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Disclaimer
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Assistance. House Bill 2071 directed the Office of Regulatory and Innovation Assistance (ORIA)
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exceeds all energy code regulations for residential housing subject to the Washington State
Energy Code and/or the International Residential Code. The standard energy code plan set is to
be a prescriptive compliance pathway that meets or exceeds all energy code regulations for
residential housing. It may be used by local governments and the building industry to assist in
expediting compliance with the state energy code. Neither the State of Washington nor
Washington State University and any agency thereof, nor any of their employees, nor any of
their contractors, subcontractors or their employees, makes any warranty, express or implied,
or assumes any legal liability or responsibility for the accuracy, completeness, or any third
party’s use or the results of such use of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favor by Washington State and Washington State University or any
agency thereof or its contractors or subcontractors. The views and opinions of authors
expressed herein do not necessarily state or reflect those of Washington State and Washington
State University or any agency thereof, its contractors, or subcontractors.

Non-Discrimination Statement

In matters of admissions, employment, housing or services, and/or in the educational program
or activities it operates, WSU does not discriminate or permit discrimination by any member of
its community against any individual on the basis of sex; sexual orientation; gender
identity/expression; race; color; religion; age; creed; national or ethnic origin; marital status;
genetic information; status as a protected veteran, an honorably discharged veteran, or
member of the military; physical, mental, or sensory disability, including the use of a trained
service animal; immigration or citizenship status, except as authorized by federal or state law,
regulation, or government contract.
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Abstract

According to the Washington Department of Commerce, the 2021 State Energy Strategy
provides a roadmap for the state to meet its greenhouse gas emission reduction limits.
Enacted in 2020, the law commits Washington State to three emission reduction targets: a
45% reduction from 1990 levels by 2030, a 70% reduction from 1990 levels by 2040, and a 95%
reduction from 1990 levels—achieving net zero emissions—by 2050.*

Buildings are a primary focus of the 2021 State Energy Strategy, as they account for 23% of
Washington’s greenhouse gas emissions. According to the Strategy, addressing this will
“require a 10-year market transformation approach that combines transitioning from fossil gas
to electrification, with deep energy efficiency for new and existing buildings...” One of the key
actions of the Strategy is to “strengthen and deepen energy efficiency programs and standards
to focus on avoiding and reducing emissions.”?

To achieve the efficiency requirements set by the Washington State Energy Code-Residential
(WSEC-R), federal, state, and utility programs provide incentives to offset costs in residential
buildings. For example, the Federal 45L tax credit provides up to $5,000 for single-family and
multifamily buildings that achieve qualifying certifications, such as Energy Star, alongside
additional credits for solar energy installations. Complementing these federal programs,
Washington State offers incentives for renewable energy production, and public utilities
provide rebates for high-efficiency HVAC equipment, water heaters, and appliances. These
combined financial tools help align the WSEC-R with the 2021 energy policy.

Though these incentives help offset some of the costs of heightened energy efficiency
standards, the challenge for builders is to reduce the (initial) cost of construction. In addition, a
key concern for future projects is that current federal tax credits are proposed to expire at the
end of 2025 for projects starting after that date.

Because residential requirements vary based on architecture, geography, and specific code
mandates, this report provides standard sample plans for single-family and multifamily homes
within each of the state's climate zones, all adhering to 2021 WSEC-R standards. Finally, while
land, interest rates, and labor costs significantly impact the overall cost of a home, these
variables are independent of the WSEC-R and fall outside the scope of this report.

*Washington State Legislature, “"Chapter 19.285 RCW: Energy Independence Act,”
https://app.leg.wa.gov/rcw/default.aspx?cite=19.28s.

2 Washington State Department of Commerce, Washington 2021 State Energy Strategy, (2020), 15, 19,
https://www.commerce.wa.gov/energy-policy/state-energy-strategy/.
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Introduction

This report summarizes diverse strategies for submitting residential permits that meet or
exceed the 2021 Washington State Energy Code-Residential (WSEC-R) and the International
Residential Code (IRC). By synthesizing the current code with historical data, peer-reviewed
research, and direct insights from architects, engineers, building scientists, and material and
component manufacturers and suppliers, this document identifies high-performance
construction pathways with a primary focus on cost-effectiveness.

The purpose of this research is to highlight affordable methods for meeting mandatory
requirements and energy credits using conventional design and construction practices, and to
recommend alternative technologies and strategies that may offer additional savings. To assist
with implementation, the Report Appendix provides practical compliance options specifically

designed to lower initial construction costs using the Code Compliance Calculator (C3).

This report is structured around the 2021 WSEC-R. However, the fundamental relationships
and strategies described herein remain applicable to the 2024 WSEC-R cycle. Although specific
data values may evolve between code versions, the comparative performance and logic of
these energy-saving measures remain consistent and relevant for the upcoming adoption.

Economic and Market Analysis

Comparison of Home Cost by Square Foot (sq. ft.)

The National Association of Home Builders (NAHB) periodically surveys builders on
construction costs to determine the components of a sales price for a new single-family home.
The most recent survey from 2024 demonstrates that “on average, 64.4% of the sales price is
due to construction costs...up from 60.8% in 2022.” The survey also notes that the largest
contribution to construction costs is interior finishes at 24.1%, followed by major system
rough-ins (HVAC, plumbing, and electrical) at 19.2%.3 While these cost increases reflect higher
sales prices, major system rough-ins can be compared to the 2021 WSEC-R for options that
may reflect lower initial equipment costs.

