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Executive Summary

Background

In 2019, energy use in residential,
commercial, and industrial buildings in
Eagle County (the County) generated
exactly half of all County greenhouse gas
(GHG) emissions. In 2020, GHG emissions
from energy use rose just slightly to 51%,
but emissions produced from natural gas
use surpassed the emissions from

electricity use.

Across Colorado, natural gas emissions
have become the primary source of
building energy emissions because the
Colorado electric grid becomes cleaner
each year. As utilities continue to increase
their portfolios of renewable energy
resources, GHG emissions from electricity
use will continue to fall. Holy Cross Energy
has already achieved 50% renewable
energy and the utility expects to reach
100% renewably powered electricity

Utility and State Renewable Energy Efforts

Holy Cross Energy: 100% renewable electricity
by 2030.

Xcel Energy: 100% carbon-free electricity by
2050.

The Colorado Public Utilities Commission:
directed by State Statute to work with investor-
owned utilities on resource plans that outline
emissions reduction goals. Investor-owned
utilities in the state must reach 80% renewable
electricity by 2030.

Colorado Regulations for Building Code:
Starting July 1, 2023, any Colorado jurisdiction
that updates their building code must, at a
minimum, adopt the 2021 IECC with electric-
ready, solar-ready, and EV-ready standards.
Starting July 1, 2026, any Colorado jurisdiction
that updates their building code must adopt
the State’s low carbon code. This code will be
developed by an Energy Code Board
administered by the Colorado Energy Office.

generation by 2030. While these goals robustly address electricity emissions, natural gas
emissions could continue to be a significant source of emissions in the County without
intentional policy updates.

Updating building code for all building types offers a crucial opportunity for Eagle County to
address emissions from buildings, with an emphasis on curbing those from natural gas.
Transitioning the fuel source of new buildings from natural gas to electricity (called
electrification) capitalizes on clean grid efforts from Holy Cross Energy and produce
significant greenhouse gas emissions savings. Peer communities are already codifying the
transition to electrification. Crested Butte passed the first ordinance in Colorado requiring all
new construction to be all-electric, beginning in 2023 (with the exception of commercial

kitchens). The Town of Basalt and Town of Vail each require new construction to include the
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pre-wiring and panel capacity for all-electric systems to be installed in the future (called
electric-ready). Many more jurisdictions in the front range are also pursuing electrification
codes with varying stringencies in preparation for a renewably powered electric grid.

Project Scope

Eagle County contracted with Lotus Engineering and Sustainability (Lotus) to evaluate new
construction energy code packages to determine how they compare to Eagle County’s current
energy code, the 2015 International Energy Conservation Code (IECC/energy code). The scope
of work is outlined in Figure ESI.

Upfront Cost Literature Review Energy Modeling

9 ]
Cost impacts of updating the base energy Building Type
code:

Single Family Home
From the 2015 energy code to the 2021

energy code. Multifamily Building

Mixed-Use Commercial

Cost impacts of three electrification code
standards that build on the 2021 energy Code Standards

B 2015 IECC

Electric-Readiness 2021 IECC

Electric-Preferred 2021 IECC + Electric-Preferred

All-Electric 2021 [ECC + All-Electric

Modeling Outputs
Annual energy use
Annual energy cost

Greenhouse gas emissions (over 40-year
building lifetime)
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Key Findings

'I. Adoption of the 2021 IECC will result in lower annual energy use, lower annual energy
cost, and lower GHG emissions in new homes and buildings than the County’s current
code, the 2015 IECC, for all building types and does not represent a significant increase
in upfront construction costs.

2. The 2021 I[ECC with an all-electric requirement resulted in:

e The lowest annual energy use (MMBTU) and the lowest greenhouse gas (GHG)
emissions of all the code standards reviewed, for single family homes, and
multifamily and commercial buildings.

e 87% or higher GHG savings compared to buildings built to the 2015 IECC, over
the lifetime of the building for all building types.

¢ The lowest annual energy costs for multifamily and commercial buildings.

e Upfront cost savings when building an all-electric commercial building
compared to the same building built to the 2021 IECC with natural gas.

Note: While the studies give a generalized estimate of incremental and upfront construction costs
of building to the 2021 IECC compared to a prior code cycle baseline, these numbers are point-in-
time estimates and are subject to change based on volatile economic parameters and developer
preferences during building design and construction. In addition, the upfront cost analysis was only
conducted for the energy code provisions of the building code.

3 The upfront construction cost to build to the 2021 Simple Payback (years) for New
[ ]

IECC, 2021 [ECC + electric-preferred, and the 2021 Construction B“(i:'t;° 2021 IECC Base
oae

I[ECC + all-electric is not significantly higher than

Single Multifamily ~ Commercial
the upfront construction costs to build to the 2015 Family Building Building
IECC. Costs to build to each above code standard Home
are returned through annual energy savings that 7.2 9.2 3.7

result from the code update.

e The upfront additional costs to build all-electric homes, the most expensive
code for single family homes, is $6,000.

e Multifamily buildings have the highest incremental upfront cost with the high
range being an additional $70,000 for an all-electric building.

¢ Commercial buildings range from cost neutral or cost savings to an additional
$4,000 to build to the above code standards evaluated.

w Engineering & Sustainability
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4 The 2021 [ECC with an electric-ready amendment will be required by law for Colorado
¢ jurisdictions beginning July 1, 2023. Installing electric-ready infrastructure in new
construction avoids costly retrofits of existing buildings and encourages builders to

build all-electric because the infrastructure is in place.

5 All code packages investigated in this study will yield annual energy cost savings for
(]
the building occupants for all building types in Eagle County’s climate zone (CZ6).

6 For all building types, the 2021 IECC with an all-electric
¢ requirement creates the greatest greenhouse gas

emissions savings over the 2015 IECC baseline.

e 2021 IECC without amendments yielded the .
smallest amount of GHG savings across 87% reduction
building types, followed by the 2021 IECC +
electric-preferred which yielded slightly more
GHG savings than the 2021 I[ECC without
amendments.

e 2021 IECC + all-electric yielded the highest
emissions savings across all building types, with
at least an 87% decrease in emissions from the

baseline 2015 code.

The visuals below provide a summary of overall results from the upfront cost and modeling
analyses. The energy use and GHG savings for each code package are compared against the
baseline 2015 IECC for all code packages. The upfront additional cost values use the 2015 IECC
as the baseline for the 2021 IECC base code, and then the IECC 2021 as a baseline for the
electric-preferred and all-electric standards. The quadrants are colored to demonstrate
impact on energy savings and GHG emissions. The darker the shade of green, the higher the
savings are.

In all scenarios, the all-electric buildings can be found in the darkest shades of green, meaning
they generate the most energy cost savings and GHG emissions savings. This code option is
followed by the electric-preferred standard which can also be found in the darker shades of
green on the charts. The circles for upfront additional construction cost indicate that each of
the above code standards, apart from all-electric multifamily buildings, do not represent
significant additional cost to implement.

w Engineering & Sustainability
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Commercial Building

GHG Reductions

$3600 Low Moderate High
2021ECC + All-Electric -
) Q@
o =
£ Upfront Additional Cost
5 g
‘m_, $2,400 2021 IECC + Electric-Preferred g ‘ hio Pata Avalidbie
1]
8 Z o O < $5,000
> 5 8
) (7]
> S o
o © Q $5,000 - $20,000
i 2021IECC s,
S $1,200 3
=3 (%]
g — > $20,000
o
2
0
$ 0 400 800 1200

40-Year GHG Emission Reductions (MTCO2e)

Each code package is summarized in the table below based on the change in upfront cost,
annual energy use, annual energy cost, and GHG emissions from the baseline code. As noted
above, the baseline for the annual energy use, annual energy cost, and GHG emissions is the
2015 IECC. The upfront additional cost values use the 2015 IECC as the baseline for the 2021 IECC
base code, and then the IECC 2021 as a baseline for the electric-preferred and all-electric
standards. All green numbers represent savings from the baseline.

The savings from each code package that goes above and beyond the 2015 I[ECC is made clear
by the green text throughout the chart. The most significant annual GHG savings, along with
the most significant energy use savings come from the all-electric buildings.
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Single Family Home
2015 IECC Baseline N/A 144 N/A $2,564 N/A 270 N/A
2021 IECC $1,470 132 -8% $2,360 ($204) 248 -8%
2021 IECC Electric-
! $925 - $2,700* 132 -8% $2,360 ($204) 248 -8%
Ready
2021 IECC Electric-
SeC™ 1 870 - $2,028* m -23% $2,082 ($482) 205 ~24%
Preferred
2021 [ECC All- $4,000 -
68 -53% 2,226 338 28 -90%
Electric $6,000* $ ($338)
Multifamily Building
2015 IECC Baseline N/A 985 N/A $21,229 N/A 1,685 N/A
($657) - $1,065
per unit
2021 IECC (9,198) - 869 -12% $19,826 ($1,403) 1,429 -15%
$14,910 whole
building
2021 [ECC Electric- |—r200 Per unit”
Read $18,900* whole 869 -12% $19,826 ($1,403) 1,429 -15%
Y building
2021 IECC Electric-
! Not available. 77 -22% $18,783 ($2,446) 1198 -29%
Preferred
$3,000-$5,000
2021 [ECC All- per unit”
i $42,000 - 536 -46% $18,067 ($3,161) 218 -87%
Electric
$70,000* whole
building
Commercial Building
2015 IECC Baseline N/A 609 N/A $11,079 N/A 1,060 N/A
10,849) -
2021 [ECC (s ) 563 -9% $10,018 ($1,061) 975 -8%
$3,918
2021 IECC Electric-
S | Not available. 563 -9% $10,018 ($1,061) 975 -8%
Ready
2021 IECC Electric-
! Not available. 492 -21% $9,002 ($2,077) 832 -21%
Preferred
2021 IECC All-
i ($18,100) 285 -54% $8,153 ($2,926) 16 -89%
Electric

N7

Table ESI: Results Summary.
*Indicates the baseline is the 2021 IECC. All other data uses the 2015 IECC as the baseline.

LOTUS
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Project Overview

1.1Introduction

Eagle County has demonstrated a strong commitment to climate action through several
adopted goals and frameworks. “Protect our mountain ecosystem” is one of three main
principles guiding Eagle County Government. Embedded in this guiding principle is the goal of
annually reducing greenhouse gas (GHG) emissions in the community by 75,000 metric tons
(mT) and in County operations by 500 mT, to achieve the goal of 50% emissions reduction by
2030 (from 2014 baseline levels), established by the Climate Action Plan for the Eagle County
Community (CAP).

New construction provides a crucial opportunity for emissions mitigation. Buildings
constructed today could last 30 to 130 years' and could either lock in carbon emissions for
generations or be used as a means for achieving emission reduction goals. Adopting the
above building code standards for new and remodeled residential and commercial buildings
is an immediate priority action listed in the CAP due to the building decarbonization potential
of code improvements. Regular updates to Eagle County building codes are critical for future-
proofing Eagle County communities, accelerating clean energy use, and keeping the County

resilient amid climate change.

1.2 Project Overview

Eagle County contracted with Lotus Engineering and Sustainability (Lotus) to analyze new
construction energy code standards as they compare to Eagle County’s current construction
code, the 2015 International Energy Conservation Code (IECC). The purpose of each task was
to investigate options the County could consider for its next round of code adoption. The scope
of work consisted of:

1) Upfront Cost Analysis: A literature review of existing studies analyzing the cost impacts
of updating energy codes from prior code cycles, in this case, the 2015 and/or 2018 IECC,
to the 2021 IECC. Additional studies were reviewed to understand the upfront cost
impacts and the cost-effectiveness of three additional above-building code standards
which include electric-readiness, electric-preferred, and all-electric provisions.

