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The following documentation provides a life cycle cost assessment of the R406 code change proposal.
This proposal modifies section R406. It is anticipated that adoption of this code change, along with
prescriptive updates sourced from the 2021 IECC, will reduce energy use in typical new homes and
low-rise apartments by 10% over a 2018 code-compliant home.
The life cycle cost approach presented builds on the methodology used in previous code development
cycles. However, all energy modeling was completed from the ‘ground-up’ – meaning all modeled
energy use, energy savings, and code-to-code comparisons were completely redone for this analysis.
No assumptions or previous models were carried over from past years. The life cycle cost analysis was
completed using the Office of Financial Management Life Cycle Cost Tool (Version 2020-A).
The analysis was developed by Henry Odum, Paul Kintner, Jenny Haan (all of Ecotope) and David
Baylon. Ecotope completed the energy modeling, provided the first cost estimates, and the energy
savings analysis. David Baylon completed the carbon equalization credit calculations, backed by
Ecotope’s energy modeling analysis.
Approach to the development of the R406 energy code proposal:
The following outlines the process used to develop the R406 code change proposal. It is a process
with multiple steps.
Change in Scope: For the 2021 WSEC Section R406, this proposal includes credit values specific to
homes with varying levels of space heating energy end use. Space heating systems without a coefficient
of performance (aka gas furnace and electric resistance) use 2-3x more heating energy than a heat
pump system. For this reason, load reduction measures (air tightness, envelope insulation, duct
measures) have a greater impact on energy savings for this end use. The revisions to Table R406.3 are
intended to capture this difference in energy savings, and reward homes with higher heating energy
use with greater credit values.
Table R406.2 (Fuel Normalization credits) have also been updated to match the proposed commercial
code carbon content of Washington State’s electrical grid (Cambium model from NREL is calculated as
0.44 #CO2e/KWH).
Consider clarifications and implementation changes: To provide clear enforceable code language,
several editorial changes have been included. Credit requirements for appliances have been
strengthened. Several envelope measures have been removed and/or recalibrated to account for
prescriptive code upgrades of the building envelope.
Add New Heating system: To continue to provide a diverse set of options for implementation, a dual
fuel heat pump measure has been added to the fuel normalization table. This system assumes a
switchover to gas heating at temperatures below ~37F.
Calculate Building Energy Use for the base code and section 406 options: The base code (prescriptive)
changes made in 2018 and by the 2021 IECC additions, are first assessed to determine the base energy
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use of the prototype buildings. This ultimately impacts the credits awarded by Section R406 options.
Baseline envelope options improve the stringency pf the code by roughly 8%.
After the new base code energy use is established, the value of each credit is reassessed and if needed,
reassigned. While this analysis is focused on the relative savings and cost of Section R406, the savings
attributed to prescriptive 2021 IECC measures are not ‘lost’ in the analysis however, as the energy
savings is now reflected in the 2021 baseline (prescriptive) energy use of the residential sector.
Assess the number of credits required to achieve the objectives of RCW 19.27a.160: This proposal is
designed to meet the high-level goal of RCW 19.27a.160. This 2021 Section R406 code change proposal,
along with prescriptive updates, is expected to lead a 10% energy reduction over a 2018 WSEC
compliant home.
Adjust the targets for systems analysis approach, section 405.3: The last step is to assess the
performance-based approach. The targets under this section have been reduced by an additional 9%
over the 2018 prescriptive code requirements. This accounts for both the required increase in
efficiency and the somewhat lower energy use baseline.
Energy Savings Estimates
Energy savings estimates used in the life cycle cost analysis were developed using SEEM. The SEEM
energy simulation program was used to develop the energy savings targets and estimates for the 20092018 iterations of the residential portion of Washington State Energy Code. SEEM is used by the
Northwest Power and Conservation Council RTF to estimate savings for most of the regional utility
conservation programs. The modeling protocol is intended to represent the wide variety of new homes
constructed in Washington, to summarize the average savings that can be attributed to each option
listed in Table R406.3 and estimate the overall consumption of the residential sector for each code
cycle.
The SEEM program is designed to model small scale residential building energy use. The program
consists of an hourly thermal simulation and an hourly moisture (humidity) simulation that interacts
with duct specifications, equipment, and weather parameters to calculate the annual heating and
cooling energy requirements of the home. It is based on algorithms consistent with current American
Society of Heating, Refrigeration, and Air‐Conditioning Engineers (ASHRAE), American Heating and
Refrigeration Institute (AHRI), and International Organization for Standards (ISO) calculation standards.
In order for the SEEM model to be used in efficiency measure assessments, it must be calibrated to
baseline and efficient‐case consumption. Calibration for single family, multi‐family, and manufactured
homes are separate endeavors that utilize metered data from a sample of homes in the NW to
estimate energy consumption. SEEM was recalibrated in response to findings from the 2011
Residential Building Stock Assessment. This provides calibrated results for Pacific NW homes.
For single family construction, the energy model is built using six RTF-approved prototype designs,
