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Disclaimer
This report is provided by the Texas Engineering Experiment Station (TEES). The information provided in this
report is intended to be the best available information at the time of publication. TEES makes no claim or warranty,
express or implied that the report or data herein is necessarily error-free. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not constitute or
imply its endorsement, recommendation, or favoring by the Energy Systems Laboratory or any of its employees. The
views and opinions of authors expressed herein do not necessarily state or reflect those of the Texas Engineering
Experiment Station or the Energy Systems Laboratory.
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EXECUTIVE SUMMARY

The Energy Systems Laboratory was requested to develop cost-effective recommendations to maximize
energy savings for residential and commercial buildings in the City of Arlington (CoA). This report
presents the analysis results for single-family residential buildings in the CoA.

For more realistic recommendations, the CoA provided two years of residential building energy
compliance reports from 2008 to 2010 which exceeded the energy efficiency requirements of the CoA
(i.e., 2003 International Energy Conservation Code (IECC)). Based on a statistical analysis of energy
compliance reports provided for 21 residential, the above-code approaches that had been made in the
CoA were summarized for residential applications. From this summary of above-code approaches,
recommendations were developed to achieve above-code energy performance based on the 2003 and
2009 IECC standard reference buildings, for single-family residences in the CoA.

The deliverables for the CoA consist of three parts:

o A review of two years of building energy compliance reports from 2008 to 2010 for 21
residential projects in the CoA,

o A summary of above-code approaches that have been made in the CoA during the 2008-2010;
and

e Recommendations of 17 energy efficiency measures (EEMs) to maximize energy savings for
residential buildings in the CoA with estimated cost of the improvement, simple payback
calculations, and emissions savings.

A total of 17 recommendations based on the energy savings above the base-case house were selected.
These measures include building envelope and fenestration, HVAC system, domestic hot water (DHW)
system, lighting and renewable options. The implementation costs of each individual measure were also
calculated along with simple payback calculations. Figure 1 through Figure 4 present a description of the
individual measures and combinations of these measures which achieve 15% savings above the 2003 and
2009 IECC code-compliant house. Annual energy savings, estimated costs, simple payback, and NOx,
S0O,, and CO, emissions reduction are provided.

July 2011 Energy Systems Laboratory, Texas A&M University
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[Electric Cooling & Natural Gas Heating]

Description of Individual Measures

B Annual Energy Savings (%)’ AnnuaI.Energy Estimated Cost ($) Simple Estim ated
Individual Meas ures Savings Payback (yrs)
Site Source ($lyear)* Marginal Cost* New System Cost!
A Envelope and Fenestration Measures
1 |Radiant Barrier in Attics (with Ducts in Attics) 1.8% 21% 544 $300 - 5880 6.7 - 198
2 |Sealed (Unvented) Attic 94% 76% 5141 52,000 - $3,500 142 - 248
3 |Window Shading (Mone to 2 ft. Eaves an All Sides) 1.3% 31% 576 5800 - 51,000 10.7 - 134
Window Shading and Redistribution (27 1% BEqual Window s on All Sides w ith No Shadin
* lto S18. 8% N=297,1%,E/W= 13,5%(wnh QﬁE,anues on All Sides) ’ % 9% o 3800 - $1.000 e 93
5 |Decreased Window SHGC (from 4 to .2) -1.0% 38% 5111 $200 - 3400 18 -36
6 |Decreased Window UValue (from.47 to 3) 34% 4.0% 584 $600 - $900 71 -107 &
7 |Decreased Window SHGC & U Value (from .4 to 2 SHGC & from .47 to .3 U-Value) 16% T1% $183 §900 - 1,100 49 -60 —
B HVAC System Measures
8 |Relocate Mechanical Systems w ithin Conditioned Space M.1% 104% 5208 $1.000 - §7,000 4.9 - 341
9 |lmprov ed Air Conditioner SEER (from 13 to 15 SEER) 4.1% 59% 5133 $900 - $2,500 6.8 - 18.8 -
10 |Improv ed Furnace Efficiency (from 0.78 to 0.93 AFUE) 3.5% 16% 520 $800 - §1,300 39.1 - 63.5
C Domes tic Hot Water Meas ures
11 [Tankless Gas Water Heater (w ithout a Standing Pilot Light) 3.9% 18% 23 $900 - $1.400 391 - 608
12 |Rermoval of Plot Light from Domestic Hot Water System 1.8% 09% 11 $100 - $500 92 - 460 s
13 [Solar Domestic Hot Water System (32 sq. ft. collector, 65 gal tank) 11.6% 41% 32 $2.200 - $3.000 677 - 924 * - = o —1 o ¢
14 [Solar Domestic Hot Water System (64 sq_ft_collector, 30 gal tank) 14.6% 55% 51 53200 - §4,000 532 - 790 Arfington, TX in Tarrant County_ = ..s ..
D Lighting Measures I IECC 2009 — Climate Zone 2 ey f
15 | 75% Energy Star Permanent CFL or Fluorescent Indoor Lanps 2.9% 50% 5115 525 - $110 0.2-1.0 = |IECC 2009 — Climate Zone 3
16 [100% Energy Star Permanent CFL or Fluorescent Indoor Lamps 5.8% 10 1% $234 $50 - §215 02-09
E Renewable Power Meas ures [ IECC 2009 - Climate Zone 4
17 |4 KW Photovottaic Array 23.2% 313% $692 $20.000 - 530,000 289 - 433
Description of Combined Measures
Annual Energy Savings (%)’ Combined Combined Estim ated Cost ($) Simple Esti d NOx Em_'55 ons 50, EITI.ISSIDHS o, Em_'55 ons
Combination of Measures® Ene.rgy ";'pb i"m ate Savings Savings Savings
Site Source IS;:LE; Marginal Cost® | New System Cost! ayback (yrs) Annual (Ibs/yr) Annual(lbsiyr) | Annual (tons‘lyr)
Combination 1
16 | 100% Energy Star Permanent CFL or Fluorescent Indoor Lamps 550 - §215
7 |Decreased Window SHGC & U Value (from 4 to 2 SHGC & from 47 to .3 U-Value) 9.1% 16.5% 5378 $900 - §1,100 33-58 54 36 22
1 |Radiant Barrier in Attics (w ith Ducts in Attics) $300 - $880
Combination 2
16 | 100% Energy Star Permanent CFL or Fluorescent Indoor Lamps 550 - §215
9 [Improv ed Air Conditioner SEER (from 13 to 15 SEER) 12.9% 16.9% 5362 5900 - $2,500 48 - 111 52 32 22
10 |Improv ed Furnace Efficiency (from 078 to 0.93 AFUE) 5800 - $1.300
Combination 3
8 |Relocate Mechanical Systems w ithin Conditioned Space 51,000 - $7,000
10 |Improv ed Furnace Efficiency (from 0.78 to 0.93 AFUE) 16.8% 15.9% 5308 $800 - $1,300 88 - 305 44 23 20
7 |Decreased Window SHGC & U Value (from 4 to 2 SHGC & from 47 to .3 U-Value) $900 - $1.100
Combination 4
16 | 100% Energy Star Permanent CFL or Fluorescent Indoor Lamps 550 - §215
6 |Decreased Window UValue (from 47 to 3) $600 - $900
4 [Window Shadng and Redistribution (27.1% Equal Window s an Al Sides w ith No Shading 15.0% 18.0% $380 $800 - 51.000 46-739 5.5 33 24
to 5=48.8%, N=27.1%, E'W=13.6% with 2ft. Eaves on All Sides) )
1 |Radiant Barrier in Attics (w ith Ducts in Attics) $300 - $880
Combination 5
15 |1100% Energy Star Permanent CFL or Fluorescent Indoor Lamps 550 - §215
6 |Decreased Wmdnv.v.UVa\ue (from 47 to 3) 17.2% 19.0% 5389 $600 - $900 60 - 126 56 32 25
9 |Improv ed Air Conditioner SEER (from 13 to 15 SEER) $900 - $2,500
10 |Improv ed Furnace Efficiency (from 0.78 to 0.93 AFUE) $800 - $1,300
Note: [2003 IECC Code-Compliant House Description]
1. Total energy savings fromheating. cooling, lighting, equipment and DHW for e missions reductions determination. * Building type: Residential
2. Savings depend on fuel mix used. ® Gross area: 2,325 sq-ft
*Energy Cost Electricity = $0.114Wh * Building dimen sion: 48.2ft x 48.2ft x 8ft (WxLxH)
Natural gas = $0.64/therm * Number of floors: 1
3. Marginal cost =new systemcost - original systemcost * Floorto-floor height: 8ft
4. New systemcost=new system cost only * Window -to-floor ratio: 18% (Window -to-w all ratio: 27.1%)
5. See individual measures above for specfic savings * Lighting: 50% Energy Star permanent CFL or fluorescent lamps
6. Conversion factor: 1ton=2.000Ibs *HVAC system: SEER 13 AC and 0.78 AFUEfurnace

* DHW- 0.59 BF NG heater
* Duct Location: Unconditioned, v ented attic
* Duct Leakage to Qutdoor: 145 cfm/100 sg-ft CFA

Figure 1. Individual and Combined Energy Efficiency Measures for 2003 IECC Code-Compliant House with Natural Gas Heating for CoA

July 2011 Energy Systems Laboratory, Texas A&M University
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[Electric Cooling & Heat Pump Heating]

Annual EnP;rgy Savings Annual Estimated Cost (§) ] )
Individual Measures ECh Ene.rgy Simple Estim ated
Site Source Savings Marginal Cost? New System Cost? Payback (yrs]
($lyear)?
A Envelope and Fenestration Measures
1 |Radiant Barrier in Attics (w ith Ducts in Aftics) 2.0% 2.0% $48 $300 - $880 62 - 182
2 |Sealed (Unvented) Attic 6.4% 6.4% $152 $2,000 - $3,500 132 - 231
3 |Window Shading (Mone to 2 ft. Eaves on All Sides) 3.3% 3.3% $77 $800 - $1,000 103 - 129
Window Shading and Redistribution (27.1% Equal Window s on All Sides w ith No
4 Shading to 5=48 8%, N=27 1%, EW = 13.6% w ith 2ft Faves on All Sides) 47% A% $113 5800 - $1,000 7189
5 |Decreased Window SHGC (from 4 to .2) 4.5% 45% $106 $200 - $400 19 - 38
6 |Decreased Window U Value (from .47 to .3) 3.7% 3.7% $87 $600 - $900 69 - 103 Al
7 |Decreased Window SHGC & U Value (from.4 1o .2 SHGC & from .47 to .3 U-Value) 7.6% 7.6% $181 $900 - $1,100 50 - 6.1 _
B HVAC System Measures
8 |Relocate Mechanical Systems w ithin Conditioned Space 8.5% 8.5% $203 $1,000 - $7,000 49 - 345
9 |Improved Heat Pump Efficiency (from 13 to 15 SEER and from 7.7 to 8.5 HSFF) 6.2% 6.2% $148 $1,200 - $2,500 81 - 169
c Domestic Hot Water Measures
13 |Solar Domestic Hot Water System (32 sq. ft. collector, 85 gal tank) 8.1% 81% $193 $2,200 - $3,000 114 - 156 =
14 |Solar Domestic Hot Water System (.64 ’S.q, ft. collector, 80 gal tank) 10.3% 10.3% $246 $3,200 - 34,000 130 - 163 * Ariington, TXIn Tamrant Cour;ty
B Eighiing{Weasuies IECC 2009 - Climate Zone 2
15 |75% Energy Star Permanent CFL or Fluorescent Indoor Lamps 5.0% 5.0% $119 $25 - $110 02 - 09 =
16 [100% Energy Star Permanent CFL or Fluorescent Indoor Lamps 9.9% 9.9% $235 $50 - $215 02-09 [ IECC 2009 - Climato Zone 3 =
E Renewable Power Measures ] IECC 2009 - Climate Zone 4 3
17 |4 KW Photovoltaic Array 29.1% 29.1% $692 $20,000 - $30,000 28.9 - 433
Description of Combined Measures
Annual Energy Savings | Combined Combined Estimated Cost NOx Emissions S0, Emissions CO, Emissions
Combination of Measures? (%" Ene.rgy (%) Simple Estim ated Savings Savings Savings
Site Source (S;;len;lsz Marginal Cost? New System Cost? Payback (yrs) Annual (Ibsiyr) Annual (Ibs/yr) | Annual (tons®yr)
Com bination 1
16 |100% Energy Star Permanent CFL or Fluorescent Indoor Lamps $50 - $215
7 |Decreased Window SHGC & U Value (from .4 to .2 SHGC & from .47 to .3 U-Value) 16.4% 16.4% $384 $900 - $1,100 33-57 55 35 23
1 |Radiant Barrier in Attics (w ith Ducts in Aftics) $300 - $880
Com bination 2
15 |75% Energy Star Permanent CFL or Fluorescent Indoor Lamps $25 - $110
7 |Decreased Window SHGC & U Value (from 4 to 2 SHGC & from .47 to .3 U-Value) 21.5% 21.5% $501 $900 - $1,100 42 - 74 72 45 30
9 |Improved Heat Pump Efficiency (from 13 1o 15 SEER and from 7.7 to 8.5 HSPF) $1,200 - $2,500
Com bination 3
Relocate Mechanical Systems w ithin Conditioned Space 18.7% 18.7% $436 $1,000 - $7,000 96 - 252 63 39 26
14 |Solar Domestic Hot Water System (64 sq. ft. collector, 80 gal tank) $3,200 - $4,000
Note: [2003 IECC Code-Conpliant House Description]

. Total energy savings from heating, cooling, lighting, equipment and DHW for emissions reductions determination.
. Energy Cost: Bectricity = $0.11/kWh
. Marginal cost = new system cost - original system cost

. Seeindividual measures above for specific savings

1
2
3
4. New systemcost = new system cost only
5
6

. Conversion factor: 1 ton = 2,000 Ibs

* Building type: Residential

*Gross area: 2,325 sq-ft

* Building dimension: 48.2f1 x 48.2f1 x 8ft (WxLxH)

" Number of floors: 1

* Floor-to-floor height: 8ft

*Window -to-floor ratio: 18% (Window -to-w all ratio: 27 1%)
* Lighting: 50% Energy Star permanent CFL or fluorescent lamps
*HVACsystem SEER 13 ACand 7.7 HSPF heat pump

" DHW: 0.90 EF Hectric heater

*Duct Location: Unconditioned, vented attic

*Duct Leakage to Outdoor: 14.5 cfm/100 sq-ft CFA

Figure 2. Individual and Combined Energy Efficiency Measures for 2003 IECC Code-Compliant House with Heat Pump Heating for CoA

July 2011
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[Electric Cooling & Natural Gas Heating]

Annual Energy Savings Annual .
Individual Measures Q" EnPTrgy Estimated Cost (8) Simple Estimated
Site Source Savings Marginal Cost® | New System Costs|| T oyPack (rs)
($iyear)?
A Envelope and Fenestration M es
1 |Radiant Barrier in Attics (with Ducts in Aftics) 1.8% 2.0% $46 $300 - $880 66 - 19.2
2 |Sealed (Unvented) Attic 76% 5.7% $109 $2,000 - $3,500 183 - 32.0
3 |Window Shading (None to 2 ft. Eaves on All Sides) 06% 2.0% $56 $800 - $1,000 142 - 178
Window Shading and Redistribution (22.6% Equal Window s on All Sides w ith No
4 Shading to $=40.7%, N=22.6%, BEW = 13.6% w ith 2ft. Eaves on All Sides) 1.5% 3.0% §73 $800 - $1,000 10137
5 |Decreased Window SHGC (from.3t0.2) -0.6% 1.5% $50 $200 - $400 40 - 80
6 |Decreased Window U Value (from 5to 3) 42% 4.2% $93 $600 - $900 64 - 96
7 |Decreased Window SHGC & U Value (from .3 fo .2 SHGC &from .5 to .3 U-Value) 3.3% 5.6% $142 $900 - $1,100 63 - 78
B HVAC System Measures 3
8 |Relocate Mechanical Systems w ithin Conditioned Space 9.2% 8.2% $172 $1,000 - $7,000 58 - 407 R
9 |improved Air Conditioner SBHR (from 13 to 15 SEER) 38% 6.0% $150 $900 - $2 500 60 - 166 E
10 |improved Furnace Eficiency (from 0.78 to 0.93 AFUE) 47% 2.3% $33 $800 - $1,300 245 - 39.8
C Domestic Hot Water Measures
11 | Tankless Gas Water Heater (w ithout a Standing Filot Light) 33% 1.7% $23 $900 - $1.400 391 - 608
12 |Removal of Rlot Light from Domestic Hot Water Sy stem 1.6% 0.8% $11 $100 - $500 92 - 46.0
13 | Solar Domestic Hot Water System (32 sq. fi. collector, 65 gal tank) 99% 3.7% $32 $2200 - $3,000 677 - 924 .
14 | Solar Domestic Hot Water System (64 sq. fi. collector, 80 gal tank) 12.6% 5.0% $51 $3,200 - $4,000 6§32 - 790 * . TXin Tarrant County
D Lighting Measures | IECC 2009 - Climate Zone 2
15 | 75% Energy Star Permanent CFL or Fluorescent Indoor Lanps 20% 4.3% $112 $25 - $110 02 -10 b
76 [ 100% Energy Star Permanent CFL or Auarescent Indoor Lamps 3% B.7% 35228 350 - 5215 0z - 09 1 1ECC:2009 — Chmate Zona' 3 et
E Renewable Power Measures ] |ecc 2009 - Climate Zone 4 .
17 |4 KW Photov oltaic Array 19.9% 28.4% $692 $20,000 - $30,000 289 - 433
Description of Combined Measures
Combi.ned Energy Combined Combined Estimated Cost ($) ) ) NOx Ern.issions S0, Em.issions co, Ern.issions
Combination of Measures® Savings (%)’ Ene.rgy Simple Estimated Savings Savings Savings
site Source (5;;"3%; Marginal Cost> | New System Cost| PP | pnpua ibsiyr) | Annual (bsiyr) | Annual (tonssiyr)
Combination 1
16 1100% Energy Star Permanent CFL or Huorescent Indoor Lamps $50 - $215
Decreased Window SHGC & U Value (from .3 to .2 SHGC & from .5 to .3 U-Value) 8.6% 15.8% $403 $900 - $1,100 31 -54 5.8 39 24
1 |Radiant Barrier in Attics (with Ducts in Attics) $300 - 3880
Combination 2
16 1100% Energy Star Permanent CFL or Huorescent Indoor Lamps $50 - $215
9 [mproved Air Conditioner SEER (from 13 to 15 SEER) 13.1% 17.0% $405 $900 - $2 500 43 -99 5.8 36 25
10 |improved Furnace Hficiency (from0.78 to 0.93 AFUE) $800 - $1,300
Combination 3
Relocate Mechanical Systerms w ithin Conditioned Space $1,000 - $7,000
10 |improved Furnace Hficiency (from 0.78 to 0.93 AFUE) 16.0% 15.0% $317 $800 - $1,300 85 - 297 46 23 21
Decreased Window SHGC &U Value (from .3 to .2 SHGC &from .5 10 .3 U-Value) $900 - $1,100

Note:

1. Total energy savings from heating, cooling, lighting, equipment and DHW for emissions reductions determination.

2. Savings depend on fuel mix used.
* Energy Cost: Bectricity = $0.11/k\Wh
Natural gas = $0.84/therm
3. Marginal cost = new systemcost - original system cost
4. New systemcost =new system cost only
5. See indvidual measures above for specffic savings
6. Conversion factor: 1ton =2,000 Ibs

[2009 IECC Code-Conpliant House Description]

* Building ty pe: Residential

*Gross area: 2,325 sq-ft

* Building dimension: 48 2ft x 48.2ft x 8ft (Wx LxH)
*Number of floors: 1

* Hoor-to-floor height: 8ft

*Window -to-floor ratio: 15% (Window -to-w all ratio: 22.6%)
* Lighting: 50% Energy Star permanent CFL or fluorescent lamps
*HVACsystem SEER 13 ACand 0.78 AFUEfurnace

* DHW: 0.59 B- NG heater

*Duct Location: Unconditioned, vented attic

* Duct Leakage to Outdoor: 8 cfm/100 sqg-ft CFA

Figure 3. Individual and Combined Energy Efficiency Measures for 2009 IECC Code-Compliant House with Natural Gas Heatlng for CoA

July 2011
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[Electric Cooling & Heat Pump Heating]

Description of Individual Measures

Annual Energy Savings Annual Estimated Cost (§) ] )
L (%) Energy Sim ple Estim ated
Individual Measures Savi Payback {yrs)
Site Source (57;;12)52 Marginal Cost* |New System Cost! Y Y
A Envelope and Fenestration Measures
1 |Radiant Barrier in Attics (w ith Ducts in Attics) 1.8% 1.8% $45 $300 - $880 66 - 195
2 |Sealed (Unvented) Attic 4.0% 4.0% $103 $2,000 - $3,500 194 - 339
3 |Window Shading (None to 2 ft. Eaves on All Sides) 21% 21% $55 $800 - $1,000 146 - 182
Window Shading and Redistribution (22 6% Equal Window s on All Sides w ith No
4 2.9% 2.9% 74 800 - $1,000 108 - 135
Shading to $=40.7%, N=22 6%, EW = 13.6% w ith 2ft. Eaves on All Sides) ’ i § $ $1)
5 |Decreased Window SHGC (from 3to 2) 2.0% 2.0% $52 $200 - $400 39-78
6 |Decreased Window U Value (from.5t0 .3) 3.8% 3.8% $97 $600 - $900 62 -93 Al
7 |Decreased Window SHGC & U Value (from .3 to .2 SHGC & from .5 to .3 U-Value) 56% 5.6% $142 $900 - $1,100 63 -78 iy eeand'n
B HVAC System Measures +
8 |Relocate Mechanical Systems w ithin Conditioned Space 6.3% 6.3% $161 $1,000 - $7,000 62 - 434
9 |mproved Heat Pump Efficiency (from 13 to 15 SEER and from 7.7 to 8.5 HSPF) 6.7% 6.7% $171 $1,200 - $2,500 70 - 1486
C Domestic Hot Water Measures
13 | Solar Domestic Hot Water System (32 sq. ft. collector, 65 gal tank) 76% 7.6% $193 $2,200 - $3,000 114 - 156 =
B 0 0, - - H
14 | Solar Domestic Hot Water System (.64 s.q ft. collector, 80 gal tank) 97% 9.7% $246 $3.200 - $4,000 130 - 163 * Arlington, TX In Tarrant County.
D Lighting Measures | IECC 2009 - Climate Zono 2
15 | 75% Energy Star Permanent CFL or Fluorescent Indoor Lamps 4.3% 4.3% $110 $25 - $110 02 -10 :
16 [100% Energy Star Permanent CFL or Fluorescent indoor Lamps 3.6% 8.8% $226 $50 - $215 02 - 10 [ IECC 2003 — Climate Zone 3
E Renewable Power Measures ] \ecc 2009 - Climate Zone 4
17 |4 kW Photov oltaic Array 27.1% 271% $692 $20,000 - $30,000 289 - 433
Description of Combined Measures
Annual Energy Savings | Combined Com bined Estimated Cost NOx Emissions SO2 Emissions CO2 Emissions
o1 . . . . .
Com bination of Meas uress (%) :ne.rgy %) S|:13pI:aEcskt|(mrast)ed Savings Savings Savings
Site Source (57;;12)52 Marginal Cost? |New System Cost! Y Y Annual (lbslyr) Annual (Ibs/yr) | Annual (tonséfyr)
Combination 1
16 | 100% Energy Star Permanent CFL or Fluorescent Indoor Lamps $50 - $215
Decreased Window SHGC & U Value (from .3 to .2 SHGC & from .5 to .3 U-Value) 15.8% 15.8% $403 $900 - $1,100 31-54 58 36 24
1 |Radiant Barrier in Attics (w ith Ducts in Attics) $300 - $880
Combination 2
15 | 75% Energy Star Permanent CFL or Fluorescent Indoor Lamps $25 - $110
7 |Decreased Window SHGC & U Value (from 3 to 2 SHGC & from 5 to 3 U-Value) 15.4% 16.4% $393 $900 - $1,100 54 -94 57 36 24
9 |improved Heat Pump Efficiency (from 13 to 15 SEER and from 7.7 to 8.5 HSPF) $1,200 - $2,500
Combination 3
Relocate Mechanical Syst ithin Conditioned Sj 1,000 - $7,000
ocate ecr anical Systems w ithin Conditioned Space 16.0% 16.0% $407 $1, $7, 103 - 270 5.9 37 25
14 | Solar Domestic Hot Water System (64 sq. ft. collector, 80 gal tank) $3.200 - $4,000
Note [2009 IECC Code-Compliant House Description]
1. Total energy savings from heating, cooling, lighting, equipment and DHW for emissions reductions determination. * Building type: Residential
2. Energy Cost: Bectricity = $0.11/kWh * Gross area: 2,325 sqg-ft
3. Marginal cost = new system cost - original system cost * Building dimension: 48 2ft x 48 2ft x 8ft (WxLxH)
4. New systemcost =new system cost only * Number of floors: 1
5. See indvidual measures above for specific savings * Floor-to-floor height: 8ft X
6. Conversion factor: 1 fon = 2,000 lbs * Window -to-floor ratio: 15% (Window -to-w all ratio: 22.6%) ‘1

* Lighting: 50% Energy Star permanent CFL or fluorescent lamps I P 1
*HVAC system: SEER 13 AC and 7.7 HSPF heat pump ) J/’J\
* DHW: 0.90 EF Hectric heater

* Duct Location: Unconditioned, vented attic B —

* Duct Leakage to Outdoor: 8 ¢fm/100 sg-ft CFA

Figure 4. Individual and Combined Energy Efficiency Measures for 2009 IECC Code-Compliant House with Heat Pump Heating for CoA

July 2011 Energy Systems Laboratory, Texas A&M University
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1 INTRODUCTION

The Energy Systems Laboratory was requested to develop cost-effective recommendations to maximize
energy savings for residential and commercial buildings in the City of Arlington (CoA). This report
presents the analysis results for single-family residential buildings in the CoA.

For more realistic recommendations, the CoA provided two years of residential building energy
compliance reports from 2008 to 2010 which exceeded the energy efficiency requirements of the CoA
(i.e., 2003 International Energy Conservation Code (IECC)). Based ona statistical analysis of energy
compliance reports provided for 21 residential, the above-code approaches that had been made in the
CoA were summarized for residential applications. From this summary of above-code approaches,
recommendations were developed to achieve above-code energy performance based on the 2003 and
2009 IECC standard reference buildings, for single-family residences in the CoA.

The deliverables for the CoA consist of three parts:

o A review of two years of building energy compliance reports from 2008 to 2010 for 21
residential projects in the CoA,

o A summary of above-code approaches that have been made in the CoA during the 2008-2010;
and

e Recommendations of 17 energy efficiency measures (EEMSs) to maximize energy savings for
residential buildings in the CoA with estimated cost of the improvement, simple payback
calculations, and emissions savings.

1.1 Organization of the Report

The report is organized in the following order:

e Section 1 presents the introduction and purpose of the report.

e Section 2 presents the methodology that was used.

e Section 3 provides a review of the 21 residential buildings’ energy compliance reports, including
the results from statistical analysis and above-code approaches that have been made for the past
two years from 2008 to 2010.

e Section 4 presents the proposed energy efficiency measures for single-family residences in the
CoA, including savings from 17 individual measures along with the simple payback calculations.

e Section 5 is a summary which is followed by references.
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2 METHODOLOGY

This section describes the methodology and assumptions that were used in to analyze information on
energy certification for 21 residential buildings, and to develop the cost-effective recommendations for
achieving energy performance better than 2003 and 2009 IECC code-compliant buildings for single-
family residences in the CoA. Section 2.1 presents an overall approach used in this analysis. Section 2.2
describes the base-case building characteristics. Section 2.3 presents assumptions used in cost analysis.