' https:/ /www.mckinsey.com/industries/engineering-construction-and-building-materials/our-
insights/call-for-action-seizing-the-decarbonization-opportunity-in-construction
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2) Energy Modeling: Energy modeling for three building types typical of Eagle County
construction: a single-family home, a multifamily building, and a mixed-use
commercial building. Each building type was modeled to meet four code standards:
the County’s current energy code (2015 IECC), the 2021 IECC, the 2021 IECC plus an
electric-preferred standard, and the 2021 [ECC with all-electric systems. The modeling
was conducted to evaluate total annual energy consumption, total annual energy
costs, and greenhouse gas emissions over the lifetime of the building (40-year period)
to understand the emissions and cost implications of advancing to a new building
code. The single-family and multifamily energy models were developed using the
National Renewable Energy Laboratory’s (NREL) Building Energy Optimization Tool
(BEopt)2 The commercial building energy model was developed using the Department
of Energy’'s eQUEST tool®.

The upfront cost analysis and the energy modeling will demonstrate which code options are
the most cost-effective and which will have the greatest contribution to reducing greenhouse
gas emissions in the County. In addition, Eagle County will be participating in a code cohort
with surrounding jurisdictions to review and adopt supporting amendments alongside the 2021
I-codes. This effort will help advise Eagle County on which supporting amendments will support
the achievement of their climate action goals through their next phase of energy code
adoption.

1.3 Energy Code Standards Evaluated

This report evaluates four energy code standards that are more stringent than Eagle County’s
current adopted energy code. The goal in evaluating these energy code standards is to
understand which energy codes can be cost-effective in implementation and support the
County in achieving its climate action goals. Cost-effective is defined by the US Department of
Energy (DOE) as a change that is “economically justified from the perspective of a public policy
that balances costs against energy savings over time” and uses life-cycle costs (energy
savings minus additional costs) over a 30-year period as a metric.* The following code

standards are those that were evaluated for cost-effectiveness in Eagle County.

1) 2021 IECC: Meets the prescriptive requirements of the 2021 IECC. Note: for base code
compliance, all building types must implement additional efficiency measures detailed

2 https://www.nrel.gov/buildings/beopt.html
3 https://www.doe2.com/equest/
4 https://www.energycodes.gov/sites/default/files/2021-07/residential _methodology_2015.pdf

w Engineering & Sustainability
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in the “Additional Efficiency” sections of the IECC (sections C406 for commercial and
multifamily and R408 for single-family homes).5

2021 IECC + electric-readiness: Meets the base requirements of the 2021 IECC, including
additional efficiency for base code compliance. This code package also includes
provisions that prepare a building for an all-electric future by installing the necessary
pre-wiring and panel capacity for space heating, water heating, clothes drying, and
cooking appliances. Under this code package, installing electric HVAC systems and
appliances is not a requirement.

2021 IECC + electric-preferred: Meets the base requirements of the 2021 IECC, including
additional efficiency for base code compliance. This code package builds upon
electric-readiness, requiring all new construction be electric-ready, and encourages
all-electric construction through required additional efficiency measures if a building
uses natural gas. Buildings under this code have the following options:

a. Build all-electric OR,

b. Build with natural gas AND adopt additional efficiency requirements from
commercial and residential 2021 IECC sections C406 and R408, respectively,
beyond those required for base code compliance.

2021 IECC + all-electric new construction: Meets the base requirements of the 2021
IECC, including additional efficiency for base code compliance. This code package also

mandates new construction to be built all-electric, with no natural gas systems.

Note: electric-readiness, as a code standard, does not impact energy consumption, energy

savings, or GHG emissions in a building over the base code. Therefore, the project team did not

develop an energy model for the electric-ready standard. Any building built with electric-

readiness infrastructure will yield the same energy performance results as the 2021 [ECC base

code energy modeling. The code standards in Table 1 were modeled to evaluate energy

savings, energy cost, and GHG emissions for Eagle County-specific building types.

5 https://codes.iccsafe.org/content/IECC2021P1

w Engineering & Sustainability
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Modeled Code Description

2015 [ECC Meets the prescriptive requirements of the 2015 IECC.

Meets the prescriptive requirements of the 2021 IECC. Note: additional
efficiency package(s) must be implemented in all building types for base
code compliance.

2021 IECC e Single-Family Homes: One additional efficiency package (R408).
[& 2021 IECC + e Multifamily: 10 points in additional efficiency section (C4086).
Electric-Ready] e Commercial: 10 points in additional efficiency section (C406).

Electric-ready standards to not impact energy performance, therefore the
energy model is the same for both the 2021 IECC and the 2021 IECC + electric-
ready code standards.
Meets the prescriptive requirements of the 2021 IECC, including the additional
efficiency package(s) for base code compliance. Electric-preferred buildings
modeled must also implement more efficiency measures, beyond base code
compliance, if they build with natural gas.

e  Single-Family Home: Two additional efficiency packages (R408).

e Multifamily: 20 points in additional efficiency section (C406).

2021 IECC + Electric-
preferred

e Commercial: 20 points in additional efficiency section (C4086).
Electric-preferred standards also assume the home is electric-ready when
built with natural gas systems.

Meets the prescriptive requirements of the 2021 IECC, including the additional
2021 IECC All-Electric | efficiency package(s) for base code compliance. HVAC systems and
appliances are all-electric.

1.4 Building Types Evaluated

Each energy code standard was investigated for three building types in Eagle County: a single-
family, multifamily, and commercial building. The size and type of each building were
determined through discussions with County staff and a review of the assessor’'s data to
identify average building sizes for each building type in the County. Table 2 summarizes the
assumptions for each building type used for energy modeling. In the upfront cost analysis,
each study had unique size and space use types for single-family, multifamily, and
commercial buildings. In conducting a review of these studies, buildings that aligned most
closely with the buildings modeled were chosen for comparison.

w Engineering & Sustainability
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Building Type Square Stories Building Use
Footage
Single-Family Home 3,184 2 Includes an unconditioned 19' x 20" garage.
Multifamily 19,989 2 Composed of 14 individual units.
Mixed Use:
Commercial 6,027 2 e Retail space on the ground floor.
e Multi-family space on the top floor.

Table 2: Building type descriptions.

1.5 Upfront Cost Review Methodology

Two approaches were used to assess the upfront costs of the four code package options.

The first was a literature review of existing studies examining the cost-effectiveness of the four
energy code standards as they compare to the County’s current adopted energy code. The
second was outreach to local general contracting companies to understand the on-the-
ground perception of the cost of energy code compliance. Note: the studies reviewed in this
report cover cost impact data for the energy code only. The 2021 I-Codes include several books
each directing construction practices for different elements of a building, including Fire Code,
Mechanical Code, Plumbing Code, and more. The cost impacts of additional provisions in code
books outside of the Energy Conservation Code were not reviewed in this study.

When reviewing the published resources available on the IECC 2021 and the three additional
energy code standards that build on the 2021 IECC, relevancy to the project and Eagle County'’s
climate zone, as well as resource type and credibility were all considered. Eagle County is in
Climate Zone 6, so information from the reports for this climate zone only are summarized in
this review. The final sources reviewed in this report are listed in Appendix B.

Most of the publicly available studies analyze the cost-effectiveness of the 2021 IECC as
compared to the 2018 I[ECC cycle, due to these being the two most recent codes. The difference
between the 2015 and the 2018 IECC are limited with most of the changes focused on
administrative updates and tightening up code language. There are only a few updates
between the two energy codes that result in improved energy performance, and those have
been shown to yield energy savings of 1.62% for Climate Zone 6.° Because of the relatively few
differences between these energy codes the studies using the 2018 I[ECC for comparison have

been included in this analysis for additional context.

6 https://www.energycodes.gov/sites/default/files/2021-07/EERE-2018-BT-DET-0014-0008.pdf
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Additionally, some of the cost studies reviewed for commercial and multifamily investigate the
cost to comply with ASHRAE design standards as opposed to the IECC code. ASHRAE stands for
the American Society of Heating, Refrigerating, and Air-Conditioning Engineers. This
professional association releases energy efficiency standards for the design and installation
of equipment in multifamily buildings and all other commercial buildings and the standards
are then referenced by the IECC. The ASHRAE design standard (ASHRAE 90.1) is a compliance
path option in the commercial IECC and therefore provides a useful tool to compare the cost
of [ECC commercial building compliance when studies directly related to the IECC are not
available. ASHRAE updates fall behind IECC updates by two years, but each new IECC cycle
adopts the latest ASHRAE standard and any amendments and/or new data that accompany
it. The 2021 IECC references the ASHRAE Standard 90.1-2019 edition, and the 2018 IECC references
the ASHRAE Standard 90.1-2016 edition.

It is important to note that the assumptions and the building specifications in the referenced
reports vary. In addition, equipment costs, inflation rates, and other economic parameters
detailed in these reports are point-in-time data sets and may not reflect present-day pricing.
The costs reflected in the studies also illustrate the cost to builders. Home buyers may
experience different cost increases due to community factors such as proximity to school
districts, amenities, and housing market rates for a specific location impact price.
Consequently, the applicability of the findings from these reports to Eagle County will also be
variable.

1.6 Energy Modeling Methodology

The single-family and multifamily buildings were modeled using the National Renewable
Energy Laboratory’s (NREL) Building Energy Optimization Tool (BEopt)’. The commercial building
was modeled using the Department of Energy’s eQUEST tool®.

Eagle County provided average square footage and other descriptive information about each
building type (Table 2). This information was used to create a basic template for each building
type in the modeling software from which the baseline and code package models were
developed.

In addition to this building-level information, localized geographic data were input into the
models to produce accurate results for Eagle County. Eagle County was selected as the

location to model the building and the typical meteorological year data for Eagle County were

7 https://www.nrel.gov/buildings/beopt.html

8 https://www.doe2.com/equest/
w Engineering & Sustainability
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downloaded and imported into BEopt and eQUEST. Electricity and natural gas utility rates for
Holy Cross Energy (HCE) and Black Hills Energy (BHE) were added to the models to use for
energy cost calculations. Table 3 lists the electricity and natural gas rates used in the models.
Rates taken from HCE and BHE tariff reports.

Electricity ‘ Natural Gas
Building Type Monthly Fixed $/kWh Monthly Fixed $/therm
Rate Rate
Single-Family Home $12 $0.105 $13.43 $1.30241
Multifamily $12 $0.105 $13.43 $1.30241
Commercial (<50 kW Peak Demand) $18 $0.095 $26.01 $1.36

Table 3: Electricity and natural gas rates used in the building models.

Based on the above information, a baseline building in compliance with the 2015 IECC was
modeled for each building type. This model was duplicated for each code option and
specifications were adjusted to align with the requirements for each additional code package.
Note that for all code options and building types, efficiencies of natural gas equipment were
reduced to account for the impacts of elevation. Eagle, CO is 6,601 feet above sea level. For
every 1,000 above 3,000 feet in elevation, natural gas appliance efficiency required in the code
was reduced by 4%.° For a full list of the inputs used to model each building and each code
option see Appendix A.

Annual energy use and cost results were exported from BEopt and eQUEST for each building
type and code package. Single-year energy use and cost results for each code package were
compared to the baseline building energy use and cost. Cumulative 40-year GHG emissions
for each building type and code package were calculated based on annual energy use. It was
assumed that annual energy use for a given building type and code package would not
change over time. Cumulative 40-year GHG emissions are calculated as opposed to annual
emissions to understand building life cycle impacts and to account for forecasted changes in
the electricity grid.

GHG emissions were calculated for each year from 2022 through 2061 based on annual natural
gas and electricity usage. The electricity emission factor (metric tons of CO.e emissions
produced per MWh of electricity consumed) was assumed to be zero by 2030 in alignment with
HCE’s goal of 100% renewable energy by 2030. The 2020 emission factor for HCE was taken from
HCE's 2020 CO, Emission Report.”® A linear decrease in the emission factor from the 2020 value
to 0 in 2030 was assumed. Natural gas emission factors were taken from the US Community

° https://www.nfpa.org/assets/files/ AboutTheCodes/54/54-A2002-rop.pdf
10 https://www.holycross.com/wp-content/uploads/2021/12/co2 EMISSION _REPORT_2020_V1.L.pdf
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Protocol for Accounting and Reporting Greenhouse Gas Emissions." Natural gas emission
factors do not change over time. Energy use, operational costs, and GHG emissions are
compared for each building type and code package.

2. Project Results

The results from this study have been organized by building type and include a summary of
the upfront cost, operational cost, and GHG emissions of each code standard applied to each
building type, compared to Eagle County’s 2015 International Energy Conservation Code.