including: a 1344 sf rambler (both on a slab and over a crawlspace), 2200 sf rambler (both on a slab and
over a crawlspace), 2688 with half basement and 5000 sf full basement home. These six prototypes are
then modeled with the three primary heating system types (“gas home”, “Heat Pump Home” and
“Electric Resistance Home”) and then simulated in the two major climate zones in the state. Each energy
conservation measure (option in Table R406.3) is then modeled independently in each of these
scenarios, with the energy savings weighted down to a representative credit value shown in Table
R406.3.
For low-rise multifamily construction, the same method was used as for single family 3. The presumed
predominant construction-types are a 2-story, garden style (exterior entry) building and a 3-story
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‘double loaded corridor’ building. The annual energy use, utility savings, and incremental cost were then
normalized to a per unit basis.
After individual measures were modeled independently and associated savings determined, each
prototype summarized in this LCCA analysis was modeled with a selection (package) of R406 options
required to be code compliant (both in 2018 and 2021). This important step not only illustrated the
code-to-code savings, but it also accounts for interaction between different credit options within the
table. As more measures are utilized in a home, more interaction occurs between measures, and the
individual savings attributed to that measure are not realized when paired with a host of other options.
For instance, higher envelope insulation will de-rate the savings available from increased equipment
efficiencies. It is important to capture this interaction through the modeling exercise or else the
anticipated savings estimates will be overinflated. It is the annual energy savings obtained from these
packages of measures that are used in determining the life cycle cost of the code change proposal.
First Cost method:
First cost and energy savings estimates have been developed using an estimating procedure used by the
Northwest Power and Conservation Council (NPCC) and ran through the Office of Financial Management
Life Cycle Cost Tool. The first costs were developed using multiple sources of information:
- NPCC, the Regional Technical Forum (RTF), http://rtf.nwcouncil.org/ This is a federally
mandated multi-state compact that develops the efficiency resources for the region’s electric
utilities
- Navigant is a business consulting firm which provides resource planning for both gas and
electric utilities, including gas utilities in Washington State.
http://www.navigant.com/industries/energy/
- CEE is the Consortium for Energy Efficiency. CEE is the US and Canadian consortium of gas
and electric efficiency program administrators. http://www.cee1.org/
- This study also uses cost information provided to the SBCC by Ecotope
- PassiveHouse consultant aided with pricing the higher insulation and envelope detailing
- Inflation has been accounted for all historical cost estimates
All costs shown are incremental costs for each measure, the base cost is related to the prescriptive
requirement of the code and the incremental costs are associated with the option requirement of Table
R406.2. Keeping this in mind, the incremental cost for a ductless minisplit, in single family, is the added
equipment cost associated with purchasing a higher efficiency heat pump (since DHPs are required in
the prescriptive code in electric zonal single-family homes); while in multifamily, the incremental cost of
a heat pump is higher because it is compared to electric baseboards. Water heating systems in
multifamily are assumed to serve more than one unit, therefore their incremental costs are lower than
for single family.
The cost analyses provided in this report use a weighted average cost method to represent the wide
range of new homes constructed in Washington. Each of the predominant dwellings, as defined in
Section R406.2, are shown in the LCCA case studies (large dwelling units represent a minor fraction of
the overall building stock, therefore were omitted from the analysis). For each single-family dwelling
unit size, the predominant heating system types are shown individually (“Gas Home”, “Heat Pump
Home” and “Electric Zonal Home”) in order to show cost effectiveness for all available heating system
types. The cost model is built using the five prototype designs, including a 1344 sf rambler (both on a
slab and over a crawlspace), 2200 sf rambler (both on a slab and over a crawlspace), 2688 with half
basement. The costs associated with the crawl space and slab prototypes were normalized into each of
the dwelling unit sizes per Section R406.2. Multifamily costs were based on an electric zonal heating
system. A first cost estimate is developed for each option and for each prototype. Then, the incremental
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cost of each prototype is weighted by the expected construction volumes to provide an overall average
measure cost. The tables, Incremental Cost of Single Family Options and Incremental Cost of MF
Options, provides both prototype and weighted measure cost.
Unlike the energy savings estimates, the first cost numbers are a fixed value for each energy measure
and do not change based on the selected package of measures modeled for the LCCA. This assumes that
incremental costs of each option do not have the any interdependency – contrary to the associated
energy savings, as stated earlier. This will no longer be the case as buildings become more efficient.
Higher levels of envelope insulation and tighter construction leads to smaller HVAC systems, and
therefore a cost credit should be applied. But as mentioned, this approach was not applied in this
analysis.
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Energy and Cost Summary Tables:
Table 1: Incremental Cost of Single Family options, by home size
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Table 2: Modeled Energy Savings - Single Family, by home size and heating system type