2.1 Overview

To define important building parameters used to achieve above-code performance, a review of the
building energy compliance reports for the past two years (2008-2010) was performed for 21 residential
projects in the CoA. The buildings’ envelope, fenestration, and system characteristics were summarized,
and then statistically compared with the 2003 IECC Chapter 4 requirements for residential building.
From this, a summary table of energy efficiency measures used for the residential buildings in the CoA
during 2008-2010 was developed.

Based on the summary of residential above-code approaches, recommendations were developed to
achieve above-code energy performance based on the 2003 and 2009 IECC standard reference house for
single-family residences in the CoA. The analysis was performed using an ESL simulation tool based on
the DOE-2.1e simulation of 2003 and 2009 IECC code-compliant, single family residence for Tarrant
County where the CoA is located and the Fort Worth TMY2 weather file (Figure 5). Two options based
on the choice of heating fuel type were considered: (a) natural gas (gas-fired furnace for space heating,
and gas water heater for domestic water heating), and (b) electricity (heat pump for space heating, and
electric water heater for domestic water heating)’. A total of 17 energy efficiency measures were then
applied to the base-case models to determine the savings of each measure. These measures were
simulated by modifying the selected parameters used for the DOE-2 simulation tool. The solar measures
including solar PV and solar DHW were simulated using the PV-F Chart (Klein and Beckman 1994) and
F-Chart (Klein and Beckman 1983) programs, respectively. The implementation costs of each measure
were also calculated along with simple payback calculations.

The measures were then combined to achieve the total energy savings of the group is 15% above the
base-case 2003 and 2009 IECC code-compliant house. The results from individual measures and cost
analysis were used to guide the selection of measures. As a result, three combinations were proposed for
each base case ((a) electric/gas house and (b) all-electric house). Each combination was formed to have a
different payback period. Finally, the corresponding emissions savings of each combination were
calculated based on the eGrid for Texas.

! For the rest of this report, these houses will be referred to as (a) electric/gas house and (b) all-electric house, respectively.
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2.2 Base-Case Building Description

The base-case building simulation model in this analysis is based on the standard design as defined in
Chapter 4 of the 2003 and 2009 IECC, as well as certain assumptions which are described throughout
this document. The base-case building is a 2,325 sq. ft., square-shape, one story, single-family, detached
house oriented N, S, E, W, with a floor-to-ceiling height of 8 feet. Fifty percent of lamps in the house are
assumed to be Energy Star permanent CFL or fluorescent lamps. The house has an attic with a roof
pitched at 23 degrees, which contains the HVAC systems and ductwork. The base-case building envelope
and system characteristics were determined from the general characteristics and the climate-specific
characteristics as specified in the 2003 and 2009 IECC. Table 1 summarizes the base-case, 2003 and
2009 code-compliance building characteristics used in the DOE-2 simulation tool in this analysis.

2.3 Assumptions for Cost Analysis

The cost analysis for different measures was carried out based on utility costs of $0.11/kWh for
electricity and $0.64/therm for natural gas. The electric rate was determined based on the information
compiled by the Public Utility Commission of Texas®. The annual average rates calculated for Dallas
were used for the natural gas rates®.

2 PUCT. 2010. Average Annual Rate Comparison for Residential Electric Service: July 2010. Austin, TX: Public Utility Commission of Texas.
Retrieved September 30, 2010, from http://www.puc.state.tx.us/electric/rates/RESrate.cfm

3 Atmos Energy. 2010a. Atmos Energy Tariffs for Mid-Tex: September 2010 Mid-Tex GCR Rates. Dallas, TX: Atmos Energy. Retrieved
September 30, 2010, from http://www.atmosenergy.com/about/tariffs.html?st=mtx&pass=1
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Table 1. Base Case Building Description

Assumptions

2003 IECC for COA 2009 IECC for COA
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Comments

Building
Building Type Single family, detached house
Gross Area 2,325 sq. ft. (48.21 ft. x 48.21 ft.)

Number of Floors 1
Floor to Floor Height (ft.) 8
Orientation South facing
Construction

Construction

Light-weight wood frame with
2x4 studs spaced at 16” on center

Floor

Slab-on-grade floor

Roof Configuration

Unconditioned, vented attic

Roof Absorptance 0.75 Solar reflectance SR= 0.25

Ceiling Insulation (hr-sq.ft.-°F/Btu) R-38 | R-30

Wall Absorptance 0.75 Assuming brick facia exterior

Wall Insulation (hr-sq.ft.-°F/Btu) R-11 [ R-13

Slab Perimeter Insulation None

Ground Reflectance 0.24 Assuming grass

U-Factor of Glazing (Btu/hr-sq.ft.-°F) 0.47 0.5

Solar Heat Gain Coefficient (SHGC) 0.4 0.3
This corresponds to 27.13% and 22.61%

Window Area 18% of conditioned floor area 15% of conditioned floor area gg%%oxgo'zvégg Zl::eritalzgoélj:;sssumed
configuration, respectively.

Exterior Shading None

Roof Radiant Barrier No Roof radiant barrier emissivity=0.05

Slope of Roof 5:12 Steep slope (5:12 Slope of roof =23 degrees)

Space Conditions

Space Temperature Set point

68°F Heating, 78°F Cooling, 5°F

setback/setup 72°F Heating, 75°F Cooling, no set-back

Internal Heat Gains

1.095 kW (modeled as 0.547 kW for lighting and 0.547 kW for equipment)

This assumes heat gains from lighting,
equipment and occupants.

Number of Occupants

None

Assuming internal gains include heat gain
from occupants

Mechanical Systems

HVAC System Type

Gas & Electric Type:
Electric cooling (air conditioner) and natural gas heating (gas fired furnace)

All Electric Type:
Electric cooling and heating (air conditioner with heat pump)

HVAC System Efficiency

Gas & Electric Type:
SEER 13 AC, 0.78 AFUE furnace

All Electric Type:
SEER 13 AC, 7.7 HSPF heat pump

Cooling Capacity (Btu/hr)

55,800

500 sq. ft./ton

Heating Capacity (Btu/hr)

55,800

1.0 x cooling capacity

DHW System Type

Gas & Electric Type:
40-gallon tank type gas water heater with a standing pilot light

All Electric Type:
50-gallon tank type electric water heater (without a pilot light)

DHW Heater Energy Factor

Gas & Electric Type:
0.594

All Electric Type:
0.904

Gas: 0.67-0.0019 V EF

Electric: <=12 KW: 0.97-0.00132 V EF
>12kW: 1.73V+155SL Btu/h

Where V=storage volume (gal.)

Duct Location

Unconditioned, vented attic

Duct Leakage (%)

10.0% (supply) and 10.0% (return) 5.6% (supply) and 5.6% (return)

14.5 (2003 IECC) and 8.0 (2009 IECC)
CFM/100 ft"2 of CFA to outdoors

Duct Insulation (hr-sq.ft.-°F/Btu)

R-8 (supply) and R-4 (return) R-8 (supply) and R-6 (return)

HVAC Duct Static Pressure

Supply Air Flow (CFM/ton)

360

Infiltration Rate (SG)

SLA= 0.00057 | SLA= 0.00036

July 2011
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3 REVIEW OF RESIDENTIAL BUILDING ENERGY COMPLIANCE REPORTS

This section provides a review of the 21 residential buildings’ energy compliance reports, including the
results from statistical analysis and above-code approaches made during the past two years (2008-2010)
in the CoA. A statistical analysis was performed based on the 2003 IECC Chapter 4 performance path
requirements. A summary table of the energy efficiency measures (EEMs) that had been used in the 21
houses was developed.

Section 3.1 presents a master table that summarizes important building characteristics of the 21 sample
buildings, including a brief description of energy certification, general building information, envelope
and fenestration characteristics, and mechanical system characteristics. Section 3.2 provides a statistical
analysis of summarized results with the 2003 IECC performance path requirements. Section 3.3 gives a
summary of the EEMs used in the 21 sample houses.

3.1 Master Summary Table
A master summary table was developed to describe and summarize important building characteristics of

the 21 sample houses for the following four categories:
e |dentification;

e Building;
e Envelope; and
e  System.

The identification section presents information associated with the sample houses’ certifications, as
shown in Table 2. This includes the RSN number, building type, new or addition construction, single-
family or multi-family, compliant option, certification date, energy code used for a certification, UA
compliance option (UA is calculated by multiplying the U-Value by the area of the surface or surfaces),
above-code percentages, Home Energy Rating System (HERS) index, and emission reductions. All 21
houses are new construction complied with the 2003 IECC. Five houses used the ESL’s International
Code Compliance Calculator (1C3) tool, while others generated their compliance reports using REM/Rate
software.

Next, the building section presents information associated with general building characteristics, as shown
in Table 3. This includes orientation, number of floors and bedrooms, floor area, ceiling height,
conditioned space volume, and insulated shell area. Twelve houses are single-story buildings, and nine
houses are two-story buildings. The number of bedrooms varies from three to six. More than half of the
houses have a total floor area between 2,000 ft* and 4,000 ft*. The average ceiling height of the 21 houses
is 9.6 ft.

The envelope section presents information associated with construction properties, including window,
wall, roof/ceiling, floors, and infiltration, as shown in Table 4. All sample houses have less than 18% of
window-to-floor ratio and have less than 0.4 of window Solar Heat Gain Coefficient (SHGC). All sample
houses have wall insulation higher than R-13. Ten houses have radiant barrier while the other eleven
houses do not. Eight houses provide their infiltration test results.

Finally, the system section presents information associated with mechanical systems, as shown in Table 5.
This includes duct insulation and leakage, system location, type and efficiency of air conditioning,
heating, domestic water heater systems, and thermostat programmability. A seasonal energy efficiency
ratio (SEER)14/R-6 trade-off was used for 19 houses. Six houses have heat pump systems with electric
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water heaters while other 15 houses have gas furnaces for their heating with gas water heaters. 16 houses
have programmable thermostats, and for the other five houses no information was provided.
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Table 2. Identification Information of 21 Residential Buildings

Certification Info.
No. : _ UA Compliance Option® : (PZ:C(:}‘:;;VI?CEOS;M Emissions Reductions®
RSN # | Bldg. SF/ New/ Compliant Option Certificate Code | | HERS |

Type MF Addition Date 2001 | 2003 [ 2006 ' 2001 | 2003 | 2006 | Index | NOx SOx CO2

: IECC | IECC | IECC : IECC | IECC | IECC (Ibs/yr):(lbs/yr) (Ibslyr)

1 | 208717 1 Res SF New Ic3 \3.6.2 | 07/12/10 | IECC 2000/2001 ) - A - 29 | 16 | 2,265
2 | 185020 | Res SF New Ic3 .61 | 03/01/10 | IECC 2000/2001 ) ) - A - 1 - ) 12 | 06 | 974
3 | 183073 I Res SF New Ic3 .61 | 0210/10 | IECC 2000/2001 - } - 1A% | - | - - 15 | 08 | 1,101
4 | 208723 | Res SF New Ic3 \3.6.2 | 07/12/10 | IECC 2000/2001 - - A - 39 | 22 | 3006
5 | 195751 | Res SF New Ic3 \3.6.2 | 04/30/10 | IECC 2000/2001 ) } - 169% | - - - 19 | 11 | 1,510
6 | 202251 | Res SF New |Energy Star| 2.0° | 06/30/10 IECC 2003 - NC - - |125%1 - 77 | 24 | 73 | 320
7 | 187008 I Res SF New |Energy Starl 2.0 | 03/23/10 [ECC 2003 ] c - 1 - |105%, - 82 | 19 I 59 12600
8 | 202253 | Res SF New |Energy Starl 2.0 | 06/02/10 | IECC 2003/2006 ; - C | - )101%1109%| 69 | 32 | 9.8 | 4400
9 | 179339 | Res SF New |Energy Starl 2.0 | 12/16/09 IECC 2001 c - S0 - -] - 79 | 43 1 46 | 4,200
10 | 186508 | Res SF New |Energy Starl 2.0 | 03/05/10 | IECC 2001/2003 c ) e 8L | 60 | 72 | 620
11 | 186506 | Res SF New |Energy Starl 2.0 | 03/05/10 |IECC 2000/2001/2003| C - -1 86% | 86% , - 82 | 45 1 51 1 4,600
12 | 188739 | Res SF New |Energy Starl 2.0 | 03/22/10 IECC 2001 c - N S0 - 75 | 65 | 56 | 620
13 | 120408 | Res SF New |Energy Starl 2.0 | 02/24/09 [ECC 2001 c - S0 - -] - 76 | 65 I 67 16431
14 | 182939 | Res SF New |Energy Star] 2.0 | 02/15/10 | [ECC 2000/2001/2003| C - - TA% | 74% 1 - 83 | 48 | 61 | 500
15 | 169076 | Res SF New |Energy Starl 2.0 | 02/27/09 [ECC 2001 c - - 1169%| - | - 77 | 49 1 46 1472
16 | 117170 | Res SF New |Energy Starl 2.0 | 01/09/09 IECC 2001 c ) N S 85 | 59 | 43 | 3362
17 116979 | Res SF New Energy Star V2.0 12/10/08 IECC 2001 C - - - - : - 80 39 | 46 3,947
18 | 175714 | Res SF New |Energy Starl 2.0 | 0L/06/10 | [ECC 2000/2001/2003| C ] -1 81% | 81% | - 83 | 28 | 31 | 280
19 | 115560 | Res SF New |Energy Starl 2.0 | 11/20/08 IECC 2001 c - - 11ae%| - | - 78 | 11.9 1 96 16513
20 | 184612 | Res SF New |Energy Starl 2.0 | 02/18/10 | [ECC 2000/2001/2003| C - -1 61% | 61% | - 8a | 39 | 48 | 400
21 | 117146 | Res SF New |Energy Starl 2.0 | 01/12/09 IECC 2001 c ] BEEAEE 78 | 44 1 41 14267

Note:

1. C=Complied; NC=Not Complied
2. The emissions reductions (Ibs/yr) estimated for NOx, SOx, and CO2 were extracted from IC3 or ENERGY STAR compliant reports.
3. ENERGY STAR version 2.0 was active from 7/1/2006 to 4/1/2011 (Source from http://www.energystar.gov/index.cfm?c=new_homes.nh_history).
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Table 3. Basic Building Information of 21 Residential Buildings

Building Info.
T

iti 1 I Insulated

No. - . No. of No. of Conditioned Floor Area (sq ft) Avg : Cond. hal
Orientation Floors Bedroo | | CFA from Master Table Ceiling IVqume | Area

m Total | 1st Floor?|2nd Floor? Height (ft)! (cubic ft) |

| | Total | 1st Floor | 2nd Floor | | (sqft)

1 | Northeast | 2 } 2,565 | 2,095 | 470 : 9.0 | 23085 | -

2 West 1 ; 1824 | 1824 | - | 90 116416 | -

3 | southwest| 1 ) 1971 | 1,971 | - | 90 | 17,739 | -

4 | Northwest | 2 ; 2745 | 1609 | 1136 | 90 | 24705 | -

5 | southwest! 1 ; 1,824 | 1,824 | - : 9.0 : 16,416 | -
6 - 1 3 1500 | 1500 | - | 80 | 12,000 | 4498
7 } 1 3 1153 | 1,153 | - | 80 | 9224 | 3468
8 ] 1 3 1557 | 1557 | - | 80 | 1245 | 4535
9 - 1 4 2584 | 2584 | - 2438 | 2,438 ! 104 | 26809 | 7,585
10 ; 2 6 4597 | 2351 | 2,246 | 10.7 | 49,400 | 9,733
11 ; 2 5 3032 | 1,974 | 1,058 : 10.0 | 30,216 | 8,193
12 ; 2 4 3318 | 2013 |, 1305 | 3408 | 2,068 ) 1,340 907 | 32161 | 7,966
13 ) 2 4 3280 | 1897 | 12392 | 3235 | 1866 | 1,369 95 | 31197 | 8362
14 - 2 5 3886 | 2037 | 1849 | 108 | 41,784 | 8,922
15 ) 1 3 253 | 2530 | - 1827 | 1827 - 100 | 25310 | 7,283
16 ] 1 4 2303 | 2303 | - | 905 | 21878 | 7,184
17 - 1 3 2424 | 2424 | - | 100 | 24216 | 7,081
18 - 1 3 2,101 : 2,101 : ; | 99 1 20,748 : 6,007
19 R 2 4 3301 | 1,944 | 1,357 | 9.4 | 30899 | 7,255
20 - 2 4 3247 | 1917 | 1330 | 10.6 | 34,543 | 8420
21 R 1 4 2219 | 2219 | - 2583 | 2,583 - 112 | 24,888 | 7,178

Note: Numbers in blue stand for the calculated values. Numbers in red stand for mismatched information (See note 1).
1. There is a discrepancy in information between individual compliance reports and the master table provided by
the CoA for the following five houses: No0.9, 12, 13, 15, and 21. This summary table is based on CFA from

individual compliance reports.
2. The 1st and 2nd floor areas of five houses (No.9, 12, 13, 15, and 21) were calculated proportionally to the 1st
and 2nd floor areas from the master table provided by the CoA.
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Table 4. Envelope Information of 21 Residential Buildings

CoA Residential Project, p.10

Envelope
No. Window Wall Roof/Ceiling Floors Infiltration
T T T T /M

(Q;e% :WWR% WFR % | U-value : SHGC R-value : U-value E)’\(/L::ei rriljislh R-value : U-value : RBaadriria:rt Rilﬂfd Clj_l\lfl:lie : Material Slab Floors R_\er:e F:j)-c\):lue CFM50 ACH50"
1 321 : 17.6% 12.5% 0.52 : 0.25 R-13 : - Brick Face| R-28 : - : No - - :Comp Shingle - - - Untested -
2 209 : 13.6% 11.5% 053 | 0.39 R-13 | - Brick Face| R-26 | - I No - - :Comp Shingle - - - Untested -
3 218 1 136% | 111% | 053 | 037 R13 | - |BrickFace] R27 | - | No ; - 1Comp Shingle ; ; } Untested ]
4 296 : 15.7% | 10.8% 052 | 025 R-13 | - Brick Face| R-34 | - I No - - :Comp Shingle - - - Untested -
5 | 200 1 136% | 11.5% | 053 | 039 R13 | - |BrickFace] R32 | - | No ) - IComp Shingle ; } ) Untested -
6 | 152 | 100% | 101% | 034 | 030 R13 | 0.082 } R38 | 0026 | Yes ) -] . Uninsulated U=0.365) - } 1,200 6.0
7 | 122 1 110% ) 106% | 032 | 029 |R13+063ci | 0.080 ) R30 | 003 | No ; S . Uninsulated U=0.365] - } 922 6.0
8 | 149 | 11.0% | 96% | 034 | 030 R13 | 0.085 } R30 | 0026 | Yes ) -] . Uninsulated U=0.365) - } 1,245 6.0
9 | 331 1 150% | 128% | 035 | 031 |RI3+Llci | 0.080 - R38 | 0026 | Yes | R22 | 0055 | . Uninsulated U=0.365] - - 2,803 6.5
10 | 586 | 150% | 127% | 054 | 024 | R13+0.3ci | 0.080 - R30 | 0033 | No R19 | 0052 | - Uninsulated U=0.365)] R-19 | 0.050 | Untested -
11 | 389 1 120% | 12.8% | 054 | 024 |R13+03ci | 0.080 - R30 | 0033 | No R19 | 0052 | ] Uninsulated U=0.365| R-19 | 0.050 | Untested -
12 | 471 | 130% | 142% | 035 | 031 |Ri3+Lici | 0.080 - R38 | 002 | Yes | R22 | 0055 | - Uninsulated U=0.365] R22 | 0050 | 2,777 5.2
13 | 443 1 120% | 135% | 035 | 031 |RI3+Llci | 0.080 ; R30 | 0035 | Yes | R22 | 0.055 | } Uninsulated U=0.365] R-22 | 0.049 | Untested }
14 | 627 | 17.0% | 161% | 054 | 024 |R13+03ci | 0.080 } R30 | 0033 | No R19 | 0052 | . Uninsulated U=0.365) R-19 | 0.050 | Untested )
15 | 330 1 150% | 134% | 035 | 027 R13 | 0085 ) R30 | 0.0% , Yes | R19 | 0.053 | . Uninsulated U=0.365] - } 2,466 5.8
16 | 204 | 120% | 128% | 054 | 024 |RI3+Lici | 0.077 ; R30 | 0034 | Yes | R22 | 0.047 | . Uninsulated U=0.365) - ) Untested )
17 | 405 1 100% | 167% | 035 | 031 | R13+Llci | 0.080 - R30 | 0035 | Yes | R22 | 0085 | - Uninsulated U=0.365] - - | Untested -
18 | 264 | 140% | 126% | 054 | 024 R13 | 0.082 ; R30 | 0034 | No R19 | 0052 , - Uninsulated U=0.365] - - Untested -
19 | 431 1 150% | 131% | 037 | 027 R13 | 008 - R30 | 0033 | Yes | R22 | 0.048 | - Uninsulated U=0.285| R22 | 0042 | 3,089 6.0
20 | 553 | 160% | 17.0% | 054 | 024 |RI3+0.3ci | 0.080 - R30 | 0033 | No R19 | 0052 | - Uninsulated U=0.365] R-19 | 0.050 | Untested -
21 | 331 1 160% | 149% | 035 | 027 |R13+36ci | 0063 - R38 | 0.0% , Yes | R19 | 0052 | } Uninsulated U=0.365] - - 2,488 6.0

Note: Numbers in blue stand for the calculated values.
Infiltration (ACH50) was calculated using ACH50 = CFM50*60 (min/hr)/ Cond. Volume (ft3)

1.
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Table 5. System Information of 21 Residential Buildings

No. Duct AlC Heating System Water Heater
| " Mech. T | Programmable
s | s | o o [ | | e | e | e | e | e | P

1 R-6 R-6 Untested | - Uncond. 14 5.0 HP : 7.7 | - Elec 0.91 -
2 R6 R-6 Untested | - Uncond. 13 35 Gas | - , 08 Gas 0.70 -
3 R-6 R-6 Untested | - Uncond. 13 4.0 Gas : - | 0.8 Gas 0.70 -
4 R6 R-6 Untested | - Uncond. 14 55 P 177 - Elec 0.91 )
5 R-6 R6 Untested | - Uncond. 14 35 P 77 1 - Elec 0.91 -
6 R6 R6 0 | 60 - 14 ; WP 1 77| - Elec 0.90 Yes
7 R-8 R-8 69 | 6.0 - 13 - P 79 1 - Elec 0.90 Yes
8 - - 9B | 60 - 14 ; WP 177 - Elec 0.90 Yes
9 R-6 R6 155 | 60 - 14 - Gas : - 1 o8 Gas 0.58 Yes
10 R-6 R6 274 | 60 ] 14 - Gas | - , 08 Gas 0.58 Yes
11 R6 R-6 180 | 59 - 14 ; Gas |, - | 08 Gas 0.58 Yes
12 R6 R-6 198 | 60 - 14 ; Gas | - | 08 Gas 0.58 Yes
13 R6 R-6 196 | 60 - 14 ; Gas | - | 08 Gas 0.58 Yes
14 R6 R-6 232 | 60 - 14 ] Gas | - |, 08 Gas 0.58 Yes
15 R6 R-6 151 | 60 - 14 ; Gas |, - | 08 Gas 0.62 Yes
16 R6 R-6 138 | 60 - 14 ] Gas | - , 08 Gas 0.62 Yes
17 R6 R-6 45 | 60 - 14 ] Gas | - | 08 Gas 0.58 Yes
18 R6 R6 126 | 60 - 14 ] Gas | - | 08 Gas 0.62 Yes
19 R6 R-6 195 | 59 - 14 ; Gas | - 1 08 Gas 0.59 Yes
20 R6 R-6 194 | 60 - 14 - Gas | - | 08 Gas 0.58 Yes
21 R6 R-6 133 | 60 - 14 ] Gas | - | 08 Gas 0.62 Yes

Note: Numbers in blue stand for the calculated values.
1. Duct Leakage (CFM/100ft?) was calculated using CFM/100ft* = Total leakage (CFM25) *100 ft? / Cond. Fl. Area (ft%). Based on the ENERGY STAR
compliance report and REM/Rate v12.9.3. These numbers are measured leakage via a duct blaster test.
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3.2 Analysis of Energy Certificate Information

A statistical analysis was performed to identify the energy efficiency measures that applied in the 21
sample houses in the CoA. For the selected building parameters, a comparison was conducted with the
2003 IECC Chapter 4 performance path requirements using frequency and percentage bar graphs. In the
graphs, a color coding was used to help readers easily understand the compassion.

: Above-code (Better than 2003 IECC performance path)

B : Below code (Worse than 2003 IECC performance path)
: Just code (Same as 2003 IECC performance path)
: Not required (A code house is same as proposed.)

This section presents major comparison results for the four categories: identification, building, envelope,
and system. Additional results are presented in Appendix A.

3.2.1 ldentification

1) Above-Code Percentage (Performance Path)

Figure 6 shows the frequency and percentage distribution of 16 houses by their above-code percentage
calculated from performance path analysis*. All 16 houses have energy performance better than the 2001,
2003, and/or 2006 IECC requirements. Eight houses (50%) have above-code percentage higher than 10%,
and the above-code percentages of other eight houses were less than 10%: 0 to 5% for two houses and 5

to 10% for six houses.

2 100%
18
80% |
15
| 80% |
§. 12 E
0, 0y
% 9 . . g a0% | 38% 38%
s 8 s
3 2 2 ® 0% 13% 13%
0 . . . 0% , , .
>=0% >=5% >=10% >=15% >=0% >= 5%, >=10% >=15%
& < 5% & < 10% & <15% & < 20% & <5% & < 10% & < 15% & < 20%
% Above Code (N=16) % Above Code (N=16)

Figure 6. Frequency and Percentage Distribution of 16 Houses by Above-Code Percentage

* Five houses (building number of 9, 12, 13, 16 and 17) do not have the performance path certification.
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3.2.2 Building

1)  Number of Floors
Figure 7 shows the frequency and percentage distribution of the 21 houses by number of floors of the
house. Twelve houses (57%) are one-story buildings, and nine houses (43%) are two-story buildings.

21 100%

80% -

12 60% - 57%

w

% of Homes
&
B

40% -

Frequency
w

20%

0%

2
No. of Floors (N=21) No. of Floors (N=21)

Figure 7. Frequency and Percentage Distribution of 21 Houses by Number of Floors

2) Total Floor Area

Figure 8 shows the frequency and percentage distribution of the 21 houses by total floor area of the house.
A total floor area varies from 1,000 ft? to 5,000 ft>. Six houses (29%) have a total floor area between
1,000 ft? and 2,000 ft*. Eight houses (38%) have a total floor area between 2,000 ft* and 3,000 ft>. The
floor areas of other seven houses (34%) are larger than 3,000 ft*: 3,000-4,000 ft? for six houses and

4,000-5,000 ft*> for one house.

21 100%
18
80%
15 -
- 12 - ., 60% -
2 8 E 38%
@ 9 | Ll
= 6 6 £ % 29% 29%
E 6 B ‘.6
= = 20% -
3 - 1 5%
0 T T T 0% T T i
== 1,000 ==2,000 == 3,000 ==4,000 ==1,000 ==2,000 == 3,000 == 4,000
& < 2,000 & < 3,000 & = 4,000 & < 5,000 & < 2,000 & < 3,000 & < 4,000 & < 5,000
Total Floor Area (ft2) (N=21) Total Floor Area (ft?) (N=21)

Figure 8. Frequency and Percentage Distribution of 21 Houses by Total Floor Area
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3.2.3 Envelope

1) Floor

CoA Residential Project, p.14

Figures 9 and 10 show the frequency and percentage distribution of seven 2-story houses by frame floor
insulation R-value and of the 21 houses by slab floor insulation, respectively. All seven two-story houses
have floor insulations better than code for their frame floor. All twenty-one houses do not have any slab
insulations, which meets the 2003 IECC code requirements for slab floor.

