34
9.34
9.34
-

3.30
3.30
3.30
-

65,357
120,593
120,593
120,593
40,575
40,575
40,575
62%

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

11.69
21.56
21.56
21.56
19.57
19.57
19.57
167%

11.69
21.56
21.56
21.56
8.99
8.99
8.99
77%

17.98
17.98
17.98
-

9.13
9.13
9.13
-

179,069
251,621
251,621
251,621
68,147
68,147
68,147
38%

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

6.30
11.52
11.52
11.52
15.94
15.94
15.94
253%

6.30
11.52
11.52
11.52
4.00
4.00
4.00
63%

14.43
14.43
14.43
-

6.79
6.79
6.79
-

137,017
174,028
174,028
174,028
51,951
51,951
51,951
38%

Table 17 WE07M001 Project Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Table 18 WE06M022 Project Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Table 19 WE06M023 Project Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

7.00
12.84
12.84
12.84
9.49
9.49
9.49
136%

7.00
12.84
12.84
12.84
0.49
0.49
0.49
7%

9.70
9.70
9.70
-

1.67
1.67
1.67
-

142,541
184,222
184,222
184,222
28,787
28,787
28,787
20%

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

7.20
13.28
13.28
13.28
17.25
17.25
17.25
240%

7.20
13.28
13.28
13.28
5.84
5.84
5.84
81%

17.16
17.16
17.16
-

7.53
7.53
7.53
-

144,356
187,570
187,570
187,570
55,498
55,498
55,498
38%

Table 20 WE07M002 Project Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Project Information
Project ID#:
Measure:
Electric Savings:
Gas Savings:
Facility Usage:

WE06M026
Referenced in Table 1
1,788,060 kWh
0 CCF
Medical

167.43 Summer kW

155.97 Winter kW

Measure Description
This project includes a total of 17 different measures in a hospital. These measures, and their
respective measure number, are included in the Table 1.
Table 1: Summary of Measures

Measure

Description

Technology

HP1
CP2
CP3
AH1
AH2
AH3
AH4
AH5
AH6
EMA1
EMA3
L9
K3
PS1
PS2
PS3
PS4

Reduce Hot Water VFD Pump Speeds
Eliminate need for electric heaters in cooling towers
Improve speed control of condenser water pump on steam chiller
Volumetric Synchronization of AHU-9 & 10 supply and return fans
Reduce pressure drop across preheat coils
Increase mixed air damper size
Reduce Filter Pressure Drop in AHU-1
Decrease Reheating on AHU-2
Static pressure setback on AHU-1, 2, 9, 10
Remove back draft dampers on continuous duty exhaust fans
Install garage exhaust fan back draft dampers
Retrofit lighting in H-Building corridors
Kitchen grease line heat trace
Control snow melting systems from EMS
De-energize generator stator heating element
Replace Nash water seal medical air compressors
Install speed drive on water booster pump

Heating
Cooling
Cooling
Air Handling Systems
Air Handling Systems
Air Handling Systems
Air Handling Systems
Air Handling Systems
Air Handling Systems
Exhaust and Make-Up Air
Exhaust and Make-Up Air
Lighting
Kitchen
Process Systems
Process Systems
Process Systems
Process Systems

HP1: Reduce Hot Water VFD Pump Speeds
Reduce hot water pump VFD’s speeds when reheat and radiant ceiling panel loads are reduced.
The H-Building has a pair of parallel converters (HX- 1&2) served by a pair of 20 hp VFD
pumps (P-13 & 14) with bypass valve, that supply 700 GPM (@75ft) to HW for radiation and
reheat. The W-Building building has a similar system w/o bypass valve and with 40 hp VFD
pumps P-15 & 16 that supply 760 GPM (@125 ft) to radiation and reheat.
CP2: Eliminate need for electric heaters in cooling towers
Eliminate the need to operate the electric tower sump heaters and associated heat trace systems.
There are a total of 2 heaters at 9 kW/heater and will be disconnected and the cooling tower
drained before frost each year. Chemicals will be added when needed to winterize. The cooling
tower will be drained down from 11/30 to 3/05.
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CP3: Improve speed control of condenser water pumping on steam chiller
Improve speed control of condenser water pumping. There are 6 CW pumps in this measure (P1,
P2, P3 @ 1500 GPM for 500 ton centrifugals, P5 & P6 @ 750 GPM for 250 ton centrifugal and
P4 @3273 GPM for 750 ton steam absorber). These serve 6 tower cells: CT-1 thru 4 on the HBuilding roof for the electric chillers (1320 GPM @ 10°) and CT-5 & CT-6 on the H-Building
roof for the absorber (1725 @ 10° -2 cells required). Savings will come from reprogramming the
DDC system to control the condenser water pumping DP based on chiller load. Although this
measure reduces steam chiller pumping cost, it will increase net operating costs due to higher
cost of operation of the steam chiller.
AH1: Volumetric Synchronization of AHU-9 & 10 supply and return fans
Reset volumetric synchronization of AHU Supply and Return fans to accommodate night
shutdown of space exhaust fans, to reduce OA use, and exhaust fan power. Supply fan savings
will also occur when the room VAV boxes are closed by the amount of the exhaust fan
reduction. Savings associated with reducing exhaust at night is also included in this measure,
which allows the AHU’s to properly respond and reduce OA CFM.
AH2: Reduce pressure drop across preheat coils
This measure will reduce the pressure drop across preheat coil sections by installing new preheat
coil bypass dampers around all large AHU preheat coil sections which are programmed to open
when the outside air temperature is above 20°F AND the coil valve is closed, allowing the fans
to reduce speed.
AH3: Increase mixed air damper size
In this measure, the return air damper size is increased to reduce the return air restriction. A
damper will be installed in the mixed air plenum to increase surface area. New actuators will also
be sized for the new damper.
AH4: Reduce Filter Pressure Drop in AHU-1
The filter pressure drop in AHU-1 will be reduced by removing high efficiency particulate filters
(HEPA). This will result in an overall pressure drop across the system and allow for the system
fans to operate at a reduced speed. This measure has been approved by hospital safety officers.
AH5: Decrease Reheating on AHU-2
Reheating on AHU-2 will decrease by increasing VAV box sizes in critically warm zones and
raising the SAT for the entire system from 50 to 55°F. This will allow AHU-2 to operate at a
higher supply air temperature which reduces the overall reheat energy load on other portions of
the AHU distribution system. This will also save chiller energy in summer by not cooling OA
and RA 5°F lower than original 55° SA temp.
AH6: Static pressure setback on AHU-1, 2, 9, 10
Savings from this measure come from reducing the fan air volume by closing VAVs in zones
when unoccupied and resetting the static pressure down until one zone VAV opens to 95%.
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EMA1: Remove back draft dampers on continuous duty exhaust fans
This measure will remove poor back draft dampers on continuous duty exhaust fans [Ex-8
(7.5hp), Ex-21 (2 hp), Ex-26 (1.5 hp), Ex-38 (1 hp) – approximately 14,000 cfm @ 2”]. The
existing configuration utilizes square back draft dampers located within round duct sleeves,
which are the same diameters as the remaining exhaust system. The reduction in free area due to
this configuration is significant. Removing these back draft dampers in the exhaust system that
operates continuously will reduce the pressure drop across the overall system and use less
horsepower.
EMA3: Install garage exhaust fan back draft dampers
In measure EMA3, Installation of exhaust fan isolation dampers in the W-Building parking
garage will allow for discrete staging of multiple exhaust fans, currently all five fans (total of
77.5 hp.) have to cycle together to provide adequate garage ventilation.
L9: Retrofit lighting in H-Building corridors
This measure includes a lighting retrofit of (877) 2x2 U-tube florescent fixtures with lower
wattage and an added fixture reflector.
K3: Kitchen grease line heat trace
Measure K3 controls the kitchen of the café grease line heat trace system. A EMS control of time
clock will allow the lines to be operated 9 hours/day when in use instead of 24 hours/day.
PS1: Control snow melting systems from EMS
Measure PS1 controls the snow melting systems from EMS, which reduces the minimum run
time from 4 hours to 0.5 hours where it checks if the moisture sensor is dry at that time.
PS2:De-energize generator stator heating element
This measure removes an electrical stator heating element on a 2 MW standby generator. The
generator is indoors and does not need this heater.
PS3: Replace Nash water seal medical air compressors
There are currently four Nash (4x25 HP) medical air compressors with a 3 kW refrigerated air
drier and 2 Nash (2x15 HP) medical vacuum pumps. These units are of the outdated water seal
type. Energy savings come from replacing the unit with a more efficient non-water seal style
compressor.
PS4: Install speed drive on water booster pump
The first of the three pumps will be on the new drive. Each pump is 15 HP. Speed will be
controlled to follow the demand for water by maintaining a constant discharge system pressure.
Savings will be linear with flow variation, because pumps must maintain a constant head.
Listed in Table 2 is a summary of the projects involved and respective savings for each measure.
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Table 2: Project Description and Savings

Measure

kWh Savings

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

HP1
CP2
CP3
AH1
AH2
AH3
AH4
AH5

143,297

19

16

76,132

0

21.5

184,464

10

0

55,739

0

0

17,493

0

3.7

12,187

2.8

2.8

129,071

14.73

14.73

368,678

0

0

AH6
EMA1
EMA3
L9
K3
PS1
PS2
PS3

346,008

79

60

20,955

2.39

2.39

108,916

0

0

203,596

26.3

21.64

10,906

0

0

14,013

0

0

8,760

1

1

63,363

9.51

9.51

PS4

24,482

2.7

2.7

Summary of the Ex Ante Calculations
HP1: Reduce Hot Water VFD Pump Speeds
Using BIN data calculated for the area, a distribution can be created at various temperatures from
0-100°F. This calculation assumes the flow operates at 75% flow and 56% pressure head, of
which is referenced to an email on 8/16/07. Flow is constant at 75% of the rated flow rate until a
BIN level of 55-60° is reached. At this point the resulting flow rate is reduced to 40% of the
rated flow rate; nowhere in the project documentation is this explained. Head pressure is reduced
by a factor of 0.89 for each higher BIN temperature range. This continues in the H-Building
Building until a flow of 21 GPM is reached, and similarly in the Watson Building when 22 GPM
is reached. After this point the flow rate remains constant.
Pump kWh is then calculated using the following equation.
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Where the 3960 is a constant value used in conjunction with the pump efficiency of 0.6 and the
0.88 value converts pressure head in feet to inches of mercury. This value alone results in BHP
(brake horsepower) and the 0.746 value converts this to demand energy. Finally the product of
the demand value and the hours of operation generates the total pump kWh for this BIN level.
The sum of these values for all BIN levels and both buildings results in the total proposed energy
usage for this measure.
The existing energy consumption uses the same 75% flow and 56% head assumptions as before,
and calculates demand usage in a similar manner as before, excluding the hours of operation, of
course.
Demand savings are calculated from the difference in the existing and proposed cases, where the
proposed case is calculated from the values in the 80-85°F BIN temperature range. The
calculation takes the sum of the Watson and H-Building pump kWh and divides by the total BIN
hours of that temperature range. There is no explanation in the project documentation on why
this BIN level was chosen.
Total kWh savings are calculated from using the average 75% flow and 56% head, converting to
energy usage, and multiplying by 8760, resulting in a total average energy usage for the year.
The difference between this value and the total proposed usage calculated above is the energy
savings listed.
CP2: Eliminate need for electric heaters in cooling towers
Savings for this measure come from removing a heater from the cooling towers, used during the
winter months as a winterizing measure. A total of 2 heaters were disconnected at 9 kW/heater.
An additional 3.5 kW was added to account for heat trace, which is referenced to an email from
8/16/07.
This calculation summed the energy use from the heaters and the heat trace, and then multiplied
by 3541 hours, which is said to be the annual hours below 40°F. This value is not consistent with
BIN data from the area for the months described or for the temperature range listed.
CP3: Improve speed control of condenser water pumping on steam chiller
In this measure, savings were calculated from improving the speed control of condenser water
pumping. Pump 4, which is the absorber CW pump, was optimized as a function of load. Using
the rated values for flow rate and pressure head, a BHP and energy demand was calculated using
the following equations.

This calculation assumes the absorber will become the Lag machine, meaning it would operate
for reduced hours and reduced load. Savings were calculated during the summer months of July
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and August. Average load was taken at 500 tons, although the original assumptions listed this
value at 300 tons. Ton-hours were calculated from the total number of hours of operation—
which were estimated at 8 hours/day * days in the month—and average load. The pump kW at
average load was calculated from the pump curve. Pump reduction is the difference in the
optimized absorber pump load and pump kW at average load.
This calculation also included savings from electric chiller variable speed CW operating costs.
While this value is assumed to be included into the savings in the tracking system, it was
determined that this reduction in pump speed is expected to cost more in chiller kW than is saved
in reduced pumping.
AH1: Volumetric Synchronization of AHU-9 & 10 supply and return fans
The first part of this measure includes the savings for shutting off exhaust fans at night. The
included fans and their relative flow rate (CFM) and static pressure are listed. These values are
used to configure the total fan power needed to run the fans and the equation is listed below.

