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1. EXECUTIVE SUMMARY

The City of Boulder’s base building codes were last updated in early 2014. At that time, the following
building codes were adopted:

e 2012 International Building Code (IBC)

2012 International Residential Code (IRC)

2012 International Energy Conservation Code (IECC)

2012 International Fire Code (IFC)

2012 International Wildland Urban Interface Code (IWUIC)
2012 International Mechanical Code (IMC)

2012 International Plumbing Code (IPC)

2012 International Fuel Gas Code (IFGC)

2012 International Property Maintenance Code (IPMC)
2011 National Electric Code (NEC)
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In 2017, Boulder developed the 2017 City of Boulder Energy Conservation Code (COBECC) using the
2012 IECC as the base code and then increasing the stringency and altering compliance paths to create a
code that was 20 to 30 percent better than the national code. Also, in 2017, the city adopted local
amendments to the International Building, Residential and Plumbing codes to advance energy and
sustainability issues.

Staff is proposing adoption of the 2018 International Building Codes with a number of local
amendments consistent with current amendments to the 2012 codes. Staff is also proposing adoption of
the 2020 City of Boulder Energy Conservation Code (2020 COBECC), which is a localized version of
the 2018 International Energy Conservation Code that will be effectively 20 percent more efficient than
the national code. The city has committed to updating the local energy code on a three-year cycle with
the goal of getting to net zero energy (NZE), outcome-verified codes by 2031.

Anticipated updates to the COBECC include:

e Net-zero energy requirements for all new residential construction larger than 3,000 square feet;

e Adoption of performance-based requirements by specific building class for commercial
construction;

e Introduction of an outcome-based compliance pathway for commercial construction;

e Introduction of an offset pathway for achieving code compliance; and

e Tailoring the commercial electric vehicle-ready requirements based on building use.
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QUESTIONS FOR COUNCIL

1.

In response to feedback regarding the impact of large homes and large lots, staff is
proposing to accelerate net zero energy (NZE) requirements for residential new construction.
All new homes larger than 3,000 square feet would be required to be NZE. Currently all
homes larger than 5,000 square feet are required to be NZE. Does council support this NZE
acceleration?

In an effort to ensure construction waste reuse and recycling occurs, staff is proposing new
enforcement mechanisms for the construction and demolition waste requirements. Does
City Council support a financial penalty (in the form of a deposit that has been withheld) for
non-compliance?

Currently construction and deconstruction waste requirements only apply to residential
projects. Does staff support expanding these requirements to commercial construction?

Does City Council support expansion of the Energy Impact Offset Fund (EIOF) as a last
resort compliance pathway when projects are unable to meet net zero energy code
requirements on-site and when off-site solar is unavailable?

Does council support a local amendment to allow or require gender neutral restrooms?

Does council support continuing the current amendment exempting one-and-two family
dwellings from the sprinkler requirement or does council support revisiting the requirement
for all newly constructed single-family dwellings to be protected with automatic sprinkler
systems?

2.

BACKGROUND

The City of Boulder adopted the Climate Commitment in December 2016 that set a goal of reducing

community emissions 80 percent by 2050. The city has developed and continues to develop regulatory

and voluntary energy saving programs to realize this goal. Advancing the city’s energy code is a key
component to achieving the community emission reduction target. Between 65-70 percent of
community emissions are associated with buildings in Boulder (refer to Figure 1 below).

Item 6A - Building Code Update



https://bouldercolorado.gov/climate

60% :
50% "
40 % H i :
30% "
0% 15% :
Lt H : 0.8% (.59
0Ly |
& & S S
1 & s &
F Yy ¢
N
\ w@-‘*‘ o
LN -

Figure 1: City-wide Emissions by Sector

Steady improvement in building codes and continued improvement in building performance is important
to achieving the city-wide emission reduction goal. To formalize our long-term energy code roadmap as
well as develop code language for the 2020 energy code update, the city contracted with New Buildings
Institute (NBI) and TRC Solutions. NBI is a nonprofit organization driving for better energy
performance in buildings nationwide. They work collaboratively with industry market players—
governments, utilities, energy efficiency advocates and building professionals—to promote advanced
design practices, innovative technologies, public policies and programs that improve building energy
efficiency. They have become the national expert on developing policies and code strategy that bridge
the gap between city climate goals and vision and effective measures to achieve those goals. TRC
Solutions has been instrumental in developing cost effectiveness studies for many California cities on
the path to net zero energy homes.

Boulder’s energy code roadmap (Attachment A - Boulder’s Energy Code Roadmap?) sets an
aggressive goal of reaching Net Zero Energy (NZE) outcome-verified construction through building and
energy codes by 2031. An NZE building has zero net energy consumption, meaning the total amount of
energy used by the building on an annual basis is equal to the amount of renewable energy created on
the sitel. An outcome-verified code requires that compliance with the energy performance requirement
be demonstrated by annual metered data. To achieve an NZE outcome-verified code, the roadmap
outlines three fundamentals shifts: 1) incrementally increasing code stringency to minimize building
energy use, 2) increasing deployment of renewable energy resources to offset remaining building energy
use, and 3) transitioning to a focus on actual building energy use rather than theoretical or modeled
energy consumption. Specific key elements of the roadmap include:

! Boulder’s energy code allows alternate compliance through a solar garden subscription if this is not
feasible.
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e Increased Building System Performance. The energy code requires that all systems become
increasingly efficient. Through advancements in technology and system design, lighting,
heating, cooling, and water heating systems in buildings are required to use less and less energy.

