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Neither the Home Innovation Research Labs, Inc. nor any person acting on its behalf, makes any 

warranty, express or implied, with respect to the use of any information, apparatus, method, or process 

disclosed in this publication or that such use may not infringe privately owned rights, or assumes any 

liabilities with respect to the use of, or for damages resulting from the use of, any information, 

apparatus, method or process disclosed in this publication, or is responsible for statements made or 

opinions expressed by individual authors. 
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Pilot Project 
Greenbelt Homes, Inc. (GHI) has established a pilot project that to serve as a basis for decisions 

concerning energy efficiency features that can be cost-effectively incorporated into community-wide 

upgrades scheduled for implementation over the coming decade.  

The pilot project takes a three-phased approach. In phase 1, evaluation of the current operation, use, 

environmental conditions, and energy costs for a representative set of 28 homes (7 buildings) was 

analyzed. Project volunteers were sought and selected and have patiently provided access to their 

homes several times over nearly three years; for condition assessment, air tightness testing, equipment 

installation and battery replacement, etc. Based on the facts derived from field audits, improvements to 

the pilot buildings were proposed in an April 2011 report (Phase 1, Report 1). This report covers the 

energy usage and environmental conditions within the pilot homes for the baseline and two subsequent 

heating seasons. 

Phase 2 of the Pilot Project is divided into smaller phases. Phase 2a in the Fall of 2011 resulted in 

upgrades to the crawlspaces of all of the pilot homes. Phase 2b in the Fall of 2012 resulted in upgrades 

to the attics of the frame brick and frame vinyl homes. Phase 2c in the Fall of 2013 resulted in window 

and door upgrades to all pilot homes and wall upgrades to one block set of homes and the frame vinyl 

homes. A second set of block homes was not upgraded at this time. 

Summary of Pilot Project Activities 
The following activities in service of the pilot project have been performed through a collaborative effort 

between GHI Pilot Project homeowners, GHI staff, Home Innovation staff, and staff from the federal 

National Renewable Energy Laboratory (NREL). 

November 2010 

 All 28 pilot homes were evaluated for the existing conditions related to energy use and moisture 

performance. Physical inspection of construction features and appliance type, efficiency and 

age, building tightness testing, water flow rates, and homeowner’s observations were 

performed and recorded.  

December 2010/January 2011 

 Three buildings (one of each type) were outfitted with remote environmental condition 

recording sensors and energy transducers with Home Innovation staff being assisted by NREL 

staff. The timing of the installations was based on receipt of the equipment. 

 

 

April 2011 
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 Report 1 Phase 1 draft report was published by Home Innovation for GHI. The report covered, in 

detail, the existing condition of the homes and projected energy savings based on stated 

approaches and projected costs.  

 After an open bid solicitation for an Architectural & Engineering firm to supply the plans and 

details for the Pilot Project envelope upgrade work, GHI hired Falcon Engineering. 

May 2011 

 Four additional buildings were outfitted with the energy transducers. Again, the timing of the 

installations required receipt of the equipment.  

Summer/Fall 2011 

 Report 2 Phase 1 report published by Home Innovation for GHI. The report covered in detail the 

results of energy usage for the 2010/2011 heating season. 

 GHI requested bids for the Pilot Project work. The bids that were received were higher-priced 

than estimates had been, and GHI made the decision to proceed with the crawlspace retrofit 

portion of the Pilot Project work, Phase 2a. A revised request for proposal was issued for the 

crawlspace upgrades and a contract awarded. 

November 2011 

 All seven crawlspaces of the pilot home buildings were retrofitted with new ground vapor 

barriers. As needed, the brick and block buildings received continuous foundation wall and slab 

insulation (where slabs were exposed to ambient conditions). The frame vinyl-sided buildings 

received new ground vapor barriers and floor insulation was replaced with approximately 3" of 

closed cell spray polyurethane foam (SPF). 

December 2011 

 Due to significant datalogger hardware problems, environmental monitoring sensors were reset 

in each of the 28 pilot homes. In addition, several redundant sensors were installed in each 

building in an effort to obtain a higher degree of data integrity.  

January 2012  

 The frame vinyl-sided buildings were re-tested for air infiltration after the floors were sealed 

with the SPF insulation. The test data is reported in this report. 

Spring 2012 

 Home Innovation in conjunction with NREL began processing of the available winter 2011/2012 

data which is included in this report. 
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 GHI staff requested bids for Phase 2b of the envelope retrofit upgrades; windows, doors, 

exterior and attic insulation (as applicable to the building type). A revised set of specifications 

were developed for the bid process. 

Fall 2012 

 Four of the seven buildings of the pilot project were retrofitted with additional attic insulation. 

Both board insulation (used to preserve storage space), and blown cellulose insulation was 

installed. Air sealing at the accessible exterior wall plates was accomplished using spray foam 

insulation. (The block buildings have flat roofs with rigid insulation beneath the EPDM roofing 

and no modifications were made.) 

Spring 2013 

 GHI staff requested bids for Phase 2c of the envelope retrofit upgrades; windows, doors, siding, 

and exterior insulation (as applicable to the building type). A revised set of specifications were 

developed for the bid process. 

Fall 2013 

 Windows and doors of all pilot homes (with some exceptions) were replaced with more efficient 

units. 

