ENERGY | romoroetreny ~ BUILDING TECHNOLOGIES PROGRAM

Greenbelt Homes Pilot Energy
Efficiency Program Phase 1
Summary: Existing Conditions

and Baseline Energy Use

J. Wiehagen, M. Del Bianco, and A. Wood
NAHB Research Center

February 2013

SM
U.S. Department of Energy




NOTICE

This report was prepared as an account of work sponsored by an agency of the
United States government. Neither the United States government nor any agency
thereof, nor any of their employees, subcontractors, or affiliated partners makes any
warranty, express or implied, or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply
its endorsement, recommendation, or favoring by the United States government or
any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States government or any agency
thereof.

Available electronically at http://www.osti.gov/bridge

Available for a processing fee to U.S. Department of Energy
and its contractors, in paper, from:
U.S. Department of Energy
Office of Scientific and Technical Information
P.O. Box 62
Oak Ridge, TN 37831-0062
phone: 865.576.8401
fax: 865.576.5728
email: mailto:reports@adonis.osti.gov

Available for sale to the public, in paper, from:
U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
phone: 800.553.6847
fax: 703.605.6900
email: orders@ntis.fedworld.gov
online ordering: http://www.ntis.gov/ordering.htm

[ 47
'..‘ Printed on paper containing at least 50% wastepaper, including 20% postconsumer waste


http://www.osti.gov/bridge
mailto:reports@adonis.osti.gov
mailto:orders@ntis.fedworld.gov
http://www.ntis.gov/ordering.htm

U.5. DEPARTMENT OF Energy EﬁICIency &

EN ERGY Renewable Energy

Greenbelt Homes Pilot Energy Efficiency Program Phase 1 Summary:
Existing Conditions and Baseline Energy Use

Prepared for:
The National Renewable Energy Laboratory
On behalf of the U.S. Department of Energy’s Building America Program
Office of Energy Efficiency and Renewable Energy
15013 Denver West Parkway
Golden, CO 80401
NREL Contract No. DE-AC36-08G028308

Prepared by:
J. Wiehagen, M. Del Bianco, and A. Wood
NAHB Research Center
400 Prince George’s Blvd
Upper Marlboro, MD 20774

NREL Technical Monitor: Stacey Rothgeb
Prepared Under Subcontract No. KNDJ-0-40335-00

February 2013

il



U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

[This page left blank]

v



U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Contents
I o e 0] =P Vi
I =] o I ] = viii
DefiNItIONS...cciceiici e ——————— ix
EXECULIVE SUMMAIY .....coiiieiiiiir i e n e e e R e e e am e e e e an e e e e mn e e Xi
T INtrOAUCHION .. 1
7 = 7 T3 (e | o1 ¥ T T 1
3  Baseline CoNdition ........ccceiiiieiiiiniiiiir i ———————— 5
4 Simulation Results and Energy Upgrade Cost Estimates...........ccccoiiiiiiiiiiemnnnnnicccceeeee e 1
5 Phase 1 Energy and Environmental Monitoring.........cccccvnimiiniimninins s s snanes 15
5.1 Data Collection EQUIPIMENL........cc.ceiiiiiiiiiiieiieeieeie et eiee ettt ete et saeeteeseeeeseessneeseen 16
5.2 Measurement Of ENErgy USE........cuiiiciiiiiiiieiiieeciie ettt vee e e snvee e navee e 16
6 Summary Indoor Temperature and Relative Humidity .........cccocoeimireeciminccceercee e 20
7 Detailed Data Summary Energy Use: Measured and Utility Meter Readings for Three Building
5/ o 1= 21
7.1 Masonry Block Building — Units B-1, B-2, B-3, B-4 ..ot 21
7.2 Wood Frame Brick-Veneered Building — FB-5 through FB-8...........ccccooiiiiiiiiiiininn, 25
7.3 Wood Frame Vinyl Building — FV-5 through FV-8 ... 28
8 Detailed Data Summary Energy Use: Utility Meter Readings for Four Building Types .............. 31
8.1 Block Vinyl-Sided and Block Building Units BV-1, B-5, B-6, BV-2.........ccccccuveivennnnn. 31
8.2 Block Vinyl-Sided Units BV-3 through BV-6.......c..ccccoiiiiiiiiicccecee, 33
8.3 Wood Frame Brick Units FB-1 through FB-4 ..........ccccooiiiiiiiiiiiecececeeee e 34
8.4 Wood Frame Vinyl Units FV-1 through FV-4 ..., 35
9 Indoor Relative HUMIAItY ........cccciiiiiiiinin s 35
10 BUilding CrawlSPACES ......cccccciirrrrcierireirrrsssseerrsssssressssssesssssnsesessssmeeessssmeesssssnesasssnsesssessnnesssssnensassnnens 42
TS T3 T = 1 46
B 1o 3 Y o SR TIN 47
REFEIENCES ...ttt 48
Appendix A: Typical Building Specifications...........cccccciiiiiiciicmiieiiin s e sse e e 49
Appendix B: Temperature and RH Sensor Locations ...........ccccccciimiiiiccssecesmennnisssssssssesssessssssssssssssssesnas 53
Appendix C: Phase 1 Energy Simulations..........cccccciiiiiinieiiis s 55
Before and After Energy FEatures ..........cooviiiiiiiiiiie et 55
Energy Usage Simulation ReSULLS..........ccieiiiiiiiiiiieiieeeeeeeee e 55
Per Building and Per Unit (4 per Building) ........ccccueeeiiiieiiieeieeeeeeeeeee e 55
Block Building — B-1, B-2, B-3, B-4.....c.oiiiiiieee e 55
Block Vinyl-Sided Buildings — BV-3, BV-4, BV-5,BV-6 ......cooiiiiiiieeeeee e 57
Wood Frame Brick Building — FB-1 and FB-2 ..........cccccooiiiiiiiiieee e 59
Wood Frame Vinyl-Sided Building — FV-1, FV-2, FV-3, FV-4 ....ccccoiriieeeeee, 61
Wood Frame Vinyl-Sided Building — FV-5, FV-6, FV-7, FV-8 ..o, 63
Appendix D: Average Hourly INndoor Temperatures ..........ccccceminmniinnesmnnness s 65



U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

List of Figures

Figure 1. Block building, one end unit, frONt............oooiiii e 5
Figure 2. Block building, 0ne €Nnd UNit, FEAI ..........eiiiii e e e e e e s e e e e e e s 5
Figure 3. Wood frame brick building, front elevation, two UnitS ............ccccooeiiiiiiie e 7
Figure 4. Wood frame brick building, front elevation, two units ............ccccooii e, 7
Figure 5. Wood frame vinyl building, front elevation, three units.............cccoii i, 9
Figure 6. Wood frame vinyl building, rear elevation, three units..............ccoiiiii e, 9
Figure 7. Onset receiver (data download iN PrOgreSS)......cccicuuiieiiiuiieeiiiieeeeeieeeeiie e e eiee e s sreee e e e snneeaeenneees 16
Figure 8. Summary comparison of heating energy use estimates for the heating period November 2010 —
Y =T o o 121 0 O TP PR 19
Figure 9. B-1 Whole house and heating electric use analysis...........ccccceeveeiiiiiiiiieiieiee e 22
Figure 10. B-2 Whole house and heating electric use analysis............cccceeeiiiiiiiiieeie e 22
Figure 11. B-3 Whole house and heating electric use analysiS...........cccccveeeiiiiiiiiiiie e 23
Figure 12. B-4 Whole house and heating electric use analysis............ccccceiiiiiiiii e 23
Figure 13. B-1 through B-4 average daily electricity use based on HDDs in the period...........ccccccceevnnnen. 25
Figure 14. FB-5 Whole house and heating electric USage...........cccviiiiiiiiiiiiiii e 26
Figure 15. FB-6 Whole house and heating electric USage...........cccueviiiiiiiiiiiiie e 26
Figure 16. FB-7 Whole house and heating electric USage...........cccviiiiiiiiiiiiiiie e 27
Figure 17. FB-8 Whole house and heating electric USage...........cccueiiiiiiiiiiiiiiie e 27
Figure 18. FB-5 through FB-8 average daily usage and HDD during the period.............cccccccciiiiiiiiinnen. 28
Figure 19. FV-5 Whole house and heating electric USAge........coouui i 29
Figure 20. FV-6 Whole house and heating €lectriCc USAge...........coeiiciiiiiiieeiiiiceeee e 29
Figure 21. FV-7 Whole house and heating elecCtric USAge...........coeiiciiiiiiieeiiecicieeee e 30
Figure 22. FV-8 Whole house and heating €lectric USAge...........coeiiciiiiiiieiiiiciceeee e 30
Figure 23. Average daily usage and HDD during the period; FV-5 through FV-8 ...........cccoiiiiiiiiiiinn. 31
Figure 24. BV-1, B-5, B-6 and BV-2 average daily usage and HDD for the heating period ...................... 32
Figure 25. BV-3 through BV-6 average daily usage and HDD for the heating period .............cccoooiinien. 33
Figure 26. FB-1 through FB-4 average daily usage and HDD during the period.............cccooieiiiniene e, 34
Figure 27. FV-1 through FV-4 average daily usage and HDD for the heating period ............ccccoeeirinneen. 35
Figure 28. Indoor relative humidity B-3 and B-4 ..o 36
Figure 29. Indoor relative humidity BV-1 and B-5........ooo e 37
Figure 30. Indoor relative humidity B-6 and BV-2..........ooiiiiii e 37
Figure 31. Indoor relative humidity BV-3 and BV-4 ... e 38
Figure 32. Indoor relative humidity BV-5and BV-6 ..........ccuviiiiiiiiiieeeee e 38
Figure 33. Indoor relative humidity FB-1 and FB-2..........cccuuiiiiiiii et 39
Figure 34. Indoor relative humidity FB-3 @nd FB-4...........uuriiiiiii et 39
Figure 35. Indoor relative humidity FB-5 and FB-6...........cooiiiiiiiii e 40
Figure 36. Indoor relative humidity FB-7 and FB-8...........ooo e 40
Figure 37. Indoor relative humidity FV-1 and FV-2..........oo e 41
Figure 38. Indoor relative humidity FV-3 @nd FV-4 .........ooii e s 41
Figure 39. Crawlspace relative humidity; Units B-1 through B-4 .............cooiiiiiiie 42
Figure 40. Crawlspace temperature; BV-1, B-5, B-6 and BV-2 ...........cccociiiiiiii i 43
Figure 41. Crawlspace temperature and relative humidity BV-3 through BV-6s ..........ccccccoviviiiiene e, 43
Figure 42. Crawlspace temperature and relative humidity FB-1 through FB-4 ............cccccooiiiiiiiiiien e, 44
Figure 43. Crawlspace temperature and relative humidity FB-5 through FB-8 ............ccccooiiiiiiii, 44
Figure 44. Crawlspace temperature and relative humidity FV-1 through FV-4 ............ccooiiiii i, 45
Figure 45. Crawlspace temperature and relative humidity FV-5 through FV-8 ............coooiiiiiiiiiie, 45
Figure 46. Modeled energy USE B-1...... .o 56
Figure 47. Modeled energy USE B-2.........coo it 56
Figure 48. Modeled energy USE BV-3 ... .o et e 57
Figure 49. Modeled energy USE BV-4 ...... .. e e 58
Figure 50. Modeled energy USE BV-5 ... .o e 58
Figure 51. Modeled Energy USE BV-6 ...t 58
Figure 52. Modeled energy USe FB-1 ... e e e 59

vi



U.5. DEPARTMENT OF Energy EﬁICIency &

EN ERGY Renewable Energy

Figure 53. Modeled energy USE FB-2 ...t e e e e ae s 60
Figure 54. Modeled energy USE FV-1 ... et e e e e e e e e e e e e ennnrsaeeas 62
Figure 55. Modeled energy USE FV-3 ... .t et nee e e e e e 62
Figure 56. Modeled energy USE FV-4 ... ... et nee e e 62
Figure 57. Modeled nergy USE FV-7 ......oo ettt st e e e e e e 64
Figure 58. Modeled energy USE FV-8 ...... .o e 64
Figure 59. B-1 Average Hourly Indoor Temperature — November 2010 through April 2011 ... 65
Figure 60. B-2 Average Hourly Temperature — November 2010 through April 2011 ..o, 66
Figure 61. B-3 Average Hourly Temperature — November 2010 through April 2011 .........ccccciiiiiiiieen. 67
Figure 62. B-4 Average Hourly Temperature — November 2010 through April 2011 .........ccccciiiiiiiiiieen. 68
Figure 63. B-5 Average Hourly Temperature — February 2011 through April 2011 69
Figure 64. B-6 Average Hourly Temperature — February 2011 through April 2011........cccooiiiiiiiiiiiieee, 70
Figure 65. BV-1 Average Hourly Temperature — February 2011 through April 2011 ..., 71
Figure 66. BV-2 Average Hourly Temperature — February 2011 through April 2011 .......cooiiiiiiiieien, 72
Figure 67. BV-3 Average Hourly Temperature — February 2011 through April 2011 .......ccooiiiiiiiieien. 73
Figure 68. BV-4 Average Hourly Temperature — February 2011 through April 2011 .......ccooiiiiiiiieien. 74
Figure 69. BV-5 Average Hourly Temperature — February 2011 to April 2011 .....coeeiiiiiii e, 75
Figure 70. BV-6 Average Hourly Temperature — February 2011 to April 2011 ... 76
Figure 71. FB-1 Average Hourly Temperature — February 2011 to April 2011, 77
Figure 72. FB-2 Average Hourly Temperature — February 2011 to April 20171 ..., 78
Figure 73. FB-3 Average Hourly Temperature — February 2011 to April 20171 ..., 79
Figure 74. FB-4 Average Hourly Temperature — February 2011 to April 20171 ..., 80
Figure 75. FB-5 Average Hourly Temperature — December 2010 to April 2011 .....oooiiiiiiiiiiiiee i, 81
Figure 76. FB-6 Average Hourly Temperature — December 2010 to April 2011 .....oooeiiiiiiiiiiieee e, 82
Figure 77. FB-7 Average Hourly Temperature — December 2010 to April 2011 .....oooeiiiiiiiiiieee e, 83
Figure 78. FB-8 Average Hourly Temperature — December 2010 to April 2011 ......oooiiiiiiiiiiieeee e 84
Figure 79. FV-1 Average Hourly Temperature — February 2011 to April 2011, 85
Figure 80. FV-2 Average Hourly Temperature — February 2011 to April 2011 86
Figure 81. FV-3 Average Hourly Temperature — February 2011 to April 2011 87
Figure 82. FV-4 Average Hourly Temperature — February 2011 to April 2011 88
Figure 83. FV-5 Average Hourly Temperature — December 2010 to April 2011 ......cooiiiiiiiiiieiieee e, 89
Figure 84. FV-6 Average Hourly Temperature — December 2010 to April 2011 ..., 90
Figure 85. FV-7 Average Hourly Temperature — December 2010 to April 2011 ..., 91
Figure 86. FV-8 Average Hourly Temperature — December 2010 to April 2011 ......oooiiiiiiiiiieee e, 92
Figure 87. BV-6 Average Hourly Temperature — February 2011 to April 2011 .....oooviiiiiiiiiiee e, 93

Unless otherwise noted, all figures were created by the NAHB Research Center team.

vil



U.5. DEPARTMENT OF

Energy Efficiency &

EN ERGY Renewable Energy

List of Tables

Table 1. Typical GHI Construction and Pre-Retrofit Conditions .............occciiiiie i 3
Table 2. Typical Build Specifications — 8 in. CMU Block Building (B-1 through B-4)..........c.coccocviiiiiiennnne. 6
Table 3. Typical Building Specifications — Wood Frame with Brick-Veneer (FB-5 through FB-8)................ 8
Table 4. Typical Building Specifications — Wood Frame with Vinyl Siding (FV-5 through FV-8)................ 10
Table 5. Tested Air INfIRFatioN ... e e e 12
Table 6. Global Simulation Parameters ...........c..eoiiiiiiiiii et 12
Table 7. Estimated Costs Per Building for Retrofits Proposed for the GHI Pilot Program ..............c.......... 14
Table 8. Monitoring the Pre-Retrofit UNitS............ooiiiiiiiiie et e e 15
Table 9. Pilot Study Homes Energy USage SUMMAIY ........coeiiiiiieiiiiiiee e e eeieee e sttee e e sieeeessneeeeaessneeeaeenes 18
Table 10. Average Heating Energy for BUilding TYPES ........coiiuiiiiiieie et e e 20
Table 11. Indoor Temperature/Humidity Conditions during the 2010/2011 Heating Season..................... 20
Table 12. 8 in. CMU Block, BV-1, B-5, B-6, BV-2.........oooiiiiiiii e 49
Table 13. 8 in. CMU Block, BV-3 through BV=6.............ccuiiiiie e 50
Table 14. Wood Frame Brick Veneer, FB-1 through FB-4...........ooo e 51
Table 15. Wood frame vinyl, FV-1 through FV-4 . ... e 52
Table 16. Block Building — B-1, B-2, B-3, B-4 ...t 55
Table 17. Block Vinyl-Sided Buildings — BV-3, BV-4, BV-5, BV-6 .......cciiiiiii e 57
Table 18. Wood Frame Brick Building — FB-1 and FB-2..........coooiiiii e 59
Table 19. Wood Frame Vinyl-Sided Building — FV-1, FV-2, FV-3, FV-4........coiviiiiiiee e 61
Table 20. Wood Frame Vinyl-Sided Building — FV-5, FV-6, FV-7, FV-8........coooiiiiiiie e 63

Unless otherwise noted, all tables were created by the NAHB Research Center team.

viil



U.5. DEPARTMENT OF Energy EﬁICIency &

EN ERGY Renewable Energy

Definitions
A/C

B

BA

BV

CMU
Co-op
CT
DOE
EE
°F

FB

ft?

