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Executive Summary

This case study investigates the viability of constructing the high performance Canyon View
Home, originally built in 2016, in the current construction landscape of 2025. Using the xStar
software and a detailed Revit model, the study analyzed the design's cost, energy performance,
and compliance with the 2021 International Energy Conservation Code (IECC), while also
exploring cost-saving alternative designs. The project further serves to validate xStar's analytical
capabilities against original project data.

Key Findings

xStar confirms IECC 2021 compliance of the original design.

The original Canyon View Home design, with its R-41 SIP walls and roof, R-10 slab, and R-20
ICF foundation, remains code compliant in 2025 under IECC 2021. xStar demonstrates that the
UA compliance of the original design is still approximately 23% better than code.

Original design has a significant cost premium compared to code minimum design.
Replicating the original high performance design in 2025 incurs an estimated $182,000 (31%)
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higher first cost compared to a code minimum compliant version of the home. This substantial
premium highlights the financial investment required for achieving superior energy efficiency.

Above-code upgrades have a long financial payback period (in this case).

Based solely on heating and cooling electricity savings, the simple payback period for the
original design's efficiency upgrades is estimated to be between 131 and 246 years. This
indicates that the primary driver for such high performance construction is unlikely to be
short-term financial return.

Above-code upgrades have strong non-financial benefits.

Beyond financial metrics, the high performance design offers compelling environmental and
comfort advantages, including annual carbon emission reductions (equivalent to 3,280-5,452
miles not driven in a standard gas powered vehicle) and improved indoor air quality and sound
attenuation due to enhanced airtightness. These benefits are key motivators for selecting
above-code construction.

xStar shows good agreement with measured costs and energy metrics.

The study successfully validated xStar's accuracy with its 2025 cost and energy estimates
showing good alignment (within 3-19% for cost and 5% for energy load on average) with
inflation-adjusted 2016 as-built data. This confirms xStar as a reliable and efficient tool for high
level building performance and cost analysis and optimization.

Design optimization using xStar is feasible.
xStar proved instrumental in quickly generating, analyzing, and optimizing alternative designs
aimed at reducing first costs.

e The Alt #1 design achieved a $30,000 (4%) cost reduction with minimal impact on
energy performance, primarily through material and finish substitutions.

e The Alt #2 design, incorporating a shift from SIPs to a high performance stick-framed
wall system, yielded further cost savings of approximately $59,000 (8%) while still
significantly outperforming code minimums (21% better UA).

Conclusion

The As-Built Canyon View Home's design remains a highly efficient and code-compliant
residence in 2025, offering significant non-financial benefits related to environmental impact and
occupant comfort. While its premium cost results in a long financial payback, the case study
demonstrates that cost-effective, high performance construction is achievable by
strategically optimizing material choices and structural systems, as shown through the
alternative designs generated by xStar. The xStar software proved to be an invaluable tool for
rapid comparative analysis, enabling informed decision-making for current and future building
projects.
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Introduction

Design Narrative

Designed in 2015 and built in 2016, the Canyon View Home is a high performance residence
that keeps its occupants comfortable year-round in the high desert of Northern New Mexico.
Located at approximately 7,000 ft of elevation in climate zone 5B, the single family home
features an open 1,974 SF floorplan with 2 bedrooms, 2.5 baths and an attached 931 SF
garage/shop with 953 SF of upstairs auxiliary space. The building features a visible internal
lumber post and beam structural system that has a unique visual appeal and helps increase the
home’s performance by reducing thermal bridging. With R-41 polyurethane SIP walls and roof,
an R-10 slab-on-grade floor, and R-20 ICF foundation walls, the design far exceeded the
requirements of the 2009 International Energy Conservation Code (IECC), the applicable
energy code when it was built. The building design still meets energy code requirements for
today’s 2021 IECC.
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Revit rendering of the Canyon View Home.

Goals of the Case Study

Given the significant changes to energy code requirements and construction costs between
2016 and 2025, the xStar team was interested in assessing the viability of constructing the
Canyon View Home design today. Using a Revit model of the Canyon View Home design and
xStar Research’s Autodesk plugin, the team was able to quickly and efficiently generate costing
and energy analysis data for the design.