2.120211ECC Compared to 2015 IECC

In February 2022, Pacific Northwest National Laboratory (PNNL) conducted a Colorado-specific
cost analysis that compares the residential provisions of the 2021 [ECC to the 2015 I[ECC, based
on models of typical homes built to be code compliant. This study evaluated each climate zone
within the State of Colorado. According to the report, the incremental construction cost for a
single-family home built to the base 2021 [ECC over the 2015 IECC in Colorado in Climate Zone
6 is $1,470. Additional details on energy savings over the lifetime of the building were reported
in the study. Results from this study are summarized in Table 4.

Incremental First-Year Life-cycle
Energy Cost 5
Savinas Cost Savings
- ($/unit) *

Building Type Construction Energy Cost
Cost Savings
Single-Family Home $1,470 $16 6.3% $1,144

*Life-cycle cost, by the study’s definition, indicates savings over a 30-year time period.
Table 4: Summary results from the PNNL study comparing the residential provisions of the 2021 [ECC
and the 2015 IECC.

To help validate the findings from the PNNL report, the project team reviewed two additional
cost-impact studies. These studies investigated the upfront cost of building to the 2021 [ECC
compared to the 2018 IECC. In June 2021, Home Innovation Research Labs (HIRL) and the Pacific
Northwest National Laboratory (PNNL) published national cost-effectiveness studies of the 2021
IECC compared to the 2018 IECC. The results of each report differed significantly, prompting a
third study conducted by ICF, a global consulting company, to check the accuracy of the two
reports. The ICF report demonstrated the HIRL study had significant errors in its methodology,

" https:/ [icleiusa.org/ghg-protocols/
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so the results of this study have been excluded from this report. ? ICF reported incremental
construction costs for a single-family home built to the 2021 IECC, as compared to the 2018
I[ECC, ranging from $870 - $2,028, depending on which additional efficiency package is
selected for base code compliance. The PNNL Report found the average incremental cost for a
single-family home to build to the 2021 IECC compared to the 2018 IECC to be $1,477.

These cost studies indicate that the incremental cost to build to the 2021 IECC is small and can
differ depending on the pathway a builder chooses for base code compliance.

To investigate the changes in operational cost and GHG emissions that would result from
adopting the 2021 [ECC, an energy model of a single-family home was developed to compare
a typical Eagle County home built to the IECC 2015 and the IECC 2021. The following single-

family home was modeled in the BEopt software:

e 3,84 square feet (average single-family home size based on information from the
Eagle County Assessor’s office).

e 2 stories above-grade.

e Total square footage includes an unconditioned 19’ x 20" garage.

Single-family homes must comply with the residential provisions of the IECC. The residential
provisions include a requirement that all homes must implement one additional efficiency
package to be compliant with code. The efficiency package selected for the 2021 single-family
home model is as follows:

e R408.2.2 More efficient HVAC option.

See Appendix A for a full detailed list of the specifications made in BEopt to model the single-
family building for each code package.

Energy Use

Figure 1 compares the annual energy usage for the modeled single-family home between the
2015 IECC baseline and the 2021 IECC. A single-family home built to be compliant with the 2021
I[ECC reduces annual energy use by 8% from the 2015 IECC. This change is mainly due to a
decrease in natural gas used for space heating and hot water. Electricity usage declined
slightly due to improved lighting efficiency, lower heating fan usage, and efficiency

2 https://energyefficientcodes.org/wp-content/uploads/2022/05/Comparison-of-2021-I[ECC-
Residential-Cost-Effectiveness-Analyses.pdf
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improvements to the air conditioning system. Minor improvements to building envelope
insulation also slightly reduced energy used for heating and cooling.
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Figure I. Comparison of single-family home annual energy use (MMBtu) between the 2015 IECC and the
2021 IECC.

Cost Savings

The 8% reduction in energy use described above would provide an 8% decrease in annual utility
bills ($204.47, Figure 2). Electricity use decreased by 12% and natural gas use decreased by 8%.
Savings from natural gas reductions are higher than savings from electricity due to a higher
cost per unit of energy for natural gas at the time of modeling. Overall, annual utility costs
would decrease from $2,564 with the 2015 IECC to $2,360 with the 2021 IECC. Over 40 years,
single-family homeowners would spend $8,178.80 less on energy in a home built to the 2021
[ECC compared to a home built to the 2015 IECC.
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A single-family home built to the 2015 IECC would produce 270 mt CO,e (metric tons of carbon
dioxide equivalent) over 40 years. The 2021 IECC provides an 8% decrease in GHG emissions
(248 mt COe, a decrease of 21 mt CO,e) compared to the 2015 IECC. Natural gas makes up the
maijority of both the 2015 IECC and 2021 IECC buildings’ 40-year emissions (Figure 3). This is
expected because electricity emissions fall to zero after 2030 due to HCE's renewable energy
goal.
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Figure 3: Comparison of single-family home 40-year GHG emissions between the 2015 I[ECC and the
2021 IECC.

2.1.3 UPFRONT CosT oF 2021 IECC FOR A MULTIFAMILY BUILDING

Two studies were available that analyzed the cost-effectiveness of the 2021 energy code
against the 2015 energy code for multi-family buildings. The first is the Colorado-specific PNNL
study completed in February 2022, (referenced above) which demonstrated that the total
incremental cost to build to the 2021 energy code in Climate Zone 6 is $1,065/unit (Table 5).

Table 5: Summary results from the PNNL study comparing the residential provisions of the 2021 [ECC
and the 2015 IECC. *Life-cycle cost, by the study’s definition, indicates savings over a 30-year time

period.

First-Year Life-cycle
Incremental Energy Cost .
Cost Savings

. Energy Cost .
Construction Cost Savings .
($/unit) *

Savings
$1,065 $16 6.3% $1144

Building Type

Multifamily Apartment
(cost per unit)

The second study was also conducted by PNNL, and it examined the cost differences resulting
from moving to the ASHRAE Standard 90.1-2019 (2021 IECC) from the Standard 90.1-2016 edition
(2018 IECC). The ASHRAE 90.1 standard is a compliance pathway in the commercial section of
the IECC. This study demonstrated the incremental cost to build a mid-rise apartment building
is ($0.46)/square foot.
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Results for Climate Zone 6 include results broken out by building type which are listed in Table

6. Each column represents results compared to the baseline 2016 ASHRAE Standard (which is
referenced in the 2018 [ECC).

o Net Lifetime Energy
Square Incremental Net Lifetime .
] . Cost Savings Annual Cost
Buildin Footage Construction Cost Savings (s /s t) Eneray Cost Savinds
9 Modeled in Cost for ($/sq ft) /sq 9y 9
Type o ) Privately Savings (%) for
Building ASHRAE 2019 Publicly Owned
Prototype ($/sq ft) Buildings Owned GG, | ALl
Buildings 2019
Mid-Ri
Id-Rise 33,740 ($0.46) $2.27 $2.04 $0.03 2.3%
Apartment

Table 6: Cost data for commercial buildings per building type resulting from upgrading to the 2019
ASHRAE Standard from the 2016 ASHRAE Standard.

Applying the cost per unit and cost per square foot associated with the two PNNL studies to the
square footage and the number of units in the multifamily building modeled for this report, the
following for incremental construction cost to build to the 2021 IECC over the 2015 IECC is
estimated to be $(9,194.94)-$14,910.

Numbers in parentheses indicate negative values, which equate to a lower cost to build to the
2019 ASHRAE Standard as opposed to the 2016 ASHARE Standard. While this may seem counter-
intuitive, the study suggests upfront cost savings could result from upgrading light fixtures from
fluorescent to LED technology, the need for fewer light fixtures due to reduced allowed lighting
power between the two code standards and smaller HVAC equipment sizing based on
increased efficiency measures. It is also important to note that the two PNNL studies use
different baseline energy codes for their analysis. The lower end of the incremental cost
estimate comes from the comparison to the 2018 energy code, while the higher end of the
incremental cost estimate comes from the comparison to the 2015 energy code.

2.1.4 MULTIFAMILY ENERGY MODEL: 2015 IECC CoMPARED TO 2021 IECC

To investigate the changes in operational cost and GHG emissions that would result from
adopting the 2021 IECC, an energy model of a multifamily building was developed to compare
a typical Eagle County multifamily complex built to the 2015 IECC and the 2021 IECC. The
following multifamily building was modeled in the BEopt software:

e 19,989 square feet (average multifamily building size based on information from the
Eagle County Assessor’s office).

e 2 stories above-grade.

¢ Composed of 14 units and a conditioned corridor on each floor.
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Multifamily buildings must comply with the commercial section of the IECC. The 2021
commercial I[ECC requires 10 credits in additional energy efficiency provisions on top of
compliance with the base code. The efficiency packages selected for the 2021 multifamily
model are as follows:

e (C406.7.3 Efficient fossil fuel water heater.
e CA406.3 Reduced lighting power.

See Appendix A for a full detailed list of the specifications made in BEopt to model the
multifamily building for each code package.

2015 IECC BASELINE AND 2021 IECC COMPARISON

Energy Use

Compared to the 2015 IECC, a multifamily building constructed in compliance with the 2021
IECC base code results in a 12% decrease in energy use (Figure 4) due to a decrease in natural
gas use. Electricity usage increases slightly between the 2015 and 2021 IECC due to the efficient
fossil fuel water heater selected in the 2021 IECC model. A condensing water heater was
selected for modeling. This type of water heater uses electricity to power the condensing fan,
resulting in a slight increase in electricity consumption. An improvement in required furnace
heater efficiency between the 2015 and 2021 IECC is responsible for most of the natural gas use
reduction.
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Figure 4: Comparison of multifamily building annual energy use between the 2015 IECC and the 2021
IECC.
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Cost Savings

Total annual energy costs decrease by 7% between the 2015 and 2021 IECC (Figure 5). Overalll,
annual energy costs would decrease by $1,403 with the 2021 IECC. Over 40 years, the multifamily
building would save $56,115 in energy costs with the 2021 [ECC compared to the 2015 IECC.
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The modeled multifamily building would produce 1,685 mt CO.e over 40 years based on the
2015 I[ECC. The 2021 IECC provides a 15% decrease in GHG emissions (1,429 mt CO,e, a decrease
of 257 mt CO,e) compared to the 2015 IECC (Figure 6). Reductions in natural gas use drive this
difference between the two codes since electricity demand from the water heater condensing
fan slightly increased overall electricity use.

w Engineering & Sustainability



Page |23

2,000
1,500
o
o
O 1000
=
=
500
97
0

2015 IECC (Baseline) 2021 [ECC

B Electricity (mt CO2e) m Natural Gas (mt CO2e) B Avoided Emissions from Baseline (mt CO2e)

Figure 6: Comparison of cumulative 40-year GHG emissions from each code package for the
multifamily building.

2.1.5 UPFRONT CosT OoF 2021 IECC FOR A COMMERCIAL MIXED-USE BUILDING

Only one study was available that investigated the incremental cost to build to the 2021 energy
code for commercial buildings. This study is the PNNL study referenced above, which examined
the cost differences resulting from moving to the ASHRAE Standard 90.1-2019 (2021 [ECC) from
the Standard 90.1-2016 edition (2018 IECC), which is a compliance pathway in the commercial
section of the IECC. Results for Climate Zone 6 include results broken out by building type which
are listed in Table 7. Each column represents results compared to the baseline 2016 ASHRAE
Standard (which is referenced in the 2018 IECC).

o Net Lifetime Energy
Square Incremental Net Lifetime .
. . Cost Savings Annual Cost
o Footage  Construction Cost Savings .
Building . ($/sqft) Energy Cost | Savings
Modeled in Cost for ($/sq ft) . :
Type o ) Privately savings (%) for
Building ASHRAE 2019 Publicly Owned
Prototype ($/sq ft) Buildings owned (s/sqtt) ASHRAE
J Buildings 2019
Small
Office 5,500 ($1.66) $3.76 $3.18 $0.04 5.7%
L
arge 498,640 ($1.80) $3.31 $2.72 $0.04 25%
Office
Stand-
24,690 12 3.76 3.25 0.06 5.9%
Alone Retail ' (3128) $ $ $
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Primar

imary 73,970 ($2.41) $5.47 $4.62 $0.07 7.3%
School
small Hotel 43210 $0.65 $12.55 $12.12 $0.08 7.1%

Applying the cost per square foot of the commercial building types to the square footage of
the commercial building modeled for this report, the following for incremental construction
cost to build to the 2021 IECC over the 2018 IECC is estimated to be a savings of $(10,005)-
$(7,n4).

