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1 EXECUTIVE SUMMARY
Steven Winter Associates, Inc. (SWA) conducted an energy audit for the Greenwich Town Hall, a property 
owned and operated by the Town of Greenwich, CT.  The audit was performed under the guidelines of an 
ASHRAE Level II Energy Audit. The initial site visit was performed on February 21st, 2018. This Level II 
energy audit was performed as a follow-up to a Level I walkthrough audit commissioned by Eversource 
on February 22, 2017, as part of the Eversource Clean Communities Municipal Technical Assistance 
Program. The Level I walkthrough audit identified eighteen (18) potential energy conservation measures, 
which were explored in further detail during the Level II audit. The Level II audit performed by SWA also 
investigated additional measures not included in the Level I walkthrough audit. 
 
Greenwich Town Hall is a historic 4-story, 130,000 ft2 commercial building located at 101 Field Point 
Road in Greenwich, CT. The facility was originally built in 1925 and used as a high school. In 1979, the 
building underwent a major renovation and was converted to the Town Hall. The facility is fully owned and 
occupied by the Town of Greenwich. Major mechanical equipment is located throughout the building. The 
condenser water pumps (CWPs) and boilers are located in the basement. The cooling tower is located 
outside of the building. The outdoor air (OA) supply unit is located on the roof, and air handling units 
(AHUs) are located on each floor. The facility has undergone interior renovations in a piecemeal manner 
over the past 18 years, as needed, to accommodate the changing needs of each department. The Town 
Hall is a U-shaped building with four (4) main stairwells and two (2) elevators. The Town of Greenwich is 
responsible for mechanical equipment and utility billing attributed to all systems in the building. 

Eversource provided SWA with an electric utility billing summary from June 2016 through December 
2017. Connecticut Natural Gas provided SWA with the Town Hall’s December 2017 natural gas bill. 
Annual energy consumption and cost totals were calculated for the 12-month period between January 
2017 and December 2017. Energy Star® benchmarking was conducted for that same period. Electricity is 
supplied by Transcanada and delivered by Eversource and natural gas is provided by Connecticut 
Natural Gas Corporation. On average, the Town Hall pays a blended rate of $0.15 per kWh of electricity 
and $0.80 per ccf of natural gas.  Total energy consumption and cost at the building over the analyzed 
period was 7,932 MMbtu and $317,372, respectively

SWA reviewed the building’s energy data entered into the EPA’s Energy Star® Portfolio Manager energy 
benchmarking system by Eversource. The system generated Site and Source Energy Use Intensities for 
the building, indicators of the total building’s efficiency based on square footage. The building has a Site 
EUI of 61.4 kBtu/ft2/yr, as compared to a national median of 93 kBtu/ft2/yr, for similar building types. The 
building has a Source EUI of 177.1 kBtu/ft2/yr, as compared to a national median of 268.3 kBtu/ft2/yr. 
These EUIs suggest that the building is performing better than the average for buildings of a similar type 
across the nation, according to the Portfolio Manager system. The building earns an Energy Performance 
Rating of 82, indicating that the building performs better than 82% of similar buildings. The high Energy 
Star score does not necessarily reflect the actual performance of the building. Please refer to Appendix A 
for the Portfolio Manager Statement of Energy Performance.

The table below represents the evaluated energy conservation measures (ECM) and the proposed 
strategy of energy savings developed under the Level II audit for the Town Hall:
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Table1.1: Project Summary Sheet

ENERGY CONSERVATION MEASURES

Measure 
Status           

(See notes)

Fuel Type
Saved

(See notes)

Electric 
Supply 
Savings
(kWh)

Electric 
Demand 

Savings (kW)

Fuel Savings 
(non-electric)

(MMBtus)

Percent (%) 
Savings to 
Total Fuel 

Consumption

Annual 
Cost 

Savings

Estimated 
Implementation 

Costs

Simple 
Payback 
(Years)

1 Assess and repair condenser 
water system

R N/A 0 0 0 0.0%  $         -   Cannot Verify

2 Optimize Reznor Unit R Electricity / 
Natural Gas

72,851 0 345 7.5% $13,729 $9,568 0.7

3 Control AHUs with Occupancy 
Sensors or One-Hour Timers

R Electricity / 
Natural Gas

18,079 0 274 4.2% $4,868 $4,433 0.9

4 Install thermostats at stairwell 
radiators

R Electricity 9,744 0 0 0.4% $1,479 $4,556 3.1

5 Install Premium Efficiency 
Motors

R Electricity 9,970 2 0 0.4% $1,513 $23,461 15.5

110,643 2 619 13% $21,588 $42,018 1.9

Notes:
Measure Status:  Implemented (I); Recommended (R); Further Study Recommended (RS); Not Recommended (NR); Recommended Mutually Exclusive (RME).
Fuel Saved:   Elec, Steam, NGas, Oil2, Oil4, Oil6, Coal, LPG.  MMBtu = 1,000,000 Btu

Measure Description

ECM Total (Recommended Only)

   
If both ECM-2 and ECM-3 are implemented, Eversource anticipates that the combined energy savings for 
these two measures would be 3,742 ccf of natural gas and 85,856 kWh of electricity. If both measures 
were to be implemented together, any potential incentive would be based on the combined savings value, 
not the individual savings values. The interactivity between these two measures is described in section 
5.2, under ECM-2: OPTIMIZE REZNOR UNIT.

1.1 REVISION HISTORY 
The draft Level II Energy Audit Report was originally submitted to Eversource for review on June 29, 
2018. Eversource forwarded the draft to the Town of Greenwich and performed a parallel in-house review 
of the report. In response to Eversource’s comments, the audit report was revised and resubmitted to 
Eversource for distribution to the team on August 3, 2018. This revision 2 involved some changes to the 
description of energy conservation measures and changes to the savings calculations for the associated 
measures. Also added as part of this revision was the inclusion of interactive savings calculations. 

On August 6, 2018, the Town of Greenwich expressed concern that the electric rate used in the report 
was incorrect.  Steven Winter Associates (SWA) had performed the utility rate analysis using data made 
available through the Town Hall’s web-based Portfolio Manager account. Eversource investigated and 
found that the electric supply cost from Transcanada had gone unreported in Portfolio Manager since 
December 2016. This discovery had unknowingly impacted the second year of the two-year rate analysis 
period. On September 13, 2018, Eversource obtained the electric supply costs for the Town Hall since 
December 2016 and provided the updated cost information to SWA. Using the new data, SWA updated 
the report and all associated calculations with the revised electric rates and distributed the revised report 
on September 18, 2018 as revision 3. 

Note:  The updated electric rate of $0.15/kWh increased the estimated annual electricity cost savings but 
did not change the recommendation status of any energy conservation measures, since none of the 
original measures had previously been discarded as a result of insufficient payback period.  Additionally, 
the electric utility data provided did not include a cost breakdown sufficient for SWA to determine the 
associated electric demand charges.  Only blended electric rates could be determined.  

A meeting between the Town of Greenwich, Eversource, and SWA was held on September 19, 2018 to 
discuss the recommendations of the report.  A draft version 4 was issued for Eversource review on 
October 1, 2018.  A final version of the report was distributed by SWA on November 2, 2018 to address 
additional comments raised by Greenwich.  Refer to Section 2 - AUDIT PARTICPANTS AND 
APPROACH and Section 6.4 - ENERGY PURCHASING AND PROCUREMENT STRATEGIES for further 
details.
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2 AUDIT PARTICPANTS AND APPROACH
Steven Winter Associates, Inc. (SWA) conducted an energy audit for the Greenwich Town Hall, a property 
owned and operated by the Town of Greenwich, CT.  The audit was performed under the guidelines of an 
ASHRAE Level II Energy Audit. The initial site visit was performed on February 21st, 2018.  As part of the 
site visit, an onsite kick-off meeting was also held on February 21, 2018 with attendees selected by the 
Town.  SWA encouraged all key stakeholders be invited to share their feedback and objectives before 
SWA performed the walk-through with facilities staff.  

This kick-off meeting was coordinated with Sarah (Nahabedian) Coccaro, who served as the primary point 
of contact for this audit.  Kick-off Attendees included:  Sarah (Nahabedian) Coccaro, Conservation 
Resource Manager 1; Denise Savageau, Conservation Director; Steve O’Hurley, Facilities; Alan Monelli, 
Superintendent of Building Construction and Maintenance; as well as Amanda Magee, Maria Rode, and 
Srikanth Puttagunta of Steven Winter Associates, Inc.  During the subsequent walk-through, Steve 
O’Hurley served as the escort and answered additional questions and Alan Monelli provided input 
throughout the day as well.  Following the site visit, Steve O’Hurley gathered additional information 
requested by the auditors and provided it via email.  Sarah Coccaro remained the primary point of contact 
for all coordination and report distribution and review.

The feedback gathered during the kick-off helped the auditors become familiar with any budgeted or 
planned projects already identified by the Town, as well as any challenges or barriers that may have 
posed challenges in the past.  Based on the initial Level 1 energy audit report (by others), the Town had 
already investigated a number of strategies.  Briefly, the following items were noted:

 Implementation costs for high efficiency motors had been obtained and determined to only be 
cost-effective at the time of replacement.  The Town plans to incorporate motor efficiency 
upgrades as a procurement best practice.

 Windows are all thermal pane and were re-caulked with backer rod within the last few years.
 Manual isolation valves are now being installed on all heat pumps at the time of retrofit.
 Lighting management has been implemented as part of the cleaning crew nightly process 

and are shut-off by 8 pm daily.  The parking deck lighting is controlled by a time clock.  The 
parking lot lighting is controlled via a photocell and tied to the existing building management 
system.  An LED lighting retrofit scope has already been identified and will not include 
occupancy or daylighting controls, due to maintenance and occupant education concerns by 
facilities.

 The existing electric boiler has not been used in the past 23 years.  The gas-fired boilers are 
already budgeted for replacement.

 Sink aerators have already been getting installed.
 Cooling towers were replaced within the last three years and VFDs were considered as part 

of that replacement but ultimately disregarded due to concerns by facilities associated with 
the potential for increased failure and/or added maintenance.  The existing building 
management system was installed as part of the cooling tower purchase.

 As renovations are undertaken, electric domestic water heaters are being installed locally and 
decentralized.

 Areas of existing comfort concern were discussed.
 No major capital improvements for HVAC are planned, other than the pending boiler 

replacement project.  

While this feedback did not dictate the selection of measures recommended for the building, SWA was 
cognizant of the desire expressed for less complex control strategies.  To the extent possible, SWA 
included a “low-tech” alternative with some measures that would still enable the Town to meet the energy 
reduction objective but minimize system complexity.  For example, under Section 6 - LEVEL II AUDIT - 
RESULTS & RECOMMENDATIONS SWA recommended ECM #3: CONTROL AC UNITS WITH ONE-
HOUR TIMERS OR OCCUPANCY CONTROLS.  This measure provides the same savings using two 
different control strategies, enabling the Town to select their preferred approach.



Facility Energy Audit Report Town of Greenwich – Town Hall

Rev 4, November 2, 2018 Page 6 of 57

Following the walk-through, SWA prepared the energy audit report to include all measures that were 
identified in the scope of an ASHRAE Level II energy audit.  SWA did not exclude any energy 
opportunities from the report based on feedback from the kick-off meeting or any other conversations with 
staff.  SWA recommended an array of measures with payback that extend up to 15.5 years, many of 
which result in a simple payback of less than 1 year.  With any energy audit, the simple payback of a 
measure must be weighed against the useful life of the equipment.  

SWA did not eliminate any potential measures based on a predetermined payback threshold.  SWA 
followed industry best practice for identifying all measures and the associated simple payback period for 
each measure.  SWA presents all identified measures, unless otherwise directed by the Owner during 
project development.  In some cases, an Owner will introduce their own requirements for eliminating 
measures that exceed an Owner-defined payback criteria or some other threshold.  In this case, no such 
custom evaluation criteria were provided by Greenwich and all measures, both those that were 
recommended and not recommended, were presented.  Given the short payback periods, none of the 
measures in any version of the report were found not to be viable and all were recommended.

When the electric rate was updated, all payback periods were also updated.  Had the rate update resulted 
in a change in the original recommendation to proceed with implementing a measure, the report would 
have reflected that change.  Similarly, if the updated rate had resulted in an improved payback periods 
that made a previously eliminated measure (based on an Owner-directed threshold) become viable, the 
newly viable measure would also have been reflected in the updated report.  As previously stated, there 
were no measures previously eliminated or not recommended and, thus, the rate update did not result in 
the addition of any previously discarded recommendations or a shift in the status of recommended items.

During a follow-up call on September 19th, the Town Energy Committee posed a number of comments 
and questions related to long-term planning opportunities for the Town Hall.  The Committee expressed a 
desire to explore dramatic improvements to the building, including the complete replacement of all 
existing equipment and envisioning new systems that could lead the building into the future.  While these 
objectives fall outside the scope of an energy audit, SWA applauds the Committee on their vision to seek 
a broader perspective that could build upon the savings identified in this report.  Given the very fast 
payback associated with many of the measures identified in this report, SWA recommends that the 
recommended energy measures be implemented in parallel with the Town’s ongoing pursuit of long-term 
upgrades.  The Town can investigate and define the future vision for the Town Hall, while concurrently the 
implemented measures can return energy savings.