 One inch (R5) insulation was added to the exterior of the frame vinyl pilot homes and new siding 

was installed. 

 Two inches of insulation (R13+) was added to the exterior of one block home set. This set of 

homes already had some minimal insulation and vinyl siding on the exterior of two of the four 

homes which was replaced with new insulation and siding. 

 One block home set that had originally intended to be installed with the EIFS product was placed 

on hold for the time being, but did have windows and door upgrades. 

 Bath exhaust fans were installed in all homes (with some exceptions) and vented to the exterior 

of the home. A timer control was installed to provide fan operation for up to 60 minutes when 

activated. 

 

Table 1 summarizes the pilot home upgrades for all 28 homes. 
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Table 1. Summary of Energy Upgrades in Pilot Homes 

 

 

Crawlspace Improvements 
In the Fall of 2011, the crawlspaces of all of the pilot homes were improved as Phase 2a of the Pilot 

Program. Improvements consisted of insulation repair in the block and brick homes and complete 

replacement of the floor insulation in the frame vinyl-sided homes. Consistent with the existing design 

of the crawlspaces, the foundations of the brick and block homes will continue to be semi-conditioned 

and the crawlspace foundations of the frame homes will be unconditioned. 

The insulation was installed primarily to mitigate conductive heat losses from the house to the crawl 

space foundation (frame vinyl homes) or the outside (frame brick and block houses). Heat loss to the 

crawlspace is a smaller portion of the energy loss since the earth temperature mitigates some of the 

cold exterior temperatures at this portion of the building envelope. One aspect of heat loss however, 

GHI Pilot 
Home 

Crawlspace 
Wall 

Insulation 

Crawlspace 
Floor 

Insulation 

Wall 
Insulation 

Attic 
Insulation, 

Air Seal 

Windows Bath Fan 

B1       

B2       

B3       

B4       

BV1       

B5       

B6       

BV2       

BV3       

BV4       

BV5       

BV6       

FB1       

FB2       

FB3       

FB4       

FB5       
FB6       

FB7       

FB8       

FV1       
FV2       

FV3       

FV4       

FV5       

FV6       

FV7       

FV8       

Note: Door upgrades excluded; BV5 and BV6 included basement insulation of exterior walls 
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that of air leakage, can represent a large portion of the foundation heat loss. The infiltration loss from 

the house to the crawlspace in the block and brick foundations is not significant since the monolithic 

concrete slab and foundation walls do not allow high levels of air leakage from the house to the 

crawlspace. For the frame homes however, the air leakage through the frame floor to the crawlspace 

can often be significant. Therefore, when the crawlspace insulation was replaced in the frame homes, an 

insulation product was used that air-seals as well as insulates. 

At the same time of the insulation upgrades, the ground vapor barriers in all of the crawlspaces were 

replaced and sealed at the seams and against the foundation. This upgrade is not for energy savings but 

rather is to control moisture migration from the ground into the crawlspace. This upgrade feature is 

designed to limit moisture problems in the home and crawlspace. 

Attic Insulation and Air Sealing Improvements 
In the Fall of 2012, the attic spaces of the frame and brick pilot homes were improved as Phase 2b of the 

Pilot Program. The attic improvements included: 

 Air sealing of the wall top plates, 

 Construction of a 192 square foot storage platform using insulation board, 

 Addition of insulation in the areas outside of the storage platform, and 

 Air sealing of the attic hatch/access door. 

The attic insulation and air sealing upgrades were made to increase the attic insulation level from a 

nominal R19 in the existing home to a minimum of R30 for the storage areas, and to between R38 and 

R49 in the remaining areas of the attic. In addition to the insulation, spray foam was applied to the 

exterior wall top plates where accessible, and including the top of the wall framing for walls adjoining 

units. 

To complete the attic upgrades, the attic hatch was air sealed using weather stripping material. Where 

the attic access was provided by means of a pull-down stair, an insulated box was constructed to fit over 

the stairs. In the brick homes where access to the attic is by means of permanent stairs, the attic doors 

were insulated using rigid insulation and weather stripping. 

Window and Door Upgrades 
In the Fall of 2013, upgrades to nearly all windows and doors of the pilot homes was completed. The 

original windows were removed and replaced with new vinyl windows. The new windows have LowE 

coatings on the glass and have argon gas between the double panes resulting in a U-value of 0.30 and a 

solar heat gain coefficient of 0.30.  The windows were all installed to replace the existing windows and 

were flashed to accommodate the additional insulation on the exterior. Door upgrades, where selected 

by the member, were all insulated units. 
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Wall Upgrades 
In conjunction with the window and door upgrades in the Fall of 2013, insulation was added to the 

exterior of the frame vinyl pilot buildings (8 homes) and to one of the three block buildings (4 homes). 

One of the fame vinyl buildings was retrofitted with XPS1 (R5) insulation, a water resistive barrier, and 

new vinyl siding. The other frame vinyl building was retrofitted with PIC2 (R6.5) insulation, a water 

resistive barrier, and new vinyl siding. The block building retrofitted with exterior insulation was 

upgraded with two inches of PIC insulation (R13). An additional layer of one-half inch of XPS was added 

between furring strips as backing for the vinyl siding and adding an R3. Two of the three block buildings 

had no exterior insulation upgrade. 

