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Objective

The objective of this analysis is to quantify the incremental construction cost and energy cost savings
associated with constructing a house 50% more energy efficient than a 2006 IECC baseline (50%
Savings). A methodology established by Home Innovation Research Labs, formerly the NAHB Research
Center, was used to determine the incremental energy cost savings. Two 50% Savings cost optimization
analyses were performed; the first used current Federal minimum equipment efficiencies and the
second included efficiency optimization of the space heating, space cooling and water heating
equipment.

Background

A strong push is being made by many advocacy groups, including the U.S. Department of Energy (DOE),
to increase the stringency of the International Energy Conservation Code (IECC) to achieve a 50%
Savings. There is a question as to what changes would be necessary to achieve the target savings and if
it can be done cost effectively.

Energy Evaluation Methodology

A methodology was developed by Home Innovation Research Labs (NAHB Research Center 2012-1) to
calculate energy savings with 2006 IECC as the primary baseline. This methodology defines a Standard
Reference House, including the building geometry and energy performance parameters. In addition, a
calculation formula was included to determine a “percent energy savings” when comparing editions of the
energy code. Energy performance parameters from the IECC were used where available. For parameters
not defined in the IECC, DOE’s Building America Benchmark (Hendron 2008) protocols were used.

Standard Reference House

The building geometry (Figure 1) used in this analysis is documented in the methodology paper and was
developed using Home Innovation Research Labs 2008 and 2009 Annual Builder Practices Survey (ABPS)
results. The parameters represent the average (mean) values from the ABPS for building areas and
features not dictated by the 2006 IECC. Table 1 lists various floor, attic, wall, and window areas used in
the Standard Reference House.

Table 1. Wall and Floor Square Footage

Annual Builder Practices Standard Reference
Survey (ABPS) House
1* Floor CFA 1,780 1,776
2" Floor CFA 572 576
Total CFA (w/o Conditioned Basement) 2,352 2,352
Slab/Basement/Crawl Floor Area 1,776
Total CFA (with Conditioned Basement) 4,128
Attic Floor Area 1,776
1" Floor Wall Area 2,006 1,764
2™ Floor Wall Area 586 816
Total Above-Grade Wall Area 2,592 2,580
Basement Wall Area (8ft wall height) 1,568
Crawlspace Wall Area (4ft wall height) 784
Window Area (crawlspace and slab-on-grade) (18%/15%) 464/387
Window Area (finished Basement) (18%/15%) 647/548
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Figure 1. Simulation Model of Standard Reference House

Representative Cities
Eight cities (Table 2) representing each of the DOE Climate Zones (Figure 2) were selected to quantify
energy savings.

Table 2. Representative Climate Zone Cities

Climate Moisture

Zone Region State City HDD(65) CDD(65)
1 Moist Florida Miami 120 4,396
2 Dry Arizona Phoenix 977 4,790
3 Moist Tennessee Memphis 2,851 2,221
4 Moist Maryland Baltimore 4,460 1,314
5 Moist lllinois Chicago 6,174 911
6 Dry Montana Helena 7,474 353
7 N/A Minnesota Duluth 9,371 185
8 N/A Alaska Fairbanks 12,818 49

Note: HDD and CDD data from TMY3 Dataset

Moist (A)

Warm-Humid
A Below White Line

All of Alaska in Zone 7
except for the following
Boroughs in Zone 8:

Bethel Northwest Arctic

Dellingham Southeast Fairbanks

Fairbanks N. Star vida F‘i(amp'((of‘: agr&’eaj_ iacl:g,es

Nome ‘ukon-Koyukul i, Guam,

North Slope Puerto Rico, 1
and the Virgin Islands

Figure 2. DOE Climate Zone Map
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Cost Optimization

BEopt version 0.9.5.2 was used to perform the optimized energy savings analysis. BEopt was developed
by the National Renewable Energy Laboratory in order to calculate energy savings as well as perform
cost optimizations. It has a sequential search optimization technique which finds minimum-cost building
designs at target energy savings and uses the Department of Energy’s DOE2.2 simulation engine to
perform the energy consumption analysis.

Weighted Averaging

Weighted averaging was applied both within and across climate zones. Within climate zones, wall
construction factors for light-framed and mass walls, as well as various foundation types (slab,
crawlspaces, and basements), were applied based on the current home construction mix as determined
by Home Innovation’s Annual Builder Practices Survey (ABPS). Once the savings within a climate zone
were determined, a weighted calculation according to building starts (Briggs 2002) for each climate zone
was performed in order to obtain a national weighted average.

Construction Costs Associated with 50% Savings

Energy savings of 50% were targeted for each climate zone. Although this analysis optimized the
construction cost within the climate zones, it did not optimize the costs across climate zones. So, each
climate zone requires a different level of effort to achieve 50% Savings.