FV

GHI
GPM
HDD
IECC
IRC

kWh

HVAC

NAHBRC-IP

Air conditioning

An acronym used in this report to designate a unit in a block
building (8 CMU)

U.S. Department of Energy’s Building America Program

An acronym used in this report to designate a unit in a block
building with vinyl siding

Concrete masonry unit
Cooperative

Current transducer

U.S. Department of Energy

Energy efficiency

Temperature in degrees, Fahrenheit

An acronym used in this report to designate a unit in a wood
frame brick-veneered building

Square foot

An acronym used in this report to designate a unit in a wood
frame vinyl-sided building

Greenbelt Homes, Inc.

Gallons per minute, a rate of water flow
Heating degree day

International Energy Conservation Code
International Residential Code

Kilowatt hours (typical measure of electricity usage; equal to
1,000 watt hours)

Heating, ventilation, and air conditioning

NAHB Research Center Industry Partnership

X



U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

NREL National Renewable Energy Laboratory, a national laboratory
of the U.S. Department of Energy. www.nrel.gov

Research Center NAHB Research Center

RH Relative humidity, ratio of water vapor in the air to its
temperature


http://www.nrel.gov/

U.5. DEPARTMENT OF Energy EﬁICIency &

EN ERGY Renewable Energy

Executive Summary

A multiyear pilot energy efficiency retrofit project has been undertaken by Greenbelt Homes,
Inc, (GHI) a 1,566 co-operative of circa 1930 and 1940 homes in Greenbelt, Maryland. The three
predominant construction methods of the townhomes in the community are materials common to
the area and climate zone including 8 in. concrete masonry unit (CMU) block, wood frame with
brick veneer and wood frame with vinyl siding. GHI has established a pilot project that will
serve as a basis for decision making for the rollout of a decade-long community upgrade
program that will incorporate energy efficiency upgrades to the building envelope from the
exterior and equipment with the modernization of other systems like plumbing, mechanical
equipment, and cladding.

The pilot project has three phases focused on identifying the added costs and energy savings
benefits of energy efficiency features that are to be installed during a planned community-wide
replacement program commencing in 2015. Phase 1 consists of a baseline evaluation of the
current operation, use, environmental conditions, and energy costs for a representative set of 28
townhomes sited in seven buildings. Phase 2 will consist of the installation of the building
envelope improvements identified in Phase 1, continued monitoring of the energy consumption
for the heating season both before and after installation, and performing energy simulations
supporting recommendations for HVAC and water heating upgrades to be implemented in
Phase 3.

Phase 1 of the GHI pilot program efforts, detailed herein, included field walk-through
evaluations (recording existing conditions), energy simulations for projected savings with
exterior insulation upgrades, building envelope energy improvement cost estimates and
recommendations, and installation and maintenance of monitoring equipment and data.

Simulation results combined with estimated upgrade costs and ongoing maintenance costs for a
30-year period indicate a positive net cash flow for one or more of the selected options for each
building type. (Building envelope upgrades that were acceptable to the membership required
exterior application with the new claddings because occupants required limited disturbance.)
Payback periods for the least cost approach for each building type are less than 20 years (net of
reserves). Energy savings estimates for the analyzed envelope improvements in Phase 1 range
from 9% (per each frame brick building) to nearly 30% for each block building.

Average indoor temperatures for the baseline heating season range from 58°F to 70°F with two-
thirds of the homes having an average temperature less than 68°F. Anecdotal homeowner
comments have indicated that reduced energy bills is the predominant reason for the unusually
low indoor temperatures.

Energy use data is being recorded and analysis of the data that was captured for a period of the
2010/2011 heating season is presented. Average heating energy across all units in a given
building type ranges from over 6,000 kWh for the block buildings to just over 4,000 kWh for the
wood frame vinyl buildings. The wood frame brick veneer buildings averaged about 5,000 kWh.
The wood frame buildings average about 4.5 kWh/ft*, the block buildings with vinyl siding
averaged about 5.0 kWh/ft>, and the uninsulated block buildings average about 6.2 kWh/ft*.
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One of the questions that arise from this and similar analyses is the comparison of simulated
energy use estimates with actual field measurements. In general, the initial measurement period
indicated an acceptable level of confidence that energy simulations developed for these older
homes are generally representative of actual energy use in the homes. Therefore, it can be
surmised that estimated energy savings of simulated upgraded energy features will represent the
expected energy savings. Furthermore, an analysis of the utility meter data also shows a
correlation between measured energy use and heating energy estimates from utility data. The
utility data however, is based on weekly or bi-weekly records.
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1 Introduction

Greenbelt Homes Inc. (GHI) is a 1,600-home private housing cooperative (co-op) located on
over 250 acres in Greenbelt, Maryland, about 12 miles from the nation’s capital. The co-op is
comprised of 1,571 homes originally constructed by the federal government between 1936 and
1941; with 29 more that were added in the ensuing years. These homes are primarily arranged in
rows of two-story (and a small number of three-story) townhouses. All 1,600 GHI member-
owners together own the cooperative and share the operating costs. A monthly fee covers the
operating expenses of the cooperative and funds replacements. The co-op maintains and repairs
plumbing, electrical wiring, and building structural components. The homes are individually
metered for electricity. Natural gas is not available inside the community.

Because of comfort issues and high energy costs, GHI established a multiyear pilot program to
assist in determining the best performing and lowest cost options for improvements to the
existing homes. The pilot program coincides with scheduled window and siding replacement.
This report details Phase 1 of the GHI pilot program including field walk-through evaluations,
energy simulations, building envelope upgrade recommendations, and baseline monitoring.

The Building America (BA) Program and the stated community goals for the GHI pilot program
converge both in desired performance levels and cost effectiveness. The NAHB Research Center
(through the BA program) is providing support to identify the combination of highest energy
performance to least cost ratio while considering related needs of comfort and minimal lifestyle
disruption during upgrades. The BA program also supports effort in monitoring the performance
of the homes to detail pre- and post-retrofit energy use.

This report summarizes the initial condition of each home, the energy simulations and estimated
costs of upgrades to assess cost effectiveness of energy improvements, and the initial pre-
upgrade heating season energy use and indoor environmental condition results for the pilot
homes. This data is intended as baseline data for use in comparison of ongoing monitoring
results when the efficiency upgrades are implemented. The energy use measurements include
both utility meter data and data from installed sensors and transducers. The data is analyzed to
develop baseline performance curves for each of the seven buildings in the GHI pilot program.
The energy use and curve fits will later be used to analyze energy use following the upgrades and
to develop the retrofit cost analyses including estimated payback periods and a return-on-
investment for the energy upgrades.

The pilot program analysis will guide the GHI community in the future housing revitalization to
more energy efficient homes.

2 Background

GHI is working to identify opportunities to upgrade the existing homes in the community for
energy savings, durability, and good indoor environmental quality. The community’s housing
stock not only provides shelter but a connection to a unique lifestyle that spans and transcends
generations. Many communities of homes aged over 50 years old have continued service life
expectations well into the future, and for GHI, maintaining and improving their 60- to 70-year-
old homes is a clear directive of the cooperative. However, these vintage homes, while well built,
have construction features that often frustrate energy efficiency and indoor comfort goals.
Residents of some of the homes have chosen to maintain colder-than-desired interior
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temperatures in the heating season to reduce energy bills. Other residents have added numerous
space heaters to supplement the main heating equipment. Most residents currently pay high
energy costs and have the experience and expectations to believe that these costs will increase
over time.

Given the age of the buildings, occupant complaints of discomfort and high energy costs, and
strong sense of community that includes the housing style itself, an effort to improve the
performance of the community housing stock is a growing priority. In addition, just as important
as energy efficiency are indoor environmental quality and affordability goals that necessarily
include a positive net present value requirement for the 30-year project.

GHI has established a pilot program that will provide results to aid in decision making for the
roll out of a decade-long community upgrade program to improve efficiency of the building
envelope and modernize equipment such as plumbing, mechanical equipment, and cladding. The
GHI Buildings Committee determined initial criteria for pilot program eligibility: all four units in
a building had to be represented; the homes were required to be owner occupied; and each of the
three predominant building types were to be represented in the pilot group. GHI staff sent letters
soliciting volunteers for the program and 32 members responded. One building had to be
dropped when an owner moved overseas.

The pilot project has three phases focused on identifying the added costs and benefits of energy
efficiency features that are to be installed during a planned community-wide replacement
program commencing in 2015.

Phase 1 of the GHI pilot program consists of a baseline evaluation of the current operation, use,
environmental conditions, and energy costs for a representative set of 28 townhomes sited in
seven buildings. Efforts conducted during 2010/2011 included field walk-through evaluations
(recording existing conditions), energy simulation for projected savings, building envelope
energy improvement cost estimates and recommendations, and installation and maintenance of
monitoring equipment and data. This report summarizes these efforts and includes the results of
energy use monitoring over the 2010/2011 winter season.

Phase 2 will consist of the installation of the building envelope improvements identified in Phase
1, monitoring energy consumption for the heating season following installation, and performing
energy simulations supporting recommendations for HVAC and water heating upgrades.

Phase 3 will include the installation of the HVAC and water heating upgrades identified in Phase
2 and monitoring energy consumption for the heating season following installation.

The community embarked on a similar upgrade in 1980. At that time, central building oil boilers
were abandoned in place. The homes were individually metered with 125-amp electric panels
and heat was supplied to each home by wall-mounted electric baseboard units and fan-coil
ceiling-mounted heaters in the bath and kitchen. Homes do not have central air-conditioners
(A/C). Typically, one or more room-capacity A/C units are installed in wall openings or
windows. The boiler rooms now house many of the circa-1990 50 or 52 gallon electric water
heaters that provide hot water to individual homes. Hot water pipes in the crawlspaces of the
brick and block units are 90% insulated. Water heaters in the wood frame vinyl-sided units are
located inside the homes. Vinyl or aluminum double-pane windows were installed in the 1980
upgrade. Table 1 details the general conditions predominate in the community’s housing today.
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Table 1. Typical GHI Construction and Pre-Retrofit Conditions.

Construction General Conditions Total 1-\10.
Type of Units
Block - e Formed concrete crawlspace foundations', with structural 256
8 in. CMU concrete first floors over common crawlspaces
B or BV e Crawlspaces are 4 ft and retrofitted as closed crawlspaces
(BlorBY) with 1 in. to 2 in. of rigid extruded polystyrene foam applied

to the perimeter walls

e Crawlspace walls extend under front and rear porch slabs
(many exposed to ambient conditions)

e Structural concrete floors (1st and 2nd levels)

e Main house and porch slabs lack thermal breaks

e (CMU walls, finished with plaster

e Some interior common walls are wood-framed (where party
walls breach the adjacent units’ footprint).

e Double glazed vinyl windows (1980)

e Exterior walls are painted (B) or have vinyl siding (BV)

e Flat concrete roofs retrofitted with 3 % in. of
polyisocyanurate insulating tapered sheathing and EPDM
roofing, R-26

e Electric baseboard heating

e Room through-the-wall air conditioning

e Electric water heat

Wood frame | ¢ Formed concrete crawlspace foundations, with structural 318

Brick-Veneer concrete first floors over common crawl spaces

e Crawl spaces are 4 ft and retrofitted as closed crawlspaces
with 1 in. to 2 in. of rigid extruded polystyrene foam applied
to the perimeter walls

(FB)

e (Crawlspace walls extend under front and rear porch slabs
(many exposed to ambient conditions)

e Structural concrete first floor
e Main house and porch slabs lack thermal breaks

e Balloon- framed 2 x 4-16 in. o.c. walls with plasterboard
interior finish

e Blown-in cellulose/rock wool insulation in walls (1980)
e Board wall and roof sheathing (1 x 6/1 x 8)

e Exterior brick veneer, no WRB

! Several units have full, rear walkout basements of CMU.
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Construction General Conditions Total 1-\10.
Type of Units
Double glazed vinyl windows (1980)
Gable roofs with slate shingles
Ventilated attic with rock wool, cellulose, or fiberglass floor
insulation, R-16 (1980)
Electric baseboard heating
Room through the-wall air conditioning
Electric water heat
Wood frame Common ventilated crawlspace of 8 in. CMU block, 4 /2 992
Vinyl-Sided courses high (3 ft) (140 of
(V) 2 x 8-16 in. o.c. floor joists with mid-span dropped beam 3- a[t)lai:tsri:;fs)

2 x 10 in. on CMU piers

R-11 kraft-faced fiberglass batt insulation in floor joists
(1980)

Balloon-framed 2 % 4-16 in. o.c. walls

Blown-in cellulose insulation in walls (1980)
Board wall and roof sheathing (1 % 6/1 % 8)
Double glazed vinyl or aluminum windows (1980)
Vinyl siding, no WRB

Gable roof with asphalt shingles

Ventilated attic

Attics insulated with rock wool, cellulose, or fiberglass floor
insulation, R-16 (1980)

Electric baseboard heating
Room through-the-wall air conditioning

Electric water heat
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3 Baseline Condition

The first step of Phase 1 of the pilot program was to determine the existing condition of the 28
homes to aid in developing energy simulations and upgrade recommendations. The pre-retrofit
condition of the 28 homes was established through occupant interviews, compilation of the
previous years’ utility bills, physical inspections, and air infiltration and water flow testing.
Representative pre- and post-retrofit data for three of the seven buildings are covered in Table 2
through Table 4. Building elevations are shown in Figure 1 through Figure 6. Data for all of the
buildings in the pilot program can be found in Appendix A.

Figure 1. Block building, one end unit, front.

Figure 2. Block building, one end unit, rear.
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Table 2. Typical Build Specifications — 8 in. CMU Block Building (B-1 through B-4).

Greenbelt Homes, Inc.

Walk-through: 11/18/2010 11/18/2010 11/18/2010 11/18/2010

Unit Code B-1 B-2 B-3 B-4

Feature/ Component Before Before Before Before

Year Built 1936 1936 1936 1936

House Type Town - End: C 3.9 Town - Interior Town - Interior C Town - End C 3.9

C2.6 2.6

Structural Wall Type 8 in. CMU 8 in. CMU 8 in. CMU 8 in. CMU w/wood
frame add

Front Orientation South South South South

Finished ft’, Main 1,168 844 787 1,168

Ft* Addition 77

No. Stories 2 2 2 2

Bedrooms 3 2 2 3

Baths 1 1 1 2

Ceiling Ht 8'-4" 8'-3" 8'-2"

Foundation Concrete Crawl - 4' Concrete Crawl - 4' | Concrete Crawl - 4' | Concrete Crawl - 4'

Insulated Foundation?