Options Table 2021

mandatory req's
windows U=0.24
windows U=0.2
envelope 3 - 5% UA
envelope 4 - 15% UA
envelope 5 - 22.5% UA
envelope 6 - 30%UA
air leakage 1 hrv
air leakage 2 hrv
air leakage 3 hrv
AFUE .95
HSPF 9.5
DHP HSPF 10(zonal only)
HSPF 11
DHP HSPF 10 whole house (zonal only)
ducts inside
drain water heat recovery
dwh gas UEF 0.80
dwh gas UEF 0.91
hpwh Tier III
UEF 2.9
Energy Star appliances
Full Package

gfac
kWh
0
114
160
18
151
303
348
-116
4
91
-84
356
76
18
-28
-930
-813
722
-557

S
M
MF
gfac ashp zonl gfac gfac ashp zonl zonl
Therm kWh
kWh
kWh
Therm kWh
kWh
kWh
0
0
0
0
0
0
0
0
5
1143
173
292
5
302
348
132
12
1192
291
369
18
492
597
263
0
1101
94
-70
-2
59
122
-34
24
1243
406
288
28
528
648
223
33
1315
581
577
41
817
1015
420
55
1430
821
887
69
1158
1456
555
3
1059
-10
-271
19
105
111
329
45
283
344
87
67
504
664
642
54
414
487
530
78
762
997
934
34
55
51
248
328
689
1129
-41
371
980
1154
2185
740
32
385
781
38
666
23
260
247
-55
33
282
318
182
27
3
34
39
12
48
121
1407
1395 -1167
153
1761
1790
973
121
1536
1512 -1099
156
1916
1941
1055
824
784
625
750
776
629
177
479
678
343
275
3185
3356
950
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Options Table 201

mandatory req's
windows U=0.24
windows U=0.2
envelope 3
envelope 4
envelope 5
envelope 6
air leakage 1
air leakage 2 hrv
air leakage 3 hrv
AFUE .95
HSPF 9.5
DHP HSPF 10(zon
HSPF 11
DHP HSPF 10 wh
ducts in
drain water heat
dwh gas UEF 0.80
dwh gas UEF 0.91
hpwh Tier I (non
hpwh Tier III
Energy Star appli

Table 3: Incremental Cost of Multifamily options and Modeled Energy Savings (Zonal Electric
only)
Option-Description
1.1 - U-.24 Glaze
1.2 - U-.20 Glaze
1.3 - 5% UA reduc
1.4 - 15% UA reduc
1.5 - 22.5% UA reduc
1.6 - 30% UA reduc
2.1 - 2 ACH, HRV
2.2 - 1.5 ACH, HRV
2.3 - 0.6 ACH, HRV
3.1a - Furnace
3.2a - 9.5 HSPF HP
3.3a - GSHP
3.4 - DHP
3.5a - 11.0 HSPF HP
3.6a - DHP (15% elec)
4.1 - Deeply buried
4.2 - HVAC inside
5.1 - DWR
5.2 - 0.80 gas DHW
5.3 - 0.91 gas DHW, GSHP
5.4 - Tier III HPWH
5.5 - CO2 HPWH
6.1 - Solar pV
7.1 - ES Appl+ventless Dryer