Exhaust Fan Upgrades 
All pilot homes (with 2 exceptions) were upgraded with new exhaust fans in the bathroom.  The exhaust 

fans were installed with controllers that provide an auto-shut off after a preset time, adjustable from 1-

minute to 60-minutes. It is recommended that members use these fans during bathroom use and be 

made to operate for the maximum adjustment period (60 minutes). 

Pilot Home Upgrade Notes 
The following pilot home upgrade details are highlighted: 

 Pilot homes BV3 to BV6 did not have any wall insulation changes from the existing insulation 

under the siding, if any. 

 FB5 did not have window or door replacements. 

 B4 had a ductless split heat pump installed in the Fall of 2012. 

 B5, BV2, BV4, FV1, FV6 all had occupant changes during the pilot program. 

 Windows in the addition of FV5 were not replaced. 

 Attic upgrades were not made to the larger additions of FV1, FV 4, FV7, FV8, and BV1 due to 

limited access. 

 No attic air sealing upgrades were applied to the addition of FV5 due to limited access, but 

insulation was added. 

 Bath fans were installed in 23 of the 28 units that did not have fans previously installed, some 

existing fans were replaced. 

 FV5 has had a conventional heat pump from the start of the study. 

Air Infiltration Testing 
To quantify the convective losses due to building leakage, all homes were blower door tested in the 

original assessment of each home. Results of a blower door test indicate the volume of air leakage to 

the outside (or adjacent units) when the home is depressurized with a fan. Air leakage measurements 

indicate energy losses due to unconditioned air leaking into the home or conditioned air leaking out of 

                                                           
1 XPS – extruded polystyrene, typically R5 per inch of thickness 
2 PIC – polyisocyanurate, typically R6.5 per inch of thickness 
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the home. Air leakage measurements are made at a standard pressure, 50 Pascals, in order to compare 

different buildings. The measurement is of air leakage volume is divided by the volume of the house to 

establish a standard metric for each home – the number of house air changes each hour at the 50 Pascal 

pressure and uses the unit of ACH50.  

An appropriate amount of fresh outdoor air is desirable for good indoor air quality, but excessive air 

leakage simply wastes energy. Building codes and standards differ on the maximum air leakage rates 

that is desirable in homes; generally, 7 ACH50 is understood as a maximum target. New residential 

building codes for this climate zone require no more than 3 ACH50, but a ventilation system must be 

installed to add fresh air into the house. Older existing homes are very leaky with more than 10 ACH50 

very common, resulting in wasted energy and comfort problems. The goal of GHI Pilot program was to 

reduce energy wasting leakage to around 7 ACH50.  

Largely due to the method and material of construction, the CMU block buildings were the most air 

tight, as a group, and require very little air sealing beyond the best practice details associated with 

installing new windows, doors, and fans. The frame walls of the frame brick and frame vinyl buildings 

allow air leakage between the house and the attic due to wiring holes through wall top plates and 

continuous balloon-framing. In balloon-framed construction the exterior wall studs extend from first 

floor to second level ceiling as one length. The sheathing on these homes is usually 1"x 6", or 8" boards 

which allow air leakage where boards meet. In the frame vinyl homes there was also air leakage from 

the homes to the crawlspace via abandoned wiring holes and gaps in the wood floor tongue and groove 

joints. The closed cell spray polyurethane foam (SPF) installed at the crawlspace ceiling in November 

2011 should have sealed air leakage through the floor. In fact, the frame homes showed an average 15% 

improvement in air sealing after the crawlspace insulation was installed.  

Table 2 summarizes the results of all blower door tests conducted on the homes following the upgraded 

floor insulation (November 2011) in the frame homes, the attic insulation upgrades (November 2012) in 

the frame brick and frame vinyl homes, and finally the window and wall upgrades (November 2013) to 

some extent in all of the pilot homes. Note that a lower ACH50 number indicates less air leakage out/into 

the home.  
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Table 2. Results of Blower Door Testing – Net Leakage to the Outside 

Pilot Home Original Test-In 
Data 

 
ACH50 

Following 
Crawlspace 
Upgrades 

ACH50 

Following Attic 
Upgrades 

 
ACH50 

Following 
Window & Wall 

Upgrades 
ACH50 

Percent Change 
from Original 

 

      
B-1 4.7   2.7 43% 
B-2 3.3   2.9 13% 
B-3 2.4   1.7 30% 
B-4 4.8   2.9 40% 

      
BV-1 7.2   5.9 18% 
B-5 4.3   2.8 34% 
B-6 8.4   4.3 48% 

BV-2 4.8   3.2 33% 
      

BV-3 7.5   4.8 36% 
BV-4 3.5   3.2 10% 
BV-5 4.3   3.6 17% 
BV-6 4.0   2.9 26% 

      
FB-1 10.4  8.8 9.2 11% 
FB-2 6.8  6.4 6.5 4% 
FB-3 7.4  6.4 5.8 21% 
FB-4 8.0  7.7 7.2 10% 

      
FB-5 6.1  5.9 6.2 -2% 
FB-6 8.8  7.4 7.8 11% 
FB-7 11.9  10.2 10.0 16% 
FB-8 5.5  5.4 5.5 0% 

      
FV-5 14.0 13.3 11.4 10.4 26% 
FV-6 14.8 8.3 7.0 5.8 61% 
FV-7 10.1 9.2 7.9 7.1 30% 
FV-8 11.2 10.4 9.5 6.8 39% 

      
FV-1 9.7 9.6 8.6 7.4 24% 
FV-2 13.1 10.7 8.4 8.5 35% 
FV-3 9.3 9.7 8.4 6.8 27% 
FV-4  14.1 10.6 10.5 8.6 39% 

      
Block 4.9   3.4 31% 

Frame Brick 8.1  7.3 7.3 10% 
Frame Vinyl 12.0 10.2 9.0 7.7 36% 

Note: Windows were not replaced in FB1 and FB5. Bath fans were added to the homes which will slightly add 
to infiltration losses. 