Heated

Foundation R-value
Floor R-value
Vented Crawlspace
1st Floor

2nd Floor

Attic Ceiling

Attic R-value

Roof Rafter
Structural Wall
Siding

Building Dimensions
Addition Dimensions
Window Material

Ft> Windows
Window U-/SHGC
Wall R-value

Front Door
Rear Door
Right Door
Storm Door
Air Leakage, ACH50
Mech. Vent., Run time
Water Heater
Model
Energy Factor Use
Location
Cooling Type
Manufacturer
Model
Location
Heating Type

Linear feet (@250 watts/foot)
Ceiling Heat (K, Kitchen; B,
Bath)
Thermostat Location
Toilet flush (gallons per flush)
Shower/Sink Flow (gpm)

Yes- 2 in. xps- to 3 ft

No
R-5
0

No
5 in. structural slab
5 in. structural slab
5 in. structural slab

26
Flat Concrete Roof

8 in. CMU
Painted CMU
25 %20

Vinyl Slider

54/36/85/0
.55/.70
0
3070 wood
3070 wd/gls

Yes, F&R
4.7
none
50 gal. State
CD065220RTV
.88 eff/4952k
Boiler Rm.
wall unit
Haier 24 x 15
2nd Gibson
1st rear and 2nd
Elec. Base.
32
K.B

on wall
2.4
2.0/2.2

Yes- 2 in. xps- to 3
ft
No
R-5
0
No
5 in. structural slab
5 in. structural slab
5 in. structural slab
26
Flat Concrete Roof
8 in. CMU
Painted CMU
16 x 20

Vinyl Slider

65/0/55/0
.55/.70
0
3070 wood
3070 wd/gls

Yes, F&R
33
none
50 gal. Rheem
RHEPro52
4724 kWh
Boiler Rm.
wall unit
Fedders Estar
ATUOSW2A
2nd wall
Elec. Base.
21
K.B

on units
24
2.25/2.5

Yes- 2 in. xps- to 3
ft
No
R-5
0
No
5 in. structural slab
5 in. structural slab
5 in. structural slab
26
Flat Concrete Roof
8 in. CMU
Painted CMU
16 x 20

single glazed vinyl
sliders w/storms
65/0/56/0
.55/.70
0
3070 wood
3070 wd/gls

Yes, F&R
2.4
none
50 gal. State
CD065220RTV
.88 eff/4952k
Boiler Rm.
wall unit
Kenmore
30 x 24
2nd wall
Elec. Base.
23
B

on wall
1.6
1.5/1.5

Yes- 2 in. xps- to 3
ft
No
R-5
0
No
5 in. structural slab
5 in. structural slab
5 in. structural slab
26
Flat Concrete Roof
8 in. CMU
Painted CMU
25 %20
11x7
vinyl sliders

37/7/100/36
.55/.70
10
3070 wood
3070 wd/gls
2868 ins.
Yes, F&R
4.8
none-unused
50 gal. State
CD065220RTV
.88 eff/4952k
Boiler Rm.
wall unit
Sharp
ACQI89XPO
2nd wall
Elec. Base.
36

on wall
1.6
3.0/1.6
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Figure 4. Wood frame brick building, front elevation, two units.
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Table 3. Typical Building Specifications — Wood Frame with Brick-Veneer
(FB-5 through FB-8).

Greenbelt Homes, Inc.

Date: 11/4/2010
Unit Code FB-5 FB-6 FB-7 FB-8
Feature/ Component Before Before Before Before
Year Built 1941 1941 1941 1941
House Type Town-End; C2.8 Town-Interior; C2.7 Town-Int; C2.6 Town-End Left
Structural Wall Type 2 x 4 Frame w/Brick | 2 x 4 Frame w/Brick 2 x 4 Frame w/Brick 2 x 4 Frame w/Brick
Front Southwest Southwest Southwest Southwest
Finished ft>, main 1,067 1,067 833 1,234
Addition, ft* 70 n/a unconditioned n/a unconditioned
No. Stories 2 2 2 2
Bedrooms 2 2 1 2
Baths 1 1.5 1 1
Ceiling Ht. 7 ft-11 in. 7 ft-11 in.
Foundation Unvented Unvented Crawlspace | Unvented Crawlspace | Unvented Crawlspace
Crawlspace
Insulated Walls R-7.5 R-7.5 R-7.5 R-7.5
Heated no no no no
Vented no no no no
1st Floor Structural slab 5" Structural slab 5" Structural slab 5" Structural slab 5"
2nd Floor 2 x 8 joists 2 x 8 joists 2 x 8 joists 2 x 8 joists
Attic Ceiling 2x8 2x8 2x8 2x8
Attic R-value R-19 R-19 R-19 R-19
Roof Rafter 2 x 6;8/12 2 x6;8/12 2 x6;8/12 2 x6;8/12
Roof Sheathing 1 x6 T&G 1 x 6 T&G 1 x 6 T&G 1 x 6 T&G
Structural Wall 2 x 4 Frame R-11? 2 X 4 Frame R-11? 2 x 4 Frame R-11? 2 x 4 Frame R-11?
Siding Painted Brick Painted Brick Veneer | Painted Brick Veneer | Painted Brick Veneer
Veneer
Windows Material vinyl vinyl dbl glazed vinyl dbl glazed vinyl dg
Building Dimensions 26.67 x 20 26.67 x 20 19.17 x 20 33.83 x 20
Addition, Dim. 7x10
Windows, ft® 81/0/95/36 66/0/81/0 62/0/61/0 73/27/96/0
Window SF Front .55/.75 66 62 73
Wall Sheathing 1 x6 T&G 1 x 6 T&G 1 x 6 T&G 1 x 6 T&G
Wall R-value R-11 R-11 R-11 R-11
Front Door wood 3070 wood 3070 wood 3070 wood 3070
Rear Door 3070wd/gl 3070wd/gl 3070wd/gl 3070wd/gl
Storm Door F&R F&R F&R F&R
Air leakage, ACH50 6.1 8.8 11.9 5.5
Water Heater State 50gal. GE 50gal. GE 50gal. GE 50gal.
Model P65220RTZ CD65220RTV CD65220RTV GE
Energy Factor/Use 4952 watts 4952 watts CD65220RTV
Location Boiler Room Boiler Room Boiler Room
Cooling Type Unknown Friedrich Amana Carrier
Manufacturer KM24L30-A 1207221A XCE183D 8/05
Location 2nd hallway 2nd floor 2nd floor 2nd floor
Heating Type Elec. Bsebd. Elec. Bsebd. Elec. Bsebd. Elec. Bsebd.
Linear Ft. 31 32 21 35
(@250watts/ft)
Ceiling Heat (K, K, B B K, B K,B
kitchen; B, bath)
Toilet Flush (gal./flush) 2.4 1.6 2.0 2.4
Shower/Sink Flow 2.5/mo test 3.0/1.8
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Figure 5. Wood frame vinyl building, front elevation, three units.

Figure 6. Wood frame vinyl building, rear elevation, three units.
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Table 4. Typical Building Specifications — Wood Frame with Vinyl Siding
(FV-5 through FV-8).

Greenbelt Homes, Inc.

Date: 11/5/2010
Unit Code FV-5 FV-6 FV-7 FV-8
Feature/ Component or Status Before Before Before Before
Year Built 1941 1941 1941 1941
House Type Town-End G-2R | Town -Interior, G-2L | Town -Interior, G-2R Town-End, G-2L
Structural Wall Type Frame 2 x 4 Frame 2 x 4 Frame 2 x 4 Frame 2 x 4
Front Northwest Northwest Northwest Northwest
Finished ft>, Main 792 792 792 792
Addition ft’. 378 0 264 264
No. Stories 2 2 2 2
Bedrooms 2 2 2 2
Baths 1.5 1 1.5 1.5
Ceiling Ht. 96 in. 96 in. 96 in.
Foundation Vented Crawl Vented Crawl Vented Crawl Vented Crawl
Insulated Floor R-13 R-13 R-13 R-13
Heated No No No No
Vented 8 x 16 vents (2) 8 x 16 vents (2) 8 x 16 vents (2) 8 x 16 vents (2)
1st Floor 2 x 8 joists 2 x 8 joists 2 X § joists 2 x § joists
2nd Floor 2x8 2x8 2x8 2x8
Attic Floor 2x6 2x6 2x6 2x6
Attic R-value 18.85 18.85 18.85 18.85
Roof Rafter 2x6 2x6 2x6 2x6
Roof Sheathing 1 x 8 T&G 1 x 8 T&G 1 x 8 T&G 1 x8 T&G
Attic R-value 16 16 16 16
Building Dimensions 22 x 18 22 x18 22 x18 22 x 18
Addition Dimensions 21 x 18 n/a 22 x 12 22 x 12
Structural Wall 2 x4 2 x4 2 x4 2 x4
Siding Vinyl / 1/2" EPS Vinyl / 1/2" EPS Vinyl / 1/2" EPS Vinyl / 1/2" EPS
Windows Material Vinyl - 1980 Vinyl - 1980 Vinyl — 1980 Vinyl - 1980
Windows, ft 45/26/117/0 34/0/95/0 33/0/90/0 33/0/67/40
Window U-/SHGC .55/.75 & .29/.21 .55/.75 .55/.75 .55/.75
Wall Sheathing 1 x 8 T&G 1 x 8 T&G 1 x 8 T&G 1 x8 T&G
Wall R-value R-11 R-11 R-11 R-11
Front Door 3070 wd 1/2 glass | 3070 wd 1/2 glass | 3070 wd 1/2 glass and | 3070 wd 1/2 glass
and storm and storm storm and storm
Addition Front Door Ins. 3068 none None none
Rear Door Ins. 21068 3068 Vinyl 3068 wood none
Rear/Side Storm Door no yes No yes
Right Door none none None Ins. 21068
Air Leakage, ACH50 14.0 14.8 10.1 11.2
Mech. Vent., run time no no No no
Water Heater 50/State 50/Ruud 50/State 50/Ruud
Model P65220RT2 RU 0902227702 P65220RT2 PF52C
Energy Factor Use 4,946 4,992 4,946 4,992
Location 2nd floor near bath Powder Room
Cooling Type NIHD1406A Rear BR wdw through wall A/C through wall A/C
(heat pump) LG71EX0953
Manufacturer York Hallwdw GE Unknown unknown 24 in. X 12
AEHO8FMG1 in.
Efficiency 9.8 EER; 820 watts | air infiltrating through
Location Stored in attic Front through Ist floor - rear
window
Removed out of season? no
Heating Type Heat Pump, York; | Electric Baseboard Electric Baseboard Electric Baseboard
Linear feet (@250 watts/foot) 18 19 20 20
Ceiling Heat (K, Kitchen; B, Bath) B K.B B K,B
Thermostat Location interior walls interior walls interior walls interior walls
Toilet flush (gal. per) 1.6 1.6 2.4 1.6
Shower/Sink Flow (gpm) 1.6/1.6 1.5/1.6 2/1.4 3.5/2.2
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4 Simulation Results and Energy Upgrade Cost Estimates

The next step of Phase 1 was to use the baseline conditions to develop energy simulations and
cost estimates for the energy upgrade recommendations. A simulation tool, BEopt” v1.01, was
used to calculate annual energy usage based on the pre-retrofit conditions noted. GHI provided
support data about the pilot homes including limited architectural plans, general information on
wall and roof composition that was not visible through inspection, a copy of the Reserves
Policies and Analysis (dated 9/15/2008)°, and other background information. Equipment
specifications, dimensions, building orientation, and other apparent features were recorded by
NAHB Research Center staff during site walk-through evaluations and short-term testing of the
pilot project units.

A minimum of one end and one interior unit was modeled in each building. Savings and costs for
the whole building (four units) were estimated from these outcomes. Several buildings, such as
BV-3 through BV-6 and FV-1 through FV-4 were made up of unique homes, thus modeling
more than two of the four units was warranted. The global assumptions underlying the modeling
were developed in consultation with GHI, as these economic factors are common to the
administration’s decision making. Air infiltration testing results and global modeling
assumptions that were used in the compilation of upgrade features and costs are shown in

Table 5 and Table 6, respectively.

House leakage was measured using multipoint and single-point testing in accordance with
ASTM E779-10 and ASTM E1827-96, depressurization only. Leakage to outdoors was
determined using a pressure equalization method utilizing two blower door setups. Starting with
an end unit, blower doors were set up in this first unit and the adjacent second unit. The first unit
was depressurized to measure total leakage and then the second unit was depressurized at the
same time and to the same value to cancel leakage between units and thereby showed leakage to
outdoors for the first unit. The difference provided the leakage between the first and second
units. The blower door from the first unit was then installed in the third unit. The second unit was
depressurized to measure total leakage, the third unit was depressurized to cancel out leakage
between the second and third units, and the leakage between the first and second units from the
previous test was deducted to determine the leakage to outdoors for the second unit. The blower
door from the second unit was then installed in the fourth unit and the leakage to outdoors for the
third unit was determined in the same way. The fourth unit simply needed the total leakage to
determine leakage to outdoors because the leakage between the third and fourth units was
already known.

* BEopt™ Software, NREL, http://www.nrel.gov/buildings/energy _analysis.html.
* Developed and maintained by GHI, the Policies and Analysis outlines the reserve fund for improvements by each
GHI home type.
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Table 5. Tested Air Infiltration.

Net Leakage | ,
Building Unit Location Area Volume to Outdoors t/:; ?Ade:ct:llltLSili(;g}
(ACH50) !
B-1 End 1,168 9,344 4.7 16%
B-2 Interior 844 6,752 3.3 32%
Block B-3 Interior 844 6,752 2.4 42%
o¢ B-4 End 1,245 9,960 4.8 16%
B-5 Interior 844 6,752 4.3 23%
B-6 Interior 921 7,368 8.4 9%
BV-1 End 1,528 12,224 7.2 8%
BV-2 End 1,245 9,960 4.8 11%
Block BV-3 End 1,112 8,896 7.5 16%
w/Vinyl BV-4 Interior 1,080 8,640 3.5 37%
BV-5 Interior 1,596 12,768 4.3 18%
BV-6 End 1,596 12,768 4.0 12%
FB-1 End 1,080 8,640 10.4 18%
FB-2 Interior 1,080 8,640 6.8 27%
FB-3 Interior 1,080 8,640 7.4 n/a
Frame FB-4 End 1,080 8,640 8.0 16%
Brick FB-5 End 1,080 8,640 6.1 28%
FB-6 Interior 1,136 9,088 8.8 25%
FB-7 Interior 841 7,288 11.9 18%
FB-8 End 1,173 9,384 5.5 20%
FV-1 End 936 7,488 9.7 12%
FV-2 Interior 782 6,256 13.1 14%
Wood FV-3 Interior 782 6,256 9.3 29%
fr;’; FV-4 End 870 6,960 14.1 15%
vin f FV-5 End 1,170 9,360 14.0 7%
y FV-6 Interior 792 6,336 14.8 9%
FV-7 Interior 1,056 8,448 10.1 15%
FV-8 End 1,056 8,448 11.2 13%
Table 6. Global Simulation Parameters.
Parameter Value
Annual Rate of Inflation * 3.30%
Discount Rate * 5.00%
Interest Rate ® 7.00%
Fuel Escalation Rate ® 0.50%
Heating Set Point 68 °F
Air/Conditioning Set Point not modeled
Number of Occupants per Home Number of Bedrooms on the Architectural Plans
Cost of Electricity $0.15/kWh

A Provided by GHI staff

B Energy Price Indices and Discount Factors for Life-Cycle Cost Analysis — 2010, Annual Supplement to NIST Handbook
135 and NBS Special Publication 709, NISTIR 85-3273-25.

Office of Management and Budget Circular A-94 Appendix C, Revised December 2010.

Office of Management and Budget, Fiscal Year 2010 Analytical Perspectives, Budget of the U.S. Government.
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The block buildings were consistently of tighter construction than any of the others. Block
buildings that tested higher than SACHS50 had wood frame additions that likely accounted for the
higher leakage. (Two of the homes that tested for leakage of 4.8ACHS50 also had additions.) Both
the wood frame brick and wood frame vinyl buildings are balloon framed of 2 x 4s with 1 X 6
horizontal board floor, wall, and roof sheathing. Thus, the wood frame buildings’ construction
significantly contributes to the air infiltration pathways. (The wood frame brick units have
poured concrete foundations and structural first floor slabs, which likely account for the tighter
average construction of these compared to the wood frame vinyl buildings.)

The units located in block buildings are of the tightest construction yet built of the least
thermally-resistant materials because only the roofs and crawlspace walls have insulation (R-26
and R-5, approximately). Software simulations confirmed that the block buildings were
estimated to have the highest annual energy usage load, and therefore, the best outlook for
energy efficiency improvement with the addition of wall insulation.