¢ Renewable Offset. With each code-cycle, the energy code roadmap requires that more and more
on-site solar be deployed to begin to offset building’s energy consumption.

e Energy Storage. As more and more buildings begin to incorporate solar, electric grid
compatibility will be increasingly important. Battery storage, demand shifting and smart
technology to ensure energy is exported to the grid at meaningful times will be phased into
Boulder’s code over time. The 2023 code update will include residential and commercial
requirements for battery storage infrastructure.

e Envelope Backstop. With the cost of renewables dropping, some projects simply deploy large
solar arrays instead of emphasizing basic building efficiency. The backstop code creates a
maximum allowable total energy use per square foot to ensure design teams invest in the
building envelope and systems first.

e Transition to Outcome Codes. Data has shown that many buildings perform worse in actual
operation than was predicted in the permit application. As building performance requirements
become more stringent, it is necessary to consider actual building energy use as a basis for
energy code compliance, rather than rely on predictions of performance.

e Enforcement Mechanisms. To focus on building performance outcomes, new enforcement
strategies will need to be developed. Collaboration between city departments currently enforcing
the energy code and staff enforcing the Building Performance Ordinance will need to be further
developed. As the city requires better alignment between predicted and actual building
performance as a condition of energy code compliance, new enforcement mechanisms will be
needed to ensure compliance, and to provide projects with remediation mechanisms to resume
compliance.

e Three-year energy code-cycle. Getting to an NZE code represents a significant challenge
requiring transition from prescriptive requirements or comparative design predictions as a basis
for code compliance, to a focus on actual building performance outcome as a compliance metric.
This challenge needs to be addressed systematically over multiple code cycles to bring actual
building performance into line with performance goals and predictions.

Figure 2 illustrates how these strategies combine to incrementally move Boulder’s building
performance towards NZE. NBI’s full analysis and report can be found in Attachment A:
Boulder’s Energy Code Roadmap.

Item 6A - Building Code Update


https://bouldercolorado.gov/sustainability/boulder-building-performance-home

S —— . Building Performance Trajectory
. S _!I .
5 F==s\_ - Code Performance Trajectory
w | (I /-/
0] S | 1 [ T
T R A ’/- NZE Performance Trajectory
o | “-.
g B E
Fry | |
nn - T
o | |
= | I Building's Energy
: : — Demand
Typical EUI | 1 Solar Offset
for Boulder’'s : : e Required
Current 2016 1 20191 2022 2025 2028 2031
-— - -

Building Stock

Figure 2: Representation of increasing code stringency, renewable deployment, and building
performance improvement through multiple code cycles to achieve NZE.

In addition to supporting the development of the Energy Code Roadmap, NBI is also working with staff
to develop the proposed 2020 residential and commercial code updates. As outlined in the roadmap, to
achieve the long-term goal of getting to NZE outcome-based codes, advancements and improvements
will need to be made every three-year code cycle between now and 2031 to keep up with technology and
to incrementally advance building performance requirements in cost effective ways.

Energy Code Format

The International Code Council publishes a robust energy code within their suite of building codes, the
International Energy Conservation Code (IECC). However, the IECC is significantly less stringent than
where Boulder needs to be with regard to building performance to meet our city-wide climate
commitment goals. Boulder has a long-standing history of being committed to high performance
buildings and a local energy code that requires design teams deliver energy efficient and sustainable
residential and commercial designs. In 2017, Boulder developed the 2017 City of Boulder Energy
Conservation Code using the 2012 IECC as the base code and then increased stringency and altered
compliance paths to create a code that was 20 t030 percent better than the national code. Feedback from
design professionals, contractors, and builders was generally favorable; customers appreciate the
familiarity with the national code.

Again, with the 2020 code update, staff is proposing Boulder’s code be developed from the 2018 IECC
and the same approach applied to create a code that will be about 20 percent more stringent than the
current national code.

3. ANALYSIS: PROPOSED 2020 ENERGY CODE UPDATES
Residential Energy Code Updates

For the residential code, the most significant changes being proposed are:
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e More stringent Energy Rating Index (ERI) requirements. An ERI score is the same as a
Home Energy Rating System (HERS) score. This is a numerical score where 100 equates to the
efficiency levels prescribed in the 2006 International Energy Conservation Code and 0 is
equivalent to a net-zero-energy home. Currently, and in the proposed 2020 code, new
construction and major alteration projects must demonstrate compliance with Boulder’s energy
code by using the prescribed ERI compliance path. In the 2017 City of Boulder Energy
Conservation Code, an ERI sliding scale was established that set more lenient ERI requirements
for smaller homes and more stringent requirements for larger homes. The 2017 COBECC
resulted in just over half of the new homes being constructed achieving net zero. For this code
cycle, staff is proposing a reduction in ERI requirements represented in Figure 3 below such that
all new homes over 3,000 square feet would be required to achieve net zero. Figure 3 illustrates
both the 2017 and proposed 2020 ERI requirements for comparison.
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Figure 3: Proposed 2020 ERI Requirements for Residential Energy Code

The proposed 2020 requirements reflect analysis around the cost effectiveness of the measures
required to achieve these ERI scores as well as feedback solicited from local design
professionals. Refer to Attachment B for detailed information about the residential cost
effectiveness study.