To support the long-term planning, SWA recommends the following further studies be undertaken:

1. Physical Needs Assessment (PNA) – This study is an important step in capital and operations 
planning.  Following an on-site inspection and review of documents, this report identifies the 
Capital projects necessary and provides a cost estimate for the recommended scope of work.  
Given the significant amount of mechanical equipment in this building that has reached or 
exceeded its useful life, this investigation would help Greenwich better quantify and plan for 
expenditures required to maintain or improve the performance of the building.  PNAs can include 
a review of the building for resiliency and health concerns, as well as accessibility.  These studies 
can focus on equipment or be broad enough to include the building envelope.

2. Energy Master Planning – An assessment of the entire portfolio of Town buildings is 
recommended to determine the highest priority buildings to target with energy improvements, 
both near- and long-term.  This study will help Greenwich determine where to focus their future 
efforts across all Town buildings.

3. Long-Term Capital Planning – Informed by the other two items above, long-term capital planning 
can include upgrading the existing equipment to be more efficient or completely re-envisioning 
the building with new equipment and systems well into the future.  Long-term planning should 
also consider the maintenance costs associated with the upgrades.  Once the Energy Master 
Plan has been developed, the Town can determine which building(s) to target for Capital 
Planning and investment.  
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3 FACILITY AND EXISTING SYSTEMS DESCRIPTION
3.1 BUILDING CHARACTERISTICS 
Greenwich Town Hall is a historic 4-story, 130,000 ft2 commercial building located at 101 Field Point 
Road in Greenwich, CT. The facility was originally built in 1925 and used as a high school. In 1979, 
the building underwent a major renovation and was converted to the Town Hall. The facility is fully 
owned and occupied by the Town of Greenwich. 

There are approximately 300 full-time employees working in the Town Hall from 8:00AM – 4:00 PM 
Monday – Friday. Facility staff reports that during these hours, the Town Hall has approximately 100 
visitors at any one time and can get up to 300 visitors at once. In addition to regular working hours, 
the Town Hall hosts frequent community meetings after-hours. These meetings regularly run until 
10:00 PM and can attract an audience of 200-300 people. Many employees have access to the 
facility outside of working hours, and the facility is frequently occupied on weekends.

Major mechanical equipment is located throughout the building. The condenser water pumps 
(CWPs) and boilers are located in the basement. The cooling tower is located outside the building. 
The outdoor air (OA) supply unit is located on the roof, and air handling units (AHUs) are located on 
each floor. The facility has undergone interior renovations in a piecemeal manner over the past 18 
years. The Town Hall is a U-shaped building with four (4) main stairwells and two (2) elevators. 

3.2 BUILDING ENVELOPE
Greenwich Town Hall is a 4-story structure with a brick exterior. Exterior walls have foam insulation. 
During the renovations that have been occurring over the past 18 years, the walls have remained 
closed and no additional insulation has been added. The facility’s windows are not operable. Some 
windows have been replaced but the facility has not undergone a thorough window replacement 
project. Within the past few years, the facility’s windows were all recaulked to stop water infiltration. 
The main entrance consists of five (5) pairs of double-swing doors. Three (3) pairs of entrance doors 
open into a vestibule while the other two (2) pairs of doors open into stairwells. There are three (3) 
additional egresses along the back of the building. One section of the roof is flat with a brick parapet 
and is constructed with built up rigid insulation of unknown thickness below an ethylene propylene 
diene monomer (EPDM) membrane. The remainder is a sloped shingle roof.

3.3 HVAC SYSTEMS
3.3.1 Heating Plant

The Town Hall uses two (2) gas-fired condensing boilers manufactured by Aerco (model 
number KC-1000-GWB) to produce heating hot water (HHW) for the facility’s condenser water 
loop. The boilers each have an input capacity of 1000 MBH and an output capacity of 930 
MBH. These boilers were installed approximately 20 years ago. When the facility underwent 
its major renovation in 1979, an electric boiler with a capacity of 1,430 MBH was installed. This 
boiler has since been decommissioned.

The boilers are controlled by an Aerco Boiler Management System, located in the basement. 
This system operates the boilers to maintain a constant HHW supply temperature of 85 °F. 
This HHW is supplied to the condenser water loop via a 3-way bypass valve. Because there is 
no automatic isolation or control valve at the boilers, condenser water circulates through the 
boilers even when there is no call for the boilers to operate. 

The facility plans to replace the existing boilers in the near future.  The project has been 
included in the budget and was being prepared for bidding at the time of the audit.
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Image 1: Boiler-2 Image 2: Aerco Boiler Management System

3.3.2 Condenser Water System
Two (2) pumps serve the facility’s condenser water loop, providing condenser water to six (6) 
packaged cooling-only DX units and approximately 400 perimeter heat pumps. The condenser 
water has a 40% ethylene glycol concentration. Heat is produced for the condenser water loop 
via the boilers and heat rejection is performed by the two (2) cooling towers. 

The two (2) condenser water pumps, manufactured by Weinman (model number 5L2), are 
constant volume 25-hp pumps located in the basement. According to the mechanical 
equipment schedules provided by the facility and drafted in 1977, the pumps are sized to 
provide 820 GPM at 85 feet of head. The pump motors have an estimated nominal efficiency 
of 91.7%, based on NEMA EPACT 1992 induction motor efficiency standards. Premium 
efficiency motors of an equivalent size have a nominal efficiency of 93.6%. One pump 
operates at full speed at all times while the other pump serves as a standby pump. The pumps 
do not have variable frequency drives (VFDs). The facility staff reported that one pump must 
remain running at all times to prevent air from getting entrained in the condenser water 
system. In the event that a pump shuts down, air infiltrates the system and purging the system 
takes approximately one month. 

Image 3: Condenser water pump
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Two (2) two-cell cooling towers perform heat rejection for the condenser water loop. These 
towers are located outside the facility. The cooling towers are closed-loop towers 
manufactured by Baltimore Air Coil (model number XV-662-MM). Each tower has one (1) 7.5-
hp spray pump, one (1) cell with a 10-hp fan, and one (1) cell with two (2) 10-hp fans. The 
cooling towers were installed in 2012. The cooling tower fans are constant-speed.  Although 
variable speed options were considered at the time of installation, facilities preferred constant-
speed fans to avoid any new maintenance issues. 

There is a three-way bypass valve on the condenser water loop located in the basement, 
downstream of the boilers but upstream of the cooling towers. This valve allows condenser 
water to bypass the cooling towers when heat rejection is not needed. The cooling towers are 
operated to maintain a condenser water supply temperature of 88-92 °F. 

  
Image 4: Cooling towers Image 5: Cooling tower bypass valve

Condenser water is delivered to six (6) packaged cooling-only DX units, which provide 
ventilation air to each floor of the facility, and to the perimeter heat pumps located throughout 
the facility, which provide space conditioning. Neither the heat pumps nor the packaged units 
have automatic control valves on the condenser water piping, which could modulate closed 
when the units do not require condenser water. The heat pumps were originally installed 
without manual isolation valves. More recently, manual isolation valves have been added to 
some heat pumps to facilitate maintenance as part of the department-by-department 
renovation process. 

Condenser water is delivered to all six packaged units first. The piping then runs to the 
perimeter heat pumps. As a result, when the packaged units are operating in cooling mode, 
the condenser water received by the heat pumps is warmer than the condenser water supplied 
to the packaged units. The condenser water piping configuration is shown in Image 6 and 7 
below. 
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Image 6: Condenser water system flow diagram

Image 7: Condenser water flow diagram with heat pump connection detail



Facility Energy Audit Report Town of Greenwich – Town Hall

Rev 4, November 2, 2018 Page 11 of 57

3.3.3 Ventilation

A single, heating-only rooftop unit supplies pre-heated outdoor air to the entire building 
through a shaft that feeds the six (6) packaged AC units that serve each floor in the facility. 
This rooftop unit is manufactured by Reznor (model number PACR-150) and includes a 7.5-hp 
constant speed supply fan and a gas-fired burner with a capacity of 1,875 MBH. 

The rooftop unit provides no cooling, relying on the (6) packaged, cooling-only AC units for 
fresh air cooling. A switch in the operator workstation room allows the facility staff to manually 
select whether the unit operates in summer mode or winter mode. When the unit is in winter 
mode, it maintains a supply air temperature of 60 °F, as determined by a manually-adjustable 
thermostat located inside the unit. The unit can deliver up to 18,000 CFM of fresh air.

The Reznor unit is not original to the building.  It is not shown on the original design drawings.  
According to building staff, it is about 20 years old and is nearing the end of its useful life.  It is 
assumed that the unit was added because cold ventilation air led to comfort complaints during 
the winter months, since the AC units lack the capability to raise the air temperature.  Facilities 
also indicated the building used to have motorized louvers at the shaft but those are no longer 
present and/or operational.

               
Image 8: Outdoor air damper for AC-6 Image 9: Reznor rooftop unit

Outdoor air is delivered to each of the four (4) mechanical rooms housing the facility’s 
packaged units via a shaft. Dampers in each mechanical room allow fresh air to enter the 
mechanical rooms from the outdoor air shaft. These dampers are currently set to a fixed 
position, and do not have controls associated with them. Facility staff reports that the system 
was balanced such that the packaged units each have an outdoor air fraction of 20%. With an 
outdoor air fraction of 20%, the total amount of outdoor air supplied to the packaged units by 
the rooftop unit is approximately 14,500 CFM.

The facility has a total of six (6) exhaust fans. EF-1 is a 3,300 CFM toilet exhaust fan serving 
the bathrooms on the ground floor through the second floor. EF-2 is a 1,000 CFM toilet 
exhaust fan serving the bathrooms on the third floor only. EF-3 is a 7,600 CFM fan providing 
general exhaust for the facility.  Three (3) smaller exhaust fans located on the roof provide 
exhaust for the Department of Health laboratory space. The lab exhaust fans were installed in 
2013 and have fractional horsepower (HP) motors.

The Reznor unit, the toilet exhaust fans, and the general exhaust fan are interlocked with the 
facility’s packaged units such that the fans will turn on when the packaged units turn on. 
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3.3.4 Space Conditioning
Six (6) packaged AC units manufactured by Trane (model SWUA-x00) supply conditioned air 
to the interior of the facility.  Each unit is equipped with a constant-speed supply fan and two 
(2) compressors. These units are water-cooled and receive condenser water from the facility’s 
condenser water loop. For each packaged unit, there is also a corresponding constant-speed 
return fan which delivers air from the interior of the facility to the mechanical rooms. Each 
mechanical room serves as a mixed air chamber, combining the return air from the building 
core and the fresh air delivered from the rooftop unit. The supply and return fan information 
shown in the table below was taken from the 1977 mechanical equipment schedules.

Tag Location/Service Supply CFM Supply Fan Motor 
Horsepower Return CFM Return Fan Motor 

Horsepower
AC-1 Ground Floor 13,600 10 10,250 7.5
AC-2 First Floor 14,000 10 10,000 7.5
AC-3 First Floor 8,600 7.5 7,500 5
AC-4 Second Floor 12,800 10 9,500 7.5
AC-5 Second Floor 9,600 7.5 7,500 5
AC-6 Third Floor 14,000 10 10,500 7.5

Table 1: Supply and return fan data

Return air temperature is measured at the return duct in each mechanical room. Each 
packaged unit compressor is controlled by its own manually adjustable thermostat. When the 
return air temperature exceeds the value set at the thermostat, the corresponding compressor 
stages on. For several units, the thermostats controlling the compressors were set to the same 
value. This results in both compressors for a single unit staging on at the same time. The 
return air temperature setpoints varied throughout the building but were typically between 73-
76 °F. 

The packaged units have an occupied/unoccupied schedule programmed into the building 
management system (BMS). Each packaged unit also has an associated timer located outside 
the mechanical room. This timer can be manually adjusted by building occupants, and allows 
Town Hall employees to call for the units to run even after scheduled hours. When a timer is 
started, the packaged unit, associated return fan, rooftop Reznor unit, and building exhaust 
fans all turn on and run for the duration of the timer. 

The conditioned air from the packaged units is distributed across each floor of the building via 
ductwork run above the ceiling.  For the core spaces in the building, the ducted air from the 
AC units provides the only space conditioning.  For the perimeter spaces, additional air 
tempering is provided by perimeter heat pumps.
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  Image 10: Packaged AC unit Image 11: Packaged AC unit timers

The packaged units were installed during the 1979 renovation. The layout of some of the 
facility’s mechanical rooms impedes access to these units and may hinder the future 
implementation of major equipment replacement and/or upgrades.  

Envelope loads at the perimeter of the building are conditioned with water-source heat pumps. 
These HP units receive condenser water from the facility’s condenser water loop, after 
condenser water has passed through the interior packaged AC units first. In the 1979 
renovation, three (3) different models of heat pumps were installed. As departments were 
renovated, some heat pumps were replaced, leaving the building with three different 
generations of heat pumps. The original installations did not include isolation valves; 
maintenance was performed by clamping the piping down to prevent the system from draining. 
When heat pumps are replaced, manual isolation valves are added to the piping. None of the 
HP units have automatic control valves. 