21

Frequency
[{=]

R-11 (Code)

R-19
Frame Floors R-Value

R-22
(N=7)

% of Homes

100%

80% -

60% -

40% -

20%

57%

43%

0%

R-11 (Code)

R-19
Frame Floors R-Value

R-22

(N=7)

Figure 9. Frequency and Percentage Distribution of Seven Two-Story Houses by Frame Floors R-Value

Frequency
w

21

R-0 (Code)
Slab Floor U-Value

(N=21)

% of Homes

100% -

80% -

60% -

40% -

20%

100%

0%

R-0 (Code)
Slab Floor U-Value

(N=21)

Figure 10. Frequency and Percentage Distribution of 21 Houses by Slab Floors R-Value

2) Average Ceiling Height
Figure 11 shows the frequency and percentage distribution of the 21 houses by average ceiling height per
house. The average ceiling height of all twenty-one houses is 9.6 feet. Twelve houses (57%) have an

average ceiling height between 9 and 10 feet.

21

18 -
15 -
12 -

Frequency

12

1

o W W

& =<9

>=9
& =10

==10
& =11

AVG Ceiling Height (ft)

==11
& =12

(N=21)

% of Homes

100%

80% -

60% -

40% -

20%

14%

57%

24%

5%

0%

>=9
& =10

==10
& =11

AVG Ceiling Height (ft)

==11
& =12

(N=21)

Figure 11. Frequency and Percentage Distribution of 21 Houses by Average Ceiling Height
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3) Window

Figures 12 to 14 show the frequency and percentage distribution of the 21 houses by window-to-floor
ratio (WFR), window U-value, and Solar Heat Gain Coefficient (SHGC). All twenty-one houses have
window areas less than a 2003 IECC code house. Three houses (14%) have a WFR between 15% and
17.5%. Eleven houses (52%) have a WFR between 12.5% and 15%. The WFRs of other seven houses
(34%) are less than 12.5%: 7.5-10% for one house and 10-12.5% for six houses. Ten houses (48%) have
window U-values better than the 2003 IECC code house U-value, which is 0.47 Btu/hr-sq.ft.-F. All
twenty-one houses have SHGC better than the 2003 IECC requirement, which is 0.40.

21 100%
18 -
80% -
15 -
- 12 11 » 0% - 52%
: g
= 0 6 = A0% 29%
& P s
5. 3 = 20% 14%
1 5%
0 T T T T 0% : : ! E
e=if ot Pl oodidak cecihk | 18% >=75% >=10% >=125% >=15% 18%
&<10% &<12.5% &<15% &<17.5% (Code) &<10% &=<125% &<15% &<175% (Code)
Window Floor Ratio (N=21) Window Floor Ratio (N=21)
Figure 12. Frequency and Percentage Distribution of 21 Houses by Window-to-Floor Ratio
21 100%
18 -
80%
15 -
5- 12 1 10 11 g 60% 48% 5a0s,
£ E
S 99 £ 40%
o e
L 6- g
i = 20%
0 : : 0% : :
==023 0.47 (Code) ==05 ==023 0.47 (Code) ==05
&<04 &<06 &<0.4 &<06
Window U-Value (N=21) Window U-Value (N=21)
Figure 13. Frequency and Percentage Distribution of 21 Houses by Window U-Value
21 100%
18 -
80% -
15 -
. 12 - . 60% -
: g
o 9 4 5 §
= 6 6 6 T 0% 7 209 29% 29%
= 6 =
= 3 2 20% 14%
0 T T T T 0% T T T T
>=02 »=025 »=03 >=025 0.4 (Code) >=02 »=025 »>=03 >=035 04 (Code)
&<025 &<03 &<035 &=<04 &<025 &=<03 &<035 &<04
Window SHGC (N=21) Window SHGC (N=21)

Figure 14. Frequency and Percentage Distribution of 21 Houses by Window SHGC
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4) Wall R-Value
Figure 15 shows the frequency and percentage distribution of the 21 houses by wall insulation R-value.

Ten houses (48%) meet the 2003 IECC code requirement, which is R-13. The other eleven houses (52%)
have wall insulation better than the code.

CoA Residential Project, p.16

21

18 -
15

100%

80% -

60% -

= 10 = 48%
=] =
s 9 2 40% -
e 5| 5 5 = 24% 24%
= = 20% -
37 1 5%
0 0% T
R-13 (Code) R-13 + R-13+ R-13+ R-13 (Code) R-13 + R-13+ R-13+
0.3-063cu. 1.1cu 36c.i 0.3-0863 ci. 1.1ci 36c
Wall R-Value (N=21) Wall R-Value (N=21)
Figure 15. Frequency and Percentage Distribution of 21 Houses by Wall R-Value
5) Roof

Figures 16 and 17 show the frequency and percentage distribution of the 21 houses by attic radiant

barrier and roof insulation R-value, respectively. Ten houses (48%) have radiant barrier. Six houses
(29%) just meet the code requirements for roof insulation, and eleven houses (52%) have insulation
values better than the code requirements®. Appendix A presents more details for this section.

Frequency

21

10

11

% of Homes

100%

80% -

60% -

40% -

20% -

0%

48%

52%

Yes No (Code) Yes No (Code)
Radiant Barrier (N=21) Radiant Barrier (N=21)
Figure 16. Frequency and Percentage Distribution of 21 Houses by Attic Radiant Barrier
21 100%
18 -
80% -
15 -
.y ke o - =
s 9 . £
- 6 £ 40% - 29%
2 6 s
= 3 3 32 20% 14% &
1 5 4 % 19%
Nl 2 o 10%
>= R-26 R-30 >= R-30 R-38 == R-26 R-30 »= R-30 R-38
& < R-30 & <R-38 &<=R-30 &=R28
Roof R-Value (N=21) Roof R-Value (N=21)

Figure 17. Frequency and Percentage Distribution of 21 Houses by Roof Insulation R-Value

® The 2003 IECC roof insulation requirements vary according to window-to-wall ratio.
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6) Tested Air Leakage (ACH50)
Figure 18 shows the frequency and percentage distribution of eight houses by tested air leakage in air
changes per house(ACH) using a blower door at a pressure of 50 Pa. All eight houses that were tested for
their whole-house infiltration meet the code requirements®. Five houses (63% of them) have a 6.0
ACH50. More details for this section are presented in Appendix A.

CoA Residential Project, p.17

21

Frequency
[(s]

1-Story: ACH50=9 for code

-+ 2-Story: ACH50=11 for code
1 5
] 1 1 1
5.2 5.8 6.0 6.5
ACH50 (N=8)

% of Homes

100%

80% -

60%

40%

20%

0%

1-Story: ACH50=9 for code
2-Story: ACH50=11 for code

63%

13% 13% 13%

52 58 6.0 6.5
ACHS50 (N=8)

Figure 18. Frequency and Percentage Distribution of Eight Houses by Tested Air Leakage

& ACH50 for code house was calculated using: ACH = Normalized Leakage (0.57) x Weather Factor (0.89 for Tarrant County) = 0.50.
0.50 ACH=11 ACH50 for a 1-story house in Tarrant County and 9 ACH50 for a 2-story house in Tarrant County.
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3.2.4 System

1) Duct

Figures 19 and 20 show the frequency and percentage distribution of -20 houses by duct insulation R-
value and of 16 houses by tested duct leakage, respectively. Of the 20 houses that have information on
their duct insulation’, a SEER14/R-6 trade-off was used for 19 houses (95% of them). All 16 houses that
were tested for their duct leakage meet the code requirements®.

21 100%

80% -

60% -

19 95%
40% -

Frequency
w0
% of Homes

20% -

34 1 5%

0 T 0%
R-6 (w/ SEER 14) R-8 (Code) R-6 (w/ SEER 14) R-8 (Code)

Duct R-Value (N=20) Duct R-Value (N=20)

Figure 19. Frequency and Percentage Distribution of 20 Houses by Duct Insulation R-Value

21 100%
g |0 CEMANG Euicode (1G3) 14.5 CFM/100 f2 for code (IC3) 8%
80% -
15 - 14
E‘ 12 - E 60%
3 H
g 9 T 40% -
s ]
(T 6 as
\ 5 20% - 13%
0 : 0% ;
59 6.0 59 6.0
Duct Leakage (CFM/100ft?) (N=186) Duct Leakage (CFM/100ft?) (N=16)

Figure 20. Frequency and Percentage Distribution of 16 Houses by Tested Duct Leakage

" House No. 8 did not provide information on duct insulation.
8 For the 2003 IECC code house, a 20% total duct leakage (14.5 CFM/100ft?) was assumed, which corresponds to a 0.80 duct distribution
system efficiency (DSE) using the ESL’s International Code Compliance Calculator (IC3) tool.
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2) AJ/C System Efficiency

Figure 21 shows the frequency and percentage distribution of the 21 houses by A/C system efficiency.
Three houses (14%) meet the 2003 IECC code requirement, which is SEER 13. Eighteen houses (86%)
have a SEER higher than 13, but used with a SEER14/R-6 trade-off.

21 100%
18 86%

80% -

60% -

40% -

Frequency
ow
% of Homes

14%

@
)
o
S

] T 0% T
13 (Code) 14 (w/ Duct R-6) 13 (Code) 14 (w/ Duct R-6)
SEER {N=21) SEER (N=21)

Figure 21. Frequency and Percentage Distribution of 21 Houses by A/C System Efficiency
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3) Heating System
Figures 22 -24 show the frequency and percentage distribution of the 21 houses by type of heating system
and the corresponding system efficiency. Six houses (29%) use heat pump for their heating, and other 15
houses (71%) have natural gas furnaces. Of six heat pump houses, five (83% of six houses) meet the
2003 IECC code requirement, and one house (17% of six houses) has system efficiency better than code.
All 15 natural gas houses slightly exceed the code requirement.

CoA Residential Project, p.20
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Figure 22. Frequency and Percentage Distribution of 21 Houses by Heating System Type
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Figure 23. Frequency and Percentage Distribution of Six Houses by Heat Pump System Efficiency
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Figure 24. Frequency and Percentage Distribution of 15 Houses by N.G. Furnace System Efficiency
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4) Water Heater
Figures 25- 27 show the frequency and percentage distribution of the 21 houses by type of water heater

and the corresponding system efficiency. Six houses (29%) use electric water heaters, and the other 15
houses (71%) have natural gas water heaters. Of six electric water heater houses, three (50%) meet the
code requirement, and the other three (50%) have an energy factor (EF) better than code. Of 15 natural
gas water heater houses, six (40%) exceed the code requirement.

CoA Resident
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Figure 25. Frequency and Percentage Distribution of 21 Houses by Water Heater Type
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Figure 26. Frequency and Percentage Distribution of Six Houses by Electric Water Heater EF
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Figure 27. Frequency and Percentage Distribution of 15 Houses by N.G. Water Heater EF
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3.3 Energy Efficiency Measures

Table 6 lists twelve energy efficiency measures (EEMSs) used in the 21 residential buildings to achieve
above-code energy performance based on the 2003 IECC Chapter 4 performance path. This includes
envelope and fenestration, HVAC system, and domestic hot water system (DHW) measures. For
envelope and fenestration measures, eleven houses (52%) installed radiant barriers in their attics as one
of the above-code measures. Eleven houses (52%) have roof insulation R-value higher than the code
requirement. Eleven houses (52%) have wall insulation better than code. Seven two-story houses have
floor insulation better than code. Eight houses (38%) are tighter than the code house. All 21 houses have
window areas less than the code house with a SHGC lower than the code requirement. Ten houses (48%)
have window U-values better than code.

For HVAC system measures, 16 houses (76%) have reduced duct leakage than the code. 18 houses (86%)
have A/C system with a SEER higher than 14, but used with a SEER14/R-6 trade-off. —Sixteen houses
(76%) have higher efficient heating systems. For DHW system measures, nine houses (43%) have
electric or natural gas water heaters with an EF higher than the code requirements.
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Table 6. Summary on Energy Efficiency Measures Applied for Residential Buildings in CoA (2008-2010)

Description of EEM
0,
EEM # Energy Efficiency Measure (EEM) Base Case EEM Number of 6 of
Unit/Condition (2003 IECC (Proposed Houses Houses
Code House) House)
Envelope and Fenestration Measures
1 Roof/Ceiling Radiant Barrier Radiant Barrier No Yes 1 /7 21 52%
WWR -
2 Increased Roof Insulation R-Value 8-12% RS ﬁgg i /I 21 52%
WWR R.30 R-32/R-34 2 °
12-18% R-38 3
3 Increased Wall Insulation R-Value R-13 R-13 + c.i. 1 / 21 52%
. R-19 4
4 Increased Floor Insulation R-Value R-11 /7 100%
(For 2-story houses) R-22 3
1-story 11 ACH50 5.8/6.0/6.5 6
5 | Decreased Infiltration ACH50! /21 38%
2-story 9 ACH50 5.2/6.0 2
>=0.2&<0.25 6
. >=0.25&<0.3 6 o
6 Decreased Window SHGC SHGC 0.4 =03 & <0.35 6 /21 100%
>=0.35&<0.4 3
>=0.3&<0.35 3
7 Decreased Window U-Value U-Value 0.47 /21 48%
>=0.35&<0.4 7
>=75%&<10% | 1
. o o >=10% & < 12.5%| 6 o
8 Decreased Window Area WFR% 18% > 125% & < 15%| 11 /21 100%
>=15% & <17.5%| 3
HVAC System Measures
9 Reduced Duct Leakage? CFM/100ft? 145 6 6 / 21 76%
10 | Improved AC Efficiency® SEER 13 14 18 / 21 86%
: NG AFUE 0.78 0.8 15
11 :;:qurved Heating System Efficiency /21 76%
iclency HP HSPF 7.7 7.9 1
Domestic Hot Water Measures
| 062 _ | 4
12 Improved DHW Heater Efficiency* EF _ 'EG_ I (15?4 _______ 07 _ | 2 I 21 43%
Elec. 0.904 0.9/0.91 3
Note:

1 ACH = Normalized Leakaae (0.57) x Weather Factor (0.89 for Tarrant County) = 0.57 x 0.89 = 0.50
0.50 ACH =11 ACHA50 for a 1-story house in Tarrant County & 9 ACH50 for a 2-story house in Tarrant County
2 14.5 cfm/100ft? corresponds to 20% total duct leakage to outdoors, which is the leakage % for the 2001 IECC code house of the IC?
3 This EEM was used with R-6 duct insulation as a part of system efficiency trade-off.
4 (N.G.) EF = 0.67- 0.0019 x V; V=40 gal
(Elec.) EF =0.97 - 0.00132 x V; V=50 gal
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4  PROPOSED RESIDENTIAL ENERGY EFFICIENCY MEASURES

This section documents 17 energy efficiency measures (EEMSs) for single-family residential buildings to
achieve above-code energy performance based on the 2003 and 2009 IECC code-compliant house in
Tarrant County, Texas, where the CoA is located. Section 4.1 gives a brief description of 17 individual
EEMs and provides input parameters used in the simulation of each EEM. Section 4.2 presents the results
of simulation and cost analysis.

4.1 Individual EEMs
Table 13 lists 17 energy efficiency measures considered in this analysis. These include measures for the
building envelope and fenestration, HVAC system, domestic hot water (DHW) system, lighting and
renewable options. Two different options were considered: (a) an electric/gas house and (b) an all-
electric house. These measures were simulated by modifying the selected parameters used for the DOE-2
simulation tool. Tables 14 and 15 show the details on the simulation input parameters.

Table 7. Energy Efficiency Measures

EEM

No Electric/Gas House All-Electric House
1 Radiant Barrier in Attics
(with Ducts in Attics)
2 Sealed (Unvented) Attic
3 Window Shading
(None to 2 ft. Eaves on All Sides)
Envelope and Window Shading and Redistribution
Fenestration 4 (2003 IECC: 27% Equal Windows w/o Shading to S=49%, N=27%, E/W = 16% with 2ft. Eaves on All Sides;
Measures 2009 IECC: 23% Equal Windows w/o Shading to S=41%, N=23%, E/W = 14% with 2ft. Eaves on All Sides)
5 Decreased Window SHGC
(2003 IECC: from .4 to .2; 2009 IECC: from .3 to .2)
6 Decreased Window U Value

(2003 IECC: from .47 to .3; 2009 IECC: from .5 to .3)

Decreased Window SHGC & U Value
7 (2003 IECC: from .4 to .2 SHGC & from .47 to .3 U-Value;
2009 IECC: from .3 to .2 SHGC & from .5 to .3 U-Value)

8 Relocate Mechanical Systems within Conditioned Space
HVAC System 9 Improved Air Conditioner SEER Improved Heat Pump Efficiency
Measures (from 13 to 15 SEER) (from 13 to 15 SEER and from 7.7 to 8.5 HSPF)
10 Improved Furnace Efficiency R

(from 0.78 to 0.93 AFUE)

1 Tankless Gas Water Heater R
(without a Standing Pilot Light)

Removal of Pilot Light from Domestic Hot Water

Domestic Hot System
Water Measures

Solar Domestic Hot Water System

13 (32 sq. ft. collector, 65 gal tank)
14 Solar Domestic Hot Water System
(64 sq. ft. collector, 80 gal tank)
15 75% Energy Star Permanent CFL or Fluorescent Indoor Lamps
Lighting Measures
16 100% Energy Star Permanent CFL or Fluorescent Indoor Lamps
Renewable Power 17 4 KW Photovoltaic Array

Measures
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Oiﬁons

Supply | Return Fractional | Fractional " T -
— e e “ - Radiant | Duct Duct | Insulation | Leakage | Leakage Shading WWRY forSide Wall sHoe | uvae | Rvalue | Revalue Cn'jn';?:;:,‘"ed improved | Improved | Energy | Lighting | improved
nergy Efficiency Measure (EEM) Barrier | Leakage | Leakage | onRoof | Areafor Areafor [ Lot supply | return Space SEER AFUE Factor (kw) HSPF
(%) (%) House Attic © © P
1 Radiant Barrier in Attics (with Ducts in Attics)
2 [Sealed (Unvented) Attic
3 |window Shading (2ft overhang on all sides) 10.00% 0.00057
lope and - - — 0
. Window Shading and Redistribution (2ft overhang on all sides,
Fenetration ER A N 10.00% | 10.00% c 000057 | 00033 0547 7.70
5 |Decreased SHGC (CZ 3: from 4 t0..2) N 10.00% | 10.00% c 000057 | 00033 0547 7.70
6 |Decreased U value (Cz3: from 047 t0 0.3) N 10.00% | 10.00% c 000057 | 00033 0547 7.70
. Io)e;)reased SHGC (CZ 3: from 4 t0 2) & U Value (CZ3: from 0.47 to N 10009 | 10000 c 000057 | 00033 Py -
8  |Mechanical Systems Within Conditioned Spaces N _ c 000057 | 00033 0547 7.70
HVAC System
o Sy 9 |mproved SEER (from 13 to 15) N 10.00% | 10.00% c 000057 | 00033 0547 7.70
10 |Improved Fumace Eficiency (from .78 to .93 AFUE) N 10.00% | 10.00% c 000057 | 00033 0547 7.70
11 |Tankiess Gas Water Heater (from .594 to .748 Energy Factor) N 10.00% | 10.00% c 000057 | 00033 0547 7.70
bomestic Hot | 12 |Removal of Pilot Light from DHW N 10.00% | 10.00% c 000057 | 00033 0547 7.70
Water Measures
13 [Solar DHW System (32 sq. ft. collector, 65 gal tank) N 10.00% | 10.00% c 000057 | 00033 0 0 2713 | 2743 | 2743 | 27.13 | o4 047 8 4 ATTIC 13 078 0594 | 0547 7.70
14 |Solar DHW System (64 sq. ft. collector, 65 gal tank) N 10.00% | 10.00% c 000057 | 00033 0 0 2743 | 2713 | 2743 | 2713 | 04 047 8 A ATTIC 13 078 0594 | 0547 7.70
15 |75% Energy Star Permanent CFL or Fluorescent Indoor Lamps N 10.00% | 10.00% c 000057 | 00033 0 0 2713 | 2713 | 2713 | 2713 | o4 047 8 P ATTIC 13 078 0594 7.70
Lighting
16 igom";"f"ergy Star Permanent CFL or Fluorescent Indoor N 10.00% | 10.00% c 000057 | 00033 0 0 2713 | 2743 | 2743 | 2713 | o4 047 8 4 ATTIC 13 0.78 0594 7.70
Renewable Power| ;7 |, .\ py Array 10.00% 0.00057

Options

1 Radiant Barrier in Attics (with Ducts in Attics)
2 [Sealed (Unvented) Attic
! 3 |window Shading (2ft overhang on all sides) 10.00% 0.00057
F;g:fs:lezsrr‘wd 4 gg‘é?;’;;ﬁi’gjgfgﬁ‘ﬂ%gﬁ;‘ overhang on all sides, N 10.00% | 10.00% c 000057 | 0.0033 078 0904 | 0547 7.70
5 |Decreased SHGC (CZ 3: from .4 10 .2) N 10.00% | 10.00% c 000057 | 0.0033 078 0904 | 0547 7.70
6 Decreased U Value (CZ3: from 0.47 to 0.3) N 10.00% 10.00% (o} 0.00057 0.0033 0.78 0.904 0.547 7.70
7 '0’_“;'“”" SHGC (€2 3: from .4 to.2) & U Value (CZ3: from 0.47 to N 10.00% | 10.00% c 000057 | 0.0033 078 0904 | 0547 7.70
HVAC System | 8 |Mechanical Systems within Conditioned Spaces N _ c 000057 | 0.0033 078 0904 | 0547 7.70
Measures 9 l?s:?gostsiigﬁrsnpgm 15) and Heat Pump Efficiency N 10.00% | 10.00% c 000057 | 0.0033 078 0904 | 0547 -
Domestic Hot | 13 |Solar DHW System (32 sq. ft. collector, 65 gal tank) N 10.00% | 10.00% c 000057 | 0.0033 0 0 2713 | 2743 | 2713 | 2713 | 04 047 8 4 ATTIC 13 078 0904 | 0547 7.70
WaterMeasures | 4 | sojar DHW System (64 sq. ft. collector, 65 gal tank) N 10.00% | 10.00% c 000057 | 0.0033 o o 2713 | 2713 | 2713 | 2713 | 04 0.47 8 a ATTIC 13 078 0904 | 0547 7.70
o 15 [75% Energy Star Permanent CFL or Fluorescent Indoor Lamps N 10.00% 10.00% (o} 0.00057 0.0033 0 0 27.13 27.13 27.13 27.13 04 0.47 8 4 ATTIC 13 0.78 0.904 7.70
aning 16 igom";"f"ergy Star Permanent CFL or Fluorescent Indoor N 10.00% | 10.00% c 000057 | 00033 0 0 2713 | 2743 | 2743 | 2713 | o4 047 8 4 ATTIC 13 078 0.904 7.70
Renewable Power| 47 |4  py Array N 10.00% | 10.00% c 000057 | 0.0033 0 0 2713 | 2713 | 2713 | 2713 | 04 0.47 8 4 ATTIC 13 078 0904 | 0547 7.70

1) EEM 10,11 and 12 were not applied to All-Electric House.
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EEM #

Energy Efficiency Measure (EEM)

Radiant
Barrier

Supply
Duct
Leakage
(%)

Return
Duct
Leakage
(%)

Insulation
on Roof

Fractional
Leakage Areal
for House

Fractional

Shading

WWR% forSide Wall

Leakage
for Attic

Front

Left

SHGC

U-Value

R-Value
supply

R-Value
return

Ducts in
Conditioned
Space

Improved
SEER

improved
AFUE

Energy
Factor

Lighting
(kw)

Improved
HSPF

Oi(ions

1 |Radiant Barrier in Attics (with Ducts in Attics) 0.00036
2 Sealed (Unvented) Attic N 22.61 22.61 2261 22.61 03 0.65 8 6 ATTIC 13 0.78 0.594 0.547 7.70
3 |Window Shading (2ft overhang on all sides) N 0.00036 0.547 7.70
Envelope and (Window Shading and Redistribution (2ft overhang on all sides,
Fenetration 4 5=40.70%, N=22.61%, EMW = 13.57%) N 5.56% 5.56% C 0.00036 0.0033 0.547 7.70
5  [Decreased SHGC (CZ 3: from .3 to .2) N 5.56% 5.56% C 0.00036 0.0033 0.547 7.70
6 [Decreased U Value (CZ3: from 0.5 to 0.3) N 5.56% 5.56% C 0.00036 0.0033 0.547 7.70
7 [Decreased SHGC (CZ 3: from .3 to .2) & U Value (CZ3: from 0.5 to 0.3) N 5.56% 5.56% C 0.00036 0.0033 0.547 7.70
8  |Mechanical Systems Within Conditioned Spaces N _ c 0.00036 0.0033 0.547 7.70
HVAC System | g improved SEER (from 13 to 15) N 556% | 5.56% c 000036 | 00033 0547 7.70
10 [Improved Furnace Efficiency (from .78 to .93 AFUE) N 5.56% 5.56% C 0.00036 0.0033 0.547 7.70
11 |Tankless Gas Water Heater (from .594 to .748 Energy Factor) N 5.56% 5.56% C 0.00036 0.0033 0.547 7.70
Domestic Hot 12 |Removal of Pilot Light from DHW N 5.56% 5.56% Cc 0.00036 0.0033 0.547 7.70
Water Measures
13 [Solar DHW System (32 sg. ft. collector, 65 gal tank) N 5.56% 5.56% C 0.00036 0.0033 0 0 22.61 22.61 22.61 22.61 0.3 0.65 8 6 ATTIC 13 0.78 0.594 0.547 7.70
14 |Solar DHW System (64 sg. ft. collector, 65 gal tank) N 5.56% 5.56% C 0.00036 0.0033 0 0 22.61 22.61 22.61 22.61 0.3 0.65 8 6 ATTIC 13 0.78 0.594 0.547 7.70
15 |75% Energy Star Permanent CFL or Fluorescent Indoor Lamps N 5.56% 5.56% C 0.00036 0.0033 0 0 22.61 22.61 2261 22.61 03 0.65 8 6 ATTIC 13 0.78 0.594 7.70
Lighting
16 |100% Energy Star Permanent CFL or Fluorescent Indoor Lamps N 5.56% 5.56% C 0.00036 0.0033 0 0 22,61 22,61 22.61 22.61 03 0.65 8 6 ATTIC 13 0.78 0.594 7.70
Renewable Power | 17 [, .\ py Array 0.00036

Options

1 |Radiant Barrier in Attics (with Ducts in Attics)
2 [Sealed (Unvented) Attic
3 |Window Shading (2ft overhang on all sides) 0.00036
E?Zﬁ';fi@ﬂd 4 ‘é‘ﬂ:‘;‘_’%fﬂt‘?\"’;gg_2’;‘3&?;‘,’\5‘2";‘;2’;‘%}“ overhang on all sides, N 556% | 5.56% c 000036 | 00033 078 0904 | 0547 7.70
5 |Decreased SHGC (CZ 3: from .3 to .2) N 556% | 5.56% c 0.00036 0.0033 078 0904 | 0547 7.70
6 |Decreased U Value (CZ3: from 0.5 t0 0.3) N 556% | 5.56% c 0.00036 0.0033 078 0904 | 0547 7.70
7 |Decreased SHGC (CZ 3: from .3 to .2) & U Value (CZ3: from 0.5 to 0.3) N 556% | 5.56% c 0.00036 0.0033 078 0904 | 0547 7.70
HVAC System 8  |Mechanical Systems Within Conditioned Spaces N _ c 0.00036 0.0033 0.78 0.904 0.547 7.70
Measures s |7T7pgolzi ssoEEg P(::r)om 1310 15) and Heat Pump Efficiency (from N 556% | 5.56% c 0.00036 0.0033 078 0.904 0547 -
Domestic Hot 13 |Solar DHW System (32 sq. ft. collector, 65 gal tank) N 556% | 556% c 0.00036 0.0033 0 0 2261 | 2261 | 2261 | 2261 | 03 065 8 6 ATTIC 13 078 0904 | 0547 7.70
Water Measures |y, |go1ar DHW System (64 sg. ft. collector, 65 gal tank) N 556% | 5.56% c 0.00036 0.0033 0 0 2261 | 2261 | 2261 | 22561 03 0.65 8 6 ATTIC 13 0.78 0.904 0.547 7.70
o 15 |75% Energy Star Permanent CFL or Fluorescent Indoor Lamps N 5.56% 5.56% C 0.00036 0.0033 0 0 22.61 22.61 2261 22.61 0.3 0.65 8 6 ATTIC 13 0.78 0.904 7.70
Hantng 16 |100% Energy Star Permanent CFL or Fluorescent Indoor Lamps N 5.56% 5.56% C 0.00036 0.0033 0 0 22.61 22.61 2261 22.61 03 0.65 8 6 ATTIC 13 0.78 0.904 7.70
Renewable Power ;|\ py Array N 556% | 5.56% c 0.00036 0.0033 0 0 2261 | 2261 | 2261 | 22561 03 0.65 8 6 ATTIC 13 0.78 0.904 0.547 7.70

1) EEM 10,11 and 12 were not applied to All-Electric House.
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4.2  Results of Simulation and Cost Analysis

4.2.1 Base-Case Energy Use

The annual total energy consumption of the 2003 IECC base case:
a) Site energy use by end-uses for an electric/gas house: 92.5 MMBtu/yr, including
¢ 15.9% for cooling;
e 21.0% for heating;
e 35.5% for lighting and equipment;
¢ 8.9% for fans and pumps; and
o 18.8% for domestic water heating.

b) Source energy use by fuel type for an electric/gas house: 216.5 MMBtu/yr, including
o 81.3% for electricity; and
o 18.7% for natural gas.

c) Site energy use by end-uses for an all-electric house: 73.8 MMBtu/yr, including
e 19.9% for cooling;
¢ 9.1% for heating;
o 44.4% for lighting and equipment;
e 11.0% for fans and pumps; and
¢ 15.6% for domestic water heating.

d) Source energy use by fuel type for an all-electric house: 233.2 MMBtu/yr, including
¢ 100% for electricity.