Appendix A includes the baseline 2006 IECC prescriptive table and Appendices B, C, and D contain the
2009 IECC, 2012 IECC, and optimized 50% Savings prescriptive tables, respectively. Table 3 shows the
incremental cost for changes made between the 2006 IECC and optimized 50% Savings solution
specified by climate zone. All costs listed below are based on a unit basis and totals for the Standard
Reference House. Costs from the ASHRAE RP-1481 have been escalated for inflation using RSMeans
adjustment factors.

50% Savings Calculation

Percent savings can be calculated a variety of ways. This analysis utilized the equation outlined in Home
Innovation’s methodology which takes the annual household energy cost savings of the two scenarios
and divides it by the annual space Heating, space Cooling and Water heating. The following
nomenclature is used to categorize the energy use:

50% Savings = 0.5*HCWU 006
-or-
50% SaVingS = (TEU2005 _TEUSO%)/HCWU2005

Where:

TEU 006 = Total Energy Usage using the 2006 IECC

TEUsqe = Total Energy Usage of a house constructed 50% more energy efficient than the
2006 IECC

HCWU,00s = Heating, Cooling, and Water heating energy Usage using the 2006 IECC

Energy cost savings are calculated using the Energy Information Administration’s latest posted calendar
year (2011) residential consumer price data for electricity (50.118/kWh) and natural gas (51.08/therm).
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Table 3. Itemized 50% Savings Incremental Construction Costs (Standard Equipment Efficiency Analysis)

Affected Code Requirement
Climate
Zone(s) 2006 IECC Proposed 50% Unit Cost * Per House
1,23 Air Sealing N/R 3 ACH 50 5 0.41 |sq ftfloor 5 955 |ASHRAE 1481 RP
456,78 Air Sealing N/R 2 ACH 50 5 0.57 |sq ft floor S 1,337 |MAHB RC(2010)
ALL Blower Door Testing N/R Required S 186.04 |per house S 186 |Southface
3 Ceiling Insulation R-30 B-38 s 0.28 |sq ft attic 5 501 |ASHRAE 1481 RP
45 Ceiling Insulation R-38 R-60 5 0.87 |sq ft attic 5 1,542 |ASHRAE 1431 RP
6,78 Ceiling Insulation R-49 R-60 s 0.34 |sq ft attic 5 601 |ASHRAE 1481 RP
ALL High Efficacy Lighting 10% (base) 100% S 1.13 [%cfl S 90 |Local Survey
1,234 Duct Sealing 15% (base) Inside % 1,691.23 |per house 5 1,691 |Building America
56,78 Duct Sealing 15% (base) 4cfm/100sf S 901.99 |per house S 902 |Building America
ALL Duct Testing N/R Required S 1B6.04 |per house 5 186 |Southface
2 Floor Insulation R-13 R-19 S 0.11 [sq fthsmt S 200 |ASHRAE 1481 RP
4 Floor Insulation R-19 R-30 S 0.55 [sq ft bsmt S 981 |ASHRAE 1481 RP
5.6 Floor Insulation R-30 R-38 S 0.56 |sq fthsmt S 1,001 |ASHRAE 1481 RP
7.8 Floor Insulation R-30 R-49 S 0.72 |sq ft bsmt S 1,282 |ASHRAE 1481 RP
1 Mass Wall R-3 R-4 5 0.11 |sq ftwall 5 291 |ASHRAE 1481 RP
2 Mass Wall R-4 R-10 S 0.68 |sq ftwall S 1,745 |ASHRAE 1481 RP
5 Mass Wall R-13 R-25 5 0.56 |sq ftwall 5 1,454 |ASHRAE 1431 RP
ALL Mechanical Ventilation MN/R Required S 43017 |per house S 430 |Russell (2005)
ALL Prog Thermostat N/R Required S 28.19 |per house S 28 |Local Survey
ALL R-3 Plumbing M/R R-3 $ 1,165.82 |per house S 1,166 |MAHB RC(2010)
2,3 Wall- Above Grade R-13 R-19 or R-13+R-5| & 133 |sqftAGwall | § 3,433 |ASHRAE 1431 RP
4 Wall- Above Grade R-13 R-19+R-10 S 6.29 [sqftAGwall | & 15,232 |ASHRAE 1481 RP
5.6 Wall- Above Grade R-19 or R-13+R-5 R-19+R-10 5 5.16 |[sqftAGwall [ & 13,323 |ASHRAE 1481 RP
7.8 Wall- Above Grade R-21 R-19+R-10 S 496 [sqftAGwall | & 12,799 |ASHRAE 1481 RP
45678 Wall- Basement (ci/cavity) R-10/R-13 R-15/R-19 5 1.18 |sqftBMwall| & 1,856 |ASHRAE 1431 RP
56,78 Wall- Crawl Space (cifcavity) R-10/R-13 R-15/R-19 S 118 [sqftCswall | S 928 |ASHRAE 1481 RP
45 Slab (R-value/depth) R-10, 2ft R-10, 4ft S 211 |sq ft perim 5 725 |ASHRAE 1481 RP
6,7,8 Slab (R-value/depth) R-10, 4ft R-15, 4ft 5 324 |sqftperim | S 2,330 |ASHRAE 1481 RP
E Window J 1.20 0.40 5 3.5 |sqftwindow|$ 1,219 |ASHRAE 90.1 ENV
SHGEC 0.40 0.25
E Window u 0.75 0.40 5 2.00 |sq ftwindow | 3 774 |Paquette (2010)
SHGEC 0.40 0.25
2 Window J 0.8 0.0 5 3.00 |sqftwindow|S 1,161 |Paquette (2010)
SHGEC 0.40 0.30
e Window u 0.40 0.30 5 1.00 |sq ftwindow | 3 387 |Paquette (2010)
SHGEC NR 0.40
5678 Window J 0.25 0.0 5 050 |sqftwindow| S 194 |ASHRAE 90.1 ENV
SHGEC NR 0.40

