
 

OSU Alumni Center 
Phase I Implementation Review 

 
 

 
 
 
 
 
 

Prepared for 
 

Oregon State University 
130 Oak Creek Bldg. 

Corvallis, Oregon 97331 
 
 
 
 

October 31, 2011 
 
 
 
 

Job No. 02.11.00113 
 
 
 
 

 



MECHANICAL and ELECTRICAL NARRATIVE    
October 20, 2011 
 

 
 

 
  Page 1 

H:\Jobs\OSU.Alumni Center ECM Implement.02.11.00095\Reports\ECM Implementation Report.docx 

Introduction:   
Glumac was engaged by OSU to prepare implementation documents for energy efficiency measures 
(EEMS) selected from a July 20,2011 ASHRAE Level II Energy Audit Report prepared by Glumac.  
The following report further evaluates the feasibility of the selected measures, recommends a course of 
action for completion of implementation documents, and provides a cost opinion of the proposed 
work.   

EXECUTIVE SUMMARY: 
Glumac reviewed the installed control and sheet metal installation to determine the feasibility of 
implementing measures selected by OSU from the Glumac Level II Energy Audit.  The following 
report describes recommendations for each measure.  In general we found that while many of the 
recommended measures were originally included in the 2004 building DDC Alerton retrofit, 
significant improvement can be made to properly implement control function, reduce poor operation, 
and eliminate unnecessary heating and cooling.  The cost for the recommended modifications and 
retrocommissioning is expected to be significantly less than the cost opinions provided as part of the 
original EEM report.   

As part of the Phase 1 implementation analysis Glumac reviewed the original installed ductwork 
system.  We found that the installed system does not substantially deviate from the original design 
documents.  While there are ductwork conditions that result in higher pressure drop than design 
assumptions, Glumac does not recommend incurring the cost that would be involved in designing and 
implementing corrections to these conditions.   

Finally, Glumac was asked to review the heating control issue caused by the current need to operate 
the 2-stage gas heat in the VAV units during occupied periods.  Glumac noted that with proper outside 
air damper, we believe the need for this operation should be minimized or eliminated.  Nevertheless, 
Glumac evaluated the potential benefit and rough order magnitude cost to replace the existing gas 
furnace heat on the two large VAV units with a hot water heating system.  Such a system would have a 
significant first cost estimated at $137,500. The anticipated benefits would be  

• Reduced operation of costly local electric reheat  

• Reduced operating cost during night low limit and warmup operation.  

• Improved comfort and control in the event that high outside air quantities are necessary 
mandating operation of VAV unit heating.    

In conclusion Glumac recommends proceeding with revisions to the existing sequences of control, 
lighting measures, and implementation of new control EEM for the ballroom package units.  We 
recommend evaluating the results from this effort.  If ventilation requirements still result in high 
outside air quantities, we recommend further evaluation of a hot water heating retrofit to the two 
packaged VAV units.  
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EEM 1:  SUPPLY AIR RESET – ACU-NM & ACU-SM 
Existing Condition:  As part of the Glumac energy report research Glumac reviewed trend logs for 
both ACU-NM and SM.  We saw little discharge temperature reset over a wide range of days.   
Subsequently the sequence of control for the two VAV package units was made available to Glumac 
This sequence indicates that a supply air temperature reset schedule was programmed that resets 
discharge temperature based on VAV terminal box position. We noted also that no discharge static 
pressure reset sequence was included. 
 
Glumac Recommendation:  Glumac makes two recommendations regarding the discharge temperature 
and pressure reset. 
 

1. Revise the supply air temperature (SAT) reset to a simple outside air dry-bulb reset scheme 
that resets SAT from 55°F to 65°F as outside air drops from 65°F to 45°F.  As a limit to 
minimize failure to meet zone loads, poll the terminal zones to confirm all space setpoints are 
met.  Adjust SAT downward by 2°F in 15 minute increments until all zones are met.  
 

2. Add static pressure reset control to the control of the supply fan VFD.  The reset scheme 
proposed would use the existing SAT trim and respond sequence.  Poll terminal controllers 
looking for the VAV terminal in the furthest-open position.  Reset supply fan speed to provide 
just enough pressure so that at least one damper is nearly wide open.   
 