As stated above, the numbers in parentheses indicate negative values, which equate to a lower
cost to build to the 2019 ASHRAE Standard as opposed to the 2016 ASHARE Standard. The same
rationale for the lower cost to build for multifamily applies to commercial buildings, including
more efficient HVAC systems, and reduced lighting power densities, among others. The
commercial building design is extremely variable, thus there may be other interactions
between code updates and specific applications that also result in either upfront cost savings
or higher upfront costs.

To investigate the changes in operational cost and GHG emissions that would result from
adopting the 2021 IECC, an energy model of a commercial building was developed to compare
a typical Eagle County multifamily complex built to the I[ECC 2015 and the IECC 2021. The
following commercial building was selected based on the average size and use of commercial
buildings in Eagle County and was modeled using eQUEST:

e 6,027 square feet.
e 2 stories above grade.
e Composed of retail space on the ground floor and three multifamily units on the top

floor.

The 2021 commercial [ECC requires 10 credits in additional energy efficiency provisions on top
of compliance with base code. Credits awarded for energy efficiency provisions differ between
building occupancy types (i.e., the same energy efficiency strategy awards different number
of credits to retail space compared to multifamily space). As the modeled commercial building
includes retail and multifamily space, credits from additional energy efficiency provisions are
weighted by the floor area of each occupancy type. The efficiency packages selected for the

2021 commercial model are as follows:

e (C406.8 Enhanced envelope performance.
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e C406.7.4 Efficient fossil fuel water heater (applies to the multifamily floor only).

See Appendix A for a full detailed list of the specifications made in eQUEST to model the
commercial building for each code package.

2015 IECC BASELINE AND 2021 IECC COMPARISON

Energy Use

To account for differences in energy usage between the two occupancy types included in the
mixed-use commercial building, several building components were specified separately for
the retail and multifamily space. Occupancy, lighting, and fan schedules along with space-
specific lighting power densities were included in the model for each occupancy type. Water
heater capacities were also specified for the different spaces (i.e, the multifamily space
requires more gallons of hot water per person than the retail space). Compared to the 2015
IECC, compliance with the 2021 IECC base code results in a 9% decrease in energy use (Figure
7), primarily due to decreases in natural gas consumption from improvements to the building
envelope—leading to decreased energy need for heating and cooling—and higher efficiency
water heaters.

800

600

MMBtu
N
o
o

200

2015 IECC (Baseline) 2021 IECC

W Electriciy (MMBTU)  m Natural Gas (MMBTU)

Figure 7. Comparison of commercial building annual energy use between the 2015 IECC and the 202]
IECC.

Cost Savings

Compliance with the 2021 [ECC provides a 10% decrease in total annual energy costs compared
to the 2015 IECC ($1,061 saved per year). The decrease in electricity used for lighting and the
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decrease in natural gas used for space and water heating are the primary drivers in this cost
reduction. Over 40 years, the commercial building would save $42,440 compared to the 2015
I[ECC.

$12,000
$11,079 -$575
v
)
3
o $8,000
>
>
[}
c
L
T
2 $4,000
c
<
$0 T T T
2015 IECC (Baseline) Decrease in Electricity Decrease in Natural 2021 IECC
Usage Gas Usage
GHG Emissions

Over 40 years, the commercial building modeled to 2015 IECC standards would produce 1,060
mt CO.e. Compliance with the 2021 [ECC would reduce 40-year building emissions by 85 mt
CO.e, an 8% decrease (Figure 9). This reduction is primarily driven by natural gas savings from
space and water heating. Given Holy Cross Energy’s renewable energy goals, electricity
savings from improved lighting efficiency have a limited impact on total building emissions
compared to natural gas reductions.
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Figure 9: Comparison of cumulative 40-year GHG emissions between the 2015 IECC and 2021 IECC for
the commercial building.

2.2 2021 IECC Electric-Ready Standard Compared to 2015
IECC

2.2.1 UPFRONT COST OF ELECTRIC-READINESS FOR ALL BUILDING TYPES

Electric-readiness includes code provisions that prepare a building for an all-electric future by
installing the necessary pre-wiring and panel capacity for space heating, water heating,
clothes drying, and cooking appliances. Studies conducted by Utah Clean Energy (UCE) and
Groupl4 (this study uses PNNL data) detail the upfront cost of building electric-ready new
construction and costs for panel upgrades to existing buildings. Results are outlined in Table 8.

Upfront
Cost for Cost for Upfront Cost Cost For
. . ) Service for Medium- Service Panel
Authoring Assumptions [ Single- ]
. . Panel Sized Upgrades for
Entity Methodology Notes Family . q
Home Upgrades Commercial Commercial
for SFH Building Building
(SFH)
e Estimates based on a
literature review and $1.350 $1500
UCE . o $925 $2,300 (low-rise (low-rise
input from building . . . .
multifamily) multifamily)

experts in Utah.
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¢ Single-family home:
Groupl4/ . .
PNNL 2,820 square feet, 4 $2,700 $3,342 Not available. | Not available.
bedrooms.

Electric-readiness is a future-proofing strategy used to avoid costly upgrades to new homes
after they've been built. The Utah Clean Energy study estimates that the cost to retrofit an
average single-family home in Utah with electric-ready infrastructure is 4.2 times (416%) the
cost of including the same infrastructure in new construction. The estimated premium to
retrofit a low-rise multifamily property is 2.7 times (267%) the new construction cost.

Additionally, electric-readiness does not require installation of all-electric equipment, thereby
giving builders a choice of fuel use, but it is still an effective mechanism for ensuring cost is less

of a deterrent when an occupant decides to move toward all-electric equipment and systems.

Note: electric-readiness infrastructure does not impact energy consumption, energy savings,
or GHG emissions in a building. Therefore, the project team did not model each building type
to an electric-ready standard. Any building built with electric-readiness infrastructure will yield

the same energy performance results as the 2021 IECC energy modeling in Section 2.1.

2.3 2021 IECC Electric-Preferred Standard Compared to
2015 IECC

Electric-preferred amendments build upon electric-readiness. This code package still allows
for fuel choice but builders that opt to use natural gas must implement extra efficiency
measures, in addition to being electric-ready. To comply with an electric-preferred code
amendment, a builder has two choices. First is to build all-electric and the second is to build
with natural gas and electricity. If a builder chooses to use natural gas along with electricity,
they must implement additional efficiency measures. The additional efficiency requirements
for an electric-preferred code can vary.® Typically, electric-preferred codes use the additional
efficiency sections of the IECC 2021 code (Sections R408 and C406) to identify the additional
efficiency measures a natural gas building must pursue, such as high-efficiency gas
equipment or building envelope improvements.

1® City of Denver and City of Louisville represent a range of electric-ready code language options. For the
City of Denver, a building must implement additional efficiency measures totaling to 40 points (as
outlined by Sections R408 and C406 in the 2021 IECC). In the City of Louisville, a building must simply
install higher-efficiency gas equipment.
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For the electric-preferred upfront cost analysis, additional costs are incurred from electric-
ready infrastructure and the additional efficiency requirements. Costs for building all-electric,

a compliance option under electric-preferred codes, are reviewed in Section 2.4.

Reports estimating the upfront cost impacts of electric-preferred are only available for single-
family homes. These estimates come from the ICF report, referenced in Section 2.1, and cost
modeling conducted by Groupl4 and PNNL There are currently no published studies that
examine electric-preferred upfront or incremental costs for multifamily and commercial
buildings.”

The cost for additional efficiency measures will vary depending on the additional efficiency
package chosen. Note: For [IECC 2021 base code compliance, all homes must select at least one
of the additional efficiency package options from Section R408 of the I[ECC Residential
provisions. A second efficiency package must be selected to comply with an electric-preferred
standard. The efficiency package options for single-family homes include:

1) Enhanced building envelope.

2) Higher efficiency HVAC equipment.

3) Higher efficiency service-hot water heater.

4) More efficient duct thermal distribution system.

5) Improved air sealing and ventilation.

Modeling results from the ICF study detailing the incremental construction cost for each
efficiency measure, relative to the 2018 IECC, are shown in Table 9. ICF opted not to model costs
for enhanced building envelope, due to the variability of components that contribute to
insulation and the complications that would add to modeling. However, it is important to
consider that the upper range of costs could be higher if the enhanced building envelope
scendario were modeled. An electric-preferred code would at minimum require single-family
homes to implement at least two of the listed efficiency package options if they build with
natural gas.

14 https:/ [www.louisvilleco.gov/home/showdocument?id=34232&t=637814040411046672

15 To be compliant with the base code, a building must select efficiency packages that add up to at
least 10 points for their respective climate zone. In an electric-preferred code, buildings must earn more
than 10 points if they build with natural gas and the additional points they must earn depend on the
electric-preferred standard. For the full suite of options available for commercial buildings, refer to
Section C406 Additional Efficiency Requirements in the 2021 [ECC.
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Incremental Construction

Additional Efficiency Option

Energy Cost Savings

Cost
With higher efficiency HVAC option $1,464 11.5%
With reduced energy-use water heater
. 9y $870 4.5%

option
With i d ai li d efficient

i .|m'prove 'olr sealing and efficien $2,028 5.7%
ventilation option
With a more efficient duct thermal

! clent du $926 10.6%

distribution system option, slab house
Table 9: Costs modeled by ICF for the 2021 IECC and additional efficiency options, relative to the 2018
IECC.

To develop the energy model for the electric-preferred standard, the team selected two
additional efficiency packages to model.

e R408.2.2 More efficient HVAC option.
e R408.2.4 More efficient duct thermal distribution system.

Energy Use

The 2021 IECC with electric-preferred code package complies with 2021 IECC base code and
improves HVAC system and duct thermal distribution efficiency above the base requirements.
The electric-preferred package would reduce annual energy use for a single-family home by
23% from the baseline and 16% from the 2021 IECC base code (Figure 10). The improvements to
the HVAC and duct systems lead to minor electricity use reductions from cooling and
ventilation and natural gas reductions from heating.
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Figure 10: Comparison of single-family home annual energy use between the 2015 IECC and the 2021
IECC with electric-preferred provisions.

Cost Savings

Annual energy costs with the electric-preferred package would be $2,082, a 19% ($481.94)
reduction in annual costs from the 2015 IECC baseline (Figure 11). Electric-preferred provisions
would provide an additional $277 in savings per year over the 2021 IECC base code.
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Figure 1. Comparison of single-family home annual energy costs between the 2015 IECC and the 2021
IECC with electric-preferred provisions.
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As most of the energy savings from this code package are due to the decrease in natural gas
usage, annual natural gas costs are $389 lower than the 2015 IECC baseline (Figure 12). The
electric-preferred provisions would provide an additional $12 per year in electricity savings
from the 2021 IECC base code ($81 saved from 2021 IECC and $93 from electric-preferred). Over
40 years, an average single-family home in Eagle County built to the 2021 IECC with electric-
preferred provisions would save $19,277.60 compared to the 2015 IECC baseline.
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Over 40 years, a typical single-family home in Eagle County built to the 2021 [ECC with electric-
preferred provisions would produce 205 mt CO.g, resulting in a 24% reduction from the 2015
IECC (Figure 13). There were minimal changes to equipment between the 2021 IECC and 2021
I[ECC electric-preferred code packages, so this reduction in emissions comes entirely from
natural gas use reduction from more efficient HYAC and ducting systems that result in less
energy use for heating. Efficiency improvements to ducting are primarily responsible for the
energy, cost, and GHG emission savings from this code package.
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Figure 13: Comparison of single-family home 40-year GHG emissions between the 2015 [ECC and the
2021 IECC with electric-preferred provisions.

To develop the multifamily energy model for the electric-preferred standard, the team
selected efficiency packages to model which total 20 points from the tables in the additional
efficiency requirements in section C406.

e C406.7.3 Efficient fossil fuel water heater.
e C406.3 Reduced lighting power.

e C406.8 Enhanced envelope performance.
e C406.6 Dedicated outdoor air system.