Another consideration in setting these ERI targets was the land use code project addressing large
homes and large lots, as well as a desire to preserve existing structures to the greatest extent
possible. Staff is proposing an acceleration of the NZE requirements for new construction, such
that all homes greater than 3,000 square feet would now be required to be net zero. Staff is also
proposing that 2017 ERI levels for renovations are not made more stringent as a way of
incentivizing retention of existing homes.
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Envelope Backstop. With the cost of renewables dropping, some projects simply deploy large
solar arrays instead of investing in basic building efficiency. With this code update, an envelope
backstop is being introduced that will ensure a sound thermal envelope regardless of on-site
renewables. All projects will need to comply with prescriptive building envelope requirements in
the code.

Renewable Offsets. Similar to requirements that already exist for Boulder County projects, staff
is proposing all residential pools, spas, outdoor radiant heating, and snow melt systems be
required to offset 100 percent of the system’s annual energy use by on-site renewable energy
generation. Alternate compliance through a solar garden subscription is allowed if this is not
feasible on-site.

Construction & Demolition Waste Requirements. Construction and demolition waste
requirements for residential project have been in place for over a decade in Boulder’s codes.
With this code update, staff is proposing several improvements to code provisions and
enforcement.

Under the current requirements, all residential demolition projects must show, through a
deconstruction plan, that they will recycle or donate for reuse 100 percent of concrete and asphalt
and 65 percent of all other waste. Concrete and asphalt are excluded from the 65 percent
diversion calculation because these materials are so heavy that many projects would easily
exceed the diversion requirement from concrete alone, and thus eliminate the incentive to
carefully deconstruct and separate other usable materials for recycling and reuse. A consequence
of this requirement is that without incorporating concrete and asphalt into the diversion
calculation, achieving 65 percent diversion is not feasible for many projects due to various
factors such as the age of the building, type of structure, condition of materials, or environmental
issues such as asbestos. The 2020 code cycle aims to adjust the diversion requirements to be
achievable by more projects yet still encourage deconstruction and recycling of more than just
concrete.

This update proposes to increase the total diversion requirement from 65 to 75 percent but allow
concrete and asphalt to be included in the calculation. In addition, the applicant will be required
to show that they diverted at least three “waste material types” from a city-approved list. This
will ensure that contractors are not simply recycling concrete but are also diverting other
materials such as wood and metal. Both the 75 percent and the material types requirement align
with current Leadership in Energy and Environmental Design (LEED) standards, which should
align with requirements already familiar to many contractors.

This update also contains improvements to the permitting process that aim to increase
accountability and apply consequences for negligence in demolition. Staff propose instituting a
deposit that would be returned in full (minus an administrative fee) if the requirements are
achieved or withheld if a project fails to provide the required documentation at the end of the
project proving they have reused and recycled adequately. The exact amount of the deposit has
not yet been determined, and will be informed by benchmark research, stakeholder engagement
and consultation with the City Attorney.
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These changes fill in gaps and issues that have been identified with the existing code. Staff is
attempting to automate the waste reporting process to track and enforce compliance. However, it
may be necessary in the future to request fixed-term staff to support these construction and
demolition waste requirements. If necessary, staff will include any such request in the regular
budget process or will have to reduce the compliance and enforcement efforts for this
requirement.

e Code Provisions for Alterations. The International Building Code provides definitions for
renovations to existing buildings and classifies three levels of alterations depending on the scope
of the alteration. Currently, the 2017 COBECC requires that additional energy efficiency
improvements be made when renovating the home. The requirements are currently based on the
construction value of the project; the higher the construction value, the more significant the
energy efficiency requirements.

Staff recommends continuing to require energy efficiency improvements for home renovations.
However, based on feedback staff have received from design professionals, homeowners, and
builders, staff is proposing the energy efficiency improvements be determined based on
definitions for alterations instead of construction value. Accurate construction values are difficult
to ascertain at the time of permit, and community feedback suggests the code requirements are
unevenly levied on projects across the city. The proposed code will require Level 1 & 2
alterations (see Figure 4) comply with the mandatory and prescriptive requirements in the code.
Level 3 alterations will need to comply with the mandatory and prescriptive requirements in the
code and demonstrate an ERI reduction of 20 percent. Level 4 alterations?, which are complete
gut renovations, will be required to meet new construction ERI requirements. Figure 4 below
illustrates the code paths for alterations.