The heat pumps are manually controlled by occupants with local on-board controls. The 
amount of control occupants have over these units varies based on unit model. In general, 
occupants can turn the fan on or off, select a fan speed, and command the unit to call for 
heating or cooling. Some units, particularly ceiling-mounted units, have corresponding 
thermostats in the spaces they serve. Town Hall employees have access to these thermostats 
and can change space temperature settings at will. 

  
Image 12: Heat pump, 3rd generation Image 13: Heat pump, 2nd generation
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Each day, the BMS sends a signal to the electrical panels connected to these heat pumps, 
commanding all heat pumps off at three separate times: 7:00 AM, 5:00 PM and 11:00 PM. 
These “sweeps” are meant to ensure that the heat pumps do not run when the building is not 
occupied. After the contactor is disconnected during each of these sweeps, occupants must 
manually restart their heat pumps. The intent of the 7:00 AM sweep is unclear and may be 
contributing to the known problems with quickly heating up the building after a cold weekend. 
As a result of an oversight during the renovation process, some second-generation units 
automatically restart after the sweep is done. 

Some stairwell landings have electric baseboard radiators. These units are manually 
controlled by local dials, which can be accessed and adjusted by building occupants and 
visitors. All baseboards observed during the audit were on, while the outdoor air temperature 
was 70 °F.  

Image 14: Electric baseboard radiator

A dedicated split AC unit provides space cooling to the Town Hall Meeting Room. This unit is 
controlled by a thermostat located within the mechanical room, maintaining a mechanical room 
space temperature of 72 °F. The IT data room, located on the ground floor, is served by two 
(2) Mitsubishi split AC units. These units are both thermostatically controlled and maintain a 
space temperature of 67-68 °F. Condensers for all of these units are located outside the 
building on the ground level.



Facility Energy Audit Report Town of Greenwich – Town Hall

Rev 4, November 2, 2018 Page 15 of 57

  
Image 15: Town Hall Meeting Room unit Image 16: Data room AC unit

3.3.5 Building Management System
Major equipment at the facility is tied into the Andover Continuum Building Management 
System (BMS), which Facilities indicated was added as part of the Cooling Tower project. The 
BMS monitors the boilers, cooling towers, and condenser water pumps. The boiler 
management system and condenser water control panel are not tied into the BMS. Condenser 
water pumps are operated locally. The BMS also includes schedules for the six (6) packaged 
AC units and the two (2) toilet exhaust fans, but these schedules can be overridden by the 
units’ local timers. The BMS monitors the status of the perimeter heat pumps but has no 
control over them. Exterior lighting is monitored by the BMS.  The BMS does not monitor any 
space temperatures.

3.3.6 Domestic Hot Water
Domestic hot water (DHW) is generated by electric tank water heaters. DHW is delivered to 
fixtures at 125 °F. Facilities indicated DHW is typically decentralized as part of a renovation.

Image 17: Domestic hot water heater
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3.4 ELECTRICAL SYSTEMS
3.4.1 Lighting

The majority of the facility has linear fluorescent fixtures with electronic ballasts. Fixtures are a 
combination of 2’ and 4’ and have either two (2) or three (3) T8 lamps. Outdoor lighting fixtures 
are metal halides.  All interior lighting is switch-operated. Lighting for the parking deck is 
controlled by a timeclock. All other exterior lighting is controlled by photocell sensors and is 
tied into the BMS. There is a lighting replacement project already planned for the facility. 
Fluorescent fixtures will be replaced with LED fixtures. Lighting controls will not be upgraded 
as part of this project. 

   Image 18: Corridor lighting

3.4.2 Conveying System
Two traction passenger elevators provide access between the ground floor and 3rd floor. 
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4 ENERGY USE ANALYSIS WITH EPA PORTFOLIO MANAGER RESULTS
4.1 OVERALL ENERGY PERFORMANCE
Eversource provided SWA with an electric utility billing summary from June 2016 through December 
2017, which SWA verified by reviewing the Town’s Portfolio Manager account.  Subsequently, 
Eversource provided additional electric supply costs for that same period from Transcanada. 
Connecticut Natural Gas provided SWA with the Town Hall’s December 2017 natural gas bill.  

SWA used electric and natural gas consumption data entered into Portfolio manager to develop a 
two-year energy consumption profile for the facility. The analysis shown in this section includes the 
facility’s energy consumption for January 2016 through December 2017. Annual energy consumption 
and cost totals were calculated for the 12-month period between January 2017 and December 2017. 
Energy Star® benchmarking was conducted for that same period. Electricity is supplied by 
Transcanada and delivered by Eversource and natural gas is provided by Connecticut Natural Gas 
Corporation. On average, the Town Hall pays a blended rate of $0.15 per kWh of electricity and 
$0.80 per ccf of natural gas.  Total energy consumption and cost at the building over the analyzed 
period was 7,932 MMbtu and $317,372, respectively.

As reflected in the table below, Portfolio Manager included total monthly cost data for the utility 
analysis period.  Both electric consumption and electric demand usage were provided.  However, the 
summary did not include detail on the electric demand charges for each bill.  The utility analysis in 
this report uses an average blended utility rate based on electric consumption and cost.  

Site Energy 
in MMBtu

Source Energy 
in MMBtu Cost

% Total Site 
Energy

% Total Source 
Energy % Total Cost $/Site MMBtu

Electricity 2,042,120 kWh 6,968 23,272 $309,871 88% 95.8% 97.6% $44
Natural Gas 9,403 ccf 965 1,010 $7,502 12% 4.2% 2.4% $8

7,932 24,282 $317,372 100% 100% 100% $40

Total Energy Consumption and Cost
Total Energy 
Consumption

Total

Table 3.1: Base Building Energy Consumption and Costs

Electricity
The electric consumption profile for the Town Hall is shown in Figure 3.1 below.  Consumption profiles 
across both 12-month periods are relatively consistent, with the exception of the year-to-year change in 
the month of January. No specific reason was discovered for the drop in electrical consumption during 
January 2016. During the most recent 12-month analysis period, consumption peaked at 205,256 kWh in 
August and fell to a minimum of 146,304 kWh during March.
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Figure 3.1: Electric Consumption Profile

Figure 3.2 below plots the monthly electrical consumption against Cooling Degree Days (CDD) to 
evaluate how weather affects electrical usage in the building.  A CDD is the number of degrees that a 
day's average temperature is above a specified baseline temperature. For a commercial office building, a 
typical baseline temperature is 57.5°F. This baseline temperature is typical for the region and commonly 
used by utility companies to determine Cooling Degree Days.  CDD is calculated by subtracting the 
baseline temperature from the daily average, as represented by the following equation:

CDD = Average Daily Temperature (>57.5°F) – 57.5

The curve clearly shows distinct peaks in Cooling Degree Days during the summer months in 2016 and 
2017.  Superimposing the electric consumption curve onto the CDD curve shows that electric usage 
peaks in correlation with CDD peaks, indicating that cooling equipment is a source of electrical 
consumption and that the equipment is operated in correspondence with the building’s cooling load.  The 
graph also shows smaller peaks in electrical consumption that do not correlate to CDD. This can be 
attributed to the use of electrical equipment, such as heat pumps, for heating throughout the facility.  
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Figure 3.2: Electrical Consumption vs. Cooling Degree Days for 2016 and 2017

Figure 3.3 below graphs the building’s electric demand profile from June 2016 through December 2017.  
The graph shows a small demand increase during the summer months, when the facility is in cooling 
mode. During the most recent 12-month analysis period, demand peaked at 579.5 kW during July and fell 
to a minimum of 453.9 in March. This pattern correlates with the consumption profile shown in Figure 3.1 
above. The minimum demand experienced in March represents the building’s baseload and accounts for 
the operation of the building’s non-weather dependent equipment.  

Figure 3.3: Electrical Demand Profile
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Natural Gas
The Greenwich Town Hall uses natural gas to fire its two (2) condensing boilers, and for heating outdoor 
air entering the building at the rooftop unit. Figure 3.6 below graphs a comparison of the building’s 
monthly natural gas consumption from January 2016 through December 2017. During the most recent 12-
month analysis period, natural gas consumption peaked in December at 2,756 ccf and fell to a minimum 
of 0 ccf in June, July, August and September. May and October 2017 also had minimal natural gas 
consumption, at 5 ccf and 10 ccf, respectively. 
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Figure 3.4: Natural Gas Consumption Profile

Monthly variations in natural gas consumption between 2016 and 2017 are largely due to weather 
conditions when comparing year to year.  This is more apparent in the HDD graph below.
 
Similar to the graph above, on days when the average temperature is below 65°F, it is assumed that the 
building requires heating.  When average temperature is above 65°F, heating is not required and HDD 
equals zero.  Expectedly, monthly HDD are greatest during the winter months. Figure 3.5 below shows a 
strong correlation between monthly HDD and natural gas consumption at the facility. 



Facility Energy Audit Report Town of Greenwich – Town Hall

Rev 4, November 2, 2018 Page 21 of 57

Figure 3.5: Natural Gas Consumption vs. Heating Degree Days for 2016 and 2017
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4.2 ENERGY BENCHMARKING
SWA reviewed the facility’s energy consumption information entered by Eversource into the U.S. 
Environmental Protection Agency’s (EPA) Energy Star® Portfolio Manager energy benchmarking system. 
Portfolio Manager allows many buildings to be rated based on their energy performance on a scale of 1 – 
100 relative to similar building nationwide. The building is not compared to the other buildings entered into 
Portfolio Manager; rather, statistically representative models are used to compare the building against 
similar buildings from a national survey conducted by the Department of Energy’s Energy Information 
Administration (EIA). This national survey, known as the Commercial Building Energy Consumption 
Survey (CBECS), is conducted every four years, and gathers data on building characteristics and energy 
use from thousands of buildings across the United States. 

As of 2018, Portfolio Manager continues to use CBECS data from 2003 due to insufficient data from the 
2007 survey. The facility peer group of comparison is those buildings in the CBECS survey that have 
similar building and operating characteristics. Because the Town Hall is categorized as an “Office” space 
type in Portfolio Manager, it is compared against other, similar “Office” space types across the nation. A 
rating of 50 indicates that the building, from an energy consumption standpoint, performs better than 50% 
of all similar buildings nationwide, while a rating of 75 indicates that the building performs better than 75% 
of all similar buildings nationwide. However, because the CBECS data is now 15 years old, the Energy 
Star rating that the building received may not accurately reflect the performance of the building. 

Because over 50% of total square footage at the Town Hall is devoted to office space, the building as a 
whole is categorized as an “Office” space type in Portfolio Manager.  The EPA considers Source Energy 
(energy used at point of generation) a more equitable assessment of building-level energy efficiency than 
Site Energy (energy used in the building).  Source Energy incorporates system losses from transmission, 
delivery and generation, whereas Site Energy is a measure of the energy used by the building itself.  The 
building has a Site EUI of 61.4 kBtu/ft2/yr, as compared to a national median of 93 kBtu/ft2/yr, for similar 
building types. The building has a Source EUI of 177.1 kBtu/ft2/yr, as compared to a national median of 
268.3 kBtu/ft2/yr. These EUIs suggest that the building is performing better than the average for buildings 
of a similar type across the nation. The building earns an Energy Performance Rating of 82 based on the 
building characteristics and energy consumption entered into the account by the account administrators. 
This rating of 82% indicates that the building performs better than 82% of similar buildings, based on the 
2003 CBECS data. Please refer to Appendix A for the Portfolio Manager Statement of Energy 
Performance. 
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5 LEVEL I AUDIT – ASSESSMENT OF PRIOR RESULTS & RECOMMENDATIONS

Overview
As noted previously, this Level II energy audit was performed as a follow-up to a Level I walkthrough audit 
commissioned by Eversource on February 22, 2017, as part of the Eversource Clean Communities 
Municipal Technical Assistance Program. As part of the Level II audit scope, SWA was asked to review 
the prior Level I audit recommendations and also to identify any additional energy conservation 
measures.  Before discussing new recommendations, this section provides a review and assessment of 
the Level I measures.  The next section contains the new energy measures identified as part of the more 
in-depth Level II audit.  

The prior Level I audit report recommended a total of (18) Energy Conservation Measures for the 
building.  Consistent with a typical walkthrough audit, or Level I scope of work, the report presented high-
level recommendations but did not contain detailed calculations for all recommended measures.  To 
support decision-making, SWA has provided the following assessment of each of the original 
recommendations.  Where further analysis of a Level I measure was warranted, SWA provided a more 
detailed description and analysis of the measure in Section 6. LEVEL II AUDIT - RESULTS & 
RECOMMENDATIONS.

Assessment of Prior Findings
The following measures were identified during the Level I walkthrough audit: 

1. Upgrade Indoor Linear Fluorescent Lighting and Fixtures to 4’ 18W LEDs and Outdoor 
Lights to LED
The majority of the facility has linear fluorescent fixtures with electronic ballasts. Fixtures are a 
combination of 2’ and 4’ and have either two (2) or three (3) T8 lamps. Outdoor lighting fixtures 
are metal halides. The Level I audit also recommended occupancy sensors or photocell controls.

SWA Notes:  A lighting replacement project is already planned for the facility. At the time of the 
Level II energy audit site visit, the lighting replacement project scope included interior fixtures on 
the first and second floors. Additional scope may be added in the future, as funding permits. 
Fluorescent fixtures will be replaced with LED fixtures.