In this equation, 6350 is a constant used to convert a CFM flow rate, inch water gauge static
pressure and fan efficiency to a horse power. As expected, the .745 constant converts a HP to
energy demand. The resulting 0.65, 0.85 and 0.98 are assumed to be efficiencies but are not
outlined in the calculation.
Total kWh savings per year are calculated assuming the fans are off for 12 hours/day for 365
days/year. Using the total flow rate and average static pressure, a kW demand is calculated in a
similar manner as above. An additional daytime savings were generated using a constant value of
5,000 CFM, which is not described in the calculation.
The second part of this calculation generates the savings from the chiller reduction. Similar BIN
data is created as in previous measures as well as mean coincident wet bulb (MCWB) and
outdoor enthalpy values. Existing outdoor airflow is set constant at 18,225 CFM and annual
MBTU’s required is calculated using the following equation.
If BIN mid-temperature value < heat set point;

This equation calculates the head load necessary at that temperature range. If the BIN outdoor
enthalpy > space enthalpy;
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This equation calculates the cooling load, using the calculated outdoor enthalpy values and a
space enthalpy of 22.61 Btu/lb.
From the measure description, occupied OA levels were able to decrease by 5,000 and
unoccupied levels to be completely reduced. The proposed case calculates the proposed occupied
and unoccupied heating in MBtu or cooling in ton-hours required in the space. From a comment
on the calculation for determining the occupied energy required:
This calculation checks to see if OA needs to be heated to the occupied set point and if so,
calculates CFM * 1.08 * fraction of occupied hours in each time period * hours in temperature
bin * difference in temperature from OA to occupancy set point. If no heat is needed (OA > bin
temperature), this calculation checks to see if OA enthalpy > bin enthalpy so that cooling is
needed. If cooling is needed, calculates 4.5 * CFM * change in enthalpy from OA to bin *
fraction of occupied hours in each of 3 time periods.
This same process is used to determine unoccupied levels using the appropriate hours. Heating
and cooling usage was added together for all BIN levels for the existing and proposed cases and
the difference in these then equals the total savings. Assuming a value of 0.7 kW/ton, the total
kW and kWh are calculated in the existing and proposed cases. Day and night kWh is
determined by using half of the existing total energy usage and subtracting the proposed
occupied or unoccupied values. These final values represent the chiller savings.
Supply air reduction savings were calculated in a similar manner with the above calculations,
except the supply flow is listed to be 19,225 CFM which is 1,000 CFM higher than the necessary
fan supply. This increase can be assumed to allow for a slightly positive pressure in the facility
but is not specified. Day and night air reduction is calculated by using 12 hours for each, which
is consistent with the other portions of this calculation.
AH2: Reduce pressure drop across preheat coils
A new bypass damper was installed to open when the OA temperature is above 20°F. This
calculation assumed a max flow of 180,000 CFM, ΔP of .1” W.C. and an average airflow of
50%. Energy demand savings were calculated using the fan power equation listed below.

Similarly, the kWh saved is calculated in the same manner, although a flow of 100,000 CFM was
used instead, and then multiplied by the number of hours above 20°F, which matches expected
BIN data. The resulting 0.65, 0.90 and 0.98 are assumed to be efficiencies but are not outlined in
the calculation. Note for this calculation no information was given for the existing and proposed
values.
AH3: Increase mixed air damper size
This calculation increases the air damper size to reduce the return air restriction. This calculation
assumed an average flow of 50,000 CFM and ΔP of 0.25” W.C. because of an undersized return
damper. Hours for this calculation were determined to be from all non-economizer hours, which
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results in 4350 hours. kW demand savings were calculated using the fan power equation listed
below.

Similarly, the kWh savings are calculated in the same manner using the 4350 hours, as expected.
The resulting 0.65, 0.91 and 0.96 are assumed to be efficiencies but are not outlined in the
calculation. Note for this calculation no information was given for the existing and proposed
values.
AH4: Reduce Filter Pressure Drop in AHU-1
Removing these filters will allow for an average of 90,000 CFM to be saved with a ΔP of .80”
w.c. Once again, the savings were calculated using the fan power equation listed below.

Total energy usage was calculated assuming AHU-1 runs year-round, or 8760 hours. The
resulting 0.65, 0.91 and 0.96 are assumed to be efficiencies but are not outlined in the
calculation. Note for this calculation no information was given for the existing and proposed
values.
AH5: Decrease Reheating on AHU-2
The calculation for this measure includes decreasing the reheating of areas while AHU-2 is in
cooling mode by upsizing supply air VAV boxes serving the lab area. This will allow the system
to operate at a higher supply air temperature, reducing reheat load on other portions of the
distribution system. The average flow for this AHU is assumed to be 67% of the total, or 87,000
CFM and outside air is constant at maximum flow. Outside air is assumed to be 45,000 CFM,
with return air at 42,000 CFM.
The first part of this calculation examines the outside air savings from increasing the cooling set
point from 50 to 55°F. BIN data including the MCWB and outdoor enthalpy are generated in a
similar manner to previous measures and the annual MBtu of heating and tons of cooling is
determined from these values. The calculated heating and cooling values are hard coded into this
calculation and not available for interpretation. The format of this calculation seems to follow
that of measure AH1 in determining the total heating and cooling load.
The difference in ton hours between the 50°F and 55°F set point is then multiplied by a 0.75
factor, which is assumed to be a load factor, although it is not explained in the calculation. This
value is the energy consumption saved for the decrease in cooling load. The energy demand is
calculated from the following equation.
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The flow rate for this equation equals the assumed OA CFM at 45,000. The final part of this
calculation examines savings from cooling 75° 50% humid return air to 55°dbt and 54°wbt rather
than 50°dbt and 49°wbt. The existing case uses a return air enthalpy of 28.5 and supply air
enthalpy of 19.75 resulting in a Δh of 8.75. The proposed case lists a RA enthalpy of 28.5 as well
but increases the supply enthalpy to 22.75, resulting in a Δh of 5.75. The same equation as above
is used then to calculate energy demand and consumption, with 8760 hours used to calculated
kWh.
AH6: Static pressure setback on AHU-1, 2, 9, 10
The night set back programs that are included in this measure resulted in savings of 50 kW in
summer and 60 kW in winter. Summer and winter hours were determined to be 2600 hours each.
This results in a total savings of 286,000 kWh. The fan discharge static pressure is said to
decrease from 2.75” to 1.2”.
No other information is available for this calculation. All values are hard coded and taken from
the listed assumptions.
EMA1: Remove back draft dampers on continuous duty exhaust fans
This measure includes removing poor back draft dampers in exhaust systems that operate
continuously, which will reduce pressure drop across the overall system and result in less
horsepower being used.
This calculation assumed 15,000 CFM of exhaust being reduced along with a 0.8” pressure drop
reduction. Energy consumption and demand were calculated using similar methods as other
measures as shown in the following equation with the listed hours of operation to be 8,760.

The values of 0.65, 0.90, and 0.96 are assumed to be efficiencies for the motor, VFD and fan, but
no documentation is given for this
No other information was give on how any of these values were formulated.
EMA3: Install garage exhaust fan back draft dampers
The installation of these exhaust fan isolation dampers in the W-Building parking garage will
allow for discrete staging of multiple exhaust fans. Currently all five fans (total of 77.5 hp) must
cycle together to provide adequate garage ventilation.
This calculation assumed an average of 40 hp reduction at 10 hours/day and 365 days/year. A
conversion factor of .746 is used in the calculation. As shown in previous measures, this is not
the proper way to convert HP to kW.
L9: Retrofit lighting in H-Building corridors
This lighting measure includes replacing 2x2 twin U-tube lighting fixtures for twin straight-tube
kits that include specular reflectors. From the available measure information, the previous
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fixtures are listed at 60 watts/fixture and 877 lights. With the proposed fixtures in place, it is
assumed to save 30 watts/fixture.
Energy demand savings were calculated from taking the product of the watts/fixture and number
of fixtures. Multiplying by the hours of operation, which are listed at 8760, results in the
expected energy consumption.
No other information was included on this measure, including specific information regarding the
existing and proposed fixtures.
K3: Kitchen grease line heat trace
This measure connected a EMS contact to the kitchen and coffee shop grease line heat trace. The
calculation shows that 1.99 kW is reduced because of this, and occurs at off-peak hours. A total
of 5475 hours were used to calculate energy consumption, assuming 15 hours/day.
No other information was included on this measure.
PS1: Control snow melting systems from EMS
In this measure, the existing system consists of two separate 480 volt snowmelt systems
operating at 300 and 800 amps. Savings are generated from changing the run time from a
minimum of 4 hours to half hour increments where a moisture sensor will check when the
pavement is dry.
This calculation used the total amperage from the two systems along with the rated voltage to
produce the energy demand, and then divided by a 2.11 constant value. It is noted to see
ASHRAE 90.1 section 6.1.2.7. Note this calculation also states the recommended start is 4, then
divided by a 2.11 constant value. It is noted to see ASHRAE 90.1 section 6.1.2.7. Note this
calculation also states the recommended start is 40°F + moisture. This measure is expected to
save 3.5 hours of run time 16 times a year, resulting in 56 total hours. The resulting energy
consumption is generated as using these hours of operation.
PS2:De-energize generator stator heating element
This measure removes an electrical stator heating element on a 2 MW standby generator, due to
the generator being inside. This calculation states the heater had a demand of 1 kW and operated
year around, resulting in an energy consumption of 8760 kWh. It should be noted that there is a
possibility that this violates code due to not fulfilling the proper minimum start-up time.
PS3: Replace Nash water seal medical air compressors
This measure involves replacing old, wasteful equipment for newer more efficient equipment.
The calculation uses savings in replacing 1 25 HP Nash pump for 1 new 10 HP compressor.
The existing case assumes the hours of operation to be half the time, and a pump energy demand
of 15.9, assuming a efficiency of 85% in the 25 HP pump, resulting in a total of 69,434 kWh
used. The proposed compressor will run for 2/3 of a year but only put out 6.3 kW, assuming 85%
efficiency, resulting in 37,031 kWh consumed.
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PS4: Install speed drive on water booster pump
This measure calculates the savings associated with installing a VSD on a water pump to
improve performance. Speed will be controlled to follow the demand for water by maintaining a
constant discharge system pressure. Savings will be linear with flow variation, because pumps
must maintain a constant head.
Several values are hard coded into this calculation, but are assumed to be measurable
specifications. These values include pressure heads at the shut off, max and min inlet pressure,
outlet pressure, and head required to lift 90 psig. Outlet pressure at 100 and 25 GPM—for day
and night hours—is calculated by adding 110 and 128, which is assumed to be from the shutoff
head and average inlet pressure, but is not clear in the calculation.
Constant speed head loss is calculated from the difference in outlet pressure and PRV (pressure
relief valve) and a horsepower is calculated at each 100 and 25 GPM flow, also labeled curve
riding. The equation is shown below.

Horsepower at the same flow and pressure but with a VFD is calculated in a similar equation,
although the change in pressure is in ft of head, with the proper unit conversion and VFD
efficiency added. The resulting HP saved is the difference between the constant speed and VFD
horse power. A .745 factor is multiplied into this HP to convert to energy demand, where the day
and night hours of operation were factored in to produce the total energy consumption. It is
assumed the day and night time hours of operation to be 12 hours each.