After the floor was insulated in the frame vinyl buildings, the average reduction in air infiltration rates 

was about 15% across all eight frame vinyl homes. Following the crawlspace air sealing, the range of 

reduction was quite large (one home saw a small increase in infiltration rate), a few homes saw little 

change, and one home retested with a large decrease in infiltration. Following the attic simulation 
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upgrades, however, all of the frame vinyl homes resulted in a decrease in the infiltration rate over the 

original tests with the overall average reduction of 26%. For the frame brick homes, the average 

reduction in the infiltration rate was 10% following the attic upgrades. 

Following the window, door, and wall insulation upgrades, the final infiltration tests show a significant 

decrease in infiltration rates across all homes, achieving nearly the 7 ACH50 goal in 20 of the 28 homes. 

Where air sealing opportunities were limited due to inaccessibility in additions or attics, higher air 

leakage rates are found. Figure 1 graphically summarizes the infiltration test results. 

 

Figure 1. Graphical representation of air leakage in pilot homes 

Quantifying the Severity of a Heating Season 
Comparing energy data gathered over multiple heating seasons requires an analysis of the severity of 

the heating season during which the data is gathered. Reviewing average temperature data over a span 

of three winter periods, it is apparent that not all heating seasons are alike. The variation between 

winter seasons as shown in Figure 1 (2010-2011), Figure 2 2011-2012), Figure 3 (2012-2013), and Figure 

4 (2013-2014) ranges from below normal temperatures to much above normal the next winter season 
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and back to above normal temperatures during the third winter period to below normal in the most 

recent winter period.3  

 
Figure 2. NOAA National Heating Ranks – 2010-2011 

 
Figure 3. NOAA National Heating Ranks – 2011-2012 

 
Figure 4. NOAA National Heating Ranks – 2012-2013 

 
Figure 5. NOAA National Heating Ranks – 2013-20144 

 
 
Over the past four years of the Pilot Program, GHI members experienced significantly different heating 

seasons during which the energy usage for heating an occupied home is also expected to vary 

considerably. Therefore, it is common to report temperature severity in context with energy use for 

heating. Measuring heating degree-days (HDD), a formula whereby the average of the daily maximum 

and daily minimum temperature is subtracted from 65°F and the difference is aggregated throughout 

the heating season, is a common method used to establish a perspective for gauging energy usage for 

heating a home. The higher the number of HDD in a season, the colder the temperatures are on a daily 

                                                           
3 National Oceanic and Atmospheric Administration, http://www.ncdc.noaa.gov/temp-and-
precip/maps.php?ts=3&year=2012&month=2&imgs%5B%5D=Statewidetrank&submitted=Submit  
4 Available data at time of writing 

http://www.ncdc.noaa.gov/temp-and-precip/maps.php?ts=3&year=2012&month=2&imgs%5B%5D=Statewidetrank&submitted=Submit
http://www.ncdc.noaa.gov/temp-and-precip/maps.php?ts=3&year=2012&month=2&imgs%5B%5D=Statewidetrank&submitted=Submit
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average basis. The baseline, 65°F, is a moderate temperature thought to require neither supplemental 

heating nor cooling.  

The weather data for this report was obtained from a National Weather Service station located at 

College Park Airport, within five miles of the Greenbelt Homes, Inc. project center (station KCGS5) and 

verified to the data from measurements made near the GHI main office. Table 3 and Figure 6 show the 

weather summary data for each of the three heating seasons monitored thus far. 

Table 3. Monthly Ambient Temperature and Heating Degree-Days (HDD)1 for 3 Heating Seasons 

 Average 
Temp. °F, 
2010/11 

Heating 
Degree- 

Days 
2010/11 

Average 
Temp. °F, 
2011/12 

Heating 
Degree- 

Days 
2011/12 

Average 
Temp. °F, 
2012/13 

Heating 
Degree- 

Days 
2012/13 

Average 
Temp. °F, 
2013/14 

Heating 
Degree- 

Days 
2013/14 

October 59.8 191 56.6 264 60.0 143 59.9 217 
November 48.6 493 51.2 413 44.3 629 44.9 609 
December 34.8 940 43.3 676 44.7 626 41.4 736 
January 33.1 993 39.6 787 39.4 795 29.9 1089 
February 41.3 666 41.9 671 37.6 797 35.4 828 
March 46.5 570 55.4 314 43.4 667 40.4 761 
April 60.2 213 55.7 304 57.6 255 54.2 338 
Average/
Total 

46.3 4,064 49.1 3,427 46.7 3911 43.7 4578 

1HDD represents the number of degrees that a day's average temperature is below 65° Fahrenheit, in this 
table summed over a monthly period. For example October 2010 with 191 HDD averaged 6.2°F per day 
below 65°F; January 2014 with 1089 HDD averaged 35.1°F per day below 65°F. 