Eversource provided the Town with a list of providers and a proposal was submitted. However, it 
was noted that the work must be performed by Town employees due to union rules.  The material 
cost had not been appropriated.  The Town was reviewing options to phase the work or defer the 
project until the July 2019 budget cycle.  

While the Level I audit recommended lighting controls, the facilities staff indicated lighting controls 
had been evaluated and ultimately had not been included in the planned lighting project scope 
due to perceived challenges with occupant education and maintenance.  Facilities has focused 
primarily on electrical savings associated with peak demand reductions, rather than electrical 
consumption savings.  In lieu of occupancy controls, Facilities has implemented a protocol with 
the cleaning crews to shut all lights off by 8 pm.  Additionally, exterior lighting is controlled by 
photocells and timeclocks for the parking garage lighting.  

Refer to the Level I audit report for original savings estimates.  Updated savings calculations 
should be developed (by others) once the final project scope is determined. SWA recommends 
that the facility investigate dual-technology occupancy sensors for indoor lighting, which may 
address some of the concerns that were more prevalent with earlier generations of these devices 
Dual-technology sensors use both passive infrared and ultrasonic technology to detect 
occupancy, providing increased reliability over the single-technology occupancy sensors that 
require a direct line of sight between the occupants and the sensor.
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2. Reduce Air Infiltration through the Building Envelope
During the Level I walkthrough audit, auditors observed that windows and doors in the facility 
provided infiltration points for outdoor air. 

SWA Notes:  Weather conditions at the time of the Level II energy audit prevented accurate data 
collection of infiltration issues at windows and doors. Sealing windows and doors is 
recommended as a best practice measure. Seal conditions should be checked periodically for 
degradation.  Sealants and weather-stripping should be replaced as needed.  This is a low-
cost/no-cost measure that typically improves both occupant comfort and reduces energy use. 

3. Install a DDC System
To provide greater accuracy and control, the Level I audit recommended a Direct Digital Controls 
(DDC) system.  The following types of controls and strategies were identified for further 
investigation:  Demand Limiting, Heat Pump Loop Operations, Boiler Operation, Cooling Tower 
Operation, shift control of large pieces of equipment from individuals to building operators, and 
provide temperature control and scheduling.

SWA Notes:  Controls in the facility are primarily limited to a relay system and on-board packaged 
controls. This relay system allows for some limited central control over the perimeter heat pumps: 
The BMS sends a signal to the electrical panels connected to these heat pumps commanding all 
heat pumps off at 7:00 AM, 5:00 PM and 11:00 PM every day. After the contactor is disconnected 
during these sweeps, occupants must manually restart their heat pumps. This is meant to ensure 
that the heat pumps do not run when the building is not occupied. The existing controls also allow 
for scheduling the packaged DX units on each floor to turn on and off, although these schedules 
can be overridden by local timers. 

Installing a DDC system would allow for significantly improved centralized controls. A DDC 
system could provide for space temperature control; Demand Controlled Ventilation and improved 
boiler, cooling tower, and condenser water pump sequencing and operation. However, taking full 
advantage of the benefits of a DDC system would require controls work at all major existing 
building equipment, as well as at each of the perimeter heat pumps. 

As the perimeter heat pumps have been replaced over time, facilities staff have encountered 
challenges because the existing relay controls are not compatible with more advanced onboard 
heat pump controls.  As a result, the perimeter heat pumps have consistently been replaced in-
kind, utilizing less sophisticated equipment that is able to function with the older relay controls but 
sacrificing improved energy performance.  During the course of interior space renovations, this 
strategy has resulted in the majority of the 400 perimeter heat pumps having already been 
replaced with units that are not DDC compatible.  

Thus, implementation of a DDC controls system would require a significant investment to upgrade 
perimeter heat pump units to similar units with more sophisticated onboard controls and, ideally, 
with automated flow control valves.  Unfortunately, the existing relay controls make it challenging 
to slowly implement such a change to the existing retro-fit strategy over time.  A DDC system also 
has the benefit of providing the facility with increased control and improved sequencing of the six 
(6) air handling units and the rooftop unit.  Because these units run throughout the day and 
whenever occupants initiate a call for HVAC, there is likely opportunity for energy savings in 
increasing centralized control over these units. 

A DDC system is expected to improve occupant comfort, simplify building operations, and reduce 
energy use, resulting in associated operational savings. Unfortunately, the savings cannot be 
quantified, since they will vary depending upon the scope of the DDC system integration, 
However, given the large investment required, SWA recommends planning for and installing a 
DDC system as a capital improvement measure for the facility.



Facility Energy Audit Report Town of Greenwich – Town Hall

Rev 4, November 2, 2018 Page 25 of 57

4. Integrate Occupancy Sensors Controlling Lights with Heat Pumps
The Level I audit recommended the integration of occupancy sensors to control both the lights 
and the heat pumps.  The occupancy sensor control would enable the heat pump to shut off 
during unoccupied periods, resulting in savings in space conditioning.  To maximize the benefit of 
the occupancy sensors, the Level I audit also recommended that the same device be used to also 
shut off the lights when the space is unoccupied and provide additional lighting energy savings.

SWA Notes:  Perimeter heat pumps in the facility are currently controlled manually by occupants, 
with an automatic shutdown several times a day from the relay system. Occupancy sensors are 
not currently installed in the facility.  Similarly, the lights in the facility are currently manually 
controlled.

Although Facilities has implemented a protocol to have cleaning staff turn the lights off before 
leaving at night, SWA recommends installing occupancy sensors as a best-practice measure.  
Implementation of lighting occupancy controls is a proven energy measure that results in reliable 
energy savings.  During the site visit, Facilities indicated that the recommendation for occupancy 
sensors had already been reviewed and the decision was made not to implement occupancy 
sensors in the pending lighting project.  Facilities has a number of reservations about occupancy 
sensors related to occupant education and maintenance requirements.  This recommendation 
was rejected and no further analysis was warranted. 

SWA also agrees with the second portion of this Level I audit recommendation, which involves 
maximizing the benefit of the occupancy sensors by tying these devices into the heat pump 
controls.  SWA agrees this would provide improved comfort and better unoccupied control than 
the existing controls relay sweep, although continuously-occupied spaces will realize minimal 
incremental energy savings in switching from the sweep to occupancy-based controls.  Thus, this 
is not a standalone measure and lighting occupancy sensors should be installed first.  Any future 
considerations for occupancy sensor control of the heat pumps should involve a comprehensive 
assessment of the heat pump integration noted in recommendation #3 above, as well as a review 
of the existing relay controls also identified in #3 and in the building description section.

5. Tie Units That Bring in Outside Air to CO2 based Ventilation
The Level I audit recommends that the rooftop outdoor air unit, which provides dedicated 
ventilation air, should be tied to occupancy.  Commonly referred to as “Demand Control 
Ventilation”, this strategy uses carbon dioxide (CO2) sensors to determine the occupancy load of 
the building.  The ventilation air can then be reduced only to satisfy the needs of the building, 
preventing over-ventilation and excessive energy use to condition the associated ventilation air.

SWA Notes:  Outdoor air is provided to the facility via the rooftop unit. This unit delivers fresh air 
to the six (6) packaged cooling-only DX units that distribute from the building’s core.  SWA agrees 
that this building presents opportunities to reduce energy use and cost by modifying the 
ventilation system, including potentially incorporating the use of Demand Control Ventilation.  

Refer to Section 6- LEVEL II AUDIT - RESULTS & RECOMMENDATIONS under ECM #:2 
Optimize Rooftop Unit Operation.  ECM #2 includes adding modulating dampers to the outdoor 
air intake louvers in the fresh air shaft and modulating the dampers based on space comfort 
needs. Given the current configuration of the outdoor air delivery system, true Demand Controlled 
Ventilation (DCV) cannot yet be recommended. It is unclear whether sufficient static pressure will 
build up in the outdoor air delivery shaft to allow for DCV. SWA recommends installing modulating 
dampers at each floor, controlling the RTU as described in ECM #2, and evaluating the feasibility 
of DCV as an advanced controls strategy at a later date.  

The addition of DCV would also require the installation of CO2 sensors throughout the occupied 
space and some controls programming in the existing controls system.  These costs would be in 
addition to those presented in ECM #2.
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6. Replace Heat Pumps
The walkthrough audit listed the installation date of the facility’s heat pumps as 1981 and 
recommended newer models that would use less water and power and reduce the reliance on R-
22 refrigerant.

SWA Notes:  Discussion with the facility operators revealed that there are several generations of 
heat pumps in the facility, as noted in Section 3.3.4. The facility currently replaces heat pumps as 
departments are renovated.  Not all heat pumps are currently at the end of their useful life.

SWA does agree that modifications to the existing heat pumps could yield savings, when done as 
a comprehensive strategy.  As discussed under #3 of this section, any changes to the heat 
pumps should take into consideration a tie-in with BMS controls, which would enable the use of 
newer models with more sophisticated onboard controls.  At the time of replacement, adding 
automated control valves would enable pump energy savings if a VFD were to be incorporated, 
as discussed in item #7 below.  As noted in item #4 of this section, the heat pumps could also be 
tied into occupancy sensors to provide further savings during unoccupied periods.  All of these 
benefits would be in addition to any energy improvements that may result from advancements in 
the heat pump technology that improve the performance of components such as the fan and 
compressor equipment.  There may also be maintenance benefits, such as eliminating R-22 
refrigerant and eliminating the need to repair and stock parts for numerous types of heat pumps.  

7. Install Isolation Valves on Heat Pumps
The Level I audit recommended the use of isolation valves on the heat pumps to enable the coil 
to close when there is no call for heating or cooling.  The recommendation envisioned associated 
pump energy savings.

SWA Notes:  The heat pumps serving the facility’s perimeter were originally installed without any 
isolation valves. Maintenance was performed on units by clamping the condenser water piping 
prior to disconnecting the units from the system. As the heat pumps are replaced, manual 
isolation valves are being installed.  While the manual isolation valves greatly facilitate 
maintenance, they do not achieve the savings associated with this recommendation.  To prevent 
water flow through the coils, it would require automated isolation valves.

The addition of automated isolation valves alone would not result in significant energy savings.  
To achieve the energy savings envisioned in the Level I report, the valves would need to be 
implemented in conjunction with a variable speed drive on the condenser water pumps.  When 
individual heat pump valves close, the flow requirement of the system would reduce and a 
variable speed pump could ramp down, resulting in electrical energy savings.      

SWA recommends installed automatic isolation valves as part of the larger heat pump and DDC 
controls system capital upgrade.  If automatic isolation valves are added, the project scope 
should include a variable speed drive for the condenser water pumps to yield pump energy 
savings.  Since the existing condenser water system is constant flow and significant capital 
improvements would be required to implement a variable flow system, no recommendations for a 
variable frequency drive (VFD) are included in the Phase II report. Prior to implementing this 
project, the facility should pursue ECM 1: Condenser Water System Assessment and Repair, 
detailed in section 5.2 of this report. An assessment of the facility’s condenser water system can 
determine the proper configuration for installing automatic isolation valves to ensure that no 
additional condenser water flow issues are introduced to the system.
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8. Replace Motors Less Than 1 HP with ECM Motors
The Level I report broadly suggested replacing any motor less than 1 HP with an ECM motor.  
These motors are capable of ramping up the speed gradually, rather than incurring a larger 
instantaneous electrical demand.  The Level I report did not identify specific motors in the building 
for which this recommendation is applicable.

SWA Notes:  During the Level II audit walkthrough, SWA located three (3) fractional-horsepower 
motors serving the laboratory exhaust fans. These fans were installed in 2013 and likely have 
efficient motors in place. SWA recommends waiting until these motors reach the end of their 
useful lives before replacing them with higher-efficiency models. 

9. Photocells for Outdoor Light Operations
The Level I audit recommended that exterior lighting be controlled via photocells, rather than a 
combination of switches and time clocks.  This would provide greater automation. 

SWA Notes:  The exterior lighting at the facility was found to already be controlled by photocell 
sensors.  However, the lighting in the parking deck is controlled by a timeclock.  With diligence, 
the same level of savings can be achieved through a timeclock.  Use of the timeclock does 
require some adjustments as the seasons change, to ensure adequate light is provided during 
changing daylight hours.   No further action is required for this measure. 

10. Install 0.5 GPM Aerators on Lavatory Sinks and Kitchen Sinks
During the Level I audit, it was noted that the bathroom sinks used 2.2 GPM aerators.  It was 
recommended to switch these to 0.5 GPM aerators on both the bathroom and kitchen sinks to 
reduce water consumption and hot water energy consumption.

SWA Notes:  At the time of the Level II audit site visit, this measure was already in progress.

11. Tie Exhaust Fans with Occupancy Controls
The Level I audit recommended that the bathroom exhaust fans be tied to occupancy, rather than 
the existing schedule control.  The suggested strategy involved interlocking the fan operation with 
occupancy controls.  Additional savings may also be possible through the use of either VFDs or 
ECM motors.

SWA Notes:  The facility’s two (2) toilet exhaust fans and one (1) general exhaust fan are 
interlocked with the packaged AC units such that the exhaust fans operate when any of the 
packaged AC units operate. This is also interlocked with the operation of the rooftop outdoor air 
unit, which provides the make-up air for the ventilation fans.  All of this equipment is currently 
controlled based on schedule but it can be over-ridden by occupants via the wall-mounted timer 
controls.  