GHI’s Buildings Committee saw the opportunity to add exterior wall insulation to the homes
with the pending siding, window, and door replacement scheduled to begin in 2015. The plan
included bringing the block buildings’ wall insulation in line with that of frame buildings (R-11
to R-13) and investigating the performance versus cost of adding additional exterior insulation to
the frame brick and frame vinyl buildings. The community consensus was that energy upgrades
should be accomplished with minimal inconvenience to the occupant, thus access from the
outside was emphasized.

The completion of conditioned crawlspace wall insulation in the block and frame brick buildings,
addition of ventilated crawlspace ceiling insulation in the frame vinyl buildings, and addition of
air seal and insulation in the attics of frame brick and vinyl buildings were added to simulations
to complete each whole building envelope energy efficiency upgrade. Table 7 covers the
presentation that the Buildings Committee shared with the pilot program participant owners.
Numbers have been compiled by building (set of four townhomes). Row 1 indicates building
type and cladding alternative. Row 2 indicates the added wall R-value. Column 1 outlines the
features of the upgrade which are detailed more extensively in Appendix C.
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Table 7. Estimated Costs Per Building for Retrofits Proposed for the GHI Pilot Program.

Masonry Block Masonry Block Masonry Brick Frame Fiber
I _ Masonry Block Masonry Block | . - Masonry Block Frame Vinyl- Frame Vinyl-
Building Construction = (EIFS With ¢ | With added Vinyl e Frame k ; Cement _ i
(EIFS) Stencil)® Fiber Cement® siding® Vinyl Siding Buildings Sided Buildings| Buildings® Sided Buildings
Approximate Wall R-value R-12 R-12 R-12 R-12 R-12 R13ex" R13exF+R-7 R13exF+R-7 | R13exF+R-12
Junit code B B B B BV FB FV FV FV
|installed Features
Cladding & Insulation $39,473 $50,659 $53,333 $26,019 $29,822 $25,000 $36,576 $28,638
Crawispace/Slab | $3,076 $3,076 $3,076 $3,076 $3,076 $3,076
[Windows $16,400 $16,400 $16,400 $16,400 $16,400 $16,400 $16,400 $16,400 $16,400
|Exterior Doors $5,200 $5,200 $5,200 $5,200 $5,200 $5,200 $4,280 $4,280 $4,280
|attic nsulation $7,392 $6,037 $6,037 $6,037
|Fio0r insuation” $7,729 $7,729 $7,729
|subtotal $64,149 $75,335 $78,008 $50,695 $54,498 $32,069 $59,446 $71,022 $63,084
Less Reserves Per GHI 2008 Report
Vinyl Siding ($13,860) ($13,860) ($13,860)
[Windows ($16,400) {$16,400) ($16,400) ($16,400) ($16,400) ($16,400) {$16,400) ($16,400) ($16,400)
Doors ($5,200) ($5,200) ($5,200) ($5,200) ($5,200) ($5,200) ($4,280) ($4,280) ($4,280)
Net Cost after Reserves are Applied to Subtotal $42 549 $53,735 $56,408 $29,095 $32,898 $10,469 $24,906 $36,482 $28,544
Estimated Annual Cost of Energy mciency Features and Buildi ng Cladding not Reserved
[Annual Mortage (Net of Reserves), 5% ($3,397) ($4,290) ($4,503) ($2,323) ($2,626) ($836) ($1,988) ($2,913) ($2,279)
Average Annual Mortage Interest Deduction (30
@ 28% rate) $554 $700 $734 $379 $428 $136 $324 $475 $372
i -
:m&;g. {Annual Maintenance - Maintenance ($228) ($228) $595 ($571)
)
IEsﬂm Annual Energy Savings® $2,680 $2,680 $2,680 $2,680 $2,058 $702 $1,331 $1,331 $1,621
Present Mortgage Payment
Im.“"“..""""“' SERSTIOR0SR it $17,415 $6,516 $22,768 $35,743 $17,165 $6,588 $7,567 ($16,793) $10,965
Present Value of Cash Payment (30 year period)' $16,321 $5,135 $21,318 $34,995 $16,319 $6,319 $6,926 ($17,731) $10,231
|simple Payback in Years® 17.4 21.9 17.2 109 16.0 14.9 18.7 48.0 17.8

cost covers painting every 10 years.

cost bet

d annual

1 B and BV building:

and net

ce

-

cosis.

“Floor Insulation in the FV bulldings Is shown net of allocated costs to remove and install R-19 F G batts ($6-51.44 = 34 56 per =f). the cost of installing the foam Insulation is estimated at $10,170.
" The Net Cost after Reserves are Applied to the Subtotal divided by the Estimated Annual Energy Savings minus the i
"R13ex refers to an existing fram e wall with R-13 already retrofitted in the wall cavities (1980's upgrade program)

“ Annual maintenance includes new maintenance costs for the installed cladding m aterials minus the current maintenance cosls for the building.
""The Present Value of the Cash flow based on a home mortgage to finance the upgrades. The Present Value includes a calculation of the morigage interest tax deduction.
'The Present Value is calculated based on the cash flow of a one-time investment in the upgrades and annual

FEIFS and fiber cement shown with B1-B4 savings. Masonry block with vinyl siding added is shown with B1-4 savings. Masonry block vinyl-sided building shown with BV3-BVE savings (a building currently clad with vinyl siding.) Frame brick

modeled after FB-1 & 2. Frame vinytsided and frame fiber cement modeled after Fv1-4. BV-5 and BV-6 (walkout basements) were modeled wilh R-13 adjacent the crawispace and end walls. No cost to include this has been included in the
tables. The B building with added vinyl is @ model of a block building with vinyl siding added. The difference in ir i
alzo a modeled difference in energy savings between a masonry block building without vinyl siding (E) vs the BV building with existing vinyl siding installed.

“The fiber cement product estimated for the B bulldings carres a 50-year warranty on the material in the stone/brick-look finish. The fiber cement product estim ated for the FV bulldings is James Harde horizontal lap siding and its

is the cost to remove and dispose of the exisling vinyl cladding. Note that there is
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5 Phase 1 Energy and Environmental Monitoring

In addition to the baseline conditions and simulations, a monitoring effort was implemented to
quantify the energy performance of the pilot buildings and to establish the pre-retrofit energy
usage in the homes. Ongoing data collection for energy, temperature, and relative humidity (RH)
is being logged in 15-minute intervals in the buildings. The equipment will remain in place
through all three phases of the pilot program which is expected to encompass three heating
seasons. Research Center staff performs weekly site visits to download data from loggers and
record data from utility meters. Programmed equipment downloads log energy data for
processing and storage at the National Renewable Energy Laboratory (NREL, a Department of
Energy laboratory and partner in the pilot program). The data is processed biannually and
summarized for each heating season. Table 8 indicates the areas of interest, data collection
devices, and expected use for the information gathered during the monitoring phases of the pilot

study.

Table 8. Monitoring the Pre-Retrofit Units.

Parameter of

Interest Test Method Purpose
Record whole house electricity use
Whole House Current transducer and Develop use profile for winter months

Electric Energy Use

recording devices

Integrate energy use data with general weather data
Provide comparison with energy simulation results

Space and Water
Heating and Dryer
Energy Use

Current transducers and
recording devices

Proportion heating energy use as a fraction of total
energy use
Summarize total internal heating energy and major loads

Indoor Environment

Temperature/Relative
Humidity sensors — 2 to
4 devices per unit,
located 1st and 2nd
floors

Provide indoor conditions for energy analysis
Assess interior moisture loading/dilution

Support ventilation option development and control
Assess range of indoor temperature settings

Foundation
Environment

Temperature/humidity
loggers, at least 2
sensors in crawlspace

Provide crawlspace foundation conditions for energy
analysis
Assess potential moisture issues

Compare with air sealing/ventilation/insulation options
in pilot renovation plan

Weather data has been obtained from a National Weather Service station located at College Park
Airport, within five miles of the GHI project center; station KCGS.* A shielded outdoor
temperature and RH sensor was installed at the GHI office on Hamilton Place. The data on site is
very similar to that from the weather station. Weather data is used to calculate heating degree-
days and directly for use in the analysis of the energy performance of homes.

* The station was selected for its proximity to the project and the fact that it was likely to be well-maintained due to
its location at a busy municipal airport. See http://www.wunderground.com.
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5.1 Data Collection Equipment

Each of the seven buildings in the GHI pilot study were fitted with Onset Computer wireless ZW
sensors’ to record temperature or RH, placed in several locations and on each level inside the
units. In many cases, two sensors have been placed on each level in rooms on each side of the
central stairway. The sensors are designed to record the data in a preset interval and transmit the
data wirelessly to a receiver located in the crawlspace. Due to varying signal reliability, ZW
routers, which also function as sensors, were installed in crawlspaces to boost the signal from the
individual sensors. Data transmitted from the individual sensors to the central receiver is
retrieved weekly via a site visit and a direct computer link to the receiver (see Figure 7) to
retrieve the stored data.

The homes in three selected buildings, B-1 through
B-4, FB-5 through FB-8, and FV-5 through FV-§,
are equipped with WattNode watt hour
transducers® which were installed in the electrical
panel boxes of each home in the fall of 2010. The
transducers monitor the energy use of the primary
heating circuits, dryer, water heater, and whole
house. Electric usage is recorded by the
transducers as a pulse output proportional to the
electric watt-hours consumed by equipment
connected to the circuit. Transducer signal pulse
data is recorded on a per minute basis by a data
logger, also located in the crawlspace/boiler rooms
beneath the buildings. The remaining four
buildings in the pilot program were outfitted with
watt-hour transducers in May of 2011. The
monitoring plan calls for all energy transducers to
remain in place through two or more heating
seasons. Due to lack of electric panel access in two
of the 28 pilot homes, a supplemental whole-house

Fi . energy monitor was installed at the main electric

igure 7. Onset receiver L8l )
(data download in progress). distribution equipment to record whole house
electric use. In addition, electric meter readings

were obtained on a weekly basis for all homes so that a comparison of energy use could be made
following the first heating season, given that not all homes were monitored in detail for electric
energy consumption.

ZW Receiver

5.2 Measurement of Energy Use

The GHI pilot program is designed to measure the energy consumption, primarily in heating
seasons, and ultimately evaluate the affordability of retrofit technologies selected specifically for
each of the GHI building types in the pilot project. The recommended building envelope retrofit
technologies selected for the energy upgrade have been based in part on the use of software
simulations to estimate energy use in the buildings before and after the upgrade installations.’
Homes within the pilot project group have been equipped to compile actual data that can be

3 Manufacturer, Onset Computer, http:/www.onsetcomp.com
% Continental Control Systems, LLC, manufacturer, http://www.ccontrolsys.com/w/Advanced Pulse WattNode
"NAHB Research Center, Greenbelt Homes Inc. Pilot Project Energy Analysis, April 2011. See Appendix C
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analyzed both to the simulation estimates and to the actual ongoing measured results as the
retrofits are implemented in each phase of the energy efficiency retrofit program.

Pilot program homeowners were also asked to submit utility bills covering the 2009-2010
heating season for use as an approximate check of energy model accuracy. The utility bills and
the recorded data have already served as a “reasonableness” check of software model outcomes
for establishing baseline conditions used for the building envelope energy efficiency
recommendations. At the pilot program completion, the measured utility data, along with utility
bills, will provide a straightforward method for evaluating realized total energy and cost savings
relative to retrofit costs and to provide a comparison with the cost savings estimated by the
software models.

Another commonly used method of isolating the heating and cooling energy used within a home
lies in analyzing the utility bills on an annual basis. Where each monthly invoice indicates actual
usage for the period, utility bills will generally show that during April-May and September-
October in this climate, energy use is lower than the other months due to a decreased use of
space conditioning energy. Usage in these “shoulder” or “swing” months is a good indication of
the basic electrical loads within a home for water heating, lighting, appliance, and miscellaneous
loads. The observed “base” load can then be subtracted from each month’s usage to determine
the electric energy attributable to heating and cooling. As a comparison, the watt-hour
transducers that were installed in the electric panels measure the energy use of the circuits
supplying the baseboard and ceiling heaters.® Table 9 summarizes energy usage data for the pilot
program homes from November 2010 through March 2011 and incorporating various analytical
methods:

e Heating energy based on previous years’ utility meter readings multiplied by estimated
percentage of heating use (column 9, available for all homes)

e Measured heating use for a subset of homes (column 11)

e [Estimated heating use predicted by simulation software (column 12).

The data presented in Table 9 compares estimated heating energy based on actual whole-house
energy use measurements, and for 12 of the 28 homes in the study (reduced by one month of
heating energy, October 2010) the direct measured heating energy to the software heating energy
use estimates. As noted by the measured data results, each building equipped with transducers
appears to have an outlier—a unit with temperature and electric usage much lower than
expected, indicating the home may be unoccupied. As far as the severity of the winter heating
data, for the period measured (November 2010 — March 2011) the actual heating degree day
(HDD) for the period was 1% higher than the long-term average data used in the simulation
software. In addition to the various electricity consumption analyses that have been outlined in
this report, energy use will be compared relative to the outdoor temperature in each year of the
study so that seasonal variations in the seasonal weather patterns will not distort real results.

¥ Not all ceiling heaters were able to be monitored. Electrical energy to dryers and water heaters was also measured,
as these can be sources of indoor heat gain; supplementing the baseboard heaters. (Supplemental portable space
heaters used on other circuits also provide heat gains to the home; however this data is not captured directly.) In
homes where the water heaters are not located within the units, the water heater energy is not added to the indoor
heat gains. Water heater data may be used to evaluate the savings from use of more efficiency water heating
equipment in subsequent phases of the project.
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Table 9. Pilot Study Homes Energy Usage Summary.

Heating Season Summary Energy Data Table'

Evaluation Period — November 2010 - March 2011 (October heating not included)

Utility Meter Data Logger .

. _ Floor Days Mete_r Average Estimated Estimate Slmul_ated
Unit Unit Arca i Electric Cost @ Cost/fiay Heatin Heatin Yeatin Heatin Heating
Code Type (ft") Period e 50.15 Heating Percen% Ener ; Percen% Ener ; Energy

kWh Season gy gy kWh
of Total kWh of Total kWh
B-1 Block 1168 169 12,580 $1,887 $11.17 69% 8,707 72.4% 9,108 9,773
B-2 Block 844 169 8,260 $1,239 $7.33 82% 6,794 79.8% 6,591 6,113
B-3 Block 844 169 2,390 $359 $2.12 82% 1,966 35.5% 848 6,113
B-4 Block 1245 169 16,620 $2,493 $14.75 69% 11,503 80.8% 13,429 9,773
FB-5 | Frame/Brick 1080 171 8,840 $1,326 $7.75 64% 5,691 72.5% 6,409 5,587
FB-6 | Frame/Brick 1136 171 10,392 $1,559 $9.12 46% 4,730 43.3% 4,500 3,880
FB-7 | Frame/Brick 911 171 1,983 $297 $1.74 46% 903 65.8% 1,305 3,880
FB-8 | Frame/Brick 1250 171 9,600 $1,440 $8.42 66% 6,379 71.2% 6,835 5,587
BV-1 | Block/Vinyl 1528 171 12,120 $1,818 $10.63 67% 8,068 7,660
B-5 Block 844 171 4,140 $621 $3.63 60% 2,503 6,113
B-6 Block 921 171 6,746 $1,012 $5.92 73% 4,935 6,113
BV-2 | Block/Vinyl 1245 171 9,190 $1,379 $8.06 83% 7,615 9,020
BV-3 | Block/Vinyl 1112 166 11,020 $1,653 $9.96 62% 6,876 7,660
BV-4 | Block/Vinyl 1080 166 5,455 $818 $4.93 51% 2,794 5,220
BV-5 | Block/Vinyl 1596 166 13,605 $2,041 $12.29 64% 8,657 7,447
BV-6 | Block/Vinyl 1596 166 10,500 $1,575 $9.49 62% 6,552 9,020
FB-1 | Frame/Brick 1080 169 10,100 $1,515 $8.96 69% 6,928 5,587
FB-2 | Frame/Brick 1080 169 5,900 $885 $5.24 69% 4,096 3,880
FB-3 | Frame/Brick 1080 169 7,865 $1,180 $6.98 60% 4,695 3,880
FB-4 | Frame/Brick 1080 169 3,710 $557 $3.29 70% 2,608 5,587
FV-1 | Frame/Vinyl 936 170 5,705 $856 $5.03 67% 3,842 5,387
FV-2 | Frame/Vinyl 782 170 6,589 $988 $5.81 53% 3,518 2,787
FV-3 | Frame/Vinyl 782 170 5,890 $884 $5.20 53% 3,145 2,787
FV-4 | Frame/Vinyl 870 170 7,760 $1,164 $6.85 65% 5,052 5,240
FV-5 | Frame/Vinyl 1170 166 8,105 $1,216 $7.32 65% 5,305 71.2% 5,771 6,013
FV-6 | Frame/Vinyl 792 166 5,835 $875 $5.27 45% 2,649 49.4% 2,882 3,570
FV-7 | Frame/Vinyl 1056 166 9,220 $1,383 $8.33 56% 5,151 43.0% 3,965 4,760
FV-8 | Frame/Vinyl 1056 166 6,570 $986 $5.94 65% 4,282 71.5% 4,698 6,013
! Notes:

Simulated heating energy based on a constant 68°F interior temperature for the whole house
FB7 unoccupied, BV4 unoccupied for partial period
B3, B6, BV2, B6, FV1. FV8 have atypical heating set-points and/or total use

Estimated percent meter heating energy based on utility bills for previous year where available

Simulation Heating Energy is for full heating season
B = Block Buildings; BV = Block Vinyl Buildings; FB = Frame Brick Buildings; FV = Frame Vinyl Buildings

1. Based on 2009-2010 heating season utility bills and estimates for non-heating uses, the

The summary energy consumption details for the first heating season of the GHI pilot program
indicate a wide range of energy usage in the homes:

heating energy as portion of total energy is ranges from 45% to 83% (Table 9, column 8).
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2.