3. Retrocommissioning:  As part of the implementation of the revised sequences the contractor is 
to participate in a retrocommissioning effort led by Glumac Commissioning.   
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EEM 2:  DEMAND CONTROL OF ECONOMIZER DAMPERS:  
ACU-NM & ACU-SM 
 
Existing Condition:  As part of the Glumac research for the energy report Glumac reviewed trend 
logs for both ACU-NM and found very high outside air percentages throughout the occupied and 
unoccupied hours.  Dampers appeared not to be in control.  A CO2 sensor is located in the return 
air path prior to the return damper.  The sequence of control calls for an outside air damper 
minimum of 20% at a CO2 setpoint of 400 ppm modulating outside air linearly to 40% outside air 
position at 800 ppm.  In practice, unless the damper minimum was set using test and balance 
measurements, a damper position that is determined simply by setting the minimum at 20% of full 
actuator travel will always overshoot 20% ventilation air  
 
Glumac Recommendations:   
 

1. Glumac will prepare retrocommission specifications for economizer control including 
outside air damper position.   

a. Determine if the 20% outside position is the result of test and balance 
measurements tied to original design ventilation minimums?   

b. Confirm calibration of the CO2 sensors.   
c. Conduct test and balance to determine a calibration curve for the outside air damper 

position.   
d. Since the CO2 sensor is intended to provide limits on total building CO2 as an 

indication of proper ventilation, use the return sensor to control the damper 
minimum using a more realistic setpoint of 1100 ppm.  (See ASHRAE 62.1 2007, 
Appendix C recommendations of 500-700 ppm over outside air levels.) 
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EEM 3:  TERMINAL UNIT OCCUPANCY SENSOR CONTROL 
 
Existing Condition:  Appendix D of the Glumac energy report listed occupancy controls by space.  
The Energy Efficiency Measure uses the existing occupancy sensor equipped with auxiliary 
contacts to add terminal unit control.   
 
Glumac Recommendation: 

1. Based on subsequent space review, Glumac recommends that occupancy control be added 
for the following terminal zones: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Glumac will prepare implementation specification and drawings for this control.  
 
 

 
 
 
 

  

Occupancy 
Sensor Location 

VAV Terminal  

201 VVR-SM-2-4 
202 VVR-SM-2-5 
212 VVR-NM-2-4 
209 VVR-NM-2-5 
220 VVR-NM-2-2 
239 VVR-SM-2-7 
246 VVR-NM-2-10 
250 VVR-SM-2-8 
256 VVR-SM-2-11 
259 VVR-SM-13 
136 VVR-SM-1-3 
137 VVR-SM-1-4 
141 VVR-SM-1-7 
142 VVR-SM-1-8 
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EEM 4:  NIGHT SETBACK 
 
Existing Condition:  The existing sequence of operation calls for scheduled operation with night 
low and high limits.   
 
Glumac Recommendations: 

1. Glumac recommends revising the sequence of operations for the two VAV units as follows: 
a. Close outside air dampers during all unoccupied hours including during periods when 

the AC units are enabled to address low or high limit conditions.    
b. The current sequence calls for both VAV units to operate if 2 or more zones are flagged 

as exceeding low or high setpoints.  During unoccupied hours, we recommend that each 
VAV unit be operated independently of each other and that 2 or more zones (adj) 
within each VAV unit system be flagged before initiating operation of that AC unit.   

c. After revision of control sequence, Glumac recommends including the new sequence in 
a retrocommissioning process.   
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EEM 5:  VAV UNIT INVESTIGATION 
 
Existing Condition:  During both the field work for the energy study and during our most recent 
work we’ve heard of several issues and possible causes for poor operation and comfort with the 
two VAV AC units.  The specific issues noted are: 

• Cold weather operation:   
o During cold weather conditions when mixed air temperature drops below 50 °F the 

2-stage furnace is energized to maintain SAT.  This results in sudden elevation of 
SAT (as high as 90°F), oscillating control, and poor comfort conditions.   

• Anecdotal information is that either or both the supply and return ductwork is restricted 
resulting in poor operation.  

 
Glumac Review: 
 
1. Ductwork Issues:  Glumac visited the site on November 18 to conduct a review of ductwork 

compared to the original sheet metal design.  In collaboration with OSU staff we reviewed 
ductwork at seven locations; five locations on the 2nd level and two locations on the 1st floor.  
We chose areas where main trunk ductwork was transitioning in size or direction.  We found 
the following:   
 
a. In general the main trunk ductwork conforms to the original sheet metal design.  Main 

return and supply trunk sizes are per plan or equivalent.   
b. Ample ceiling spaces were provided in the architectural design.  As a consequence we saw 

no instances of highly constricted ductwork. 
c. Some instances occur of multiple elbows that likely impose a high pressure drop penalty.  