While SWA agrees with the concept of this Level I recommendation, the Level II investigation 
revealed additional complexity.  An expansion of this concept is Refer to Section 6- LEVEL II 
AUDIT - RESULTS & RECOMMENDATIONS under ECM #:3 Control Air Conditioning Units with 
Occupancy Sensors or One-Hour Timers. 
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12. Relocate and Replace Electric Resistance Water Heater with Heat Pump Water Heaters
The Level I audit recommended that the existing electric resistance water heaters be replaced 
with heat pump water heaters.  It was noted that these units require approximately 12’x12’ of 
space to operate properly.  The recommendation included relocating the existing water heaters to 
the mechanical room to accommodate this operating criterion. 

SWA Notes:  The domestic hot water consumption at the Town Hall is too small for this measure 
to yield significant energy savings to overcome the cost of new equipment and changes to 
plumbing necessary to relocate the equipment.  However, Facilities indicated that domestic hot 
water is currently being decentralized, as floors are renovated.  This has resulted in numerous 
smaller water heaters.  As new equipment is being selected and relocated, the facility may want 
to explore the applicability of this recommendation.

13. Control Motors with a Variable Speed Drive
The Level I audit recommended variable speed drives to control motors for fans and pumps.  An 
estimated payback of 2.8 years was presented.  The report also noted the added benefit of 
upgrading to high efficiency motors.

SWA Notes:

During the Level II audit, SWA updated the motor data as presented below:

Equipment Quantity Motor HP

Cooling Tower Fans 6 10

Condenser Water Pumps 2 25

Condenser Water Pumps 2 25

AC Unit Supply Fan 4 10

AC Unit Supply Fan 2 7.5

AC Unit Return Fan 4 7.5

AC Unit Return Fan 2 5

Conference AC Unit 1 3

As noted in this report, Facilities has already reviewed VFDs for the cooling tower and elected not 
to implement them in the project.  Implementing VFDs would have been most cost-effective when 
done as part of the larger project, although there is still opportunity for energy savings at the 
cooling tower fans should the facility choose to pursue the project.  The existing AC units are all 
constant speed equipment, which would not result in significant savings from the installation of a 
VFD.  Similarly, the existing condenser water pumps are constant speed and would not benefit 
from a VFD.

With the exception of the cooling tower fans, installing VFDs on these motors will not save energy 
as a standalone measure.  If automatic isolation valves are added to the heat pumps, the facility 
should definitely consider incorporating a VFD on the condenser water system. For situation 
where VFDs are applicable, they should always be evaluated in conjunction with compatible 
motor replacement.  At the time of replacement and/or when VFDs are being considered, motors 
should also be upgraded to premium efficiency motors.  

Similarly, VFDs on the AC unit supply and return fans would require substantial upgrades to the 
facility’s air distribution systems in order to save energy.  To ensure the proper volume of 
ventilation air is maintained, a code review would first be required.  The existing constant volume 
duct system may need to be converted a variable volume system to ensure adequate fresh air 
distribution to all spaces.  When in cooling mode, the AC units may require higher airflow to 
prevent compressor failure.  Together, the ventilation and compressor requirements may limit the 
opportunity for energy savings associated with ramping down the supply and return fan speeds. 
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14. Replace Electric Baseboard Heater with Heat Pump Mini Ductless Split
The Level I report recommended the replacement of electric baseboard heat with a ductless mini-
split heat pump system to reduce electrical energy use.  This recommendation would shift 
traditional resistance heat to a heat pump.

SWA Notes:  The Level I audit recommended removing the electric baseboard heaters located in 
the stairwells and replacing them with heat pump mini ductless split units. During the Level II 
audit site visit, SWA observed that the baseboard heaters do not have thermostats and are 
frequently left on at full capacity during the winter. ECM 4: Install Thermostats at Radiator 
Stairwells investigates the feasibility of controlling these radiators with thermostats. SWA 
estimates that the radiators consume 53,172 kWh of electricity per year and can consume 43,428 
kWh if controlled by thermostats. With an electric rate of $0.15/kWh and thermostat controls, the 
radiators will cost less than $8,000 to operate annually, leaving little room for substantial 
equipment replacement to be cost effective.  

15. Small Outdoor Condenser Head Pressure Control with ECM Motor
The Level I report recommended an electronic head pressure controller to modulate the 
condenser fan motor speed, which would vary the airflow through the outdoor condenser.  The 
specific equipment applicable to this recommendation was not identified.

SWA Notes:  The facility has a total of four (4) outdoor condensing units. The Level I audit 
recommended installing electronic head pressure controllers on each of these units. The 
controllers modulate condenser motor fan speed based on refrigerant temperature. Because of 
the small size of these condensing units, this measure presents limited opportunity for energy 
savings.

16.  Specify Premium Efficiency Motors
For all motor applications, the Level I report recommends standard efficiency motors be replaced 
with premium efficiency motors, which are 1-2% more efficient on average.

SWA Notes:  This recommendation is investigated further in Section 6- LEVEL II AUDIT - 
RESULTS & RECOMMENDATIONS ECM 5: Install Premium Efficiency Motors. 

17. PC Power Management
The Level I report recommends the facility-wide incorporation of automatic power management to 
control computer energy use.  This includes setting monitors to go to sleep, enabling hard drive 
power management controls, and user education.  This is a no cost recommendation that utilizes 
existing equipment and staff resources.

SWA Notes:   As of the Level II audit site visit, this program has already been implemented. 

18. Employee Energy Education Program
The Level I report recommended the implementation of an employee education program to raise 
awareness among employees about the energy use in the building and provide recommendations 
on how employees can help save energy and reduce costs.  Common strategies include 
instruction on proper operation of:  thermostats, personal computers, light switches, copy 
machines, and printers.

SWA Notes:  Savings for this measure are difficult to quantify but SWA strongly recommends that 
the Town Hall implement an energy education program. This facility allows occupants significant 
control over equipment. With increased occupant control over equipment, there is an increase in 
the potential for energy waste, and therefore an increase in the potential benefit of implementing 
an energy education program. In addition to the topics listed in the Level I audit recommendation, 
the education program should also instruct employees about the impact of using the floor-by-floor 
AC timers and stairwell radiators.
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6 LEVEL II AUDIT - RESULTS & RECOMMENDATIONS
Overview
The Project Summary Sheet that follows the Executive Summary lists estimated costs and savings for 
each recommended ECM.  Each ECM is discussed in detail in the following section with a brief 
recommendation on how to measure and verify the savings after implementation. These Measurement 
and Verification (M&V) methods are recommended in accordance with the International Performance for 
Measurement and Verification Protocol (IPMVP) guidelines.  The recommended options (A, B, C or D) 
were determined based on a combination of cost, magnitude of savings, and reasonableness of methods. 
This process is described in more detail in Appendix E.

6.1   METHODOLOGY

Potential Energy Conservation Measures (ECMs) were evaluated after the site survey, operator 
interviews and collection of data necessary to perform the technical and economic analyses.  This 
evaluation was completed to ASHRAE Level II standards through spreadsheet analysis.   Prior to 
implementation, the customer may elect to further evaluate the facility measures to Level III audit 
standards.   

Table 4.1: Methodology Flow Chart
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To assess energy savings associated with each measure, the baseline for consumption was compared 
individually to consumption totals calculated for each measure. The baseline for equipment was obtained 
from monthly utility bills and gas and electric data and analyzed against daily weather data.  Results were 
then calibrated as necessary. 

Energy consumption associated with each measure was then assessed individually based on the 
technical performance of the recommended measure scope and then compared to the corresponding 
baseline in order to determine energy savings.  Cost savings were determined using the projected energy 
savings and energy rates determined from the utility analysis and based on the recent energy bills.

All potential ECMs were evaluated.  They are listed in this section of the report as Recommended or 
Considered but Not Recommended based on technical and/or economic feasibility.  Prior to 
implementation, confirmation of projected savings and cost may be required for capital intensive 
measures. 

The following assumptions were used in calculating the savings:

1. Building energy usage patterns remain relatively unchanged in the near future (no significant 
occupancy change and/or space conversion). 

2. Energy costs remain relatively stable (although electricity costs may escalate much more than 
natural gas).

3. Building systems operation remains relatively unchanged (unless change is related to a 
recommended ECM).

An economic analysis was performed for each measure using historical cost estimates from similar 
projects and pricing references, such as R.S. Means. The cost savings were divided by implementation 
costs in order to determine simple payback for each measure.  
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6.2 LEVEL II AUDIT RECOMMENDED ENERGY CONSERVATION 
MEASURES

ECM #1: CONDENSER WATER SYSTEM CONDITION ASSESSMENT AND REPAIR
The condenser water system at this facility serves the floor-by-floor AC units and the water 
source heat pumps located along the building’s perimeter. This system provides heat rejection 
during the cooling season and heat injection during the heating season. Building staff reports 
that this system experiences significant air entrainment issues such that if the condenser 
water pumps shut off at all, air gets trapped in the condenser water loop and takes up to a 
month to completely purge the system.  To avoid the air entrainment and binding issues, the 
condenser water pumps run continuously (24 hours per day/7 days per week/ year-round), 
regardless of building occupancy or equipment demand. 

SWA recommends a thorough condenser water system condition assessment. An assessment 
of all condenser water piping, connected equipment, and air eliminating components will 
identify the underlying cause of the air entrainment issue. Once the air entrainment issue is 
resolved, SWA recommends shutting the condenser water pumps off as outdoor air conditions 
permit. Implementing this measure will save energy at the condenser water pumps, reduce 
operating hours on the pumps, and will also decrease the maintenance time staff must spend 
on this building. 

A condition assessment is the initial step required to determine the corrective scope of work 
that may be needed.  Resolution of the underlying problems may result in other opportunities 
to optimize equipment performance beyond the benefits identified above.  The condenser 
water system piping configuration should also be reviewed, as noted later in this section.

Savings
Although there are no energy savings directly associated with this measure, performing the 
condition assessment and diagnosing the condenser water system issues will allow the facility 
to proceed with condenser water system energy conservation measures in the future. In 
addition to the operations and maintenance benefits of correcting the air binding issue, 
identifying the source of the issue and assessing the general condition of the condenser water 
system will allow the facility to determine whether automatic isolation valves can be installed at 
the heat pumps. With automatic isolation valves at the heat pumps, the facility could install 
VFDs on the condenser water pumps and could see additional savings at the boilers and 
cooling towers.  Further operational savings may be realized, such as decreased glycol use if 
purging is minimized. The scope of work and associated implementation cost for this measure 
could be estimated after a scoping session with an assessor.  
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ECM #2: OPTIMIZE ROOFTOP UNIT
A rooftop unit (RTU), manufactured by Reznor, provides outdoor air to the facility. The unit has 
a 5-HP fresh air intake fan and a gas-fired furnace for preheating. Outdoor air is delivered from 
this unit to the six (6) AC units that distribute the fresh air across each floor of the facility. SWA 
recommends the following upgrades to this system:

1. Add a variable frequency drive (VFD) to the RTU supply fan. Adding a VFD to the supply 
fan will allow the fan to modulate its speed, and ramp down when the full design airflow is 
not required. For this measure to be successful, the shaft dampers at each AC unit must 
be connected to automatic actuators. Each actuator should modulate the outdoor air 
damper open when its corresponding AC unit is operating. When an AC unit shuts off, its 
outdoor air damper should modulate closed. A static pressure sensor should be installed 
in the outdoor air shaft and should be used to modulate the RTU’s supply fan VFD.  The 
RTU’s supply fan currently operates whenever any one of the AC units is called on. 
Because building occupants have the ability to call for the AC units to stay on for a long 
period of time, via the timer for each unit, the RTU typically operates at full speed for much 
longer than normal building operating hours. With a supply fan VFD, the RTU will still 
operate at full speed during building occupied hours but will be able to ramp down and 
realize energy savings outside of occupied hours. 

Note:  Additional savings could be achieved if this recommendation were to be 
implemented in conjunction with CO2 sensors to determine space occupancy during the 
occupied building periods.  See Section 4, item #5 for details.  Also, the controls described 
above could be implemented through stand-alone devices.  For ease of use and 
monitoring, it is preferred to tie these controls into the BMS.

2. Reduce the heating setpoint for the RTU to 30 °F. The RTU is set to maintain a fresh air 
temperature of 60 °F, as measured by a thermostat located downstream of the RTU’s 
burner but upstream of the mixed air chambers for the AC units. The RTU’s burner will 
operate whenever the RTU is on and outdoor air temperature is below 60 °F. This 60 °F 
air is then delivered to the mixed air chambers of each AC unit, where it mixes with warm 
return air before passing over the AC unit’s cooling coil. By mixing preheated outdoor air 
with warm return air, the resulting mixed air temperature is higher than required.  In turn, 
excess energy must be used by the AC units to condition supply air. Reducing the heating 
setpoint at the RTU will allow for colder mixed air to enter the AC units and will decrease 
the AC unit compressor operation in the winter and shoulder seasons. SWA recommends 
reducing this discharge air temperature setpoint to 30 °F. With a 30 °F outdoor air supply 
temperature, the mixed air at each AC unit will remain warm enough to protect the AC 
unit’s internal components from freezing. Because these interior units are not used for 
heating, there is no benefit to supplying heated fresh air to the AC units beyond freeze 
prevention. 