The annual total energy consumption of the 2009 IECC base case:
a) Site energy use by end-uses for an electric/gas house: 107.8 MMBtu/yr, including
e 14.3% for cooling;
e 29.7% for heating;
¢ 30.4% for lighting and equipment;
¢ 9.5% for fans and pumps; and
¢ 16.1% for domestic water heating.

b) Source energy use by fuel type for an electric/gas house: 238.9 MMBtu/yr, including
e 77.3% for electricity; and
e 22.7% for natural gas.

c) Site energy use by end-uses for an all-electric house: 79.1 MMBtu/yr, including
¢ 19.5% for cooling;
e 11.9% for heating;
e 41.5% for lighting and equipment;
e 12.6% for fans and pumps; and
o 14.5% for domestic water heating.

d) Source energy use by fuel type for an all-electric house: 250.0 MMBtu/yr, including
e 100% for electricity.
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These results suggest that the measures that reduce the lighting and equipment energy use would have the
highest impact on the total energy use for single-family houses in the CoA. It should be noted that the
2003 IECC code compliance results using the performance path analysis are determined based on site
energy consumption, while 2009 IECC is based on source energy consumption. Based on the 2009 IECC,
the measures reducing electricity consumption will yield higher savings percentage than the measures
decreasing natural gas consumption for an electric/gas house.

4.2.2 Energy Savings from Various Individual EEMs

Tables 16 and 17 summarize the savings achieved from proposed EEMs and cost analysis for the 2003
and 2009 IECC code-compliant houses, including:
e Annual site energy consumption for different end-uses and total,
¢ Annual source energy consumption for different fuel types;
e Above-code savings (%) for site and source and $ savings;
e Increased cost of implementation (obtained from various resources listed in Appendix B); and
o Simple payback period for each measure.

The annual site energy use was obtained from the BEPS report of the DOE-2 output and then converted
to source energy®. Figure 52 to Figure 59 provide a graphical representation of the site/source energy
consumption of the individual EEMs for the 2003 and 2009 IECC code-compliant base-case houses.

The savings results for the 2003 IECC code-compliant base case are:
a) Radiant barrier in attics:
e Electric/gas house: 1.8% (site energy savings) and 2.1% (source energy savings) and
o All-electric house: 2.0% (site -and source energy savings).

b) Sealed Attic:
e Electric/gas house: 9.4% (site energy savings) and 7.6% (source energy savings) and
o All-electric house: 6.4% (site -and source energy savings).

c) Window Shading:
e Electric/gas house: 1.3% (site energy savings) and 3.1% (source energy savings) and
o All-electric house: 3.3% (site -and source energy savings).

d) Window Shading and Redistribution:
e Electric/gas house: 3.7% (site energy savings) and 4.9% (source energy savings) and
o All-electric house: 4.7% (siteand source energy savings).

e) Decreased Window SHGC:
e Electric/gas house: -1.0% (site energy savings) and 3.8% (source energy savings) and
o All-electric house: 4.5% (site and source energy savings).

f) Decreased Window U-Value:
e Electric/gas house: 3.4% (site energy savings) and 4.0% (source energy savings) and
o All-electric house: 3.7% (site and source energy savings).

® The source energy multipliers used in this analysis were 3.16 for electricity and 1.1 for natural gas based on Section 405.3 of the 2009 IECC.
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g) Decreased Window SHGC and U-Value:
e Electric/gas house: 1.6% (site energy savings) and 7.1% (source energy savings) and
o All-electric house: 7.6% (site and source energy savings).

h) Relocate Mechanical Systems within Conditioned Space:
e Electric/gas house: 11.1% (site energy savings) and 10.4% (source energy savings) and
o All-electric house: 8.5% (site and source energy savings).

i) Improved Air Conditioner SEER:
e Electric/gas house: 4.1% (site energy savings) and 5.9% (source energy savings).

J) Improved Heat Pump Efficiency:
o All-electric house: 6.2% (site & source energy savings).

k) Improved Furnace Efficiency:
e Electric/gas house: 3.5% (site energy savings) and 1.6% (source energy savings).

I) Tankless Gas Water Heater:
e Electric/gas house: 3.9% (site energy savings) and 1.8% (source energy savings).

m) Removal of Pilot Light from DHW System:
e Electric/gas house: 1.8% (site energy savings) and 0.9% (source energy savings).

n) Solar DHW System (32 sg. ft. collector, 65 gal tank):
e Electric/gas house: 11.6% (site energy savings) and 4.1% (source energy savings) and
o All-electric house: 8.1% (site and source energy savings).

0) Solar DHW System (64 sqg. ft. collector, 80 gal tank):
e Electric/gas house: 14.6% (site energy savings) and 5.6% (source energy savings) and
o All-electric house: 10.3% (site and source energy savings).

p) 75% Energy Star Permanent CFL or Fluorescent Indoor Lamps:
o Electric/gas house: 2.9% (site energy savings) and 5.0% (source energy savings) and
o All-electric house: 5.0% (site and source energy savings).

g) 100% Energy Star Permanent CFL or Fluorescent Indoor Lamps:
o Electric/gas house: 5.8% (site energy savings) and 10.1% (source energy savings) and
o All-electric house: 9.9% (site and source energy savings).

r) 4 kW Photovoltaic Array:
e Electric/gas house: 23.2% (site energy savings) and 31.3% (source energy savings) and
o All-electric house: 29.1% (site and source energy savings).

The savings results for the 2009 IECC code-compliant base case are:
a) Radiant barrier in attics:
e Electric/gas house: 1.8% (site energy savings) and 2.0% (source energy savings) and
o All-electric house: 1.8% (site and source energy savings).
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b) Sealed Attic:
e Electric/gas house: 7.6% (site energy savings) and 5.7% (source energy savings) and
o All-electric house: 4.0% (site and source energy savings).

¢) Window Shading:
e Electric/gas house: 0.6% (site energy savings) and 2.0% (source energy savings) and
o All-electric house: 2.1% (site and source energy savings).

d) Window Shading and Redistribution:
e Electric/gas house: 1.9% (site energy savings) and 3.0% (source energy savings) and
o All-electric house: 2.9% (site and source energy savings).

e) Decreased Window SHGC:
e Electric/gas house: -0.6% (site energy savings) and 1.5% (source energy savings) and
o All-electric house: 2.0% (site and source energy savings).

f) Decreased Window U-Value:
o Electric/gas house: 4.2% (site energy savings) and 4.2% (source energy savings) and
o All-electric house: 3.8% (site and source energy savings).

g) Decreased Window SHGC and U-Value:
e Electric/gas house: 3.3% (site energy savings) and 5.6% (source energy savings) and
o All-electric house: 5.6% (site and source energy savings).

h) Relocate Mechanical Systems within Conditioned Space:
o Electric/gas house: 9.2% (site energy savings) and 8.2% (source energy savings) and
o All-electric house: 6.3% (site and source energy savings).

i) Improved Air Conditioner SEER:
e Electric/gas house: 3.8% (site energy savings) and 6.0% (source energy savings).

j) Improved Heat Pump Efficiency:
o All-electric house: 6.7% (site and source energy savings).

k) Improved Furnace Efficiency:
e Electric/gas house: 4.7% (site energy savings) and 2.3% (source energy savings).

I) Tankless Gas Water Heater:
o Electric/gas house: 3.3% (site energy savings) and 1.7% (source energy savings).

m) Removal of Pilot Light from DHW System:
e Electric/gas house: 1.6% (site energy savings) and 0.8% (source energy savings).

n) Solar DHW System (32 sg. ft. collector, 65 gal tank):
e Electric/gas house: 9.9% (site energy savings) and 3.7% (source energy savings) and
o All-electric house: 7.6% (site and source energy savings).
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0) Solar DHW System (64 sqg. ft. collector, 80 gal tank):
e Electric/gas house: 12.6% (site energy savings) and 5.0% (source energy savings) and
o All-electric house: 9.7% (site and source energy savings).

p) 75% Energy Star Permanent CFL or Fluorescent Indoor Lamps:
e Electric/gas house: 2.0% (site energy savings) and 4.3% (source energy savings) and
o All-electric house: 4.3% (site and source energy savings).

g) 100% Energy Star Permanent CFL or Fluorescent Indoor Lamps:
e Electric/gas house: 4.2% (site energy savings) and 8.7% (source energy savings) and
o All-electric house: 8.8% (site and source energy savings).

r) 4 kW Photovoltaic Array:
e Electric/gas house: 19.9% (site energy savings) and 28.4% (source energy savings) and
o All-electric house: 27.1% (site and source energy savings).

Of 17 measures for both 2003 and 2009 code-compliant houses, a renewable energy option such as a
solar PV measure presents the most savings for both electric/gas and all-electric houses. Among the
envelope and fenestration measures, the sealed attic measure results in the highest savings for an
electric/gas house, while the decreased window SHGC and U-Value measures resulted in the highest
savings for an all-electric house. Among the HVAC system measures, locating the HVAC unit and ducts
in the conditioned space results in the highest savings for both electric/gas and all-electric houses. In
domestic hot water measures, the solar DHW system measure with 64 ft* collector and 80 gallon tank
was found to be the most effective for both electric/gas and all-electric houses. The replacements of
existing incandescent lighting fixtures with 100% Energy Star permanent CFL or fluorescent lamps also
shows high savings for both electric/gas and all-electric types of houses.

4.2.3 Cost Effectiveness of Various Individual EEMs

It should be noted that due to the difference in the unit cost of electricity and gas, the energy cost savings
for a measure will not always coincide with the energy savings. These savings depend on the fuel type
associated with the end use affected from that measure. Because of this, measures that reduce electricity
use for space cooling or lighting and equipment in both types of houses and heating in the all-electric
house resulted in significant energy cost savings compared to the measures that reduce only gas use. For
example, the solar DHW measure with a 64 sg. ft. collector yields a similar or higher savings (%) than
the lighting measure that replaces 75% of existing incandescent lamps with Energy Star permanent CFL
or fluorescent lamps in an electric/gas house, but the cost savings are much smaller because the cost
savings from the significant reduction in gas use was offset by the increased cost of electricity use for
operating the pump.

For both types of houses, solar PV and lighting measures that show a significant reduction in electricity
use are very effective in reducing the overall energy cost. The measures that reduce electricity use for
cooling and fans and pumps also result in high energy cost savings. These measures include sealed attic,
improved windows, locating mechanical systems in the conditioned spaces, and improved AC efficiency.
Solar DHW measures are cost-effective only for the all-electric house.

To estimate the cost-effectiveness of measures, the implementation costs of each measure (obtained from
various resources listed in Appendix B), were surveyed along with simple payback calculations. The
cost-effectiveness of a measure depends upon the energy cost savings versus the cost of implementation.
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Most of the measures have nearly equal payback periods for both type of houses, except for the solar
DHW system. The solar DHW system is a cost-effective measure only for an all-electric house with a
payback period of 11.4 to 16.3 years (both code-compliant houses).

For both types of houses, the most cost-effective measures are lighting measures (EEM 15 to 16) with the
shortest payback periods of 0.2 to 1.0 years (both code-compliant houses). Improved window
performance measures (EEM 5 to 7) yield the second shortest payback periods of 1.8 to 10.7 years (2003
IECC code-compliant house) and 3.9 to 9.6 years (2009 IECC code-compliant house). Installing radiant
barrier in attics and improving the AC efficiency also yields relatively short payback periods. The results
of the cost analysis are also graphically represented in Figures 60 to 67.

424 Combined EEMs

Grouped measures are the combination of individual measures. The results from individual measures and
cost analysis were used to guide the selection of measures for this group analysis. The measures were
combined to achieve the total source energy savings'® of the group is 15% above the base-case simulation
of each 2003 and 2009 IECC code-compliant house. Because the measures are interdependent in many
cases, the resultant savings of grouped measures are not always the same as the sum of the savings of the
individual measures. In a similar fashion as the analysis of the individual measures, the group measures
were simulated by modifying all the parameters of combined individual measures.

As shown in Figures 68 to 71, three group measures were proposed for each base case except the 2003
IECC code-compliant electric/gas house. For the 2003 IECC code-compliant electric/gas type house, two
more combinations were proposed. In each figure, the first table summarizes the results obtained from
individual measures in terms of annual site energy savings, annual source energy savings, energy cost
savings, estimated costs for each measure implemented individually, and payback period. The second
table summarizes the results obtained by implementing combined measures to achieve 15% or more total
energy savings, and includes: energy savings, energy cost savings, estimated costs, payback period for
each combination, and annual NOx, SO,, and CO, emission savings.

The combinations represent one way of grouping to achieve 15% savings above the base case. In this
analysis, each combination was intended to have a different payback period. For the 2003 IECC code-
compliant house, the most cost-effective combination (Combination 1 for both types of houses) has a
payback period of:

a) Electric/gas house: 3.3 to 5.8 years and

b) All-electric house: 3.3 to 5.7 years.

A payback period of the least cost-effective combination (Combination 3 for both types of houses) is:
a) Electric/gas house: 8.8 to 30.5 years and
b) All-electric house: 9.6 to 25.2 years.

For the 2009 IECC code-compliant house, the most cost-effective combination (Combination 1 for both
types of houses) has a payback period of:

a) Electric/gas house: 3.1 to 5.4 years and

b) All-electric house: 3.1 to 5.4 years.

A payback period of the least cost-effective combination (Combination 3 for both types of houses) is:
a) Electric/gas house: 8.5 to 29.7 years and

10 The estimated total source energy savings include heating, cooling, lighting, equipment, and DHW for emissions reductions determination.
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b) All-electric house: 10.3 to 27.0 years.
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EEM#

Energy Efficiency Measure (EEM)

Site Energy Use by End-Uses (MMBtu/yr)

Source Energy Use by Fuel
Type (MMBut/yr)

Savings Above Base
Case (%)

Cooling

Heating

Total

Elec.

Site Source

$ Savings
($lyr)

Increased Marginal
Cost ($)

Increased New System
Cost ($)

Payback (yrs)

Oitions

1 [Radiant Barrier in Attics (with Ducts in Attics) 13.7 19.0 32.8 7.9 17.4 90.8 171.9 40.0 1.8% 2.1% $44 $300 - $880 6.7 - 19.8

2 |sealed (Unvented) Attic 128 14.0 32.8 6.8 17.4 83.8 165.6 345 9.4% 7.6% $141 $2,000 - $3,500 142 - 248

3 |Window Shading (2ft overhang on all sides) 128 20.8 328 75 17.4 91.3 167.8 420 1.3% 3.1% $75 $800 - $1,000 107 - 134

Eler):ﬁzgd 4 ‘é":iz‘;‘_’s‘”z;'ja’\f:"g_i';f;‘j\i,\s,":ibl"ggg%‘ overhang on allsides, 124 19.3 328 7.2 17.4 89.1 165.6 40.4 3.7% 4.9% $107 $800 - $1,000 75 - 93
5 |Decreased SHGC (CZ 3: from .4 to..2) 11.3 24.8 328 71 17.4 93.4 161.8 46.4 -1.0% 3.8% $111 $200 - $400 18 - 36

6 |Decreased U Value (CZ3: from 0.47 to 0.3) 13.0 18.8 32.8 7.4 17.4 89.4 168.1 39.8 3.4% 4.0% $84 $600 - $900 7.1 - 10.7

7 g_e;)’“sed SHGC (CZ 3: from 4 t0..2) & U Value (€Z3: from 0.47 to 9.8 246 3238 6.4 17.4 91.0 154.8 46.2 1.6% 7.1% $183 $900 - $1,100 49 - 6.0

8  |Mechanical Systems Within Conditioned Spaces 113 145 32.8 6.2 17.4 82.2 158.9 35.1 11.1% 10.4% $205 $1,000 - $7,000 4.9 - 341

”V’jecassuﬁfm 9 |Improved SEER (from 13 to 15) 12.4 19.8 32.8 6.3 17.4 88.7 162.7 40.9 21% 5.9% $133 $900 - $2,500 6.8 - 18.8
10 |Improved Furnace Efficiency (from .78 to .93 AFUE) 14.7 16.2 32.8 8.2 17.4 89.3 176.0 37.0 3.5% 1.6% $20 $800 - $1,300 39.1 - 635

11 |Tankless Gas Water Heater (from 594 to .748 Energy Factor) 14.7 19.4 32.8 8.2 13.8 88.9 176.0 365 3.9% 1.8% $23 $900 - $1,400 39.1 - 60.8

DomesticHot | 12 |Removal of Pilot Light from DHW 14.7 19.4 328 8.2 15.7 2.8 176.0 38.6 1.8% 0.9% $11 $100 - $500 9.2 - 46.0
WaterMeasures | ;5 | Sojar DHW System (32 sq. f. collector, 65 gal tank) 14.7 19.4 32.8 96 53 818 180.4 272 11.6% 41% $32 $2,200 - $3,000 67.7 - 92.4
14 |Solar DHW System (64 sq. ft. collector, 65 gal tank) 14.7 19.4 32.8 9.6 25 79.0 180.4 24.1 14.6% 5.6% $51 $3,200 - $4,000 63.2 - 79.0

o 15 |75% Energy Star Permanent CFL or Fluorescent Indoor Lamps 14.1 20.5 29.7 8.1 17.4 89.8 164.0 41.7 2.9% 5.0% $115 $25 - $110 0.2 - 1.0
oning Heasures 16 ig;%f”e’gys‘a' Permanent CFL or Fluorescent Indoor 135 21.7 26.6 7.9 17.4 87.1 151.7 43.0 5.8% 10.1% $234 $50 - $215 0.2 - 09
Renewable Power| 7 |, v py Array 9.0 19.4 202 5.0 17.4 71.0 108.2 405 23.2% 31.3% $692 $20,000 - $30,000 289 - 433

Options

1 |Radiant Barrier in Attics (with Ducts in Attics) 13.7 6.6 3238 7.7 115 723 2285 - 2.0% 2.0% $48 $300 - $880 6.2 - 182

2 [Sealed (Unvented) Attic 128 5.1 3238 6.9 115 69.1 218.4 - 6.4% 6.4% $152 | $2,000 - $3,500 132 - 231

3 |Window Shading (2ft overhang on all sides) 12.8 7.0 328 7.3 115 714 2256 - 3.3% 3.3% $77 $800 - $1,000 103 - 12.9

Es::u::t'r)aetiz:d 4 ‘é"ziz:‘l’t‘g"é;w:igglig‘i/ﬁ‘é‘i\il\s,‘ibl‘g;ggg‘ overhang on all sides, 124 6.6 3238 7.0 15 70.3 2221 - 4.7% 4.7% $113 $800 - $1,000 71 -89
5 |Decreased SHGC (CZ 3: from 4 t0..2) 113 8.0 328 6.9 115 705 222.8 - 4.5% 4.5% $106 $200 - $400 19 - 38

6 |Decreased U Value (CZ3: from 0.47 to 0.3) 13.0 65 328 7.3 115 711 224.7 - 3.7% 3% $87 $600 - $900 6.9 - 103

7 gle;)’e“e" SHGC (€2 3: from 410 .2) & U Value (CZ3: from 0.47 to 98 7.9 328 6.2 115 68.2 2155 - 7.6% 7.6% $181 $900 - $1,100 50 - 6.1

HVAC System | & |Mechanical Systems Within Conditioned Spaces 11.3 5.4 3238 6.5 115 675 2133 - 8.5% 8.5% $203 $1,000 - $7,000 49 - 345
Measures 9 L:‘g;ffgoﬁggiéﬁﬁgpgm 15) and Heat Pump Efficiency 12.4 6.3 328 6.2 15 69.2 2187 - 6.2% 6.2% $148 $1,200 - $2,500 81 - 16.9
bomesticHot | 13 |Solar DHW System (32 sa. f. collector, 65 gal tark) 14.7 6.7 328 95 41 67.8 2143 - 8.1% 8.1% $193 $2,200 - $3,000 114 - 156
WaterMeasures | ) | sojar DHW System (64 sq. ft. collector, 65 gal tark) 14.7 6.7 328 95 25 66.2 200.1 - 10.3% 10.3% $246 $3,200 - $4,000 130 - 16.3
o 15 [75% Energy Star Permanent CFL or Fluorescent Indoor Lamps 14.1 6.9 29.7 7.9 11.5 70.1 2215 - 5.0% 5.0% $119 $25 - $110 02 - 0.9
g Measures 16 tg_om";’f"ergysm Permanent CFL or Fluorescent Indoor 135 7.2 26.6 7.7 115 66.5 2101 - 9.9% 9.9% $235 $50 - $215 02 - 09
Renewable Power| 71,y py Array 10.4 a7 23.2 5.7 8.1 52.3 165.3 - 29.1% 29.1% $692 $20,000 - $30,000 28.9 - 43.3

1) EEM 10,11 and 12 were not applied to All-Electric House.
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Table 11. Simulation Results of Individual EEMs for a 2009 IECC Code-Compliant House in CoA
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EEM#

Energy Efficiency Measure (EEM)

Site Energy Use by End-Uses (MMBtu/yr)

Source Energy Use by Fuel

Type (MMBut/yr)

Savings Above Base
Case (%)

Cooling

Heating

Total

Elec. Gas

Site Source

$ Savings
($lyr)

Increased Marginal
Cost ($)

Increased New System
Cost ($)

Payback (yrs)

Oitions

1 |Radiant Barrier in Attics (with Ducts in Attics) 146 314 32.8 97 17.4 105.9 180.4 53.7 1.8% 2.0% $46 $300 - $880 6.6 - 19.2

2 |sealed (Unvented) Attic 14.2 26.0 328 9.2 17.4 29.6 1776 477 7.6% 5.7% $109 $2,000 - $3,500 183 - 320

3 |Window Shading (2ft overhang on all sides) 14.1 33.3 32.8 9.5 17.4 107.1 178.2 55.8 0.6% 2.0% $56 $800 - $1,000 14.2 - 17.8

E;"Zﬁﬁ'f:n?ﬂd 4 ‘é"i’;‘é‘_’%;’?a’\:’;;@zZ&"‘E‘;\f/‘ik’l‘gg’;g;‘ overhang on allsides, 13.9 322 3238 9.4 17.4 105.7 177.3 54.6 1.9% 3.0% $73 $800 - $1,000 11.0 - 13.7
5 |Decreased SHGC (CZ 3: from 3 t0..2) 13.9 348 328 9.6 17.4 1085 177.9 57.4 -0.6% 1.5% $50 $200 - $400 40 - 80

6 |Decreased U Value (CZ3: from 0.5 to 0.3) 13.9 30.0 32.8 9.2 17.4 103.3 176.6 52.1 4.2% 4.2% $93 $600 - $900 6.4 - 9.6

7 g_e;)’“sed SHGC (€2 3: from .3 to..2) & U Value (€Z3: from 0.5 to 124 33.0 3238 8.6 17.4 104.2 170.0 55.4 3.3% 5.6% $142 $900 - $1,100 63-78

8  |Mechanical Systems Within Conditioned Spaces 13.0 26.3 32.8 8.4 17.4 97.9 1713 48.1 9.2% 8.2% $172 $1,000 - $7,000 5.8 - 40.7

Hvrjecassuﬁfm 9 |Improved SEER (from 13 to 15) 13.0 32.7 32.8 7.8 17.4 103.7 169.4 55.1 3.8% 6.0% $150 $900 - $2,500 6.0 - 16.6
10 |Improved Fumace Efficiency (from .78 to 93 AFUE) 15.4 26.9 328 10.2 17.4 102.7 1845 487 4.7% 2.3% $33 $800 - $1,300 245 - 39.8

11 |Tankless Gas Water Heater (from 594 to .748 Energy Factor) 154 32,0 32.8 10.2 13.8 104.2 1845 50.4 3.3% 1.7% $23 $900 - $1,400 39.1 - 60.8

DomesticHot | 12 |Removal of Pilot Light from DHW 15.4 32,0 328 10.2 15.7 106.1 1845 525 1.6% 0.8% $11 $100 - $500 9.2 - 46.0
WaterMeasures | 5 | Sojar DHW System (32 sq. . collector, 65 gal tank) 154 320 32.8 11.6 53 97.1 188.9 416 9.9% 3.5% $32 $2,200 - $3,000 67.7 - 92.4
14 |Solar DHW System (64 sq. ft. collector, 65 gal tank) 15.4 32,0 32.8 11.6 25 94.3 188.9 37.9 12.6% 5.0% $51 $3,200 - $4,000 63.2 - 79.0

o 15 |75% Energy Star Permanent CFL or Fluorescent Indoor Lamps 14.9 33.6 29.7 10.0 17.4 105.6 1725 56.1 2.0% 4.3% $112 $25 - $110 02 - 1.0
oning Heasures 16 igﬂ/ﬁf”e’gys‘a’ Permanent CFL or Fluorescent Indoor 14.3 35.2 26.6 9.8 17.4 103.3 160.2 57.9 4.2% 8.7% $228 $50 - $215 0.2 - 09
Renewable Power| 2 1,y py Array 9.7 32.0 20.7 6.5 17.4 86.3 116.7 54.3 19.9% 28.4% $692 $20,000 - $30,000 28.9 - 43.3

Options

1 |Radiant Barrier in Attics (with Ducts in Attics) 14.6 9.3 3238 95 115 777 2455 - 1.8% 1.8% $45 $300 - $880 6.6 - 195

2 [Sealed (Unvented) Attic 14.2 8.0 3238 9.4 115 75.9 239.8 - 2.0% 4.0% $103 $2,000 - $3,500 19.4 - 339

3 |Window Shading (2ft overhang on all sides) 141 9.7 328 9.3 115 774 244.6 - 21% 21% $55 $800 - $1,000 146 - 182

E;:i::t’r):ti:zd 4 ‘é"i’;%‘_’%;’?‘;‘fzig_Eéq‘ﬂfg\i:/‘ibgg';gj)f‘ overhang on all sides, 13.9 9.4 328 9.2 15 76.8 242.7 - 2.9% 2.9% $74 $800 - $1,000 108 - 135
5 |Decreased SHGC (CZ 3: from .3 to .2) 13.9 10.0 32.8 9.3 115 775 244.9 - 2.0% 2.0% $52 $200 - $400 39 -78

6 |Decreased U Value (CZ3: from 0.5 to 0.3) 13.9 8.9 328 9.0 115 76.1 2405 - 3.8% 3.8% $97 $600 - $900 6.2 - 93