Since the Canyon View Home design has completed energy modeling and costing from its
original construction in 2016, the project also serves as an ideal validation project for the xStar
software. Additionally, the project is an excellent example for potential xStar users and provides
insight into the xStar buildout and comparison process.

Copyright © 2025 xStar Research. All rights reserved. 4
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Methodology

To assess the viability of building the Canyon View Home in 2025, the Revit model of the
Canyon View Home was imported to xStar. An as-built design (“CVH As-Built”) and an
automatically generated code minimum version (“CVH Code Min”) were built out with custom
and pre-built assemblies. The thermal envelope for both designs was the same and both
designs were costed using the whole building cost estimation option in xStar.

The “CVH As-Built” design features custom assemblies with components that match those used
in the original 2016 build. The “CVH Code Min” design features a combination of per-built and
custom code minimum assemblies with finishes and fixtures that match those in the original
build. This design was created using the initial auto code minimum design as a starting point
and then swapping in custom versions of the pre-built code minimum assemblies that had been
edited to more closely match the finishes of the original design. After building out these two
designs, it was easy to compare the original design to a code minimum version and assess the
cost and energy metrics within the xStar software.

In addition to the two initial designs, the team chose to explore alternative assembly options with
the goal of reducing build cost while maintaining efficiency. This led to the creation of two
alternative designs: “CVH Alt #1” with different finishes and garage insulation material, and
“CVH Alt #2” with a switch to stick framed walls in addition to the changes in the first alternative
design.

The Appendix contains more information on the process of building out each design and the
design details.

Copyright © 2025 xStar Research. All rights reserved. 5
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The table below compares key metrics between the original As-Built design, an IECC 2021
Code Minimum design, and the two alternative designs discussed in the Methodology section.
Subsequent subsections present and discuss the results in detail.

Heating &
Design Name First Cost ($k) Cooling Load Total (Max) UA UA Compliance
(Btu/hr-F)
(MBtul/yr)
0 _ 0,
CVH As-Built $702 - 845 36 - 67 248 - 260 (331) ,f:’ttlf’ t;;ntij;
) _ o)
CVH Code Min $531 - 652 54 - 96 330 - 368 (331) w%fsﬁ t;/ar? foge
0, _ (o)
CVH Alt #1 $673 - 814 37 - 67 248 - 261 (331) s;ltgft;;ntgd/;
o _ 0
CVH Alt #2 $644 - 784 37 - 68 253 - 268 (331) 5 ;t'tif tr:re/anzcﬁd/:z

xStar building performance metrics for the As-Built Canyon View Home,
Energy Code Minimum version, and Alternative Design versions.

Comparison with 2021 Energy Code Minimum Construction

The code minimum version of the as-built design features stick framed walls and roofs with
IECC 2021 prescriptive levels of insulation. This results in a lower continuous insulation value
for the external walls in the main house, higher continuous insulation values in the heated
auxiliary upstairs space, an equally insulated slab and upstairs floor system, and a higher
continuous insulation value for the roof system. The windows on the code minimum model are
double pane versus the triple pane windows on the original model. All finishes and fixtures are
equivalent between the two models except for minor differences in ceiling materials. This
allowed for comparison of only the different thermal envelope composition.

When comparing the As-Built and Code Minimum designs, it is important to look at both cost
and energy data. The As-Built Canyon View Home is approximately $182,000 (or 31%) more
expensive and has a heating and cooling load that is approximately 24 MBtu/year (or 32%) less
than its code minimum counterpart. Since the finishes and fixtures have been set to equivalent
values, the difference in cost and heating/cooling load is the result of efficiency measures above
code minimum that are used in the Canyon View Home. In addition to the heating/cooling load
and cost data, xStar’s total (Max) UA Compliance metrics shows that the As-Built Canyon View
Home exceeds IECC 2021 code compliance at approximately 23% better than code.