 
For the heating period analyzed, the second winter season had about 20% fewer heating degree days 

than the first season while the third heating season had about 4% fewer heating degree-days than the 

first season and this last heating season had about 9% more heating degree days than the first season. 

                                                           
5 The station was selected for the accuracy of its data and may be referenced at http://www.wunderground.com 

http://www.wunderground.com/
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Figure 6. Graphical Comparison of Ambient Weather Factors 

The data in Table 3 coincides with the weather trends reported in the NOAA maps (Figure 2 to Figure 5) 

however, the temperature range between the seasons is smaller than that reported on the maps when 

the regional temperatures are recorded, as shown by the graph in Figure 6. Nonetheless, October and 

February were the only months in all heating seasons that indicate a general similarity in temperatures.  

Heating Season Comparison – Temperature and Relative Humidity 
The indoor temperature monitoring period for the 2010/2011 heating season started in early December 

for some homes and late January for the remaining homes and extended through April 2011. In 

December 2012, the temperature and humidity sensors were restarted and batteries replaced in all 

units. In addition, a secondary sensor technology to record temperature and humidity was installed in 

each home. This data was used as backup data when the original sensors did not provide reliable 

readings. An overall summary of the indoor temperatures for a portion of the 2010/2011 heating season 

compared to the next three heating seasons is shown for each building type and unit in Table 4. The 

table data covers the house average air temperature, the average relative humidity, and temperature 

change for each season relative to the first season (positive values indicate that the house was warmer 

than the first year, negative values the opposite). 
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Table 4. Indoor Environmental Conditions for Four Heating Seasons 

 

The average temperatures for individual homes and buildings range widely. Whether due to individual 

behavior or the difference in ambient conditions, most homes exhibited a change in the average indoor 

conditions between the comparative heating periods. In general, the average indoor temperature 

increased by about 1 to 2 degrees for each building type in the warmest heating season (2011/2012). 

The average indoor temperature for all buildings was about 67°F for this latest (2013/2014) heating 

season, 66°F for the third heating season (2012/2013), 66°F for the 2011/2012 heating season, and 65°F 

for the first heating season 2010/2011.  

2010-2011 2011-2012 2012-2013 2013-2014 2010-2011 2011-2012 2012-2013 2013-2014 2011-2012 2012-2013 2013-2014