Measurement & Verification Plan
This project included the calculation of savings from (17) different measures throughout several
different technologies. Table 1 has a breakdown on measure name, description, and technology.
An Option A: Partially Measured Retrofit Isolation approach will be taken.
Based on the project documentation, the EMS is currently responsible for direct digital control
for most central and terminal HVAC functions as well as much of the Central Plant systems. The
EMS has recently been configured to perform extensive data logging and trending tasks.
For the verification effort, the EMS trends will be collected for a minimum of one month of
“summer” operation and one month of “winter” operation. It should be noted that the M-MVDR
requires the data is collected on a 15 minute basis.
Trended data along with data loggers will be used in the verification process of this analysis.
Specific detail and calibration information regarding these instruments can be found at the end of
this document.
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In each of these measures, the customer will be asked about other possible changes at the facility
that might have affected the operation of the measure technology since the implementation of
each measure, e.g. programming changes, load requirements or changes in the occupancy level.
The customer will also be interviewed to verify the baseline condition prior to the
implementation of the measure. Specific details are outlined in the respective verification plan.
In addition, the customer will be interviewed to verify any actions taken to ensure the persistence
of savings as well as interviewed regarding satisfaction level with the measure and the program.
The persistence and satisfaction battery of questions are presented in a separate document.
HP1: Reduce Hot Water VFD Pump Speeds
This measure revises the DDC system programming to reset the differential pressure set point
base on outside temperature. At 10°F outside air temperature, the pump differential will be at the
maximum value, and at a 60°F outside air temperature the minimum pressure differential will
determined from experiments. For measure HP1, the pump power of the system along with
pressure readings and outside air temperature will be metered to determine the total energy usage
for the existing and proposed conditions. The assumed % flow and % head should be verified
from EMS data as well as information regarding the flow rates and pressure at different times
and temperatures.
This measure will also include installing Hobo H22-001 energy loggers to record pump energy
usage. One logger will be installed on each of the 4 pumps to determine their schedules. Using a
Hobo U12-12 Temperature/%RH logger, the outside air temperature and relative humidity will
be metered to determine load profiles.
Nameplate information as well as manufacturer specifications for the pump motor, VFD will be
documented, with special attention to listed efficiencies.
Hobo Spot measurement of Volts, Amps, PF, and kW will be taken during the site visit using a
NIST calibrated Fluke 1735 power meter.
CP2: Eliminate need for electric heaters in cooling towers
This measure removed electric tower sump heaters and associated trace systems. Towers are
drained and winterized from 11/30 to 3/05.
Customer will be interviewed to verify the heaters are removed and time of year the tower is
drained. If available, nameplate information on the old heaters will be examined to determine the
energy usage, which is what is listed for savings. The heat trace value will also be investigated
from manufacturer specifications.
Hours of operation will be verified with the customer regarding when the heater was used.
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CP3: Improve speed control of condenser water pumping on steam chiller
Speed control for this measure was improved by reprogramming the DDC system to control the
Condenser Water pumping pressure differential based on chiller load. It also limits CW
temperature rise to 10°F to insure adequate CW flow.
The EMS reset the chiller CW pressure differential downward in proportion to the chiller plant
load (chiller kW or CHW flow * ΔT) by reducing pump speed.
In this measurement, Hobo H22-001 energy loggers will be installed on all 6 condenser water
pumps (P-1 through P-6) as well as 6 tower cells (CT-1 through CT-6) to verify that the pump
speed is used as a chiller load indication. Condenser water temperature will be taken from EMS
data to ensure it is set to not rise above 10°F. The differential pressure sensor data will also be
taken from the EMS to ensure proper settings. Hobo U12-12 Temperature/%RH will be used to
take outside temperature and relative humidity. Hours of operation will be verified at 8 hours/day
year-round.
Nameplate information as well as manufacturer specifications for the pump motor, VFD will be
documented, with special attention to listed efficiencies.
Hobo Spot measurement of Volts, Amps, PF, and kW will be taken during the site visit using a
NIST calibrated Fluke 1735 power meter.
AH1: Volumetric Synchronization of AHU-9 & 10 supply and return fans
This measure involves two measures which were combined together (AH1 and EMA1). AH1will
reset the volumetric synchronization of AHU supply and return fans to accommodate night
shutdown of space exhaust fans, to reduce OA use, and exhaust fan power. Supply fan savings
will occur when the room VAV boxes are closed by the amount of the exhaust fan reduction.
Also included in this measure is the night exhaust reduction. EMA1 reduces exhaust system run
time.
A static pressure will be added in the mixed air plenum to control the exhaust air damper to
maintain proper mixed air static pressure (if supply and return stations are out of calibration).
The exhaust fans shut off at night include: 47,49,50,51,56,57,66,72,76,77,78, and 80. VAV
supplies to the room will close so the OA fan power can reduce (RF volume is reduced by same
amount as exhaust fans that were shut off). The essential plan for this measure is when room
VAV and exhaust fans shut off, the supply fans slow down, and while keeping the return fan at
the same flow outside air is cut by 95% of the exhaust reduction.
Hobo H22-001 energy loggers will be installed on AHU-9 and 10 to determine their usage. If
possible a logger will be installed on both the supply and return fans. If this is not possible, one
logger will be installed and EMS data will be used to determine a load profile with different %
speed points. Spot measurements while on site can also accomplish this task. to Outside air
temperature and relative humidity will be measured with a Hobo U12-012 Temperature/% RH
logger, with U12-012 loggers also installed to measure the mixed air temperature and RH to
determine space enthalpy. Because the exhaust fans are constant volume fans, a Hobo spot
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measurement of energy demand will be taken using a NIST calibrated Fluke 1735 power meter.
Hours of operation of these fans will be determined from EMS data.
AH2: Reduce pressure drop across preheat coils
This measure installs new preheat coil bypass dampers around all large AHU preheat coil
sections, which are programmed to open when the outside air temperature is above 20°F AND
the coil value is closed. Bypass damper is scheduled to open when preheat coil valve closes fully
for at least 1 minute and fully close the damper when the preheat coil value signal increases
beyond 5% open.
Verification of this measure will consist of installing a Hobo U12-012 Temp/%RH logger to
determine when the outside air falls below 20°F. EMS data will be used to determine the damper
positions at various temperatures. A max flow of 180,000 CFM was assumed in the calculation,
with 100,000 being reduced along with .10” pressure differential. Hobo H22-001 loggers will be
installed to meter the fan usage of the AHU.
AH3: Increase mixed air damper size
This measure involves increasing the return air damper because it is too small for the 90,000
CFM air to pass through and is causing a large pressure drop.
For verification of this measure, the customer will be interviewed to determine if a new damper
was installed and the increased size. EMS data will be used to determine the new flow rate and
pressure differential across the mixed air plenum. A Hobo H22-001 data logger will be installed
on the return fan to determine energy demand savings. For this calculation, a hourly BIN
distribution should be created to determine if a constant flow rate was reduced across all
temperature ranges.
AH4: Reduce Filter Pressure Drop in AHU-1
Measure AH4 involved removing a HEPA filter to improve the pressure drop across the system.
This allows the fans to operate at a reduced speed. Hobo H22-001 loggers should be installed on
the supply and return fans for this AHU to determine energy usage. EMS data will be used to
model the previous system.
Customer will be interviewed to verify the filters were removed, and that this was approved by
safety personnel.
AH5: Decrease Reheating on AHU-2
Savings from this measure came from increasing the size of the VAV boxes in critically warm
zones and raising the supply air temperature for the entire system from 50 to 55°F. The intent is
to decrease the reheating of non-lab areas while AHU-2 is in cooling mode by upsizing supply
air VAV boxes serving the lab area. AHU can then operate at a higher supply air temperature and
reduce the load on other portions of the air handling distribution system. It also saves chiller
cooling energy in summer by not cooling OA and RA to 50°F and instead only to 55°F.
EMS data will be used to verify the maximum flow settings for the larger new VAV boxes and
that the temperature set point for supply air temperature never goes below 55°F.
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Hobo H22-001 energy loggers should be installed on the supply and return fans for AHU-2 to
determine the usage savings. Hobo U12-012 loggers should also be installed to determine the
supply and return air enthalpies.
AH6: Static pressure setback on AHU-1, 2, 9, 10
Savings for this measure come from reducing the static pressure in the ductwork and therefore
the CFM provided to the space. This reduces the required fan hoarse power.
The EMS will be inspected and the pressure set points will be collected. EMS trends will be
collected of the AHUs pressure to verify the operation of the reset.
EMA1: Remove back draft dampers on continuous duty exhaust fans
The savings for this measure come from the removal of back draft dampers on exhaust fans that
operate 24/7. The dampers add additional pressure the fan must overcome. Removing the
dampers will reduce the fan hoarse power.
The exhaust fans will be inspected to verify the removal of the back draft dampers. A Fluke will
be used to verify the voltage, amperage, and power factor of the fans. If available, EMS trends
will be used to verify the operation of the fans.
EMA3: Install garage exhaust fan back draft dampers
The exhaust fans in the W-Garage feed a common plenum and require all the fans to run to
prevent short cycling of the system. The garage is fitted with CO sensors to allow the fans only
to run when the pollution levels are high. The installation of back draft dampers on the fan will
allow only the fan that is required to ventilate the portion of the garage with high levels of CO to
run instead of all of the fans.
The exhaust fans will be inspected including the installation of the back draft dampers. EMS
trends will be collected of any available data points for the exhaust fans. In addition, the EMS
will be inspected to collect the set points of the CO sensors. If EMS trends are not available a
Fluke will be used to verify the fans voltage, amperage, kW and power factor. Energy loggers
will also be installed to meter the number of fans required to run and the frequency at which they
operate. This will then be correlated to outside air and time of day conditions.
L9: Retrofit lighting in H-Building corridors
The lights in the H-building corridors on multiple floors have been replaced with reflectors and
lower wattage bulbs. The customer will be interviewed regarding the operation of light fixtures
as well as the number of fixtures completed. The light fixtures will be inspected and cross
checked against the provided lighting sheet. Light level loggers will be installed for a minimum
of 2 weeks to record the operation of the light fixtures in multiple spaces.
K3: Kitchen grease line heat trace
The savings for this measure are due to turning off the heat trace for the kitchen grease drain.
The heat trace use to operate 24/7 and is now controlled by a time clock. The customer will be
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interviewed regarding the operation of the heat trace. The time clock schedule will be recorded.
Fluke readings will be taken of the voltage, amperage, kW, and power factor.
PS1: Control snow melting systems from EMS
The savings for this measure are due to improving the controls of the snow melt system to
prevent unnecessary heating of the sidewalks. The customer will be interviewed on the operation
of the snow melt system. EMS trends will be collected to determine when the snow melt system
operates. The operation of the snow melt system will be correlated to precipitation levels. The
correlation will be used with typical precipitation levels to determine the snow melt system
savings.
PS2:De-energize generator stator heating element
The savings for this measure are due to de-energizing a heating element in a backup generator.
The customer will be interviewed regarding the operation of the heating element in both the pre
and post case. If the heating element is found to be operating it will be metered to determine if its
operation has changed.
PS3: Replace Nash water seal medical air compressors
The savings for this measure is due to replacing water sealed air compressors with scroll air
compressors to provide medical air. Water sealed compressors are less efficient than scroll
compressors and can not modulate to meet demand.
The new scroll air compressors will be inspected and operating conditions recorded including
pressure set points. A fluke will be used to record the voltage, amperage, kW and power factor of
the air compressor. Energy loggers will be installed to develop a loading profile of the air
compressors.
PS4: Install speed drive on water booster pump
The savings for this measure is due to installing a VFD to modulate the domestic water booster
pump instead of a throttling valve.
The booster pumps will be inspected and voltage, amperage, kW, and power factor readings will
be taken with a Fluke. Energy loggers will be installed for a minimum of two weeks to generate
a flow profile. If EMS trends are available they will be collect.

Site Visit Findings
A site visit was conducted on 7/20/11 – 7/22/11 to capture the summer period and again on
1/16/12. This included collecting the hospitals operating set points as well as any available EMS
trends for each measure.
HP1: Reduce Hot Water VFD Pump Speeds
The hot water pumps for both wings of the buildings were inspected. Voltage, amperage and
power factor readings were recorded. The facilities EMS had trends of the pumps kW and
amperage. These were collected along with outside air conditions to produce a correlation
between pump power and outside air temperature.
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CP2: Eliminate need for electric heaters in cooling towers
The customer was interviewed regarding the operation of the cooling towers. Two of the towers
are now shutdown during the winter when their cooling capacity is not needed. In the past water
was kept in the towers and heated to prevent freezing. The coolers are now drained. The heaters
were required to operate whenever the outside air temperature was below 40°F.
CP3: Improve speed control of condenser water pumping on steam chiller
The condensing water pump number 4 which serves the absorption chiller was inspected. Pump
4 was the only pump with the speed reduced due to the pumps serving the electric chillers would
incur a larger penalty due to reduced water flow then the pumping energy would save. The EMS
trends of the pumps power along with outside air enthalpy were collected.
AH1-6: Operational Improvements to AHU 9-10 and 1 and 2
The customer completed six different measures on the four main air handling units for the
hospital. These measures are all related and as they deal with the same systems. The customer
was interviewed regarding the operation of the air handling units. The customer said that
multiple exhaust fans turn off at night and the supply fans can lower their speed to match the
reduced CFM for AHUs 9 and 10. The customer was also asked about the multiple pressure drop
measures for the four units. The first project was the installation of bypass dampers in AHUs 1
and 2. These dampers allow for the bypass of the preheat coils when the outside air temperature
is above 20°F savings 0.1” of pressure. The second pressure reducing measure is also for AHU 1
and 2. The return air damper was two small creating excessive pressure drops. New larger
dampers were installed and verified by inspection. The new dampers reduce the pressure of the
system by 0.25”. The third pressure drop measure is the removal of the HEPA filters with a
pressure drop of 0.8”. The filters were inspected and the extra HEPA filters were found to be
removed. This measure is for all four AHUs. The final pressure reduction measure is static
pressure reset controls for all four units. Trends of the static pressure for all of the units were
collected as well as the control sequence used to change the pressure. The final measure
completed for the air handling units was a larger VAV box for the lab on AHU 2. The lab was
requiring more cooling than designed by the space forcing the AHU to proved 50°F instead of
55°F. The EMS was inspected and found to be providing 55°F.
For all of the measures EMS trends of the four units CFM, pressures, and the outside air
conditions were collected. In addition Fluke readings were taken of all of the fans as well as
energy loggers being installed during the summer. The EMS trends were collected both during
the summer and winter.
EMA1: Remove back draft dampers on continuous duty exhaust fans
The back draft dampers were found to be removed on the exhaust fans that operate 24/7. The
EMS was used to verify that the fans operate 24/7. The customer reported that the back draft
dampers were of a square design located within round ductwork. This restricted the flow by
blocking a large portion of the ductwork.
EMA3: Install garage exhaust fan back draft dampers
The garage fans were inspected and the back draft dampers found to be installed. Fluke readings
were taken at the main panel for all garage exhaust fans. And energy logger was also installed to
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meter all exhaust fans. The logger was installed in the middle of winter and captured the coldest
days of the year when CO pollution would be expected to be its worse due to cold starts of
automobiles in the garage. The loggers were installed for 3.5.
L9: Retrofit lighting in H-Building corridors
The retrofit lights were verified upon inspection and fixture type and wattage were recorded. The
replaced lights matched closely with the provided fixture lists. The site representative confirmed
that all of the purchased light fixtures were installed. Additional retrofit light kits have been
purchased and installed with more still required to replace all of the fixtures.
Light level loggers were installed in a variety of space types to determine the typical hours of
operation. In the lower levels 38 of the fixtures were found to be off. The customer was
questioned about this and replied a portion of the lights are turned off to lower summer peak
demand. During the winter site visit these fixtures were found to still be off.
K3: Kitchen grease drain line heat trace
The heat trace was found to be operating from 7:15 am until 3:45 pm for a total of 6 hours and
45 minutes. The heat trace kW was found to be consistent with the ex ante kW values.
PS1: Control snow melting systems from EMS
The snow melt system was discussed with the customer. The EMS was inspected to verify the
programming of the alarm to warm if the snow melt is on above 35°F. The customer said that
many times the snow melt system turns on they manually turn it off. During the metering period
snow fall did not occur and the snow melt system could not be correlated to precipitation levels.
PS2:De-energize generator stator heating element
The customer was interviewed regarding the generator heating element. The customer said the
heating element is required for generators that are stored outside to allow the generator to start up
quickly. The generators at the hospital are stored indoors and do not require the 1 kW heater. The
heating element was found disabled.
PS4: Install speed drive on water booster pump
The booster pumps were inspected and found to be operating with VFDs. Fluke readings were
taken and an energy logger installed to record the pumps kW. EMS trends were also collected
showing the pumps speed and kW.