3 Erin Lynch, Cost of Constructing a Home 2024, (National Association of Home Builders, 2025),
https://www.nahb.org/-/media/NAHB/news-and-economics/docs/housing-economics-plus/special-
studies/2025/special-study-cost-of-constructing-a-home-2024-january-2025.pdf.
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To reduce the cost of housing and meet current housing affordability challenges, builders are
constructing homes with less square footage. This is especially important as the share of first-
time new home buyers falls. Table 1 (below) shows current NAHB data on home size by year.
As home prices rose from 2020 to 2023, buyers showed a preference for smaller sized homes
(between 2,000 and 3,000 sq. ft.). The shift toward smaller floor plans seems to be a win-win; it
aligns builder output with market demand while providing cost-effective construction and
housing options.

Table 1: Number of Houses Purchased (in thousands) by Square Foot

Square Feet of Floor Area in New Single-Family Houses Completed’
(Components may not add to totals because of rounding. Percents computed from unrounded figures.)
Number of houses (in thousands) by square feet Percent distribution
Year Under 1400toc 1800to 2400to  3,000to 4,000 Under 1400to 1,800to| 2400to| 3,000to 4,000
Total 1,400 1,799 2,399 2999 3,999 or more Total 1,400 1,799 2,399 2,999 3,999  or more|
West
2020 223 17 44 69 45 32 18 100 7 20 31 20 14 8|
2021 237 18 45 76 44 38 16 100 8 19 32 18 16 7|
2022 233 18 43 70 49 35 17 100 8 19 30 21 15 7|
2023 214 24 43 64 36 30 16 100 1 20 30 17 14 8|
2024 227 26 52 63 42 27 17 100 12 23 28 19 12 7|
2025 224 31 46 66 39 26 17 100 14 21 29 17 12 7|
RSE/SE 4 19 12 8 10 8 19 (NA) 2 2 2 2 1 1
Footnotes:
" Includes houses built for rent (not shown separately).
Size of Single-family Homes Started in 2023 vs. Size Buyers Want
(Square Feet)
Under 1,200 =
o33 u Size of SF Homes Started )
: - :  Size Buyers Want Home Size Range (sq. ft.)  Buyer Preference (%)
1,200.1,599
Under 1,800 10%
1,600-1,999 1,800-2,399 25%
2,400-2,999 35%
2,000-2,999
3,000-3,499 20%
3,000.3,999
3,500 and above 10%
Medlans
2023 SF Starts: 2,200
4,000+ Wanted by Buyers: 2,067
Sources NAHB tabulation of data from the Survey of Constructon, U S Census Bureau and HUD
What Home Buyers Rieally Want, 2024 ed , NANB

Figure 1. Anillustration of homebuyers' home size preferences. This helps builders understand market
demand and align construction strategies accordingly.

Key Insights from Table 1 and Figure 1: The preferred home-size range is between 2,000 and
3,000 sq. ft, indicating strong market interest in moderately sized homes. Smaller homes
(under 1,800 sq. ft.) and larger homes (over 3,000 sq. ft.) are less preferred, suggesting a shift
toward more affordable and manageable housing options.



Building Materials and Market Trends

According to commodity.com, four primary factors drive material pricing: construction and
housing data, trade policies, the availability and price of substitutes, and supply chain
challenges.“ Given these external market forces, builders have limited avenues for cost control.
Their primary control is to reduce lumber expenses, either by using less lumber or identifying
more affordable, code-compliant substitutes.

To estimate framing requirements, a standard rule of thumb is 6.3 board feet (BF) of lumber
per square foot of living space. For a 2,000 sq. ft. home, this metric—which covers floors, walls,
the roof, and sheathing—typically results in a range of 12,600 to 16,000 BF. Applying this to the
2,200 sq. ft. model found in this report requires approximately 10% more material, bringing the
total to between 13,860 and 17,600 BF. The exact volume remains dependent on the home's
style, number of stories, construction methods, and architectural complexity.

The cost of materials remains a primary driver of rising housing prices. While builders cannot
control market rates, they can reduce cost impact by constructing smaller footprints,
employing modular design, selecting cost-effective alternative materials, and designing
specifically for constructability.

Budget volatility is exacerbated by regular fluctuations in lumber pricing. For example, the
price of framing lumber increased by 10% between January and June 2025.4 This volatility
directly impacts overall housing costs. For example, according to Houzeo.com, the cost of
single-family homes in Washington State rose from $619,998 to $649,700 between January
2025 and June 2025, a $29,702 increase.>

Short-term spikes can be especially dramatic, with some instances showing a $50,000 increase
in single-family residences over a single four-month period (December 2025 to April 2026).
These fluctuations demonstrate the necessity for builders to adopt cost-control strategies.
Notably, though townhome costs also rose by $5,000 during this period, they continue to
represent a more affordable alternative for both builders and buyers (see Figure 3).

