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TABLE C-1 SUMMARY OF ENERGY AND GREENHOUSE GAS EMISSIONS

Calibrated Existing 

Building Model
Retrofit Option 1

Retrofit Option 2 - 

Phase 1

Retrofit Option 2 - 

Phase 2

Retrofit Option 2 - 

Phase 3

Retrofit Option 2 - 

Phase 4

GHGI (LBS/FT2/YR) 12 9 13 12 11 9

TEUI (KBTU/FT2/YR) 64 37 49 47 42 37

TEDI (KBTU/FT2/YR) 31 12 30 27 20 12

FUEL OIL (MBTU) 2,700 - - - - -

ELECTRICITY (kWh) 369,000 658,400 876,500 832,200 748,200 658,400

CO2E (TONS) 380 290 380 360 330 290

GHG SAVINGS COMPARED TO 

EXISTING (TONS)
90 - 20 50 90

FUEL OIL COST ($) $62,000 - - - - -

ELECTRICITY COST ($) $58,000 $103,000 $138,000 $131,000 $118,000 $103,000

TOTAL UTILITY COST ($) $120,000 $103,000 $138,000 $131,000 $118,000 $103,000

SAVINGS COMPARED TO 

EXISTING ($)
- $17,000 $(18,000) $(11,000) $2,000 $17,000

TOTAL CAPITAL INVESTMENT ($) - $18,358,000 $4,077,000 $5,771,000 $5,093,000 $9,885,000

$ OF CAPITAL INVESTMENT/GHG 

AVOIDED ($/TONS)
- $204,000 - - $102,000 $110,000
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TABLE C-2 SUMMARY OF COMPONENT HEAT LOSS FOR AN ASHRAE DESIGN DAY

Existing
Phase 1 Repairs - 

1973

Phase 2 Repairs - 

1985

Phase 3 Repairs - 

1994
AREA

W W W W ft²

ROOF 245,304 73,443 58,109 29,529 67,042

EXTERIOR WALLS 34,714 22,834 21,732 16,972 24,083

SLAB EDGE 96,336 39,964 11,021 11,021 12,510

GLAZING 52,953 19,565 17,454 15,513 5,512

DOORS 19,980 11,078 7,304 2,398 756

AIR LEAKAGE 227,739 100,360 100,360 34,740 102,875

TOTAL 677,025 267,243 215,978 110,173 -

SYSTEM

HEAT LOSS FOR AN ASHRAE DESIGN DAY
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COST ESTIMATING BACKUP – OPTION 1
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COST ESTIMATING BACKUP – OPTION 1
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COST ESTIMATING BACKUP – OPTION 1
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COST ESTIMATING BACKUP – OPTION 2
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COST ESTIMATING BACKUP – OPTION 2
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COST ESTIMATING BACKUP – OPTION 2
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COST ESTIMATING BACKUP
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COST ESTIMATING BACKUP
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COST ESTIMATING BACKUP
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COST ESTIMATING BACKUP
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COST ESTIMATING BACKUP



Zero- Carbon Ready Retrofit Study | September 9, 2022

COST ESTIMATING BACKUP
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COST ESTIMATING BACKUP
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COST ESTIMATING BACKUP
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Project: West Tisbury Elementary School Air Tightness Measurement and Diagnostics 

 

Dates: 6/17/2022 and 6/18/2022 

 

Summary 

On Friday afternoon from 2pm to 5pm, ABA HERS Raters Michael Browne and Sam Kenney 

were introduced to the building by the facility manager. We were also shown the Building 

Management System (BMS) which allows remote control of most of the HVAC Equipment in 

the building. We measured airflow through a couple of classroom unit ventilators and planned 

details of the set-up for Saturday testing. 

 

On Saturday from 8am to 5pm, with on-site guidance and assistance from Julia Karg of RDH, 

ABA HERS Raters Michael Browne and Sam Kenney set up and performed multi-fan air 

tightness testing and thermal image diagnostics of the whole elementary school. Tests were 

performed both with and without a large number of roof top ventilation penetrations sealed.  

Compartmentalization tests of the air tightness of 2 classrooms was also performed. 

Flow Measurements for classroom unit ventilators were performed on Friday afternoon. 

 

Building Set-up 

(See test plan on last page) 

5 fans were set up at locations distributed throughout the whole school, with one fan held in 

reserve in case a particular area of the building needed much more pressurization than others. 

The basement was closed to the interior, but all other interior doors were opened during the 

whole building test. 

Ventilation systems were all turned off using the BMS.  

The first round of whole building tests was performed under negative pressure with all 

ventilation turned off but not sealed. 

The second round of tests was performed under negative pressure with all ventilation turned off 

and most of the roof top ventilation covered. Note that AHU-4 and 5 were not sealed but were 

closed with the BMS.  

 

It should be noted that when doing a final walk-around the building before leaving on Saturday, 

2 crawlspace exhaust ventilators at window wells below the kindergarten and 1st and 2nd grade 

classrooms were found to be running. It is not clear whether these were running for the entire 

duration of the tests. They may be triggered by temperature and/or humidity sensors.  