Copyright © 2025 xStar Research. All rights reserved. 6
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Heating & Cooling Load

First Cost
CVH As-Built ([l $702,208.63 - 844,598.13 2
CVH Code Min ([ $531,210.25 - 651,658.88
Heating & Cooling Load
CVH As-Built [l 36.33 - 66.5 MBtu/yr
CVH Code Min [l 54.34 - 96.41 MBtu/yr

Heating Load

L
/ |
CVH Code Min [ 42.98 - 62.89 MBtu/yr

Monthly Energy (MBtu/month)

CVH As-Built [ 21.95 - 31.67 MBtu/yr

Cooling Load 2
CVH AS-BU”t . 14.37 - 34.84 MBtu/yr Feb Mar Apr May Jun Jul Aug Sep Oct Nov
CVH Code Min [ 11.36 - 33.52 MBtu/yr 0 Category
First Cost and Hgating & Cooling_Load buildiqg Annual Heating & Cooling Load graph for the
performance metrics for the As-Built Canyon View | as-Byilt Canyon View Home and the Energy Code
Home and the Energy Code Minimum version with Minimum version with equivalent finishes and
equivalent finishes and fixtures. fixtures.

The total payback period for the upgrades from code minimum can be estimated from the
annual cost difference for heating and cooling. According to the EIA, residential electricity in
New Mexico is $0.1487/kwh' in March 2025. Assuming that the Canyon View Home is heated
and cooled with electricity, we find that the annual electricity bill savings due to reduced heating
and cooling needs is $784.68 - $1,303.15 per year.

Thus, the simple payback period is 131-246 years, showing that from a purely financial
perspective, the efficiency upgrades in the Canyon View Home are not worthwhile investments.
However, this payback period, and the above cost per year value, must be qualified:

1. Heating and cooling load is less than the total energy demand for the building due to
heating and cooling system efficiencies and other loads such as appliances and lighting.
This will result in a slightly reduced payback period.

2. The As-Built Canyon View Home has a solar thermal system with backup gas heating for
the hydronic system. The cooling system is a fully electric chiller system. Thus, some
heat is supplied by gas, not electricity.

Overall, these qualifications mean that, while the simple payback period is helpful for
understanding the difference between the original design and the code minimum alternative
design, the values should only be used for high level analysis.

" EIA State Profile and Energy Estimates data: https://www.eia.gov/state/data.php?sid=NM

Copyright © 2025 xStar Research. All rights reserved. 7
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Why might one choose the as-built design over the code minimum design? Calculating the
annual savings in carbon emissions for the reduced heating and cooling load of the As-Built
design shows there are 1.42-2.36 US Tons of CO2e? saved per year by the As-Built design. This
is roughly equivalent to 3,280-5,452 miles® not driven by an average gasoline powered
passenger vehicle. Additionally, due to the increased air tightness of the Canyon View Home, air
quality and sound pollution in the home are likely significantly better than that of the code
minimum version.

Analysis Validation

Cost and energy analysis data for the original Canyon View Home in 2016 are compared with
xStar building performance estimates in the table below. When metrics are adjusted for 2025,
xStar’s results show good agreement.

2016 Design xStar Estimate
Adjusted for 2025 for 2025 (average)
First Cost (2025 USD) $867,000 $702,000 - 845,000
($773,000)
Heating & Cooling Load (MBtu/yr) 54 36-67 (51)

Comparison of construction inflation-adjusted 2016 as-built design performance
with xStar’s estimates for 2025.

Cost Analysis

The constructed cost for the original Canyon View Home in 2016 was approximately $591,000
excluding tax and design work. When adjusted to 2025 prices using the Craftsman Construction
Cost Index*, we expect the cost to be about $867,000.

As shown above, xStar estimates the cost for the As-Built Canyon View Home in 2025,
excluding tax and design work, to be between $702,000 and $845,000. This value is
approximately 3-19% lower than the expected total cost. Discrepancies in cost could arise from
a variety of factors including:

e The Craftsman Construction Cost Index is a national price index which may not account
for the true changes in local construction costs.

2 Emissions factor of 7.1509x10° kgCO2e/Btu provided by data source from Canyon View Home local
Department of Public Utilities in 2022.

% Miles driven by an average gasoline-powered passenger vehicle calculated using EPA's Greenhouse
Gas Equivalents Calculator tool:

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator#results
4 See appendix for details on construction inflation and cost adjustment for the Canyon View Home.
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e The total As-Built cost for the actual construction included a number of items that were
not included in the xStar budget including miscellaneous expenses, a jobsite porta potty,
and fascia.
xStar’s As-Built model did not include overage (typically 5-10% of total price).
xStar’s report costs exclude markup.