4“Lumber Price Impact: Housing Market, Homebuilders & Construction,” Commodity.
https://www.commodity.com.
5 “*Washington Housing Market Overview,"” Houzeo, https://www.houzeo.com/housing-market/washington.
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Figure 2. Single-Family Home Cost Comparison: August 2025 to August 2026. Figure from Houzeo.com

Figure 2 demonstrates the changing cost of single-family homes over one year. Here is what
builders and developers should take away from this information:

e Understanding cost trends help builders estimate future project costs more accurately.

e The graph shows changes in single-family home prices in Washington from August
2025 to August 2026, reflecting market pressures such as material costs, labor
shortages, or demand shifts.

e Asteep slope means rapid price changes, which could impact budgeting and project
timelines.

e Ifthe graphrises and falls, it may indicate seasonal trends (e.g., prices rising in
spring/summer due to higher demand).

Median Sale Price Trend

All @ W & 3 Years 5 Years

$720k
$700k

$680k

Aug 2025
[J washington: $635,000 $660k
/ Aug 2026
o [ Washington: $610,000 330K
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Aug 2025 Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 2026

Figure 3. Townhouse Cost Comparison: August 2025 to August 2026. Figure from Houzeo.com



Figure 3 illustrates changes to townhouse housing costs from August 2025 to August 2026.
Here is what builders and developers should take away:

e While costs of townhouses do increase sporadically, the rise tends to be less steep
compared to single-family homes.

e The graph demonstrates a decrease of $25,000 in townhouse costs over the year.

e Builders can position multifamily housing as a more affordable option for buyers and
renters.

Panelized, SIP, and DIY Kit Homes

Panelized Construction

Cost savings can be elusive using panelized construction. Builders may assume that projects
cost less, given that the structure is assembled in a controlled environment and saves time on
site builds. According to construction business owner Josh Salinger, panelization saves time,
but only on the enclosure part of the building. In his experience, “the rest of the build takes just
as long as conventional construction.”®

In addition, cost savings are eliminated by panel transport to the site, crane service, and
additional carpentry necessary for blocking and backing, stairs, and attached structures like
decks and porches. Salinger also notes that spending dozens of hours on scheduling, design,
and reviewing shop drawings consumed more time than predicted. In owning and operating a
residential construction company, the author has had similar experiences with panelized
construction. In the author’s case, the up-front costs related to reviews, scheduling, and site
costs were greater than expected and used valuable resources against any anticipated savings.

Structural Insulated Panels (SIP)

Another form of panelized construction uses Structural Insulated Panels (SIP), prefabricated
panels made up of insulation. SIPs usually contain a rigid foam core captured between
structural sheathing panels. SIP Panels may be installed as floors, walls, and roofs. Studies
have shown that the cost for wall construction using SIPs is about 10-15% greater than
traditional site-built methods.5 Note this is only the cost of walls and does not include floors or
roofs. The payback is in energy savings over time, though the challenges are consistent with
other initial up-front and on-site costs, just like panelized and kit builds.

6 Salinger, Josh, “The Pros and Cons of a Panelized House,” Fine Homebuilding, February 2024,
https://www.finehomebuilding.com/2024/01/10/the-pros-and-cons-of-a-panelized-house.
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DIY Kit Homes

An alternative option to panelized construction is to construct or purchase a kit home. These
can be knock-down systems for the owner to complete or turnkey projects after the
manufacturer completes the entire project (not including the cost of the land and site prep).
Legislation (SB 5349) was reintroduced to the Washington State Senate to simplify kit home
construction. The bill would permit jurisdictions to place kit homes in areas designated for
single-family residences but not for permanent housing.

Kit homes are defined as “any structures intended for residential use that are comprised of
prefabricated walls, floors, and roofs which are assembled on-site and are 800 sq. ft. or smaller
in size.” A new section has been added to chapter 19.27 in the Revised Code of Washington
(RCW) to read as follows:

(1) The state building code council is instructed to perform rule 23, making the state
building codes applicable to kit homes no later than December 31, 2025.

(2) The state building code council may update the state building code applicable to kit
homes.”

The concern over cost control has led to discussions related to the 2021 WSEC-R, specifically
on the increased efficiency requirements as they relate to the cost of housing. Builders are
looking to use the energy code to reduce costs.

Complying with the 20212 WSEC-R Cost
Effectively

The 2021 WSEC-R (or the Code), like earlier editions, requires compliance with both the
mandatory minimum energy standards and credit requirements. Both requirements can be
difficult to achieve when trying to lower initial project costs.

Prescriptive vs. U-Factor Pathways

To address this challenge, the Code offers two pathways for compliance: the prescriptive or R-
value pathway and the U-factor pathway, each with mandatory minimum and maximum
efficiency requirements.

7Washington State Legislature, “"Chapter 19.27 RCW: State Building Code Act,”
https://app.leg.wa.gov/rcw/default.aspx?cite=19.27.
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Table 2: WSEC- R Insulation Minimum R-Values and Fenestration Requirements by
Components

INSULATION MINIMUM R-VALUES AND FENESTRATION REQUIREMENTS BY COMPONENTS*®

CLIMATE ZONE 5 AND MARINE 4
Fenestration U-Factor™ 0.30

Skylight® U-Factor 0.50

Ceiling R-Value® 60 C
Wood Frame Wall®' R-Value 2045 or 13+10 :
Floor R-Value 30

Below-Grade®" Wall R-value 101521 int + 5TB

Slab®! R-Value & Depth 10,4t .