Summary of Calculations
The ex post energy savings for this project is 1,802,646 kWh compared to the ex ante savings of
1,788,060 kWh, yielding a realization rate of 101%. The ex post summer and winter savings are
237.1 kW and 128.1 kW, respectively, compared to the ex ante savings of 154.2 and 142.8 kW,
yielding realization rates of 154% and 90%, respectively. The ex post summer and winter
seasonal demand savings are 210.07 kW and 133.75 kW, respectively. The energy and demand
savings calculations for each measure are summarized below.
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HP1: Reduce Hot Water VFD Pump Speeds
The collected EMS trends of the pumps power and outside air conditions was used to generate a
profile dependent upon outside air enthalpy as shown in Figure 1. The kW profiles was
compared to the baseline operating conditions reported in the study and ex ante calculations
which was 14.24 kW and 7.87 kW for the two wings. The savings for this measure have been
reduced due to the pumps not operating at as low of a kW as predicted.
The savings for this measure are 105,274 kWh compared to an ex ante savings of 143,297 kWh
for a realization rate of 73%. The summer demand savings are 12.51 compared to ex ante savings
of 19.00 kW for a realization rate of 66%. The winter demand savings are 11.32 kW compared to
the ex ante demand savings of 16.00 kW for a realization rate of 71%. The seasonal summer
demand was found to be 12.49 kW while the winter seasonal demand was found to be 10.92 kW.
Figure 1 HW Pumps kW vs Outdoor Enthalpy
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CP2: Eliminate need for electric heaters in cooling towers
The rated kW of the heat trace for the cooling towers was used to model the energy savings. A
total of 21.5 kW was required whenever the outside air temperature was below 40°F. In the post
case the heat trace is no longer used. The savings for this measure have been reduced due to the
ex ante calculations assuming the heat trace would be operating for more hours than available
below 40 degrees.
The savings for this measure are 54,546 kWh compared to an ex ante savings of 76,132 kWh for
a realization rate of 72%. The summer demand savings for both the ex ante and ex post is 0.00
kW. The winter demand savings are 17.20 kW compared to the ex ante demand savings of 21.50
kW for a realization rate of 80%. The seasonal summer demand was found to be 0.00 kW while
the winter seasonal demand was found to be 21.50 kW.
CP3: Improve speed control of condenser water pumping on steam chiller
The collected EMS trends of pump 4 of kW and of the outside air enthalpy was used to generate
a kW profile of the pumps vs outside air enthalpy. The baseline operation of the pumps was
modeled as described by the customer and the RCx report as operating at 103kW. The savings
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for this measure have been adjusted for several reasons. The ex ante savings claimed the savings
for both pump 4 as well as the other pumps while not claiming the penalty incurred at the electric
chillers. Due to this penalty the other pumps were not modified reducing the savings. The
absorption chiller operated much more frequently than predicted in the ex ante calculations and
is used as much as possible to offset the facilities summer demand. This increased the absorption
chillers and pump 4s operating hours and possible energy savings.
The savings for this measure are 116,634 kWh compared to an ex ante savings of 184,464 kWh
for a realization rate of 63%. The summer demand savings are 41.56 kW compared to ex ante
savings of 10.00 kW for a realization rate of 416%. The winter demand savings are 0.00 kW for
both the ex ante and ex post. The seasonal summer demand was found to be 35.51 kW while the
winter seasonal demand was found to be 0.00 kW.
AH1-6: Operational Improvements to AHU 9-10 and 1 and 2
The collected EMS trends for the four AHUs were verified by using the metered data. The EMS
trends were then correlated to outside air temperature and split between occupied and
unoccupied mode for both CFM and static pressure as shown in Figure 2. Savings were then
calculated for each AHU separately starting with the post conditions CFM and applying the
pressure drops for each individual measure. The pressure drop savings are dependent upon the
hours of operation and the number of CFM the pressure drop is applied to. The reduced pressure
saves fan power while providing the same CFM. The pressure drops provided in the ex ante
calculations were used as the project documentation only listed the reduced pressure and not
what the pressure was before and after making the pressure drop unverifiable. The savings for
each air handling unit were calculated separately. The savings were then split by measure type.
The savings for these measures overall increased due to the observed CFM being greater the
CFM used in the ex ante calculations resulting in all of the pressure drop measures savings more
energy.
Figure 2 AHU 2 CFM vs OA Temp
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The savings measure AH1 are 190,683 kWh compared to an ex ante savings of 55,739 kWh for a
realization rate of 342%. The summer demand savings are 11.10 kW compared to ex ante
savings of 0.00 kW. The winter demand savings are 13.46 kW compared to the ex ante demand
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savings of 0.00 kW. The seasonal summer demand was found to be 0.00 kW while the winter
seasonal demand was found to be 22.32 kW.
The savings measure AH2 are 43,741 kWh compared to an ex ante savings of 17,493 kWh for a
realization rate of 250%. The summer demand savings are 5.99 kW compared to ex ante savings
of 0.00 kW. The winter demand savings are 5.12 kW compared to the ex ante demand savings of
3.70 kW for a realization rate of 138%. The seasonal summer demand was found to be 6.26 kW
while the winter seasonal demand was found to be 4.47 kW.
The savings measure AH3 are 73,925 kWh compared to an ex ante savings of 12,187 kWh for a
realization rate of 607%. The summer demand savings are 13.01 kW compared to ex ante
savings of 2.80 kW for a realization rate of 465%. The winter demand savings are 12.59 kW
compared to the ex ante demand savings of 2.80 kW for a realization rate of 450%. The seasonal
summer demand was found to be 15.64 kW while the winter seasonal demand was found to be
13.45 kW.
The savings measure AH4 are 178,796 kWh compared to an ex ante savings of 129,071 kWh for
a realization rate of 139%. The summer demand savings are 23.40 kW compared to ex ante
savings of 14.73 kW for a realization rate of 159%. The winter demand savings are 21.38 kW
compared to the ex ante demand savings of 14.73 kW for a realization rate of 145%. The
seasonal summer demand was found to be 24.40 kW while the winter seasonal demand was
found to be 21.86 kW.
The savings measure AH5 are 277,917 kWh compared to an ex ante savings of 368,678 kWh for
a realization rate of 75%. The summer demand savings are 82.71 kW compared to ex ante
savings of 0.00 kW. The winter demand savings are 2.21 kW compared to the ex ante demand
savings of 0.00 kW. The seasonal summer demand was found to be 87.35 kW while the winter
seasonal demand was found to be 0.00 kW.
The savings measure AH6 are 581,821 kWh compared to an ex ante savings of 346,008 kWh for
a realization rate of 168%. The summer demand savings are 22.76 kW compared to ex ante
savings of 79.00 kW for a realization rate of 29%. The winter demand savings are 28.13 kW
compared to the ex ante demand savings of 60.00 kW for a realization rate of 47%. The seasonal
summer demand was found to be 0.00 kW while the winter seasonal demand was found to be
22.74 kW.
EMA1: Remove back draft dampers on continuous duty exhaust fans
The exhaust fans with the removed back draft dampers were found to be operating as designed.
There were no adjustments found to adjust the ex ante calculations. The summer and winter
seasonal demand savings were found to be the same as the average summer and winter demand
savings of 2.39 kW.
EMA3: Install garage exhaust fan back draft dampers
The garage fans were found to operate only once for 20 min over the 3.5 week metering period.
The kW of the single fan operating at 50% speed was found to be 3.63 kW. The fans are

21

expected to only operate about once every 3 Saturdays based on the metered data. The savings
for this measure were reduced due to the limited hours of operation of the garage fans.
The savings for this measure are 649 kWh compared to an ex ante savings of 108,916 kWh for a
realization rate of 1%. There was no demand savings found for this measure. The ex ante
savings did not claim demand savings for this measure.
L9: Retrofit lighting in H-Building corridors
The installed lumen level loggers recorded the hours of operation for the light fixtures over a
four week period. A lighting profile was generated for each logger that metered a space type.
This profile included the hourly percent on time for an entire week. These profiles were then
used in conjunction with the number of fixtures per space type and the watts saved per fixture to
calculate the savings. The hours of operation ranged from 0 to 24 hours a day. The majority of
the hours were consistent with the provided lighting sheet however some spaces were found to
differ. Most noteworthy were the 38 fixtures that were expected to operate 24/7 were found to
operate 0 hours. The savings for this measure was reduced for a couple of reasons. The claimed
savings listed 203,596 kWh savings however all the project documentation listed 125,356 kWh
savings. There was no explanation found for this difference. The ex post analysis found the
average hours of operation increased overall driving the savings up. However, even with the
additional savings the ex post savings are less than the claimed ex ante savings.
The savings for this measure are 157,705 kWh compared to an ex ante savings of 203,596 kWh
for a realization rate of 77%. The summer demand savings are 21.70 kW compared to ex ante
savings of 26.30 kW for a realization rate of 82%. The winter demand savings are 14.28 kW
compared to the ex ante demand savings of 21.64 kW for a realization rate of 66%. The seasonal
summer demand was found to be 23.03kW while the winter seasonal demand was found to be
14.10 kW.
K3: Kitchen grease line heat trace
The heat trace was found to save 17.25 hours a day. The ex ante calculations assumed it would
save 15 hours a day. The heat trace kW was found to be consistent with the ex ante values and
was not adjusted. A weekly profile was created with the heat trace turning on at 7:15 am and
turning off at 3:45 pm. The baseline profile had the heat trace consuming the same 1.99 kW for
24 hours a day. The saving for this measure was adjusted for two reasons. The claimed ex ante
savings did not match the project documentation and was found to be 500 kWh less than the
calculations. The ex post analysis also found the heat trace was off for additional hours savings
more energy further increasing the savings.
The savings for this measure are 12,542 kWh compared to an ex ante savings of 10,906 kWh for
a realization rate of 115%. The summer demand savings are 0.75 kW compared to ex ante
savings of 0.00 kW. The winter demand savings are 1.99 kW compared to the ex ante demand
savings of 0.00 kW. The seasonal summer demand was found to be 0.83kW while the winter
seasonal demand was found to be 1.99 kW.
PS1: Control snow melting systems from EMS
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The snow melt system was never observed running during the metering period. Based on
discussions with the customer the ex ante calculations were found to be reasonable. No
adjustments were made to the ex ante calculations.
The savings for this measure are 14,013 kWh and have a realization rate of 100%. No demand
savings are claimed for both the average and seasonal demand savings.
PS2:De-energize generator stator heating element
The heating element on the generator is 1 kW and operated 24/7. The heating element is not
required as the generator is stored indoors. The site inspection found the measure to be consistent
with the ex ante calculations. No changes were made to the analysis.
The savings for this measure are 8,760 kWh and 1.00 kW for both the summer and winter
average and seasonal demand savings.
PS3: Replace Nash water seal medical air compressors
The new scroll air compressors were found to be installed and operating. The compressors
modulate to maintain pressure. The compressors were metered for four weeks to develop a load
profile.
Based on the project documentation and discussions with the customer the old air compressor
was a four stage water sealed air compressor. This type of compressor cycles to maintain air
pressure; however it must run for a minimum of 5 minutes. During the time the compressor is
running and has met the pressure excess pressure is vented from the system. The old air
compressor was found to be removed form the site.
A demand profile was created for the old water sealed compressor by modeling the compressor
using the CFM profile from the metered new compressor. The old compressor was estimated to
have a 100 gallon storage tank and would run for a minimum of 5 minutes and maintain pressure
between 48 and 50 PSI. The compressor runs until the pressure and time limit are met and turns
off. While the compressor is turned off air is provided from the storage tank as its pressure
reduces from 50 PSI to 48 PSI. Once the low pressure limit is met the compressor turns on again.
The savings for this project was adjusted for several reasons. The claimed ex ante savings are
63,363 kWh; however, the ex ante calculations only demonstrate savings of 32,403 kWh. The
hours of operation also differ between the ex ante and ex post analysis which reduce the savings
to 26,046 kWh.
The savings for this measure are 26,046 kWh compared to an ex ante savings of 63,363 kWh for
a realization rate of 41%. The summer demand savings are 9.51 kW compared to ex ante savings
of 2.85 kW. The winter demand savings are 9.51 kW compared to the ex ante demand savings of
2.94 kW. The seasonal summer demand was found to be 3.36 kW while the winter seasonal
demand was found to be 2.80 kW.
PS4: Install speed drive on water booster pump
The booster pumps savings were calculated by creating a kW profile of the VFD controlled
booster pumps. Using the pump kW and pump specifications the % flow of the pump was
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calculated. This was used to calculate the required kW to pump the same GPM using a throttling
valve in the baseline. The calculated kW for the baseline throttling valve controlled pumps was
used to generate a weekly hourly profile. Both the pre and post case profiles were compared by
applying the weekly profile to an 8760 calculator. The savings for this measure were reduced due
to the VFD controlled pumps running at a higher kW than the ex ante predicted.
The savings for this measure are 13,006 kWh compared to an ex ante savings of 24,482 kWh for
a realization rate of 53%. The summer demand savings are 1.45 kW compared to ex ante savings
of 2.70 kW. The winter demand savings are 1.40 kW compared to the ex ante demand savings of
2.70 kW. The seasonal summer demand was found to be 1.51 kW while the winter seasonal
demand was found to be 1.45 kW.
The ex post savings for the entire project are displayed in Table 3.
Table 3 Ex Post Savings

Ex Ante Savings
Documentation Adjustment
Technology Adjustment
Quantity Adjustment
Operations Adjustment
Heating and Cooling
Adjustment
Ex Post Savings
Realization Rate

Summer
Seasonal
Peak
Savings
167.43
28.08
0.00
12.00
209.99

Winter
Seasonal
Peak
Savings
155.97
17.39
0.00
12.00
140.98

6.77
216.76
129%

0.00
140.98
90%
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Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

29.27

(49.93)

1,788,060
-223,286
0
105,120
172,501

6.38
243.16
-

0.00
135.42
-

34,618
1,802,646
101%

Project Information
Project ID#:
Measures:

Savings:
Facility Usage:

WE06M027 / WE08G031
Hot Water Reset, Chilled Water Pump Speed Optimization, AHU System
Optimization, lighting controls using occupancy and daylight sensors, emergency
light controls
282,390 kWh, 57.5 Summer kW, 27.4 Winter kW, 31,661 CCF
School