Note:  Item #2 is a no cost measure that could be implemented independent of item #1. 
Implementing this measure will impact the estimated savings shown in the following 
measure (ECM-3: Control AHUs with Occupancy Sensors or One-Hour Timers). The 
savings analysis for each ECM shows the energy and cost savings associated with 
implementing either measure independently. If ECM-3 is implemented the savings for 
ECM-2 will be less than the savings calculated here. ECM-3 involves reducing the annual 
operating hours for the AC units and the rooftop unit. If these units operate less frequently, 
their baseline energy consumption will be reduced. A reduced baseline energy 
consumption diminishes the potential impact of any additional changes to the equipment, 
such as those recommended in this measure. Similarly, if ECM-2: Optimize Rooftop Unit is 
implemented, the savings for ECM-3 will be lower than the savings shown in this report. 
ECM-2 involves reducing gas and electricity consumption at the rooftop unit, which will in 
turn reduce the cooling requirements and therefore the electricity consumption at the AC 
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units located downstream. With reduced cooling requirements at the AC units, the impact 
of reducing the AC unit operating hours, as described in ECM-3, will be diminished. 
 
The interactivity of these two measures is not accounted for in the savings calculations 
shown in this section, or in the summary table at the beginning of this report. If both 
measures were to be implemented, the cumulative energy savings would be less than the 
sum of the individual measure savings shown in the savings calculations. Individually, 
each measure has a simple payback of less than 1.5 years. Taking interactivity into 
account would increase the simple payback of each measure. 

Eversource anticipates these measures may be implemented together. If so, the 
associated incentive for the combined measure would be based on the interactive 
measure savings, not the individual measure savings. Eversource estimates that the 
combined savings resulting from implementing both measures would be 3,743 ccf of 
natural gas and 85,866 kWh of electricity, for a total annual cost savings of $16,013.58.
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Measurement and Verification
Option (C) Whole Facility can be used to evaluate energy savings for this measure. This 
measure will affect the energy consumption of the rooftop unit and the AC units. Reduced 
operation of the AC units may also affect the condenser water system. Because this measure 
affects the majority of the building’s HVAC systems, a whole facility analysis is appropriate. 



Facility Energy Audit Report Town of Greenwich – Town Hall

Rev 4, November 2, 2018 Page 35 of 57

ECM #3: CONTROL AC UNITS WITH ONE-HOUR TIMERS OR OCCUPANCY CONTROLS
The air conditioning (AC) units serving each floor are controlled by timers. The units have 
schedules programmed into the BMS to ensure that they operate during building occupied 
hours.  In addition, each unit also has a local, wall-mounted crank timer located in the corridor 
outside the mechanical room that is accessible to all building occupants. Any occupant can 
use the timer to call for an AC unit to operate for up to twelve hours. 

Due to equipment interlocks, initiating the AC unit via the timer has a larger effect. Triggering 
the AC unit to run results in operation of the rooftop unit, which supplies fresh air to the AC 
units.  When the rooftop is running to provide fresh air, the return fans and exhaust fans are 
also initiated to draw air from the building.  The result is a significant amount of equipment 
running during periods of very limited occupancy.  While each AC unit only serves a floor or a 
portion of a floor, the related ventilation equipment operates at full capacity, providing the level 
air exchange required for a fully-occupied building.

Building staff reports that a number of employees frequently work on the weekends and utilize 
the timer controls, often setting the timer for many hours after a space is actually occupied.  
Some employees may trigger the timer out of habit, while others may only do so if the building 
feels uncomfortable.  As a no-cost measure, proper use of these systems should be included 
in the Employee Education Program noted in Section 4, item #18.  Employees should 
understand that the primary role of this system is to provide ventilation air and to condition 
interior spaces.  During periods of sporadic occupancy, the building may not require any 
mechanical ventilation.  For those employees that work at or near the building perimeter, any 
comfort concerns associated with temperature should first be addressed through the use of 
the perimeter heat pumps.  Employees that work in the core of the building may need to utilize 
the central systems for comfort.  To the extent possible, employees that frequently work during 
the weekend may benefit from a work space at the building perimeter that offers localized 
control via the heat pumps, rather than the air system.

To avoid excess run-time incurred when the timers are set incorrectly, SWA recommends 
installing occupancy sensors to control these AC units in lieu of the timers. Occupancy 
sensors will shut an AC unit off when occupancy is no longer detected on that floor. This will 
reduce the total operating time of the AC units. Alternatively, if occupancy sensors are not 
installed, SWA recommends replacing the existing 12-hour mechanical countdown timers with 
1-hour mechanical countdown timers or similar electronic 1-hour touch-pad controls, which will 
still allow occupants the ability to call for fresh air but will limit the amount of time the units can 
run and will eliminate AC unit operation overnight.  Occupants can reassess their comfort 
needs each hour and re-initiate the system, as needed.  

Savings
The interactive effect of implementing both this measure and ECM-2: OPTIMIZE REZNOR 
UNIT is explained in the measure description for ECM-2.
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Measurement and Verification
Option (C) Whole Facility can be used to evaluate energy savings for this measure. This 
measure will affect the energy consumption of AC units, the rooftop unit, and may affect the 
condenser water system. Because this measure affects the majority of the building’s HVAC 
systems, a whole facility analysis is appropriate. 
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ECM #4: INSTALL THERMOSTATS AT RADIATOR STAIRWELLS
Electric resistance radiators are installed at stairwell landings throughout the facility. These 
radiators have outdated local controls that cannot be programmed. The building staff reports 
that these radiators are generally turned on for the heating season and shut off once winter is 
over.  However, building occupants can change the radiators’ settings easily. During the site 
visit, SWA observed that many radiators were on at 100% while the space was warm and the 
outdoor air temperature was 70 °F. 

SWA recommends installing remotely-mounted programmable thermostats with lock boxes to 
control these radiators. The savings presented are based on programming the thermostats to 
maintain a stairwell space temperature of 65 °F during building occupied hours and 55 °F 
during unoccupied hours. To ensure occupants do not over-ride the program settings, SWA 
also recommends locking these thermostats. 
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Measurement and Verification
Option (B) Retrofit Isolation: All Parameter Measurement can be used to measure and 
verify savings for this measure. An energy and power meter can log the electrical demand of 
the radiators and can calculate the total electrical consumption of the radiators over the 
logging period.  
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ECM #5: INSTALL PREMIUM EFFICIENCY MOTORS
Currently, the motors for the two (2) condenser water pumps, six (6) air handling unit supply 
fans, and six (6) return fans are NEMA standard efficiency motors. The condenser water 
pumps operate 24/7, alternating so that one pump runs at a time. The air handling units and 
their return fans operate during building occupied hours, and whenever an occupant calls for 
space conditioning at a unit’s timer. 

At the time of motor replacement, SWA recommends replacing the standard efficiency HVAC 
motors with premium efficiency motors. Premium efficiency motors require less electricity to 
generate the brake horsepower needed to operate equipment. SWA recommends replacing 
the motors for the following pieces of equipment:

Description/Tag Type Motor HP Motor Efficiency (%) Motor Efficiency (%)
Condenser Water Pump 1 Pump 25 91.7% 93.6%
Condenser Water Pump 2 Pump 25 91.7% 93.6%

AC-1 Supply Fan 10 89.5% 91.7%
AC-2 Supply Fan 10 89.5% 91.7%
AC-3 Supply Fan 7.5 88.5% 91.0%
AC-4 Supply Fan 10 89.5% 91.7%
AC-5 Supply Fan 7.5 88.5% 91.0%
AC-6 Supply Fan 10 89.5% 91.7%
RF-1 Return Fan 7.5 88.5% 91.0%
RF-2 Return Fan 7.5 88.5% 91.0%
RF-3 Return Fan 5 87.5% 89.5%
RF-4 Return Fan 7.5 88.5% 91.0%
RF-5 Return Fan 5 87.5% 89.5%
RF-6 Return Fan 7.5 88.5% 91.0%

Equipment Baseline Proposed

Refer to Appendix B for details on the savings associated with each type of motor, as well as 
the estimated costs.  Facilities staff indicated that they had already investigated the savings 
and costs associated with premium efficiency motors.  Facilities is considering this 
recommendation as part of future procurement best practices. 
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Option (B) Retrofit Isolation: All Parameter Measurement can be used to measure and 
verify savings for this measure. An energy and power meter can log the electrical demand of 
the pumps and fans and can calculate the total electrical consumption of the pumps and fans 
over the logging period.  
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6.3 OTHER OBSERVATIONS

During the audit, three key observations arose that do not present currently quantifiable energy saving 
opportunities but are worth noting for use in strategic planning related to building operations and 
management.  The three observations are intertwined but broadly address the following opportunities for 
capital investment:

1. Building Management Controls
2. Heat Pump Optimization
3. Condenser Water Piping Configuration

As has been noted throughout this report, the existing building operates primarily through local controls 
that relinquish a significant amount of control to the occupants and also make it challenging to implement 
any level of operational automation.  Together, these resulting concerns present a significant barrier to 
achieving long-term, reliable system performance and, in turn, make it difficult to achieve and maintain 
consistent comfort without sacrificing energy savings.  

This lack of building automation is further compounded by the large number of stand-alone systems in 
this building.  Each heat pump represents a local point of control and there are over 400 heat pumps.  
Many of the heat pumps have already been replaced, which introduces a significant first cost 
consideration into any discussion related to switching this facility over to a more automated controls 
system.  While these capital costs cannot be discounted, there is still tremendous opportunity to improve 
the building performance through the development of a comprehensive strategy that addresses the long-
term automation control needs.  

Although selection of terminal equipment has historically been governed by the limitations of the existing 
controls system, the future performance of this facility would greatly benefit from taking the opposite view.  
Consideration should first be given to the benefits of upgrading to a more automated controls system, 
working backwards to determine how best to integrate the existing equipment and all future equipment 
around that vision.  Given that the building is already predominantly fueled by electricity, opportunities for 
renewable energy could be explored.  However, renewables cannot be cost-effectively implemented until 
energy usage has been minimized and can be consistently controlled and maintained.

In conjunction with developing a comprehensive controls strategy, the auditing team noted that the 
combination of existing systems and equipment may present unique opportunities for optimization, 
particularly optimization of the heat pumps.  However, any optimization would require greater controls 
capabilities to achieve improved comfort and energy performance.

The concept of optimizing the heat pump system centers around the balance between using the central 
systems versus the perimeter systems to achieve space comfort.  Where comfort concerns within the 
core arise, it may make sense to reduce the supply air temperature of the central systems to provide 
greater cooling capacity.  The trade-off of shifting the load from the perimeter systems to the central 
systems should be evaluated.  Since the central systems must run to provide ventilation, any decreased 
run time at the perimeter units would be of benefit.  Each of the 400 perimeter heat pumps has a 
compressor and a fan, which represents a significant amount of energy that could be decreased at the 
terminal level.  Additionally, the reduced run-time of the units could decrease maintenance costs and 
equipment wear.

However, the optimization effort must also take into consideration the differing efficiencies of the systems, 
as well as the potential for the two systems to “fight” – where one system over-conditions the space, 
forcing the other system to compensate by reconditioning the air. To optimize the system, further 
investigation would be needed on the equipment operating efficiencies and space comfort conditions.  
Additionally, greater controls and capabilities to monitor both the systems and spaces would be needed to 
implement an effective assessment.  
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When considering optimization of the heat pump system, the existing condenser water piping 
configuration should also be reviewed.   As was noted in Section 3.3.2 - Condenser Water System, the 
original building drawings (Images 6 and 7) show that the condenser water piping system was designed 
to first deliver water to the six packaged units. The piping then runs to the perimeter heat pumps. As a 
result, when the packaged units are operating in cooling mode, the condenser water received by the heat 
pumps is warmer than the condenser water supplied to the packaged units. 

As a result of this piping configuration and the lack of system temperature sensors, there is no reliable 
way to estimate the actual condenser water loop temperature received by the heat pumps.  While 
Facilities may monitor and adjust the condenser water loop temperature routinely, these changes only 
directly impact the packaged AC units, since the operation of the AC unit has a direct impact on the 
temperatures delivered to the downstream heat pumps.

Verification of the as-built pipe routing is outside the scope of this energy audit.  Although the drawings 
reflect this design intent, the piping may not have been installed per the documents or it may have later 
been reconfigured.  Further investigation is required to field verify the piping details.  The savings 
associated with this pipe reconfiguration cannot be reasonably quantified without data on the varying heat 
pump inlet condenser water temperatures.  SWA recommends that further investigation of the piping 
system configuration be incorporated into the scope of ECM #1 - CONDENSER WATER SYSTEM 
CONDITION ASSESSMENT AND REPAIR.

Reconfiguration of the condenser water piping may be considered viable as a stand-alone effort.  
However, it should also be considered with respect to the other two observations noted here, improved 
building automation and heat pump optimization.  Through the incorporation of increased building 
automation control and monitoring, this pipe reconfiguration could play a significant role in optimization of 
the heat pump system performance.  

These three observations were presented simply for use in strategic planning for the facility.