B-1 69.9 68.3 70.0 71.9 n/a 42.2 40.1 42.5 -1.6 0.1 2.0

B-2 68.6 68.1 67.9 66.9 n/a 43.1 43.2 45.2 -0.5 -0.6 -1.7

B-3 59.9 63.3 64.7 61.0 67.5 66.7 68.4 73.0 3.5 4.9 1.1

B-4 72.1 71.4 71.5 72.5 32.1 43.2 41.8 44.3 -0.6 -0.5 0.4

B1/4 Crawl 60.7 63.7 62.7 61.2 64.7 62.6 60.4 55.8 3.1 2.0 0.5

BV-1 66.3 66.0 66.7 68.1 44.3 49.1 49.2 45.0 -0.3 0.4 1.8

B-5 57.4 58.5 61.5 70.3 63.4 62.1 62.4 43.8 1.1 4.1 12.8

B-6 62.1 65.8 62.3 66.5 48.3 45.1 43.9 46.9 3.8 0.3 4.4

BV-2 62.7 70.2 70.8 69.5 37.2 40.9 41.1 39.3 7.5 8.1 6.8

BV1/2 Crawl 56.3 61.9 61.4 60.9 n/a 52.7 50.6 39.7 5.6 5.0 4.5

BV-3 68.8 69.0 69.2 70.4 42.8 48.8 42.0 46.1 0.3 0.4 1.6

BV-4 63.3 64.9 63.7 54.5 54.4 54.9 54.2 47.6 1.7 0.5 -8.7

BV-5 68.9 70.7 69.0 69.3 29.1 40.0 42.4 38.8 1.9 0.1 0.5

BV-6 66.8 68.6 67.4 64.5 40.9 46.7 42.6 50.7 1.8 0.5 -2.3

BV3/6 Crawl 56.0 60.2 59.4 54.4 83.2 61.8 58.7 60.6 4.3 3.4 -1.6

FB-1 68.7 71.0 69.6 71.9 26.1 30.8 32.6 36.5 2.3 0.9 3.1

FB-2 63.9 66.9 69.0 69.1 30.9 33.7 29.6 34.5 3.0 5.1 5.1

FB-3 65.6 68.3 68.5 65.6 38.6 46.8 39.8 40.1 2.7 2.9 0.0

FB-4 55.4 58.2 57.2 57.5 42.5 46.9 45.8 40.4 2.8 1.9 2.1

FB1/4 Crawl 56.8 60.7 60.6 59.1 63.6 44.9 40.4 40.7 4.0 3.8 2.4

FB-5 65.6 67.6 66.8 62.8 35.8 44.5 40.5 42.3 2.0 1.2 -2.8

FB-6 64.7 66.1 65.3 69.7 39.2 50.4 48.1 47.6 1.4 0.6 5.0

FB-7 52.6 57.4 56.3 52.7 37.7 45.5 41.4 40.2 4.7 3.6 0.1

FB-8 65.2 64.9 64.1 64.3 39.6 48.3 46.2 41.2 -0.2 -1.1 -0.9

FB5/8 Crawl 54.4 60.2 58.8 55.5 63.2 51.1 49.0 50.6 5.8 4.4 1.1

FV-1 59.7 63.5 66.4 69.7 42.9 45.5 38.8 37.3 3.8 6.7 10.0

FV-2 67.0 69.3 69.4 70.0 33.9 34.8 35.9 36.0 2.3 2.3 2.9

FV-3 66.9 67.5 65.6 72.7 36.9 41.7 44.4 38.0 0.5 -1.4 5.8

FV-4 67.7 67.4 67.8 69.0 35.6 41.0 39.5 41.7 -0.2 0.1 1.4

FV1/4 Crawl 51.3 55.5 54.4 53.2 73.5 71.2 72.8 70.3 4.2 3.1 1.9

FV-5 68.7 69.3 68.4 66.7 28.7 35.1 34.4 34.5 0.6 -0.3 -2.0

FV-6 64.3 63.7 59.7 62.8 37.2 38.9 46.8 44.5 -0.6 -4.6 -1.5

FV-7 66.1 68.1 67.6 68.0 36.8 43.6 38.0 35.4 2.0 1.5 1.9

FV-8 63.1 64.7 62.5 63.7 34.8 46.5 48.2 45.4 1.5 -0.6 0.6

FV5/8 Crawl 51.3 53.3 51.4 48.9 n/a 55.4 56.4 54.2 2.0 0.1 -2.4

BV5 & BV6 average includes Basement; n/a = data not available

B≡Block Buildings; BV≡Block Vinyl Buildings; FB≡Frame Brick Buildings; FV≡Frame Vinyl Buildings

Pilot Home 

Unit

I.D.

InIoor Air Average of 1st and 2nd Floor, °F InIoor Relative HumiIity, % Temperature Change from Base Year

Heating Season Average Daily Temperatures and Relative HumiIity
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This last heating season following the window and wall upgrades has shown an overall average of higher 

indoor temperatures, by about 2°F despite the outdoor temperatures averaging about 2°F colder this 

latest heating season compared with the first heating season.  

Indoor humidity measurements, overall show little change. Indoor humidity is a function of the activity 

in the home and is influenced by the air leakage in the home. Following air sealing of the building 

envelope, an increase in relative humidity can be expected. In the pilot homes, some of the increases in 

relative humidity expected are offset by use of the new bath exhaust fans. Overall, the relative humidity 

in the homes ism well within typical range for comfort. 

Table 4 summarizes the average temperature in each pilot home over four heating periods. The three 

columns on the right side (green highlight) compare the three winter periods following envelope 

upgrades with the base winter period. The indoor temperature is affected by a variety of factors under 

the control of the occupant, including temperature settings based on reducing energy costs. In GHI 

homes, some members have indicated that they keep temperature settings lower in the winter to limit 

high energy costs. When energy costs are lower, an increase in the temperature setting may be 

expected since occupants may find a more comfortable indoor temperature setting, more affordable. 

Based on the measured data for this most recent heating season following the envelope upgrades, an 

average increase in the interior temperature was found, despite the average colder temperatures. This 

result may indicate that comfort is more affordable in the pilot homes. 

Heating Season Comparison – Energy Use Over Four Winter Seasons 
The highest level summary of energy use data shows that the 28 pilot homes collectively used 20,000 

kWh less electric energy following the envelope upgrades (2013-2014) than the year prior to any 

upgrades (2010-2011). Normalizing this energy reduction based on the severity of the winter period as 

defined by the heating degree days6 (3000 for the period), this savings increases to over 30,000 kWh. 

Normalizing the energy use during the heating period to the average indoor temperature difference 

from the average outdoor temperature (30°F average temperature difference for the period) increases 

the energy savings to over 45,000 kWh. The winter period is taken to be from December 1 through 

March 21 for all comparisons. 

Energy use data in homes across heating seasons is affected by the severity of the winter period and the 

indoor temperature setting of the homeowner. Weather data is readily available and from this data a 

standard metric, heating degree days (HDD), is used to compare across different winter seasons. Indoor 

temperature data has been recorded for the past four years in the pilot homes and is averaged across 

the first floor and second floor measurements. All energy use data is normalized to the HDD and the 

temperature difference of the average outdoor temperature and the average indoor temperature for 

                                                           
6 Heating degree day is calculated from the average of the daily high and low temperature readings and 
subtracting that value from 65. 65° F is the assumed outdoor temperature where minimal indoor heating is used. 
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the same period in all seasons. Table 5Txx summarizes parameters, HDD and temperature, used to 

normalize the energy data for the December 1 to March 21 heating seasons7. 