* Unit cost from sources have been adjusted for inflation at a rate listed in RS Means
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Table 4. Itemized 50% Savings Incremental Construction Costs (High Equipment Efficiency Analysis)

Affected Code Requirement
Climate
Zone(s) 2006 IECC Proposed 50% Unit Cost * Per House
1 Air Sealing N/R 5 ACHS0 S 0.26 |sq ftfloor 5 510 |ASHRAE 1481 RP
23 Air Sealing N/R 3 ACH 50 5 041 |sqftfloor | & 955 |ASHRAE 1481 RP
456,78 Air Sealing N/R 2 ACH 50 S 0.57 |sq ftfloor 5 1,337 |NAHB RC (2010)
ALL Blower Door Testing N/R Required S 1B6.04 |per house 5 186 |Southface
4.5 Ceiling Insulation R-38 R-49 S 0.53 |sq ft attic 5 941 |ASHRAE 1481 RP
ALL High Efficacy Lighting 10% (base) 100% s 1.13 [% cfl 5 90 |Local Survey
1,2,345 Duct sealing 15% (base) Inside S 1,691.23 |per house 5 1,691 |Building America
6,78 Duct Sealing 15% (base) Acfm/100sf S 901.99 |per house 5 902 |Building America
ALL Duct Testing M/R Required S 186.04 |per house 5 186 |Southface
56,78 Floor Insulation R-30 R-38 s 0.56 |sq ft bsmt 5 1,001 |ASHRAE 1481 RP
1 Mass Wall R-3 R-4 S 0.11 |sq ftwall 5 291 |ASHRAE 1481 RP
ALL Mechanical Ventilation N/R Required S 43017 |per house 5 430 |Russell (2005)
ALL Prog Thermostat M/R Required S 28.19 |per house 5 28 |Local Survey
ALL R-3 Plumbing N/R R-3 $1,16582 |perhouse |5 1,166 |NAHB RC{2010)
4 Wall- Above Grade R-13 R19crRLI3+R5S | 5 133 [sqftAGwall | 5 3,433 |ASHRAE 1481 RP
3 Wall- Above Grade R-19 or R-13+R-5 R-194R-5 5 231 |sqftAGwall | 5 5963 |[ASHRAE 1481 RP
7.8 Wall- Above Grade R-21 R-194R-5 S 211 |sqftaGwall | & 5,440 |ASHRAE 1481 RP
5,6,7,8 Wall- Basement [ci/cavity) R-10/R-13 R-15/R-19 5 118 |[sgftBMwall| § 1,856 |ASHRAE 1481 RP
56,78 Wall- Crawl Space (cifcavity) R-10/R-13 R-15/R-19 S 1.18 [sqftCSwall | 5 928 |ASHRAE 1481 RP
5 Slab (R-value/depth) R-10, 2ft B-10, 4ft S 2.11 |sq ft perim 5 725 |ASHRAE 1481 RP
7.8 5lah (R-value/depth) R-10, 4ft R-15, 4ft S 3.24 |sq ft perim 5 2,330 |ASHRAE 1481 RP
E Window Y 1.20 030 § 286 |sqftwindow|$ 1,107 |ASHRAE90.1 ENV
SHGEC 0.50 0.25
z Window y 0.75 0.40 5 2.00 |sqftwindow | § 774 |Paquette (2010)
, SHGEC 0.40 0.25
3 Window y 0.65 0.30 5 2.50 |sqftwindow | § 968 |Paquette (2010)
SHGEC 0.40 0.40
e Window y 0.50 0.30 5 1.00 |sqftwindow | § 387 |Paquette (2010)
SHGEC NR 0.40
3.6.7.8 Window Y 053 0.30 § 050 |sqftwindow|$ 194 |ASHRAE90.1 ENV
SHGEC NR 0.40
Heat Pump 13\7.7 14\8.0 S 136.43 |perhouse | 5 136.43 |ASHRAE 1481 RP
1 Furnace 78 78 S - per house 5 338 ASHRAE 1481 RP
Air Conditioner 13 14 S 237.90 |per house ASHRAE 1481 RP
Heat Pump 1377 15\8.5 $1,457.84 |perhouse | § 1,458 |ASHRAE 1481 RP
2.3 Furnace 78 78 S - per house <19 ASHRAE 1481 RP
Air Conditioner 13 15 S 518.64 |per house » ASHRAE 1481 RP
Heat Pump 13\7.7 18\9.5 $ 2,470.32 |perhouse | S5 2,470 |ASHRAE 1481 RP
45 Furnace 78 95 % 1,828.91 |per house s 5 546 ASHRAE 1481 RP
Air Conditioner 13 15 S 518.64 |per house ASHRAE 1481 RP
Heat Pump 13\7.7 18\9.5 $ 247032 |perhouse |5 2,470 |ASHRAE 1481 RP
6,78 Furnace 78 95 % 1,828.91 |per house s 1 830 ASHRAE 1481 RP
Air Conditioner 13 13 S - per house ASHRAE 1481 RP