Measure Description
This project was completed at a school’s main facility, which contains classrooms, labs, offices,
several lecture halls, a library, fitness center, bookstore, and several large communal areas.
Seven projects were completed at this facility between November 2009 and March 2010:
Reduce Hot Water Reset Range (HP-1): This measure involves decreasing the allowed supply
temperature reset until the Variable Frequency Drives slow down during periods of low heating
loads. This will in turn allow the hot water pumps to run at lower speeds, especially during
periods of low heating loads.
Optimize Chilled Water Pump Speed (CP-2): This measure involves changing the controls for
the chilled water pumps so that the differential pressure maintained by the pumps is just enough
to satisfy the greatest demand of all the Air Handling Units (AHUs) at any given time during the
cooling season.
AHU System Optimization (AH-2): This measure involves programming supply fan static
pressure controls to allow supply fans to run at lower speeds, programming demand-controlled
ventilation controls of AHUs based on temperature and CO2 levels, and repair/replace several
airflow sensors that are out of calibration to minimize excess ventilation and system pressures.
Large and Small Auditorium Occupancy Controls (LC-2): This measure involves installing
occupancy sensors in two auditoriums, which will be used to control the lights in the auditoriums
as well as the AHU that serves both auditoriums. In addition, the controlled lights were replaced
with lights that use less power.
Daylight Control of Lights (LC-3): This measure involves installing a Wattstopper ELCU relay
and a daylight sensor in the light spline area of the building (where the roof is all skylights). The
daylight sensor will allow the lights to turn off when there is sufficient natural light. The
Wattstopper relay will turn the emergency lights in the space on in the event of a power outage
and there also being insufficient natural light in the space.
Emergency Light Controls (LC-5): This measure involves installing Wattstopper ELCU relays so
that during periods of normal operation, the emergency lights in the hallways and library operate

in the same manner as those controlled by occupancy sensors. Without the Wattstopper relay the
Emergency lights would remain on all the time.
Optimal Start for all Air Handling Units (BMS-1): This measure involves adding optimal start
controls to the BMS for all AHUs so that they do not turn on in the morning until they need to in
order to reach their respective programmed set points. Without these controls the AHUs start up
at 5AM every day Monday-Saturday, and the space temperature set points are often arrived at
way before 7AM when the building is first occupied in the morning.

Summary of Ex Ante Calculations
The baseline for this project is considered to be the existing facility before all of the control
changes were made in the Building Management System (BMS), and prior to the installation of
any new sensors or relays. The heating and cooling loads and occupancy patterns of the facility
are assumed to be the same before and after the project was completed. The Ex Ante savings for
each measure were determined as follows:
HP-1: For this measure a bin analysis method is used calculate the energy use of the hot water
pumps before and after the new temperature reset controls are implemented. The required hot
water flow for each temperature bin is calculated based on the required heat load, and static and
dynamic pressure losses are used to determine the energy use of the hot water pumps in each
temperature bin. The total annual energy use for all temperature bins is summed, and the
difference between the pre- and post-implementation totals is the Ex Ante savings for this
measure.
CP-2: For this measure a bin analysis method is used to calculate the energy use of the chilled
water pumps before and after the implementation of new differential pressure reset controls. The
outdoor air enthalpy for each temperature bin is used to calculate the chilled water required to
satisfy the demand of the 17 AHUs in each temperature bin. Using these calculated chilled water
flow rates and the calculated system head pressure for each bin, the energy use of the pumps in
each temperature bin is determined. Due to a chiller flow problem with resetting the differential
pressure, it was determined that this measure will only be able to save energy during periods of
free cooling, when the outdoor air temperature is between 40°F and 55°F.
AH-2: For this measure a bin analysis method is used to calculate the energy use of the AHU
supply fans before and after the implementation of static pressure reset controls, and to calculate
the cooling energy require before and after a reduction in outdoor air CFM is implemented. The
average temperature of each bin is used to calculate the airflow required to satisfy the demand of
the AHUs in each temperature bin. From this the duct static pressure is calculated for each bin
before and after the static pressure reset implementation, and from this the pre and postimplementation supply fan kW for each temperature bin is calculated. The total annual energy

use for all temperature bins is summed, and the difference between the pre and postimplementation totals is the Ex Ante savings. To calculate the savings resulting from the
recalibration or replacement of airflow sensors, it was estimated that the sensor replacements
would result in a 5% reduction in supply fan energy use of the affected AHUs. The gas savings
for this measure were determined in a similar way, with which the amount of gas saved in the
boilers is determined for the heating season.
LC-2: For this measure the power required for the old lights and the annual hours of use is used
to determine the pre-implementation energy use of the lights in the auditorium. This was also
done for the post-implementation, and the difference is the lighting energy saved. The lighting
energy saved is used to calculate cooling savings for the AHU. This calculation, along with
reduced cooling due to occupancy controls for the AHU, uses average cooling loads and fan kW
to calculate the AHU energy savings. The gas savings were determined in a similar matter,
calculating the reduction in heating load due to the occupancy sensor control of the AHU and in
turn calculating the resulting gas savings by the boilers.
LC-3: For this measure the number of hours of the day during which the lights in the light spline
turn off due to the installation of the daylight sensor was found for the first of each month of the
year using a daylight (sunrise/sunset) calculator, and these values are used to determine the
number of hours each year that the lights are turned off by the daylight sensor. This is multiplied
by the total controlled watts to determine the annual energy savings for this measure.
LC-5: For this measure the total wattage of the emergency lights was found. It is estimated that
these lights being controlled by the occupancy sensors reduces the number of hours they are on
by 8 hours per day. The number of controlled watts is multiplied by 8, and this is multiplied by
365 to find the annual energy savings for this measure.
BMS-1: For this measure the savings were calculated by assuming an average speed of 75%, a
static pressure of 4.45”WC, and that the optimal start programming will save an average of 2
hours of run time per day, 6 days per week. A total full-load CFM of 238,400 CFM is used, a
fan efficiency of 65%, motor efficiency of 88%, and VFD efficiency of 98%. The gas savings
for this measure were determined in a similar matter, the gas savings occurring during the
heating season with the boiler using less gas as a result of this measure being completed.
The Ex Ante electrical savings for each measure is displayed in Table 1 and the Ex Ante gas
savings are displayed in Table 2.

Table 1: Ex Ante Electrical Savings

HP-1
CP-2
AH-2
LC-2
LC-3
LC-5
BMS-1
Total

Summer
Seasonal
Demand
(kW)
1.2
36.1
7.5
12.8
57.5

Tracking System
Winter
Seasonal
Yearly
Demand
Savings
(kW)
(kWh)
2,735
6,682
8.3
76,294
6.4
22,058
12.8
30,653
83,730
60,238
27.4
282,390

Gas Savings

Summer
Seasonal
Demand
(kW)
-

Tracking System
Winter
Seasonal
Yearly
Demand
Savings
(kW)
(kWh)
33,661

Table 2: Ex Ante Gas Savings

Measurement & Verification Plan
This project included the calculation of seven measures: hot water reset range reduction, chilled
water pump speed optimization based on differential pressures, AHU system optimization
involving reprogramming demand-controlled ventilation controls and performing airflow sensor
recalibration/replacement, installing occupancy sensors in two auditoriums to control lights and
ventilation, installing daylight sensors to control lights in the light spline area of the facility,
installing relays to allow emergency lights to operate in the same manner as all other lights
during periods of normal operation, and integrating optimal start controls for all AHUs in the
facility to delay start-up time in the morning.
An inspection of the site and all seven measures will be conducted and the facility manager will
be interviewed. The installation of all documented occupancy and daylight sensors will be
verified, the model numbers and all relevant available specifications of the AHUs will be
gathered, the power consumption of the lights being controlled by occupancy sensors will be
gathered/verified, and the BMS will be reviewed to verify the implementation of all the
documented HVAC control sequences. The facility manager will be interviewed to verify the
operation specifications of the pre-retrofit lighting and HVAC systems, and all of the information
collected during the site visit, along with relevant project documentation, will be used to
determine appropriate baseline conditions for the facility. If relevant trends are available from
the BMS (pump and fan speeds, air temperatures, etc.) they will be gathered.

The facility manager will also be asked if there have been any significant changes in the facility
since the project’s implementation that would affect any of the building’s HVAC system or the
lighting patterns of any of the areas of the facility in which occupancy sensors and ELCU relays
were installed. The facility manager will also be asked about the facility’s use throughout the
year, because it is likely that there are different occupancy patterns during the summer compared
to during the school year.
IPMVP Option A will be used to calculate the savings due to measures AH-2, LC-2, LC-3, LC-5,
and BMS-1. IPMVP Option B will be used to calculate the savings due to measures HP-1 and
CP-2.
For measures HP-1 and CP-2, each of the hot water pumps’ and chilled water pumps’ energy
usage will be metered at the panel level using DENT ElitePro recording poly-phase power
meters utilizing split-core current transducers. The energy usage will be metered for a period of
no less than 2 weeks at a maximum interval of 15 minutes. In addition, spot-measurements of
Volts, Amps, Power Factor, and kW will be taken during the site visit using a NIST-calibrated
Fluke 1735 power meter. If information is available from the VFDs controlling the pumps,
corresponding data will be collected at the same time as the spot-measurements are taken.
Evaluation staff, with the assistance of the customer, will install the appropriate transducers,
loggers, and other associated equipment to record the energy usage of the pumps.
Metered data will be used to develop operating profiles establishing the total power requirements
for the pumps over the observed range of facility operation.
If the facility usage for the metered period is representative of typical annual levels, the profiles
developed for the metered period will be used to establish post-retrofit and baseline energy usage
kWh and demand kW. If facility usage during the metered period is not representative, the data
will be normalized so that the pump energy usage profile is representative of that for typical
facility usage.
The baseline operating profile for the pumps will be developed using the customer’s reported
control sequences for the pumps prior to the measure completion and the data recorded by the
DENT ElitePro meters.
For measures AH-2 and BMS-1, the energy usage of selected AHUs will be metered using
DENT ElitePro data loggers utilizing split-core current transducers. The DENT ElitePro
combined with split-core current transducers is a recording poly-phase power meter that records
Volts, Amps, and Power Factor at a preset time interval, measuring True RMS with a sampling
rate of 7.28kHz. When installed, the DENT ElitePro must be launched from a computer that has

the clock synchronized to a NIST time source, and is programmed with a logging interval no
greater than 15 minutes. The DENT ElitePro loggers combined with current transducers have an
accuracy of +/- 1.7%, which meets the requirements specified in the M-MVDR. The energy
usage will be metered for a period of no less than 2 weeks at a maximum interval of 15 minutes.
In addition, spot-measurements of Volts, Amps, Power Factor, and kW will be taken during the
site visit using a NIST-calibrated Fluke 1735 power meter. If information is available from the
VFDs controlling the AHU fans, corresponding data will be collected at the same time as the
spot-measurements are taken.
Evaluation staff, with the assistance of the customer, will install the appropriate transducers,
loggers, and other associated equipment to record the energy usage of the AHU fans.
Metered data will be used to develop operating profiles establishing the total power requirements
for the AHUs over the observed range of facility operation.
If the facility usage for the metered period is representative of typical annual levels, the profiles
developed for the metered period will be used to establish post-retrofit and baseline energy usage
kWh and demand kW. If facility usage during the metered period is not representative, the data
will be normalized so that the AHU energy usage profiles are representative of that for typical
facility usage.
The baseline operating profile for the AHUs will be developed using the customer’s reported
control sequences for the fans and dampers prior to the measure completion and the data
recorded by the DENT ElitePro meters.
For measures LC-2, LC-3, and LC-5, the on/off status of a representative sample of lights will be
metered using Hobo U12-012 light lumen level loggers. The Hobo U12-012 light lumen level
logger is a status logger that records the measured light lumen level at a preset time interval. At
the time of installation the Hobo U12-012 is launched from a computer that has the clock
synchronized to a NIST time source and programmed with a logging interval of no less than once
every 15 minutes. Per the manufacturer specifications, the U012-012 loggers have a rated time
accuracy of ±1 min/month. This meets the requirements of the M-MVDR. Because the lumen
level will not be used to correlate to demand, but instead is used at a “threshold” variable
indicating light status, the lumen level accuracy requirement is not subject to the M-MVDR
requirements and is not addressed.
Evaluation staff, with the assistance of the customer, will install the appropriate lumen level
loggers to record the on/off status of the selected sample of lights.
Make and model numbers for the lights and ballasts affected by these three measures will be
recorded, and their power consumption will be determined via manufacturer specification sheets.

Metered data will be used to develop operating profiles establishing the use patterns of the lights
during periods of typical operation in the facility.
If the facility usage for the metered period is representative of typical annual levels, the profiles
developed for the metered period will be used to establish post-retrofit and baseline energy usage
kWh and demand kW. If facility usage during the metered period is not representative, the data
will be normalized so that the lighting energy usage profiles are representative of that for typical
facility usage.
The baseline operating profile for the lights will be developed using the customer’s reported
control methods for the lights prior to the measure completion and the data recorded by the U12012 light lumen level loggers.
Due to the weather dependency of measures HP-1, CP-2, AH-2, and BMS-1, an 8760 calculator
will be used, with which temperature-dependent and time-of-day-dependent energy profiles can
be utilized to determine average seasonal kW savings and seasonal peak demand savings as well
as annual kWh savings. The same 8760 calculator will be used to calculate savings for measures
LC-2, LC-3, and LC-5, but only time-of-day energy profiles will be used in the calculation of
savings, as lighting energy consumption is not dependent on outdoor or indoor air conditions.