Energy Use

The electric-preferred code package for multifamily also includes the efficient fossil fuel water
heater and reduced lighting power provisions modeled in the 2021 IECC package. Additionally,
a 15% improvement in building envelope performance and a dedicated outdoor air system
were modeled for the electric-preferred package. These provisions reduce overall energy use
by 22% compared to the 2015 IECC (Figure 14).
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Figure 14: Comparison of multifamily annual energy use between the 2015 IECC and the 2021 IECC with
electric-preferred provisions.

Electricity usage increased between the 2021 I[ECC and the 2021 IECC with electric-preferred
provisions due to the dedicated outdoor air system included in the model. This system is
required by the 2021 I[ECC to provide energy recovery, so an energy recovery ventilator (ERV)
was included in the model. The ERV increased electricity use from ventilation but significantly
decreased the natural gas used for space heating, resulting in an overall net reduction in

energy use.

Cost Savings

Annual energy costs from the 2021 I[ECC with electric-preferred provisions total $18,782.68,
resulting in a 12% reduction from the 2015 IECC (Figure 15). The additional efficiency provisions
included in the electric-preferred package provide an additional $1,043.07 in annual savings
on top of the 2021 IECC.
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Figure 15: Comparison of multifamily annual energy costs between the 2015 IECC and the 2021 IECC with
electric-preferred provisions.

This reduction is driven by the decrease in natural gas usage due to the ERV and the improved

building envelope (Figure 16). Electricity costs increase due to the additional electricity

consumed by the ERV and the tankless condensing water heater fan.

$25,000

$20,000

$15,000

$10,000

Annual Energy Cost

$5,000

$0

e ——

-$3,026

+$580 v

$18,783

2015 [ECC
(Baseline)

Incrase in Decrease in
Electricity Usage Natural Gas Usage

2021 IECC Electric

Preferred

Figure 16: Cost savings breakdown of multifamily annual energy costs between the 2015 IECC and the
2021 IECC with electric-preferred provisions.
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GHG Emissions

Over 40-years, the modeled multifamily building built to the 2021 IECC with electric-preferred
provisions would produce 1,198 mt CO.e, resulting in a 29% reduction from the 2015 IECC (Figure
17). The slight increase in electricity emissions is offset by the significant decrease in natural

gas emissions.
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Figure 17: Comparison of cumulative 40-year GHG emissions from each code package for a multifamily
building.

To develop the commercial energy model for the electric-preferred standard, the team
selected efficiency packages to model which total 20 points from the tables in the additional

efficiency requirements in section C406.

e C406.8 Enhanced envelope performance.

e C406.7.3 Efficient fossil fuel water heater.

e C406.2 More efficient HYAC equipment performance.
o 10% Heating efficiency improvement.
o 10% Cooling efficiency improvement.

e C406.3 Reduced lighting power.
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Energy Use

The 2021 [ECC with electric-preferred provisions includes additional energy efficiency
measures in addition to the measures needed for 2021 IECC base code compliance. The
additional measures selected for the electric-preferred package for the modeled commercial
building include 10% efficiency improvements in HYAC equipment performance and reduced
lighting power. These additional measures reduce energy usage by an additional 12.5% from
the 2021 IECC base code and a total of 21% from the 2015 IECC (Figure 18). HVAC efficiency
improvements provide significant energy savings as space heating is the largest end use of
energy for the modeled building.
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Figure 18: Comparison of commercial building annual energy use between the 2015 IECC and the 2021
IECC with electric-preferred provisions.

Cost Savings

Annual energy costs with the 2021 [ECC electric-preferred code package are 19% lower than
energy costs with the 2015 IECC. The electric-preferred provisions provide an additional $1,016
in savings compared to the 2021 IECC base code package (Figure 19). Over 40 years, the
commercial building would save $83,080 in energy costs compared to the 2015 IECC.
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Figure 19: Comparison of commercial building annual energy costs between the 2015 IECC and the 2021
IECC with electric-preferred provisions.

Natural gas cost savings make up 67% of total energy cost savings for the building. (Figure 20).
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Figure 20: Cost savings breakdown of commercial building annual energy costs between the 2015 [ECC
and the 2021 IECC with electric-preferred provisions.
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GHG Emissions

The electric-preferred provisions provide an additional 143 mt CO,e in emissions reductions
over 40 years for the commercial building compared to the 2021 [IECC base code package. The
electric-preferred scenario leads to a total of 228 mt CO,e in reductions from the 2015 IECC
(Figure 21). Electricity emissions decrease by 2 mt CO,e and natural gas emissions decrease
by 141 mt CO,e from the 2021 [ECC base code.
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Figure 2I. Comparison of commercial building 40-year GHG emissions between the 2015 IECC and the
2021 IECC with electric-preferred provisions.

2.4 2021 IECC All-Electric Standard Compared to 2015 IECC

Lotus worked with David Petroy, an energy consultant, to look at data relevant to Eagle County
for heating system costs to understand the cost difference between typical all-electric and
natural gas HVAC systems. David continuously tracks current equipment pricing, and using his
database, he was able to determine incremental installation costs of an all-electric heating
system compared to a natural gas system in a single-family home and a multifamily building
(Table 10).
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Incremental Installation
Cost for All-Electric System
Compared to a Natural Gas

System

Building

Assumptions and Heating Systems
Type

e 2000-2500 sq ft

e Electric system: Ducted 4-ton cold climate heat
pump system with integrated 10kW electrical heater $4,000 - $6,000

e Gas system: Fully ducted 96% two-speed furnace
and 18+ SEER, 3-ton AC system

Single-
family home

e 1,318 sq ft per unit

e Electric system: Ducted 3-ton cold climate heat
pump system with integrated 10kW electrical heater $3,000 - $5,000

e Gas system: Fully ducted 96% two-speed furnace
and 18+ SEER, 2.5 ton AC system

Multifamily
building

Table 10: Incremental installation costs of an all-electric heating system vs. a natural gas heating
system, for single-family and muitifamily buildings.

Before rebates are applied, the cold climate heat pump system costs more than the gas
furnace and AC system. However, in both building types, the cost of the all-electric heating
system is lower than the natural gas system when rebates and tax incentives are applied. Holy
Cross Energy customers may apply for $4,000 (25% rebate) for a new heat pump beginning in
2023. In addition, Colorado provides a 10% income tax credit for the purchase and installation
of heat pump systems.

Further cost savings can be found in all-electric new construction by avoiding the piping
needed to bring gas into the home. In a study conducted by Southwest Energy Efficiency Project
(SWEEP) in 2022, savings of $2,500-$5,000 from not installing the gas lines in new single-family
home developments are reported.’”

A modeling study conducted by Groupl4 in November 2020 evaluated the economics of
electrifying commercial buildings in Colorado. The study utilized equipment cost insights from
Denver-based contractors and these estimates have likely changed as of the time of writing
for this report (September 2022). Assumptions used for office building modeling and the cost
analysis results are outlined in Table 11. Avoiding natural gas infrastructure (gas connections
and piping) in the office building modeled saved $21,000, contributing to the net negative
incremental installation cost for an all-electric system, as compared to a natural gas system
(Table 1).

16 https://www.swenergy.org/pubs/heat-pump-study-2022
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Incremental Installation Cost for All-
Assumptions Electric System Compared to a Natural
Gas System

Building

Type

¢ Located in Lakewood, CO
Office ¢ 28,000 sq ft
Building | e Costs include heat pump, a heat pump water
heater, and electrical modifications.

($18,100)

Table 11 Total equipment costs for new construction of an office building with all-electric systems vs.
natural gas systems.

2.4.2 SINGLE-FAMILY HOME ENERGY MODEL: 2021 IECC + ALL-ELECTRIC COMPARED TO 2015
IECC

To develop the single-family home model for the all-electric standard, the team selected one
additional efficiency package for base code compliance that was specific to all-electric

construction.
o R408.2.2 More efficient HVAC option (all-electric).

Energy Use

The 2021 IECC all-electric code provides the greatest reduction in energy use out of all code
packages for a single-family home and reduces energy use from the 2015 IECC baseline by
53% (Figure 22). The improvement in efficiency from switching from natural gas to all-electric
equipment allows a typical home to operate on much less overall energy. The all-electric
option reduces energy use by 39% from the 2021 IECC electric-preferred package.

‘6°
120
3
@
S 80
=
40
0
2015 [ECC (Baseline) 2021 IECC 2021 IECC Electric 2021 IECC All Electric
Preferred

M Electricity ® Natural Gas

Figure 22: Comparison of single-family home annual energy use between all code packages.
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Cost Savings

A single-family home built to the 2021 IECC all-electric code package would save $338 per year
in energy costs compared to the 2015 IECC (Figure 23). Energy costs with the all-electric
package are $144 higher per year compared to the electric-preferred scenario. This growth in
energy costs is due the significant increase in electricity consumption needed to support all-
electric appliances, an air source heat pump, and a heat pump water heater. Additionally, the
electric preferred scenario included HVAC ducts in conditioned space while the all-electric
scendario does not, increasing heating and cooling energy consumption. Over 40 years, this
code package would save $13,525 in energy costs compared to the 2015 IECC.
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Figure 23: Comparison of single-family home annual energy costs all code packages.

The all-electric code package removes all natural gas costs ($1,757 per year with the 2015 IECC)
and increases electricity costs by $1,418 per year. Changes in electricity costs due to cheaper
renewable energy or other fluctuations are not captured in this analysis. Energy cost savings
from the all-electric code package have the potential to be even greater if electricity costs
become cheaper.
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Figure 24: Cost savings breakdown of single-family home annual energy costs between the 2015 IECC
and the 2021 IECC with all-electric provisions.

GHG Emissions

The all-electric code package provides the greatest GHG emissions reductions compared to
the 2015 IECC. With no natural gas usage and a 100% renewable electric grid in 2030, an average
single-family home in Eagle County built to the 2021 [ECC all-electric code would produce 28
mt CO,e over 40 years (Figure 25). This code package would avoid 242 mt CO.e compared to
the 2015 IECC, which equates to a 90% emissions reduction from the 2015 IECC. This highlights
how building electrification paired with renewable energy is a powerful strategy for reducing
GHG emissions.
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Figure 25: Comparison of cumulative 40-year GHG emissions from each code package for a single-
family home.

To develop the multifamily energy model for the all-electric standard, the team selected
efficiency packages to model which total 10 points in the tables in additional efficiency
requirements in section C406, for base code compliance, and reflect all-electric construction.

e C406.3 Reduced lighting power.
e C406.8 Enhanced envelope performance.
e C406.7.4 Heat pump water heater.

Energy Use

The all-electric option for the multifamily building includes the building envelope improvement
and reduced lighting power additional efficiency provisions. Additionally, it includes air source
heat pumps, a heat pump water heater, and all-electric appliances. The all-electric code
package provides the modeled multifamily building with the greatest reduction in energy use
out of all code packages, with a 46% decrease from the 2015 IECC (Figure 26).
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Figure 26: Comparison of multifamily annual energy use between all code packages.
Cost Savings

Annual energy costs with the all-electric code package are only slightly lower than energy
costs with the electric-preferred code package. This is due to the significant increase in
electricity usage due to switching all equipment away from natural gas. Heating, hot water,
and appliances consume the most electricity for the multifamily building with the all-electric
code package. Overall energy costs with the all-electric package decreased by 15% from the
2015 IECC (Figure 27).
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Figure 27. Comparison of multifamily annual energy costs for all code packages.
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Replacement of all natural gas appliances and equipment reduces annual energy costs by
$11,970. The electricity needed to power the electric equipment is modeled to cost $8,808 per
year (Figure 28). Over 40 years, the modeled multifamily building built to the all-electric code

package would save $126,458 in energy costs.
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The modeled multifamily building built to the 2021 IECC with all-electric provisions would
produce 218 mt CO,e over 40 years. This is an 87% reduction from the 2015 IECC (Figure 29).
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Figure 29: Comparison of cumulative 40-year GHG emissions from each code package for the
multifamily building.