2 The proposed definition for a Level 4 alteration is: construction alterations to existing buildings,
consisting of complete removal, replacement or reconfiguration of at least four building systems: interior
partitions and walls; ceiling and floor finishes; building mechanical system, building electrical system;
structure and exterior wall systems, including window and exterior door replacements and new building
insulation
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Figure 4: Energy Code Requirements for Residential Alterations

Revising the code provisions for alterations is also in response to feedback staff have received
relative to the large homes and large lots project, asking that staff consider removing barriers to
home renovation and building reuse as a strategy to discourage home scrapes. In some instances,
older homes are too difficult and the scope too costly to bring up to current code standards. By
changing how alterations comply with the energy code, staff are recognizing the limitations that
exist with older existing homes and allowing greater flexibility on home energy improvements.

e Energy Offsets. Staff expect there will be a small number of projects where installing the
necessary solar on-site to meet the new, lower ERI scores will be technically infeasible due to
shading and/or roof constraints. For these projects, participation in a verified community solar
program can be used to meet the code requirements. However, staff are aware that community
solar options are limited and not always available. Therefore, in these instances, staff are
proposing applicants pay a 2.16 cent charge per kWh necessary to offset the home’s energy use.
The fee would go into the City of Boulder’s Energy Impact Offset Fund (EIOF). This fund was
originally created as an offset fund for marijuana growers unable to meet their renewable energy
requirements onsite and is being used to fund carbon offset projects such as the development of
local renewable energy.

To ensure this fund is only used when NZE cannot be achieved on-site, staff proposes furthering
the definition of “technically infeasible” to require projects to: 1) optimize energy efficiency in
the home by demonstrating an ERI score of 40 or less without solar, 2) demonstrate that on-site
solar is not feasible due to shading, zoning restricted orientation, or existing roof constraints, by
providing a solar analysis from a solar provider that demonstrates the system is not cost effective
and 3) demonstrate that community solar is not currently available. With this firm definition,
staff can ensure on-site and solar garden solutions are exhausted before the EIOF is considered.

Commercial Energy Code Updates
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The proposed updates to the commercial energy code focus on making progress toward outcome-
verified high-performance buildings. More detailed analysis and rationale for these code changes can be
found in Attachment C: NBI’s 2020 Boulder Commercial Code Protocol. The most significant
changes being proposed for commercial projects are:

e Energy Use Index (EUI) Performance Path. In Boulder’s current energy code, new
construction and major renovation projects demonstrate compliance by using energy modeling
software to build a theoretical code compliant (IECC 2012/ASHRAE 90.1-2010) building that’s
referred to as the Baseline Model. The energy modeling consultant then builds a theoretical
energy model reflecting the proposed building’s design performance, following modeling
protocols that exist in the code; this is referred to as the Proposed Model. To comply with
Boulder’s energy code, the Proposed Model must have annual energy costs that are 30 percent
less than the Baseline Model.

To reduce the performance gap between the design and the operating building performance,
code compliance in the proposed code will be evaluated based on predicted building energy use,
rather than on percentage improvement on a theoretical baseline. Each building will be required
to set an Energy Use Index (EUI) design target. Energy Use Index is defined as the amount of
energy a building uses annually over the square footage of the building:

Building Annual Energy Consumption (kBtu/yr)

EUI = Building Area (sq. ft)

The lower the EUI, the more efficient the building. NZE buildings have an EUI of zero. While
this metric is new to building codes, it is a familiar term to most design professional, engineers,
architects, and increasingly to building owners. Boulder’s Building Performance Ordinance
requires commercial buildings report their energy annual energy use in terms of EUI as part of
their rating and reporting requirements. Buildings are then required to track and make progress
toward reducing these values, so building owners have increased understanding around how
these targets relate to building performance and energy use. EUIs are specific to building types
as different building types can have notably differing internal loads. EUIs are easily calculated
and measured at the building level, and account for a building’s total annual energy demand,
including plug and process loads that can make up a significant portion of building’s energy use.

The EUI targets proposed for the 2020 code update are found below in Figure 5. NBI analyzed
numerous datasets in recommending these new construction and major alteration targets. Their
analysis looked at various project types in our climate zone, determining the EUI that Boulder’s
current code is delivering, and what advancements need to be made to achieve EUIs of zero by
2031. Additionally, they examined data from Boulder’s Building Performance Ordinance to
ensure we are setting meaningful yet achievable targets. The proposed 2020 EUI targets are
effectively 25 percent more efficient than IECC 2018/ASHRAE 90.1-2016). More detailed
analysis and justification for this strategy and these targets can be found in Attachments A &
C.
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EUI Performance Targets
COBECC2017 COBECC2020 New

Building Type Construction
~ Medium Office 24 23
22 19
Primary School 39 34
Secondary School 32 31
Mid-rise Apartment 35 32
Warehouse 13 11
Retail Store 40 35
Small Hotel 60 40
93 88

Figure 5: 2020 Proposed EUI Targets for New Construction where the first column represents the
equivalent EUI for the COBECC 2017 and the second represents the proposed targets for the 2020

update.

The first column in the table represents the equivalent EUI that our current code is delivering for
each building type, and the second column represents the proposed EUI target for each building
type. Comparing the two columns, it’s clear that the new code requirements are not significantly
more stringent.

The focus with this code cycle is on project teams establishing and working to achieve
aggressive EUI targets and then following through to verify the building performance is being
achieved. As noted in the headings, our current code is about 30 percent better than the national
standard — American Society of Heating, Refrigeration, and Air-Conditioning Engineers
(ASHRAE) 90.1-2010, and the new code will be about25 percent better than the most recent
national standard ASHRAE 90.1-2016.