Applying these estimated heating use percentages to the recorded utility meter data for
the 2010-2011 (Table 9, column 9) heating season shows estimated heating use for the
period from November through March of between 2,503 kWh and 8,707 kWh, a factor of
about 3.5 (excluding the homes that are primarily unoccupied and one home where the
energy use is well above all other homes).

A comparison of the estimated heating energy based on meter readings to the 12 homes
where data logger data is available shows an average of 102% data logger to meter
readings (Table 9, column 11 and column 9) across the 12 homes and a standard
deviation of 24%. The large standard deviation indicates that there are outlier homes, as
is known. Removing the three outlier homes from the set shows an average energy use
ratio data logger to meter estimate again of 102% with a standard deviation of 11%,
indicating a very good approximation of the heating energy based on utility meter
readings.

When comparing the simulation data estimates to the utility meter readings, the results
are more varied with an average ratio of 148% for across all of the homes and a standard
deviation of 109%. When removing the three outlier homes from the data set, the average
ratio of simulated to meter energy use is 106% with a standard deviation of 21%,

indicating a somewhat good approximation of energy use by the homes from the
simulation estimates.

Figure 8 charts the data as described in the four summary points above.
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12,000 M Logger estimate

Simulation estimate
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Heating Energy Use Estimate, kWh
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Figure 8. Summary comparison of heating energy use estimates
for the heating period November 2010 — March 2011.
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The average energy use (meter estimates) for all homes for the heating period from November
2010 to March 2011 is 64% of the total energy use in the homes. Table 10 summarizes the meter
estimate heating energy use data based on building type.

Table 10. Average Heating Energy for Building Types.

Home Type Heating Energy, kWh Size, ft* Ratio, KkWh/sf
Average Block 6,068 978 6.21
Average Block/Vinyl 6,760 1,360 4.97
Average Frame/Brick 5,018 1,112 4.51
Average Frame/Vinyl 4,118 931 4.43

6 Summary Indoor Temperature and Relative Humidity

Additional long-term monitoring includes indoor temperature and RH. 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 most of April, 2011. The ending
dates coincide with the last data download prior to commencing data analysis for the second
report that was submitted to GHI, as well as a weather warming trend where daily highs started
averaging in the 70’s (°F) and lows stayed above 50°F. Table 11 is a summary of the actual
indoor temperatures recorded for the periods.

Table 11. Indoor Temperature/Humidity Conditions during the 2010/2011 Heating Season.

Average Daily Temperatures by
?ii:I:BF:e[:?c:: Floor Level Average Household Indoor Conditions
Unit Front Days in First Floor Second Floor
1.D. Faces Period Temperature Temperature
Average Average Temperature Percent
From To Avteo'r:?ge Minirmurm AV;:QE Minimum Tem;troeFr]ature Standard Relative
(*F} (*F) Deviation, °F Humidity
B-1 South 11/18/2010 | 4/26/2011 160 70.0 68.5 68.6 67.7 63.3 21 n/a
B-2 South 111872010 | 47267201 160 69.6 68.2 68.1 671 68.9 22 n'a
B-3 South 11/18/2010 | 4/26/20M 160 61.7 60.0 61.6 60.5 61.6 4.4 67.4
B-4 South 11/18/2010 | 4/26/2011 160 723 70.7 68.5 67.8 704 41 36.5
Bv-1 North 173142011 | 4/26/2011 86 66.4 64 4 64.8 634 65.6 31 52.8
B-5 Morth 1/31/2011 | 4/26/2011 86 53.0 57.0 59.0 575 53.0 4.0 62.3
B-6 Marth 1/31/2011 | 4/26/2011 86 60.8 58.7 63.2 61.7 62.0 45 551
Bv-2 Morth 1/31/2011 | 4/26/2011 86 63.8 62.2 64.4 63.2 64.1 6.7 41.0
BV-3 MNortheast 1/28/2011 | 4/26/2011 89 68.0 66.4 70.3 69.4 69.1 25 43.9
Bv-4 Mortheast 1/28/2011 | 4/26/2011 89 64.0 62.2 64.2 63.5 64.1 29 54.6
BV-5 Northeast 1/28/2011 | 4/26/2011 89 746 72.6 738 728 70.4* 5.2 3.7
BV-5 - Bsmt. 62.8 61.7
BV-6 [Mortheast 1/28/2011 | 4/26/2011 89 63.0 65.8 66.6 65.6 66.2* 33 433
BV-6 - Bsmt. 63.9 62.3
FB-1 South 1/31/2011 | 4/26/2011 86 70.0 68.2 69.4 68.1 69.7 4.6 30.2
FB-2 South 1/31/2011 | 4/26/2011 86 64.8 63.0 64.9 63.5 64.9 4.2 356
FB-3 South 173142011 | 4/26/2011 86 64.5 62.8 67.3 65.6 65.9 48 440
FB-4 South 1/31/2011 | 4/26/2011 86 877 55.6 58.3 56.6 58.0 6.6 46.5
FB-5 Southwest | 12/14/2010 | 4/26/2011 134 67.1 65.2 64.6 63.2 65.8 33 37.9
FB-6 Southwest | 12/14/2010 | 4/26/2011 134 B5.0 62.5 65.6 62.5 B5.3 25 4111
FB-T Southwest | 12/14/2010 | 4/26/2011 134 552 5.2 55.2 54.3 552 8.0 38.6
FB-8 Southwest | 12/14/2010 | 4/26/2011 134 63.2 61.8 68.2 65.2 65.7 3.7 42.0
Fv-1 North 173142011 | 4/26/2011 86 60.5 549 63.1 59.9 61.8 54 46.5
Fv-2 Morth 1/31/2011 | 4/26/2011 86 63.9 64.8 68.5 66.3 63.7 48 36.8
Fv-3 Marth 1/31/2011 | 4/26/2011 86 63.2 64.7 67.7 654 63.0 48 40.3
Fv4 Morth 1/31/2011 | 4/26/2011 86 67.2 62.0 68.5 B5.8 B7.8 4.8 39.9
] MNothwest | 12/16/2010 | 4/26/2011 133 67.8 64.0 69.2 67.2 68.5 21 34/33™
FV-6 Morthwest | 12/15/2010 | 4/26/2011 133 65.0 62.2 65.5 63.6 65.2 34 398
Fv-7 MNorthwest | 12/15/2010 | 4/26/2011 133 63.1 65.6 66.4 63.5 67.2 3.5 399
Fv-8 Morthwest | 12/15/2010 | 4/26/2011 133 64.6 62.7 61.3 596 62.9 3.8 39/44*

*Average includes Basement;

**First Floor/Second Floor RH;

n'a = data not available

B = Block Buildings; BV = Block Vinyl Buildings; FB = Frame Brick Buildings; FV = Frame Vinyl Buildings
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Table 11 indicates a range of indoor temperatures in the pilot program homes between 58°F to
70°F, except for FB-7 which was unoccupied and unheated for part of the season and has the
lowest daily average temperature of 55°F and highest standard deviation. Gauged by the standard
deviation calculated for the other homes in the group, the daily indoor average temperature
swings are modest. The most significant finding, based on the recorded building conditions, is
that 64% of the occupied units maintained average indoor winter temperatures less than 68°F; a
threshold generally viewed as the minimum set point for energy simulations (and comfort) and
that which was used for the GHI pilot program simulations.

7 Detailed Data Summary Energy Use: Measured and Utility
Meter Readings for Three Building Types

The baseline performance of each of the 28 homes was determined from the monitored data and
the utility meter readings for each of the building types including block, wood frame with brick
fagade, and wood frame with vinyl siding.

7.1 Masonry Block Building — Units B-1, B-2, B-3, B-4

The masonry block building was the first equipped with sensors and transducers. Data was
recorded for a five month period—a large portion of the 2010/2011 heating season. By chance,
two adjacent units in the building maintained similar average indoor temperatures of 68.1°F (B1)
and 68.9°F (B2) during the period. Records show one unit in the building at an average indoor
temperature of 70.4°F (B4), and another one at 61.6°F (B3). The energy use for the whole house
and just heating energy use relative to the difference between daily outdoor and indoor
temperatures is plotted on the graphs in Figure 9 through Figure 12, which represent the four
houses in Building B. In most homes, the relationship between the heating energy and the
temperature difference is expected to be much more linear than between the whole house energy
use and the temperature difference. However, in this building type the relationship is generally
consistent due in part to the large heating percentage of the total energy use. Whole house energy
use is included to indicate the daily consumption levels for the home.

All of the graphs show increasing energy use as the temperature difference between outdoors and
indoors increases. The energy use for heating in masonry homes such as these may be somewhat
out-of-sync with weather patterns because the large thermal mass of the building tends to cause a
lag in transferring thermal energy across the walls and floors. However, use of a daily summary
is necessary when actual measured temperature data is used because homes are usually operated
on a cycle of usage patterns that recurs every 24 hours (diurnal).
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Figure 9. B-1 Whole house and heating electric use analysis.
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Figure 10. B-2 Whole house and heating electric use analysis.
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Figure 12. B-4 Whole house and heating electric use analysis.
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Figure 9, Figure 10, and Figure 12 indicate similar performance because the whole house and
heating energy use are consistent as evidenced by the whole house and heating energy fit lines
being parallel, or having a similar slope. The area between the fit lines is generally indicative of
energy use for appliances, lights, water heating and miscellaneous. When the area is consistent,
as shown by these graphs, it indicates that usage is more or less routine from day to day.

The linear fit formulas describe the relationship between temperature difference and energy use
of the two data sets in each graph; therefore, the difference in the offset of the fit lines’ formulae
approximates the daily average energy consumption within the home for uses other than heating.
For example, in Unit B-2, the offset difference between the whole house energy use and the
heating energy use is approximately 7 kWh, and is representative of the average daily use for all
loads other than heating energy.

Unit B-3, Figure 11, is unique in that it appears that the occupant(s) was/were either away for a
large portion at the beginning of the heating season or simply did not use much heating. (Table
10 indicates an average winter season indoor temperature less than 62° F.) The whole house
energy use does not increase with the same proportion as the other homes in the building when
outdoor temperatures decrease.

The vertical axis on all of these graphs represents the daily heating and whole house electric
energy usage. The range of electricity usage for these four homes is large—40 kWh to 160
kWh—with interior points of 80 and 125 kWh. The maximum energy use for heating any one
home in this group ranges from 32 kWh—140 kWh during the more severe weather period. The
interior units use less electricity for heating because of the reduced exterior wall and window
area and the reduced interior living area (interior units in this building are approximately 28%
smaller than the end units).

In addition to the data measured by the transducers, the utility meter readings were logged
weekly for each of the units. The utility meter data correlates well with the measured data. The
utility meter data has been used to analyze the heating energy use compared to the number of
HDDs in Figure 13. The use of HDD helps to compare the temperature severity (or the
difference between indoor and outdoor weather) when the time period is greater than one day.
HDD is the cumulative measurement (for a period) of the difference between 65°F and the
average daily temperature below 65°F. Each point on the graph indicates the average daily
energy usage and the average daily HDD in a period defined by meter readings. The trend line
for each unit indicates the relationship between the outdoor temperature severity and the average
daily electric energy consumption.
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Figure 13. B-1 through B-4 average daily electricity use based on HDDs in the period.

Units B-4 and B-1 demonstrate the highest daily energy usage during the heating period. These
are end units with approximately 25% more exterior wall surface, nearly 50% more roof surface
area, and 28% more heated area than B-2 and B-3, thus higher energy usage for space
conditioning is expected.

7.2 Wood Frame Brick-Veneered Building — FB-5 through FB-8

The wood frame brick-veneered building that received temperature sensors and energy
transducers in November 2010 shows similar average indoor temperatures in three of the units—
66°F, 65°F, and 66°F (Table 11). One of the units was unoccupied for the heating season, but the
heat was on for some of the period and its average temperature was 55°F.

Figure 14 through Figure 17 chart the transducer data on whole house and heating energy use

during the 2010/2011 heating season. Figure 18 compares the metered data and the HDD for a
period.
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Figure 14. FB-5 Whole house and heating electric usage.
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Figure 15. FB-6 Whole house and heating electric usage.
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Figure 16. FB-7 Whole house and heating electric usage.
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Figure 17. FB-8 Whole house and heating electric usage.

The daily energy usage range for the occupied homes is not large—90 to 115 kWh per day—and
homes are of similar area. The maximum energy for space heating is, as would be expected,
higher for the exterior units (75 to 85 kWh maximum daily usage) than the interior occupied unit
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(65 kWh). The larger-than-normal difference between the whole house and heating energy use
(more than 20 kWh usage per day) for unit FB-6 (Figure 15) is generated by heating hot water.

Figure 18 compares the energy use recorded at the meter with the HDD for the period. The data
correlates well with that presented in the previous graphs (Figure 14-Figure 17).
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Figure 18. FB-5 through FB-8 average daily usage and HDD during the period.

The energy used in these wood frame brick (FB) units is significantly lower than for the block
(B) units (Figure 9 through Figure 12) due the former having wall insulation. FB-5 and FB-8§ are
the end units with approximately 340 more square feet of exterior wall surface than interior
units; however, all of the homes in this building have similar conditioned area (Table 3).

7.3 Wood Frame Vinyl Building — FV-5 through FV-8

One of the wood frame vinyl-sided buildings in the pilot program was also instrumented during
the same week as the block building. The average indoor temperature for the four units ranged
from 63°F to about 69°F (Table 10). One of the units has an air source heat pump and the
homeowner does not use the baseboard heaters. The average indoor temperature of three of the
four units was from 1 to 5 degrees below the 68°F simulation set point.

Figure 19 through Figure 22 indicate the detailed daily data for whole house and heating energy
use. The maximum energy use recorded for any day is similar to that of the wood frame brick
building but, the range for these wood frame vinyl homes is not as great as those of the other
building types. The range of maximum daily use was 74—119 kWh per day (used in FV-6, and
FV-5, respectively). The two other homes in the building recorded maximum daily energy use of
75 and 104 kWh. The maximum heating energy use, however, was as would be expected, higher
for the exterior units (108 and 63 kWh), than the interior units (47 to 52 kWh). The difference in
heating energy use in the end homes can be attributed to the 6°F difference in average indoor
heating set point.
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Figure 20. FV-6 Whole house and heating electric usage.
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Figure 21. FV-7 Whole house and heating electric usage.
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Figure 22. FV-8 Whole house and heating electric usage.

Comparison between the daily energy data recorded by the transducers (Figure 19 through
Figure 22) to the utility meter records (Figure 23) indicates the agreement between the two
methods. Figure 23 is a graph of the relationship between periodic utility meter records and the
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weather severity measured in HDD for the brick veneered building consisting of units FB-5
through FB-8.
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Figure 23. Average daily usage and HDD during the period; FV-5 through FV-8.