7 g;c)'e“ed SHGC (€2 3: from .3 to .2) & U Value (CZ3: from 0.5 to 124 9.6 3238 8.4 115 74.7 236.1 - 5.6% 5.6% $142 $900 - $1,100 63-78

HVAC System 8  |Mechanical Systems Within Conditioned Spaces 13.0 8.0 32.8 8.8 11.5 74.1 234.2 - 6.3% 6.3% $161 $1,000 - $7,000 6.2 - 434
Measures 9 L?gﬁfgoigggéﬁﬁgpgm 15) and Heat Pump Efficiency 13.0 8.9 3238 7.6 115 738 233.2 - 6.7% 6.7% $171 $1,200 - $2,500 7.0 - 146
bomesticHot | 13 |Solar DHW System (32 sq. f. collector, 65 gal tark) 15.4 9.4 3238 11.4 41 73.1 232.1 - 7.6% 7.1% $193 $2,200 - $3,000 11.4 - 156
Water Measures | 1 g jar DHW System (64 sq. ft. collector, 65 gal tank) 15.4 9.4 328 11.4 25 715 225.8 - 9.7% 9.7% $246 $3,200 - $4,000 130 - 16.2
o 15 [75% Energy Star Permanent CFL or Fluorescent Indoor Lamps 14.9 9.8 29.7 9.8 11.5 75.7 239.2 - 4.3% 4.3% $110 $25 - $110 02 - 10
o Measures 16 tgﬂ/ﬁf”e’gys‘a’ Permanent CFL or Fluorescent Indoor 143 10.1 26.6 96 15 721 227.8 - 8.8% 8.8% $226 $50 - $215 02 - 10
Renewable Power| 7 1,y py Array 11.2 6.8 23.9 7.3 8.4 57.6 182.1 - 27.2% 27.1% $692 $20,000 - $30,000 28.9 - 43.3

1) EEM 10,11 and 12 were not applied to All-Electric House.
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Figure 28. Site Energy Use of Various EEMs for a 2003 IECC Code-Compliant Electric/Gas House in CoA
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Figure 29. Site Energy Use of Various EEMs for a 2003 IECC Code-Compliant All-Electric House in CoA
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Figure 30. Site Energy Use of Various EEMs for a 2009 IECC Code-Compliant Electric/Gas House in CoA
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Figure 31. Site Energy Use of Various EEMs for a 2009 IECC Code-Compliant All-Electric House in CoA
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Figure 32. Source Energy Use of Various EEMs for a 2003 IECC Code-Compliant Electric/Gas House in CoA
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Figure 33. Source Energy Use of Various EEMs for a 2003 IECC Code-Compliant All-Electric House in CoA
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Figure 34. Source Energy Use of Various EEMs for a 2009 IECC Code-Compliant Electric/Gas House in CoA

300
= 250
2
=
@ 200 |
=
£
= 150 4
o
i~
2
S 1004 -
Q
o
B
= |
3 50
I

0 Window D y |Mesh. Sy Improved Heat| ~ SDHW SDHW
Base Case |Radiant Barrier| SealedAtfc | @naow | Shadingand | O%GTeased | Decreasedl |yngo, spge| o W Purnp (22 (64 2 75%CFL | 100%CFL | 4KWPV
9 Redistribution & U Value Space Efficiency collector) collector)
Total|  250.0 2455 239.8 244.6 2427 244.9 240.5 236.1 2342 2332 2311 2258 239.2 2278 182.1
aN.G. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
wElec.|  250.0 2455 239.8 244.6 242.7 244.9 240.5 236.1 234.2 233.2 2311 2258 239.2 227.8 162.1

Figure 35. Source Energy Use of Various EEMs for a 2009 IECC Code-Compliant All-Electric House in CoA
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Figure 36. First Costs and Annual Energy Cost Savings for Various EEMs for a 2003 IECC Code-Compliant Electric/Gas House in CoA
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Figure 37. First Costs and Annual Energy Cost Savings for Various EEMs for a 2003 IECC Code-Compliant All-Electric House in CoA
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Figure 38. First Costs and Annual Energy Cost Savings for Various EEMs for a 2009 IECC Code-Compliant Electric/Gas House in CoA
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Figure 39. First Costs and Annual Energy Cost Savings for Various EEMs for a 2009 IECC Code-Compliant All-Electric House in CoA
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Figure 40. Payback Period for Various EEMs for a 2003 IECC Code-Compliant Electric/Gas House in CoA
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Figure 41. Payback Period for Various EEMs for a 2003 IECC Code-Compliant All-Electric House in CoA
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Figure 42. Payback Period for Various EEMs for a 2009 IECC Code-Compliant Electric/Gas House in CoA
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Figure 43. Payback Period for Various EEMs for a 2009 IECC Code-Compliant All-Electric House in CoA
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[Electric Cooling & Natural Gas Heating]

Description of Individual Measures

B Annual Energy Savings (%)’ AnnuaI.Energy Estimated Cost ($) Simple Estim ated
Individual Meas ures Savings Payback (yrs)
Site Source ($lyear)* Marginal Cost* New System Cost!
A Envelope and Fenestration Measures
| 1 |Radiant Barrier in Attics (w th Ducts in Attics) 1.8% 21% 544 $300 - 5880 6.7 - 198
| 2 |Sealed (Unvented) Aftic 94% 76% 5141 $2.000 - $3.500 142 - 248
| 3 |Window Shading (None to 2 ft. Eaves on All Sides) 1.3% 31% $76 $800 - $1.000 10.7 - 134
Window Shading and Redistribution (27.1% Egual Window s on All Sides w ith No Shading o
* lto S48 8% N=271% AV =13.6% w ith 21t Ezves on All Sifes) % 49% s $800 - 1000 e 93
5 |Decreased Window SHGC (from 4 to .2) -1.0% 38% 5111 200 - 5400 18 - 36
6 |Decreased Window UValue (from 47 to 3) 34% 40% $84 600 - §900 71-107 =
7 |Decreased Window SHGC & U Value (from 4 to 2 SHGC & from 47 to 3 U-Value) 1.6% T1% 5183 900 - §1.100 49 -60 o e
B HVAC System Measures
8 |Relocate Mechanical Systems w ithin Conditioned Space 11.1% 104% $205 $1.000 - $7.000 49 - 341
9 |Improv ed Air Conditioner SEER (from 13 to 15 SEER) 4.1% 59% $133 $900 - $2.500 68 - 188 -
10 |Improv ed Furnace Efficiency (from 0.78 to 0.93 AFUE) 3.5% 16% 520 5800 - $1.,300 391 - B35
E Domes tic Hot Water Meas ures
11 [Tankless Gas Water Heater (w ithout a Standing Pilot Light) 3.9% 18% 23 $900 - $1.400 391 - 608
12 |Rermoval of Plot Light from Domestic Hot Water System 1.8% 09% 11 $100 - $500 9.2 - 460
13 | Solar Domestic Hot Water System (32 sq. ft. collector, 65 gal tank) 11.6% 41% 32 §2.200 - $3.000 67.7 - 924 v -
14 | Solar Domestic Hot Water System (64 sq. ft. collector, 80 gal tank) 14.6% 56% 551 53,200 - 54,000 632 - 79.0 % Artington, TX in Tarrant County. =
D Lighting Measures I IECC 2009 — Climate Zone 2 =
15 |75% Energy Star Permanent CFL or Fluorescent Indoor Lanps 2.9% 50% 5115 525 - §110 02-10 0 IECC 2009 — Climate Zone 3 7 l
16 | 100% Energy Star Permanent CFL or Fluorescent Indoor Lamps 5.8% 10.1% 5234 550 - §215 02-09 L
E Renewable Power Meas ures [] IECC 2009 - Climate Zone 4 !
17 )4 KW Photovottaic Array. 23.2% 31.3% $692 $20.000 - $30.000 289 - 433
Description of Combined Measures
Annual Energy Savings (%)’ Combined Combined Es timated Cost ($) " . NOx Ern.lssu)ns 50, Em.ssmns CO; Ern.lssu)ns
Combination of Measures* Energy Simple Estim ated Savings Savings Savings
! i . Payback (yrs)
Site Source (9;;";5; Marginal Cos t* New System Cost il Annual (Ibs fyr) Annual (Ibs iyr) Annual (tonsSlyr)
Combination 1
16 |100% Energy Star Permanent CFL or Fluorescent Indoor Lamps $50 - §215
7 |Decreased Window SHGC & U Value (from 4 to 2 SHGC & from 47 to .3 U-Value) 9.1% 16.5% 5378 $900 - §1,100 33-58 5.4 36 22
1 |Radiant Barrier in Attics (w ith Ducts in Attics) $300 - $880
Combination 2
16 | 100% Energy Star Permanent CFL or Fluorescent Indoor Lamps 550 - §215
9 [Improv ed Air Conditioner SEER (from 13 to 15 SEER) 12.9% 16.9% 5362 5900 - $2,500 48 - 111 52 32 22
10 |Improv ed Furnace Efficiency (from 078 to 0.93 AFUE) $600 - $1.300
Combination 3
8 |Relocate Mechanical Systems w ithin Conditioned Space 51,000 - $7,000
10 |Improv ed Furnace Efficiency (from 0.78 to 0.93 AFUE) 16.8% 15.9% 5308 $800 - $1,300 88 - 305 44 23 20
7 |Decreased Window SHGC & U Value (from 4 to 2 SHGC & from .47 to .3 U-Value) $900 - §1,100
Combination 4
16 |100% Energy Star Permanent CFL or Fluorescent Indoor Lamps $50 - §215
6 |Decreased Window UValue (from.47 to 3) $600 - 3900
4 [Window Shading and Redistribution (271% Equal Window s an Al Sides w ith No Shading 15.0% 18.0% $380 $800 - 51000 46-79 55 33 24
to S=48 8%, N=27 1%, EW=13.6% with 2ft. Faves on All Sides) )
1 |Radiant Barrier in Attics (with Ducts in Attics) 5300 - 5880
Combination 5
15 [100% Energy Star Permanent CFL or Fluorescent Indoor Lamps $50 - §215
6 |Decreased Wmduv.v. UValue (from .47 to 3) 17.2% 19.0% 5389 $600 - 3900 50 - 126 56 32 25
9 |Improv ed Air Conditioner SEER (from 13 to 15 SEER) $900 - $2,500
10 |Improv ed Furnace Efficiency (from 078 to 0.93 AFUE) 5800 - $1.300
Note: [2003 IECC Code-Compliant House Description]
1. Total energy savings fromheating. cooling, lighting, equipment and DHW for e missions reductions determination. * Building type: Residential
2. Savings depend on fuel mix used. ® Gross area: 2,325 sq-ft
*Energy Cost Electricity = $0.114Wh * Building dimen sion: 48.2ft x 48.2ft x 8ft (WxLxH)
Natural gas = $0.64/therm * Number of floors: 1
3. Marginal cost =new systemcost - original systemcost * Floorto-floor height: 8ft
4. New systemcost=new system cost only * Window -to-floor ratio: 18% (Window -to-w all ratio: 27.1%)
5. See individual measures above for specfic savings * Lighting: 50% Energy Star permanent CFL or fluorescent lamps
6. Conversion factor: 1ton=2.000Ibs * HVAC system: SEER 13 AC and 0.78 AFUEfurnace

= DHVW: 0.59 BF NG heater
* Duct Location: Unconditioned, v ented attic
* Duct Leakage to Outdoor: 14.5 cfm/100 sg-ft CFA

Figure 44. Individual and Combined Energy Efficiency Measures for 2003 IECC Code-Compliant House with Natural Gas Heating for CoA
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[Electric Cooling & Heat Pump Heating]

Description of Individual Measures

Annual Energy Savings Annual Estimated Cost (§) ) )
. (%)? Energy Simple Estimated
Individual Measures - Savings - Payback (yrs)
Site Source (Siyear)? Marginal Cost? New System Cost*
A Envelope and Fenestration Measures
1 [Radiant Barrier in Attics (w ith Ducts in Aftics) 2.0% 2.0% $48 $300 - $880 6.2 - 18.2
2 |Sealed (Unvented) Attic 6.4% 6.4% $152 $2,000 - $3,500 13.2 - 231
3 |Window Shading (None to 2 fi. Eaves on All Sides) 3.3% 3.3% §77 $800 - $1,000 10.3 - 12.9
Window Shading and Redistribution (27.1% Equal Window s on All Sides with No
4 Shading to §=48 8%, N=27 1%, EW = 13 6% w ith 2ft Eaves on All Sides) 47% 47% $113 5800 - 51,000 71-89
5 |Decreased Window SHGC (from 4to 2) 4.5% 4.5% $106 $200 - 3400 19-38
6 |Decreased Window U Value (from .47 to .3) 3.7% 3.7% $87 $600 - $900 6.9 - 10.3 0
7 |Decreased Window SHGC & U Value (from .4 to .2 SHGC & from .47 to .3 U-Value) 7.6% 7.6% $181 $900 - $1,100 5.0 - 6.1 4, ame |1
B HVAC System Measures
8 |Relocate Mechanical Systems w ithin Conditioned Space 8.5% 8.5% $203 $1,000 - $7,000 49 . 345 .
9 |Improved Heat Pump Eficiency (from 13to 15 SEER and from 7.7 to 8.5 HSPF) 6.2% 6.2% $148 $1,200 - $2,500 81-169
C Domestic Hot Water Measures
13 |Solar Domestic Hot Water System (32 sq. ft. collector, 65 gal tank) 8.1% 8.1% $193 $2,200 - $3,000 114 - 156
14 |Solar Domestic Hot Water System (64 sq_ ft collector, 80 gal tank) 10.3% 10.3% $246 $3,200 - $4,000 13.0 - 16.3 ot i
D Lighting Measures * Arington, TX ir_| Tarrant County_ = ..
15 | 75% Energy Star Permanent CFL or Fluorescent Indoor Lamps 5.0% 5.0% $119 $25 5110 02 - 09 mteY -tmee o2
16 [100% Energy Star Permanent CFL or Fluorescent Indoor Lamps 9.9% 9.9% $235 $50 - $215 0.2-09 [ ECC000: Claate - Zone: 3 .~
E Renewable Power Measures ] IECC 2009 - Climate Zone 4 -
17 |4 kW Photovoltaic Array 29.1% 29.1% $692 $20,000 - $30,000 28.9 - 43.3
Description of Combined Measures
Annual Energy Savings | Combined Combined Estimated Cost NOx Emissions S0, Emissions CO,Emissions
Combination of Measuress (%" Energy (8) Simple Estimated Savings Savings Savings
site Source &m"a?; Marginal Cost® | New System Costs| " ~°2K IV"S) | pnnual (ibsiyr) | Annual (Ibsiyr) | Annual (tonssiyr)
Com bination 1
16 |100% Energy Star Permanent CFL or Fluorescent Indoor Lamps $50 - $215
Decreased Window SHGC & U Value (from .4 to .2 SHGC & from .47 to .3 U-Value) 16.4% 16.4% $384 $900 - $1,100 33-57 55 35 23
1 [Radiant Barrier in Attics (w ith Ducts in Aftics) $300 - $880
Com bination 2
15 |75% Energy Star Permanent CFL or Fluorescent Indoor Lamps $25 - 5110
Decreased Window SHGC & U Value (from 4 fo 2 SHGC & from 47 fo .3 U-Value) 21.5% 215% $501 $900 - $1,100 42-74 7.2 45 30
9 |Improved Heat Pump Efficiency (from 13to 15 SEER and from 7.7 to 8.5 HSPF) $1,200 - $2,500
Com bination 3
Relocate Mec.hamca\ Systems w ithin Conditioned Space 18.7% 18.7% $436 $1,000 - $7,000 96 - 252 63 19 26
14 |Solar Domestic Hot Water System (64 sq. ft. collector, 80 gal tank) $3,200 - $4,000
Note: [2003 IECC Code-Compliant House Description]
1. Total energy savings from heating, cooling, lighting, equipment and DHW for emissions reductions determination. * Building type: Residential
2. Energy Cost: Hectricity = $0.11/kWh * Gross area: 2,325 sg-ft
3. Marginal cost = new system cost - original system cost * Building dimension: 48.2ft x 48.2ft x 8ft (WxLxH)
4. New systemcost = new system cost only * Number of floors: 1
5. See individual measures above for specific savings * Floor-to-floor height: 8ft
6. Conversion factor: 1 ton = 2,000 lbs * Window -to-floor ratio: 18% (Window -to-w all ratio: 27.1%)

* Lighting: 50% Energy Star permanent CFL or fluorescent lamps
*HVAC system SEER 13 AC and 7.7 HSPF heat pump

* DHW: 0.90 EF Hectric heater

* Duct Location: Unconditioned, vented aftic

* Duct Leakage to Outdoor: 14.5 cfm/100 sg-ft CFA

Figure 45. Individual and Combined Energy Efficiency Measures for 2003 IECC Code-Compliant House with Heat Pump Heating for CoA
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Annual Energy Savings Annual .
Individual Measures Q" EnPTrgy Estimated Cost (8) Simple Estimated
Site Source Savings Marginal Cost® | New System Costs|| T oyPack (rs)
($iyear)?
A Envelope and Fenestration M es
1 |Radiant Barrier in Attics (with Ducts in Aftics) 1.8% 2.0% $46 $300 - $880 66 - 19.2
2 | Sealed (Unvented) Attic 7.6% 5.7% $109 $2,000 - $3,500 18.3 - 32.0
3 |Window Shading (None to 2 ft. Eaves on All Sides) 06% 2.0% $56 $800 - $1,000 142 - 178
Window Shading and Redistribution (22.6% Equal Window s on All Sides w ith No

4 Shading to $=40.7%, N=22.6%, BEW = 13.6% w ith 2ft. Eaves on All Sides) 1.5% 3.0% §73 $800 - $1,000 10137
5 |Decreased Window SHGC (from.3t0.2) -0.6% 1.5% $50 $200 - $400 40 - 80
6 |Decreased Window U Value (from 5to 3) 42% 4.2% $93 $600 - $900 64 - 96
7 |Decreased Window SHGC & U Value (from .3 fo .2 SHGC &from .5 to .3 U-Value) 3.3% 5.6% $142 $900 - $1,100 63 - 78
B HVAC System Measures
8 |Relocate Mechanical Systems w ithin Conditioned Space 9.2% 8.2% $172 $1,000 - $7,000 58 - 407 -
9 |improved Air Conditioner SBHR (from 13 to 15 SEER) 38% 6.0% $150 $900 - $2 500 60 - 166
10 |improved Furnace Eficiency (from 0.78 to 0.93 AFUE) 47% 2.3% $33 $800 - $1,300 245 - 39.8
C Domestic Hot Water Measures
11 | Tankless Gas Water Heater (w ithout a Standing Filot Light) 33% 1.7% $23 $900 - $1.400 391 - 608
12 |Removal of Rlot Light from Domestic Hot Water Sy stem 1.6% 0.8% $11 $100 - $500 92 - 46.0
13 | Solar Domestic Hot Water System (32 sq. fi. collector, 65 gal tank) 99% 3.7% $32 $2200 - $3,000 677 - 924
14 | Solar Domestic Hot Water System (64 sq. fi. collector, 80 gal tank) 12.6% 5.0% $51 $3,200 - $4,000 6§32 - 790 " -

T - * Arfington, TX in Tarrant County. = ..
L SO HEe IECC 2009 - Climate Zone 2 .
15 | 75% Energy Star Fermanent CFL or Fluorescent Indoor Lamps 20% 4.3% $112 $25 - $110 02 -10 5]
16 | 100% Energy Star Permanent CFL or Fluorescent Indoor Lamps 42% 8.7% $228 $50 - $215 02 - 00 [ ECC 2009 - Climate Zone 3
E Renewable Power Measures ] IECC 2009 - Climate Zone 4
17 14 KW Photav otaic Array 19.9% 28.4% $692 $20,000 - $30,000 289 - 43.3
Description of Combined Measures

Combi.ned Energy Combined Combined Estimated Cost ($) ) ) NOx Ern.issions S0, Em.issions co, Ern.issions
Combination of Measures® Savings (%)’ Ene.rgy Simple Estimated Savings Savings Savings
Site Source ﬁ;;:;?; Marginal Cost® | New System Cost* Payback (yrs) Annual (lbslyr) | Annual (Ibsiyr) | Annual (tonsélyr)

Combination 1
16 1100% Energy Star Permanent CFL or Huorescent Indoor Lamps $50 - $215
7 |Decreased Window SHGC & U Value (from .3 fo .2 SHGC &from .5 to .3 U-Value) 86% 15.8% $403 $900 - $1,100 31 -54 5.8 39 24
1 |Radiant Barrier in Attics (with Ducts in Attics) $300 - 3880

Combination 2
16 1100% Energy Star Permanent CFL or Huorescent Indoor Lamps $50 - $215
9 [mproved Air Conditioner SEER (from 13 to 15 SEER) 13.1% 17.0% $405 $900 - $2 500 43 -99 5.8 36 25
10 |improved Furnace Hficiency (from0.78 to 0.93 AFUE) $800 - $1,300

Combination 3
8 |Relocate Mechanical Systems w ithin Conditioned Space $1,000 - $7,000
10 |improved Furnace Hficiency (from 0.78 to 0.93 AFUE) 16.0% 15.0% $317 $800 - $1,300 85 - 297 46 23 21
7 |Decreased Window SHGC & U Value (from .3 fo .2 SHGC &from .5 to .3 U-Value) $900 - $1,100
MNote: [2009 IECC Code-Conpliant House Description]

1. Total energy savings from heating, cooling, lighting, equipment and DHW for emissions reductions determination.
2. Savings depend on fuel mix used.

=

Energy Cost: Bectricity = $0.11/kWh
Natural gas = $0.84/therm

3. Marginal cost = new systemcost - original system cost
4. New systemcost =new system cost only

5. See indvidual measures above for specffic savings

6. Conversion factor: 1ton =2,000 Ibs

* Building ty pe: Residential

*Gross area: 2,325 sq-ft

* Building dimension: 48 2ft x 48.2ft x 8ft (Wx LxH)
*Number of floors: 1

* Hoor-to-floor height: 8ft

*Window -to-floor ratio: 15% (Window -to-w all ratio: 22.6%)
* Lighting: 50% Energy Star permanent CFL or fluorescent lamps
*HVACsystem SEER 13 ACand 0.78 AFUEfurnace

* DHW: 0.59 B- NG heater

*Duct Location: Unconditioned, vented attic

* Duct Leakage to Outdoor: 8 cfm/100 sqg-ft CFA

Figure 46. Individual and Combined Energy Efficiency Measures for 2009 IECC Code-Compliant House with Natural Gas Heatlng for CoA
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[Electric Cooling & Heat Pump Heating]

De scription of Individual Measures

Annual Energy Savings Annual Estimated Cost ($) ] ]
- (%)? Energy Simple Estim ated
Individual Measures - Savings - Payback (yrs)
Site Source (Syear)? Marginal Cost? New System Cost*
A Envelope and Fenestration Measures
1 |Radiant Barrier in Aftics (w ith Ducts in Attics) 18% 1.8% $45 $300 - $880 66 - 195
2 |Sealed (Unvented) Attic 4.0% 4.0% $103 $2,000 - $3,500 194 - 339
3 |Window Shading (None to 2 ft. Eaves on All Sides) 21% 21% $55 $800 - $1,000 146 - 182
Window Shading and Redistribution (22.6% Equal Window s on All Sides w ith No
4 Shading to S:leQT%, N=22 6%, ENV(= 13 E%E(v‘v ith 2ft. Eaves on All Sides) 2.9% 2.8% §74 §800 - $1.000 108 - 135
5 |Decreased Window SHGC (from 3to 2) 2.0% 2.0% $52 $200 - $400 39-78 ]
6 |Decreased Window U Value (from .5to .3) 3.8% 3.8% $97 $600 - $900 62 -93
7 |Decreased Window SHGC & U Value (from .3 to .2 SHGC & from .5 to .3 U-V alue) 56% 5.6% $142 $900 - $1,100 63 -78
B HVAC System Measures
8 |Relocate Mechanical Systems w ithin Conditioned Space 6.3% 6.3% $161 $1,000 - $7,000 62 - 434
9 |Improved Heat Pump Efficiency (from 13 to 15 SEER and from 7.7 to 8.5 HSPF) 6.7% 6.7% $171 $1,200 - $2,500 70 - 1486 -
[ Domestic Hot Water Measures
13 | Solar Domestic Hot Water System (32 sq. ft. collector, 65 gal tank) 76% 7.6% $193 $2.200 - $3,000 114 - 1586 il
14 | Solar Domestic Hot Water System (64 sq. ft. collector, 80 gal tank) 97% 9.7% $246 $3,200 - $4,000 130 - 163 | ) il
D Lighting Measures * Arlington, TXin Tarrant Ccunfy\ | e
15 |75% Energy Star Permanent CFL or Fluorescent Indoor Lamps 43% 4.3% $110 $25 - $110 02 - 1.0 O IECC 2009 - Climate Zone 2 U
16 |100% Energy Star Permanent CFL or Fluorescent Indoor Lamps 88% 8.8% $226 $50 - $215 02 -10 O IECC 2009 - Climate Zone 3 \
E Renewable Power Measures i oy
77 |4 KW Photov oftaic Array 27 1% 271% 5602 $20,000 - $30,000 269 - 433 | 'ECC 2009 - Climate Zone 4 ‘
De scription of Combined Measures
Annual Energy Savings | Combined Combined Estimated Cost NOx Emissions SCJ2 Emissions CCJ2 Emissions
Com bination of Meas uress (%) Ene.rgy (%) Simple Estim ated Savings Savings Savings
Site Source ;7;::)52 Marginal Cost’ |New System Cost* Payback (yrs) Annual (Ibsiyr) | Annual (Ibsiyr) | Annual {tonsslyr)
Com bination 1
16 |100% Energy Star Permanent CFL or Fluorescent Indoor Lamps $50 - $215
Decreased Window SHGC & U Value (from .3 to .2 SHGC & from .5 to .3 U-V alue) 15.8% 15.8% $403 $900 - $1,100 31-54 5.8 386 24
1 |Radiant Barrier in Aftics (w ith Ducts in Attics) $300 - $880
Com bination 2
15 |75% Energy Star Permanent CFL or Fluorescent Indoor Lamps $25 - $110
Decreased Window SHGC & U Value (from 3 to 2 SHGC & from 5to 3 U-Value) 15.4% 15.4% $393 $900 - $1,100 54 -94 57 36 24
9 |improved Heat Pump Efficiency (from 13 fo 15 SEER and from 7.7 to 8.5 HSPF) $1,200 - $2,500
Com bination 3
Relocate Mecﬁanlca\ Systems w ithin Condttioned Space 16.0% 16.0% $407 $1,000 - $7,000 103 - 270 59 37 25
14 | Solar Domestic Hot Water System (64 sq. ft. collector, 80 gal tank) $3,200 - $4,000
Note [2008 IECC Code-Compliant House Description]
1. Total energy savings from heating, cooling, lighting, equipment and DHW for emissions reductions determination * Building type: Residential
2. Energy Cost: Bectricity = $0.11/kWh * Gross area: 2,325 sq-ft
3. Marginal cost = new system cost - original system cost * Building dimension: 48 2ft x 48 2ft x 8ft (WkLxH)
4. New systemcost =new system cost only * Number of floors: 1
5. See indwvidual measures above for specific savings * Floor-to-floor height: 8ft
6. Conversion factor: 1 ton = 2,000 Ibs * Window -to-floor ratio: 15% (Window -to-w all ratio: 22.6%)

* Lighting: 50% Energy Star permanent CFL or fluorescent lamps
*HVAC system: SEER 13 AC and 7.7 HSPF heat pump

* DHW: 0.90 EF Bectric heater

* Duct Location: Unconditioned, vented attic

* Duct Leakage to Outdoor: 8 cfm/100 sg-ft CFA

Figure 47. Individual and Combined Energy Efficiency Measures for 2009 IECC Code-Compliant House with Heat Pump Heating for CoA
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5 SUMMARY

This report presents cost-effective recommendations to maximize energy savings for residential buildings
in the City of Arlington (CoA). For more realistic recommendations, the CoA provided two years of
residential building energy compliance reports from 2008 to 2010 which exceeded the energy efficiency
requirements of the CoA (i.e., 2003 International Energy Conservation Code (IECC)). The buildings’
envelope, fenestration, and system characteristics were summarized and then statistically compared with
the 2003 IECC Chapter 4 requirements for residential buildings, and a summary table of energy
efficiency measures used in the CoA during the past two years (2008-2010) was developed. Based on a
summary of above-code approaches, recommendations were developed to achieve above-code energy
performance based on the 2003 and 2009 IECC standard reference buildings, for single-family residences
buildings in the CoA.