Solar Mandate. To meet long-term NZE performance goals, it is necessary to encourage the
deployment of renewable energy at the project level. In the 2020 code cycle, it is proposed that at
least 5 percent of commercial building energy use be supplied by on-site renewables. This
requirement is in addition to requirements in the code for the roof to be solar ready. Requiring
installed renewables helps ensure buildings are truly solar ready and are positioned for solar
expansion for a time when the code will drive them closer to net zero. This requirement would be
increased in subsequent code cycles. The renewable offset requirement represents the minimum
percentage of total building load that must be met with renewables. Projects may choose to
deploy more than the minimum amount of renewables to meet overall code targets, based on
cost-benefit calculations and other considerations at the project level.

Envelope backstop. With the availability of inexpensive renewables, some projects simply
deploy large solar arrays instead of investing in basic building efficiency. Taken to an extreme,
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this can deliver inherently inefficient buildings that are at increased risk of excessive energy use
if occupants or operators change over time. To discourage this, a backstop code is being
developed to set a minimum level of performance (maximum allowable EUI) for building
features to make sure that basic building efficiency is not ignored. Backstop requirements for
building performance are designed to ensure that basic minimum building efficiency strategies
are incorporated into each project, even while projects are given flexibility to determine the best
set of building features and renewable energy deployment to achieve building performance
targets.

e Code Provisions for Alterations. Identical to the residential code, the International Building
Code provides definitions for renovations to existing buildings and classifies three levels of
alterations depending on the scope of the alteration. Currently, the 2017 COBECC requires
commercial alterations make additional energy efficiency improvements when renovating
commercial space. The requirements are currently based on the construction value of the project.
Staff recommends continuing to require alteration projects make energy efficiency improvements
when renovating.

However, based on feedback staff have received from design professionals, building owners, and
builders, staff is proposing the energy efficiency improvements be determined based on
definitions for alterations instead of construction value. Accurate construction values are difficult
to ascertain at the time of permit and therefore, community feedback suggests the code
requirements are unevenly levied on projects across the city’s existing building stock. The 2020
proposed code language would require Level 1 & 2 alterations comply with the mandatory and
prescriptive requirements in the code for the scope of work proposed. Level 3 alterations would
need to comply with the mandatory and prescriptive requirements in the code and demonstrate an
EUI reduction of 20 percent for the space being renovated. Projects proposing a change of use
for the building or Level 4 alterations®, which are substantial renovations, where buildings are
making substantial building improvements and replacing multiple building systems, will be
required to meet EUI requirements for alterations. Figure 6 below illustrates the code paths for
commercial alterations. Staff will be available to project teams to help identify alteration levels
and code requirements.

% The proposed definition for a Level 4 alteration is: construction alterations to existing buildings,
consisting of complete removal, replacement or reconfiguration of at least four building systems: interior
partitions and walls; ceiling and floor finishes; building mechanical system, building electrical system;
structure and exterior wall systems, including window and exterior door replacements and new building
insulation.
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Figure 6: Energy Code Requirements for Commercial Alterations

Pilot for Outcome-Verified Code Path. Staff is proposing an outcome-verified code
compliance path be piloted in the 2020 COBECC. Ultimately, the 2031 goal of Boulder’s energy
code is to set standards that will result in buildings that are NZE, not just in theory and as
designed, but verified through metered data once the building is constructed, commissioned, and
occupied. The outcome path proposed for this code cycle would achieve this goal for projects
that opt into this path. The pilot would serve as a model for the 2031 code, and would allow staff
to collect data, evaluate, and make policy adjustments to suit Boulder’s commercial construction
market. Projects following this path would:
e Setan EUI target during the design phase based on modeling or targets established by
building type per code.
e Demonstrate at time of permit how the project will achieve this EUI target through
energy modeling.
e Construct the project, with an understanding of the energy performance expected of the
building.
e Complete, commission, and occupy the building.
e Within 24 months of the building being occupied, submit metered data to the building
official that verifies the EUI target is being achieved.

This path would only be available to new construction projects. Projects that are unable to
demonstrate that their building’s post-occupancy energy consumption complies with the targeted
performance will be required to undergo building diagnostics and additional energy modeling to
determine how to close the gap between modeled and metered energy use. Enforcement for this
code compliance path will require staff to work directly with building owners and design teams
to resolve building performance issues. Submitting metered data to the city is already a familiar
process for building owners in Boulder. The Building Performance Ordinance currently requires
all existing buildings of a certain size and all newly constructed buildings provide their energy
consumption. Similarly, many design/build teams are already familiar with performance-based
contracting, particularly when participating in rebate programs, such as Xcel Energy’s Business
New Construction Program. The proposed outcome path will begin to fuse the energy code with
the Building Performance Ordinance requirements to help staff understand, analyze, and improve
Boulder’s commercial and industrial building stock.
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To effectively enforce this code compliance path, projects will be required to provide a fully
refundable financial guarantee at the time of permit that can, if necessary, be used in case the
building is unable to demonstrate compliance. The proposed financial guarantee will be
determined based on project size at $2/gross square foot. Projects that demonstrate compliance
are immediately refunded the full amount. Project that cannot demonstrate compliance will be
permitted to draw down on the financial guarantee to lower operating energy use of the building,
including building commissioning, repairs or improvements to the existing energy-consuming
systems, or execution of additional energy saving measures. Any remaining funds would be
returned to the applicant. For the purposes of the pilot, there would be no fines or other financial
penalties beyond requiring investments up to the guarantee amount as a means of remedying the
building’s performance.