 

Whole Building Air Tightness Measurements 

Baseline pressure measurement was less than -1 pa overall and maximum baseline pressure 

difference between different blower door locations was 2.5 pa. These are considered good test 

conditions for the accuracy of the tests. 
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The average induced pressure was only 11 Pa, this was much lower than anticipated. Air leakage 

at typical measured pressures of 50 Pa and 75 Pa is estimated using a Power Law Flow Equation 

Flow exponent of 0.65.  

 

We used surface areas provided by RDH to normalize the whole building air leakage as  

0.68 cfm75/ sf of tested boundary surface are for the first test and 0.65 cfm75/ sf for the second 

test. The difference between the 2 tests (with and without rooftop ventilation sealed) was 

approximately 5400 cfm@75pa.  

 

Compartmentalization Air Tightness Measurements  

Compartmentalization tests test the leakage rate of the entire enclosure area of a zone with 

adjacent zones open to the outside.  This includes both exterior leakage and leakage to adjacent 

interior spaces. 

 

For Classroom 315, we measured 2355 cfm75, and we calculated a normalized leakage rate of 

0.74 cfm75/sf of enclosure. Note that this compartmentalization leakage rate is similar to the 

exterior leakage rate of the whole building. 

 

For Classroom 336, we measured 2355 cfm75, and we have calculated a normalized leakage rate 

of 2.5 cfm75/sf of enclosure. Note that this compartmentalization leakage rate is over 3 times 

larger than the exterior leakage rate of the whole building.  

 

Thermal Imaging 

 

A complete set of 316 thermal images taken during the negative pressurization of the building is 

provided along with this summary report.  

 

Conditions for thermal imaging were not optimal because there was little temperature difference 

between indoor and outdoor air, however the images are very revealing. Solar heating of the roof 

and walls produced significant heat in sunlit roof and wall cavities, this allowed for visualization 

of leakage paths through roof assemblies. The solar loading of the 2 atriums was also dramatic. 

 

Every one of these images tells a particular story. Overall they illustrate concern with the air 

tightness of roof assemblies above acoustic tile ceilings, and at the edges of tongue and groove 

ceilings. 
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Unit Ventialtor Outdoor Air measurements 

Outdoor air flow of classroom unit ventialtors was measured with a Acin Mark 2 powered flow 

hood while outdoor air was open according to the BMS. 

 

We measured in 2 classrooms which had different size unit ventilators.Room 133 had a smaller 

size ventilator and Room 230 had the larger size. The air flow from the outside was measured in 

parts and the parts are summed up.  

 

The flow in Room 133 was not consistent across the width and while one side was drawing air, 

the middle was drawing less and the other side was actually exhausting air. IT is not clear how 

much of this air might bactually be exchanged with interior air and how much the exterior 

positive and negative flows might be short circuiting and not changing air with the room. 

 

Measurements of air from Room 230 was more consistent across the exterior grill and was 

moving a supply air flow of 90 CFM in total. 

 

Location Label Temp   Humid.   Atm P   Flow   Date  Time 

Room 133 1 76.7 F 73 % 998 hPa -21.2 CFM 

17-06-

2022 3:02 

Room 133 2 76.8 F 73 % 998 hPa -9.3 CFM 

17-06-

2022 3:03 

Room 133 3 76.3 F 73 % 998 hPa 25.8 CFM 

17-06-

2022 3:04 

TOTAL 

Flow               -4.7       

                        

Room 230 1 73.6 F 81 % 998 hPa -21.2 CFM 

17-06-

2022 3:43 

Room 230 2 73.7 F 81 % 998 hPa -24.7 CFM 

17-06-

2022 3:44 

Room 230 3 73.6 F 81 % 998 hPa -25.2 CFM 

17-06-

2022 3:44 

Room 230 4 73.6 F 81 % 998 hPa -18.7 CFM 

17-06-

2022 3:45 

TOTAL 

Flow        -89.8    
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions

FLIR8796.jpg 6/18/2022 9:04:32 AM FLIR8796.jpg 6/18/2022 9:04:32 AM
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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40/105 Thermography by Advanced Building Analysis, LLC



West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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41/105 Thermography by Advanced Building Analysis, LLC



West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions

FLIR8847.jpg 6/18/2022 9:24:31 AM FLIR8847.jpg 6/18/2022 9:24:31 AM
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions

FLIR8934.jpg 6/18/2022 10:02:56 AM FLIR8934.jpg 6/18/2022 10:02:56 AM

FLIR8935.jpg 6/18/2022 10:03:10 AM FLIR8935.jpg 6/18/2022 10:03:10 AM

FLIR8936.jpg 6/18/2022 10:03:27 AM FLIR8936.jpg 6/18/2022 10:03:27 AM
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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West Tisbury Elementary
Thermal scan under negative pressure
Outdoor temp is approximately 70 deg F
Sunny to partly cloudy conditions
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