The R-value pathway (outlined in Table 2) is the more restrictive option, requiring the meeting
of all line items listed in the table for compliance. Line items can be adjusted if the changes
result in increased efficiencies, such as elevating an R-30 insulated floor to R-38. However,
reducing the line item below R-30 is not permitted. However, some flexibility exists in this
pathway. For example, the R-60 ceiling R-value can be reduced to R-49 according to the 2021
WSEC-R section R402.2.1:

R402.2.1 Ceilings with attic spaces. Where Section R402.1.3 would require R-60 in the
ceiling or attic, installing R-49 over 100 percent of the ceiling area requiring insulation
shall satisfy the requirement for R-60 wherever the full height of uncompressed R-49
insulation extends over the wall top plate at the eaves. This reduction shall not apply to
the insulation and fenestration criteria in Section R402.1.2 and the Total U-factor
alternative in Section R402.1.5. 8

Cost-Effective Building Assemblies

Attic and Ceiling Assemblies

This provision presents a decision for the designer and builder focused on cost: is it less
expensive to install R-60 insulation with a standard truss heel over the top plate, or to reduce
the insulation to R-49 and instead increase the truss heel height? The choice balances the cost

8 Washington State Legislature, "WAC 51-11R-40220: Section R402.2—Specific Insulation Requirements,”
https://app.leg.wa.gov/wac/default.aspx?cite=51-11R-40220.
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of the raised heel and R-49 insulation against the R-60 insulation and a standard heel (see
Figure 4 below).

TYPICAL FLAT CEILING TRUSS TYPICAL SCISSOR TRUSS

STANDARD TRUSS HEEL

A /
INTERIOR CEILING

Figure 4. A typical flat ceiling truss and a typical scissor truss. Credit: WSU Energy Program

The use of specific structural components, such as raised-heel trusses (e.g., King Post or
Scissor trusses), is key to making this tradeoff work. The truss diagram in Figure 4 illustrates
two types of structural trusses used to support the roof and ceiling. These consist of straight
members connected at joints to form a rigid framework that distributes loads efficiently across
open, unsupported ceiling space.

Both trusses are designed for residential or light commercial buildings. They may include
raised heel sections, which increase the available space above the top wall plate, allowing
deeper eave insulation and improving energy efficiency. These trusses have a vertical or near-
vertical web over the top plate of the exterior wall, creating a taller heel to accommodate full-
depth uncompressed insulation to meet the required R-value above the wall plate.

When scissor trusses are used, WSEC-R states that, "Open-blown or poured loose fill insulation
may only be used in attic spaces where the slope of the interior ceiling is not more than a 3in
12 slope, and there is at least 30 inches of clear distance from the top of the bottom chord of
the truss to the underside of the sheathing at the roof ridge.”®

Another choice is to construct a vaulted ceiling using a single rafter (i.e., dimensional lumber,
manufactured I-Joists, or parallel-cord open-web truss (see Figure 5 below). This allows the
insulation reduction to R38 if the full depth of the insulation is over the top exterior wall

plate and the insulation fills the entire cavity (no voids). The vent way must be at least one and
one-half inches clear from eave to ridge.

9 Washington State Legislature, WAC 51-11R-40220 Section R402.2—Specific Insulation Requirements,
https://app.leg.wa.gov/wac/default.aspx?cite=51-11R-40220.
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DIMENSIONAL LUMBER MANUFACTURED LUMBER PARALLEL CORD TRUSS
2%, 4%, ETC. TJI. BCI. ETC.

TOP CORD

—

\/
A

I .

BOTTOM CORD

Figure 5. Examples of single component rafters for vaulted roof assemblies. Credit: WSU Energy

Program
VENTED VAULTED ROOF ASSEMBLY
DIMENSIONAL LUMBER, MANUFACTURED LUMBER
OR PARALELL CORD TRUSS
CONTINUCUS RIDGE VENT
ROOF UNDERLAYMENT
ACOF SHEATHING
CONTINUDUS VENT BAFFLE
38 INSULATION [MIN.)
1-172° CONTINUOUS VENT SPACE
WVENTED BLOCKING BETWEEN
AAFTERS AS REQUIRED
EXTERIOR WALL SHEATHING
CONTINUOUS SOFFIT VENT
VENTED VAULTED ROOF ASSEMBLY
DIMENSIONAL LUMBER, MANUFACTURED LUMBER
WSUER 2111 VWA OR PARALELL CORD TRUSS

Figure 6. A vented vault roof assembly with dimensional lumber, manufactured lumber, or parallel cord
truss. Credit: WSU Energy Program

Technical Wall Assembly Solutions

The Double-Wall Alternative for Continuous Insulation

While the traditional prescriptive path often requires 2x6 studs with external rigid foam to
meet Continuous Insulation (Cl) standards, the U-factor path allows for a more cost-effective
double-wall assembly. This method, seen in Figure 7 below, utilizes 2x4 studs on 24-inch
centers across two separate plates, creating a deep cavity for high-density fibrous insulation
(R-4.2 per inch fibrous insulation) like fiberglass batts or dense-pack Blown-in-Blanket (BIB)

14



system. This configuration ensures that the cavity insulation alone meets the code
requirements, effectively eliminating the need for expensive exterior rigid foam and the
specialized labor associated with its installation. See Figure 7 below for an example. Both agree
with Table 2, the prescriptive path, and are less expensive to construct with fewer board feet
than a 2 x 6 wall on 16-inch centers. Tables 3 and 4 (below) demonstrate cost-effectiveness.