Given these discrepancies, it is not surprising the expected cost is at least slightly higher than
that generated by xStar’s software. However, overall, the first cost estimated by xStar is a
reasonable estimate for the total first cost of the Canyon View Home if it were built in the same
location in 2025.

Heating & Cooling Load Analysis

When compared to the modeled heating and cooling loads for the constructed Canyon View
Home, the xStar values are relatively accurate. The total annual heating and cooling load
modeled for the original building was 54.3 MBtu/yr versus the xStar generated total annual
heating and cooling load of 36.33-66.50 MBtu/yr (51.42 MBtu/yr average). The average As-Built
Canyon View Home heating and cooling load value is about 5% lower than the total heating and
cooling load that was expected. Discrepancies in heating and cooling load could arise from a
variety of factors including:

e xStar does not currently include HVAC efficiencies, ground heat transfer, or latent heat
gains in its heating and cooling load calculations.

e xStar’s heating and cooling loads use average infiltration rate, solar heat gains, and
average internal gains (people + plug loads + lighting).

e The As-Built Canyon View Home heating and cooling loads were modeled in REM/Rate
which uses an hourly simulation engine while xStar currently uses an average monthly
simulation and balance point methodology.

e REM/Rate calculation methodology is slightly different from RESCheck U-value
calculation methodology.

Energy Code Compliance Analysis

IECC 2021 Code Compliance of Original Model: When assessing the UA compliance of the
modeled Canyon View Home, it is easy to quickly identify that the As-Built Canyon View House
design would be code compliant if built in 2025 using IECC 2021. In fact, the design is
significantly better than code, with a total UA value approximately 23% better than the maximum
allowable UA value.

Total (Max) UA UA Compliance
CVH As-Built . 248 - 260 (331) Btu/hr-F CVH As-Built . 23.1 £ 1.9% better than code
CVH Code Min . 330 - 368 (331) Btu/hr-F CVH Code Min . 5.5 + 5.9% worse than code

Snapshot of xStar’s Total UA and UA Compliance Metrics for the As-Built Canyon View Home design and
the Code Minimum version of the Canyon View Home.

Copyright © 2025 xStar Research. All rights reserved. 9
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Given the difference in the energy code used during the original design in 2015 and the energy
code used to develop the code minimum design alternative in xStar’s software, differences in
total UA value were expected. However, the total UA value for the As-Built design was
significantly lower than that of the code minimum design, meaning the original design would still
outperform the same building if it was designed with IECC 2021 code minimum assemblies.
This can be credited to the high overall insulation values in the original design and speaks to the
increased efficiency of the original design versus a code minimum version.

Alternative Canyon View Home Designs

After assessing the As-Built Canyon View Home design data, the xStar team wanted to know if
there was any way in which the design could be optimized in 2025. Using xStar’s capacity to
quickly and easily generate alternative designs and assemblies, the team sought to create a
lower cost design with similar energy performance. Additionally, the team aimed to use material
with lower embodied carbon in these designs in order to further optimize the designs.

First Cost

CVH As-Built . $702,208.63 - 844,598.13
CVH Alt #1 $672,936.25 - 814,260.38

Heating & Cooling Load

CVH As-Built () 36.33 - 66.5 MBtu/yr
CVHAIt#1 [ 36.62 - 67.39 MBtu/yr

CVH Alt #2 $643,653.38 - 784,163.5

Total (Max) UA UA Compliance

CVH As-Built . 248 - 260 (331) Btu/hr-F CVH As-Built . 23.1 + 1.9% better than code
CVH Alt #1 248 - 261 (331) Btu/hr-F CVH Alt #1 23.0 £ 1.9% better than code
CVH Alt #2 253 - 268 (331) Btu/hr-F CVHAIt #2 21.3 £ 2.2% better than code

CVH Alt #2 36.91 - 67.58 MBtu/yr

Snapshot of xStar’s building performance metrics for the As-Built Canyon View Home design and two
alternative Canyon View Home designs.