Credit Value
0.5
1
--1
1.5
2
0.5
1
1.5
1
--1
2
--3
0.5
----0.5
1
2.5
3
1
1.5

Measure
Cost
--$
887
$
173
$
947
$
1,383
$
3,779
$
851
$
2,034
$
2,627
$
252
----$
3,060
$
$
5,245
$
--$
505
----$
318
$
1,275
$
5,040
$
505
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Life Cycle Cost Analysis
Life Cycle Cost Analysis (LCCA) is an analytical technique capable of comparing the present value of upfront
capital cost to future operational costs. LCCA helps decision makers determine which project designs are
likely to deliver the lowest total Life Cycle Cost (LCC).
The State Building Code Council has adopted the use of Washington State Department of Financial
Managements (OFM) life cycle cost tool for this analysis. The OFM life cycle cost tool used to provide
these results is based on the methodology of National Institute of Standards, HANDBOOK 135 Life-Cycle
Costing Manual. The OFM model is designed for state projects and commercial construction. This model
was modified to support residential construction. This primarily required changing the fuel escalation
rates from commercial to a residential standard.
Standard inputs for Life cycle cost on all the submitted documents are included in the table below.

Life Cycle Cost Reports
Below are the results of life cycle cost calculations for 5 of the 6 single family prototype buildings, each
with a central heat pump, gas furnace, and zonal electric as well as the multifamily prototype with zonal
electric heat. Each prototype includes 5 pages of report.
Executive report: This page summarizes the total life cycle cost results for three alternatives based
on a 50-year life cycle cost assessment.
Baseline: The baseline report describes the life cycle cost impact for a 2018 WSEC compliant
structure. Each includes the number of credits that would be required to meet the 2018 WSEC.
Alt 1. This report provides the inputs for the 2021 WSEC proposal. The cost and benefits included
reflect the information detailed in this report.
Alt 2. This report is identical to Alt1, except $0.75 per square foot of floor area is added to the
cost. This provides a buffer to cover uncertainty about the first cost assessment.
Expenditure Report. We have included the results of the expenditure report for each project. This
allows the reader to view the year over year cash flow for each model.
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LCCA Results
Small Gas Home – Executive Report

9

LCCA Results
Small Gas Home – Baseline Input

10

LCCA Results
Small Gas Home – ALT 1

11

LCCA Results
Small Gas Home – ALT 2

12

LCCA Results
Small Gas Home – Expenditure Report

13

LCCA Results
Small Heat Pump Home – Executive Report

14

LCCA Results
Small Heat Pump Home – Baseline Input

15

LCCA Results
Small Heat Pump Home – ALT 1

16

LCCA Results
Small Heat Pump Home – ALT 2

17

LCCA Results
Small Heat Pump Home – Expenditure Report

18

LCCA Results
Small Zonal Electric Home – Executive Report

19

LCCA Results
Small Zonal Electric Home – Baseline Input

20

LCCA Results
Small Zonal Electric Home – ALT 1

21

LCCA Results
Small Zonal Electric Home – ALT 2

22

LCCA Results
Small Zonal Electric Home– Expenditure Report

23

LCCA Results
Medium Gas Home – Executive Report

24

LCCA Results
Medium Gas Home – Baseline Input

25

LCCA Results
Medium Gas Home – ALT 1

26

LCCA Results
Medium Gas Home – ALT 2

27

LCCA Results
Medium Gas Home – Expenditure Report

28

LCCA Results
Medium Heat Pump Home – Executive Report

29

LCCA Results
Medium Heat Pump Home – Baseline Input

30

LCCA Results
Medium Heat Pump Home – ALT 1

31

LCCA Results
Medium Heat Pump Home – ALT 2

32

LCCA Results
Medium Heat Pump Home – Expenditure Report

33

LCCA Results
Medium Zonal Electric Home – Executive Report

34

LCCA Results
Medium Zonal Electric Home – Baseline Input

35

LCCA Results
Medium Zonal Electric Home – ALT 1

36

LCCA Results
Medium Zonal Electric Home – ALT 2

37

LCCA Results
Medium Zonal Electric Home– Expenditure Report

38

LCCA Results
Multifamily Zonal Electric Home – Executive Report

39

LCCA Results
Multifamily Zonal Electric Home – Baseline Input

40

LCCA Results
Multifamily Zonal Electric Home – ALT 1

41

LCCA Results
Multifamily Zonal Electric Home – ALT 2

42

LCCA Results
Multifamily Zonal Electric Home– Expenditure Report
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