Description of Verification
An initial site visit to verify the installation of the measure and install logging equipment was
conducted on July 27, 2011. The Facilities manager and 2 maintenance employees were
interviewed, and they provided a tour of the facility and pointed out where the new equipment
associated with the project was installed. The installation of the documented physical equipment
was verified, and the new control sequences programmed into the BMS were also verified.
Energy loggers were installed on Chilled Water Pumps 1 and 2 during the initial site visit, and a
total of (19) U12-012 lumen level loggers were installed in various light fixtures throughout the
facility that was deemed to be a representative sample. Spot-measurements were taken of the
chilled water pumps during logger installation, and spot-measurements were taken of the supply
and return fans in 7 of the facility’s AHUs. All relevant trends were gathered from the BMS,
and all relevant schedules and set points were recorded.
The facility manager stated that the controls for the chilled water pumps were not working
properly. This was caused by the use of a gas-powered chiller during the cooling season rather
than an electric chiller and a resulting sensor/programming conflict within the system.

The installed loggers were collected on August 16, 2011, and the trends gathered during the
initial site visit were gathered again. The data was offloaded from all of the collected loggers,
and a winter logger installation was scheduled for January 20, 2012.
During the initial winter site visit no spot-measurements were taken, and (19) U12-012 lumen
level loggers were installed in a representative sample of lighting fixtures just like during the
initial site visit. The installed loggers were gathered on February 9, 2012 and all relevant trends
were gathered.

Summary of Calculations
The ex post energy savings for this project are 228,308 kWh for a realization rate of 81%. The ex post
summer demand savings are 46.8 kW (81% realization rate), winter demand savings are 13.44 kW (49%
realization rate), summer seasonal demand savings are 10.97 kW, and winter seasonal demand savings are
5.13 kW.

The method of calculating savings for each measure is outlined below:
For measure HP-1, (2) 3rd order polynomial regression lines relating pump kW to average bin
temperature were created, one for the pump prior to measure implementation and one for after
the measure was implemented. The pump profile table used in the Ex Ante calculations was
utilized, but the calculations were adjusted to account for minimum flows. The generated
regressions were put into the 8760 calculator, which calculated Ex Post savings for this measure
of 932 kWh for a realization rate of 34%, summer demand savings of 0 kW, and winter demand
savings of 0.18 kW. There were no Ex Post seasonal demand savings, and no Ex Ante demand
savings. A graphical representation of the calculated pump kW before and after the measure’s
implementation and their corresponding regression lines are displayed in Figure 1.

Pump kW

Figure 1: Pump kW vs average bin Temperature before and after measure implementation
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For measure CP-2, the facility’s use of their gas chiller causes there to be no savings for this
measure. Since the measure’s implementation the controls for the chilled water pumps have
been reprogrammed so that the minimum flow requirement of the gas chiller is always met. This
minimum flow is greater than the range of flow rates within which the pump savings would
occur for this measure. Because the chilled water pumps never operate within the range of
speeds where this measure would cause savings to occur, there are no savings for this measure.
The Ex Post energy savings for this measure are 0 kWh for a realization rate of 0%, and the Ex
Post summer and winter seasonal and peak demand savings are 0 kW.
For measure AH-2, no metering was done from which the Ex Post electrical savings could be
directly calculated, and the set points that were changed for this measure that could be checked
in the BMS were found to be consistent with those claimed in the Ex Ante calculations. The Ex
Ante calculations were reviewed and were found to be accurate, and all assumptions made in the
calculations that could not be verified during the site visit were reviewed and deemed reasonable.
Temperature vs. kW regressions were created for all aspects of the measure that included bin
analyses, and these regressions were put into the 8760 calculator to determine the Ex Post
electrical energy and demand savings for the measure. The gas savings calculations for this
measure were reviewed, and a regression analysis utilizing heating and cooling degree-days was
done to calculate the Ex Post gas savings for this measure. The Ex Post electrical energy savings
for this measure is 78,441 kWh for a realization rate of 103%, summer demand savings is 35.23
kW (100% realization rate), and winter demand savings is 6.02 kW (81% realization rate). The
Ex Post gas savings for this measure is 11,900 CCF for a realization rate of 46%.
For measure LC-2, the lumen level data gathered using Hobo U12-012 loggers during both
summer and winter logging periods were used in a weekly scheduler calculator to create average
lighting use profiles for the lights in the large and small auditoriums. The lights in the
auditoriums and their respective power consumption in the Ex Ante calculations were found to
be accurate. It was discovered that the occupancy sensors in the auditoriums were not working
properly, and there were no useful patterns that emerged from the weekly lighting profiles. The
lights were often on for hours at a time during the middle of the night when the entire facility is
locked up, and during the site visit it was noticed that there were signs on the doors to the
auditoriums notifying students that some classes had been relocated due to the lights not working
properly. Because the occupancy controls are not working properly there are no savings
associated with their installation. The Ex Post energy savings for this measure is 0 kWh for a
realization rate of 0%, the summer demand savings is 0 kW (0% realization rate), the winter
demand savings is 0 kW (0% realization rate), and the summer and winter seasonal demand
savings are also 0 kW.
For measure LC-3, the lumen level data gathered using Hobo U12-012 loggers during both
summer and winter logging periods were used in a weekly scheduler calculator to create average

lighting use profiles for the lights in the light spline area of the building. The lights in this area
and their respective power consumption in the Ex Ante calculations were found to be accurate.
For the Ex Post calculations it was assumed that the lights in the light spline area of the building
would be on all the time without the daylight sensors turning them on and off. The weekly
profiles created with logger data were compared to sunrise and sunset times for the building’s
location, and a correlation between the daylight sensors turning the lights on and off and these
times was established. This daylight correlation was used in the 8760 calculator to calculate
when the daylight sensors would turn the lights in the light spline area on and off. This was in
turn used to calculate the Ex Post savings for this measure. The Ex Post energy savings for this
measure is 16,838 kWh (55% realization rate), the summer demand savings is 4.34 kW (34%
realization rate) and the winter demand savings is 0 kW (0% realization rate). The Peak summer
and winter demand savings are 4.34 kW and 0 kW, respectively.
For measure LC-5, the lumen level data gathered using Hobo U12-012 loggers during both
summer and winter logging periods were used in a weekly scheduler calculator to create average
lighting use profiles for the lights in the library and hallways. The lights in this area and their
respective power consumption in the Ex Ante calculations were found to be accurate. Per the
project documentation and Ex Ante calculations, For the Ex Post calculations it was assumed
that the lights in the hallways would remain on all the time. The Post-implementation light
operation was based on the lighting profiles created from the logger data, and was used in the
8760 calculator to determine the energy and demand savings for this measure. The Ex Post
energy savings for this measure is 129,400 kWh (155% realization rate), the summer and winter
demand savings are 7.25 kW and 5.82 kW, respectively, and the peak summer and winter
demand savings are 6.63 kW and 5.13 kW, respectively.
For measure BMS-1, no metering was done from which the Ex Post electrical or gas savings
could be directly calculated, and the set points that were changed for this measure that could be
checked in the BMS were found to be consistent with those claimed in the Ex Ante calculations.
The Ex Ante calculations were reviewed and were found to be accurate, although the reported Ex
Ante savings values were found to be inaccurate due to a cell reference error (Ex Ante savings
were the total kWh rather than the kWh saved). All assumptions made in the calculations that
could not be verified during the site visit were reviewed and deemed reasonable. Temperature
vs. kW regressions were created for all aspects of the measure that included bin analyses, and
these regressions were put into the 8760 calculator to determine the Ex Post electrical energy and
demand savings for the measure. The gas savings calculations for this measure were reviewed,
and a regression analysis was integrated into the 8760 calculator to determine the savings for this
measure, just like how the electrical savings were calculated. The Ex Post electrical energy
savings for this measure is 6,393 kWh for a realization rate of 11%, and there are no seasonal or
peak demand savings. The Ex Post gas savings for this measure is 4,842 CCF for a realization
rate of 111%. The calculated kW for each temperature bin before and after the measure was

implemented, as well as the calculated regressions, is displayed in Figure 2, and that for the gas
usage is displayed in Figure 3.
Figure 2: BMS-1 kW vs. Temperature
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Figure 3: BMS-1 hourly CCF use vs. Temperature
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The Ex Post savings are broken down by measure and final realization rates are shown in Table 3 and
Table 4.

Table 3 Ex Post Electric Savings

Ex Post Electric Savings
Summer
Demand
(kW)

Winter
Demand
(kW)

Summer
Seasonal
Demand

Winter
Seasonal
Demand

Yearly
Savings
(kWh)

Ex Ante Savings

57.5

27.43

0

0

282,390

HP-1

0

0

0

0.18

932

CP-2

0

0

0

0

0

AH-2

38.69

6.31

35.2

6.02

78,441

LC-2

0

0

0

0

0

LC-3

4.34

0

4.3

0

16,838

LC-5

6.63

5.13

7.3

5.82

129,400

BMS-1

0

0

0

0

6,393

Total

49.65

11.44

46.8

12.03

232,004

Realization Rate

86%

42%

NA

NA

82%

Table 4 Ex Post Gas Savings

Ex Post Gas Savings

Ex Ante Savings
AH-2
LC-2
BMS-1
Total
Realization Rate

Peak Day
(CCF/Day)

Extreme
Peak Day
(CCF/Day)

Yearly
Savings
(CCF)

0.00
244.58
0.00
58.56
303.15
NA

0.00
286.12
0.00
69.17
355.28
NA

31,661
12,117
0
4,842
16,959
54%

Table 5 Electrical Savings Summary

Summer Winter
Summer Winter
Seasonal Seasonal
Peak
Peak
Peak
Peak
Savings Savings
Savings
Savings
Ex Ante Savings
Documentation Adjustment
Technology Adjustment
Quantity Adjustment
Operations Adjustment
Heating and Cooling
Adjustment
Ex Post Savings
Realization Rate

57.50
0.00
0.00
0.00
49.65

27.43
0.00
0.00
0.00
11.44

(9.84)

(14.57)

282,390
-34,437
0
0
-15,949

0.00
49.65
86%

0.00
11.44
42%

0.00
46.82
-

0.00
12.03
-

0
232,004
82%

Table 6 Gas Savings Summary

Ex Ante Savings
Documentation Adjustment
Technology Adjustment
Quantity Adjustment
Operations Adjustment
Heating and Cooling
Adjustment
Ex Post Savings
Realization Rate

kWh
Savings

CCF
Extreme
Savings
Peak Day Peak Day
(CCF/Day) (CCF/Day)
0.00
31,661
0.00
0
0.00
0
0.00
0
303.15
355.28
14,702
0.00
303.15
-

0.00
355.28
-

0
16,959
54%

Project Information
Project ID#:
Measure:
Electric Savings:
Gas Savings:
Technology:

WE06M028 / WE09G058
multiple
235,012 kWh
31.23 Summer kW
34,430 therms
0 Summer therms
Light and AHU optimization, ventilation

19.67 Winter kW
220.9 Winter therms

Measure Description
The customer completed multiple measures. The completed measures include:
 HP-1: Simultaneous Heating and Cooling
 CP-1: Condenser Water Reset
 AH-1: Run MAU-2 for ventilation; add unit heater for heating
 AH-2: Boiler Room Ventilation
 AH-3: AHU optimization
 AH-7: Unit Heater control- unoccupied setback based on lighting
 LA-2: Lab hood velocity control
 LC-1: Light optimization

Summary of the Ex Ante Calculations
Multiple measures were completed as part of this project. The measure description and savings
can be found in Table 1.
Table 1 Project Savings by Measure

Measure

Total
HP-1
CP-1
AH-1
AH-2
AH-3
AH-7
LA-2
LC-1

Technology

Various
Simultaneous Heat and Cool
Condenser Water Reset
Run MAU-2 for ventilation
Boiler Room Ventilation
AHU optimization
Unit Heater control
Lab Hood velocity control
Light optimization