A total of 17 recommendations based on the energy savings above the base-case house were selected.
These measures include building envelope and fenestration, HVAC system, domestic hot water (DHW)
system, lighting and renewable options. The implementation costs of each individual measure were also
calculated along with simple payback calculations. These measures were then combined to achieve the
total site or source energy savings of the group is 15% above the base-case, 2003 or 2009 IECC code-
compliant houses. As a result, three combinations were proposed for each base case ((a) electric/gas
house and (b) all-electric house) in CoA. Each combination was formed to have a different payback
period. Finally, the corresponding emissions savings (NOx, SO,, and CO,) of each combination were
calculated based on the eGrid for Texas.
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APPENDIX A

Appendix A includes details on the statistical analysis of the 21 residential sample buildings compared
with the 2003 IECC requirements. The “Frequency” plot presents a number of residential sample
buildings complied with each condition. The “% of Homes” plot presents the percentage of the
“Frequency” plot.

: Above-code (Better than 2003 IECC performance path)
B : Below code (Worse than 2003 IECC performance path)

: Just code (Same as 2003 IECC performance path)

: Not required (Code house is same as proposed)

1) Compliant Option

21 100%
18 1 16 80% | 76%
15 - *
@
g E 60%
o =]
=y <
s 9 5 40%
R 5 = 24%
20% |
3 -
0 T 0% T
IC3 Energy Star IC3 Energy Star
Compliant Option (N=21) Compliant Option (N=21)

Figure A-1. Frequency and Percentage Distribution of 21 Houses by Compliant Option

2) UA Compliant Option (Energy Star)

21 100%
80% |
15 - 13
60% -
12 4 n
2 :
g ° 2 40%
g s
L 6 .o
° 20% | 13%
3 2 ; ’ 6%
0 : . 0% . .
2001 IECC 2003 IECC 2006 |[ECC 2001 I[ECC 2003 IECC 2006 IECC
UA Compliant Option (N=16) UA Compliant Option (N=16)

Figure A-2. Frequency and Percentage Distribution of 16 Houses by UA Complaint Option
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21 100%
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15 -
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g £
@ o,
g 2] s £ 40% | 38%
e 4 5
“ 1 = 20%
3~ 1 5%
0 T 0%
2001 IECC 2003 IECC 2006 [ECC 2001 I[ECC 2003 IECC 2006 IECC
Performance Path Option (N=21) Performance Path Option (N=21)
Figure A-3. Frequency and Percentage Distribution of 21 Houses by Performance Path Option
4)  Window
a. Window to Wall Ratio
21 100%
18 -
80% -
15 A
o 12 - . B0% -
e 9 2 43%
g 9- . S 40% -
T %
g 6 5 i & 24%
S 2 20% -
] 1 5%
0 T T T 0%
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& ==12% & ==15% & ==18% & ==20% & == 129% & == 159 & ==189% & <= 20%
Window Wall Ratio (N=21) Window Wall Ratio (N=21)
Figure A-4. Frequency and Percentage Distribution of 21 Houses by Window-to-Wall Ratio
5) Roof
a. Radiant Barrier
21 100%
18
80% -
15 A
60% - o,
%; 12 - o 11 E b s 52%
= [=]
g 3 ; 40% -
w 6 | =
20% A
34
0 0%
Yes Mo (Code) Yes No (Code)
Radiant Barrier (N=21) Radiant Barrier (N=21)

Figure A-5. Frequency and Percentage Distribution of 21 Houses by Radiant Barrier
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b. Roof R-Value
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21 100%
18 -
80% -
15
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§. b 6 £ 40% - 29%
2 6 s
- ; 3 R 20% 1 14% :
I 5 ) 4 24% 19%
0 . : _ 0% J ; — N
»= R-26 R-30 »= R-30 R-28 >= R-26 R-30 »= R-30 R-38
& = R-30 & =R-38 &= R-30 & < R-38
Roof R-Value (N=21) Roof R-Value (N=21)
Figure A-6. Frequency and Percentage Distribution of 21 Houses by Roof R-Value
c. Roof R-Value, WWR (8-12%)
21 100%
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80% -
15 4
80% -
g 5
e E
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[-1] [
= 6 5 c
u o 0,
£ o0y - 17%
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(Code) & <R-30 & <R-38 (Code) &<R-30 &<R-38
Roof R-Value (N=6) Roof R-Value (N=6)

Figure A-7. Frequency and Percentage Distribution of Six Houses by Roof R-Value, WWR (8-12%)

d. Roof R-Value, WWR (12-15%)
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15 -
B 12
c
g 9
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Figure A-8. Frequency and Percentage Distribution of Nine Houses by Roof R-Value, WWR (12-15%)
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e. Roof R-Value, WWR (15-18%)
21 100%
18
80% -
15 |
12 | 60% -
g g ;
§ o E 400 40%
o
g 6 - E 0, 0, 0,
= s _ 20% 20% 20%
= 4
3 2 1 1 0% .
0 S| T T T 0% - T T
>=R-28  R-30 (Code) >=R-30 R-38 >=R-26  R-30 (Code) >=R-30 R-38
& <R-30 & <R-38 & <R-30 & <R-38
Roof R-Value (N=3) Roof R-Value (N=3)

Figure A-9. Frequency and Percentage Distribution of Five Houses by Roof R-Value, WWR (15-18%)

f. Roof R-Value, WWR (18-20%)
21 100%
18 |
80% -
15 -
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§ E g s0%
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2 5 5
= 2 20% -
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&<R-30 &<R-38 & <R-30 & <R-38
Roof R-Value (N=1) Roof R-Value (N=1)

Figure A-10. Frequency and Percentage Distribution of One House by Roof R-Value, WWR (18-20%)

6) Vaulted Ceiling R-Value
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Figure A- 11. Frequency and Percentage Distribution of 13 Houses by Vaulted Ceiling R-Value
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7) Infiltration
a. Infiltration (ACH50)
21 100%
1-Story: ACH50=9 for code 1-Story: ACH50=9 for code
18 - 2-Story: ACH50=11 for code g0o | 2-Story: ACH50=11 for code
15 - 63%
§‘ 12 4 g 80% -
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R 1 1
0 . . . 0% ; ; ;
52 58 6.0 6.5 52 58 6.0 6.5
ACHS50 (N=8) ACHS50 (N=8)
Figure A-12. Frequency and Percentage Distribution of Eight Houses by Infiltration
b. Infiltration (ACH50) for a 1-Story Building
21 100%
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Figure A-13. Frequency and Percentage Distribution of Six Houses by Infiltration of a 1-Story Building

C.

Infiltration (ACHS50) for a 2-Story Building
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Figure A- 14. Frequency and Percentage Distribution of Two Houses by Infiltration of a 2-Story Building
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APPENDIX B
Appendix B provides the implementation cost of each EEM obtained from various resources. Table B-1

summarizes the cost information for all measures, and the detailed product information and resources are
listed in Table B-2 to Table B-7.

Table B-1. Summary of the Cost Information

. . Total
Envelope and Fenestration Measures D',gjgit'ggs Unit Cost ($) Increased Reference Table (Table A-2)
Cost ($)
Base Case [No Radiant Barrier 25526 5q. ft. $0/sqft
. . roof area . .
EEM 1 Radiant Barrier $0.12-$0.35/sqft $300-$880 |Table Radiant Barrier - No. 1,2,3,4,5,6
Base Case |Attic Not Sealed 2,325 sq. ft.
conditioned $2.000 Table Duct-2 - No. 1,2,3,4
i floor area 1.0-$1.5/sqft el
EEM2 Attic Sealed $1.0-$ q $3.500
. . . Table Shading-1 - No. 4;
4-$20/linear foot !
Base Case |No Window Shading 103 ft. $4-$ Table Shading-2 - No. 1
perimeter . Table Shading-1 - No. 4;
' 8-$25/linear foot -
EEM3 [2'Eaves $8-$25/li $800-$1,000 Table Shading-2 - No. 2
. . . Table Shading-1 - No. 4;
4-$20/linear foot '
Base Case |No Window Shading 103 ft. $4-$20/i Table Shading-2 - No. 1
perimeter . Table Shading-1 - No. 4;
' 8-$25/1 foot -
EEM 4 2'Eaves $8-$25/linear fool $800-$1,000 Table Shading-2 - No. 2
Base Case [0.3 SHGC No. of $146-$153/Unit Table Windows-1 -No 5,33
(36"x60")
EEM 5 0.2 SHGC windows: 23 $162/Unit $200-$400 |Table Windows-1 -No 9
CZ2:0.65 U-Value - Table Windows-1 -No1, 2
C73:0.5 U-Value CZ73:$112/Unit Table W!ndows—l -No 12,13;
Table Windows-3-No 2
Base Case
CZ4(0.35 SHGC):$105~$130/Unit Table Windows-1 -No 31
CZ4:0.35 U-Value Table Wind > No2:
No. of CZ4(0.3 SHGC):$110~$137/Unit Table Wf" dOWS'3 'N° 5
(36"60") able Windows-3 -No
windows: 23 CZ2: $137~$153/Unit Table Windows-1 -No
$600-$900 |5,18,19,20,21,22,23;
CZ3: $137~$153/Unit Table Windows-3-No 3
EEM 6 0.3 U-Value
CZ4(0.35 SHGC):$146/Unit Table Windows-1 -No 32,33,34,35
$350-$900
CZ4(0.3 SHGC):$153/Unit Table Windows-1 -No 5
CZ2:0.3 SHGC and 0.65 U- R Table Windows-1 -NoZ, 2
Value
Base Case | 7303 SHGC and 05 U Table Windows-1 -No 12,13;
Voo and .o L No. of CZ3: $112/Unit Table W!"do‘”s's N °2 -
alue (36"60") able Windows-3-No
. windows: 23 Table Windows-1 -No 7,8,9,10,11
EEM7 ggzu”fi‘/:ﬁezg" 02 SHGC and CZ2 and CZ3: $162/Unit $900-$1,100
’ Table Windows-1 -No 24,25,26,27,28
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Table B-2. Summary of the Cost Information (Continued)

HVAC System Measures

Capacity

Increased Cost/
Equipment Cost ($)

Labor Cost
(©)

Total
Increased

Reference Table (Table A-3)

ELECTRIC/GAS HOUSE

Cost ($)

Base Case |Ductin Unconditioned Space 2,325
conditioned n/a $1.000 Table Duct-1 - No.1,2,3
i iti fl 0.20/ft. ! .
EEM 8 Ductin Conditioned Space oor area $ $7.000
SEER 13 Air Conditioning $3,300-$4,550 Table Air Conditioning with Gas Heat - No.
Base Case
System 5 on (Avg. $3,925) a 12,59
EEM 9 SEER 15 Air Conditioning $4,800-$6.560 $900-$2,500 Table Air Conditioning with Gas Heat - No.
System 3,4,6,10
Base Case ?ﬁ AFUE Furnace (wfo pilot $800-$2,700 Table Furnace - No. 3,8
(;QQS)AFUE = ———1 55,800B1un nla
EEM10 | o0 urnace (w/o pilo $2,100-$3,500 $800-$1,300|Table Furnace- No. 2,9
ALL-ELECTRIC HOUSE
Base Case [Ductin Unconditioned Space 2,325
conditioned n/a $1.000 Table Duct-1 - No. 1,2,3
i iti floor area 0.20/ft. el
EEM 8 [Ductin Conditioned Space $ $7.000
Base Case Z,J ;'EPF/SEER 13 Heat $1,500-$3,500 Table Heat Pump- No. 3,5,10,12,14,16,23
5ton n/a
Eemg |55 HSPF/SEER 15 Heat $3,500-$6,000 $1,200- |1 e Heat Pump- No. 1,11,13,20,21
Pump $2,500

DHW System Measures

ELECTRIC/GAS HOUSE

Capacity

Equipment Cost ($)

Installation
Cost ($)

Total
Increased
Cost ($)

Reference Table (Table A-4)

Tanktype Gas Water Heater

Base Case w/ pilot light 40/50 Gallon $260-$360 $340-$530 Table Water Heater-1 - No. 9,10,11,12
EEM11 I;:'Sﬁ;sh;is WaterHeater |2 gpm $830-$1,400 $640-$830 |$900-$1400 | Table Water Heater-1 - No. 1,2,3,4,5,6,7,8
EEm1z | ankOpe Cas Water Heater |, 55 cajion $350-$800 $340-8530 | $100-$500 |Table Water Heater-1 - No. 15,19,20

wi/o pilot light
Base Case [No Solar Water Heater $0 $0
EEM 13 Solar Water Heater(32 sq.ft 65/80 Gallon $2,200-$3,000 n/a $2,200- Table Solar Water Heater-1 No. 1,2,4
collector) $3,000
Solar Water Heater(64 sq.ft $3,200- [Table Solar Water Heater-1 No. 2,4,5,6
3,200-$4,000
EEM 14 collector) 80 Gallon $ $ n/a $4,000 |Table Solar Collector-1 No. 1,2,3,4,5,6,7,8
ALL-ELECTRIC HOUSE
Base Case |No Solar Water Heater $0 $0
EEM 13 Solar Water Heater(32 sq.ft 65/80 Gallon $2,200-$3,000 n/a $2,200- Table Solar Water Heater-1 No. 1,2,4
collector) $3,000
Solar Water Heater(64 sq.ft $3,200- |Table Solar Water Heater-1 No. 2,4,5,6
3,200-$4,000
EEM 14 collector) 80 Gallon $ $ na $4,000 |Table Solar Collector-1 No. 1,2,3,4,5,6,7,8

Quantity Unit Cost ($) Total
Lighting Measures Incandesc Incandesc Increased Reference Table (Table A-5)
CFL CFL
ent Cost ($)
0,
Base Case |20, ENCOYStar PImanent | -1, g | 14-28
750/0Er uoretsacepn ampst Table Incandescent Lamps No. 1,2,3,4
EEM15 6 EnergyStar Permanen 7~14 21~42 | $0.6-$1.3 | $4.0-$8.9 | $25-$110 [Table CFL-Pin Type (w/Lampholder) No.
CFL or Fluorescent Lamps 12345
= 2,34,
EEM16 100% EnergyStar Permanent 28 ~ 56 0 $50-$215
CFL or Fluorescent Lamps
Installation GIE]
Renewable Power Meausres Capacity Equipment Cost ($) Increased Reference Table (Table A-6)
Cost ($)
Cost ($)
Base Case |[No PV Array $0 $0
$20,000-
EEM17 4kw PV 4kw $10,000-$20,000 $10,000 $30,000 Table Solar PV-1 No. 1, 2,3,4,5
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Radiant Barrier
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Table B-3. Cost Information for Envelope and Fenestration Measures

i Material Material -
Manufacturer Description Pictures Source
P ($/500 sqft) ($/sqft)
] Ferforated Radiant Barrier is the latest discovery in supreme atfic insulation. it consists of a $73.09 5015 hitp://w w w_buyfoilins ulation ¢ onvRadiant-Bar rier-Perforated-4-x -125-500-5¢
single layer of poly, sandw iched betw een tw o sheets of perforated reflective foil. : : Ti-7sc=8&category=38
"REFLECTIX" RADIANT BARRIER 48" x 125" Covers 500 sq. fi.; Scrim reinforced perforated.;
5 Use on attic rafters: Reflects 97% radiant energy; Reduces heat during summer and retains $80.09 5016 ¥ hitp://w w w_ac ehardw areoutiet ¢ om/(dv23aw uekfphOv55abyx a245)product
heat during winter; Non-toxic & non-carcinogenic.: Not affec ted by moisture or humidity ; : . [ 4 / details aspx?s ku=5260238&s ource=GoogleBase
Does not promote grow th of mold or mildew .; No special clothing or tools for installaion.
3 Ra-flet Ra-Tlect Radiant Barrier (Fremium) $67.00 $0.13 D hitpe/fw w w .raflect.com/
_ : hittp:/fw w w _buyfoilins ulation ¢ onvRadiant-Bar rier-Solid-4x 125-500-5g-ft-
4 EcoFol Radiant Barrier - Solid $7399 $0.15 ' PR V—
5 Innovative insulation RADIANT BARRIER. Super R Diamond $59.50 $0.12 I 3
hitp://w w w _radiantoarrier.c onvindex htm?src=adw ords & ?adg=radiantbarrier
&ac lid=CL AndPT4KA CFRQdsw odTINQLW
6 Innovative insulation RADIANT BARRIER, Super R Plus (Heavy Duty) 57450 5015 e
&
Duct-2
Air Sealing at Downsizing Total Increased
No. Description Area (ft2) Material Roof Venting | the Top Floor Cooling R Sources
s . Construction Cost ($)
Ceiling Equipment
Vented Attic $1,500.00 $750.00 $750.00 $0.00
http://jobsite.buildig.convarticles/greener-building/unvented-
1 4500 $4500 (81.0per ft2) | .= C >
Unvented Attic $ 900?{2(?2 per $0.00 $0.00 -$1,500.00
2 Unvented Attic - $600.00 http://www.ornl.gov/info/ornireview/v40_2_07/36960-V1. pdf
Vented Attic 2325 $.5-$.7 per ft2 n/a n/a n/a
http://w w w .toolbase.ora/pdf/techinv/insulationalternatives techspe
3 $2000-$4000 c.pdf
Unvented Attic 2526 $l'25-?é'25 per n/a n/a n/a
Sealed attics (sometimes referred to as “unvented cathedralized attics”) . . . .
http://w w w .toolbase.org/pdf/techinv/ductsinconditionedspace_tech|
4 have their insulation and air pressure boundary at the plane of the roof (and 2325 $1.0-$1.5 per ft2 $2300-$3500 SJDDQC pdf
gable ends) instead of at the ceiling plane. -
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Shading-1
. 2007 Unit cost | 2010 Unit cost | Perimeter Total Cost Increased
No. Eave Construction ; X 2007 Source 2010 Source
($/linear foot) | ($/linear foot) (ft) ($/house) Cost
1 Wood Eave with open Soffit including blocking, screened 2" holes for ventilation w ith paint $15.28 193 $2,949.04 http://w w w .osfm.fire.ca.gov/strucfire
engineer/pdf/bmli/w uiproducts.pdf
2 Wood Eave with enclosed Soffit including blocking, screened 2" holes for ventilation w ith paint $19.37 193 $3,738.41 http://osfm.fire.ca.gov/pdfirequla 2:;2;7;;2;:,;{a/grt:t\gcs)lll::’f;fggf;glanli
3 Woo.d-f.rameq eave with enclosed, stucco-covered Soffit incl. blocking, screened 2” holes for $33.26 193 $6,419.18 tions/UWIC-BRpt091004. pdf Feb09.pdf
ventilation w ith paint.
Average width of eave: 16 inch $23.00 $4.00 193 $772.00 dale@jeffersonchristian.net (this wil
4 Paige, Jefferson Christian Custom send amessage (o his phone and he
2 fteave $39.00 $8.00 193 $1,544.00 $800.00 9€. will call back)
Homes, August 2006.
Shading-2 (2 ft Eave, Estimated based on 2007 Survey)
Eave B Unit Cost Total Cost Unit Cost Total Cost
No. Procedure UNIT uantit Total Cost ($/L Source
Construction Q y (Material) (Material) (Labor) (Labor) ($1LF)
Install 2"x4" side supports at wall and fascia LF 3 0.38 1.14 1.73 5.19 6.33
Eave with Install 3/8" plyw ood soffit SF 15 1.36 2.04 1.48 2.22 4.26
enclosed soffit
Install vent screen, 3" LF 1 0.44 0.44 1.99 1.99 243
1 $ per LF
(ASSUMING iy 5w ol EA 2 28 5.6 56
eave length as
16 inch) . . . -
Paint, primer with 2 finish coats SF 2 0.34 0.68 0.38 0.76 1.44
Total Cost 4.3 15.76 20.06
. . http://osfm fire.ca.gov/pdf/requlations/UWIC-
Install 2"x4" side supports at wall and fascia LF 4 0.38 1.52 1.73 6.92 8.44 BRpt091004. ndf#search=2622Cost-
" . Benefit%20Evaluation%200f %20Proposed%20Calif ornia%
Install 3/8" plyw ood soffit SF 2 1.36 272 1.48 2.96 5.68 22
Install vent screen, 3" LF 1 0.44 0.44 1.99 1.99 243
Increasing
2 Eave Length to|Drill 2" 0 hole EA 2 2.8 5.6 5.6
2ft
Paint, primer with 2 finish coats SF 2 0.34 0.68 0.38 0.76 1.44
Increased Roof Area SF 15 1 15 15
Total Cost 6.86 18.23 25.09
Increased cost per house: Total perimeter 193 970.79
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Windows-1 (2010 Survey)
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Total Unit Cost . . .
Item No. U-Value SHGC ($/Unit) Description Window Type Frame Glazing Type Remark
. . " " Duraseal Spaces, 1/8 RLE7138, Air
. 1 0.59 0.29 M Window s and Doors, Series TX165 Non-Thermal Single-Huni Aluminum . o
Cimate Zone 2 ge-rung 1/8 RLE7138; with flat grids
Base Case . - i i Duraseal Spaces, 1/8 RLE7138, Air, | MIWindows; Probuild Co LLC - 23518
2 0.56 0.32 MIWindow s and Doors, Series TX165 Non-Thermal Single-Hung Aluminum 1/8 RLE7138: without grids Coons Rd Tomball, TX 77375 (281 351
" : " . Duraseal Spacer, 1/8" Clear (Inside), | 9883) Dave Weir (Aggie) 832-928-
3 0.6 0.2 Ml Window s and Doors, Series TX165 Non-Thermal Single-Hun Aluminum ) 3 N
ing ung umnu Air, 1/8 Tinted Low E (Outside); w ith 0519
. N y " Duraseal Spacer, 1/8" Clear (Inside),
4 0.57 0.24 Mi Window s and Doors, Series TX165 Non-Thermal Single-Hun Aluminum
nge-rng umind Air, 1/8 Tinted Low E (Qutside);
5 0.3 0.27 $153 Tech View 270 Single-Hung Vinyl no grids, Low -E 270, Argon Enercon Window s & Hardw are 1312
W Villa Maria Rd Bryan, TX 77801 979-
6 03 0.25 $208 CertainTeed Bryn Maw r Single-Hung Vinyl no grids, Low -E, Argon 823-3639 (Brad Beard 3-31-2010)
Climate Zone 2 7 031 019 200 Series Tit-Wash Double-Hung Double-Hung wood Tempered, LOV\{ —E§n\§r1$un*”' Anderson Window s; Probuild Co LLC -
EEM Tempered with Finelight™ 23518 Coons Rd Tomball, TX 77375
8 0.29 0.18 400 Series Woodw right® Full- Frame Double-Hung Window Double-Hung Wood HP Low -EA® Sun with Finelight™ | (281 351-9883) Dave Weir (Aggie)
Grilles 832-928-0519
9 0.28 02 $162 Tech View (CertainTeed Generic) 366 Single-Hung Vinyl no grids, Low -E 366, Argon Enercon Window s & Hardw are 1312
W Villa Maria Rd Bryan, TX 77801 979-
10 027 023 Simonton ProFinish Contractor Casement no grids; Low -E 270/Lami (.060); Simonton Window s 1-800-SIMONTON
Argon or A&A Home Craftsman 361-289-
11 027 017 Simonton ProFinish Contractor Casement no grids; LowA-E366/Lam (.060); 0058 (arthur-mills1@hotmail.com)
rgon
12 05 028 $423 RAM S900 W/SOLAR BAN 60 CSMT 1LT Casement A!um., Interior Glaze, Low -E, No Argon, Ram Windows (Barbara 281-495-
painted, Insulated Glass 9056, ext 14; 3/25-26/2010)
. y " . 3/16" clear insulated glass (outside),
" 13 0.49 0.36 MiWindow s and Doors, Series 3540 Single-Hun Vinyl
Climate Zone 3 9 9 Y 3/16" gray tint (inside) with flat
Base Case . . " . Duraseal Spacer, 1/8" Clear (Inside)
14 0.5 0.25 Mi Window s and Doors, Series TX165 Non-Thermal Single-Hun Aluminum y N ) . .
ge-fung Argon, 1/8 LOE366 (Outside); without | M| Window's; Probuild Co LLC - 23518
" : " . Duraseal Spacer, 3/32" Clear (Inside), | Coons Rd Tomball, TX 77375 (281 351
15 0.53 0.25 Ml Window s and Doors, Series TX165 Non-Thermal Single-Hun Aluminum N N B
9 9 Argon, 3/32 LOE366 (Outside); | 9883) Dave Weir (Aggie) 832-928-
. . " " Duraseal Spacer, 1/8" Clear (Inside), 0519
16 0.53 0.22 Ml Window s and Doors, Series TX165 Non-Thermal Single-Hun Aluminum ) N
9 9 Argon, 1/8 LOE366 (Outside); with flat
. . " " Duraseal Spacer, 3/32" Clear (Inside),
17 0.55 0.23 Ml Window s and Doors, Series TX165 Non-Thermal Single-Hun Aluminum - 3
ing ung umnu Argon, 3/32 LOE366 (Outside); with
N " . . Enercon Window s & Hardw are 1312
18 0.3 0.27 $153 Tech View 270 Single-Hun Vinyl no grids, Low -E 270, Argon
ngle-rung i 9 9 W Villa Maria Rd Bryan, TX 77801 979-
19 03 0.28 Simonton ProFinish Contractor Single-Hung no grids, Low -E 270/Lami (.060);
Krypton; intercept spacer
i ini . no grids, TIAC36/Lami (.060); Krypton; | Simonton Window s 1-800-SIMONTON
20 0.29 0.27 Simonton ProFinish Contractor Single-Hung intercept spacer or A&A Home Craftsman 361-289-
21 0.29 0.27 Simonton ProFinish Contractor Double-Hung no gndsj TIAC36/Clear; Krypton; 0058 (arthur-mills1@hotmail.com)
intercept spacer
Climate Zone 3 2 031 0.28 Simonton ProFinish Contractor Double-Hung no grids, TIAC36/Lami (.060); Krypton;
EEM Super spacer
23 03 031 M Window s and Doors, Series 3540 Single-Hung Vinyl 1/8|030PVB|1/8 (?Iear, Ar.gon, 1/8" Low{ M Window s; Probuild Co LLC - 23518
E; without grids Coons Rd Tomball, TX 77375 (281 351.
24 031 019 200 Series Titt-Wash Double-Hung Double-Hung Wood Tempered, LOW. -Esn\grtSunTM Anderson Window s; Probuild Co LLC -
Tempered with Finelight™ 23518 Coons Rd Tomball, TX 77375
25 0.29 0.18 400 Series Woodw right® Full- Frame Double-Hung Window Double-Hung Wood HP Low -EA® S“_" with Finelight™ (281 351-9883) Dave Weir (Aggie)
Grilles 832-928-0519
26 0.28 02 $162 Tech View (CertainTeed Generic) 366 Single-Hung Vinyl no grids, Low -E 366, Argon Enercon Window s & Hardw are 1312
W Villa Maria Rd Bryan, TX 77801 979-
27 027 023 Simonton ProFinish Contractor Casement no grids; Low -E 270/Lami (.060); Simonton Window s 1-800-SIMONTON
Argon or A&A Home Craftsman 361-289-
28 027 017 Simonton ProFinish Contractor Casement no grids; LowA-E366/Lam (.060); 0058 (arthur-mills1@hotmail.com)
rgon
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Windows-1 (2010 Survey) (Continued)

CoA

Residential Project, p.61

Total Unit Cost
Item No. U-Value SHGC ° a($llTnlit) 08 Description Window Type Frame Glazing Type Remark
29 0.46 0.53 200 Series Tilt-Wash Double- Hung Window Double-Hung Wood Tempereq, Qear Dua! Pane, with | Anderson Windows; Probuild Co LLC -
Finelight™Grilles 23518 Coons Rd Tomball, TX 77375
Climate Zone 4 30 0.44 053 Anderson 200 Series Casement Casement Wood Clear DL@I F.’ane Tempered with (281 351-9883) Dave Weir (Aggie)
Base Case Finelight™ Grilles 832-928-0519
" . 1/8 Tinted Lo-E, Airspace, M Window s; Probuild Co LLC - 23518
31 0.35 0.37 M Window s and Doors, Series 3540 Single-H Vinyl
ingle-nung i 1/8/030PVB[1/8 Clear; without grids | Coons Rd Tomball, TX 77375 (281 351
. . " . 1/8 Tinted Lo-E, Argon, 9883) Dave Weir (Aqgie) 832-928-
32 0.31 0.38 M Window s and Doors, Series 3540 Single-Hi Vinyl
inge-nung i 1/8I030PVBIL/8 Clear; w ithout grids 0519
Climate Zone 4 33 0.31 0.34 $146 American Craftsman Single Hung Vinyl Window s Single-Hung Vinyl 5/8", insulated, Low -E, Argon, Screen Home Depot (Charles, 3/31/2010)
EEM . - . Simonton Window s 1-800-SIMONTON
. . Simonton ProFinish Contractor Clear/Clear; Air fill, Intercept spacer
34 0.33 042 Casement pLsp or A&A Home Craftsman 361-289-
35 0.32 0.42 Simonton ProFinish Contractor Casement Clear/Clear; Air fill, Super spacer 0058 (arthur-mills1@hotmail.com)
Windows-2 (2007 Survey)
No. Glazing Type Frame Window Style Wm.dow Total Unit UValue Center of SHGC Dayllght Trans 2007 Price ($) Manufacturer /Distributor Contact Person
Size Glass U-Value mittance
Thermflect/Argon, Low - . y . "
1 Conductance Spacer, Vinyt | SngHNgWio | oy 6o 031 0.25 0.29 071 Bulder's Cost: |CertainTeed
Grid $170 http://w w w .certainteed.com
Double Pane
e . o, X . . Enercon Window s & Hardw are
2 Air-filled, I'_DZVr\\/e-e, Double Aluminum Slngle-(;l-lrlij;g w/o 36" X 60" 0.7 0.29 0.67 Bu“d;jOCOSL Q;;:L;glwc:(;npames, Inc, HR 1312 W Villa Maria, Bryan, Texas 77801 (979) 823-3639
Communication w ith Oscar Beard on 05/17/2006.
3 Air-filled, Double Pane | Aluminum | S"9EHINI WO | gy g 052 06 081 Builder's Cost: | Atrium Companies, inc, HR
Grid $82 Window s®

Note: Tested in accordance w ith NFRC 100-97. Data applicable for double-pane insulating units using either double-strength double pane glass with a 1/2" air space or single-strength glass with 9/16" air space.