OFFSET DOUBLE STUD 2x4 WALL
@16" OR 24" O.C. ON 2-2X4 PLATES

CLADDING DRAINAGE GAP BUILDING WRAP SHEATHING

4 2
3120 — et ") N ‘,—2 X4 Pumz../

»
@)|ms.s| « | [R21178] ammmj 2%4 STUDS

Figure 7. An example of an offset double wall study, of a 2x4 wall at 16 or 24 inches O.C. on 2-2x4 wall
plates separated by a %2" space.

8 HIGH DENSITY FIBROUS INSULATION @ R 4.2 PER INCH

*R-VALUE OF SOFTWOOD LUMBER @ 1.25 PER INCH X 3.5=R 4.375

3 R@42PERINCHX4INCHES= R16.8

(4) R@42PERINCHX3.5INCHES =R 14.7

(5) TOTAL CAVITY R VALUE =R 31.5, greater than the R 21 cavity requirement by R 10.

Figure 8. A detailed legend with ASHRAE Design Values and calculation summary for the "Offset
Double Stud 2x4 Wall”, Figure 7 wall diagram. *

* ASHRAE Fundamentals 2017, Table 1, 26.12 Building and Insulating Materials: Design Values,
Douglas Fir/Larch, lowest thermal resistance based on conductivity of 1.01in Btu ®in/h e ft2 e °F
is 1.49. R-1.25/inch, a more conservative value used in the calculation is from the Colorado
Energy R-value Table, https://www.coloradoenergy.org/procorner/stuff/r-values.htm
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Table 3: Cost Analysis for 2x6 Single-Stud Wall vs. 2-2x4 double Offset Stud Walls

NO. OF STUDS  TTL LF TIL BDET
BD
WALL FRAMING STUDII_‘,ENGTH ETISTUD* + 2 STUD STUDS + 3 ';Jl?_t STUDS AND
CORNERS PLATES PLATES*
2X6 @ 16" O.C. 8 8 41 472 48 472
2X6@ 24" 0.C 8 8 20 384 48 384
2X 4@ 24" O.C. 8 5.34 30 240 48 160
2X 4@ 24" O.C. 8 5.34 30 240 48 160
2X6PLATE @48 LF 16 16 | e 144 48 144
TTL BF OFFSET
DBL 2X4 W/ 2X6 NOTE: THIS ASSEMBLY DOES NOT MEET COMPLIANCE FOR Cl 464
PLATE
ENTINSIE W | R LlL_T;liL TTL BD FT BTl | HCOST
COST PER 1,000 BD FT = COST /BD Ft*
$1,100.00 2X6 @16 O.C 472 472 $519.20 $1.00
$1.100.00 2X6@240.C. 384 384 $422.40 $1.00
'$1,100.00 2x4a@240cC. 160 106.67 $117.33 $1.00
$1,100.00 2X4@ 24 O.C. 160 106.67 $117.33 $1.00
$1,100.00 2 X4 PLATE 32 21.33 $23.47 $1.00
TOTAL 352 | 234.67] $258.13|

Table 4: Framing Comparison — Single 2x6 Wall vs Double 2x4 Wall

Wall Type Total Board Feet (BF) Estimated Material Cost
2x6 Plate + Studs @ 24" on center 464 BF $422
Double 2x4 Plates + Double Studs @ 24" o.c. 235 BF $258

Comparative Efficiency and Cost Savings

A comparative analysis of framing methods reveals that the double 2x4 wall is more efficient in
terms of material usage and upfront costs. A single 2x6 wall uses nearly twice the lumber,
totaling approximately 464 board feet, whereas the double 2x4 wall requires only 235 board
feet. This represents a 97% reduction in lumber usage.

Financially, this transition saves approximately $164 for framing materials per section, as the
2x6 wall would cost $422 and the double 2x4 wall would cost $258. Beyond the cost of lumber,
this approach allows for better insulation performance due to the depth of the cavity and
avoids the higher costs associated with rigid foam types such as XPS or Polyiso.
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Table 5: Cost Comparison of Rigid Foam Insulation Types

INSULATION R VALUE, EXTERIOR TOTAL COST OF TTL MATERIAL COST
TYPE & THICKNES S WALL PIECES EACH PIECE INSULATION SAVINGS (3) BETWEEN
SQ. FT. REQUIRED COST DIFFERENT TYPES
ESTIMATED
ESTIMATED
s '?g_‘r':f:? ESTIMATED  TOTAL MATERIAL
WALLSGFT.| pCS.@  COSTPER MATERIAL  SAVINGS (FROM
ool RS b EA. COSTSINGLE R-5 XPS)
Pt FAMILY RES
N | moxy 101 $20  $2,02000  $909
R-5 POLYISO™™ |
EXTERIOR 3/4" 3227 101 $18 $1,818.00 $1,111
RIGID FOAM ,
FROM R-10 XPS

R-10 XPS~ ' S W
EXTERIOR 2" RIGD = 3227 101 $33 $3,333.00 >.—(/ |

FOAM 7 S

R-10 GPS™
EXTERIOR 2" RIGID 3227 101 $32 $3,232.00 $101
FOAM

R-10 POLYISO™™ | |

EXTERIOR 1.5" RIGID 3227 101 $50.00 $5,050.00 ($1,717)
FOIL FACEFOAM |

*Home Depot — cost for bulk pricing for 10 or more sheets.