The whole house energy used in the FV and FB units is similar since these units all have similar
wall and ceiling insulation. The interior unit, FV-7 shows the overall highest energy use;
however, the energy use is greater for non-heating loads and is consistent for energy used for
heating as with other interior units.

8 Detailed Data Summary Energy Use: Utility Meter Readings for
Four Building Types

Four buildings were unable to be outfitted with the electric energy transducers in time for the
2010-2011 heating season. As with the previous three building types, electric meter readings
were recorded for the remaining four buildings in the pilot study at regular intervals. The whole
house energy use of the four buildings that were not outfitted with current transducers for the
2010/2011 heating season are analyzed here based on observed meter readings and can be
compared with the similar analysis above.

8.1 Block Vinyl-Sided and Block Building Units BV-1, B-5, B-6, BV-2

Vinyl siding has been installed on the end units of the block building (thus, they are named BV-1
and BV-2). The two interior units remain constructed of 8 in. CMU block that has been painted
(B-5 and B-6). Temperature sensors were installed in each of the homes for part of the heating
season (February through April 2011). Energy use data was obtained via periodic utility meter
readings (because energy transducers were installed in May 2011; after the heating season). The
average indoor temperatures vary significantly from unit to unit. All are lower than the 68°F set
point used in the simulation models. Figure 24 charts the whole house energy use during the
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period of the heating season against the HDDs in the period on each unit. The trend line for each
unit indicates the relationship between the severity of the outdoor temperature and the average
daily whole house energy consumption.

The end units, BV-1 and BV-2, indicate the highest maximum daily energy usage during the
period; however B-6, an interior unit, is a close third in energy usage. These three units have
considerably different conditioned areas of 1,528, 1,245, and 921, respectively. Like the other
block end units, the two in this building have more than twice as much exterior wall surface area
as the interior units.
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Figure 24. BV-1, B-5, B-6 and BV-2 average daily usage and HDD for the heating period.
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8.2 Block Vinyl-Sided Units BV-3 through BV-6

Temperature sensors were installed in each unit of the masonry block vinyl-sided building for
part of the heating season (February through April 2011). Energy use data was obtained via
periodic utility meter readings, as energy transducers were installed in May 2011; after the
heating season ended. The average indoor temperatures in these units were closest of any of the
buildings to those used in the energy simulations—69°F, 64°F, 70°F, and 66°F. Figure 25 charts
the electricity used during utility meter measurement period normalized to the number of HDDs
in that period.
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Figure 25. BV-3 through BV-6 average daily usage and HDD for the heating period.
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8.3 Wood Frame Brick Units FB-1 through FB-4

Temperature sensors were installed in each unit of this wood frame brick-veneered building for
part of the heating season (February through April 2011). Energy use data was obtained via
periodic utility meter readings, as energy transducers were installed in May 2011; after the end of
the heating season. The average indoor temperatures vary considerably—70°F, 65°F, 66°F and
58°F. Each of the homes in this building contains the same conditioned area, 1,080 ft’. Figure 26
charts the electricity used during each utility meter measurement period normalized to the
number of HDDs in that period. The FB-4 unit appears to be an anomaly both as an exterior unit

and lower slope of energy use with reference to the weather severity.
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Figure 26. FB-1 through FB-4 average daily usage and HDD during the period.

34




U.5. DEPARTMENT OF Energy EﬁlClency &

EN ERGY Renewable Energy

8.4 Wood Frame Vinyl Units FV-1 through FV-4

Temperature sensors were installed in each unit of this wood frame vinyl-sided building for part
of the heating season (February through April 2011). Energy use data was obtained via periodic
utility meter readings, as energy transducers were not installed until May 2011 after the end of
the heating season. Average indoor temperatures were 63°F, 69°F, 68°F, and 68°F. Whole house
energy use is plotted against the HDDs in the period in Figure 27.
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Figure 27. FV-1 through FV-4 average daily usage and HDD for the heating period.

9 Indoor Relative Humidity

One interest for the research in the pilot home program is to document the indoor conditions that
represent comfort of the homeowners. Anecdotal evidence from homeowner interviews has
identified lower than typical indoor temperature settings due in large part to energy use.
Commensurate with the lower indoor temperatures, there is a concern that many homes have
higher than acceptable RH that result in condensation and other indoor air quality problems.
Using comfort as the criteria, 2001 ASHRAE Fundamentals (8.12) sets 25%—-60% RH as the
range acceptable to 80% of the population. This is the range where few people can detect
humidity in the air. Below 25%, dry nose, throat, and skin are noticeable, while above 60%
people detect a stickiness, or clammy feeling, on their skin. The Air Conditioning Contractors of
America (ACCA) generally supports this humidity range at which various air contaminants
grow.’ More recently, building science experts suggest that heat season RH should be less than
40% to prevent condensation on cold surfaces. '’

® ACCA Consumer Education Series, Manage Your Humidity, 2003, http://www.superior-air.com/Humiweb.pdf
' Krigger & Dorsi, Residential Energy, 2009, Saturn Resource Management, Inc.
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Homes in the pilot study tended to show average indoor RH within the ASHRAE
recommendation range, however, a majority of the units showed average household RH higher
than the more recently recommended limit of 40%; 14 of 26 homes recorded in Table 11 showed
average heat season RH above 40%. Two of the block houses had RH levels over 60% (B-3 and
B-5) for some duration of the heat season. Both of these units indicate significantly cooler indoor
average temperatures than the pilot group of homes—62°F and 64°F. The GHI Report 1,

Phase 1'' proposed exhaust fans with timers as a method of diluting the humid indoor air by
exhaust ventilation. (RH sensors in units B-1 and B-2 were not available for this measurement
period.) Figure 28 through Figure 38 show the available RH data for each home.

Block Building (B-3 & B-4) Indoor Avg. Daily Relative Humidity

Temperature - °F; Relative Humidity - %

B-3RH, % B-3 DewPt, °F B-3 Avg Daily Temp

B-4RH,% e B-4 DewPt, °F ——B-4 Avg Daily Temp

——Qutdoor Temp., °F

Figure 28. Indoor relative humidity B-3 and B-4.

" NAHB Research Center report to the Board of Directors of Greenbelt Homes, Inc. April 2011
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Block Vinyl; Units BV-3 & BV-4
Indoor Avg. Daily Relative Humidity
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Figure 31. Indoor relative humidity BV-3 and BV-4.
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Figure 32. Indoor relative humidity BV-5 and BV-6.

The indoor RH of the wood frame brick and wood frame vinyl buildings for the heating period
are detailed in Figure 33 through Figure 38.
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Frame Brick; Units FB-1 & FB-2
Indoor Avg. Daily Relative Humidity
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Figure 33. Indoor relative humidity FB-1 and FB-2.
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Figure 34. Indoor relative humidity FB-3 and FB-4.
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Figure 36. Indoor relative humidity FB-7 and FB-8.
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Figure 37. Indoor relative humidity FV-1 and FV-2.
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Figure 38. Indoor relative humidity FV-3 and FV-4.
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10 Building Crawlspaces

Figure 39 through Figure 45 chart the RH in the crawlspaces of the buildings in the pilot study.
An acceptable range would be similar to the range identified for indoor conditions.
Dehumidifiers have been recommended for the block (B) and wood frame brick (FB) building
crawlspaces, as these are currently closed crawlspace foundations without mechanical ventilation
or a heat source. Air dilution via ventilation grills was recommended for the wood frame vinyl
(FV) buildings. The buildings are outfitted with the grills, but these have been blocked by deck
band boards and built-up grade. A full vapor barrier to cover the entire crawlspace floor was
added in the fall of 2011 to all buildings.

The data indicates that the dew point in the crawlspaces remains below the temperature in the
crawlspaces, generally resulting in little condensation potential on surfaces. One group of block
building, units BV-1 through BV-2, did not report the RH due to a sensor malfunction. Average
daily temperatures for the crawlspace are reported.

B-1to B-4 Average Daily Crawl SpaceTemperature and Relative Humidity
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Figure 39. Crawlspace relative humidity; Units B-1 through B-4.
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Figure 40. Crawlspace temperature; BV-1, B-5, B-6 and BV-2.
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Figure 41. Crawlspace temperature and relative humidity BV-3 through BV-6s.
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FV-1to FV-4 Crawl Space Average Daily Temperature and Relative Humidity
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Figure 42. Crawlspace temperature and relative humidity FB-1 through FB-4.
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Figure 43. Crawlspace temperature and relative humidity FB-5 through FB-8.
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FV-1to FV-4 Crawl Space Average Daily Temperature and Relative Humidity
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Figure 44. Crawlspace temperature and relative humidity FV-1 through FV-4.
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11 Summary

The purpose of Phase 1 of the Greenbelt Homes Inc. (GHI) pilot program was to determine the
pre-retrofit condition of older homes, develop simulation models to estimate energy and cost
savings, make building envelope upgrade recommendations, and instrument the homes to
determine a baseline energy use and compare with utility meter readings. The pre-retrofit condition
of the 28 homes in the pilot program was established through occupant interviews, compilation of
the previous years’ utility bills, physical inspections, and air infiltration and water flow testing. As
a result, the pre-retrofit conditions are available in detail for each of the building exterior wall types
including block, wood frame with brick facade, and wood frame with vinyl siding.

The energy simulations for each wall type were completed using BEopt v1.01. Equipment
specifications, dimensions, building orientation, and other apparent features were recorded by
Research Center staff during site walk-through evaluations and short-term testing of the pilot
project units. A minimum of one end and one interior unit was modeled in each building.
Estimated savings and costs for the whole building were tallied from these outcomes. Several
buildings were made up of unique homes, thus modeling more than two of the four units was
warranted. The results of energy modeling were assembled in a spreadsheet to aid GHI staff in
presenting the upgrade options to its membership.

The baseline monitoring included collecting energy data to establish pre-retrofit energy use.
Energy use data is being recorded and analysis covering data that was captured for a period of
the 2010/2011 heating season was presented herein. Ongoing data collection throughout all
phases of the pilot project includes energy, temperature, and RH data. Using the collected
baseline data, the Research Center compared the estimated heating energy from the simulation
tins with the actual whole-house energy use monitored data. The result was a close correlation
between the simulations and the data.

The baseline performance of each of the 28 homes was determined from the monitored data and
the utility meter readings for each of the building types including block, wood frame with brick
facade, and wood frame with vinyl siding. For the block buildings, the data shows increasing
energy use as the temperature difference between outdoors and indoors increases. The energy use
for heating in masonry homes such as these may be somewhat out of sync with weather patterns
because the large thermal mass of the building tends to cause a lag in transferring thermal energy
across the walls and floors. The energy used in the wood frame brick (FB) units is significantly
lower than for the block (B) units due the former having wall insulation. The whole house energy
used in the wood frame vinyl (FV) and FB units is similar since these units all have similar wall
and ceiling insulation. For all of the units, the maximum energy for space heating is, as would be
expected, higher for the exterior units than the interior-occupied unit. In addition, the utility
meter data correlates well with the measured data for all the units.

Indoor temperature, RH, was also collected as part of the monitored data. The most significant
finding, based on the recorded building conditions, is that 64% of the occupied units maintained
average indoor winter temperatures less than 68°F; a threshold generally viewed as the minimum
set point for energy simulations (and comfort) and that which was used for the GHI pilot
program simulations. The indoor conditions, representing the pre-retrofit comfort of the
homeowners, were also assessed based on the indoor RH. Homes in the pilot study tended to
show average indoor RH within the 2001 ASHRAE Fundamentals 25%—-60% recommendation
range. However, 14 of 26 homes recorded showed average household RH higher than the more
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recently recommended limit of 40%. Two of the block houses had RH levels over 60% for some
duration of the heat season.

Relative humidity was also monitored in the crawlspaces of the buildings in the pilot study. An
acceptable range would be similar to the range identified for indoor conditions. As a result,
dehumidifiers have been recommended for the block (B) and wood frame brick (FB) building
crawlspaces and air dilution via ventilation grills was recommended for the wood frame vinyl
(FV) buildings. A full vapor barrier to cover the entire crawlspace floor was added in the fall of
2011 to all buildings. The data indicates that the dew point in the crawlspaces remains below the
temperature in the crawlspaces, generally resulting in little condensation potential on surfaces.

12 Next Steps

GHI has established a pilot project that will serve as a basis for decision making for the rollout of
a decade-long community upgrade program that will improve the energy efficiency of the
building envelope and equipment such as plumbing, mechanical equipment, and cladding. The
pilot project has three phases focused on identifying the added costs and benefits of energy
efficiency features, which are to be installed during a planned communitywide replacement
program commencing in 2015. Phase 1 presented in this report consisted of an evaluation of the
current operation, use, environmental conditions, and energy costs.

The next steps will include Phase 2 and 3 of the GHI pilot program. Phase 2 will consist of the
installation of the building envelope improvements identified in Phase 1, monitoring energy
consumption for the heating season following installation, and performing energy simulations
supporting recommendations for HVAC and water heating upgrades to be implemented in
Phase 3. The whole-house monitoring will continue throughout the project, both with the
building envelope upgrades in Phase 2 and the HVAC upgrades in Phase 3.

47



U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

References

ASHRAE (2010). Addendum to ASHRAE/ANSI 55-2010: Thermal Environmental Conditions for
Human Occupancy. Atlanta, GA: American Society of Heating, Refrigerating, and Air-
Conditioning Engineers.

Hendron, R. (2006). “Building America Performance Analysis Procedures for Existing Homes”.
NREL/TP-550-38238: Golden, CO. National Renewable Energy
Laboratory http://www.nrel.gov/buildings/pdfs/38238.pdf

Krigger, J; Dorsi, C. (2009). Residential Energy: Cost Savings and Comfort for Existing
Buildings. 5th Edition..Helena, MT: Saturn Resource Management, Inc.

NAHB Research Center (2011). Test Plan: Energy Use Analysis and Performance Monitoring of
the GHI Remodel Pilot Program. (internal only).

48


http://www.nrel.gov/buildings/pdfs/38238.pdf

U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Appendix A: Typical Building Specifications

Table 12. 8 in. CMU Block, BV-1, B-5, B-6, BV-2.

Greenbelt Homes, Inc.

Date: 11/15/2010
Bv-2 B-& B-5 BV-1
Unit Code Before Before Before Before
Feature/ Component
Year Built 18417 18417 15417 19417
House Type Town - End; C3.9 Tawn - Interior; C2.5 | Town - Interior; C2.6 | Town - End; C3.9
Structural Wall Type 8" CMU 8" CMU 8" CMU
Front Orientation MNorth North North
Finished Sg. Ft. Main 1,183 222 769
Addition 5q. Ft. 77 77
HNo, Stories Z 2
Bedrooms 1 1
Baths 1.0 1.0
Ceiling Ht. g-2 8-2
Foundation Clozed crawlgpace 4'| Clozed crawlzpace 4

Foundation R-value

5

Floor R-value 0

Heated No No Mo Mo
Vented No No No No

1st Floor 57 structural slab I7 structural slak I structural 2lak 57 structural zlab
2nd Floor 5" structural 2lak 57 structural 2lak 5" structural zlak 5" gtructural 2lab
Attic Ceiling 5" structural zlab 5" structural zlab 5" structural zlab 5" structural =lab
Attic R-value R-28 R-28 R-28 R-26
Building Dimensions 27T 22= 20 25x20 25x20 2723 = 20
Addition Dimensions 11x7 117 18x20

Roof Rafter Flat Concrete Roof Flat Cencrete Roof Flat Cencrete Roof Flat Cencrete Roof
Structural Wall 2" CMU 8" CMU 8" CMU 8" CMU
Siding Vinyl wirigid foam Painted CMU Painted CHMU Vinyl w/ rigid foam
Windows Mat'l vinyl zlider vinyl glider vinyl glider vinyl zlider
Window 5q. Ft. 71008210 T0/02435

Window U-/SHGC

55.70

cgy 7

& - painted CMU

Wall Sheathing nene - CMU wiziding | non none - painted CMU | none - CHU w/ziding
Wall R-value 5.0 0 0 5.0

Front Door 3068 wood 3070 wood 3070 wood 3070 wood
Left Door nong nong nong nia

Rear Door 3058 ins. 3058 ins. 3070 wood 3070 wood
Right Door nong nong nong nia
Storms Ves e e e

Air Leakage, ACH50 48 2.4 43 7.2
Mechanical Ventilation, run time 0 0 0 0

Water Heater 50/Rheem S0/A0 SMITH S0/40 SMITH 50/State Select

Model RHEPROSZ-2 EESS2J20872H43 EESS2J20872H43 G5220RT2
Energy Usage 5109 KWhyr 5109 KWlhyr 5109 KWyt 5109 KWyt
Location Boiler Room Boiler Room Boiler Room Laundry Room
Cooling Type-Int. Whirlpoo Fedders LG Hampton Bay
Manufacturer 24x18 28718 2412 HBQO7S
Location 2nd wall 2nd wall 2nd wall 2nd wall
Removed out of season? No No 2nd hallway No
Heating Type-Int. Elec. BB Elec. BB Elec. BB Elec. BB
EBB Capacity (Btu) Inf 37 24 25 v
H20 Heater Manufacturer Rheem AQ SMITH A0 SNMITH State Select
lModel RHEPROSZ-2 EESS2J20872H43 EESS2J20872H43 G5220RT2
Size 50 50 50 50 Gallon
Location Bamt boilsr room Bamt boiler room Bamt boiler room Laundry Room
Energy Usage Inztalled 111857 Inztall=d 02000 Installed 04/2000 4524 kwhiyr - EF 83
Toilet flush (gal. per) 1.6 1.6 1.6 2.4
Shower!Sink flow (gpm) 1.5M1.5 1.5M1.0 1.5M.55
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Table 13. 8 in. CMU Block, BV-3 through BV-6.