Windows-3 (2007 Survey)

No. Glazing Type Frame Window Style Wln.dow Total Unit UValue Center of SHGC Dayllght Trans 2007 Price ($) |Manufacturer/Distributor Contact Person
Size Glass U-Value mittance

1 Air-filled Aluminum S'”gle(';",‘;”g Wi 36 x 60" 0.67 0.68 0.7 $88.00  |MiWindows and Doors- BetterBilt

[

e ] Single-Hung w/ " " i i
2 Air-filled low -e Aluminum 5 36" X 60' 0.55 0.33 0.55 $112.00 Ml Window s and Doors- BetterBilt LOWES OF BRYAN, TX #0103
__Grid 3225 FREEDOM BLVD.
3 Air filled low -e Vinyl | Sngle-Hungwio | ey 65 0.35 0.32 0.58 $137.00  |Pella - ThermaStar BRYAN, TX 77802
Grid
Single-H I (979) 774-4141

4 Argon-filled low -e Vinyl ing e-GrliJ;g WIo [ 36" x 60" 0.33 0.31 0.58 $210.40  |Pella - ThermaStar Visiting Date: 5/25/2006
5 Air-filled low -e Wood m“b'eéHf;”g wiol a6 x 60" $243.00  |Pella

Il

Note: All window s listed above are insulated w indow unit.
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Windows-4 (2010 Survey)
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No. Glazing Type Frame Window Style Wln.clow Total Unit UValue Center of SHGC V|5|b.le Trans- Item # 2010 Price ManufflcturerlDl Contact Person
Size Glass U-Value mittance (%) stributor
1 Air-filled low -e Aluminum | SMOEHUINGW/ | 55y 6o 055 033 055 6963 $106.00 | M Windows and
— G:d - ’\[A’:’\‘;J?'d Be“erB':j‘ LOWES OF BRYAN, TX #0103
2 Air-filled Aluminum | SMGEUNGW/ Y 60 5o 0.66 0.68 07 109933 $81.00 ndow's an 3225 FREEDOM BLVD.
No Grid Doors- BetterBilt
Snale-H 7 M Wind q BRYAN, TX 77802
3 Air-filled Aluminum | SIEFUGWI 560 50 0.68 061 0.63 108482 $106.00 indow's an (979) 774-4141
Grid Doors- BetterBilt - X
Single-Hung W /o Visiting Date: 4/14/2010
4 Air-filled low -e Vinyl 9 Grid 9 36" X 60" 0.34 0.28 0.51 194900 $148.00 Pella - ThermaStar
Windows-5 (2010 Survey)
No. Glazing Type Frame Window Style Wln.clow Total Unit UValue Center of SHGC V|5|b.le Trans- 2010 Price ($) |Manufacturer/Distributor Contact Person
Size Glass U-value mittance
1 Low -e glass Aluminum | Sngle-HUNGW/ | gy 6o 035 0.34 $105.00 HR
Sroi G:d 7 Home Depot 1615 University Drive East,College
2 Low -e glass Aluminum | 59 e(-s };ng W 36" x 60" 035 034 $130.00 HR Station,TX,(979)595-1188
o : ; Visiting Date: 4/14/2010
3 Low-e glass Vinyl g e(';ri‘;"g W 36" x 60" 035 034 $177.00 HR
Note: The information above w as provided by service assistant in Home Depot and there are no product samples
Windows-6 (2010 Survey)
No. Glazing Type Frame Window Style Wln.clow Total Unit UValue Center of SHGC V|5|b.le Trans- 2010 Price ($) |Manufacturer/Distributor Contact Person
Size Glass U-Value mittance
1 LOE 366/Argon Vinyl Single-Hung w/ 36" X 60" 0.28 0.2 0.47 BURRIS WINDOW Enercon Window s & Hardw are
Doubi G':'d r 1312 W Villa Maria, Bryan, Texas 77801 (979) 823-3639
2 Argon Vinyl ! e(—sriL;ng W10l 36" x 60" 0.3 0.25 0.46 Certain Teed Communication w ith Tom Ferguson on 4/14/2010.

Note: The prices w ere not provided by Tom Ferguson and he said only the ow ner w ho might be available on Friday (4/16/2010) w ould give the price.
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Table B-4. Cost Information for HYAC Measures

Duct-1
Conditioned Incremental Incremental Total I d
No. Description Floor Area |HVAC Material*| HVAC Labor Framing Cost Drywall Cost otal n‘crea.se Sources
(ft2) ©) ® Construction Cost ($)

Side-by-side comparison of tw o identical single-story homes w here
ductw ork w as installed after dryw all w as complete using a bulkhead
1 dropped dow n from the ceiling,w hich ran along the long axis of the house; $230.00
Supply branches, perpendicular to the supply line, w ere fitted w ith high-
throw diffusers placed at room interior w alls

http://w w w .toolbase.ora/pdf/techinv/ductsinconditionedspace_tech
spec.pdf

Duct in Ur ditioned S| 252.00 103.00 / /i 355.00
5 ctin Uncondilioned Space $ $ ma va 8 http://w w w .toolbase.ora/pdf/techinv/ductsinconditionedspace_tech!
spec.pdf
Duct in Conditioned Space $201.00 $100.00 $50.00 $282.00 $633.00
In the affordable home w ith simple floor plan, ducts w ere created w ith trunk
line spanning length of home in constructed bulkhead along first-floor ceiling; http://w w w .toolbase.ora/pdf/techinv/ductsinconditionedspace _tech
3 2325 Increased cost: $0.2 per ft2 $465.00

Registers off the trunk line serve both floors. A central return was provided spec.pdf

at the landing of an open stairw ay

*Material cost savings include shorter duct runs and smaller diameter duct line.
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Air Conditioning with Gas Heat
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Item No. 2007 Pri 2010 Pri Brand T"F‘I’J‘:;’f Model Efficiency Capacity Description Pictures 2007 Source and Contact Info 2010 Information/Contact
Condenser: ¢
Bectric for 24ABF360 13 SERY R-22 phase out refrigerant; Filot-free Il http-/fw ww _residential carri
! $4.550 approx $5100 Carrier ii?‘:faf:; C”"'Fﬁfm?m 30%AFLE Ston Pow erHeal™ ignition er_com (Date: 05/12/2006)
585TA110-1-22
Condenser: 4‘
Bectric for 24ABadG0 13 SERY R-410A BPA conpliant refrigerant; Flot-free i http-/fw ww _residential carri
- 3 - Fllot- I ww
2 $6424 approx $5100 Carrier  [cooling, gas | Coil: CNRHF6024 B0%AFUE 5ton Pow erHeat™ \grnrzon E 7 er com(Date: 05/12/2006
for heating Furnace: er.com(ate: 06/122006) Central Texas Air
Air Conditioning 535TA110-1-22 Condtioning Service Inc Ceniral Texas A
with Gas Heat (979) 846-4660 clhreadgli@cenirallexasa .
(Carrier) e Communication with Jerry | com (Chris Threadgi))
3 56276 approx §6400 Carriar CEDEDEEHC fzra Qut of stock no 15 SERY 80% 5 tan R-22 phase out refrigerant; Flot-free it http:dw ww .residential.carri Anthony on 0512/2005.
PP for hs?étigng longer available AFUE Pow erHeat™ ignition er.com(Date: 05/12/2006
Condenser:
Bectric for 24ACAS60
. " - 15 SER/ R-410A BPA conpliant refrigerant; Flot-free http:dw ww .residential.carri
4 $6.561 approx $6400 Carrier cfnn\;l:g,ﬁgaa CulI,FCNRHF'GOM S0%AFUE 5 ton Fow erHeat™ ignition or com (Date: 05112/2006)
or heating urnace:
58STA110-1-22
BHeciric for 13 SR iip-Fw ww smarieow ayine.
5 3933 $3.987 Lennox  |cooling, gas B0%AFUE Sn Ref_ Type: R-22, Gas Furnace: 135000 Bu/he comfes fum
for healing N ace/l ennox. asp Barker's Hig & Cooling Inc Barker's Hig & Cooling lnc
Air Conditioning e Colk 40 Graham Rd College
with Gas Heat [ 77840 Stalion, TX 77040 (979-6W4
(Lennox) 'um G763 2278) Conlacied Phillp on
Bectic for . . Il e ww . ST iRrw aryine. 3-15-2010
6 55786 6,205 Lennox  |cooling, gas|  XE 16 series Mﬂ" [T MB,I'T""" ReA104, Gas Fumace: 135000 comfres_syslens/gas fum
for healing ace/l ennox. asp
Bectric for $1.300 / Ton including duct work
13 SERY 979-696-1333 (Tommy) 3-
7 54 500 AllMkers |cooling, gas nfa 5 ton $6.500 for 5-ton unit w ith duct w ork Aggieland A/C & Heating | 979-696-1333 (Tommy) (Tommy)
80%AFUE . 16-2010
for heating $4.500 for 5-50n unit without duct work
will call back, but
figure %
Bectric for $1.615 / Ton including duct work
SERRY _ oy
8 56.200 AllMekers [coolng.gas| i . stn |S8.075 for Seton unkwithwork Aogeland AICE Hoatng | 979.696-1770 (Tommy) | 27+ 596- 1333 (Torrm) 3.
80%AFUE . 16-2010
for heating $6.200 for 5-ton unit w ithout duct w ork
A5+ Bectric for ACC-Agpelnd Cimale
13 SER/ ACC-Aggieland Climat 979-450-2653 (Jose
9 §12,000 Si2sgithmsc | AllMekers [cooling, gas nia HOTARLE 5ton $12,000 includes duct work. gg‘”” ‘ et s ¢ Coniral 3-16-2010 Tabed
equip (300) for heating © ontro o Chy.
Air Conditioning
with Gas Heat (All
Makers)
Bectric for ACC-Aggebnd Cimale
5500 SER/ 3 79-450-2653 (Jose
10 $13,000 m;f‘;;:" Al Makers |cooling, gas na S‘UZAFUE 5ton 513,000 includes duct work. AcC Agg‘;ﬁ:‘:‘ Climate 9 2653 Control 3-16-2010 Talked
for heating © ueg) o Chy.
Hlectiic for 51,500 / Ton nchaiing duct work. Iniekair Healing & Cooling
13 SHR $7.500 for 5-ion unit with duct w ork Intediar Healing & Cooling - LLC (979) 219-2767 no
11 53300 Al Malaxrs |::i!_|,gas i BINARE 5 £330 o 5 ot rd (N Dt Wk .M e 979-219-2767 (Gic: Burch) ot
1 healing Labor)
10-15% mcrease
Flechic for 51,800 / Ton nchuding duct work Iniebair Healing & Cooling
15 SHRY $9.00 for 5-on undt with duct w ork Intelir Healing & Cooling N LLC (979) 219-2767 no
12 54 300 Al Malaxrs ?;rii_l,gas i BINARE 5 4200 for 5 o vrd (N Dt Wk 2N L 979-219-2767 (Gic: Burch) wohsd

Labor)

NOTE: New code for CS:if 13. you have to use R-8 insulation on duct. So most people just use SER 14 and that w ay they can stickw ith R-6. This is for new systems. Old systems w ith old duct w orkcan be grandfathered.
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Fumace
tem No. 20007 Price 2010 Price Brand TyF?JZ;)f Model Efficiency Capacity Description Pictures 2007 Source and Contact Info 2010 Information/Contact|
Infinity 96 Gas Furnace: Muitipoise, Voo F http//w ww residential carri WTA..
" R $3700 - 4800 Carrier Natural Gas 58MVE 96.6% AFLE 40,000 - 120,000 |condensing, direct vent/non direct vent gas f er.comiproducts/furnaces/g g‘mﬂmh
o BTUH furnace; Variable speed blow er; Flot-free ] as/index shtrr (Date i
Pow erHeat™ ignition. 5/11/2006) _
9 =11/2006) om (Chris Threadgl)
. = DI WW . I
Gas Furnace 38,000 - 128.000 Performance 93 Gas Furnace; Muitipoise, :trt:oﬁi’ iogdiz‘?&::xz‘c?;”
(Cargerr up to 2 $3 460 00 Caamier Mahral Gas LB 93% AFUE BTUH condensing, d_\re:tvemmon d\re:tvi:tA—E o index shim (Date MalekService - 10464 State
96.6% AFUE) speed blow er; Alot-free Pow erHeat™ ignition. %5-’11-’2006 Highw ay 30
About $1000 College Station, TX 77845
increase in cost — Phone:979-776-2222
Performance 80 Gas Furnace; Induced- 5 http/iw ww residential.carri Fax:979-776-2282 Contact:
- 40,000 - 154,000 |combustion; Enhanced confort control with er.com/productsfurnaces/q Robin (3-24-2010)
3 32,100 00 Camer  (Makwal Gas | SBCTA, S8CTX BI% ARUE BTUH dual stages of heating; 4-5 speed blow er; asfndex.shtrm (Date:
Hlot-free Pow erHeat™ ignition. 5/11/2006
GMV8 Series 80% AFUE Tw o-Stage, Variable https/iw ww _smarterw ayinc
Il
4 $1063/5768 - Goodman | Natural Gas | T e 1EEERAG ) go00 arE | 115,000 BTUH  [SpeediGMSB/GDSE Series 80% AFUE Single- comres components/igas does not seemto be
MS81155CNA . available anymore
Stage, Multi-Speed; Upflow /Horiz. urnacelennox asp
Gas Furnace
(Goodman- 80%
to 93% AFUE)
- o - http//www smarterw ayinc
5 $1,668.00 - Goodman |Natural Gas | GMVOT1SSDXA | 93% AFUE | 115,000 BTUH O 2OCVS Series 93% AFUETw o-Stage, comires components/gas f does not seemto be
ariable-Speed, Upflow /Horiz. available anymore
urnacelennox.asp
6 $1.200.00 Fheem  |MabwalGas | RGPMISEARIR B% AFUE 1250008TUH  |Fheem® Nahwal / Fropane Gas Fumaces
Gas Furnace . ATopTech, (979) 636 | 979-69%-1333 (Tommy) 3-
(Rheem- 80% to ~1% 1333 162010
93% AFUE)
RGRAIZERAIGR Fheem 1-5tage Mulli- Speed / Fhe emi®
7 $2100/52300 Fheem  |Nabwal Gas GFDIZERCNS 93% AFUE 120,000 BIUH Mindhdating Varsble Speed
8 $1,314.00 27 00 Lennox  |Mahwal Gas| GIOUHBODN3S B% AFUE 132,000 BTUH  |UpHosiz
Barkess Healing and
Gas Furnace Cooling, Barker's Hig & Cooling Inc:
{Lennox- 80% to - itp: ; winc. |(979) 650-2278 (Charliz)  |(979) 630-2278 (Phillip 3-15-
93% AFUE) Lennox Signakwe® Colection G5 TV 34+% confies_components/gas T 2010)
GEIMPVBINISG AFUE Tw o-Siage, Varable-Speed 3 urnaceflennox asp
9 52492/52043 27531 242 Lenno:  (Nabwal Gas | e penn o0 4% AFUE 132,000 BIUH  (FumacesA ennox Signature® Collecion G651
94 1% ARUETwo-Stage, Muli Speed
Fumaces. UpHoiz Down
GSC130601/CAPF
13 SEER, 80% 5ton (90,000 - _ httpsffw ww .expr by
10 - $2,502.00 Goodrman 4860C5/GMSB090 g on ¢ Air Condilioning/Gas Furmnace System SV BXPIEsSTvac Express HVAC
50N AFUE Btu/h) com
GSC140601/CAPF
AC/Furnace 14 SER 921% | 5ton (115,000 - _ http:/acdirect. comf (Date:
(Goodan) 11 $3.075.00 Goodman 4850D€5FSXKSST15 AFUE Btuhr) System 05/11/2006 Express HVAC
14 SER 921% [ 5ton (115,000 | Goodman GPG13601401A -13 Seer 5 TON httpJ//acdirect comy (Date httpfiww w _alpinehomeair ¢
12 - $15,560.00 Goodman GMVC80704BX AFUE Btuhr) Cooling / 138,000 BTU Heati 05,41/2006) om
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Heat Pump
Item No. 2007 Price 2010 Price Brand TYFTelm Model Efficiency Capacity Description Pictures 2007 Source and Contact Info 2010 Inform ation/Contact
Heating Capacity: |Carrier Performance Series Heat Pump; Versatile . .
JIWWW. L
4290 (inchuing 18,000 - 60,000 |heating and cooling heat pump for maximum home - _;gtcow ro‘;:stsslt‘j;:;‘zlatcﬂ; " .
Er.comproductsiacheatoum il Fww w. champion-
1 - tabor) Carrier Electric 2993 15 SEER/8.5 HSPF| Btuih confort; Upto 15 SEER and 9.0 HSPF, Models include i < heatpurps/index. shinl I — ]
psiheatpumps/ . Iwac.comhg camies. him
Heat Punp Cooling Capacity: |25HPAS, 25HPA4, 25HPA 3, 25HFR3, 3BY XA | 38Y ZA, -
(Carrier - Upto 19 1.5-5tons 38YSP.
SEERand9.5 i e
HSPF) Hf;tulgﬂ C:Ea;;z' Carrier Comfort Series Heat Punp “¢ http: iww w. residential. carri
42040 {inchuSng ' - Economical heating and cooling heat pump for optimal i er.comiproductsiacheatoum ity Fww w _champinn-
? N taboe) Carrier Blsctric 25HCAS 13 SEER/ HSPR CUGIIHE‘é:: acy. |ome comlrt, Up to 14 SEER and 8.5 HSPF, Models H psiheatpurrpsfindex_shim
1 Eg Etgns include 25HCA4, 25HCA 3, 25HCR3, 38Y RA, 38Y SA (Date: 5/12i2006)
Goodman 5 Ton 13 Seer Air Condttioning Sy stemw th .
pil!
GSH130601A Hegggﬂgg:ﬁiw Heat Punp; One Goodman fully charged outdoor heat ‘,PS;Z it ?ESH;’F‘;‘;ZLE‘
3 $32,180.00 1500-2800 Condman Electric ARUFOE1 13 SEER/S.5 HSPF Caoling Capaciy purmp air conditioning condensing unt; One matched manmf c Google Products
Ston indoor air handling unit; One supplemental heating M—q*aw
Heat Purrp element. -
(Goodman) Goodman 5.0 Ton 14.5 Seer Air Conditioning Sy stem
Heating Capacity: |with Heat Pump: One Goodman fully charged outdoor http: /iacdirect comheat pu
GSH1406014 | 145 SEERIB S 55000 BIWh * Ineat pump air conditioning condensing unit ; One o _goodman heal pump [
4 §3,492.00 not found Goodman | Electric " - pume g g unt, -
AEFF4260 HSPF Cooling Capactty: |matched indoor air handling unit, multi-position including udd heat purp .php (Date:
5ton evapaorator cooling coil ; One supplemental heating )
lamant e to 46 K (40K unta  Tan
_ |Achiver by Runnl 5Ton 13 Seer Variabie Spesd A
57000 Bluh @ oy P, O = Hice: facdirect comd
UPNEOG0UAZ N 3
! 5 i SEER - N
5 $3,591.00 Rnmd Bechic UHLA HASGOZ41A 13 SHERB 5 HSIF Conling C: - ml?_!mwmmenmw B ’ (™Y Dale 051 12006) Produed-
Ston indoor air handing uni; One Rund supplemental elecic - Hip Fww w_nasiac cim
healing kit 979-696 oy,
Heat Purp (Ruud) ~10% increase :f;]g; 13
One Run] UPNE sesies 14 SHR heal pump condensar
- _ hiip-Facdirect comx caipm
_ One Rux factory-makched mdom an handler -
[ $4,266.00 Rined Bechic 14 SEER 5 HSFF - - - duct pho Tpeoductid-200
One Fud supplemental elecic hedling kil (w ih eleciic e U713
heat and heal pumps) {Date; 673 106)
7 $4,400.00 ~10% increase Rheem Bechi: 13SHR S5n Price includes babor bul not duct w ark:
:"Ffs;;”m”'p 8 $5.100.00 ~i%incase | Rheem | Beckic 1SR Ston Price inchides kabor buk not duct w ark A Top Tech (979) 6951333 !'mm:f;]ﬂ“'““‘)}
9 $6,100.00 ~10% increase Fheem Bechic 16 SEER 5tn Price nclsdes labor bul not duct wark
$1400 7 Ton nchaing duct work
el 979-696- 1333
10 $5,000.00 Al Makers Bechic. wa 13 SEER 5 HSFF 5in $7000 Tar 54 unid wilh duct w ek Aggieland AXC & Healing 979-696- 1333 (Tommy) }ﬂimﬂlﬂm)
35000 for 5-ton und wilhoul duct work
~10% increase
$1800 7 Ton nchaing duct work
" $7,000.00 Al Makers Hechic wa 15 SHERB 5 HSF S5n $9000 Tor 5-50n undt with duct work Agpetad AXC & Healing 979-696- 1333 (Tommy) 1:3?:: 1+
$7000 Tor 5-1an unit wilhout duct wirk
Heat Purrp (Al
Makers)
SER 51,800 / Ton inchuding duct w ork: el Heall Coul
12 $3,600.00 Al Makers Hechic wa = Im&s S5n 39000 Tor 5-tan und wilh duct w ok ol ne & 979-219-2767 (B Burch) Takedin Clay_
33600 Tor 5-tan und {No Duct Work & No Labor)
~1200 mcrease
52,000 { Ton inchuding duct w ork: . _
IniedA i Healing & Cooling
13 §5,200.00 Al Makers Bechic. wa 5tn 310000 Tor 5-ton unil wilh duct w ok . nc 979-219-2767 (Eic Burch) Takedio Clay_

5800 Tor 5-ton unit {No Duct Work & No Labor)
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Item No. 2007 Price 2010 Price Brand TYF‘:Z:” Model Efficiency Capacity Description Pictures 2007 Source and Contact Info 2010 Information/Contact|
o ’ JG v alive Services
- 13 SHEY 85 N i _ 979-778- 9990 {John 222 Maino Road
14 $4,050.00 $1,955 00 Trane Hechic ZINWR30B0A1 HIF Sion $2710) for nstallalion ‘ g JC Innovalive Services [ ) B TX 77808 979778
9990 (Davil) 3-16- 2010
———
Heat Pump
(Trane) -
JG v alive Services
- 15 SHY N _ 979-778- 9990 {John 222 Maino Road
15 $4.950.00 no knger made Trane Bechic. ZNNZ 906081 8 T5HEFF Sin $3300 for mstalalion JC Innovalive Services [ ) A TX 77808 979778
9990 (Davil) 3-16- 2010
2 ! .
. . 13 SEHR8S i _ hitip-Hww w . sooatew ayine.
16 $3584.00 $3.303 00 Lennox | Heckic XP13 series pras Sin installalion = 58,250 comies systemsheat pam
phealpunp aspfl ennox Benler's Hig & Cooling Inc
400 Graham Rd College
Heat Fui _
(Le”nux”;p Station, TX 77840 (979-690,
) 2978) Contacted Phillip on
itip: Forwe w Satesw ayine. 3-15 and 3- 96 2010
17 55.572.00 $4,050 00 Lennox | Beckic. | XP16seses ;gmaﬂa Swn R 410 xp16-060 instalatinpn = ~§11,250 comies systemsheat pam
i pheapump 1 aspfl ennox
Heaﬂ;fg}uaupa:lty: Carrier Performance Series Heat Pump; Versatile Al vy vy Ceniral Texas AC Service -
16.5 SHRM.5 © 3 heating and cooling heat pump for maxinum home er.comvproducts/acheatoum| 1910 Greenheld Flaza,
® - $11.000.00 Carrier | Bectric 25HRAG HEFF Cosln,nng?u/h |confort, Upto 15 SER and 9.0 HSPF. Models include ‘s/heatpurps/performance. [Bryan, TX 77802 (979) 846,
°2'”95 miim 25HPAS (15SEER/B, 5HSPF)and 25HPAG shtni 4560
~|Carrier's exclusive Infinity® Series heat pump has two Central Texas Air
Heating Capacity: -
24guuupr iy stages, operating w ith less pow er longer. And we fttgfhww w residential carr Cenlral Texas AC Service - | Conditioning Service Inc
Heat Fump - h engineered i to teamwith an Infinity Series fumace to 1910 Greenfiehd Flaza, (979) 846-4660
19 - $16,247.00 Carrier Bectric 25HNAY 19 SEER9 5 HSFF|  60.000Btwh g Y er_comfproducts/acheatpum " N
Carrier Cooling Capacty: create an economical HYBRID HEAT® dual fuel system theatpunpsfinfinity shtm Bryan TX 77802 (979) 846 threadgil @centraltexasair ¢
2.5 tons which saves you year-round. 25 HNAG has 16.6 om (Chris Threadgil)) 3-18-
EER0 3 HODE 2010
Hean}nﬁgg}uaupa:ny: The Base heat pump is our most economical way to " Ceniral Texas AC Service -
000 - ttpcffw w residential carr
provide year-round home confort. its efficient cooling " . 1910 Greenheld Flaza,
20 - $7.159.00 Carrier Bectric 25HBB5 15 SEER/G.8 HSFF COGIO,OHCO;EBILv'h system with up to 15.0 SEER, reverses during cooler er ;ﬂnﬁgrnduc}a-fac:ea:ﬂg:"m . TX 77802 (979) 846
g psheatoumpsiinfinity shtd | %
?Igg_ Etgzzw w eather for low -cost electric heat. apumesANINtY.
. _|price depends on inside unit, square footage. plans, " .
- o w w
2 ML 5000 T Bectr ATWEA0G0E up to 15 SEHR/ up Cu;l‘;ngmc‘a;a;ny window s, orientation (most installers will ask you for all ;m . I:P: é ‘r?ﬁmtmﬂes'
B rans ectric to 8.5 HSFF : U this information befare you buuy a unit. Check the J- gentiatocuctsiteat:
(Momial & tons) P Rumps
book specifications. Clhirale Masters of BCS 979
Heat Funp TRANE| 9555839 spokewih
Richard.
- - - bttp:Hww w trane.convResi
up to 19 SEER/ up | Mominal Capacity: |2 stage conpressor "Cadilac.” must be used with
z 00-10000 Trane Bectric ATVZ0060A to 9 HSPF Stons communicator. Price does not include ductw ork
Rumps
Rheem
23 $352000 Rheem Bectric 138ER Ston
RANIADG0JK000 HVAC\ExpressHVAC pdf
Rheem® Heat
Pump Sef- R
http/iv ww expresshvac.c
Contained
. omfres_systems/package/H
Package Units VAC package as
Rheem VAL _package.asp
24 $3.779.00 Fheem Bectric ROPMADBOJKDOD 14 SHR Ston
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Water Heater -1