* Unit cost from sources have been adjusted for inflation at a rate listed in RS Means
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Equipment Efficiency

Historically the IECC had allowed for performance based code compliance which was determined strictly
by total annual energy usage of the dwelling. Changes have been made over time to limit energy neutral
trade-offs in the code. The 2009 IECC was modified to no longer allow credit towards code compliance
for the energy saved due to high efficiency heating, cooling and water heating equipment. This report
analyzed the cost for compliance both with and without the option to use high efficiency equipment.

Cost of Compliance

Table 5 shows the difference in cost between using high efficiency equipment to reach the same level of
performance as a dwelling only being able to use the building envelope to achieve 50% Savings. A
detailed breakdown of the specific costs and measures can be found in Appendix D and E.

Table 5. Incremental Construction Cost for the 50% Savings Design

Construction Cost — Construction Cost —
Climate Zone/City w/ Standard Equipment w/ High Efficiency Equipment
1 Miami $4,974 $4,669
2 Phoenix $7,540 $5,491
3 Memphis $8,660 S$5,569
4 Baltimore $23,349 $8,572
5 Chicago $18,978 $7,119
6 Helena $18,981 $12,766
7 Duluth $18,500 $12,327
8 Fairbanks $18,500 $12,327
Weighted Average $14,681 $7,031

Cost Effectiveness

While various cost effectiveness evaluation criteria can be used, this analysis employs the simple
payback method. The simple payback analysis is easy to understand and it does not make future
assumptions such as general inflation rates, life expectancy of building components, or fuel escalation
rates. Table 6 summarizes the energy cost savings, construction cost, and resulting simple payback for
each climate zone by climate zone and a weighted national average.

Table 6. Cost Effectiveness for 50% Savings Design

; Annual Standard Efficiency Equipment High Efficiency Equipment
Climate ; )
Zone Energy Incremental Simple Incremental Simple
Savings Cost Payback (yrs) Cost Payback (yrs)
1 $646 $4,974 7.7 $4,669 7.2
2 $777 $7,540 9.7 $5,491 7.1
3 $847 $8,660 10.2 $5,569 6.6
4 $850 $23,349 27.5 $8,572 10.1
5 $1,035 $18,978 18.3 $7,119 6.9
6 $964 $18,981 19.7 $12,766 13.2
7 $1,337 $18,500 13.8 $12,327 9.2
8 $1,756 $18,500 10.5 $12,327 7.0
Weighted Avg $907 $14,681 16.2 $7,031 7.9
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The simple paybacks in Table 6 are based on an overall average for all changes in the 2012 IECC relative
to a 2006 IECC baseline. Consequently, some changes result in shorter paybacks than the average simple
payback and some in longer paybacks. This analysis did not calculate the individual payback period for
each modification to the 2012 IECC.

Longer Paybacks

As the codes continue to increase in stringency, so does the time it takes for the energy savings
investment to pay back. Consequently, if the energy code is developed in a rational manner, the cost
effectiveness of each successive code decreases. In Table 7, the simple payback for the optimized 50%
Savings solution is longer when comparing to a more recent version of the code. The basis for the values
in Table 7 was developed from two IECC cost-effective analysis studies performed by Home Innovation
Research Labs (NAHB Research Center 2012-2, 2012-3).

The national average simple payback to get from the 2006 IECC to the 50% Savings (over the 2006 IECC)
is 16.2 years when using standard efficiency equipment; however, if the starting point is the 2012 IECC,
the simple payback for that incremental change to achieve the same 50% Savings over the 2006 IECC the
payback is extended to over 40 years. The same trend is true when using higher efficiency equipment;
however, the paybacks are shorter in all cases indicating that high efficiency equipment is more cost
effective than building envelope improvements.