We noticed this especially above Office 221 where the main return duct for the 2nd floor 
north makes two hard 90° elbows.  We suspect these elbows were installed with double 
thickness turning vanes.  Such an installation has a fairly high pressure drop as compared to 
single thickness vanes with long trailing edges. 

d. We obtained a copy of the 2004 test and balance report subsequent to our visit.  This report 
found an unusually high pressure drop in the 24” round north perimeter supply duct serving 
the first floor.  A 0.80” w.g. pressure drop was found across the fire damper where the duct 
exits the ceiling space above the ballroom.  This pressure drop results in the north VAV 
unit operating at a static pressure of 3.2” w.c.,  0.75” w.g. higher than the south AC unit.  
This represents an added operating cost of roughly $200 annually for the increased fan 
horsepower expended over 3000 hours.  It’s possible that replacing this fitting and fire 
damper with a lower pressure drop arrangement could reduce this waste.   

  



MECHANICAL and ELECTRICAL NARRATIVE    
October 20, 2011 
 

 
 

 
  Page 7 

H:\Jobs\OSU.Alumni Center ECM Implement.02.11.00095\Reports\ECM Implementation Report.docx 

 
2. Relief Fan Economizer Control Issues:  Variable Relief fan economizer systems are ideal for 

systems with ceiling relief plenums that have very low return air pressure drops.  When used 
for buildings like the Alumni Center with fully ducted return, the supply fan must be capable of 
handling the entire system pressure drops.  Glumac reviewed the system pressure drops.  Given 
that the existing York units were supplied with the largest supply fan motors available (30 hp) 
from York we believe the supply fan was adequately specified and submitted.   
 
Even with properly specified fans, however, pressure and economizer control can be unstable 
with this relief fan design.  The problem occurs especially at transition to minimum outside air 
mode from full economizer mode.  Here is what happens: 
 

 
 

 
 In full economizer mode, the negative pressure in the mixed air plenum C is very moderate  

(-0.25” w.g.)  and the negative pressure in the return plenum B is high because of the extensive 
return ductwork.  When the unit transitions to minimum OSA, the recirculating or return 
damper begins to open to mix return air with OSA but since the return plenum is more negative 
than the mixed air plenum OSA flows from the mixed plenum to the relief fan and the building 
pressure rises since the relief fan is really exhausting OSA not return air.  The economizer 
control system attempts to stabilize the building pressure by increasing the relief fan speed and 
the economizer mixed air temperature control opens the return damper and closes the OSA 
damper further until stability is reached.   
 
The deficiencies in this system are inherent in the design and are not easily remedied.    
Mitigating actions that could reduce the instability are: 

• Confirm that the relief fan/VFD combination can turndown to minimum exhaust levels.  
In the case of the Alumni Center, this value is should be approximately 2000 cfm or as 
low as 15%.   
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• Economizer controls should include a sequence specifically for transition to minimum 
OSA mode.  In this sequence, at the transition point,  

o Relief fan ramp down to minimum speed. 0 Space pressure control locked out.  
o OSA/RA mixing dampers adjust to meet mixed air temperature matching SAT 
o Relief fan speed control unlocked to permit control of space pressure. 

 
•  

3. ASHRAE 62.1-2007 indoor ventilation requirements:  Using the ASHRAE 62.1-2007 standard 
for acceptable indoor air quality Glumac estimated the ventilation air required from each of the 
two VAV air handlers as follows:   

 
 
 
 
 
 

  
4. Mixed Air Temperature Maintenance:  Outside air/Return air mixed temperature is a function 

of economizer damper control.  With a 70°F return air and 20°F outside air temperature: 
 
 
 
 
 
 
 

We can see from the above that based with proper mixed air control, outside air quantities 
below 40% will result in discharge temperatures above the need for heating in the air handler.  .  
Unfortunately, a complicating factor with VAV AC units is that a damper setup for full cooling 
load conditions, supply fan at 100% speed, will not necessarily result in the same outside air 
percentages when the supply fan is turned down 50%.  Moreover, if the minimum damper 
position is set based on 20% of actuator motion, the actual outside air introduced could be 
significantly higher than 20% at any fan speed.   At 50% speed, pressure drop across the 
dampers is only 25% of that at full load.  The lesson is that outside air quantity will not 
necessarily reduce in a linear fashion.   