Summer
Seasonal
kW
31.23
8.26
1.6
4.05
1.58
.46
0
2.55
12.73

Winter
Seasonal
kW
21.25
0
0
3.97
1.58
3.36
0
1.23
11.11

kWh
283,024
4,160
43,238
16,806
14,003
149,187
34
8,589
47,106

Measure HP-1 will disable perimeter radiation in the cooling system by allowing the minimum
VAV box flow setting to decrease from 50% to 30%. This will prevent simultaneous heating and
cooling by allowing the hot water pumps to slow down and allow AHU supply and return fans to
run less. Comfort levels should also increase. From the calculation it shows the chiller, fan and
pumping savings for this measurement. The reduced cfm is found by finding the difference
between 50% and 30% flow then converting to Btu/hr—resulting in 133920 Btu/hr—assuming a
temperature rise of 20 degrees and a 4/3 latent factor. The chiller efficiency was reported as
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being 0.6 kW/ton and the kW savings of the chiller is determined by the (133920 Btu/hr) /
(12000 * .6). The kWh was determined by the product of the kW and the hours of operation.
Fan savings from the reduced cfm were calculated by using CFM x static pressure divided by
6350 to get the fan bhp. The fan bhp is then multiplied by pump efficiency of 0.65, motor
efficiency of 0.9, and a VFD efficiency of 0.96. The HP is then converted to kW. The pressure
drop of the system is 1.2 inches. The kWh was determined the same way and factoring in the
hours of operation.
The total kW and kWh for this measure is the sum of each of these three sections of savings. A
total can be found in Table 1.
For the next measure, CP-1, the condenser water temperature will be reduced to 73°F or as low
as possible by modulating the two cooling tower fan VFD’s. This will increase the cooling tower
fan energy, but will reduce the chiller demand by a larger amount due to the lower condensing
temp. Chiller efficiency should improve by 1% for each 1°F drop in CWS temperature. The data
from the chiller part load efficiency and cooling tower increased use was used with BIN data
from the area to generate overall savings of 43, 238 kWh. The 200 ton unit was converted to a
full load kW using 1.23 kW/ton conversion factor. The full load kWh/yr was then found and
corrected to a 65% load. Savings were calculated from the kW reduction, assuming 1% for every
1°F drop in temperature, totaling 154 kWh/yr chiller power savings. Because the condensing
water is now at a lower temperature, the cooling tower must run the fans more to keep up. The
cooling tower fan power was adjusted upwards by calculating the required CFM to meet the
building load with the adjusted temperatures increasing the fan power.
Measure AH1 is for the addition of a unit heater to heat the maintenance shop instead of the
makeup air unit (MAU) which brings in outside air. The savings were calculated by comparing
the CFM of the MAU multiplied by 174,734 Mbtu needed to heat 1,000 CFM of OA. This
number is calculated from a BIN calculation for the school using its hours of operation and
weather conditions. This is then divided by the boiler efficiency of 82%. The proposed gas usage
was calculating the shell losses and infiltration losses of the room and the number of therms
required to heat the space. The difference is the gas savings for the measure.
Measure AH2 is for the installation of a return air damper and VFD on MAU-1, which is located
in the boiler room and supplies up to 4500 CFM for ventilation, heat, and combustion air. The
installed damper and VFD will be used to control the amount of outside air brought in as
required for the burners that are firing. This will decrease the amount of energy used by the
MAU fan (electric savings) and the amount of OA that must be heated. The ex ante calculations
specify that this unit runs 8,760 hours/year at 100% speed, and that in the post case the unit runs
at 3,200 CFM for 3,285 hours/year and 1,200 CFM for 5,475 hours/year. To determine the gas
savings for this measure a heating degree-hours number of 158,882 was used, along with the
boiler efficiency (82%) and an assumed heating hours factor of 75%.
Measure AH-3 is for the optimization of AHU-1, AHU-2, AHU-3, and AHU-4. Part (a) of this
measure involves the integration of static pressure reset controls. Prior to the completion of the
project the units constantly worked to maintain a static pressure of 1.5”wc. With the
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implementation of static pressure reset controls the BMS polls all VAV boxes served by the
AHUs every 5 minutes, and fan energy is reduced until at least one of the VAV boxes is 97%
open. If the VAV box open the most throttles down to 93% open, the BMS will increase the fan
speed in the AHUs. Part (b) of this measure involves adding optimal start/stop controls for these
AHUs. This will cause the units to start up 15 minutes before the occupied time during times
when cooling is required, and will delay the start time during temperate weather. Part (c) of this
measure involves installing CO2 throughout the areas served by these 4 AHUs and outside, and
using the CO2 levels to dictate the amount of outside air brought in. This will reduce fan energy
use and gas heating use. Part (d) of this measure involves changing the valve actuators on the
preheat valves in all four AHUs from 2-position to modulating. This will allow the units to bring
in less outside air when it is needed, reducing fan electric energy use and heating gas use.
The calculations for this measure were completed using a temperature bin analysis method. For
each temperature bin the system pressure is calculated based on the needed CFM in each bin.
The motor VFD kW is then calculated using the fan static pressure setpoint, and the motor and
fan efficiencies. This is multiplied by the number of hours in each bin to get the annual energy
use for each bin. The energy use for all bins is summed to find the annual energy use. The same
calculation is done for the post case, where the static pressure reset is integrated into the
calculations, and the difference in annual energy use is the savings for the static pressure reset
portion of the measure. The optimal start/stop savings were determined by multiplying the
estimated hours saved (900) by the supply and exhaust fan kW values. The gas savings assume a
10% reduction in AHU operation. The airflow of the units is multiplied by the amount of
heating required per CFM of outside air and the decrease in the hours of operation to determine
the gas savings. The ex ante calculations for part (c) of this measure are done using a bin
analysis method, in which an approximated reduced airflow is used to calculate the electric and
gas savings resulting from the completion of the project. The savings for part (d) were
calculated by multiplying the number of bin hours (383) by the CFM of the units, the static
pressure, and a “savings ratio” for which the origin is unknown.
Measure AH-7 is for the control of the unit heaters in the penthouse via newly-installed
photocells. This will switch the unit heaters to a setback temperature when the lights in the
penthouse are off. This will primarily contribute to gas savings during the heating season. The
ex ante calculations for this measure assume the space will be kept at 55°F 90% of the time and
at 65°F 10% of the time. The area of the space, the number of heating degree-hours, and the
insulation of the space was used to calculate the heating load of the space with and without the
temperature setback. The efficiency of the boiler was integrated into the calculation of savings,
and the difference between the annual heating load for the base case and the post case is the gas
savings for this measure.
Measure LA-2 is for the reduction of the lab hood air velocity in the chemistry labs when the
labs are unoccupied. Photocells in the labs will be used to control the VAV-type units that
control the air speed in the lab hoods. This will result in lower hood fan energy use and less air
being exhausted that must be made up and heated or cooled (depending on outdoor air
conditions). This will reduce the hood velocity setpoints from 100 feet per minute at the hood
face to 60 feet per minute when the space is unoccupied. The calculation of savings for this
measure was completed using a temperature bin analysis. The indoor temperature setpoint, the
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average outdoor temperature in each bin, the efficiency of the heating and cooling systems, and
the airflow in the lab hoods before and after the completion of the project were used to calculate
the heating and cooling loads before and after the completion of the project.
Measure LC-1 is for optimizing the control of the lights in the library and some of the hallways
throughout the school. For the lights in the open area of the library, daylight sensors were
installed to turn the lights off when there is sufficient daylight entering the space through the
windows. For the lighting in the library in between the bookshelves, occupancy sensors will be
installed to turn on each row individually whenever someone enters each row. For the lighting in
various hallways throughout the school, daylight sensors will be installed to shut off the lights
when sufficient amounts of natural light is being provided through the exterior windows. Also
for the lighting in the hallways, Emergency Light Control Units will be installed to allow the
emergency lights to operate as normal lights, but these controllers will trip to turn the emergency
lights on in the event of a power loss. The savings for this measure were calculated with
minimal calculations, where the power use of the lights was multiplied by the assumed annual
reduction in hours to find the annual savings for the measure.

Measurement & Verification Plan
This project includes the calculations and savings for eight measures. An inspection of the site
and all eight measures will be conducted and the facility representative will be interviewed
regarding the operation of each measure.
A hybrid approach of IPMVP Option A and C will be used to calculate the savings for this
project.
The savings for measure HP-1 will be verified by inspecting the EMS radiant heating alarm
report. This report records every time the radiant heating system is operating when cooling is
taken place. The AHU and boiler specifications and set points will also be collected while on
site.
The savings for measure CP-1 will be verified by inspecting the cooling towers and chiller. EMS
trends will be collected for all available data points. Fluke readings of the chillers and cooling
tower fans will be taken and the voltage, amperage, kW, and power factor recorded. Energy
loggers will be installed on the chillers and fans for a period of no less than two weeks. The
outside air temperature and humidity will also be collected. This will be used to generate a load
profile of the chillers based on outside air conditions. In addition the chiller and cooling tower
fans specifications and set points will be collected.
The savings for measure AH-1 will be verified by inspecting the MAU-2 which provides the
ventilation air for the maintenance shop. The units specification and set points will be collected
from the EMS. Any available trends will be collected from the EMS. Fluke readings of the fans
voltage, amperage, kW, and power factor will be collected. Energy loggers will be installed for a
minimum of two weeks to determine the operating profile and loading of the system. This will be
correlated to outside air conditions.
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The savings for measure AH-2 will be verified by inspecting MAU-1 which provides makeup air
for boilers and hot water heaters. The units specifications and set points will be collected. Any
available trends from the EMS will be collected. Fluke readings of the MAU’s fans will be taken
and the voltage, amperage, kW, and power factor will be recorded. Energy loggers will be
installed on the fans for a minimum of 2 weeks. The fan kW will be used to generate an
operating profile based on outside air conditions.
The savings for measure AH-3 will be verified by inspecting AHU-1,2,3, and 4. The savings for
this measure is due to static pressure reset, optimal start, demand control ventilation, and preheat
controls. The savings for this measure are complex and highly dependent upon the building
occupancy. All available EMS trends will be collected including the units static pressure and
either the fan speed or supplied CFM. If these are not available the savings will be calculated
using a billed regression analysis using utility provided energy records. Multi-variable linear
curve fits will be created for both the pre and post periods energy records and HDD and CDD.
The multi-variable linear curve fits will be normalized to TMY3 HDD and CDD. This will
calculate the savings for the entire facility. The savings for all other measures will be removed to
leave the savings for this measure.
The savings for measure AH-7 will be verified by inspecting the unit heater and their thermostats
in the penthouse. The savings for this measure is due to limiting the temperature of the penthouse
and prevent the temperature to be changed and forgotten about. All available EMS trends will be
collected that show the operation of the unit heaters and the space temperature. If trends are not
available temperature loggers will be left in the space to verify the temperature does not stay
elevated for extended periods of time.
The savings for measure LA-2 will be verified by inspecting the lab exhaust hoods and the AHU
that provides make up air. EMS trends will be collected that show the hood position and the
amount of air that they are exhausting. This will be used to calculate the amount of air saved by
installed the VAV system. The AHU set points including discharge temperature and economizer
operation will be collected.
The savings for measure LC-1 will be verified by inspecting the light fixtures at the school. The
savings for this measure are due to daylighting and occupancy controls. The light fixtures will be
counted and verified against building plans. The fixture type and wattage will also be collected.
Light level loggers will be installed in each space type to record the hours of operation of the
light fixtures. The customer will also be interviewed regarding the operation of the light fixtures
before the lighting controls were implemented. Savings will be calculated based on the
difference between the hours of operation for the pre and post case.

Summary of Verification
An initial site visit was conducted on July 26, 2011, during which the customer was interviewed
about the operation and control of all the major HVAC components within the facility, including
but not limited to the Air Handling Units, Makeup Air Units, Unit Heaters, and Rooftop Units.
The contact explained that all of the documented work had been completed, however some
control issues had arisen that resulted in some of the completed work being reversed (see
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Summary of Calculations for more detail). The BMS in use at the facility was accessed, and all
relevant setpoints, schedules, and control sequences were recorded.
During the initial site visit U12-012 light level loggers were installed in a representative sample
of the fixtures involved in the lighting measures of this project to periodically record light
intensity, which will in turn show when the lights are on and off. A U23-001 Outdoor Air
Temperature/%RH logger was installed to log the outdoor air temperature during the monitoring
period. These loggers were collected on August 18, 2011, and the data offloaded to a computer
for future analysis.
Another site visit was conducted on January 19, 2012, during which U12-012 light level loggers
were installed in a representative sample of the fixtures involved in the lighting measures of this
project to periodically record light intensity, which will in turn show when the lights are on and
off. During this site visit DENT ElitePro energy meters were installed to record the energy use
of MAU-1, MAU-2, AHU-1 and AHU-2, and U12-012 external channel loggers connected to
split-core current transducers were installed to measure the current through the electrical circuits
of the lights serving the east corridor, the library stack lighting, and Exhaust Fans EF-2 and EF4. A U23-001 Outdoor Air Temperature/%RH logger was installed to log the outdoor air
temperature during the monitoring period. During this site visit the BMS was again accessed,
and all relevant setpoints, schedules, and control sequences were recorded. The loggers installed
during this visit were collected on February 9, 2012, and the data offloaded to a computer for
future analysis.

Summary of Calculations
HP-1 – Simultaneous Heating and Cooling
All of the work specified in the project documentation was found to be completed during the site
visits. The Ex Ante calculations were reviewed and found to be accurate. No adjustments to the
Ex Ante calculations were made in order to determine the Ex Post savings.
The Ex Ante savings, along with all adjustments made to the savings and the measure’s
realization rates, are displayed below in Table 2 and Table 3 (electric and gas savings,
respectively).
Table 2 HP-1 Electric Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

8.26
8.26
8.26
8.26
8.26
8.26
8.26
100%

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

8.26
8.26
8.26
-

0.00
0.00
0.00
-

4,161
4,161
4,161
4,161
4,161
4,161
4,161
100%
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Table 3 HP-1 Gas Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Peak Day
(CCF/Day)
0.00
0.00
0.00

Extreme Peak
Day (CCF/Day
0.00
0.00
0.00
-

0.00
0.00
0.00
0.00
-

Yearly
Savings
(CCF)
800
800
800
800
800
800
800
100%

CP-1 – Condenser Water Reset
During the site visits performed at this facility the facility manager informed the visiting
engineer that the work completed for this measure would sometimes cause the chillers to go into
alarm, which caused all sorts of problems with the HVAC system. Because of this, the controls
were reset to what they were prior to the project’s completion. Because of this, there are no Ex
Post savings for this measure.
The Ex Ante savings, along with all adjustments made to the savings and the measure’s
realization rates, are displayed below in Table 4.
Table 4 CP-1 Energy Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

1.60
1.60
1.60
1.60
0.00
0.00
0.00
-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

0.00
0.00
0.00
-

0.00
0.00
0.00
-

43,238
43,238
43,238
43,238
0
0
0
0%

AH-1 – Unit Heater MAU-2
This measure was implemented so that MAU-2 only runs if needed. The monitoring equipment
installed to monitor the energy use of MAU-2 shows that the unit runs all the time, and never
shuts down. Because of this, there are no savings for this measure.
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The Ex Ante savings, along with all adjustments made to the savings and the measure’s
realization rates, are displayed below in
Table 5 and Table 6 (electrical and gas savings, respectively).
Table 5 AH-1 Electrical Savings Summary

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

4.05
4.05
4.05
4.05
0.00
0.00
0.00
-

3.97
3.97
3.97
3.97
0.00
0.00
0.00
0%

0.00
0.00
0.00
-

0.00
0.00
0.00
-

16,806
16,806
16,806
16,806
0
0
0
0%

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate
Table 6 AH-1 Gas Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Peak Day
(CCF/Day)
43.05
43.05
43.05
43.05
0.00
0.00
0.00
0%