Table 7. Simple Payback of the 50% Savings Solutions Relative to Different Energy Code Baselines

Climate Standard Efficiency Equipment High Efficiency Equipment
Zone 2006 IECC 2009 IECC 2012 IECC | 2006 IECC 2009 IECC 2012 I[ECC
1 7.7 10.0 12.9 7.2 9.6 12.7
2 9.7 12.9 16.1 7.1 10.0 10.6
3 10.2 12.8 27.5 6.6 8.1 8.2
4 27.5 38.4 81.7 10.1 13.8 234
5 18.3 22.0 50.4 6.9 8.5 17.3
6 19.7 27.4 60.5 13.2 19.0 51.9
7 13.8 17.4 42.6 9.2 10.8 20.0
8 10.5 12.6 23.5 7.0 8.6 16.4
Weighted Avg 16.2 211 43.7 7.9 104 16.8

Relative to the 2006 IECC, some southern climate zones could have achieved a 50% Savings within a 10
year simple payback; however, this would not have been on an incremental basis. This is reflected in
Table 7 where Climate Zones 1, 2, & 3 could achieve 50% Savings in less than 10 years, but there are
points between the 2006 IECC and 50% Savings where the payback exceeds 10 years when evaluating
efficiency changes individually and incrementally. For example, in Climate Zone 3 it takes 9.9 years to
payback the investment to achieve a 50% Savings, but to get to the same level of efficiency starting from
the 2012 IECC, it will take over 27 years. So efficiency changes that were made to get from the 2006 IECC
to the 2012 IECC level took much less than 10 years and the changes necessary to get from the 2012
IECC to 50% will take 27.5, but the overall average is 9.9 years. If an incremental analysis is performed,
somewhere between the 2006 IECC and the 50% Savings there is a point where the incremental savings
exceeds a 10 year payback.
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Figure 3 summarizes the analysis by showing the national average annual cost impact to the consumer
who has taken out a 30 year loan at a 5% rate to finance the incremental cost of the energy saving
upgrades. This analysis only accounts for the cash flow for year one. It does not account for inflation,
fluctuations in energy prices nor does it take into consideration the market value of the upgrades at the
time of resale.

Annual Energy and Incremental Mortgage Cost vs. % Energy Savings
National Weighted Average
$3,000

% Savings= 2006 IECC Ener, - Reference Ener;
g
2006 IECC Heating, Cooling & Water Heating $
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Figure 3. Energy and Mortgage Cost vs. % Energy Savings

The red line shows the optimized cost of ownership when using standard efficiency heating and cooling
equipment. The point where the curve hits its lowest point (around 35%) represents the lowest cost of
ownership. A house built more (or less) efficient will result in reduced cash flow to the consumer.

The green line reflects the annual cost over the specified energy savings range when including higher
efficiency (HE) equipment in the optimized solutions. With the ability to use high efficiency equipment
to achieve code compliance, the builder will have the ability to cost optimize the design of the home and
result in a lower cost of ownership for the consumer. As the homes become more efficient, the need for
high efficiency equipment is more pronounced.

The blue diamonds show the annual energy cost plus incremental mortgage cost for each of the last
three codes and a cost optimized 50% Savings relative to the 2006 baseline (red square and green
triangle). The 2006 and 2009 IECC are close to the optimization line, meaning that the requirements are
nearly cost optimized (based on the options selected in the analysis); however, the 2012 IECC is not
close to the optimization line. This implies that some of new prescriptive requirements in the 2012 IECC
are not optimized and if an unrestricted energy code were to allow for true optimization, the consumer
could save approximately $200/year with the same energy consumption.
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Conclusions

The energy savings calculation methodology used in this analysis provides detailed incremental
construction cost, energy cost savings, and a simple payback for an optimized (minimized cost) 50%
energy savings over the 2006 IECC. The national weighted additional cost to construct to the 50%
relative to the 2006 IECC is over $14,000 and in excess of $23,000 in Climate Zone 4. The national
weighted average annual energy savings from the 2006 IECC baseline to the 50% target is $907 per year.

As energy codes become more stringent, there are diminishing returns on efficiency investments. When
using the 2006 as the starting point, the national average simple payback to achieve 50% Savings is just
over 16 years; if the starting point is the 2012 IECC, the simple payback is nearly 44 years. This is a strong
indicator that energy code efficiency levels are approaching (or have exceeded) their practical
maximums.

The 2012 IECC resulted in increased energy savings; however, prescriptive and mandatory requirements
were not optimized. Cost-ineffective requirements place cost burdens on the builder that are passed
along to the consumer which may never payback. In order to prevent this, the energy code must be
flexible in order to allow the builder to cost optimize the energy performance of the house.