Alternative Design #1 (CVH Alt #1)

In the first alternate design, the team tried to reduce the first cost while maintaining the
insulation level of the thermal envelope. To achieve this goal the siding material and both
internal and external ceiling materials were adjusted. Additionally, insulation material in the stick
framed garage walls and ICF foundation walls were replaced with lower emission alternatives.
Full details of the adjustments can be found in the Appendix.

Copyright © 2025 xStar Research. All rights reserved. 10
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Heating & Cooling Load

First Cost

CVH As-Built ([l $702,208.63 - 844,598.13 ’
CVH Alt #1 [ $672,936.25 - 814,260.38

Heating & Cooling Load ’

CVH As-Built [ 36.33 - 66.5 MBtu/yr
CVH Alt #1 [ 36.62 - 67.39 MBtu/yr

gy (MBtu/month)
IS

Total (Max) UA \ /

CVH As-Built . 248 - 260 (331) Btu/hr-F
CVH Alt #1 248 - 261 (331) Btu/hr-F ,

Monthly E
w

UA Compliance

CVH As-Built @ 23.1 + 1.9% better than code
CVH Alt #1 23.0 + 1.9% better than code 0

Jan  Feb  Mar  Apr  May Jun  Jul  Aug Sep Oct Nov  Dec

Category

xStar building performance metrics and heating & cooling load graph for As-Built and Alt #1.

When compared to the As-Built design, Alt #1 achieved the goal of lower cost and maintained
insulation with an approximately $30,000 (4%) decrease in cost and a less than 0.5% difference
in total UA. However, the total annual heating and cooling load did increase approximately 1%
with the majority of the difference being between March and October. This increase in heating
and cooling load may be explained by the fact that the R-19 natural fiber batt insulation used in
Alt #1 was slightly deeper than the original R-19 fiberglass batt insulation in the garage and
auxiliary space walls. This meant that the natural fiber insulation would be slightly compressed,
resulting in a slightly lower effective R-value.

Although xStar does not yet report embodied carbon values for the two designs, it can be
assumed that the total global warming potential (kgCO2e) of Alt #1 would be lower than that of
the As-Built Canyon View Home. This is due to the comparatively lower embodied carbon
values of the alternate siding and insulation materials. Once xStar reports embodied carbon
values, a numerical value for global warming potential should confirm this assessment.

Alternative Design #2 (CVH Alt #2)

In the second alternate design, the team wanted to explore the impact of adjusting the SIP wall
system to a stick framed wall system. The original goal of reducing the first cost while
maintaining the insulation level of the thermal envelope remained. The change to stick framed
walls was applied in addition to the changes already applied in Alt #1 in an attempt to build on
the first cost savings. Similar to the goal of reducing embodied carbon in Alt #1, choices for
insulation material in the stick framed wall were centered around reducing global warming
potential while maintaining the level of insulation. The final stick framed wall assemblies used
2x6 framing at 24” OC with R-23 rockwool batt insulation and R-19 polyisocyanurate continuous
external insulation.

Copyright © 2025 xStar Research. All rights reserved. 11
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The final Alt #2 design reduced the first cost even further than Alt #1, with a decrease of
approximately $59,000 (8%) decrease in cost from the original Canyon View Home. This
reduction in cost did come with a very minimal increase in total UA and annual heating & cooling
load but the Alt #2 design total UA value is still significantly better than the code minimum at
approximately 21% improvement on code. The total UA for Alt #2 is approx 3% higher than the
As-Built design and the annual heating & cooling load increased approximately 1 MBtu/yr (2%)
from the As-Built design.

Heating & Cooling Load

First Cost
CVH As-Built ([l $702,208.63 - 844,598.13
CVHAIt#2  $643,653.38 - 784,163.5
Heating & Cooling Load

CVH As-Built ([l 3633 - 66.5 MBtu/yr
CVHAIt#2  36.91 - 67.58 MBtu/yr

Total (Max) UA

Monthly Energy (MBtu/month)

-
3
CVH As-Built [l 248 - 260 (331) Btu/hr-F
CVHAIt#2 253 - 268 (331) Btu/hr-F i
UA Compliance
1
CVH As-Built @ 23.1 + 1.9% better than code
CVH Alt #2 21.3 £ 2.2% better than code Jan  Feb  Mar Apr  May Jun Ju  Aug  Sep Oct Nov Dec

Category

xStar building performance metrics and heating & cooling load graph for As-Built and Alt #2.