6.4 ENERGY PURCHASING AND PROCUREMENT STRATEGIES

During the walk-through, SWA did not identify any significant opportunities for reducing electrical demand.  
All of the major heating, ventilation, and air conditioning (HVAC) equipment must run during operating 
hours to provide and distribute the code-required ventilation air.  Ventilation air requires operation of the 
Reznor, packaged AC units, exhaust fans, pumps, etc.  Further, while there may be an opportunity to shut 
off the local space conditioning heat pumps that are distributed throughout the building, these units have 
no centralized control system.  Since there is no automated means to disable this equipment during a 
period of peak electrical demand, it would require a manual strategy.  Additionally, the building staff 
reported comfort complaints during cooling season, so it may not be acceptable to the occupants to shut-
off cooling equipment during a peak electrical event.  Finally, the lack of building automation controls 
makes the introduction of demand-management controls much less cost-effective.  Given all of these 
barriers, SWA does not recommend that demand-management strategies be the first priority for this 
building.

As part of the long-term planning efforts, SWA does recommend that the Town consider demand 
management as a key design criterion for the evaluation of any future system upgrades and when 
implementing any building automation controls.  SWA recommends that the Town contact Eversource for 
further information on available demand response programs.  Within the first year following the 
implementation of the planned lighting retrofit, SWA also recommends that the Town contact Eversource 
to review their electric rate schedule and confirm any potential billing structure benefits for which they may 
be eligible following the decrease in demand associated with the lighting retrofit.
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APPENDIX A: PORTFOLIO MANAGER STATEMENT OF ENERGY PERFORMANCE
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APPENDIX B: ECM CALCULATIONS

ECM #1: ASSESS AND REPAIR CONDENSER WATER SYSTEM

kW
h

kW M
M

Bt
u

1 Assess and repair condenser w ater 
system

R N/A 0 0.00 0.0 $0 Cannot 
Verify
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tim

at
ed

 
Im
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em
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ta
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t (
$)

Si
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k

1.  Status: R = Recommended; I = Implemented; NR = Not Recommended; RS = Further Study Required

EC
M

 #

Description

EC
M
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s1
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el
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yp

e 
Sa

ve
d

Energy Saved
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al
 S
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gs
 ($

)

Although there are no energy savings directly associated with this measure, performing the condition 
assessment and diagnosing the condenser water system issues will allow the facility to proceed with 
condenser water system energy conservation measures in the future. In addition to the operations and 
maintenance benefits of correcting the air binding issue, identifying the source of the issue and assessing 
the general condition of the condenser water system will allow the facility to determine whether automatic 
isolation valves can be installed at the heat pumps. With automatic isolation valves at the heat pumps, the 
facility could install VFDs on the condenser water pumps and could see additional savings at the boilers 
and cooling towers.  Further operational savings may be realized, such as decreased glycol use if purging 
is minimized. The scope of work and associated implementation cost for this measure could be estimated 
after a scoping session with an assessor.  
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ECM #2: OPTIMIZE REZNOR UNITS

kW
h

kW M
M

Bt
u

2 Optimize Reznor Unit R Electricity / 
Natural Gas

72,851 0.00 345.0 $13,729 $9,568 0.7

An
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 S

av
in

gs
 ($

)
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tim

at
ed

 
Im
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n 

C
os

t (
$)

Si
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e 
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k

1.  Status: R = Recommended; I = Implemented; NR = Not Recommended; RS = Further Study Required

EC
M

 #

Description

EC
M

 S
ta

tu
s1

Fu
el

 T
yp

e 
Sa

ve
d

Energy Saved

Assumptions

Utilities Cost Energy Content per Type

$0.15 $/kWh 102.9 kBtu/ccf

$0.80 $/ccf

Energy Savings Cost Savings

Electrical Energy Savings 72,851 kWh/year Electric Cost Savings $11,054 /Year

Gas Savings 3,352 ccf/year Gas Cost Savings $2,675 /Year

Equations

Heating Load (MBH) = 
Cooling Load  (MBH) = 

Fan Energy (kWh) = 
Annual Heating Energy (ccf) = 

Annual Cooling Energy  (kWh) = (Cooling Load) x (Compressor kW/MBH) x (Hours of Operation)

Cost Savings =

Simple Payback =

[Energy Savings] x [$]

(1.08) x (CFM) x (Leaving Temperature - Entering Temperature) / 1,000
(4.5) x (CFM) x (Entering Enthalpy - Leaving Enthalpy) / 1,000
(Fan Speed) ^(2.4) x (HP) x (0.746) x (Hours of Operation)
(Heating Load) x (Hours of Operation) x (Furnace Duty Cycle) / (Energy Content of Gas)

[Implementation Cost] / [Cost Savings]

Reznor Unit Model # PACR-150
Fan Motor 7.5 hp
Draft Inducer 0.75 hp
Burner 0.5 hp
Burner max input 1875 MBH

Burner min input 625 MBH
Rated CFM 18000 CFM  

OA Ventilation 
Requirement

Full occupied hours 8am-4pm Mon - Fri 100%

Partial occupied hours 7am-8am Mon - Fri
4pm - 10pm Mon-Fri

80%

OA CFM 18,150

RA CFM 54,450

SA CFM 72,600
Reznor Unit Fan Speed 100%

Occupancy & Ventilation

Baseline Airflow
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Reznor Heating Setpoint OAT (°F)
Existing Reznor heating setpoint 60

Proposed Reznor heating setpoint 30

57 °F DB
55 °F WB

23.17 Btu/lb

Furnace duty cycle 0.25

Return Air Temperature (°F) 75
Return Air Enthalpy (btu/lb) 28.1

Design Supply Air Conditions (AHUs)

Full Occupied Hours Partial Occupied Hours, No 
Economizer Mode

Partial Occupied Hours, 
Economizer Mode

OA CFM 18,150 14,520 18,150

RA CFM 54,450 58,080 54,450

SA CFM 72,600 72,600 72,600
Reznor Unit Fan Speed 100% 80% 100%

Proposed Airflow
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ECM #3: CONTROL AIR HANDLING UNITS WITH OCCUPANCY SENSORS OR ONE-HOUR TIMERS
 

kW
h

kW M
M

Bt
u

3 Control AHUs w ith Occupancy Sensors or 
One-Hour Timers

R
Electricity / 

Natural 
Gas

18,079 0.00 274.0 $4,868 $4,433 0.9

EC
M

 #

Description

EC
M

 S
ta

tu
s1

Fu
el

 T
yp

e 
Sa

ve
d

Energy Saved

An
nu

al
 S

av
in

gs
 ($

)

Es
tim

at
ed

 
Im

pl
em

en
ta

tio
n 

C
os

t (
$)

Si
m

pl
e 

Pa
yb

ac
k

1.  Status: R = Recommended; I = Implemented; NR = Not Recommended; RS = Further Study Required

Assumptions

Utilities Cost Energy Content per Type
$0.15 $/kWh 102.9 kBtu/ccf
$0.80 $/ccf

Energy Savings Cost Savings
Electrical Energy Savings 18,079 kWh/year Electric Cost Savings $2,743 /Year

Gas Savings 2,663 ccf/year Gas Cost Savings $2,125 /Year
Equations

Heating Load (MBH) = 
Cooling Load  (MBH) = 

Fan Energy (kWh) = 
Annual Heating Energy (ccf) = 

Annual Cooling Energy  (kWh) = (Cooling Load) x (Compressor kW/MBH) x (Hours of Operation)
Cost Savings =

Simple Payback =

(1.08) x (CFM) x (Leaving Temperature - Entering Temperature) / 1,000
(4.5) x (CFM) x (Entering Enthalpy - Leaving Enthalpy) / 1,000
(Fan Speed) ^(2.4) x (HP) x (0.746) x (Hours of Operation)
(Heating Load) x (Hours of Operation) x (Furnace Duty Cycle) / (Energy Content of Gas)

[Energy Savings] x [$]
[Implementation Cost] / [Cost Savings]

Description/Tag Type Motor HP Load Factor (%) Cycle Rate (%) Motor Efficiency (%) Electrical Demand (kW)
AC-1 Supply Fan 10 80% 100% 89.5% 6.7
AC-2 Supply Fan 10 80% 100% 89.5% 6.7
AC-3 Supply Fan 7.5 80% 100% 88.5% 5.1
AC-4 Supply Fan 10 80% 100% 89.5% 6.7
AC-5 Supply Fan 7.5 80% 100% 88.5% 5.1
AC-6 Supply Fan 10 80% 100% 89.5% 6.7
RF-1 Return Fan 7.5 80% 100% 88.5% 5.1
RF-2 Return Fan 7.5 80% 100% 88.5% 5.1
RF-3 Return Fan 5 80% 100% 87.5% 3.4
RF-4 Return Fan 7.5 80% 100% 88.5% 5.1
RF-5 Return Fan 5 80% 100% 87.5% 3.4
RF-6 Return Fan 7.5 80% 100% 88.5% 5.1

63.8

Inputs

Totals

Baseline
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AC Unit Compressor Information kW/MBH Reznor Heating Setpoint OAT (°F)

AC-1 0.08 Existing Reznor heating setpoint 60

AC-2 0.08
AC-3 0.10
AC-4 0.08
AC-5 0.09 57 °F DB
AC-6 0.06 55 °F WB
Total: 0.08 23.17 Btu/lb

Reznor Unit Model # PACR-150
Fan Motor 7.5 hp Furnace duty cycle 0.25
Draft Inducer 0.75 hp
Burner 0.5 hp Return Air Temperature (°F) 75
Burner max input 1875 MBH Return Air Enthalpy (btu/lb) 28.1
Burner min input 625 MBH
Rated CFM 18000 CFM

Design Supply Air Conditions (AHUs)

OA Ventilation Requirement

Full occupied hours 8am-4pm Mon - Fri 100%

Partial occupied hours
7am-8am Mon - Fri
4pm - 10pm Mon-Fri

8am-4pm Sat
80%

OA CFM 18,150
RA CFM 54,450
SA CFM 72,600

Reznor Unit Fan Speed 100%

Occupancy & Ventilation

Baseline Airflow

Occupancy Sensors 310.57$   
Controls w iring 428.18$   
Quantity 6
Total 4,432.50$

Implementation Costs
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ECM #4: INSTALL THERMOSTATS AT STAIRWELL RADIATORS

kW
h

kW M
M

Bt
u

4 Install thermostats at stairw ell radiators R Electricity 9,744 0.00 0.0 $1,479 $4,556 3.1
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1.  Status: R = Recommended; I = Implemented; NR = Not Recommended; RS = Further Study Required

EC
M

 #

Description

EC
M

 S
ta

tu
s1

Fu
el

 T
yp

e 
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ve
d

Energy Saved

Assumptions
Energy Type

Utilities Cost Energy Content per Type
Electricity $0.15 /kWh Electricity 3.413 kBtu/kWh

Energy Savings Cost Savings
Energy Savings 9,744 kWh/Year Cost Savings $1,479 /Year

Equations
Energy Savings =

Cost Savings =
Simple Payback =

[Demand Savings] x [Operating Hours] x [Diversity Factor]
[Energy Savings] x [$/kWh]
[Implementation Cost] / [Cost Savings]

Electricity

Tag(s) Location Quantity Electric Demand (W, each)
EH #1-8 North and South Wing Stairs 8 1000

EH #9-12 West Stairs 4 1500

Radiator Schedule (HVAC-1)

Electric Demand (kW) 14

Operating Conditions 7 days/week, 24 hrs/day, Oct. - 
Apr.

Annual Hours of Operation (hrs) 5064
Diversity Factor 0.75
Annual Consumption (kWh) 53,172

Baseline Conditions

  
Proposed Conditions

Electric Demand (kW) 14

Operating Conditions

OAT <= 55 °F during 
occupied hours, OAT 

<=50 °F during 
unoccupied hours

Annual Hours of Operation (hrs) 4136
Diversity Factor 0.75
Annual Consumption (kWh) 43,428

Implementation Costs
Install Thermostat  $         379.63 
Quantity 12
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Total  $      4,555.56 