 
5. Heating Control:  In our opinion, it’s likely that once the revisions to the economizer control 

are implemented, the need for gas unit heat during occupied hours will likely be eliminated.  
Nevertheless, we’ve investigated the possibility of retrofitting the heating in the YORK VAV 
units to provide closer control.  Here is what we’ve found: 
 
a. York Air Conditioning does not offer a retrofit for modulating control of the 2 stage gas 

furnaces in the York VAV units,  
b. The York units are available with a factory option for hot water heat as an alternative to gas 

furnaces.  Glumac is investigating the availability of replacing the furnaces with this hot 
water heating section.  Such a system would have a significant first cost estimated at 
$137,500. The anticipated benefits would be 

Air 
Handler 

Calculated 
Minimum 

Ventilation Air 

AC Unit Total 
Cooling CFM and 

Min. CFM 

Ventilation 
Percent 

Cooling/Heating 
ACU-SM 1700 CFM 20776/8841 8% / 20% 
ACU-NM 2200 CFM 19035/8633 12% / 25% 

Percent OSA Mixed Air Temperature 
20% 60°F 
30% 55°F 
40% 50°F 
50% 45°F 
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o Reduced operation of costly local electric reheat  

o Reduced operating cost during night low limit and warmup operation.  

o Improved comfort and control in the event that high outside air quantities are necessary 
mandating operation of VAV unit heating.    

c. A cost opinion is provided for retrofitting the two VAV units with a hot water heat. The 
cost analysis assumes a hot water heating system would be installed on the roof of the 
building between the package units.  Actual location of the boiler plant could also be in the 
existing kitchen boiler room.  The system would be based on providing a one million btu 
boiler with two 50 gpm pumps located in a lightweight shed structure.  The existing 
package unit furnaces would be removed and new coil sections added.   

 
 

 
 
 
 

 
 
 

Prefabricated boiler system enclosure 

Prefabricated boiler system  
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Glumac Recommendations: 
 

1. Below 55°F outside air temperature, mixed air damper control should be controlled 
primarily to achieve a mixed air temperature that is coordinated with SAT.  The return air 
CO2 sensor should function then, primarily as a limit.  We recommend a CO2 setpoint of 
1100 ppm and we anticipate this will result in keeping ventilation air quantity within the 
20-30% needed to achieve good winter time DAT control.   

 
 
EEM 7 & 8:  LIGHTING CONTROL RETROFITS 
 

Glumac has completed field investigation for implementing EEM 6 and 7 and on OSU 
approval to proceed will complete the implementation design for these measures.  
 

 
 
EEM 9:  ALERTON CONTROL RETROFIT OF ACU-NB, SB, AND 
EB BALLROOM HVAC UNITS 

 
This measure was identified in the kick off meeting to the implementation phase.  The 
measure would replace the local electronic thermostat control located inconveniently in the 
kitchen boiler room with new adjustable control stats in the reception area.   The new 
control will enable more convenient local resetting of space setpoints, enable the EMS shop 
to monitor and respond to failures, and permit the implementation of default unoccupied 
control.   

 
 Glumac Recommendations: 

1. Glumac will prepare implementation documents for this added measure.   
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COST OPINION:   

 

The following tabulation of cost opinions incorporates Environmental Controls Incorporated 
budget quote and Glumac cost opinions for measures not priced by ECC. 

Measure Glumac Cost 
Opinion 

Pricing from Environmental Controls Inc.  
EEM-1 Revised VAV SAT Reset $ 976 
EEM-2 Economizer control Revisions $ 1,952 
EEM-3 Terminal Unit Occ Sensor Control $ 6,381 
EEM-4  Night unoccupied control $ 976 
EEM-7  Occ sensor control for ballrooms $3,559 
EEM-9 (New) New Ballroom HVAC control $ 13,158 
  
Glumac cost opinions  
EEM-5 Economizer Corrective Work NA 
EEM- 8 Exterior Lighting Control $ 4,000 
  
TOTAL  

 

The cost values here are significantly less than the original rough order estimate provided in the 
ECM report.  As such we anticipate the measures, effectively implemented, will have paybacks 
well under 1 year in all cases.   

Item Glumac Cost 
Opinion 

  
1 million btu condensing boiler $30,000 
Two circulating pumps and hydronic accessories $10,000 
Piping   $15,000 
Insulation $500 
Boiler enclosure shed.  $5,000 
Controls $15,000 
HW Coil and package unit modification $24,000 
Engineering $15,000 
OH&P, 10% contingency  $22,900 
TOTAL $137,500 

 

 