**Home Depot - cost for bulk pricing for 10 or more sheets.

Table notes:

e XPS = Extruded Polystyrene (used as the baseline for comparison)

e GPS = Graphite Polystyrene

e Polyiso = Polyisocyanurate

e Allprices are based on bulk pricing (10 or more sheets) from Home Depot
e “Estimated Savings” compares each option to the baseline R-10 XPS

Additional Wall Solutions

Savings can be realized by using the U-factor value for the exterior wall assembly. The
published Above Grade Wall U-factor in Table 7 (below) is 0.056. Installing an R-21 cavity
insulation meets that requirement without having to install Cl.

Using the ceiling/attic insulation, the structure, and the exterior wall assembly, the energy
code can be met with no difference in construction methods, constructability, or additional
labor needed from the previous 2018 WSEC-R.
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Here is the path:

ATTIC ASSEMBLY — Meets Table 7 “U-factor Compliance Path” using the Code
Compliance Calculator. This approach is parallel to Table 2, except that Table 7 uses U-
factors instead of R-values. Because the tables are related, if all the requirements of
Table 2 are met except for Cl or raised-heel trusses, using the U-factor Compliance path
analysis setup in the Code Compliance Calculator will comply. Table 6 below shows the
two-line items in the R-Value table (Ceiling R-Value and Wood Frame Wall R-Value)
that can be claimed if the UA values in Table 7 are met.

Table 6: Insulation Minimum R-Values and Fenestration Requirements by
Components (with code max. standard and savings opportunities highlighted)

TABLE R402.1.3
INSULATION MINIMUM R-VALUES AND FENESTRATION REQUIREMENTS BY COMPONENTS?
Climate Zone 5 and Marine 4

Fenestration?J U-Factor 0.30 e CODE MAX STANDARD
Skylight? U-Factor 0.50 ————CODE MAX. STANDARD
Ceiling® R-Value 60 ——f—5AVINGS OPPORTUNITY
Wood Frame Wall® R-Value 20+5 or 13+104——snmcsoprorTuniry
Floor R-Value 30 < ODE MAX. STANDARD
Below-Grade Wall>! R-Value 10/15/21 int + 5STB
Slab®f R-Value and Depth 10, 4 ft.

Installing open-blown loose-fill insulation with a rated R-Value of R3 perinch for an R-49
ceiling/attic requires at least seventeen inches in depth across the entire attic and above the
top exterior wall plate, requiring a raised heel truss. If installing a standard heel truss, slope the
insulation up to twenty inches for an R-60 (only three inches more insulation than R-49), and
save money by using a standard heel truss to eliminate added sheathing, weather barrier,
siding, and labor for the same. The above-grade wall plate requires only an R-21 of
uncompressed insulation over the top. You may use intermediate framing or frame walls with
2 X 6's on 24-inch centers to save on lumber.
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Table 7: Insulation and Fenestration Requirements by Component for Climate Zone

5 and Marine 5

TABLE R402.1.2INSULATION AND FENESTRATION REQUIREMENTS BYCOMPONENT?
CLIMATE ZONE 5 AND MARINE 4
Fenestration U-Factor® 0.30
Skylight U-Factor 0.50
Ceiling U-Factor 0.024 ‘_ Same as R-60 ceiling
Above-Grade Wall U-Factor 0.056 {_ Same as R-21 cavity
Floor U-Factor 0.029
Slab on Grade F-Factor 0.54
Below Grade 2' Depth
Wall U-Factor 0.042
Slab F-Factor 0.59
Below Grade 3.5' Depth
Wall U-Factor 0.040
Slab F-Factor 0.56
Below Grade 7' Depth
Wall U-Factor 0.035
Slab F-Factor 0.50

*R-49 requires a raised heel truss and is more efficient (better) than R-60 W/ standard
truss. Note that R-38 requires a 13-inch raised heel if R-3 per inch insulation is installed and
vented or use a standard frame and offset by substituting a higher efficiency component
somewhere else to make up the loss.

Table 8: Default U-Factors for Ceilings

Table Al102.1
Default U-factors for Ceilings
| Standard Frame Advanced Frame

Ceilings Below Vented Attics
Flat Baffled

R-19 0.049 0.047

R-30 0.036 0.032

R-38 C0.031 > 0.026 D

R-49 0.027 C0.020 F

R-60 C0.025 > 0.017

Credit: WSEC-R 2021.

Scissor trusses require a raised heel for R-49; R-60 is not an option for a scissor truss.
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Table g: Default U-Factors for Ceilings

Table Al102.1
Default U-factors for Ceilings
| Standard Frame Advanced Frame
Scissors Truss
R-30 (4/12 roof pitch) 0.043 0.031
R-38 (4/12 roof pitch) 0.040 0.025
R-49 (4/12 roof pitch) 0.038 0.020
R-30 (5/12 roof pitch) 0.039 0.032
R-38 (5/12 roof pitch) 0.035 0.026
R-49 (5/12 roof pitch) 0.032 0.020

Credit: WSEC-R 2021 Appendix CA-4.