Date 11/3/2010

BV-3 BV-4 BV-5 BV-6
Unit Code Before Before Before Before
Feature! Component
Year Built 1521 1521 1941 19241
House Type Town-End, C2.8 Town - Interior, C 2.7 Town - Interior, C 3.7 Town -End, C3.7
Structural Wall Type &" CMU 8" CMU 2" CMU 8" CMU
Front Orientation Southeast Southeast Zoutheast Southeast
Finished Sq. Ft. 1080 1080 1160 1160
Addition 5q. Ft. 32
No. Stories 2 2 3 3
Bedrooms 2 2 3 3
Baths 1 1 1 1
Ceiling Ht, 88 g8 ) 4
Foundation Clozed Concrete Crawl 3.5 | Closed Concrete Craw| 2.5 Walkout Bamt Walkout Bemit
Foundation R-value R-5 R-= No Mo
Floor R-value 0 0 0 0
Vented Crawlspace Mo Mo n/a n'a

1st Floor 57 structural slab I7 structural =lab 57 structural slab 57 gtructural slab
2nd Floor 5" atructural glak 5" structural 2lak 5" structural zlak 5" atructural glak
Aftic Ceiling 5" structural 2lab 5" structural zlab 5" structural =lab 5" gtructural glab
Attic R-value R-28 R-2§ R-28 R-28

Roof Rafter Flat Concrete Roof Flat Concrete Roof Flat Concrete Roof Flat Concrete Roof

Building Dimensions

26.67x20

28.67x20w/bsmt.

28.67x20w/bsmt.

Addition Dimensions

Structural Wall

8" CMU

8" CMU

8" CMU

Siding Winyl - no inzul.? Winyl - no inzgul. ? Vinyl - no ingul ? Winyl - no inzul. ?
Windows Mat'l 15980 Winyl sliders 1980 Vinyl 15980 Vinyl 1980 Vinyl
Window, 5q. Ft. TO/0I 2040
Window U-/5HGC 5570
Wall R-value 0 0 0
Front Door wood 3070 wi3k wood 3070 w/ 3 ite wood 3070 wi 3 e
Rear Door 3070 wood 1/2 gl 3070 wi 102 | 3070w/ 112 1
Air Leakage, ACH50 3.5 4.3 a0
MechNent., run time 0.00% 0.00% 0.00%
Water Heater Stats Rhesm S0/State
Model ESBS0DOLS PSE020LSWX 215V520 PSSZ20RTZ
Energy Factor Use Effic. .90 5,000 5,108
Location Stair Clozet Low under counter Bamt. Boiler Roam
Cooling Type LR - thru-weall 15Kbtu Hall thru-wall LR thru wall Hall thru wall GE
Cooling Manufacturer Sears Carrigr Fedders FES96151 Unk.
Model 15Kbtu EER 5.2 FES86151 RS APR-1000ES 8.5EER
Removed out of season? Mo Mo No Mo-hall, Yes MBR
Location Hall thru-wall 2nd wall 2nd wall WMBR portable
Heating Type FES95151 FES96151 FES96151 FES95151
Linear feet (@250 watts/foot) 22 33 48 22
Thermostat Location on units on units on units
Ceiling Heat (K, Kitchen; B, Bath) no no ne
Toilet Flush (gal. per) 2.4
Shower/Sink Flow (gpm) 1.5/1.25 2.0M1.5 2.51.75
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Table 14. Wood Frame Brick Veneer, FB-1 through FB-4.

Greenhelt Homes. Inc

Date 11/8/2010
Unit Code FB -1 FB -2 FB-3 FB -4

Feature! Component Before Before Before Before
Year Built 15936 1936 1936 15936
House Type Town-End, C27  |[Town-Interior, C 27| Town-Interior, C2.7 Town-End, C2.7
Structural Wall Type Zx4 Frame w/Brick | 2%4 Frame wiBrick| 2x4 Frame w/Brick | 2x4 Frame wi/Brick
Front South South South South
Finished 5q. Ft., Main 1080 1080 1080 1080
Addition, 5q. Ft. y y 0 y
Ho. Stories 2 2 2z 2
Bedrooms 2 2 2z 2
Baths 1 1 1 1
Ceiling Ht. 7-11 7-11 7-11 7-11
Foundation Concrete Craw| 4 Caoncrete Crawl 4 Concrete Crawl 4 Concrete Crawl 4
Foundation R-value R-110 R-10 R-10 R-10
Floor R-value 0 0 0 0
Vented Crawlspace No Mo No No

1st Floor ztructural zlak ztructural zlab ztructural zlab ztructural zlab
2nd Floor Zxi joiztz at 18 2x5 joiztz at 18 Zx8 joiziz at 18 2% joiztz at 18
Attic Ceiling Zxf joiztz at 18 2x8 joiztz at 18 Zx8 joiztz at 18 Zxf joiztz at 18
2nd Floor and Attic Z2xd joiztz at 18 2x8 joiztz at 18 2x5 joiztz at 18 Z2xd joiztz at 18
Attic R-value R-18 R-18 R-18 R-18
Roof Rafter Zx3 rafters at 18 Zx3 rafters at 18 Zx3 rafters at 18 2x3 rafters at 18
Roof Sheathing 135 T&G 135 TAG 1325 T&G 135 T&G
Wall Sheathing 128 T&G 135 TAG 1328 T&G 125 T&G
Structural VWall wood frame 2xd wood frame 2xd wood frame 2x4 wood frame 2xd
Siding Brick Venser Brick Wenser Brick Venser Brick Venser
Windows Mat'l vinyl cazgement 918 vinyl zliders vinyl sliders vinyl sliders
Building Dimensions 26.87=20 26.67=20 28.87x20
Addition Dimension nia nia
Window S5F 87/0/88/0 71/0485/0
Window U-/SHGC 55T LB5LT
Wall R-value R-11 R-11
Front Door 3070 wd 3070 wd
Storm Doors = es es =
Rear Door Wood 102 glazs Nood 102 glazs Weood 12 glazs Weood 1/2 glazs
Air Leakage, ACH50 10.4 6.8 7.4 2.0
Mech. Vent., run time 0 0 0 0
Water Heater 50 gal. State 50 gal. State 50 gal. State 50 gal. State
Maodel CDOSS220RTYV CDOS5220RTV CDOSS220RTV CDOSS220RTV
Energy Factor Use 5852 kwh 5852 kwh 5552 kwh 5552 kwh
Location Boiler Room Boiler Room Boiler Room Boiler Room
Cooling Type Hall thru- wall Hall thru-wall Thru wall &/C Thru wall &JC
Manufacturer| Carrier 2812 EERS.0 GE EERS.7 Frigidaire Energy Star| Carrier 24" x 15
Maodel Carrier GE FASZETR24 International Series
Location| Znd floor thru-wall | 2nd floor thru-wall | 2nd floor thru-wall | Znd fleor thru-wall
Heating Type Electric Bazeboard | Electric Bazeboard | Electric Bazeboard | Electric Bazeboard
Linear feet [{@250 watts/foot) 36 Z5 26 28
Ceiling Heat (K, Kitchen; B, Bath) K B KB
Thermostat Location on wall on wall on wall on wall
Toilet flush (gper) 1.6 B 2.4 2.5
Shower!/Sink Flow [gpm) 1.0{1.5 1.5/1.5 1.51.8 3.0M.5
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Greenkelt Homes, Inc.

Table 15. Wood Frame Vinyl, FV-1 through FV-4.

Date: 11/119/2010

Unit Code FV1 FV2 FV3 FW4d.
Feature/ Companent Befare Befare Befare Befare
Year Built 1841 1841 1941 1841
House Type Town-End Left: F-ZL Town -Interior Town -Interior; F-2 Town-End Right, F-2
Structural Wall Type Frame 2x4 Frame 2x4 Frame 2x4 Frame 2x4
Frant North Morth Merth Nerth
Finizhed 5q. Ft. Main 782 782 782 782
Addition 5q. Ft. 154 a3
MNo. Stories 2z 2 2z i
Bedrooms Z 2 Z 2z
Baths 1 1 1 1
Ceiling Ht. 7-11 7-1l
Foundation Block Crawlzpace - 32 Block Crawlspace - 32 Block Crawlspace - 32

Floor R-value

R-11, FG Batt

R-11, FG Batt

Vented Crawlspace BxlE"vent ea. Side of unit | Bx16

1st Floor

2nd Floar

Attic Floor

Attic R-value R-1&

Roof Rafter 2 2x G 2t

Roof Sheathing %2 1x3 1x8 1x2
Structural Wall 2ud 204 258 2n4

Siding Vinyl siding on 2x4 Vinyl siding on 2xd Winyl ziding on 2xd Vinyl siding on 2x4
Windows Mat'l Vinyl/sunroom s Winyl Winyl

Building Dimensiens 17223 17x23 17x23 17223
Addition Dimensions 11x14 Bx11
Windaows, 5q. Ft. 74/0/86/87 58/0/55/0 40/0/48/0 40/54/41/0
Window U-/SHGC 55/.70 55/.70 55/.70 .55/.70

Wall Sheathing 1xE7 1xE7? 1xE? 1xE7

Wall Rvalue R-11, Celluloze, =ettled R-11, Celluloze, zettied
Front Door 21068 w1/2 glzs 3088 ingulated
Frant Door

Rear Door 3068 wood 2888 with dog door
Right Door nane 2088 inzulated [facez wes
Dioor U-value

Air Leakage, ACHS0 9.7 13.1 9.3 14.1
Mechanical Ventilation, run time no na o no

Water heater 50/Rheem G0 5tate Selec 50/Rheem 50/Rheem
Madel BIV52DC COE552 20RTV RHOB99F03851 RHOB29F03951
Energy Factor Use 4,828 5,109 5,109
Location Clozet under stairs Clozet under stairs Clozet under stairs Closet under stairs
Cooling Type Thru window &/C Thru window &/C Mone DR/ window 18x12
Manufacturer LG (18212} Frigidsire 18214 Whirlpoo
Efficiency
Location Kitchen
Removed out of season? no
Heating Type
Linear feet (@ 250 wattsfoot) 24 14 23
Ceiling Heat [K, Kitchen; B, Bath] K,B K.B B
Thermaostat Location Interior walls Units
Toilet flush (gal. per) 2.4 1.8 2.4 1.8
Showrer/Sink Flow (gpm) 1.0/1.4 1.31.5 1.8M1.2 1.4/
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Appendix C: Phase 1 Energy Simulations

Before and After Energy Features
Energy Usage Simulation Results
Per Building and Per Unit (4 per Building)

Block Building — B-1, B-2, B-3, B-4

Table 16. Block Building — B-1, B-2, B-3, B-4.

Bldg/Unit 154 158 15C 15D
Unit Code Bl Bl B2 B2 B3 B3 B4 B4
Feature/ Component Before After Before After Before After Before After
Town-End: C3.% Town - Interior C2.6 Town - Interior C 2.8 Town -End C 3.9 w/11x7 add

House Type

Structural Wall Type 8" CMU 8" CMU 5" CMU 8" CMU wiframe add
Front Orientation South South South South
Finished Sq. Ft., Main 1.168 544 787 1.168

Sq. Ft. Addition [

Mo, Stories 2 2 2 2
Bedrooms 3 2 2 3

Baths 1 1 1 2
Foundation Concrete Crawl - 4 Concrete Crawl - 4 Concrete Crawl - 4 Concrete Crawl - 4
Foundation R-value R-5 R-10 R-5 R-10 R-5 R-10 R-5 R-10
Floor R-value 0 0 0 0

Vented Crawlspace

Mo

Mo

Mo

Mo

1st Floor

5" structural slab

5" structural slab

5" structural slab

5" structural slab

Attic R-value 26 26 26 26

Building Dimensions 2520, 9x12 16x20; 9x12 16x20; 98 2520, 910

Addition Dimensions M%7

Square Ft Windows 54/36/85/0 63/0/55/0 72/0/68/0 37/7100/36

Window U-/SHGC 55/.70 30730 85/70 30/.30 85/.70 30/.30 85/.70 30/.30

Wall R-value 0 R-12 R-12 R-12 10 R-12

Front Door 070 wood wistor =23 3070 143 glz wizt =23 3070 3t wistorm U=23 3070 wood wistol U=23

Rear Door 70 Wnod 142 gle = =23 3070 Wood 1/2 gl =23 3070 Wood 1/2 gl =23 3070 Weoed 142 gl U=23

Right Door 28x68 insulated

Air Leakage. ACHS0 4.7 4.2 3.3 3.0 24 2.2 4.8 4.3

Mechanical Ventilatien, run time no Exh.&timer-100% no Exh.&timer-100% no Exh.&timer-100%| yes-unuzsed Exh.&timer-100%
Energy Costs (excl. Fan/Pump)

Hot Water Energy 5429 5429 5353 5353 Use B2 Modeled Output Use B1 Modeled Output

Heating Energy 51,466 5602 5917 5413

Lights 5184 5184 5148 5148

Appliances 5296 5296 5252 5252

Misc. Loads $444 $444 5378 5378

\fentilation Fan 515 513

Total Annual Energy Use 52,819 51,970 52,043 51,857

% Whole House Energy Savings 30.12% 23.97%

% Heating Energy Savings 58.94% 54 .96%

Energy Cost Savings 5849 5491 5491 5849

Cost Savings for 4-unit Block Building 52,680
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Figure 46. Modeled energy use B-1.

2114
1572
148
Existing Selected

Figure 47. Modeled energy use B-2.

56

B Hot wister (E)

B Hesting (E)
HY A2 FanfPump (E)
Lights (E)

B Lo sppl (B

B “vert Fan (E)

B wizc. (B)

B Hot water (E)

B Heating (E)

" HVAC FaniPump (E)
Lights (E)

B Lg. Appl. (B)

B vert Fan (E)

B Misc. (B)



U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Block Vinyl-Sided Buildings — BV-3, BV-4, BV-5, BV-6

Table 17. Block Vinyl-Sided Buildings — BV-3, BV-4, BV-5, BV-6.