To develop the commercial energy model for the all-electric standard, the team selected
efficiency packages to model which total 10 points in the tables in additional efficiency

requirements in section C406, for base code compliance, and reflect all-electric construction.

e C406.3 Reduced lighting power.
e (C406.8 Enhanced envelope performance.

Energy Use

The 2021 IECC all-electric code package provides the greatest reduction in energy use in the
modeled commercial building compared to the 2015 IECC, resulting in a decrease of 54%
(Figure 30). Electricity energy consumption increased by 89% between the all-electric package
and the 2015 IECC baseline.
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Figure 30: Comparison of commercial building annual energy use between the 2015 IECC and the 2021
IECC with all-electric provisions.

Cost Savings

Annual energy costs with the all-electric code package are 26% lower than annual energy
costs from the 2015 IECC (Figure 31). The all-electric package provides an additional $849 in
annual savings over the electric-preferred package. Electricity costs are $3,746 higher with the
all-electric scenario compared to the 2015 I[ECC. However, the efficiency of electric equipment
over natural gas provides $2,936 in total annual energy cost savings. The all-electric scenario
is cheapest option and would save the commercial building $117,040 in energy costs over 40

years.
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2021 IECC All
Electric

Figure 3I. Comparison of commercial annual energy costs between the 2015 IECC and the 2021 IECC
with all-electric provisions.

The savings from eliminating natural gas equipment from the building are partially offset by

the cost of additional electricity. Total savings from this scenario are dependent on future

electricity costs.

$12,000

$8,000

$4,000

Annual Energy Cost

$0

$11,079

2015 IECC
(Baseline)

+$3,746

Decrease in
Natural Gas Usage Electricity Usage

Increase in

2021 IECC All
Electric

Figure 32: Cost savings breakdown of commercial building annual energy costs between the 2015 IECC

and the 2021 IECC with all-electric provisions.
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GHG Emissions

The all-electric code package provides the greatest reduction in GHG emissions over 40 years.
When modeled with the 2021 IECC all-electric scenario, the building would produce 116 mt CO.e,
an 89% reduction (Figure 33).

1,200
Y
922

800
()]
N
o
3
-
=

400

0

2015 IECC (Baseline) 2021 IECC 2021 IECC Electric 2021 IECC All Electric
Preferred

B Avoided Emissions from Baseline (mt CO2e) ® Natural Gas (mt CO2e) M Electricity (mt CO2e)

Figure 33: Comparison of commercial building 40-year GHG emissions between the 2015 IECC and the
2021 IECC with all-electric provisions.

2.5 Contractor Outreach Results

Outreach via email and phone calls was conducted to four general contractors (GCs) chosen
for their project experience and industry knowledge of building in both front range and
mountain communities. Representatives from each company received a questionnaire via
email of open-ended questions on cost differences between buildings built to the 2015 and
2021 [ECCs, and the cost to build in the mountains as opposed to the front range (see Appendix
C).

Two of the four contractors responded to the questionnaire, however, neither completed the
questionnaire in full. Both contractors who responded referenced a lack of experience building
to the 2021 code and were unable to provide cost estimates or cost comparisons between the
two code standards. They were, however, able to share insight on the upfront cost of building,
specifically, the higher cost to build in mountain communities. The information received is
summarized below:
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e There is a 10%-30% increase in construction costs when building in mountain
communities, compared to the front range. Studies that only investigate the cost to
build in front-range communities will show lower upfront costs than what has been
experienced building in mountain communities. Cost increases are driven by several
factors including but not limited to:

o Higher performance windows and insulation for a building envelope dictated by
stricter envelope requirements for Climate Zone 6. (Note: front range
communities are in Climate Zone 5).

o Extra fuel costs and delivery fees for getting materials from Denver to mountain
communities.

o Various elements of labor costs such as those associated with faraway projects
(hotels, local project supervisors, etc.), accounting for the cost of living,
availability of labor, and competing wages with other companies.

e One contractor reported inflation rates to increase roughly 1.5% per month or a total of
15% since January 2022. The other contractor reported general cost increases due to
inflation but noted that inflation has not affected markups for projects built in mountain

communities as opposed to front-range communities.

Anecdotal information received from general contractors did not provide the project team with
insights on the cost to build to the different energy code standards. However, the additional
context provided by these local contractors help provide a more holistic picture of how labor
rates and other economic factors impact the upfront cost of building to each code standard
evaluated.
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3. Results Discussion & Conclusion

3.1Upfront Cost for Updating Energy Codes

The upfront cost to build to the 2021 IECC as opposed to the 2015 IECC does not represent a
significant increase in the upfront construction costs for a single-family home, multifamily
building, or commercial building.

For those building types and code packages where upfront cost data were available, all were
cost-effective, meaning the additional upfront costs of these codes are paid back via energy
savings at the building level over a 30-year period (see Table 12). For multifamily and
commercial buildings, studies show that there may be an overall incremental cost decrease
to build to the 2021 IECC as compared to the 2015 IECC.

The code option with the largest upfront cost burden is the electric-preferred standard if a
builder chooses to build with natural gas. The additional efficiency packages that must be
implemented to earn compliance with this code add additional costs beyond base code

compliance.

For all-electric construction, studies show in all cases that there is no additional upfront cost of
building all-electric beyond the cost to build to the 2021 IECC, especially when rebates for all-
electric equipment are accounted for.

An important conclusion drawn from the outreach to local contractors is that there is a
higher cost to build in the mountains than in the rest of the state due to labor rates and the
cost to ship materials. In addition to the higher cost of labor and materials, builders in Eagle
County have experienced a 1.5% inflation rate per month on building materials since the
beginning of 2022. These two factors will likely show an increased cost to build in Eagle County
beyond what is summarized in this report. However, it should be noted the cost increases from
inflation, labor, and materials will impact building construction as a whole, and should not be
directly attributed to changes in the energy code. The upfront cost impacts summarized here
only evaluate the energy code changes, which are one small part of the overall building code.
In reality, costs due to code updates are also dependent on the code compliance pathway
and optimal building design determined by the developer.
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Incremental

o . 30-Year Ener (o1 o
Building Type Code Package Construction T 4 .
Savings Effective?
Costs
Base 2021 IECC $1,470 $6,134 Yes
2021 IECC + Electric- Cost is the same as
. . $925 - $2,700 Yes
Single-Family ready base 2021 [ECC.
Home 2021 [ECC + Electric-
$870 - $2,028 $14,458 Yes
preferred
2021 IECC + All-electric $4,000 - $6,000 $10,144 Yes
Base 2021 IECC ($9,195) - $14,910 $42,086 Yes
2021 [ECC + Electric- Cost is the same as
$18,900 Yes
. . ready base 2021 IECC.
Multitamily 2021 [ECC + Electric-
Not available. $73,378 -
preferred
2021 [ECC + All-electric $42,000 - $70,000 $94,844 Yes
Base ASHRAE Standard
10,849) - $3,91 31,830 Y
9011 - 2019 (810,849) - 83,918 e s
2021 [ECC/ASHRAE 2019 + _ Cost is the same as
. Not available. =
Electric-ready base 2021 IECC.
Commercial
2021 [IECC/ASHRAE 2019 +
. / Not available. $62,310 -
Electric-preferred
Base 2021 IECC/ASHRAE
18,100 7,780 Y
2019 + All-electric (816100) S °s

Table 12: Summary table of incremental construction costs reported in studies found in a literature
review and applied to the building type specifications (square footage, number of units, etc.) modeled
by Lotus.”,’

3.2 Energy Code to Support Climate Goals

The adoption of the 2021 IECC will, in every case, yield a reduction in energy use, annual
energy cost, and GHG emissions compared to the 2015 IECC.

In addition, if Eagle County were to pursue supporting amendments such as electric-preferred
and/or all-electric new construction, the result is the same with just a few exceptions. As the
code increases in stringency (Figure 34), the annual energy consumption, and GHG emissions

decrease in all cases. Annual energy costs also decrease in most cases.

7 See Appendix B for report details and assumptions. This does not reflect the 10-30% increase
estimated by contractors.
18 To calculate the 30-year energy savings, the annual energy use modeled by Lotus was multiplied by

30.
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2021 IECC 2021 IECC + 2021 IECC + 2021 IECC + All-
Base Code Electric-Ready Electric-Preferred Electric
Less Stringent More Stringent

For both multifamily and commercial buildings, the modeling results show that the 2021 IECC
with all-electric provisions has the lowest energy use, the lowest cost, and the greatest GHG

emissions savings.

For the single-family home model, the 2021 IECC with all-electric provisions leads to buildings
with the lowest energy use and the greatest GHG reductions. The most cost-effective code
package is the 2021 [ECC with electric-preferred amendments, however, there is a minimal cost
difference between the 2015 IECC base scenario, the electric-preferred scenario, and the all-

electric scenario.

From the modeling, it can be concluded that an all-electric code package would make the
most significant progress toward Eagle County Government’s emission reduction goals. For
multifamily and commercial new construction, an all-electric code is also cost-effective and
can show even greater savings if electricity becomes cheaper. The modeling does not consider
costs for electric vehicle infrastructure, onsite renewable energy installation, or battery storage,
though each may be utilized to improve a building’s energy use.

In summary, Eagle County should consider the adoption of the 2021 IECC as a minimum
standard for its next code adoption. To advance the County’s climate goals, the 2021 IECC with
an electric-preferred or all-electric amendment should be considered because they do not
represent a prohibitive additional upfront cost and they both yield additional energy use
savings, energy cost savings, and GHG emissions reductions over time.
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Single-Family Home
2015 IECC Baseline N/A 144 N/A $2,564 N/A 270 N/A
2021 IECC $1,470 132 -8% $2,360 ($204) 248 -8%
2021 IECC Electric-
S | $925 - $2,700* 132 -8% $2,360 ($204) 248 -8%
Ready
2021 IECC Electric-
! $870 - $2,028* m -23% $2,082 ($482) 205 -24%
Preferred
2021 IECC All- $4,000 -
68 -53% 2,226 338 28 -90%
Electric $6,000* $ ($338)
Multifamily Building
2015 IECC Baseline N/A 985 N/A $21,229 N/A 1,685 N/A
657) - $1,065
2021 IECC ($657) $. 869 -12% $19,826 ($1,403) 1,429 -15%
per unit
2021 IECC Electric-
SCMIC | $1,350 perunit* | 869 -12% $19,826 ($1,403) 1429 -15%
Ready
2021 IECC Electric-
e | Not available. 77 -22% $18783 | ($2,446) 1198 ~29%
Preferred
2021 IECC All- 3,000-$5,000
i $ $ , 536 -46% $18,067 ($3,181) 218 -87%
Electric per unit*
Commercial Building
2015 IECC Baseline N/A 609 N/A $11,079 N/A 1,060 N/A
10,849) -
2021 IECC (s ) 563 -9% $10,018 ($1,061) 975 -8%
$3,918
2021 IECC Electric-
! Not available. 563 -9% $10,018 ($1,061) 975 -8%
Ready
2021 IECC Electric-
e | Notavailable. | 492 ~21% $9,002 ($2,077) 832 -21%
Preferred
2021 IECC All-
: ($18,100) 285 -54% $8,153 ($2,926) 16 -89%
Electric

Table 13: Annual energy use, annual energy cost, and GHG emissions for each building type, under

each code package. The upfront cost to build to 2021 [ECC compared to 2015 IECC.

*Indicates the baseline is the 2021 IECC. All other data uses the 2015 IECC as the baseline.
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3.3 Future Considerations

The project team recognizes that several current information gaps should be filled to create
a more holistic understanding of the costs associated with energy code updates. A few of
these gaps could be addressed by further insight from local contractors. It is possible that the
response rate would improve from intentional outreach from the County, and/or if the County
paid the contractors for their time and their data.

Future opportunities also lie in more specific cost studies. There is a data gap for code update
impacts on commercial building new construction costs. Additionally, no current report
addresses a specific breakdown of cost impacts for additional efficiency packages required
by electric-preferred provisions. A study addressing these may come from a larger entity such
as PNNL or ICF, or the County could contract with a consulting group for further exploration.

Lastly, building code updates will have an impact on climate change mitigation, but they
cannot be the sole strategy to impact emissions. Other strategies include implementing a
benchmarking ordinance more applicable to Eagle County’s building stock than the state-
legislated requirements’® and developing an approach to efficiency improvements and
electrification of existing buildings within the County.