The total global warming potential (GWP) of Alt #2 is harder to estimate in comparison to the
GWP of the original design. This is due to the complexity of the stick framed walls used in Alt #2
in place of the SIP walls. Based on the changes made in Alt #1, which were also applied to Alt
#2, we can assume that Alt #2 starts with a lower GWP value than the original. However, the
polyurethane core SIPs must be compared to the 2x6@24” OC wall with R-23 rockwool and
R-19 polyisocyanurate foam continuous insulation. This comparison is more complex without
the embodied carbon metrics in xStar so a conclusion related to the total building GWP value
will have to wait for the future embodied carbon functionality in xStar.

Conclusions

This case study effectively used the xStar software to analyze the viability of constructing the
Canyon View Home design in 2025, providing valuable insights into cost, energy performance,
and code compliance. The analysis also served as a successful validation of xStar's capabilities
by demonstrating good agreement with the original energy modeling data and the actual
construction costs.
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1. The Canyon View Home Design Remains High-Performing and Code Compliant in
2025, but at a Cost Premium:

e The original Canyon View Home design, built in 2016, significantly exceeds current
2021 IECC energy code requirements, with a total UA value approximately 23% better
than the maximum allowable. This demonstrates the enduring efficiency of the original
high performance design choices.

e However, constructing the Canyon View Home in 2025 at its original specification would
incur a substantial cost premium of approximately $182,000 (31%) compared to an
IECC 2021 code minimum equivalent. This highlights the increased costs associated
with achieving superior energy performance.

2. xStar Provides Valuable Insight into Financial & Non-Financial Aspects of High
Performance Upgrades above IECC 2021:

e Based on electricity savings for heating and cooling, the efficiency upgrades above IECC
2021 in the Canyon View Home result in a very long simple payback period of
131-246 years. This strongly suggests that homeowners primarily focused on upfront
cost and financial returns from energy savings over their occupancy period likely will not
find these particular efficiency upgrades worthwhile. Limitations in this simple payback
calculation mean that the actual payback period could be slightly shorter, but still likely
quite long.

e Despite the long financial payback, the case study underscores significant non-financial
benefits of the Canyon View Home's high performance design. These include annual
carbon emission reductions of 1.42-2.36 US Tons of CO2e (equivalent to 3,280-5,452
miles not driven), and likely superior indoor air quality and reduced sound pollution
due to increased airtightness. These factors may be compelling for environmentally
conscious occupants or those prioritizing comfort and well-being.

3. xStar Demonstrates Robustness in Cost and Energy Analysis:

e The comparison between the inflation-adjusted 2016 as-built data and xStar's 2025
estimates shows good agreement for both first cost and heating & cooling loads.
xStar's first cost estimate was within 3-19% of the expected total, and the average
heating and cooling load estimate was only 5% lower than the expected total. This
validates xStar as a reliable tool for quick and efficient costing and energy analysis of
building designs.

e Acknowledged discrepancies in cost and energy calculations (e.g., national vs. local cost
indices, excluded miscellaneous costs and overages, differing modeling methodologies)
highlight areas for more detailed design buildout and areas of future refinement in xStar
but do not undermine the software’s overall utility for high-level analysis.

4. Using xStar for Optimization to Generate Alternative Designs Offers Cost Reduction
with Minimal Performance Compromise:

Copyright © 2025 xStar Research. All rights reserved. 13
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The exploration of alternative designs within xStar successfully demonstrated pathways
to reduce the first cost while largely maintaining the high energy performance of
the Canyon View Home.

The Alt #1 Design achieved an approx. 4% cost reduction with a negligible difference in
total UA and only a 1% increase in heating and cooling load, primarily through changes
in finishes and garage/foundation insulation.The Alt #2 Design, built off the changes in
Alt #1, was able to achieve an approx. 8% reduction in cost with only a slight increase in
total UA (2.6%) and annual heating & cooling load (1.6%) by shifting all external walls to
stick-framed assemblies. These achievements demonstrate the design comparison of
xStar and the ability to quickly optimize designs within the software.