Cost Optimized 50% IECC Prescriptive Analysis 9
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Appendix B:
Optimized Prescriptive Requirements to Achieve 50% Savings with
Standard Equipment
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Appendix C:
Optimized Prescriptive Requirements to Achieve 50% Savings with
High Efficiency Equipment
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Appendix D:
Itemized Incremental Construction Costs with Standard Equipment
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Climate Zone 1, Light Frame and Mass Walls
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Climate Zone 2, Light Frame and Mass Walls
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Climate Zone 3 and 4
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Climate Zone 5, Light Frame and Mass Walls
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Climate Zones, 6,7, and 8
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Appendix E:
Itemized Incremental Construction Costs with High Efficiency Equipment
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Climate Zone 1, Light Frame and Mass Walls
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Climate Zone 2, Light Frame and Mass Walls
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Climate Zones 3 and 4
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Climate Zone 5, Light Frame and Mass Walls

_ 6TT'L [ _ =1S0D [e1UBWaIdU| abeIaAy pailybiap G auoz arewi|D _
6TT L $J99s9  $] [99s79 $] Joer'o $] [€69'9 $| [t129°2 $ 150D [eluaWalou|
dd T8YT AVHHSY | 6.8'T ¢ [H 6/8'T $ 68T $ (68T $ 68T $| w08 mmD m umﬁ Mwnwu MM v  $ mco:_ucowhﬁ_m:wwww
dd T8YT IVHHSY| v6v $| |ver s |ver s| [ver I $| w0z [s6/8T L'1IET asnoytad [or'c $ | dwnd jeeH o1mo9[3

Asnns [edo7| 82 $| [se $| |8z BER $| [8z $ painbay|  d/N asnoy Jed | 8z $ TeIsowssy| boid
(0T02) Od GHVN 0-d dIN asnoy Jad Buiquinid -4
8oejynos| 981 $ | [osT $| [osT  $[ [ost $| |98t $ painbed|  W/N asnoy Jad | 98T $ 1a1se|g 1onq
(S002) I1essnyd| oey $| |oer $] [oer ] [oer $ | [oer $ paiinbay d/N ooy  bs | oey $ Juonrenua A reodlueyos N
dd T8YT AVaHSY| 2eeT  $ ] [Z€€T $] [zeeT $] [26eT $] [ 1ee7 $ 0SHOV Z[ N ssnoysed [ /60 $ Buiess Iy
2oejynos| 981 $| [98T $[]osT ¢ [9sT $| |98t $ painbay[ /N asnoy Jad | 98T $ 100Q Jamo|g
eolBWY buping| - $ - $ - $ - $ - $ %GT (eseq) wst| 8snoy sad s10nQ
Aanns [e2o7| 06 $] [os $] [os $[ |o6 $] [o6 $ %00T (6s®0) %0T B %[ 00T  $ 740