19 For more information see: https://energyoffice.colorado.gov/climate-energy/energy-policy/building-
benchmarking#:~:text=The%20bill%20requires%20owners%200f,assess%20eneray%20and%20water%20c

onsumption.
w Engineering & Sustainability
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Appendix A: Modeling Assumptions

Building energy modeling was conducted to understand the potential energy use, operational cost, and greenhouse gas (GHG)
impacts of the four code packages Eagle County is evaluating (Table 1). Each of the code packages were modeled for a single-
family, multi-family, and commercial building. The modeling results for each building type and code package option were
compared to a baseline model of each building type, modeled in compliance to the 2015 IECC.

Input 2015 IECC 2021 [ECC £O2HECE HEIectiic 2021 All Electric
Preferred
Building Envelope
Wall Type Wood Stud Wood Stud Wood Stud Wood Stud
Wall Insulation R-20 Open Cell Spray | R-20 Open Cell Spray | R-20 Open Cell Spray | R-20 Open Cell Spray
Foam Foam Foam Foam
Wall Continuous Insulation R-5 XPS R-5 XPS R-5 XPS R-5 XPS
Interzonal Wall Insulation R-13 Fiberglass Batt R-20 Open Cell Spray | R-20 Open Cell Spray | R-20 Open Cell Spray
Foam Foam Foam
Wall Exterior Finish (Solar | 0.75, 0.9 0.75,0.9 0.75,0.9 0.75,0.9
Absorptivity, Emissivity)
Roof Material (Solar | 0.75,0.9 0.75,0.9 0.75,0.9 0.75,0.9
Absorptivity, Emissivity)
Unfinished Attic Insulation R-30 Cellulose, Vented | R-60 Cellulose, Vented R-60 Cellulose, Vented R-60 Cellulose, Vented
Interzonal Floor Insulation R-30 Fiberglass Batt R-30 Fiberglass Batt R-30 Fiberglass Batt R-30 Fiberglass Batt
Foundation Type Slab Slab Slab Slab
Foundation Insulation 4ft R10 Exterior XPS 4ft R10 Exterior XPS 4ft R10 Exterior XPS 4ft R10 Exterior XPS
Window Area 15% of Net Wall Area 15% of Net Wall Area 15% of Net Wall Area 15% of Net Wall Area
Window U-factor 0.3 0.3 0.3 0.3
Door U-factor 0.2 0.2 0.2 0.2
HVAC
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Air Leakage 3 ACH50 3 ACH50 3 ACH50 3 ACH50
Mechanical Ventilation Exhaust Exhaust Exhaust Exhaust
Central Air Conditioner SEER 14 SEER 16 SEER 16 Air Source Heat Pump,
SEER 16
Space Heater Fuel Natural Gas Natural Gas Natural Gas Electricity
Space Heater Efficiency 79.2% AFUE (Adjusted | 81.3% AFUE (Adjusted for | 81.3% AFUE (Adjusted for | 3.565 COP
for elevation from | elevation from 95% AFUE) elevation from 95% AFUE)
92.5% AFUE)
Ducts R-8 R-8 In Conditioned Space R-8
Cooling Set Point 75 F 75F 75 F 75F
Heating Set Point 72F 72F 72F 72F
Water Heater Type Gas Premium Gas Premium, Condensing | Gas Premium, Condensing | Heat Pump Water Heater
Water Heater Efficiency 0.67 Thermal Efficiency | 0.77 Thermal Efficiency | 0.77 Thermal Efficiency | 2.35 Energy Factor
(Adjusted for elevation | (Adjusted for elevation | (Adjusted for elevation
from 0.78) from 0.9) from 0.9)

Water Distribution

R-5, TrunkBranch, PEX

R-5, TrunkBranch, PEX

R-5, TrunkBranch, PEX

R-5, TrunkBranch, PEX

Lighting

80% LED

100% LED

100% LED

100% LED

Appliances
Refrigerator Side freezer, EF = 19.6 Side freezer, EF = 19.6 Side freezer, EF = 19.6 Side freezer, EF = 19.6
Cooking Range Gas Gas Gas Electric
Dishwasher 318 rated kWh 318 rated kWh 318 rated kWh 318 rated kWh
Clothes Washer & Dryer EnergyStar EnergyStar EnergyStar EnergyStar
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Input 2015 IECC 2021 IECC 2021 All Electric
Preferred
Building Envelope
Wall Type Wood Stud Wood Stud Wood Stud Wood Stud
Wall Insulation R-13 Fiberglass Batt R-13 Fiberglass Batt R-23 Closed Cell Spray | R-23 Closed Cell Spray
Foam Foam
Wall Continuous Insulation R-10 XPS R-10 XPS R-10 XPS R-10 XPS
Wall Exterior Finish (Solor 0.75,0.9 0.75,0.9 0.75,0.9 0.75,0.9
Absorptivity, Emissivity)
Roof Material (Solar | 0.75,0.9 0.75,0.9 0.75,0.9 0.75,0.9

Absorptivity, Emissivity)

Finished Roof Insulation R-13 Fiberglass, R-15 | R-13 Fiberglass, R-15 XPS R-38C Fiberglass Batt, R- | R-38C Fiberglass Batt, R-
XPS 24 Polyiso 24 Polyiso
Foundation Type Slab Slab Slab Slab

Foundation Insulation

4ft R15 Exterior XPS

4ft R20 Exterior XPS

4ft R20 Exterior XPS

4ft R20 Exterior XPS

Window Area

18% of Net Wall Area

18% of Net Wall Area

18% of Net Wall Area

18% of Net Wall Area

Window U-factor 0.39 0.39 0.35 0.35
Door U-factor 0.2 0.2 0.2 0.2
HVAC
Air Leakage 3 ACH50 3 ACH50 3 ACH50 3 ACH50
Mechanical Ventilation Exhaust Supply ERV, 70% Supply
Central Air Conditioner SEER 14 SEER 14 SEER 14 Air Source Heat Pump,
SEER 16

Space Heater Fuel Natural Gas Natural Gas Natural Gas Electricity
Space Heater Efficiency 66.8% AFUE (Adjusted | 68.5% AFUE (Adjusted for | 68.5% AFUE (Adjusted for | 3.55 COP

for elevation from 78% | elevation from 80% AFUE) | elevation from 80% AFUE)

AFUE)
Ducts R-6 R-6 R-6 R-6
Cooling Set Point 75 F 75 F 75 F 75F
Heating Set Point 72F 72F 72F 72F

Water Heater Type

Gas Premium

Gas Tankless, Condensing

Gas Tankless, Condensing

Heat Pump Water Heater
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Water Heater Efficiency

0.67 Thermal Efficiency
(Adjusted for elevation
from 0.78)

0.82 Energy Factor
(Adjusted for elevation
from 0.96)

0.82 Energy Factor
(Adjusted for elevation
from 0.96)

2.35 Energy Factor

Water Distribution

R-2, TrunkBranch, PEX

R-2, TrunkBranch, PEX

R-2, TrunkBranch, PEX

R-5, TrunkBranch, PEX

Lighting 80% LED 95% LED 95% LED 100% LED
Appliances
Refrigerator Side freezer, EF = 19.6 Side freezer, EF = 19.6 Side freezer, EF = 19.6 Side freezer, EF = 19.6
Cooking Range Gas Gas Gas Electric
Dishwasher 318 rated kWh 318 rated kWh 318 rated kWh 318 rated kWh
Clothes Washer & Dryer EnergyStar EnergyStar EnergyStar EnergyStar
Table A2: Multifamily building energy model assumptions.
Input 2015 IECC 2021IECC SOSHIECE S Eiectrie 2021 All Electric
Preferred
Building Envelope

Wall Type Wood Stud Wood Stud Wood Stud Wood Stud

Wall Insulation

R-13 Fiberglass Batt

R-21 Fiberglass Batt

R-21 Fiberglass Batt

R-21 Fiberglass Batt

Wall Exterior Insulation

R-8, 2 in. Polystyrene

R-9, 1.5 in. Polyurethane

R-9, 1.5 in. Polyurethane

R-9, 1.5 in. Polyurethane

Wall Exterior Finish (Solar | 0.6 0.6 0.6 0.6
Absorptivity)
Roof Material (solar | 0.6 0.6 0.6 0.6
Absorptivity)

Finished Roof Insulation

R-30, 5 in. Polystyrene

R-42, 6 in. Polyiso

R-42, 6 in. Polyiso

R-42, 6 in. Polyiso

Foundation Type

Slab

Slab

Slab

Slab

Foundation Insulation

R-10, 2 ft deep

R-20, 4 ft deep

R-20, 4 ft deep

R-20, 4 ft deep

Window Area

40% of Net Wall Area

40% of Net Wall Area

40% of Net Wall Area

40% of Net Wall Area

Window U-factor 0.36 0.3 0.3 0.3
Door U-factor 0.77 0.5 0.5 0.5
HVAC
Central Air Conditioner SEER 13 SEER 13 SEER 14.3 Air Source Heat Pump,

SEER 14
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Space Heater Fuel Natural Gas Natural Gas Natural Gas Electricity
Space Heater Efficiency 0.68 Thermal Efficiency | 0.68 Thermal Efficiency | 0.75 Thermal Efficiency | 2.9 COP
(Adjusted for elevation | (Adjusted for elevation | (Adjusted for elevation
from 0.8 thermal | from 0.8 thermal | from 0.88 thermal
efficiency) efficiency) efficiency)
Cooling Set Point 75 F 75 F 75 F 75 F
Heating Set Point 72F 72 F 72F 72 F
Water Heater Type Gas Storage Gas Storage Gas Storage Heat Pump Water Heater
Water Heater Efficiency (Non- | 0.68 Thermal Efficiency | 0.577 Thermal Efficiency | 0.577 Thermal Efficiency | 2.06 Energy Factor
Residential) (Adjusted for elevation | (Adjusted for elevation | (Adjusted for elevation
from 0.8 thermal | from 0.68 thermal | from 0.68 thermal
efficiency) efficiency) efficiency)
Water  Heater  Efficiency | 0.68 Thermal Efficiency | 0.81 Thermal Efficiency | 0.81 Thermal Efficiency | 2.06 Energy Factor
(Residential) (Adjusted for elevation | (Adjusted for elevation | (Adjusted for elevation
from 0.8 thermal | from 0.95 thermal | from 0.95 thermal
efficiency) efficiency) efficiency)
Water Distribution R-12 R-12 R-12 R-12
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Appendix B: Upfront Cost Literature Review

Reports and Assumptions

Authoring Entity

Publish

Resource Type

Property Type

Code(s) and/or

Relevancy to

Cost-Effectiveness of the
2021 I[ECC for Residential

Date

Assessed

Topics Examined

2021 IECC and 2015

Eagle County

Electric Ready Provisions in
the State Building Code.