Hrs Dry  Bulb btu/hr btu/year
Hrs Dry  

Bulb btu/hr btu/year
91 70.0 75.9 39.2 110.3 0 - - - - -
89 69.4 75.0 38.3 108.0 0 - - - - -
87 63.3 70.8 34.5 87.0 0 - - - - -
85 62.6 69.8 33.7 84.8 0 - - - - -
83 61.6 68.6 32.7 81.8 0 - - - - -
81 62.6 68.6 32.7 84.9 0 - - - - -
79 63.8 68.7 32.8 88.6 0 - - - - -
77 62.7 67.4 31.8 85.1 0 - - - - -
75 62.4 66.6 31.2 84.3 0 - - - - -
73 63.0 66.3 31.0 86.2 0 - - - - -
71 62.5 65.3 30.2 84.4 0 - - - - -
69 59.6 63.0 28.5 76.3 0 - - - - -
67 57.3 60.9 27.0 70.1 0 - - - - -
65 55.2 59.0 25.7 64.9 0 - - - - -
63 53.3 57.2 24.5 60.5 0 - - - - -
61 51.9 55.7 23.6 57.4 0 - - - - -
59 50.2 54.0 22.5 53.9 0 - - - - -
57 47.5 51.8 21.2 48.7 0 - - - - -
55 45.8 50.0 20.3 45.5 0 - - - - -
53 43.3 47.9 19.1 41.3 64 27,456 585,733 - - -
51 41.0 46.0 18.1 37.9 64 30,346 647,389 - - -
49 38.8 44.0 17.1 34.6 138 33,236 1,528,878 273 33,236 3,024,520
47 34.1 41.1 15.7 28.7 75 36,127 903,165 191 36,127 2,300,061
45 33.2 39.8 15.1 27.7 63 39,017 819,352 203 39,017 2,640,133
43 32.2 38.3 14.4 26.7 62 41,907 866,075 266 41,907 3,715,743
41 31.6 37.0 13.8 25.9 26 44,797 388,241 174 44,797 2,598,226
39 29.1 34.8 12.9 23.1 47 47,687 747,098 237 47,687 3,767,283
37 26.8 32.8 12.1 20.7 65 50,577 1,095,841 250 50,577 4,214,772
35 24.7 30.9 11.3 18.8 66 53,467 1,176,283 240 53,467 4,277,391
33 22.5 29.1 10.5 16.9 66 56,358 1,239,865 269 56,358 5,053,391
31 19.7 27.0 9.7 14.8 94 59,248 1,856,426 299 59,248 5,905,016
29 15.7 24.7 8.8 12.1 40 62,138 828,504 118 62,138 2,444,086
27 13.1 22.8 8.1 10.7 32 65,028 693,631 141 65,028 3,056,312
25 11.2 21.1 7.5 9.7 23 67,918 520,705 95 67,918 2,150,738
23 10.9 19.7 7.0 9.6 7 70,808 165,219 87 70,808 2,053,437
21 7.3 17.6 6.3 8.0 16 73,698 393,058 81 73,698 1,989,854
19 7.3 16.1 5.8 8.0 13 76,588 331,883 81 76,588 2,067,887
17 6.1 14.5 5.2 7.5 6 79,479 158,957 31 79,479 821,278
15 4.1 12.6 4.6 6.8 2 82,369 54,912 39 82,369 1,070,793
13 3.6 11.0 4.1 6.6 1 85,259 28,420 44 85,259 1,250,463
11 -8.0 8.0 3.2 3.6 8 88,149 235,064 39 88,149 1,145,936

978 1,271,657 15,264,699 3,158 1,213,854 55,547,321Totals

h (BTU/lb) HR(gr/lb)
Heating

Occupied UnoccupiedMid-pts DP (F) WB (F)
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ECM #5: INSTALL PREMIUM EFFICIENCY MOTORS
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5 Install Premium Efficiency Motors R Electricity 9,970 2.29 0.0 $1,513 $23,461 15.5
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1.  Status: R = Recommended; I = Implemented; NR = Not Recommended; RS = Further Study Required

EC
M

 #

Description
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M
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Energy Saved
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Assumptions
Energy Type

Utilities Cost Energy Content per Type
Electricity $0.15 /kWh Electricity 3.413 kBtu/kWh

Energy Savings Cost Savings
Motor Energy Savings 9,970 kWh/Year Cost Savings $1,513 /Year

Equations
Load Factor =

Electrical Demand =
Demand Savings =
Energy Savings =

Cost Savings =
Simple Payback =

Electricity

[Demand Savings] x [Operating Hours] x [Cycle Rate]
[Energy Savings] x [$/kWh]
[Implementation Cost] / [Cost Savings]

Based on Typical Design Criteria
([Motor HP] x [Load Factor] x 0.746) / [Motor Eff iciency]
[Baseline Electrical Demand] - [Proposed Electrical Demand]

Description/Tag Type Motor HP Load Factor (%) Operating Hours (Hrs/Yr) Cycle Rate (%) Motor Efficiency (%) Electrical Demand (kW) Motor Efficiency (%) Electrical Demand (kW) Demand Savings (kW) Energy Savings (kWh) Total Cost Savings ($)
Condenser Water Pump 1 Pump 25 80% 8,760 50% 91.7% 16.3 93.6% 15.9 0.3 1,447 $114.06
Condenser Water Pump 2 Pump 25 80% 8,760 50% 91.7% 16.3 93.6% 15.9 0.3 1,447 $114.06

AC-1 Supply Fan 10 80% 4,352 100% 89.5% 6.7 91.7% 6.5 0.2 696 $54.89
AC-2 Supply Fan 10 80% 4,352 100% 89.5% 6.7 91.7% 6.5 0.2 696 $54.89
AC-3 Supply Fan 7.5 80% 4,352 100% 88.5% 5.1 91.0% 4.9 0.1 605 $47.68
AC-4 Supply Fan 10 80% 4,352 100% 89.5% 6.7 91.7% 6.5 0.2 696 $54.89
AC-5 Supply Fan 7.5 80% 4,352 100% 88.5% 5.1 91.0% 4.9 0.1 605 $47.68
AC-6 Supply Fan 10 80% 4,352 100% 89.5% 6.7 91.7% 6.5 0.2 696 $54.89
RF-1 Return Fan 7.5 80% 4,352 100% 88.5% 5.1 91.0% 4.9 0.1 605 $47.68
RF-2 Return Fan 7.5 80% 4,352 100% 88.5% 5.1 91.0% 4.9 0.1 605 $47.68
RF-3 Return Fan 5 80% 4,352 100% 87.5% 3.4 89.5% 3.3 0.1 332 $26.15
RF-4 Return Fan 7.5 80% 4,352 100% 88.5% 5.1 91.0% 4.9 0.1 605 $47.68
RF-5 Return Fan 5 80% 4,352 100% 87.5% 3.4 89.5% 3.3 0.1 332 $26.15
RF-6 Return Fan 7.5 80% 4,352 100% 88.5% 5.1 91.0% 4.9 0.1 605 $47.68

96.4 94.1 2.3 9,970 $786.07Totals

SavingsProposedEquipment Baseline

Item Cost per Unit Quantity Total Cost
25 hp PE motor 3,424.73$    2 6,849.46$          
10 hp PE motor 1,613.49$    4 6,453.96$          
7.5 hp PE motor 1,369.29$    6 8,215.74$          
5  hp PE motor 971.13$       2 1,942.26$          

23,461.42$        

Implementation Costs
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APPENDIX C: PROJECT SUMMARY SHEET

ENERGY CONSERVATION MEASURES

Measure 
Status           

(See notes)

Fuel Type
Saved

(See notes)

Electric 
Supply 
Savings
(kWh)

Electric 
Demand 

Savings (kW)

Fuel Savings 
(non-electric)

(MMBtus)

Percent (%) 
Savings to 
Total Fuel 

Consumption

Annual Cost 
Savings

Estimated 
Implementation 

Costs

Simple Payback 
(Years)

1 Assess and repair condenser 
water system

R N/A 0 0 0 0.0%  $                    -   Cannot Verify

2 Optimize Reznor Unit R Electricity / 
Natural Gas

72,851 0 345 7.5% $13,729 $9,568 0.7

3 Control AHUs with Occupancy 
Sensors or One-Hour Timers

R Electricity / 
Natural Gas

18,079 0 274 4.2% $4,868 $4,433 0.9

4 Install thermostats at stairwell 
radiators

R Electricity 9,744 0 0 0.4% $1,479 $4,556 3.1

5 Install Premium Efficiency 
Motors

R Electricity 9,970 2 0 0.4% $1,513 $23,461 15.5

110,643 2 619 13% $21,588 $42,018 1.9

Notes:
Measure Status:  Implemented (I); Recommended (R); Further Study Recommended (RS); Not Recommended (NR); Recommended Mutually Exclusive (RME).
Fuel Saved:   Elec, Steam, NGas, Oil2, Oil4, Oil6, Coal, LPG.  MMBtu = 1,000,000 Btu

Measure Description

ECM Total (Recommended Only)

If both ECM-2 and ECM-3 are implemented, Eversource anticipates that the combined energy savings for 
these two measures would be 3,742 ccf of natural gas and 85,856 kWh of electricity. If both measures 
were to be implemented together, any potential incentive would be based on the combined savings value, 
not the individual savings values. The interactivity between these two measures is described in section 
5.2, under ECM-2: OPTIMIZE REZNOR UNIT.
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APPENDIX D: GLOSSARY AND METHOD OF CALCULATIONS

Energy Conservation Measure (ECM)
A specific recommendation that is anticipated to result in energy savings for the facility.
 
Net ECM Cost
The net ECM cost is the cost experienced by the customer, which is the total cost (materials + labor) of 
installing the measure minus any available incentives. Both the total cost and the incentive amounts are 
expressed in the summary for each ECM. 

Simple Payback
This is a simple measure that displays how long the ECM will take to break-even based on the annual 
energy and maintenance savings of the measure. 

Operating Cost Savings (OCS)
This calculation is an annual operating savings for the ECM. It is the difference in the operating, 
maintenance, and/or equipment replacement costs of the existing case versus the ECM. In the case 
where an ECM lifetime will be longer than the existing measure (such as LED lighting versus fluorescent) 
the operating savings will factor in the cost of replacing the units to match the lifetime of the ECM. In this 
case or in one where one-time repairs are made, the total replacement / repair sum is averaged over the 
lifetime of the ECM. 

Gas Rate and Electric Rate ($/ccf and $/kWh)
The gas rate and electric rate used in the financial analysis is the total annual energy cost divided by the 
total annual energy usage for the 12-month billing period studied.  The graphs of the monthly gas and 
electric rates reflect the total monthly energy costs divided by the monthly usage and display how the 
average rate fluctuates throughout the year.  The average annual rate is the only rate used in energy 
savings calculations.  
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APPENDIX E: IPMVP PROTOCOLS
IPMVP provides four Options for determining savings (A, B, C and D). The choice among the Options 
involves many considerations. The selection of an IPMVP Option is the decision of the designer of the 
M&V program for each project. These options are summarized below:

Option (A) Retrofit Isolation: Key Parameter Measurement
Savings are determined by field measurement of the key performance parameter(s) which define the 
energy use of the energy conservation measure’s (ECM) affected system(s) and/or the success of the 
project. Parameters not selected for field measurement are estimated. Estimates can be based on 
historical data, manufacturer’s specifications, or engineering judgment. Documentation of the source or 
justification of the estimated parameter is required.
Typical applications may include a lighting retrofit, where the power drawn can be monitored and hours of 
operation can be estimated.

Option (B) Retrofit Isolation: All Parameter Measurement
Savings are determined by field measurement of all key performance parameters which define the energy 
use of the ECM-affected system.
Typical applications may include a lighting retrofit where both power drawn and hours of operation are 
recorded.

Option (C) Whole Facility
Savings are determined by measuring energy use at the whole facility or sub-facility level. This approach 
is likely to require a regression analysis or similar to account for independent variables such as outdoor 
air temperature, for example.
Typical examples may include measurement of a facility where several ECMs have been implemented, or 
where the ECM is expected to affect all equipment in a facility.

Option (D) Calibrated Simulation
Savings are determined through simulation of the energy use of the whole facility, or of a sub-facility. 
Simulation routines are demonstrated to adequately model actual energy performance measured in the 
facility. This Option usually requires considerable skill in calibrated simulation.
Typical applications may include measurement of a facility where several ECMs have been implemented, 
but no historical energy data is available.
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APPENDIX F: METHOD OF ANALYSIS
Assumptions and Tools 

Savings Estimates: Established/standard industry spreadsheets

Cost Estimates: RS Means Online Version 8.7
RS Means 2018 (Commercial New Construction Cost Data)
Cost estimates also based on utility bill analysis and prior experience with 
similar projects.
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APPENDIX G: QUALIFICATIONS
Energy Auditor Firm: Steven Winter Associates, Inc.      

Energy Auditor: Maria Rode, CEM
CEM: # 23379  
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DISCLAIMER
Steven Winter Associates, Inc. (SWA) prepared this engineering assessment and was using the most 
current and accurate fuel consumption data available for the site.  The estimated savings that are 
projected are intended to help guide the owner toward the best energy choices.  The costs and savings 
are subject to fluctuations in weather, variations in quality of maintenance, changes in prices of fuel, 
materials, and labor, and other factors.  Although we cannot guarantee savings or costs estimates, we 
suggest that you use this report for economic analysis of the building and as a means to estimate future 
cash flow.

*     *     *

PLEASE NOTE:

THE RECOMMENDATIONS PRESENTED IN THIS REPORT ARE BASED ON THE RESULTS 
OF ANALYSIS, INSPECTION, AND PERFORMANCE TESTING OF A SAMPLE OF 
COMPONENTS OF THE BUILDING SITE. ALTHOUGH CODE-RELATED ISSUES MAY BE 
NOTED, SWA STAFF HAVE NOT COMPLETED A COMPREHENSIVE EVALUATION FOR 
CODE-COMPLIANCE. THE OWNER(S) AND MANAGER(S) OF THE BUILDING(S) 
CONTAINED IN THIS REPORT ARE REMINDED THAT ANY IMPROVEMENTS SUGGESTED 
IN THIS SCOPE OF WORK MUST BE PERFORMED IN ACCORDANCE WITH ALL LOCAL, 
STATE, AND FEDERAL LAWS AND REGULATIONS THAT APPLY TO SAID WORK.  
PARTICULAR ATTENTION MUST BE PAID TO ANY WORK WHICH INVOLVES HEATING 
AND AIR MOVEMENT SYSTEMS AND ANY WORK WHICH WILL INVOLVE THE 
DISTURBANCE OF PRODUCTS CONTAINING MOLD, ASBESTOS, OR LEAD.
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