dd T8YT IVHHSY 826 $ 0v0°0 5900 mosequbs[8TT § ENEZR)
dd T8YT IVHHSY sz, $ /0T 2\0T I qe|S
dd T8YT IVHHSY 98T $ 0v0°0 6500 mosequbs[sTT  § SIeM Jwsg
dd T8YT IVHHSY| T00T  $ | [T00T $ 820°0 €€0°0 950 $ S100|4
dd T8YT IVaHSY| - $ - $ - $ - $ - $ €T €T-d asnoy Jad I'eM SSei
dd T8YT IVIHSY| - $ - $ -3 - $ - $ V/N VN jrem 3 bs SIle/M auwelS
dd T8YT IVHHSY| Tv6 $| [tve HIEEIREG HEES $ 920°0 0€0°0 opeybs[eso § sbullied
0v'0 aN | . J9HS
AU3 T°06 IVIHSY/| 76T R s [ve1 s [ver $| [vet $ 0€'0 GE'0 OPUM 3 bs| 050 $ proed-n MOPUIM
aoeds|melrd Jusweseg apelo aoeds|meld juawaseg [ 9% |an4 [ uonnjos [ 22319002 1N 150D 1uUN %G
palusA pauopipuodun | uo ge|s | pauonipuod | pauonipuo) | BunesH %05
90.N0S 1500 %S %GE %0T %S %Sy juswalinbay 8pod ) S|[e/M SSeN
uonnguisig uoliepunoo
6TT'L $]99.'9  $[ [99L79 $] Joev'a $] [€699 $[ [129°2 $ 150D [elUBWaIOU]
dd T8YT AVUHSY | 6/8'T  $ [ 68T $ 68T $ [ 68T $ H 6.8'T $| wos mmD m Nmﬁ Hﬂm“ MM orer § ot coomo_%_w“sww_w
dd T8YT IVHHSY| v6v $| [ver s| [ver s [ver BEGS $| woz |[s6/8T L'LIET asnoysad [0/v'z $ | dwnd jesH ou109(3
Aauns [eoo1| 82 BE? HBE? $[ (s $|[sz $ painbay| /N asnoy Jad | 8z $ TeIsowsay| boid
(0T02) Od GHVN [IEN asnoy Jad Buiquinid €
aogjynos| 98T $| [98T $[ ]98T ¢ |98t $| |98t $ painbayd|  W/N asnoy Jad | 98T $ 1a)se|g 1onq
(G002) IIessnd| oey $| [oer $| [oer ¢ [oer $ | | oev $ paiinbay d/IN 100y Y bs[ oer $ MOIE|USA [edluByIaN
dd T8KT IVHHSY| 26€ T $| [ €€ s [2eeT ¢ | 2ee7T $| [ zee7T $ 0SHOV Z[ dN ssnoysed [ /50 § buiess 1y
8oejynos| 98T $ | [osT $| [osT  $[ |98t $| |98t $ painbad|  u/N asnoy Jad | 98T $ 100Q 18mo|g
eoLswy buiping| - $ - $ - $ - $ - $ %ST (eseq) 9sT| @snoy Jad s1onQ
Aanns eao| 06 $| [o6 $| [o6 $| | o6 $| |06 $ %00T (aseq) %01 B %| 00T $ 140
dd T8YT IVHHSY 826 $ 000 590°0 moseq ybs[8TT  § IleM\ We1D
dd T8YT IVHHSY szl $ /0T Z/0T A qe|S
dd T8YT IVHHSY 968'T $ 000 6500 moseqybs[8TT  § SieM Jwsg
dd T8YT IVaHSY| T00T  $| [ T00T $ 820°0 €00 950 $ S100|4
V/IN VN IleM SSei
dd T8YT IVaHSY| - $ - $ -3 - $ - $ 090°0 090°0 Ilem 3 bs S|le M sweld
dd T8YT IVIHSY| Tv6 $| [1v6 s w6  s| [1ve HEES $ 9200 0€0°0 omeybs[eso § sbuied
0v'0 ENM . J9HS
AU3 T°06 IVIHSY/| 6T $ | [vet s [vet s [ver $| [v6t $ 0€°0 GE'0 opumybs| 050 $ p1oe4-n MOPUIA
womam_\sm‘_o juswaseg apelo womnm_\smk_o juswaseg % |an4 uonnjos | 9031 9002 Hnun 1S0D HuN %SG6
paluUsA pauopipuodun [ uo ge|s | pauonipuod | pauonipuo) | BunesH %05
301N0S 1500 %S %G€E %0T %S %Sy Juswalinbay apod ) S||e/\ pawe.
uonnqgiIsig uonepunoS