5. Embodied Carbon Consideration is a Promising Future Enhancement for Design
Optimization:

The case study highlighted the team's intent to explore lower embodied carbon materials
in the alternative designs. While xStar does not yet provide embodied carbon metrics,
the selection of materials like natural fiber batt insulation and rockwool suggests a move
towards more sustainable choices.

The future integration of embodied carbon values into xStar will be a crucial
enhancement, enabling a more comprehensive optimization of designs for both
operational energy efficiency and lifecycle environmental impact, particularly for complex
comparisons like SIPs versus stick-framed walls.

Copyright © 2025 xStar Research. All rights reserved. 14
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Appendix

xStar Buildout Process

Once a user opens the xStar plugin, they are asked to define a few project properties and
values, decide if they’d like the software to automatically generate a code minimum version of
their design using code minimum assemblies, and then select the thermal envelope. Once these
steps are completed, users must define the assemblies used in their design to complete the
xStar design buildout. The time for this process can vary significantly depending on the
complexity of the design you are building out. Typically, assembly buildout is less than 5 minutes
per unique assembly. Additionally, users need to review the automatically generated code
minimum model for accuracy.

The Canyon View Home is a complex design with over 100 unique assemblies. The HVAC
system for the house is atypical, combining a solar thermal and hydronic system for heating and
domestic hot water with a chiller unit for hydronic cooling and an additional mini split system to
heating and cooling the auxiliary space above the garage. Given the complexity of the project,
the xStar team expected the xStar model buildout to require a significant upfront time
investment but to provide critical information on total building cost and energy requirements in
less time than completing these analyses via hand calculations or in two separate pieces of
software.

From opening xStar to completing the buildout, including about an hour spent editing the Revit
model, the As-Built Canyon View Home xStar buildout took approximately 4 hours. Reviewing
and adjusting the auto code minimum model took an additional 3 hours due to the sheer number
of unique assemblies involved in the design. Given the complexity of this project, the total
buildout time was not too surprising. Additionally, after the initial investment of time to create
custom assemblies for the design, generating results for design alternatives or thermal envelope
adjustments was extremely quick and easy.

When we break down the time spent on each assembly category, a very compelling image of
the ease and speed of xStar emerges: assembly buildout in xStar typically takes about 2
minutes per unique assembly type. This information can be used to help users assess the total
time to build out a project in xStar. Also note, once you have built out your original set of
assemblies, editing and adjusting assemblies is very fast so making alternative designs is much
faster than the initial buildout process!

Assembly Category Total # of Approx. Time
Time Assembly per Assembly
Types
Wall Assembly Buildout* 27 min 14 types 2 min each
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Floor Assembly Buildout 32 min 7 types 4.5 min each
Structural Assembly Buildout 9 min 10 types >1 min each
Stair Assembly Buildout 1 min 1 type 1 min each
Ceiling Assembly Buildout 3 min 3 types 1 min each
Window Assembly Buildout 14 min 16 types >1 min each
Door Assembly Buildout 20 min 18 types 1 min each
Roof Assembly Buildout 19 min 7 types 3 min each
Foundation Assembly Buildout* 21 min 4 types 3 min each
Fixtures Buildout? 26 min 20 types 1.5 min each
HVAC Buildout® 15 min 5 types 5 min each

*Pre-calculating rebar requirements for concrete kept these times low.

AFixture and HVAC Assembly buildout typically includes assessing individual line items that are linked to assemblies, meaning
additional time is spent. 24 fixture line items and 5 HVAC line items were individually reviewed for accuracy and 5 additional fixture
line items were added.

Breakdown of time spent in each part of the xStar analysis process.

In addition to creating an As-Built model of the Canyon View Home design and adjusting the
code minimum version, two alternative designs were created to explore methods of reducing
cost while trying to maintain high levels of energy efficiency. CVH Alt #1 was created by first
copying the Canyon View Home design and then swapping in custom assemblies. These
custom assemblies were created by copying assemblies we wanted to experiment with, then
using a side by side comparison of the assembly view cards to quickly compare assembly
performance metrics. With both card views open, individual components were swapped out in
the copied assembly until the desired changes were completed. After the adjusted assembly
was satisfactorily completed, the name and description of the new assembly was edited and
then the new assembly was swapped into the place of the original assembly.