This energy code path also ties in with goals of the Community Benefits Project. The intent of
that project is to ensure that new growth and development meets city goals and contributes
positively to the community’s quality of life. The project is attempting to achieve this by tying
specific community benefit requirements to projects requesting greater density or intensity than
what’s allowed in the underlying zone district. The program being envisioned would include a
menu of community benefit options that an applicant could choose from. Selecting this more
rigorous energy code performance path is one of the menu items being considered for this
project. Staff hope this meaningful incentive will attract applicants to this path. Outcome based
energy code compliance can be a win for everyone:
e Gives design teams ultimate flexibility in meeting code requirements
e Supports quality installation, diligent design and construction, and effective operations
and maintenance to achieve long-term energy performance
e Provides a framework to help communities, code departments, building owners and
design teams realize actual energy savings
e Provides a framework to help communities, code departments, building owners and
design teams realize actual energy savings
¢ Reduces the burden on code departments to enforce difficult, beyond-minimum code
requirements

e Construction & Demolition Waste Management Requirements. Because commercial projects
have the potential to create significant amounts of waste, the proposed 2020 code includes the
same requirements that will apply to residential projects: all new construction projects must
recycle 100 percent of all useable or recyclable wood, metal, and cardboard. For new
construction projects that include a full demolition, contractors will be required to provide a
deconstruction plan and prove through documentation that the project recycled or reused 75
percent of all waste, and at least three material types. As with the update to the residential
requirements, staff proposes instituting a refundable deposit to increase accountability and
adherence to the requirements.

e Electric Vehicle (EV) Charging Requirements. In 2017, requirements were added to the code
requiring commercial and residential projects provide EV charging infrastructure. Technology
has evolved and the demand for EV charging is better understood. Therefore, staff is proposing
clarifications and adjustments to these requirements for commercial projects. The new
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4.

requirements are outlined in Figure 7 below and reflect the importance of providing EV charging
infrastructure for multifamily housing development, hotels, and motels. No changes are being
proposed for residential construction; new residential homes are required to provide EV charging
outlets for all off-street parking. The proposed code would also give projects flexibility in
meeting the requirements by allowing applicants to propose equivalent charging solutions to
meet the code requirement—specifically, allowing fast charging options in lieu of installed Level

2 EV charging stations.

Figure 7: EV Charging Requirements for Commercial Projects

EV Charger Installed

Level 1 or 2 charging station.

EV Ready

Full circuits are “ready to go” with the addition of an EV charging station. Full
circuit installations include 208/240V 40-amp panel capacity, conduit, wiring,
receptacle, and overprotection devices. The endpoint of the system must be near
the planned EV charger location.

EV Capable

Accessible conduit must be installed during new construction to avoid expensive
and intrusive retrofits when additional EV charging capacity is needed in the
future.

Electric Panel Capacity
Panels must have space and electrical capacity to accommodate simultaneous
charging on a 40-amp circuit per the required number of EV parking ready spaces

ANALYSIS: EMBODIED ENERGY

Offices

>20 Spaces

2 parking spaces
minimum

20% of parking
spaces required

n/a

Sufficient to
supply

EV Ready
Required

Retail &
Restaurant
>20 Spaces

2 parking spaces
minimum

10% of parking
spaces required

n/a

Sufficient to
supply

EV Ready
Required

MFU &
Hotels/Motels

2 parking spaces
minimum

20% of parking spaces
required

75% Total

Sufficient to supply
25% of EV Ready & EV
Capable spaces
Required

Boulder has a long history of being environmentally progressive and striving toward its zero-
waste goal, but it has been difficult to identify and enforce a policy around reusing and recycling
what already exists in our built environment. While embodied energy* is an important
consideration when seeking to preserve the resources that make up our community’s buildings, it
is a complex topic that is still relatively new in terms of how best to measure and regulate it. As
Boulder’s energy code becomes increasingly stringent, the importance of addressing embodied
carbon grows. Figure 1 below illustrates that increasing building efficiency shrinks carbon
emissions resulting from operational energy demand, which enlarges the portion of total lifecycle
emissions caused by the embodied carbon of construction.

4 Embodied carbon is defined by the Carbon Leadership Forum as the sum impact of all the greenhouse
gas emissions attributed to materials throughout their life cycle (extracting from the ground,
manufacturing, construction, maintenance and end of life/disposal).
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Figure 8: Embodied and operational energy over the life of a building (Source: Carbon Leadership
Forum)

Furthermore, new, modern construction is often favored over building retrofits and
redevelopments. Because a majority of a building’s embodied carbon is accounted for by the
foundation, structure, and envelope, it makes sense to encourage reuse of these building parts
rather than demolish (which also emits carbon and air pollution) and rebuild when practicable. A
report by the Preservation Green Lab, Skanska, and other partner organizations found that new
buildings can take anywhere between 10—80 years to pay back the emissions generated from the
construction process, even if the new buildings are 30 percent more efficient than average.

Staff is currently working with Carbon Neutral Cities Alliance along with 12 peer cities
(including: Portland, Seattle, Vancouver, San Francisco, and New York) to develop a roadmap
for embodied carbon policy at a local level. As part of this group, Boulder staff hope to map out
policy, better understanding the calculation methodologies, exploring procurement solutions, and
collaborate with cities that are making progress in this area.