27

Cost Optimized 50% IECC Prescriptive Analysis



Climate Zones 6, 7, and 8

[2zeet $] =]S0Q [e3usWaJoU| abelaAY paybiam 8 B L sauoz ajew!| |
/2ETT $[ez9Tr $[ [ezoTt $[] Jeseer $]JossTr  $] [8ver $ 1500 [ejuswalou|
. . . . . 0°€T 0°€T asnoy Jad . auonIpuOD 1Y 0130313
dd T8YT IVHHSY | 0€8'T  $ [— 0€8'T $ [ 0e8'T $ [ 08T $ [ 0e8'T $ | %00T == ol snoq o] 068 T $ SSRUNT 25
- $ - $ -3 - $ - $] %0 |[s6/8T L'LIET asnoy Jad [ 0v'z $ [ dwnd yeaH o110913
Aanng 1eao| gz ¢ 82 [ 82 3 82 [ 82 [ paiinbay o/N asnoy Jad | 8z $ TeIsoway] bold
(0102) O GHVN dIN asnoy Jad Buiquinid &-d
aoejyinos| 981 $ [ [9st $[Jost  $[ [ost $ | 98t $ painbay|  U/N asnoy Jad | 98T $ Jaise|g 10ng
(S002) I1°Ssny| oey $ | [oer $[Joer  $[ [oer $ | [oer $ painbay|  d/N 100y ) bs| ogr $ [uone|nuaA reolueyos N
dd T8YT AVHHSY| Le€'T $ LEE'T $)] [2e€eT ] | eeT $] | eeT $ 0S HOV ¢ N ssnoysed |50 $ Buiress 1y
2oejyinos| 981 $ [ |98t $[Jo8t $[[ost $ | 98T $ painbay| 9N asnoy Jad | 98T $ 100Q Jamo|g
eoLaWYy bulp|ing| 206 $ [ | 206 $[ 206 $[ [zo6 $ | [zo6 $ 4S00T/uydy| (3seq) %St| @snoy sad | Zo6 $ s1onQ
Kauns 2201 06 $| |06 $ | [o6 $ ] o6 $] |06 $ %00T (eseq) %01 B %] 00T  $ 740
d¥ 18T IVHHSY 826 $ 0v0°0 590°0 moseq ybs[ 81T § IleM\ IMeID
dd 18T IVHHSY 0eET $ /ST /0T vZE $ qe|Ss
dd T8YT IVHHSY 958'T $ 0v0°'0 6500 jmeseq ybs[8TT  § SIle M\ Jwsg
d¥ 18T IVHHSY[ T00'T  $| [T00T $ 820°0 €€0°0 jooyybsfos0 ¢ S100]
- $ - $ - 3 - $ - $ VIN VIN e\ SSeiN
dd 18T AvaHSY| ovv's  $| [orv's $[ Jorv's s [owr's $ | [ovr's $ 800 1500 empo ybsf 1Tz $ S|le\ dwel
- $ - $ - $ - $ - $ 9200 9200 sbuiied
0%'0 N . D9OHS
AUT T'06 IVIHSY| 76T $| [vet $| |6t $] |v6T $] [ver $ 0€°0 SE€'0 opumM 3 bsi 050 $ proed-n MOPUIA
aoeds|meid juswaseg apelo aoeds|meld juswaseg | 9 [an4 | uonnjos | 22319002 1N 1S0D 1un %00T
pajusA pauonipuodun | Uo ge|S | pauonipuod | pauonipuo) | Buneay %05
92IN0S 150D %S %0T %S %S %GL Juawalinbay apod 1500 S|leM pawely
uonNqgUIsIg uonepunoS
_ 99/2T $ _ =1S0) [eIUdWaIoU| abeiany paiybiap 9 auoz arewl|d _
99/ 7T s[estet $] [er1et $] [ssttr $] Jooter  $] [veoer $ 1500 [ejuswalou|
. . . . . 0°€T 0°€T asnoy Jad \ auonIpUOD 1Y 01303|3
dY T8YT IVHHSY | 8EL'T ¢ [ 8EL'T $ [ 8ELT & [H8ELT $ [ 8eL'T $| %86 oo ol Ssnoq o0 ] 268 T $ SSEUNT 25
d¥ 18T AVHHSY| vzt $| [vet s [ver  $[ [ver $| [ver $] %S |[s6/8T LLIET asnoy Jad [ 0p'z $ [ dwnd yeaH o110913
Aanns [eao| 8z $| |se $| [8e $| [8e NES $ paiinbay d/IN asnoy sad | 82 $ yeisoway| Boid
(0T02) O GHVN 0-d dIN asnoy Jad Buiquinid o
aoejyinos| 981 $ [ |98t $[Jost  $[[ost $ [ 98t $ painbay|  U/N asnoy Jad | 98T $ Jaise|g 1ong
(S002) I1°Ssny| oey $ | [oer $[Joer  $[ [oer $ | [oer $ painbay|  d/N 0oy ) bs| ogr $ [uone|nua A reolueyos iy
d¥ 18T AVHHSY| e€' T $| | LeeT $| |seeT §| |le€T $| | zeeT $ 0SHOVZ|] dIN asnoytad [ /50  § buifeas v
aoejyinos| 981 $ [ [98t $[Jost  $[[ost $ | 98T $ painbay|  W/N asnoy Jad | 98T $ 100Q Jamo|g
eoLaWYy bulp|ing| z06 $ [ | 206 $[ [zo6 $[ [z06 $ | [zo6 $ 4S00T/uydy| (8seq) %StT| @snoy sad | Z06 $ s1onQ
Kanuns [e207| 06 $| |06 $] o6 $] o6 $[]os $ %00T (eseq) %01 %] 00T $ 740
d¥ 18T IVHHSY 826 $ 0v0°0 590°0 moseq ybs[ 81T  § Il_A\ IMeID
-3 /0T /0T qe|lS
9G8'T $ 0v0°'0 6500 jmeseq ybs[8TT  § S|le M\ Jwsg
T00T  $[ [T00T $ 820°0 €€0°0 950 $ S100]
- $ - $ - 3 - $ - $ VIN VIN e\ SSeIN
dd 18¥T IvaHSY| €96's  $| [€96'S $| |€96's $| |€96's $| | €96's $ 800 0900 lemjpoybsfiez  § S|le\ swel
- $ - $ - 3 - $ - $ 9200 9200 sbuiied
0%'0 d/IN D9OHS
AUT T'06 IVIHSY| 76T s [vet s vt s [ver $|[ver $ 0€°0 S0 mopumubs| 050 $ proed-n MOPUIA
mocaw_\sm_o juswaseg apelo wo.mn_w_\smho juswaseg % |9an4 uonnjos | 9231 9002 uun 1S0D 1un %00T
pajuan pauonipuodun | Uo ge|S | pauonipuo) | pauonipuo) | Bunesy %05
90IN0S 150D %S %0T %S %S %S juswalinbay apod 1500 S|leM pawely

U0NNQIISIg UolepuUnoS

Cost Optimized 50% IECC Prescriptive Analysis

28






&l

Home Innovation
RESEARCH LABSM™