In the CVH Alt #1 design, the following changes were made. Stucco siding was swapped for
panel fiber cement siding in all appropriate locations. All interior T&G ceilings were swapped to
drywall with paint and exterior porch ceiling materials were swapped for painted sheathing. All
R-19 fiberglass batt insulation materials in insulated garage walls were swapped for R-19
natural fiber insulation. XPS ICF foundation walls we swapped for EPS ICF foundation walls.

After these changes were made, a copy of CVH Alt #1 was made, then renamed CVH Alt #2. In
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this design, all R-41 SIP walls were swapped for a 2x6 stick framed, 24"OC wall with R23
rockwool & R-19ci polyisocyanurate insulation.

Canyon View Home Case Study Design Details

Design Name Buildout Details*

CVH As-Built R-41 SIP walls, R-41 SIP Roof, R-19 fiberglass batt stick framed
garage, R-56 TJI framed auxiliary/garage roof, triple pane windows &
glass doors, high end finishes, some T&G ceilings, some drywall
ceilings, R-10 colored slab-on-grade floor, R-20 XPS ICF foundation
walls, stucco siding, metal roofing.

CVH Code Min R-21+5ci stick framed walls (including thermal envelope walls of
upstairs), R-60 stick framed Roof, R-19 fiberglass batt stick framed
garage, R-60 stick framed auxiliary/garage roof, double pane
windows & glass doors, high end finishes, interior drywall ceilings &
exterior painted sheathing ceilings, R-10 colored slab-on-grade floor,
R-22 ICF foundation walls, stucco siding, metal roofing.

CVH Alt #1
R-41 SIP walls, R-41 SIP Roof, R-19 natural fiber batt stick framed

garage, R-56 TJI framed auxiliary/garage roof, triple pane windows
&glass doors, high end finishes, interior ceilings drywall, exterior
ceilings painted sheathing, R-10 colored slab-on-grade floor, R-22
EPS ICF foundation walls, panel fiber cement siding, metal
roofing.

CVH Alt #2
R23 rockwool + R19ci polyisocyanuratestick framed @24"0OC

walls, R-41 SIP Roof, R-19 natural fiber batt stick framed garage,
R-56 TJI framed auxiliary/garage roof, triple pane windows &glass
doors, high end finishes, interior ceilings drywall, exterior ceilings
painted sheathing, R-10 colored slab-on-grade floor, R-22 EPS ICF
foundation walls, panel fiber cement siding, metal roofing.

* Design detail changes from the Canyon View Home are noted in bold.

Cost Adjustment Methodology

The original 2016 construction costs were manually adjusted to 2025 construction costs using
the Craftsman Construction Cost Index. Unlike the Consumer Price Index (CPI), a construction
cost index is focused specifically on a construction related ‘basket of goods’, typically building
materials and construction labor. Raw and manufactured materials and construction industry
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labor costs will typically make up a larger portion of the inputs in the construction cost index’s
‘basket of goods’ than in the CPI’s, meaning that price changes in these inputs have a larger
impact on the construction cost index than in the CPI. As a result of imbalances in supply and
demand, supply chain issues and overall market volatility, rising prices of these items has
typically outpaced that of the CPI°.

By using a construction price index to adjust the as-built cost rather than the CPI, the xStar
team was able to more accurately estimate the cost of building the original Canyon View Home
design in 2025. Given that the xStar plugin uses Craftsman's 2025 National Construction
Estimator data, the Craftsman Construction Cost Index was the ideal choice since prices are
estimated using the same methodology.

Craftsman Construction Cost Index 2016 Value $118.44 /SF

Craftsman Construction Cost Index 2025 Value $173.69 /SF

2016 Design Cost Adjustment to 2025 Cost:
As Built Canyon View Home Cost Adjusted to 2025 Value = $591,000 * 1.47 = $866,690

SCPI Inflation vs Construction Cost Escalation Article:
https://www.oxfordeconomics.com/resource/cost-escalation-pressures-are-easing-but-key-risks-re
main-construction-and-infrastructure/#:~:text=CPI%20Inflation%20versus%20Construction%20Cost,
are%20measuring%20fundamentally%20different%20things.
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