As illustrated in Figure 2 below, the life cycle of a building begins with mining and extraction of
the raw materials; continues through the energy used during the building’s life; and ultimately
includes the deconstruction of the building. Of these stages, there are three areas that can
potentially be addressed through changes to city building code:

1. Construction
2. Refurbishment
3. Demolition

Item 6A - Building Code Update


https://living-future.org/wp-content/uploads/2016/11/The_Greenest_Building.pdf

Stages of
Life Cycle

Figure 9: Building Life Cycle Stages

As part of this code update, the following updates are proposed to address embodied energy:

e Improving existing construction and demolition waste requirements and increasing the
consequences for non-compliance;

e Expanding construction and demolition waste requirements to commercial projects;

e Encouraging smaller residential construction by accelerating net zero energy
requirements for homes greater than 3,000 square feet; and

e Reducing barriers to building reuse. Recognizing that expensive energy-efficiency
upgrades to existing homes and commercial structures can be a barrier to reuse and
remodel, requirements for renovations/alterations are eased to encourage reuse in lieu of
building scrapes.

Staff plans to expand embodied energy regulations as local policy options are better understood.
Likely first steps include: embodied energy tracking, purchasing guidelines and embodied energy
limits for the most impactful materials (concrete and steel). More information can be found in
Attachment E: City Council memo from December 14, 2018 addressing embodied energy and
code strategies.
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5.  ANALYSIS: 2018 ICC BUILDING CODE ADOPTION AND PROPOSED
AMENDMENTS

Collectively, as a comprehensive family of codes which complement one another, the International
Building Codes are designed to protect the public health and safety in the built environment. Currently,
the city has adopted the 2012 edition of the following International Building Codes:
¢ International Residential Code (IRC)
International Building Code (IBC)
International Fuel Gas Code (IFGC)
International Mechanical Code (IMC)
International Plumbing Code (IPC)
International Property Maintenance Code (IPMC)
International Fire Code (IFC)
International Wildland-Urban Interface Code (IWUIC)

The International Energy Conservation Code (IECC) is currently replaced with the 2017 City of Boulder
Energy Conservation Code (COBECC). The International Existing Building Code (IEBC) is not currently
adopted by the city but is recommended for adoption, as it replaces provisions previously contained within
the IBC.

The International Codes are developed and vetted through a national public consensus process and are
utilized by most jurisdictions in Colorado and the United States. The International Building Codes are
revised and updated on a three-year cycle. Boulder has adopted new codes every six years. Staff
recommends council approve adoption of the 2018 edition of the International Building Codes, with the
potential of local amendments as necessary.

Staff is currently in the process of reviewing the 2018 International Codes to identify significant changes,
as well as any proposed local amendments. The 2018 codes with any proposed local amendments will be
presented to City Council with recommendation for adoption, after staff have facilitated a transparent and
public process including education, collaboration and feedback with the community.

Staff suggests there are five significant reasons to consider a local amendment:
1. To provide consistency with other regulatory departments and agencies
2. To address concerns of City Council
3. To address concerns of stakeholders
4. To incorporate local information and/or current data into the Codes
5. To address significant changes compared to current requirements

Staff have currently identified the following two issues of local concern and requests direction from
council on whether to prepare local amendments and incorporate into the public process.

e Gender neutral restrooms. Both the IBC and the IPC have requirements specifying when
restrooms are required to be provided for employees and for the public. When an area has no more
than 15 employee and public occupants, one single-user restroom is all that is required, and it is
required to be identified as gender neutral. Areas having higher numbers of occupants typically
require gender specific restrooms. When gender specific restrooms are required in smaller areas,
often both are single-user, and both are required to be identified with signage as being gender
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specific. To make existing single-user restrooms gender neutral would typically only require
changing the signage. Code provisions also specify the numbers and types of plumbing fixtures
required (sinks, toilets, urinals), resulting in multiple-user restrooms. The 2012 and 2018 editions
of the codes do not allow multiple stall restrooms to be used as gender neutral rather than gender
specific without going through a code modification request. To help ensure inclusivity in restroom
availability and counts and provide more flexibility, staff is evaluating the need for future code
amendments to address this issue.

Staff have received multiple requests for code modifications to approve multiple stall restrooms
as gender neutral instead of gender specific as required by the building codes. Rather than
requiring applicants to apply for and staff to review modification requests, a local amendment may
be proposed to allow or require gender neutral restrooms. Staff requests council’s direction
regarding a local amendment to address this concern.

Should council agree with moving forward with a local amendment to address this concern, staff
will seek community feedback to inform the specific options.

Residential sprinkler systems. Since the 2009 edition of the International Residential code,
automatic sprinkler systems have been required in all newly constructed dwellings. This sprinkler
requirement does not apply to remodels or additions, unless the dwelling already has an automatic
sprinkler system. The issue of residential sprinklers was discussed extensively in 2013, during the
process to adopt the 2012 International Building Codes. During that process, council requested
and staff provided significant background

information, which can found at this link.

As an outcome of the 2013 process, the City of Boulder currently has an amendment exempting
one-and two-family dwellings from the sprinkler requirement. At least seven Colorado
jurisdictions have not amended this code requirement and do require all new dwellings to be
protected with automatic sprinkler systems including Boulder County, Superior, Golden and
Westminster. Staff recommends revisiting this issue as part of the 2018 code adoption process
and requests council direction regarding this issue.