Vaulted ceilings require an R-38-filled cavity, leaving no voids, including over the exterior top
wall plate. Savings can occur with both less structure and less insulation. A 2 x 12 rafter can
accept an R-38 High Density Batt or a dense pack, Blown-In-Blanket (BIB) system. Insulation
manufacturers’ published data provides the required density to achieve their published R-
value. For example, visit this JM Spider Premium Fiber Glass Blowing Wool Insulation Guide

(PDF) to see product specifications. Blown-In-Blanket systems provide greater R-values than
required. The added R-value can offset less efficient components, another cost-saving
opportunity. R-38 High-Density fiberglass batts (R-4.2 per inch) are also available that will fit in
a 2 x 12 Rafter or manufactured I-Joist. Note that all insulation manufacturers may not have R-
38 High-Density Batts that fit into 12-inch rafters, so it is best to check ahead of time.

Summary

e Single vault rafters must be insulated to a minimum R-38 value, with no voids, including
above the exterior top wall plate.

e This can be achieved by installing high-density batts or Blown-In-Blanket (BIB)
systems, each of which provides an approximate R-4.2 per inch. Confirm with the
manufacturer’s published data.

e Using less structure and insulation can reduce costs.
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https://www.jm.com/content/dam/jm/global/en/building-insulation/Files/BI%20Toolbox/BID-0063%20Spider%20BIBs%20Brochure.pdf
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Case Studies and Modeling Results

Using the U-Factor Compliance Path with the Code
Compliance Calculator (C3)

The examples in the case studies adhere to the mandatory requirements outlined in Table 7
(UA Table). When using the Code Compliance Calculator (C3) for the “Total U-Factor
Alternative, Whole Building Trade-off Analysis” pathway, the specific requirements in Table 2
may be traded or balanced against one another. Under this pathway, if a specific component—
such as a ceiling—fails to meet its stipulated R-value or U-factor, the efficiency loss can be
offset by increasing the performance of another component, such as floor insulation.

ANALYSIS SET UP
What code compliance pathway are you using? |Total UA Alternative, Whole Building Trade Off Analysis
———> Project Building Type? |New Construction Bl
m—tp Occupancy Type?  [R3 Single family dwellings and townhouses
=y Code Version? |WSEC 2021
Classification: Medium Dwelling Unit -- 2100 sq. ft.
Baseline Description: Code Baseline - Maximum baseline window area is 15% of floor area.

About Your Selection: No exempt window or door areas

Figure 9. A screenshot of the Analysis Set Up section of the Code Compliance Calculator. Credit: WSU
Energy Program

Understanding C3 Tool Results

The C3 tool displays the analysis results in the Messages /| Comments section. A green light in
this section signifies that all project components meet the requirements and are fully
compliant with the 2021 WSEC-R. Conversely, a red light indicates failure with these
standards.

Building, component, and assembly efficiency is measured by UA calculations. A positive UA
reduction reflects a decrease in total UA, which indicates improved efficiency. A lower or
negative UA represents a more efficient building envelope than a higher UA. The tool also
provides a percentage value to demonstrate how much the project exceeds the established
code baseline. Both a UA reduction and a positive percentage score serve as indicators of
enhanced energy performance.
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Memﬂﬁ.sf"lﬁommgmsfw :

RES!

PASS

1

Window area is 6% of floor area

UA Reduction = 10.28, Proposed UA is better than baseline by 3.9%

Whole House Mechanical Ventilation Aiflow Rate: 55 CFM with Run Time Percent of 100%, Balanced, Distributed
Maximum allowable total measured duct leakage: 84 CFM25

Figure 10. This section of the C3 tool shows pass or fail comments that notify applicants of project code

compliance.

Single Family Modeling

In a standard 2,100 sq. ft. two-story home, energy credits are claimed based on the total
conditioned floor area. This modeling requires adherence to the mandatory requirements

outlined in Table 10 (the UA Table below) and the selection of appropriate credit options from

Table 11 for dwellings between 1,500 and 5,000 sq. ft. The architectural floor plan provided in
Figure 11 serves as the basis for these calculations, ensuring that the theoretical savings
translate to standard residential designs used across Washington State Climate Zones.

Table 10: 2021 WSEC-R Mandatory Requirements from the UA Table

COMPONENT

U-FACTOR

QUANTITY NOTES
EXT.DOORS Q.3 3
WM DOWS Q.3 g
CEILIMG 0,025 1,378 oF
- R21 + 0 FOAM + INT
WALLS ABOVE 0,054 2,206 + I%E W LAP
FLOOR W/
VENTED 0.029 1,578
VENTILATION BALANCED 55 CFM 100% RUMN TIME
LOCATION VAMNCOUVER
HY AL DUCTLESS HP
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Table 11: Credit Options from 2021 WSEC-R Credit Requirements Tables for Single
Family Dwellings = 1,500 Sq. Ft. and < 5,000 Sq. Ft.

(OPTIONNo. | CREDITS | COMPUANCEPATH
#2 - R406.2 3 |Variable Ref, Heat Pump (ductless) or Air to Water HP
3.7 2 Ductless w/ no elect, Resistance in primary area
5.1 .05 Drain water heat recovery
52 | 03 Compact water distribution design
5.6 2 Tier 3 HP water heater
TOTAL CREDIT 8

Multifamily Modeling

Cost-effective compliance for smaller footprints, such as a 9oo sq. ft. two-story multifamily
unit, is achieved by following the pathway setup illustrated in Figure 12 (below). These generic
3-bedroom models for Climate Zones 4c and 5b demonstrate that a successful UA reduction is
possible even in denser housing configurations. The results provided in the message area for
these units confirm that the proposed UA remains better than the baseline, meeting both
mandatory requirements and specialized credit options for multifamily construction.