Extreme Peak
Day (CCF/Day
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Yearly
Savings
(CCF)
8,311
8,311
8,311
8,311
0
0
0

-

0%

AH-2 – Boiler Room Ventilation
The data collected with the energy logger installed to monitor MAU-1 shows a strong correlation
between the energy use of MAU-1 and the outside air temperature – the energy use is greatest
when the outdoor air temperature is lowest, and over 70°F the energy use flat-lines at 1.22 kW.
A regression line was calculated relating kW to temperature, and the equation for this regression
line was integrated into the 8760 calculator to determine the summer and winter demand savings,
the summer and winter seasonal peak demand savings, and the annual energy savings for this
measure. The correlation described above is shown (along with the calculated regression line) in
Figure 1.
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Figure 1: AH-2 MAU-1 Demand vs. Temperature
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The gas savings for this measure were determined by calculating the amount of gas it would take
to heat the supplied outside air (in CFM) both before and after the completion of the project,
using the efficiency of the boiler and the average outdoor air temperature for every hour of the
year. This contributes to savings when the outdoor air temperature was below 55°F. The
determination of savings was done in the 8760 calculator. In the determination of savings the
base case scenario uses a constant volume of 5700 CFM, whereas in the post case the airflow
was calculated based on the energy of the MAU for each hour of the year (the electrical load of
the MAU for every hour of the year was calculated as part of the electrical savings calculations
described above) using a linear fan curve.
The Ex Ante savings, along with all adjustments made to the savings and the measure’s
realization rates, are displayed below in Table 7 and Table 8 (electrical and gas savings,
respectively).
Table 7 AH-2 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

1.58
2.69
2.69
2.69
2.57
2.57
2.57
163%

0.00
0.00
0.00
0.00
1.95
1.95
1.95
-

2.57
2.57
2.57
-

1.47
1.47
1.47
-

23,580
23,580
23,580
23,580
19,464
19,464
19,464
83%

9

Table 8 AH-2 Gas Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Peak Day
(CCF/Day)
39.18
39.18
39.18
39.18
31.61
31.61
31.61
81%

Extreme Peak
Day (CCF/Day
34.94
34.94
34.94
-

Yearly
Savings
(CCF)
6,711
6,711
6,711
6,711
3,544
3,544
3,544
53%

AH-3 – AHU Optimization
For this measure it was decided that the best way to determine the electrical energy savings
would be to complete a billed regression analysis using interval data provided by CL&P.
The ex ante calculations were reviewed and there was one value found in the calculations that
was found to be unreasonable – the Mbtu/1000 cfm outside air. The Ex Ante calculations list a
value of 53,788 for this, but adjustments were made to yield a value of 9,374. This causes the
electrical savings to decrease from 89,818 kWh/yr to 53,756 kWh/yr, and the gas savings to
decrease from 17,079 CCF to 13,640 CCF.
For the billed regression analysis the daily energy use and average daily temperatures were used
to create kWh vs. temperature plots for weekdays and weekends, which were then used to create
3rd order polynomial regressions for the use before and after the project’s completion. These
plots and regression lines can be seen in Figure 2 and Figure 3.
These polynomial regressions were integrated into the 8760 calculator to determine the summer
and winter demand savings, the summer and winter seasonal peak demand savings, and the
annual electrical energy savings for this measure.
For the gas savings calculations the AHU sizes, setpoints, efficiencies, schedules, and setback
temperatures before and after the project’s completion were used in the 8760 calculator to
determine the gas use for every hour of the year before and after the project’s completion. The
8760 calculator was used to calculate the annual gas savings as well as the summer and winter
demand savings for this measure.
The Ex Ante savings, along with all adjustments made to the savings and the measure’s
realization rates, are displayed below in Table 9 and Table 10 (electric and gas savings,
respectively).
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Figure 2 Weekday Daily kWh vs Temperature

Figure 3 Weekend Daily kWh vs Temperature
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Table 9 AH-3 Electrical Savings Summary

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.46
0.46
0.46
0.46
(0.27)
(0.27)
(0.27)
-59%

3.36
3.36
3.36
3.36
12.47
12.47
12.47
371%

3.05
3.05
3.05
-

15.38
15.38
15.38
-

89,818
53,756
53,756
53,756
122,949
122,949
122,949
137%

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate
Table 10 AH-3 Gas Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Peak Day
(CCF/Day)
133.55
106.66
106.66
106.66
95.96
95.96
95.96
72%

Extreme Peak
Day (CCF/Day
152.61
152.61
152.61
-

Yearly
Savings
(CCF)
17,079
13,640
13,640
13,640
11,508
11,508
11,508
67%

AH-7 – Unit Heater Control
All of the work specified in the project documentation was found to be completed during the site
visits. The Ex Ante calculations were reviewed and found to be accurate. No adjustments to the
Ex Ante calculations were made in order to determine the Ex Post savings.
The Ex Ante savings, along with all adjustments made to the savings and the measure’s
realization rates, are displayed below in Table 11 and Table 12 (electric and gas savings,
respectively).
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Table 11 AH-7 Electrical Savings Summary

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-

0.00
0.00
0.00
-

0.00
0.00
0.00
-

34
34
34
34
34
34
34
100%

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate
Table 12 AH-7 Gas Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Peak Day
(CCF/Day)
4.52
4.52
4.52
4.52
4.52
4.52
4.52
100%

Extreme Peak
Day (CCF/Day
4.52
4.52
4.52
-

Yearly
Savings
(CCF)
730
730
730
730
730
730
730
100%

LA-2 – Lab Hood Velocity Control
All of the work specified in the project documentation was found to be completed during the site
visits. The Ex Ante calculations were reviewed, and there is no clear indication about how the
ex ante savings were actually determined. The ex ante savings were worked with to recalculate
the savings for this measure. Estimated efficiencies were used in conjunction with the
information provided in the ex ante calculations to determine the adjusted ex ante savings.
For the operations adjustment of this measure, the data collected with the U12-012 loggers with
external channel split-core current transducer that were installed to meter three of the eight lab
hoods was used to determine the electrical and gas savings for this measure. The metered data
was used to create weekly operating profiles for each hood, and the motor specifications were
used to create demand profiles.
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The hood energy use in the 8760 calculator was used to calculate the airflow of the hoods. For
the base case it was assumed that the hoods run all the time, moving 2,000 CFM of air. The
calculated post case airflow and the outdoor air enthalpy was used to determine the amount of
gas needed to heat the amount of air by which the airflow was reduced. The 8760 calculator was
used to determine the gas demand savings and annual gas savings.
The difference in airflow used for the calculation of gas savings and the outdoor air enthalpy
were also used to calculate the electrical savings resulting from a lower cooling load. This was
added to the fan energy savings, and the 8760 calculator was used to determine the summer and
winter demand savings, the summer and winter seasonal peak demand savings, and the annual
electrical energy savings for this measure.
The Ex Ante savings, along with all adjustments made to the savings and the measure’s
realization rates, are displayed below in Table 13 and Table 14 (electric and gas savings,
respectively).
Table 13 LA-2 Electrical Savings Summary

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

2.55
3.19
3.19
3.19
1.15
1.15
1.15
45%

1.23
1.54
1.54
1.54
1.12
1.12
1.12
91%

1.56
1.56
1.56
-

0.82
0.82
0.82
-

10,269
14,564
14,564
14,564
12,500
12,500
12,500
122%

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate
Table 14 LA-2 Gas Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Peak Day
(CCF/Day)
0.59
1.12
1.12
1.12
7.43
7.43
7.43
1259%
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Extreme Peak
Day (CCF/Day
7.35
7.35
7.35
-

Yearly
Savings
(CCF)
799
1,523
1,523
1,523
985
985
985
123%

LC-1 – Lighting Optimization
This measure consists of four individual sub-measures, which each represent different parts of
the lighting improvements that were completed. The first lighting sub-measure involves the
installation of daylight sensors in the library to turn the lights off when there is sufficient
daylight coming in through the windows. The second sub-measure involves installing
occupancy sensors to control the lights between the bookshelves in the library. The third submeasure involves utilizing daylight sensors in selected corridors to turn off lights when sufficient
light is being provided via the windows. The last sub-measure involves the installation of
occupancy sensors in selected corridors to turn off lights when no motion is detected.
For all of the sub-measures of this measure, U12-012 lumen level loggers were installed in a
representative sample of fixtures during both the summer and winter site visits.
The Ex Ante calculations for each sub-measure were reviewed, and for the most part the
calculations were found to be reasonable and accurate. Some adjustments were made to some
fixture wattages and hours of operation in the third sub-measure, causing the total energy savings
for this measure to drop from 47,106 kWh to 44,703 kWh.
The lumen level loggers that were installed to monitor the overhead lights in the library showed
that the lights remain on throughout the daytime when significant amounts of natural light is
coming in through the large windows in the library. This suggests that the daylight sensors are
not turning the lights off like they should be doing. Because of this, there are no savings for this
sub-measure. The Ex Ante savings, along with all adjustments made to the savings and the submeasure’s realization rates, are displayed below in Table 15.
Table 15 LC-1 sub-measure 1 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

6.97
6.97
6.97
6.97
0.00
0.00
0.00
-

6.97
6.97
6.97
6.97
0.00
0.00
0.00
0%

0.00
0.00
0.00
-

0.00
0.00
0.00
-

12,546
12,546
12,546
12,546
0
0
0
0%

The data collected with the lumen level loggers that were installed to monitor the lights between
the bookshelves in the library was used to create average weekly lighting profiles for the summer
and winter. It was assumed that prior to the project’s completion these lights would remain on
all the time that the library was open. The base case and post case weekly profiles for both
summer and winter operation were integrated into the 8760 calculator to determine the
operations adjustment savings for this sub-measure. Once the operations adjustment savings
15

were determined, interactive effects were taken into consideration, and the resulting heating and
cooling adjustments yield the ex post savings for this sub-measure. The Ex Ante savings, along
with all adjustments made to the savings and the sub-measure’s realization rates, are displayed
below in Table 16.
Table 16 LC-1 sub-measure 2 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
2.42
3.42
3.42
-

0.00
0.00
0.00
0.00
1.94
1.94
1.94
-

1.93
2.74
2.74
-

1.88
1.88
1.88
-

5,670
5,670
5,670
5,670
7,926
10,155
10,155
179%

The data collected with the lumen level loggers that were installed to monitor the selected
sample of lights in the corridors involved in the third sub-measure shows that this measure only
contributes to savings during the summer, when very few classes are in session – during the
school year the daylight controls are likely overridden to keep the lights on during the day. Just
like in the previous sub-measure, the data collected by the lumen level loggers was used to create
weekly lighting profiles for the summer and winter, which were used in the 8760 calculator to
determine the operations adjustment savings. Heating and cooling adjustments were made to
account for interactive effects, yielding the ex post savings for this sub-measure. The Ex Ante
savings, along with all adjustments made to the savings and the sub-measure’s realization rates,
are displayed below in Table 17.
Table 17 LC-1 sub-measure 3 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

5.76
4.76
4.76
4.76
2.70
3.83
3.83
66%

5.76
4.76
4.76
4.76
0.00
0.00
0.00
0%

2.02
2.87
2.87
-

0.00
0.00
0.00
-

13,847
11,444
11,444
11,444
6,281
8,048
8,048
58%
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The data collected with the lumen level loggers that were installed to monitor a selected sample
of the lights in the corridors in which the fourth sub-measure was completed was used to create
average weekly lighting profiles for the summer and winter. Based on the customer interview, it
was assumed that prior to the project’s completion these lights would remain on all the time that
the building was open. The base case and post case weekly profiles for both summer and winter
operation were integrated into the 8760 calculator to determine the operations adjustment savings
for this sub-measure. Once the operations adjustment savings were determined, interactive
effects were taken into consideration, and the resulting heating and cooling adjustments yield the
ex post savings for this sub-measure. The Ex Ante savings, along with all adjustments made to
the savings and the sub-measure’s realization rates, are displayed below in Table 18.
Table 18 -1 sub-measure 4 Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

0.00
0.00
0.00
0.00
0.21
0.29
0.29
-

0.00
0.00
0.00
0.00
0.19
0.19
0.19
-

0.21
0.29
0.29
-

0.02
0.02
0.02
-

15,043
15,043
15,043
15,043
2,952
3,782
3,782
25%

The total savings for measure LC-1 are displayed below in Table 19.
Table 19 LC-1 Total Electrical Savings Summary

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

12.73
11.73
11.73
11.73
5.32
7.54
7.54
59%

11.11
11.73
11.73
11.73
2.12
2.12
2.12
19%

4.16
5.90
5.90
-

1.90
1.90
1.90
-

47,106
44,703
44,703
44,703
17,159
21,985
21,985
47%
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Summary
The total savings for this entire project are summarized below in Table 20 and Table 21
(electrical and gas savings, respectively).
Table 20 WE06M028 Total Project Electrical Savings Summary

Summer
Seasonal Peak
Savings

Winter
Seasonal Peak
Savings

Summer
Peak
Savings

Winter
Peak
Savings

kWh
Savings

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post

31.23
31.99
31.99
31.99
17.02
19.23
19.23

19.67
20.60
20.60
20.60
17.19
17.19
17.19

0.00
0.00
0.00
0.00
19.60
21.34
21.34

0.00
0.00
0.00
0.00
20.04
20.04
20.04

235,012
200,842
200,842
200,842
176,266
181,092
181,092

Realization Rate

62%

87%

-

-

77%

Table 21 WE06M028 Total Project Gas Savings Summary

Extreme
Peak Day Peak Day
(CCF/Day) (CCF/Day
220.89
(26.35)
0.00
0.00
70.17
234.23
0.00
0.00
264.70
234.23
120%
-

Ex Ante
Documentation
Technology
Quantity
Operation
Heating and Cooling
Ex Post
Realization Rate
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Yearly
Savings
(CCF)
34,430
0
0
0
-14,148
0
20,282
59%