Table B-5. Cost Information for DHW Measures

CoA Residential Project, p.68

Energy

item No. 2007 Price | 2010 Price Brand Type of Fuel Model oy Capacity Description Pictures Source Contact Person 2010 Contact Info
2
Home Depot mo beqer canis WG
Model PTTS- Whle Home 7.4 G Halarad Gas Tankiess Waler Healer Wil Remole Conlrol ity ururus homedep ot coml
1 $995.00 $865.00 Pabms MalmriGas | o om 7400 tome Pabme Brand_Try
T4 [ ; ol waler for 210 3 159,900 BTU burmer. {Dae: 05/D92006)
i ipindion; Sepples v applcalnes; 199.9 e m—ro— -
' ) http: besthot walerheaters
31090, wilh tax i Paloma 7.4 Series Residential Indoor Gas Tankless Water Heater. Remote controller hitpilive v .palomaw aterheaters, =
2 aedt Paloma Natural Gas PH-28RFS 082 8.5GPM  |inciuded. Optional remote controllers avallable. Wodel for indoor installations only. comiproducts htmere sidential £ product.ohp?id=32
7
Vihole House Gas Tankless Waler Heater, Electronic iginition; Supplies hot water for 2 )
3 5945.00 $128400 |Bosch AquaStar| NaturalGas |Model2505XNG| 085 BaGRn | s Internet Price Amazon.com
Click here to see brochure; see
also
. http:iwww boschhot water comiP o }
4 $83600  [Bosch AquaStar| NaturalGas | Model135FX 078 4.6GPM PR ——— hitp:ifviw w amazon com/Bos ch-
CrESTTANENELESRE aStar-Natural Tankless
Tankless Gas N VHTO
Water Heater = httpifww w amazon comRHEEN-
http:fiwww hmwallace. comfindex 193KBTU-Tankless-Heater-
Rheem Tankless 7.4 GPN- Indoor Tankless Water Heater- 7.4 Gallon; 19000-199,900 ISSKETU-Tankless-fieater-
3 $929.00 1,149 Rheem Natural Gas 082 7.4GPI Dme:m ankless ndoor Tankless Water Heater alen asp7Paged ction=\IEWPRODEP 0
- dID=2016 (Date: 05|
084 (85% ! \ m http:liwww tanklsssw aterheaters
First hour rating: 240 GPH. Min 20,000 Btu Max 185,000 Bitu Outlet Temp: 95-180°F. N
6 $1,357.00 $1397.00 Takagi Natural Gas T-KD20 thermal 5.9 GFIA st hour rating " 0,000 Blu Hax 185 U Qutiet Temp ° - comitakanitk him!
piot light. (Qualify for $300 TAX credit) -comtakantil himl.
efficiency) p http:/ivevewe designerplymbing.com
85% thermal First hour rating: 240 GPH. Min 20,000 Btu Max 190,000 Btu. Outlet Temp: 85-180°F. Ditpi eove danklessw alerheaters hitp:i/blujay.com/?pa ge=adaadid=
7 §1457/51401 $899.00 Takagi Natural G TKIST-K2 . 6.9 GPM L P - . " o takagitk? htm - -
akagl aturalGas | TRISTRS | etficiency Electronic ignition. No pilot light. (Qualify for 5300 TAX cradit) . - _ 15366588 cat=11060000
http:/iw ww designerplumbing.com
<
== ;
. . Y —
0.81 (B24% First hour rating: 300 GPH. Min 25,000 Btu Max 235,000 Blu. Outlet Temp: 95-180°F. ttp:/iwwiw tanklsssw aterheaters http:iviwi w tankless waterheaters
3 52207.00 | 9,460.00 Takagi Natural Gas -1 thermal SR | aniian. Ho pl g, (Gusllty for $300 TAX cradt comlakaaitkl him direct.c heal
efficiency) ! = http:/iwww designerplumbing.com terstiakagitakagitmi buy asp
$377.99(5409 ) § . http:liwww sears com/ (Date: http:ifinsta nt-water-
38281#33918) 50) Miser 9, 40(5! W g -40,
s jos $520 00 Kenmore Natural Gas | #23826(#3391 40(50) Galon | Kenmore Power Miser 9, 40(50) gal. Gas Water Heater; Hourly input -40,000 BTU . P
\ e
— Sebocts Stuadart Vst s Wisker Healors: Fe stare €3 Techaokbay™ it prokec ] mmsum;:;om,n:. CITY SUPPLY COMPANY, MC_
10 RN 326990 Stake Ml Gars 0.60{059) £ agaiect accidestnl igaice of Summable vapors: Btz fhose irom gasolise; Green Choioe™ shuiewalerheaters: co IUISTOM, TX 77003
50) b Np— HOX emizsions . miifpeches gae bimloademand (B 713-224-1643 This company | m
Tank-type g bumer prode; lower Wx cutssins fham siandard burers X m0 bager zcls i prodect lec. | 1500-CITY SUPP spole wilh Kea
Gas Waler
Heater with —
Pilot light
" $325.00 326000 Ricem Moz | Z2vaoF1 o8 40Caba  |Guardiias Fary® Gac Waler Healers. Amazon
Valkey Supply, College Sialion, TX
2 $310.00 $396 87 AD Sl | HalmmiGas Bovse ass SOGake  |Prolax gas waker hoalors. Homly mpal 400006iA. (579) 823 5522 (FAX)

wilh Joba om 3-15-|
2010
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item No. 2007 Price | 2010 Price Brand Type of Fuel Model i’;’g:’ Capacity Description Pictures Source Contact Person 2010 Contact Info
wporaded, see http:tiveww stateind com/litmedia’ | STATE waler He alers
13 $75750 | mole formew State NaturalGas | PRS 40 XCVIT 062 40 Gallon f:eri:z:;;u\;:;";:m:: ':“:t'rizsh:'f;irﬂr;f:r‘":;;’w inpui-400008tu; Equipped with w specires-gas/SPVGE-1-4.00f
productimfo. - o (Date: 05/10/2006)
ACT Pipe & Supply (332-467-
3300) Alex
14 $317.50 | molavadabel State NaturalGas | PRE 40 XBPDT | 0.59(0.58) 40Galon | Select"Power Direct-Vent residenial gas water heater, hourly input-40000Btu; specires-gas/SPDVGS-1-4.pdf  |B: 713-837-0600
Equipped with nearly-indestructivle siicon nitride hot surface igniter Ry 713.933 0426 {E chard)
AZRPIQ i
CAVRIO Enat ilip Fwrwrw sheem com'Consmmer
5 585 : . Eacy, 3 i cabboRes debacp7it-os  (WUACHES
1 358500 | 307M4etax Rhcem Tl Ihinptnl B T 40Gake  |Poweriest High Effcimcy, Indeced Drafl Gas Waler Healor, Becros: alion syskom 40 Sepply) MIGHES
propanc) 541 GRAHAM ROAD COLLEGE
STATION, TX 77845
Pleome: {379) 60-7636
. Spoke ERa
16 ssesgp | Seekalorder Rusd MalmriGas | PVMOFW 052 A0Game  [PowerVestindaced D Gas Waler Hesler will e Guardina Sysiem™, Bl ciroa: message for Bamey abost#14.
oty ilicn sydem
Tank type Prwer Howsc® Scakd Skot Power Do Veal Gas Waler Hoalors, horizostal aed " Valky Sepply, Colloge Station, TX. | Valley Sepply, Collzge Stalion, TX
Gas Waler 0 45 fert, . ] iprffurwr Botwaler compect (979) 7797042 (979) 778-7042
CPOH-SQCROT- s & e
Heater wilk 7 £985.00 Maimral Gas o oss SOGCakm  [T00ed e c ; Chose two-pi . merdinles_gauA7S21pdl (Dale-  ({979) 823-5522 {FAX) {979) 523-5522 (FAX)
Blechuai: clean comby on ai sile fhe home: riendly = SHM7/2006) - i Johm on ' Johm om 3-15-|
\ondica Green Choice™ gas bamer redeces HOX emissions by 3% compared o stamdard [es—— 2810
emmer Homde momt- il
Veerlex ™ Power- Vel Gas Waler Healers; Money-saving S0% lhermal efficiency; Davi! Conningham Hugh M. _ o
walex “owe more , ot 1 i Furwrw hobwaler comitper| Cmaingham . Fabt o
G +Pirs 0% Thermal . A " ey, Refered I
18 $1.200.00 n AD Sel | HalmmiGas oRE-S _ SOGalkm | waler omipel siminr io Iuger, less efficient 75-galba wi; Equpped will nearly metinics qasARGSSO1396 pdT Dol Bryas veador. 978
Fffcieacy ndesirecible silicon siide hot swriace igador— | {Dale- 5r17/2006) Dallaz , TX 75234 7741&3:(!-: -
0 zian ding pilok; Homrly ipui- 76000 Binh o} B 572-333-3508
= Era7: sss aans
ETairy
50 Gallom, Halaral Gas, Power Veat Waler Healer, Flechoni: kpniion, Vest= Wil 3°
19 - 530000 Relaace Halural Gas | Model 6-50- 065 SOGakm | PVE, CPVT Ov ABS Schedul 40 Fiping, 40,000 BTIFs Energy Facior 65, Dimessioas: True Value Hardware Store
YEVI 69-34" Tallx 20" Dnmeier, 6 Y car Tank & Pasks Wamasly, FYIR Approved.
mr
Kenmove 50 Gallon Tall Hateral Gas Walker Healer EMERGY STAR qualilid appiaece.
i om T waler healer make & eacy o opernie,
20 - $800.00 Kesmore MumralGas | 15332205 065  50Gabe ot chorki spalion o B g Sears.com
burmer will yom ings, emcrgy -w
-
ks product mo
21 - Haying Mnimral Gas: | HRG 50 XOMIT 01| 50Gabe
5269.99(5293 ” - Kenmore Powier Miser 8(12), 40(50) gallon Electric Water Heater: Kiowatt Hrs. per ear.
2 o) Kenmore Electic  |#32345(#32154) 40(50) Gallon |, 720>
[ ]
Tank-type i}
Electric Water
Heater httpcliveww toolbase orgToolbase| TOOLBASE Techspecs, by the
” Resources/leveldTechinv.aspx?C |NAHB Ressarch Center for the
23 5138.00 Electric 55 Galon . v 850 |Partnersns for Advansing
ategorviD=9 Technology in Housing (PATH).
http:fiveww toolbase. ora/Toolbase| TOOLBASE Techspecs, by the
i v.aspx?C |NAHE Research Center for the
car, W
24 $585.00 Electric hole House ontentDetailD=59588u cketl Partnership for Advancing
5 Technology in Housing (PATH)
Single phase 150 idential electric water heater. hitputivevew tenklessw aterhet
25 STSOISTTS Stiebel Ettron Electric Tempra 2936 4.5GPI ingle phase 120 amg residentisl electric waler heater. vl ankessw BleMERIErs | ooy price
Tankless.
Elecric Water
Heater —
0% EEMAX Series Thres Residential Heater Dttooreres tanklesss alerheaiors
; : gents D w
26 $749.00 EEMAX Electric Series Three y 4.0 GPM Single phase 150 amp residential electric water heater. " Retail Price
Efficiency | [ .comeemaxheaters.ntmi
< Electric W - Frovi s o y !
- 550500 Powerstar Ereatic e - ey |FOWerStar AE125 Electric Whole Houss Tankless; Frovides upto 3.5 gallons per s

minute(50 degres temp rise) for water usage at 105° F: 2 sinks or 1 shower.
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Solar Water Heater -1
Item No. 2010 Price Brand Model TyF?JZIDf Capacity Energy Factor Des cription Pictures 2007 Source and Contact Info 2010 Information/C ontact
SunBarth Active Solar Water Heater For temperate climate zones http://shop.solardirect.comfprod
1 §215400 [ SunBarth B6632 - 66 galon Open Loop Syster 66 gal w / 4x3 Solar Panel Sobar Direct uct infophp?oroducts id=190
Sunbarh Acive Solar Waier Healer For temperate climale zones http://shop solardirect com/prod
2 Rus00 | Sunbadh Eri0 - B galon Open Loop System: B0 gal w 4x10 Solar Panel Sobr Direct uet_info php?products_id=131
SunBarth Active Solar Water Heater For temperate climate zones http://shop solardirect comiprod
3 $3.536.00 SunEarth BP12064 120 gallon Open Loop System: 120 galw 4x8 Solar Panel Sobr Drect uct info pho?oroducts id=132
http:/fw wiw _altestore comvistore | http Jiw w w _altestore com/store
Atternate [Solar-Water-Heaters/Climate- |/Solar-\Water-He aters/Climate-
Solar Water 4 $2.72838 Energy PY-80-40 _ 80 gallon 40 Sqft Collector Alemakve = freezes-Closed-lL oop- freezes-Closed-loop-
Heater Technologies Systems/Closed-1 oop-Systems] Syste ms/Closed-L oop-Systems:
LLC for-1-4-People/Closed-Loop-PV{for-1-4-People/Closed-Loop-PV-
Pow ered-w -TankAET-PV-w - |Pow ered-w -Tank/AET-PV-w -
http/iw ww .altestore.com/store
Alternate /Solar-Water-He aters /Climate-
Energy freezes-Clos ed-Loop-
3 $349300 PV-80-64 80 gall 64 sqft Sqft Collect Alemali Store
Technologies gaton sqft Sqft Colector ke Fnergy Syste ms/Closed-L oop-Systems
LLC for-1-4-People/Closed-l oop-PV-
Pow sred-w -Tank/AFT-PV-w -
TEXAS GREEN BNERGY' INC.
5930 Piper Lane
. | American Solar 22 TIper_ane.
$6,000 with ) ASW 58A- 48 Sqft Collector, 1000 per collector. Tank w ith heat exchanger = i College Station, TX 77845
6 instaliion W°”(°;'::Qeem 20725730 B galon 1300 . Controller 250, misc Texas Green Energy Cantact AdamBurke
Fhone: 979-209-0010
Fax: 866-365-1965
TEXAS GREEN ENERGY. [NC
5930 Piper Lane
American Solar =01 Flper Lane
7 $7.30000 | Works. Rheem | 5% S8A- 120 gallan 80 Sqft Colector Texas Green Enerqy Colege Station. TX 77845
(tank) 20251 Contact AdamBurke
Fhone: 979-209-0010
Fax_ 866-365-1965
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Solar Collector -1
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Item No. 2010 Price Brand Model Type Dim Capacity Description Sources
Alternate Alternate Energy Technologies AE- Series Solar Collectors: Glazing: 1 sheet of solite | http://w w w .altestore.cc e/Solar-Water-Heaters/Collectors-
1 $858 Energy AE-32 AET 4 X 8 Ae-Series, Crystal Clear Collector 4x8 32 sqft glass, 1/8" or 5/32" thick with 0.01% iron oxide content. Transmittance: 91.0%, Flow |Mounts-and-System-Components/AET-Collectors-Rack-
Technologies Rate: 0.5 to 1.8 GPM recommended Mounts/AET-4-X-8-Ae-Series-Crystal-Clear-Collector/p103/
Alternate Energy Technologies Morning Star™ (MSC) Series Solar Water Heating
Alternate " http://w w w .altestore.cc e/Solar-Water-Heaters/Collectors-
2 $915 En MSC-32 AET 48 Msc-Series, Crystal Clear Collect 4x8 22 sqft Collectors: Glazing: 1 sheet of low iron tempered glass, 1/8" thick with 0.01% iron Mount d-System-Cor tS/AET-Collect Rack
eroy -series, Crystal Clear Collector X sq oxide content. (5/32" on MSC-40) Transmittance: 91.0%, Flow Rate: 0.5 to 1.8 GPM |-ounts-and-oysten Lomponen ~Coleclors-Rack:
Technologies Mounts/AET-4X8-Msc-Series-Crystal-Clear-Collector/p177/
recommended
Alternate Alternate Energy Technologies AE- Series Solar Collectors: Glazing: 1 sheet of solite | http:/w w w .altestore.cc e/Solar-Water-Heaters/Collectors-
3 $1,716 Energy AE-32 AET 4 X 8 Ae-Series, Crystal Clear Collector (4x8) *2 64 sqft glass, 1/8" or 5/32" thick with 0.01% iron oxide content. Transmittance: 91.0%, Flow [Mounts-and-System-Components/AET-Collectors-Rack-
Technologies Rate: 0.5 to 1.8 GPM recommended Mounts/AET-4-X-8-Ae-Series-Crystal-Clear-Collector/p103/
Alternate Energy Technologies Morning Star™ (MSC) Series Solar Water Heating
Alternate Collectors: Glafiﬁ i1 sheetgof low irongte ere(d Ias)s 1/8” thick with 0.01% ifO?'I Cb it i aliectore C Sisola \ater - cap fiplecinie.
4 $1,830 Energy MSC-32 AET 4X8 Msc-Series, Crystal Clear Collector (4x8) *2 64 sqft N . g.“ >To N gass, . ) Mounts-and-System-Components/AET-Collectors-Rack-
oxide content. (5/32" on MSC-40) Transmittance: 91.0%, Flow Rate: 0.5 to 1.8 GPM N
Technologies Mounts/AET-4X8-Msc-Series-Crystal-Clear-Collector/p177/
recommended
Solar
Collector
Chromagen Collector Active Solar Water Heater Product Apphcanons: Solar Domestic Hot Waﬁgr Heater System, Work alongs‘lde your http:/shop.solardirect.conVproduct_info.php?cPath=69_71 84
5 $998 Chromagen CR-130 . 4x8 32 sqft conventional w ater heater, Designed for all climates, System collectors designed to T
Panel w/Mounting Hardw are One 4 x 8 Collector 72_87&products_id=657
mount on roof, Installs on all roof types: shingle, w ood shake, metal and title
Model 408-002 Black paint coating: Adequate heat absorption in ideal climate regions,
Best for warm climates w ith ample solar radiation, The black paint collectors should
GOBI 408 Solar Water Collector, Set of two 4 x 8 i i i
6 $1,040 Heliodyne Gobi 408 4x8 32 sqft only be used in ideal climates (such as Hawaii) | httnsshop.solardirect.comiproduct info.php?products_id=530
collectors Model 408-001 Blue sputtered coating: Optimal heat absorption w ith minimal emission,
Suitable for all types of installations, and regions, Recommended for cool climates
(add $140)
Chromagen Collector Active Solar Water Heater Product Applications: Solar Domestic Hot Water Heater System, Work alongside your http://shop.solardirect.com/product_info.php?cPat 9 71 84
7 $1,996 Chromagen CR-130 . (4x8) *2 64 sqft conventional w ater heater, Designed for all climates, System collectors designed to )
Panel w/Mounting Hardw are One 4 x 8 Collector 72_87&products_id=657
mount on roof, Installs on all roof types: shingle, w ood shake, metal and title
Model 408-002 Black paint coating: Adequate heat absorption in ideal climate regions,
Best for warm climates w ith ample solar radiation, The black paint collectors should
GOBI 408 Solar Water Collector, Set of two 4 x 8 i i i
8 $2,080 Heliodyne Gobi 408 (4x8) *2 64 sqft only be used in ideal climates (such as Haw ail.) http://shop.solardirect.com/product_info.php?products_id=530

collectors

Model 408-001 Blue sputtered coating: Optimal heat absorption w ith minimal emission,
Suitable for all types of installations, and regions, Recommended for cool climates
(add $140)
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Incandescent Lamps

Table B-6. Cost Information for Lighting Measures
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No. Bromd Model Des cription Unit Wettrge Uit Price ($famic) Pictures Soarce
[MWanit)
Incandescent Lamp, Lamp Designation 60A15/CF CD2, Watts 60, Volkage 120, Lamp Shape A15,
1 GELIGHTING 60A15/CF Ceiling Fan, Medium Base, Rated Average Life Hours 1500, Lumens 650, Maximum Ov erall 60 5131 http:dw w w .idealruevalue.convservletithe-49352/Detail
Length 3 1/2 In, Diameter 1 7/8 In
P il 74694 Incandescent - Lamps/Light Bulbs Lanp Code: A19 BulbStyle: Arbitrary Standard Wattage: 60 50 50.60 hitp:/Aw ww 1.mscdirect.com/CGI/NNSRIT ?PMPXNO=5510638 8PMT
ps Voltage: 120 Base Type: Med. Base Style: Medium Lumens: 890 Color- Frost - ANO=32145666
L 3
60 Watt - A19 Light Bulb - Frosted - 5,000 Life H - 130 Volt - By B - Halco Light
3 Halco 6321 2 oL -Froste e o} - Hrass Sase -Hako Lighing 50 $0.55-50.65 http:/éw ww 1000bulbs comV0-Wati-Ihcandescents/837/
=z
I w i /pls j i Ja-
This Westinghouse incandescent light bulb has a type A 15 lamp size, w hich measures 1-7/8" Ditpdve iy u\nbaITSduG;lr)a:’rcnuszz Z‘Zc:gzilgu:ﬁg neandescent’a
" " - -60w - -5b-130v -2 ple
4 Westinghouse WiB33321 diameter. Standard E-26 base makes this incandescent light fit in most light bulb sockets. C-9 60 50.74 - — _
d il © off fficiant lighting Provid fe of up ta 2500 h . box?utm source=nextag&utm medium=cpc&utm campaign=incan
incandescent rlament offers efficient ighting. Frovides an average life of up to ours. ‘- descent Bulbs-n extaq&infoParamcampaignid=\
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CFL-Pin Type (w/ Lampholder)
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. Uit Waltage Unit Price | Total Usit Price
No. Bramd Model Des cription Pictwres Somrce
(Wimmit) [$fmmit) ($lanit)
Sylvania G)EZC;;S 13W3500 Kelin 2 Pin GX23 Base Compact Fluorescent Light Bulb $1.77-5198 hilp:ffwwwr A000bulbs ComyIT
1 13 $3.99.$4.20
EATE ' 31'; X hitp:fmarisusa.comfzen-
Maris 2é2 - 13W 2PN FLUORESCENT BIAX LAMP HOLDER (GX 23 BASE) - CASE PACK QTY 10 5222 cartfndes. phpZmain uct_infodcPaih—135 138 139
-222) oducts_il=4124
hiip Fwrww elighibubs coml etronics 595201 - 12164- 13W.T4-D-
LITETRONCS; | IT58520 | 13 wali T4 2-Fin (GX23-2) Base 5 000K Doubl: Tube Compact Fluorescent Lietronics Light Bulb $273 GX23-2-50K Double-Tube-2-Pin-Rase-Compact-Fuores coni-
Light-Bulb
2 13 $5.02
. gotgoe | 13 Walt2-Fin Lamphokder w/Uno Thread and Ring, Height 172", Fush-n Terminals, Sol Wie 299 hipffwww Egibubemporiimcomfsaice B 1506 13w 2 pin 1l
0 w AL-Chiannel 138 Hickey, GX23 Twin, GX23-2 Quad, TSW-G0Y Socka 2 vorescent v as
How and hitp fiwww needabulb com18W-Double Tube-2-pin CF-bimp-
d Qe 18V Double Tube 2 pin CF Lamp, G24d-2 base, $27 color by Howard Lighting CF180/827 $3.15 G24d-2_base §27-cobor-by-How ard L CF180827-
Indusiries
P565357CH) aspx
3 18 3615
- W X ductsi: ?hi=en Z 4d-
G24d-2 Base, 18W 2-Fin, 10mm Compact Fuorescent Lamphokder, Veriical, Bottom Snap-in, — —
. ! = G
Levion 26725 202 Gecas Color Cods, Connent HEAWG Sobl or S Toned . Whie 5300 2+base Hamphoder +1BWECEI-10417 35162004 755(49286-InbDS
ek Body L] [ =il &y ed W
g L
Global Consumer ze‘;;’;m 13W 5000 Kebin 2 Fin GX23 Base Compact Fluorescent Light Bulb $1.34-5191 hitp: ww . 1000bulbs com37E9%
A
4 13 $6.34.46.91
GAYNOR  |1185-13-HSC 13WWatt for base GX23 or GX23-2 500 ’!. ; 0 cond_qel_iemphp?: 185-H5C
b -
LMY hitp fww w_compaciflires centusa comElver-Compact:
Sirer p Silver Compact Auorescent G240:-1, 4 Fin, 13W 2700k Bub 25pes $324-53.90 Flaorescent. G40, 14 Far 13 3700k Bl 95pcs 7281 prod bim
5 13 $8.19.48.85
Levio 26725411 Levilon Compact Fuorescent Lamp Holder CAL Light Socket G24q-1 GX24q-1 Base Bollom 495 o we w_fruitviad, ks comisloref: ssfeed a:
" Sicrew Mount 100 13 4-Fin 26725411 - «2sMul=1367638i- I TBE TR ERmpal—f171&di=1
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Table B-7. Cost Information for Renewable Power Measures
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Solar PV 1
2010 Price # of Panels . Module Capacity - N
Item No. ($fpanel) for 4 kW Price ($/4kW) Brand Model Efficiency (W) Area (sqft) Des cription Pictures Sources
. hitp-ifw ww nnovalivesolar comisolar-modules-
i o x
1 $565.00 20 $11,300.00 KYOCHA KD210GX-LP 16.0% 210 16 Multi-crystaline silicon cells 196/kyocera 201k 0nx lpu 337, Wml
13.5% (Cell: High efficiency crystaline solar http:/fww w .innovativesolar.comsolar-nodules-196/yingli-
2 $455.00 23 $10,465.00 YINGU SOLAR YL175 15.0%) 175 139 cell solar-241/175-w att-964 htrri
18.8% (Cell Hybrids of single crystaline http://w ww .gogreensolar.comiproducts/sanyo-hit-190-
Solar PV 3 $880.00 22 $19,360.00 SANYO 190 716 45% : 190 125 siicon surrounded by ultra-thin w att-solar-panel-hip-190ba197utm source=google-
4%) amorphous silicon layers product-search
Monocrystaline silicon solar http:/fw ww innovativesolar. comysolar-modules-
9
4 $550.00 25 $13,750.00 Suntech STPI60S 24/A 14.1% 160 137 cells 196/suntec h-206/160-w att-aluminum931 hir
o " . http:/iww w _ecodirect coniSharp-ND-U230C1-230-VWatt-
5 $732.95 18 $13,193.10 SHARP ND-LZ30C1 14.1% 230 17.5 Poly crystalline siicon 24V olt.p/sharp-nd-u230c1_htm
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