Table 5. Energy Data Normalization Parameters 

Parameter1 2010 -2011 2011 – 2012 2012 – 2013 2013 - 2014 

Heating Degree Days 2946 2351 2,624 3,179 
Average Outdoor Temperature, °F 38.4 43.9 40.9 36.0 
Average Indoor Temperature2 64.7 66.4 66.0 66.5 
Average Temperature Difference, °F 26.3 22.5 25.2 30.5 
1all parameters are taken over the same December 1 to March 21 time frame 
2average of all 28 pilot homes 

 

The energy use in the Pilot Project homes was developed from a combination of utility meter readings 

(bi-weekly) and the energy transducers installed in the homes. Table 4 summarizes the heat season 

aggregated electrical usage for all pilot homes and by the average use for each home by building type. 

This data is aggregated irrespective of any changes in occupancy, including periods when members were 

away.  

 

Table 6. Energy Use Summary for All Pilot Homes and Pilot Building Type 

Average Energy Use in Heating Period 
December 1 – March 21 

All Homes 
Block and 

Block/Vinyl1 
Frame Brick1 Frame Vinyl1 

Season 1, 2010-2011, Total kWh 6,172 7,073 5,603 5,390 
Season 2, 2011-2012, Total kWh 4,754 5,642 4,236 3,940 
Season 3, 2012-2013, Total kWh 5,291 6,450 4,600 4,244 
Season 4, 2013-2014, Total kWh 5,477 6,510 4,870 4,533 

Season 4 to Season 1 Savings 11% 8% 13% 16% 

Season 1, 2010-2011, HDD Normalized kWh 6,285 7,203 5,706 5,488 
Season 2, 2011-2012, HDD Normalized kWh 6,066 7,200 5,405 5,027 
Season 3, 2012-2013, HDD Normalized kWh 6,051 7,376 5,260 4,854 
Season 4, 2013-2014, HDD Normalized kWh 5,169 6,145 4,596 4,278 

Season 4 to Season 1 Savings 18% 15% 19% 22% 

Season 1, 2010-2011, TD Normalized kWh 7,030 7,808 6,904 5,972 
Season 2, 2011-2012, TD Normalized kWh 6,350 7,312 6,015 5,193 
Season 3, 2012-2013, TD Normalized kWh 6,307 7,386 5,812 5,084 
Season 4, 2013-2014, TD Normalized kWh 5,384 6,270 5,177 4,268 

Season 4 to Season 1 Savings 23% 20% 25% 29% 

     
     
1Of 28 Pilot Homes, B/BV - 12 Homes, FB – 8 homes, FV – 8 Homes 
HDD normalized to 3000 Heating Degree-Days; TD Normalized to 30°F average Temperature Difference 

 

                                                           
7 This time frame, December 1 to March 21, is used since it represents the largest winter period that is not 
significantly affected by very warm periods as happens in November and late March in the location. 
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The overall energy use summary shown in Table 6 demonstrates the energy savings that can be 

attributed to the envelope improvements alone, with the exception of one home that had a ductless 

heat pump installed. Without any normalization, there is an average savings of 11%. This result does not 

account for the either the colder winter period or the higher indoor temperatures. When normalizing 

the data to these parameters and applying typical values of either 3000 HDD8 or a 30°F temperature 

difference, the true savings  results are demonstrated, namely a nearly 25% energy reduction.   

Table 7 shows the bulk of the winter energy data, indoor temperature averages, and normalized savings 

for each of the 28 pilot homes. Note that the yellow highlight homes changed occupancy at some time 

during the four-year monitored period.  

The major heating energy use driver, the outdoor temperature, represents the largest influence over the 

consumption of heating energy i.e. more heating energy is used on colder days. This influence however 

is moderated by the occupant’s control of the temperature setting in the home (or rooms within the 

home) i.e. the thermostat setting influences how much the heating system operates. The data 

summarized in Table 7 reflect the outdoor temperature and indoor temperature setting as drivers of 

energy use over the four year monitoring period. Energy use for heating may also be influenced by other 

factors not investigated for this report including changes in occupancy or a significant change in the non-

heating energy use in the home (i.e. additional appliances etc.). 

In general, a decrease in the normalized energy use (kWh/HDD) represents efficiency improvements 

that lower the cost of heating the homes. Small changes in the normalized energy use translate into 

significant annual energy cost savings. 

 

 

                                                           
8 Note that the application of the HDD is a minimal normalization factor that ignores the indoor temperature 
settings by the occupants. A more robust normalization factor is the indoor temperature that accounts for both 
the winter severity and the indoor settings. Often, indoor temperature data is unavailable and HDD is used as the 
primary normalization factor which assumes the occupants all keep the temperature the same. 
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Table 7. Pilot Home Energy Use Summary by Unit over Winter Periods 

 
 

 

  

2946 2351 2,624 3,179 38.4 43.9 40.9 36.0

12/1/2010 to 12/1/2011 to 12/1/2012 to 12/1/2013 to
12/1/2010 to 12/1/2011 to 12/1/2012 to 12/1/2013 to