Unit Code BV3 BV3 BV4 BvV4 BV5 BV5 BV6 BV6
Feature/ Component Before After Before After Before After Before After
House Type Town - End, C2.8 Town - Interior, C2.7 Town - Interior, C3.7 Town - End, C3.7
Structural Wall Type 8" CMU 8" CMU 8" CMU 8" CMU
Front Orientation Southeast Southeast Southeast Southeast
Finished Sq. Ft. 1080 1080 1160 1160
Addition Sq. Ft. 32
No. Stories 2 2 3 3
Bedrooms 2 2 3 3
Baths 1 1 1 1
Foundation Concrete Crawl 3.5/4' Concrete Crawl 3.5/4' Walkout Bsmt Walkout Bsmt
Foundation R-value R-5 R-10 R-5 R-10 No R-13 No R-13
Floor R-value 0 R-10 Porch Slab 0 R-10 Porch Slab 0 R-10 Porch Slab 0 R-10 Porch Slab
Vented Crawlspace No No n/a n/a
1st Floor 5" structural slab 5" structural slab 5" structural slab 5" structural slab
Attic R-value R-26 R-26 R-26 R-26
Building Dimensions 26.67x20 26.67x20 28.67x20w/bsmt. 28.67x20w/bsmt.
Addition Dimensions
Window, Sq. Ft. 64/35/107/0 65/0/80/0 70/0/120/0 73/0/127/49
Window U-/SHGC .55/.70 .30/.30 .55/.70 .30/.30 .55/.70 .30/.30 .55/.70 .30/.30
Wall R-value 0 R-12 0 R-12 0 R-12 0 R-12
Front Door wood 3070 2 It. U=.23 wood 3070 w/3lt. U=.23 wood 3070 w/ 3 Its U=.23 wood 3070 w/ 3 Its U=.23
Rear Door 3068 full glass 3070 wood 1/2 gl U=.23 3070 w/ 1/2 1. U=.23 3070w/ 1/2 1. U=.23
Air Leakage, ACH50 7.5 4.8 3.5 3.2 4.3 3.8 4.0 3.7
Mechanical Ventilation, run time 0.00% Ex.&timer 100% 0.00% Ex.&timer 100% 0.00% Ex.&dimer 100% 0.00% Ex.&timer 100%
Energy Costs (excluding Fan/Pump)
Hot Water $353 $353 $353 $353 $446 $446 $429 $429
Heating $1,149 $568 $783 $439 $1,117 $576 $1,353 $700
Lights $170 $170 $170 $170 $227 $227 $227 $227
Appliances $252 $252 $252 $252 $296 $296 $296 $296
Misc. Loads $392 $392 $392 $392 $472 $472 $472 $472
Vent Fan $11 $13 $19 $18
Total 2,316 1,746 1,950 1,619 2,558 2,036 2,777 2,142
Percentage Energy Savings 25% 17% 20% 23%
Heating Energy Sawngs 51% 44% 48% 48%
Energy Cost Savings $570 $331 $522 $635
Annual Cost Savings for 4-Unit Block/Vinyl Building (2 with basements) $2,058
2359
2400+
B Hot vater (E)

= 19204

Z 1768 B Hesting (E)

W

E 1440 H &2 FaniPumg (E)

=

= Lights (E)

= 860

& B Ly Appl (B)

= 170

=]

E 480 B vert Fan (E)

T

B tisc. (E)
I
Existing 1-Design

Figure 48. Modeled energy use BV-3.
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Figure 49. Modeled energy use BV-4.
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Figure 50. Modeled energy use BV-5.
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Figure 51. Modeled Energy Use BV-6.
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Wood Frame Brick Building — FB-1 and FB-2

Table 18. Wood Frame Brick Building — FB-1 and FB-2.

Unit Code FB1 FB1 FB2 FB2 FB3 FB3 FB4 FB4

Feature/ Component Befare After Before After Befare After Before After
House Type Town-End, C2.7 Town-Interior, C2.7 Town-Interior, C2.7 Town-End, C2.7
structural wall Type 2x4 Frame w/Brick 2x4 Frame wiBrick 2x4 Frame w/Brick 2x4 Frame wiBrick
Front South South South South
Finished Sg. Ft., Main 1080 1080 1080 1080
Addition, 5q. Ft.
No. Stories 2 2 2 2
Bedrooms 2 2 2 2
Baths 1 1 1 1
Foundation Concrete Crawl 4 Concrete Crawl 4 Concrete Crawl 4 Concrete Crawl 4
Foundation R-value R-5/7.5 R-10 R-5/7.5 R-10 R-5/7.5 R-10 R-5/7.5 R-10

R-10 porch slabs & R-10 porch =labs & R-10 porch slabs & R-10 porch =labs &

Floor R-value 0 sdge 0 sdge 0 sdge 0 sdge

Vented Crawlspace

No

Mo

No

Mo

1st Floor

structural slab

structural slab

structural slab

structural slab

Attic R-value

R-13 & R-19 hatts

R-13 & R-19 hatts

R-13 & R-19 hatts

R-13 & R-19 hatts

Building Dimensions 26.67x20 26.67x20 26 67x20 26.67x20
Addition Dimension
Glass/Values 66/0/96/35 57/0/88/0 71/0/85/0 66/19/96/0
window U-/SHGC 55/70 | .30/.30 55070 | .30/a0 55/70 | .30/.30 55070 | .30/a0
Wall R-value R-11 R-11 R-11 R-11
Front Door 3070 wd 2-K wistorm U=23 3070 wd 2-f wistorm U=.23 3070 wd 2-K wistorm U=23 3070 wd 2-f wistorm U=.23
Rear Door 070 wd 1/2 gl wistorn U=23 070 wd 1/2 gl wistor U=23 070 wd 1/2 gl wistorn U=23 070 wd 1/2 gl wistor U=23
Air Leakage, ACH50 104 6 6.3 -8 74 8 3.0 .6
IMechanical Ventilation, run time 0 Exh.&Timer 50% 0 Exh.&Timer 50% 0 Exh.&Timer 50% 0 Exh.&Timer 50%
Energy Costs (excl. Fan/Pump)
Hot Water 5353 5353 5353 5353 Use FB2 Modeled Output Use FB1 Modeled Qutput
Heating 5838 5605 5582 $451
Lights $170 $170 §170 $170
Appliances 5252 §252 5252 5252
Misc. Loads 5392 5392 $392 5392
Ventilation Fan 56 §7
Total Annual Energy Use 52,005 51,775 51.749 51,625
% Whole House Savings 11.32% 7.09% 7.09% 11.32%
% Heating Energy Savings 28% 23% 23% 28%
Energy Cost Savings 5227 5124 5124 5227
Cost Savings for 4-unit Frame/Brick Building 5702
1808 B Hot water (E)

-

= 1EB0H _

= B Hesting (E)

el

W

o 12604 HYW AL

= FanPump (E)

e

= Light= (E)

~  B40-

a 170 B Ly Appl (E)

i

=

4204 B vent Fan (E)

=

B wizc. (E)
Existing 1-Design

Figure 52. Modeled energy use FB-1.
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Figure 53. Modeled energy use FB-2.
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Wood Frame Vinyl-Sided Building - FV-1, FV-2, FV-3, FV-4

Table 19. Wood Frame Vinyl-Sided Building — FV-1, FV-2, FV-3, FV-4.

ATiiEriz V1 V1 FV2 FV2 FV3 FV3 Fva Fva
Feature/ Component Before After Before After Before After Before After
House Type Town-End Left: F-2L w/sunroom Town -Interior Tawn -Interior; F-2 Town-End Right: F-2 & fr porch add
Structural Wall Type Frame Zx4 Frame Zx4 Frame 2x4 Frame 2x4
Front Morth North Iorth MNorth
Finished Sq. Ft. Main 782 782 782 782
Additicn Sq. Ft 154 a8
Mo. Stories 2 2 2 2
Bedrooms 2 2 2 2
Baths 1 1 1 1
Foundation Block Crawl - 32" Block Crawl - 32" Block Crawl - 32" Block Crawl - 32"
Floor R-value FG Batt | R-139 SPF FG Batt | R-19 5PF FG Batt | R-19 SPF G Batt | R-19 SPF
Vented Crawlspace 8x16" vent each side, each unit Bx16" vent each side, each unit 8x16" vent each side, each unit 8x16" vent each side, each unit
1st Floor 2x8 at 16" 28 at 16" 2x8 2t 16" 28 at 16"
Attic R-value 16 16 R-30/38 16 R-30/38 16 R-30/38
Building Dimensions 17x23 17x23 17x23
Additicn Dimensions X1l
Windows, 5. Ft. 74/0/86/87 | 58/0/55/0 | 40/0/48/0 | 40/54/41/0 |
Window U-/SHGC 55/70 | .30/.30 55/.70 | .30/.30 55470 | 30/.30 55/70 | .30/.30
Wall R-value R-11. Cellulose. settled R-11. Cellulose. settled R-11. Cellulose. settled R-11. Cellulose. settled

21068 1/2 glass 3068 1/2 glass
Front Door w/storm U=23 wood U=23 U=23 3068 insulated
2668 wood
Front Door w/storm
Rear Door 1068 wood w/stor 2868 wistorm U=23 3068 wood U=23 2868 with dog doo U=23
Air Leakage, ACHS0 o3 4 115 5.6 10.4 5.6 141 5.4
Exhaust&Timer- Exhaust&Timer- Exhaust&Timer- Exhaust&Timer-
IMechanical Ventilation, run time ne 10% ne 10% ne 10% ne 10%
Energy Costs [excl. Fan/Pump)
Hot Water 5353 5353 Use FV3 Modeled Output 5353 5353 5353 5353
Heating SBOE 5524 5418 5191 5786 5371
Lights 5153 5153 5138 5147 5147
Appliances 5252 5252 5252 5252 5252
Misc. Loads 5381 5381 5370 5377 5377
Wentilation Fan 53 53
Total Annual Energy 51,947 51,531 51,915
% Whole House Energy Savings
% Heating Energy Savings
Energy Cost Savings 5224
Cost Savings for 4-Unit Frame/Vinyl Building
FV1, FV2, FV3, Fva with 2" polyiso under vinyl
Before After Use FV3 Modeled Qutput Before Before After

Hot Water 5353 5353 5353 5353 5353
Heating 5808 5493 5418 5786 5326
Lights 5153 5153 5138 5147 5147
Appliances 5252 5252 5252 5252 5252
Misc. Loads 5381 3370 5377 5377
Wentilation Fan
Total Annual Energy 51,947 51531 £1,915
2 Whole House Energy Savings
% Heating Energy Savings
Energy Cost Savings 5250
Cost Savings for 4-Unit Frame/Vinyl Building
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Figure 54. Modeled energy use FV-1.
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Figure 55. Modeled energy use FV-3.
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Figure 56. Modeled energy use FV-4.
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U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Wood Frame Vinyl-Sided Building — FV-5, FV-6, FV-7, FV-8

Table 20. Wood Frame Vinyl-Sided Building — FV-5, FV-6, FV-7, FV-8.

Unit Code FVS FVS FV6 FV6E FV7 FV7 FV8 FV8
Feature/ Component Before After Before After Before After Before After
House Type Town-End G-2R Town -Intericr, G-2L Town -Interior, G-2R Town-End, G-2L
Structural Wall Type Frame 2xd Frame Zxd Frame Zxd Frame 2xd
Front Northwest Northwest Morthwest MNorthwest
Finished 5q. Ft., Main 752 752 751 752
Addition Sq. Ft. 378 264 264
No. Stories 2 2 2 2
Bedrooms 2 2 2 2
Baths 15 1 15 15
Foundation Crawl/Bsmt (add'n) Craw Craw Craw
nsulated Floor R-13 | R-19 SPF Floor R-13 | R-19 SPF Floor R-13 | R-19 5PF Floor R-13 | R-19 5PF
Vented w16 vents (1 each side) 8x16 vents (1 each side) 2x16 vents (1 each side) 2x16 vents (1 each side)
1st Floor 2x8 joists 28 joists 2%8 joists 2%8 joists
Attic R-value 16 | R-30/38 16 | R-30/38 16 | R-30/38 16 | R-30/38
Building Dimensions 22x18 22x18 22x18 22x18
Addition Dimensions 21x18 22x12
Windows, Sg. Ft. /117, 34/0/95/0 33/0/30/0 |
Window U-/SHGC 55/.75/.28/.21 30/.30 55,75 .30/.30 55/75 .30/.30 55/.75 .30/.30
Wall R-value R-11; cellulose R-11/R-7 cont. R-11; cellulose R-11/R-7 cont. R-11; cellulose R-11/R-7 cont. R-11; cellulose R-11/R-7 cont.
; 3070 f‘fd U=23 ; 3070 %\fd U=23 3070 %\fd U=23 ; 3070 %\fd U=23
e 1/2glass/storm 1/2glass/storm 1/2glass/storm 1/2glass/storm
Left Front Door ns. 3068 wfstorm
Rear Door ns. 21068/ /storm 3068 Vinyl/storm U=23 3068 wood u=23
Right Door ns. 21068
Ajr Leakage, ACHS0 14.0 6.4 148 5.6 10.1 5.6 11.2 6.4
Mechanical Ventilation, run time no Exhaust&Timer-10% no Exhaust&Timer-10% no Exhaust&Timer-1( no Exhzust&Timer-10%
Energy Savings (excl. Fan/Pump)
Hot Water Use F8 Modeled Output Use F7 Modeled Output 5429 5429 5429 5429
Heating 5714 5363 5502 5484
Lights 5167 5167 5167 5167
Appliances 5297 5297 5297 5297
Misc. Loads 5433 5433 54335
Ventilation Fan 50 50 sS4
Total Annual Energy Use 52,040 52,228 51,814
% Whole House Energy Savings 19%
% Heating Energy Savings 46%
Energy Cost Savings 5414 5347
Cost Savings for 4-Unit Frame/Vinyl Building §1,521
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Figure 57. Modeled energy use FV-7.
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Figure 58. Modeled energy use FV-8.
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Appendix D: Average Hourly Indoor Temperatures

B-1 Average Hourly Indoor Temperatures
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Figure 59. B-1 Average Hourly Indoor Temperature — November 2010 through April 2011.
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Figure 60. B-2 Average Hourly Temperature — November 2010 through April 2011.
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B-3 Average Hourly Indoor Temperatures and Relative Humidity
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Figure 61. B-3 Average Hourly Temperature — November 2010 through April 2011.
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B-4 Average Hourly Indoor Temperatures and Relative Humidity
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Figure 62. B-4 Average Hourly Temperature — November 2010 through April 2011.
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B-5 Average Hourly Indoor Temperatures and Humidity
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Figure 63. B-5 Average Hourly Temperature — February 2011 through April 2011.
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B-6 Average Hourly Indoor Temperatures and Relative Humidity
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Figure 64. B-6 Average Hourly Temperature — February 2011 through April 2011.
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Figure 65. BV-1 Average Hourly Temperature — February 2011 through April 2011.
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BV-2 Average Hourly Temperatures and Relative Humidity
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Figure 66. BV-2 Average Hourly Temperature — February 2011 through April 2011.
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BV-3 Average Hourly Indoor Temperatures and Relative Humidity

Relative Humidity & Temperature -"F

—LRTemp,°*F —LRRH,% —DRTemp,°’F —BR1Temp,°F BR2 Temp, °F

Figure 67. BV-3 Average Hourly Temperature — February 2011 through April 2011.
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BV-4 Average Hourly Indoor Temperatures and Relative Humidity
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Figure 68. BV-4 Average Hourly Temperature — February 2011 through April 2011.
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Figure 69. BV-5 Average Hourly Temperature — February 2011 to April 2011.
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Figure 70. BV-6 Average Hourly Temperature — February 2011 to April 2011.
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Figure 71. FB-1 Average Hourly Temperature — February 2011 to April 2011.
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Figure 72. FB-2 Average Hourly Temperature — February 2011 to April 2011.
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Figure 73. FB-3 Average Hourly Temperature — February 2011 to April 2011.
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Figure 74. FB-4 Average Hourly Temperature — February 2011 to April 2011.
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Figure 75. FB-5 Average Hourly Temperature — December 2010 to April 2011.
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Figure 76. FB-6 Average Hourly Temperature — December 2010 to April 2011.
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Figure 77. FB-7 Average Hourly Temperature — December 2010 to April 2011.
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Figure 78. FB-8 Average Hourly Temperature — December 2010 to April 2011.
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Figure 79. FV-1 Average Hourly Temperature — February 2011 to April 2011.
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Figure 80. FV-2 Average Hourly Temperature — February 2011 to April 2011.
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Figure 81. FV-3 Average Hourly Temperature — February 2011 to April 2011.
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Figure 82. FV-4 Average Hourly Temperature — February 2011 to April 2011.
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Figure 83. FV-5 Average Hourly Temperature — December 2010 to April 2011.
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Figure 84. FV-6 Average Hourly Temperature — December 2010 to April 2011.
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Figure 85. FV-7 Average Hourly Temperature — December 2010 to April 2011.
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Figure 86. FV-8 Average Hourly Temperature — December 2010 to April 2011.
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Figure 87. BV-6 Average Hourly Temperature — February 2011 to April 2011.
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