Dec. 2021 Study/Report Residential High
Buildings in Colorado — 2015 y/ P IECC 9
. IECC Baseline
Pacific Northwest National Cost Effectiveness
National . . - . . 2021 IECC and 2018 .
of the Residential Provisions | June 2021 Study/Report Residential Medium
Laboratory (PNNL) IECC
of the 2021 IECC
Cost-Effectiveness of ASHRAE 90.1-2019
ANSI/SHRAE/IES Standard July 2021 Study/Report Commercial and ASHRAE 90.1- Medium
90.1-2019 for Colorado 2016
Home Innovation
2021 IECC Residential Cost . . 2021 IECC and 2018
Research Labs . . June 202] Study/Report Residential Low
Effectiveness Analysis IECC
(HIRL)
Cost Effectiveness of the
ICF International . . " . . 2021 IECC and 2018 .
(icF) Residential Provisions of the | Jan. 2022 Study/Report Residential IECC Medium
2021 [ECC
Memorandum in Support of
UCEs and Salt Lake City’s
Utah Clean SLC) Joint Application to 2021 [ECC + electric-
(s1C) o Nov. 2021 Memorandum Residential . High
Energy (UCE) Include readiness



https://www.energycodes.gov/sites/default/files/2021-12/ColoradoResidentialCostEffectiveness_2021.pdf
https://www.energycodes.gov/sites/default/files/2021-12/ColoradoResidentialCostEffectiveness_2021.pdf
https://www.energycodes.gov/sites/default/files/2021-12/ColoradoResidentialCostEffectiveness_2021.pdf
https://www.energycodes.gov/sites/default/files/2021-12/ColoradoResidentialCostEffectiveness_2021.pdf
https://www.energycodes.gov/sites/default/files/2021-07/2021IECC_CostEffectiveness_Final_Residential.pdf
https://www.energycodes.gov/sites/default/files/2021-07/2021IECC_CostEffectiveness_Final_Residential.pdf
https://www.energycodes.gov/sites/default/files/2021-07/2021IECC_CostEffectiveness_Final_Residential.pdf
https://www.energycodes.gov/sites/default/files/2021-07/Cost-effectiveness_of_ASHRAE_Standard_90-1-2019-Colorado.pdf
https://www.energycodes.gov/sites/default/files/2021-07/Cost-effectiveness_of_ASHRAE_Standard_90-1-2019-Colorado.pdf
https://www.energycodes.gov/sites/default/files/2021-07/Cost-effectiveness_of_ASHRAE_Standard_90-1-2019-Colorado.pdf
https://www.nahb.org/-/media/NAHB/advocacy/docs/top-priorities/codes/code-adoption/2021-iecc-cost-effectiveness-analysis-hirl.pdf
https://www.nahb.org/-/media/NAHB/advocacy/docs/top-priorities/codes/code-adoption/2021-iecc-cost-effectiveness-analysis-hirl.pdf
https://sbcc.wa.gov/sites/default/files/2022-04/079_ICF-2021-IECC-Cost-effectiveness-Analysis.pdf
https://sbcc.wa.gov/sites/default/files/2022-04/079_ICF-2021-IECC-Cost-effectiveness-Analysis.pdf
https://sbcc.wa.gov/sites/default/files/2022-04/079_ICF-2021-IECC-Cost-effectiveness-Analysis.pdf
https://utahcleanenergy.org/wp-content/uploads/sites/12/2021/11/Joint-Application-of-UCE-and-SLC-to-the-UBCC-w-supporting-materials-inline.pdf
https://utahcleanenergy.org/wp-content/uploads/sites/12/2021/11/Joint-Application-of-UCE-and-SLC-to-the-UBCC-w-supporting-materials-inline.pdf
https://utahcleanenergy.org/wp-content/uploads/sites/12/2021/11/Joint-Application-of-UCE-and-SLC-to-the-UBCC-w-supporting-materials-inline.pdf
https://utahcleanenergy.org/wp-content/uploads/sites/12/2021/11/Joint-Application-of-UCE-and-SLC-to-the-UBCC-w-supporting-materials-inline.pdf
https://utahcleanenergy.org/wp-content/uploads/sites/12/2021/11/Joint-Application-of-UCE-and-SLC-to-the-UBCC-w-supporting-materials-inline.pdf
https://utahcleanenergy.org/wp-content/uploads/sites/12/2021/11/Joint-Application-of-UCE-and-SLC-to-the-UBCC-w-supporting-materials-inline.pdf
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Residential Construction 2021 I[ECC +

Groupl4/ PNNL ) Feb. 2022 Study/Report Residential Medium
Cost Analysis Amendments
Electrification of . . .
. Residential and All-electric new .
Groupl4 Commercial and Nov. 2020 Study/Report ) . Medium
Commercial construction

Residential Buildings

All-electric new
Feb. 2022 Study/Report Residential _ Medium
construction

Southwest Energy | Benefits of Heat Pumps for
Efficiency Project | Colorado Homes

David Petroy,
Energy
Consultant

HVAC Incremental Cost All-electric heatin
Sept. 2022 Data Analysis Residential 9

High
Data systems

Table BI: List of sources reviewed for a cost analysis.

20211ECC CoST-EFFECTIVE STUDY ASSUMPTIONS

Builder profit Modeled Single-Family
. Energy rates . Other methodology notes
margin Home Size (square ft)
Unknown Electricity: $0.125/kWh 3 bedrooms ¢ 14% inflation rate.
2,376 SF*  Additional economic parameters (i.e.,
Gas.: $0.584/therm property tax rate, home price
. escalation rate, and down-payment
PNNL National Study
rates.).
¢ 256 total permutations of building
models.
17.5% Electricity: $0.1301/kWh 3 bedrooms ¢ Deemed several administrative code
2,500 SF changes to have negligible costs.
ICF Gas: $1.051/therm ¢ Updated material costs from the HIRL
report.

Table B2: Baseline 2021 IECC cost-effective studies and assumptions.

*The PNNL study also analyzed a 2 bedroom, 1,200 SF mulitifamily unit.
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https://www.louisvilleco.gov/home/showdocument?id=34232&t=637814040411046672
https://www.louisvilleco.gov/home/showdocument?id=34232&t=637814040411046672
https://www.communityenergyinc.com/wp-content/uploads/Building-Electrification-Study-Group14-2020-11.09.pdf
https://www.communityenergyinc.com/wp-content/uploads/Building-Electrification-Study-Group14-2020-11.09.pdf
https://www.communityenergyinc.com/wp-content/uploads/Building-Electrification-Study-Group14-2020-11.09.pdf
https://www.swenergy.org/pubs/heat-pump-study-2022
https://www.swenergy.org/pubs/heat-pump-study-2022
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Appendix C: Contractor

Questionnaire

Purpose:

Lotus Engineering & Sustainability is working with Eagle County to model the greenhouse gas
(GHG), operational cost, and upfront cost of building to the 2021 IECC as compared to the 2015
I[ECC. In addition to the IECC 2021 base code, the County is investigating two more stringent
code options that go above and beyond the IECC 2021 base code.

While a number of studies have been conducted on the upfront cost of building to the IECC
2021 as opposed to the 2018 or 2015 codes, Eagle County would like to ensure that the data from
these reports is reflective of the on-the-ground costs for builders operating in Eagle County or

surrounding mountain communities.

We recognize that over the last year construction costs have risen across the board stemming
from supply chain issues and labor shortages. Please keep in mind, while answering the
questions below, that we are interested in investigating the incremental costs to build to the
IECC 2021 code as compared to the IECC 2015 code. We are not investigating the cost to meet
the general requirements of the IBC or other I-Codes, simply the additional costs to meet the

new efficiency requirements in the IECC.

To this end, we are looking for your help! We have a few questions below we are hoping your

team can answer for us.
Note all data shared by your team will be kept confidential.

Please send your responses in 10 business days to Kim Schlaepfer

(kim@Ilotussustainability.com) and Claire Kantor (claire@lotussustainability.com).

General Cost Questions

1. Typically, do you experience a higher cost to build in Eagle County (or Summit / Pitkin
Counties) than you do on the front range of CO?
a. If you could estimate the higher cost to build in the mountain communities
listed above vs the front range, what percentage increase would you assign?
b. What do you see as the primary driver of increased construction costs in the
mountains (i.e., labor costs, material costs)?


mailto:kim@lotussustainability.com
file:///C:/Users/Kimberly%20Schlaepfer/Downloads/claire@lotussustainability.com
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2. Do you add a mark-up for projects built in the mountain communities as opposed to
the front range?

3. In 2022, with inflation, have you marked up projects in the mountains and/or the front
range to cover higher costs?

a. If so, what percentage is your mark-up for the front range inflation?

b. If so, what percentage is your mark-up for mountain building?

c. Do you see inflation as a larger issue in the mountains as opposed to the front
range?

4. Do you have experience building all-electric buildings? If so, have you experienced a
cost premium to build all-electric vs mixed fuel?

a. If yes, what do you see as the major contributing factors of the cost premium?
(Educating labor/workforce, technology costs and availability, and/or other
reasons?).

b. If yes, have supply side issues impacted your all-electric building plans?

i. Do you experience the same supply side issues with mixed-fuel
buildings?

2021 Code Questions
Single-Family Home

1. Are you currently working on a single-family home project built to the 2021 I-Codes?
What type of project?
a. Approx. SF
b. Location
c. IsthelECC 2021 applicable to your project?
i.  What compliance pathway are you pursuing? Total building
performance, prescriptive, etc.?
2. Are there any community-specific additional energy or efficiency requirements on the
project that will make its energy performance “above code”? What are those things?
3. Can you provide an estimate of the cost to comply with the Energy Conservation
Code requirements? These include envelope efficiency, HVAC efficiency, mechanical
ventilation, additional efficiency packages, insulation, fenestration, etc.
a. Please indicate which building systems/elements are included in your cost
estimate.
Can you provide the estimated total construction cost for the project?
5. Have you worked on an equivalent size [ type project in the last 5 years that was built
to the 2015 code?
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a. If so, can you provide equivalent information (size, location, IECC applicability,
estimate for IECC code, and total construction cost) for this project?
Can you estimate the average cost for pre-wiring a home for an all-electric system?
Can you estimate the average cost of an electric panel capacity upgrade to
accommodate all-electric systems?
8. Can you estimate the average cost of a natural gas hookup to an average home?

Multi-Family Building

1. Are you currently working on a multi-family building project built to the 2021 I-Codes?
What type of project?
a. Approx. SF
b. Location
c. Isthe|ECC 2021 applicable to your project?
i.  What compliance pathway are you pursuing? Total building
performance, prescriptive, etc.?
2. Are there any community-specific additional energy or efficiency requirements on the
project that will make its energy performance “above code”? What are those things?
3. Can you provide an estimate of the cost to comply with the Energy Conservation
Code requirements? These include envelope efficiency, HVAC efficiency, mechanical
ventilation, additional efficiency packages, insulation, fenestration, etc.
a. Please indicate which building systems/elements are included in your cost
estimate.
4. Can you provide the estimated total construction cost for the project?
5. Have you worked on an equivalent size [ type project in the last 5 years that was built
to the 2015 code?
a. If so, can you provide equivalent information (size, location, IECC applicability,
estimate for IECC code, and total construction cost) for this project?
6. Can you estimate the average cost for pre-wiring a multi-family building for an all-
electric system?
7. Canyou estimate the average cost of an electric panel capacity upgrade to
accommodate all-electric systems?
8. Can you estimate the average cost of a natural gas hookup to an average multi-
family building?

Commercial Building
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1. Are you currently working on a multi-family building project built to the 2021 I-Codes?
What type of project?
a. Approx. SF
b. Location
c. Isthe|ECC 2021 applicable to your project?
i.  What compliance pathway are you pursuing? Total building
performance, prescriptive, etc.?
2. Are there any community-specific additional energy or efficiency requirements on the
project that will make its energy performance “above code”? What are those things?
3. Can you provide an estimate of the cost to comply with the Energy Conservation
Code requirements? These include envelope efficiency, HVAC efficiency, mechanical
ventilation, additional efficiency packages, insulation, fenestration, etc.
a. Please indicate which building systems/elements are included in your cost
estimate.
Can you provide the estimated total construction cost for the project?
5. Have you worked on an equivalent size [ type project in the last 5 years that was built
to the 2015 code?
a. If so, can you provide equivalent information (size, location, IECC applicability,
estimate for IECC code, and total construction cost) for this project?
6. Can you estimate the average cost for pre-wiring a commercial building for an all-
electric system?
7. Can you estimate the average cost of an electric panel capacity upgrade to
accommodate all-electric systems?
8. Can you estimate the average cost of a natural gas hookup to a commercial
building?

2015 Code Questions

1. Are you currently working on a project built to the 2015 I-Codes? What type of project
(SFH, multi-family, commercial, hotel, etc.)?
a. Approx. SF
b. Location
2. Isthe IECC 2015 applicable to your project?
a. What compliance pathway are you pursuing? Total building performance,
prescriptive, etc.?
3. Are there any community-specific additional energy or efficiency requirements on the
project that will make its energy performance “above code”? What are those things?
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Can you provide an estimate of the cost to comply with the Energy Conservation
Code requirements? These include envelope efficiency, HVAC efficiency, mechanical
ventilation, additional efficiency packages, insulation, fenestration, etc.
a. Please indicate which building systems/elements are included in your cost
estimate.
Can you provide the total construction cost for the project?
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