3/21/2011 3/21/2012 3/20/2013 3/21/2014 3/21/2011 3/21/2012 3/20/2013 3/21/2014

kWh kWh kWh kWh °F °F °F °F

B-1 9,653 6,310 8,365 9,785 69.9 68.3 70.0 71.9 6% 11%

B-2 6,325 4,321 5,088 5,545 68.6 68.1 67.9 66.9 19% 14%

B-3 2,008 1,782 1,869 2,523 59.9 63.3 64.7 61.0 -16% -8%

B-4 12,504 9,659 8,050 8,623 72.1 71.4 71.5 72.5 36% 36%

BV-1 8,174 6,800 9,500 7,158 66.3 66.0 66.7 68.1 19% 24%

B-5 3,064 3,113 4,563 6,215 57.4 58.5 61.5 70.3 -88% -13%

B-6 5,427 4,560 4,076 4,269 62.1 65.8 62.3 66.5 27% 39%

BV-2 5,951 6,938 8,574 7,108 62.7 70.2 70.8 69.5 -11% 13%

BV-3 8,588 6,356 7,654 8,498 68.8 69.0 69.2 70.4 8% 13%

BV-4 4,351 3,295 3,660 1,255 63.3 64.9 63.7 54.5 73% 61%

BV-5 10,059 6,811 7,213 8,372 68.9 70.7 69.0 69.3 23% 24%

BV-6 8,775 7,762 8,789 8,772 66.8 68.6 67.4 64.5 7% 0%

FB-1 7,498 6,218 5,373 6,714 68.7 71.0 69.6 71.9 17% 24%

FB-2 4,677 3,503 5,130 5,352 63.9 66.9 69.0 69.1 -6% 12%

FB-3 6,338 4,657 5,210 4,306 65.6 68.3 68.5 65.6 37% 38%

FB-4 3,189 2,046 2,466 3,199 55.4 58.2 57.2 57.5 7% 21%

FB-5 6,592 5,412 5,532 5,178 65.6 67.6 66.8 62.8 27% 20%

FB-6 7,708 5,781 6,015 7,102 64.7 66.1 65.3 69.7 15% 28%

FB-7 1,299 1,099 1,472 739 52.6 57.4 56.3 52.7 47% 52%

FB-8 7,524 5,173 5,600 6,368 65.2 64.9 64.1 64.3 22% 20%

FV-1 4,577 3,641 5,004 5,836 59.7 63.5 66.4 69.7 -18% 19%

FV-2 4,945 3,851 4,134 4,016 67.0 69.3 69.4 70.0 25% 32%

FV-3 4,622 3,192 3,215 4,045 66.9 67.5 65.6 72.7 19% 32%

FV-4 5,869 4,672 4,980 4,914 67.7 67.4 67.8 69.0 22% 26%

FV-5 6,316 4,873 4,567 4,868 68.7 69.3 68.4 66.7 29% 24%

FV-6 4,685 2,248 2,310 2,656 64.3 63.7 59.7 62.8 47% 45%

FV-7 6,879 5,166 5,817 5,927 66.1 68.1 67.6 68.0 20% 25%

FV-8 5,224 3,875 3,930 4,002 63.1 64.7 62.5 63.7 29% 32%

Total Energy Use for Winter Period Average Indoor Temperature, °F

Pilot

Home

I.D.

Heating Degree Days Average Outdoor Temperature

Temperature

Normailized

Savings

Over

Base

HDD

Normailized

Savings

Over

Base

Meter readings adjusted based on a per day useage at each end of the 110 day heating period to align timeframe 

where required. Yellow highlight indicates unit changed ownership (B-3 ownership same; use was far below typical).

Negative values indicate 

higher energy use
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Summary 
Ongoing energy usage in the Pilot Program homes has been monitored during three heating seasons. 

The energy usage and indoor environmental data was collected over the winter seasons including 

2010/2011, 2011/2012, 2012/2013, and 2013/2014 periods. The 2010/2011 heating period is used to 

develop each home’s baseline energy use, the next season 2011/2012 followed crawlspace upgrades in 

all of the pilot homes, and 2012/2013 followed the attic upgrades in the frame brick and frame vinyl 

pilot homes, and the 2013/2014 followed the window and wall upgrades to various degrees in all 

homes. Following the crawlspace upgrades in the frame vinyl homes, new air infiltration tests were 

performed and determined an average 15% reduction in the infiltration rate for these homes over the 

original tests. Following the attic upgrades, the frame vinyl and frame brick homes were retested for air 

infiltration leakage. The frame vinyl homes measured a reduced infiltration rate of 26% on average over 

the original tests, and the brick units saw on average a 10% reduction. Following the window and wall 

upgrades, an overall reduction in air leakage of 27% was measured with the largest improvement (36%) 

in the frame vinyl homes as would be expected. 

Energy savings due to the envelope upgrades were seen in all cases except in some unique cases where 

occupancy changed or atypical energy use was shown. When normalized to the outdoor-indoor 

temperature difference, the overall savings was nearly 25% with the highest savings shown in the Frame 

Vinyl homes. Savings in the Block homes were not as large due to the forestalling of insulation on one 

Block home set that is not currently insulated (B1-B4). However, one home in this set did have a heating 

system upgrade (B4) that resulted in over 25% energy savings based on the heat pump installation and 

further 10% energy savings with the window installation.  

Given that the most recent winter was the most severe of all four seasons monitored, the demonstrated 

energy savings provides clear value in the envelope improvements. Further evidence lies in the indoor 

temperature measurements where warmer indoor temperatures were generally measured, indicating a 

higher level of comfort. Furthermore, on average, the higher comfort level was found even with lower 

energy use.  

 

 

 

 

 

 