First Floor Second Floor

BEDROOM 2
8-4 x 9-4

LIVING ROOM
10-6 x 13-2

BEDROOM 3

Figure 11. Architectural floor plans for the first and second floors of a generic goo SF 2-story, 3-
bedroom R2 multifamily home.
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ANALYSIS SET UP

What code compliance pathway are you using?
Project Building Type?
> Occupancy Type?

Code Version?
Classification:

Baseline Description:
About Your Selection:

Total UA Alternative, Whole Building Trade Off Analysis

New Construction

R2 Multifamily

WSEC 2021

Small Dwelling Unit -- 900 sq. ft.

Code Baseline - Maximum baseline window area is 15% of floor area.

No exempt window or door areas

Figure 12. A screenshot of the C3 tool analysis setup showing the specific pathway chosen by a user.

Messages / Comments * RESULT= PASS

Window area is 7% of floor area

UA Reduction = 6.19, Proposed UA is better than baseline by 5%

Whole House Mechanical Ventilation Airflow Rate: 68.75 CFM with Run Time Percent of 100%, Balanced, Not Distributed

Figure 13. A screenshot of the C3 Tool result section. These results show a pass in which the proposed

UA is better than the baseline.

Table 12: Example Mandatory Requirements for Multifamily Dwellings

1

COMPONENT U-FACTOR  QUANTITY NOTES
EXT. DOORS 0.3 2
WINDOWS 0.2 4
CEILING
WALLS ABOVE 0.054 346 R-21+0Foam +int +
2x6 w/ lap
FLOOR W/ VENTED 0.029 900
VENTILATION BALANCED 55 100% RUN TIME
LOCATION VANCOUVER
HVAC DUCTLESS HP
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Table: 13 Options for Multifamily Compliance

OPTION No. CREDITS COMPLIANCE PATH

#4- R406.2 (R2) 2 Variable refrigerant heat pump or air to water
37 3 Ductless w/ no elect, Resistance in primary areas
5. 25 Tier Il elect, HP water heater

More compliance path examples for a 2,100 sq. ft. single-family residence are provided in
Appendix A. The first example is (likely) the most cost-effective approach. This may be useful
for comparing your proposed design to the examples below.

GENERIC 2100 SF 2 STORY 3 BEDROOM SFR

) (P COV'D PAT.

o 10/3%6/8
| Y PAIMARY SUITE

(] 12/0X16/1 GREAT RM DINING

D_'_'_)'\ I 14/6X16/1 10/3%10/0

i
i E i
: 4
4 w
KITCHEN ‘ .....

SHOP
11/11%14/11

UPPER FLOOR PLAN

15/0vsfs

MANFLOOR PLAN

Figure 7. An architectural floor plan of a generic, 2,100 sf, 2-story, 3-bedroom single-family residence.

Implementation of Resources and Industry Standards

For additional guidance, the 2021 WSEC-R Energy Code Cookbook provides builders with
specific “recipes” for compliance. These templates cover small, medium, and large single-
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https://betterbuiltnw.com/resources/learn-strategies-for-satisfying-2021-wsec-r-additional-energy-efficiency-requirements-with-new-resource

family residence groups and focus on achieving Section R406 requirements. Though these
options are not only focused on cost savings, many demonstrate cost efficiency. Figure 15
highlights an example recipe for a 2,100 sq. ft. residence that aligns with the current industry’s
best practices and the data provided in this report.

313e1F: ) MEDIUM HOMES 1,500 - 5,000 sa Fr

Ductless Heat Pump . BENEFITS
With Heat Pum — * Zonal heating/cooling offers flexibility and targets specific
p %\ [é{l areas in the home, requiring no ductwork and making it
Water Heater I_l Ll AREE - easier to install
+ Cost-effective way to recover and reuse heat from
This recipe for a medium home includes a high-efficiency heat pump wastewater, compatible with all water heaters
for both heating and cooling. An efficient heat pump water heater e Occupies less space and minimizes heat loss to
is also included, and it features a compact hot water distribution ensure quick delivery of hot water, reducing wait
system. Additionally, it features drain water heat recovery to meet times for homeowner

the required energy credits. * HPWHSs are popular and well-recognized for efficiency,

making them a sales feature

# POINTS COMPLIANCE PATHWAY

Opt. 4 3 406.2 Energy Credit: 100% DHP RELATED TRAINING & RESOURCES
3.7 2 HVAC: DHP with min. HSPF of 10 (HSPF2 of 9) with * 2021 WSEC-R Code Changes and HVAC Strategies
no electric resistance in primary living areas ¢ Heat Pumps: Mastering Design Principles
5.1 0.5 DHW: Drain Water Heat Recovery *  Heat Pumps: The Art of Commissioning
5.2 0.5 DHW: Compact Distribution System : DLam.\NaleLH.aaLEm&mm W Savings
5.6 2 DHW: HPWH Tier 3 ¢ HPWH Technical Guide for Single Family

8 TOTAL CREDITS REQUIRED See the ‘Trainings & Resources’ page for more

Figure 8. Example recipe for a generic 2,100 sf single-family residence from BetterBuiltNW's Energy
Code Cookbook.

Appendix: Examples of Cost Effective Energy
Code Compliance

To access several UA Alternative Path use examples using the Code Compliance Calculator,
please visit the report appendix.
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