COMMUNITY SUSTAINABILITY ASSESSMENT AND IMPACTS

Updating current energy and building codes can produce economic, environmental and social benefits at
multiple levels across a community. High-performance buildings reduce energy and environmental
impacts, improve economic vitality, increase community pride and decrease utility costs for building
owners and tenants.

Economic: Higher performing buildings increase property values, command higher lease prices,
cost less to operate and improve occupant comfort, and reduce community greenhouse gas
emissions. However, high performance buildings can come at a cost premium as the initial costs
to construct these buildings are higher. The recommended residential code changes have been
analyzed by our consultants and the resulting efficiency measures the code requires have all been
found to be cost effective, with benefit to cost ratios ranging from 1.0 to 2.9. Cost effectiveness
was determined over a 30-year lifespan, including first costs, replacements, maintenance, and
energy savings. Please see Attachment B: 2020 Building Energy Code Cost Effectiveness
Analysis. Also, please reference Attachment F: Rocky Mountain Institute’s recently released
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The Economics of Zero-Energy Homes, which shows NZE homes are reaching cost parity with
conventional construction and that, as the underlying technologies and design elements continue
to improve and scale, these costs will continue to decline.as another resource , which shows NZE
homes are reaching cost parity with conventional construction and that, as the underlying
technologies and design elements continue to improve and scale, these costs will continue to
decline.as another resource

Environmental: On Dec. 6, 2016, council adopted climate commitment goals for the city,
including an overall target of an 80 percent reduction in GHG emission by 2050.° In the
modeling done by staff to show pathways to that goal, increasing the stringency of energy codes
(eventually to net zero status for all new buildings and major alterations by 2031) was the largest
contributing factor of any policy or program, other than transitioning our electricity supply to
clean, renewable energy. Achieving and implementing net zero energy codes as soon as possible,
while balancing economic and social interests, is a crucial step in Boulder’s climate
commitment. In fact, when staff projected emissions reductions out to 2050, savings from the
implementation of progressively more stringent energy codes was the largest of any building
efficiency program, including EnergySmart, SmartRegs and the Building Performance Program.

Social: Improving the energy codes above the minimum standard requires energy conservation in the
residential, public and private sectors results in less money flowing to energy costs over time, and
more household and business income available for other uses. Additionally, the net outcome of
decreased greenhouse gas emissions supports the community’s strong value of protecting the
environment and living in a sustainable way.

PUBLIC ENGAGEMENT AND BOARD FEEDBACK

Once a draft of the 2020 City of Boulder Energy conservation code is complete, staff will provide the
proposed code to the Environmental Advisory Board (EAB), the Transportation Advisory Board (TAB),
and the Planning Board in Q2 of 2019 for their recommendations.

Additionally, staff has engaged key community stakeholders including design professionals, architects,
energy modelers, builders, developers, building owners, etc. through community engagement events,
targeted meetings, and consultant interviews. Table 3 summarizes these engagement activities.
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rTable 1: Public Outreach Activities to Solicit Stakeholder Feedback

Number of
Outreach .
Activity Respondents/ Description
Attendees
Residential 29 (a list of City staff organized a meeting to invite residential
December  Energy Code attendees can be S . .
. building stakeholders to discuss and give direct
20,2018 Engagement found in feedback on the proposed energy code changes
Session Attachment E) prop &y £es:
February  Land Use The city’s Energy Code Coordinator participated in the
Land Use Code Open Houses to field energy related
11 & 20, Code Open 30-50 . .
2019 House questions and solicit feedback on energy code changes
that could encourage more modest home sizes.
Presentation to City staff presented to the local chapter of the
International International Building Performance Simulation
Building Association (IBPSA), an international society of
February  performance 86 building performance simulation researchers,
21,2019 Simulation developers and practitioners, dedicated to improving
Association the built environment. Technical feedback from this
group is important to development of an
understandable, effective, and enforceable code.
Energy Code The city’s Energy Code Coordinator participated in a
February  Collaboration 20-30 collaboration meeting with Denver and local design
22,2019 Session with professionals to discuss code changes and aligning
Denver code language where feasible.
Commereial 38 (a list of City staff organized a meeting to invite commercial
February  Energy Code attendees can be S . N
. building stakeholders to discuss and give direct
27,2019 Engagement found in feedback on the proposed energy code changes
Session Attachment D) prop gy HANges.
The city’s Energy Code Coordinator continues to
Ongoing reach out to energy modelers, design professionals,

QUESTIONS FOR COUNCIL

contractors, and peer jurisdiction staff for feedback on
the proposed code language.

e Inresponse to feedback regarding the impact of large homes and large lots, staff is proposing to
accelerate net zero energy (NZE) requirements for residential new construction. All new homes
larger than 3,000 square feet would be required to be NZE. Currently all homes larger than
5,000 square feet are required to be NZE. Does council support this NZE acceleration?

e Inan effort to ensure construction waste reuse and recycling occurs, staff is proposing new
enforcement mechanisms for the construction and demolition waste requirements. Does City
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Council support a financial penalty (in the form of a deposit that has been withheld) for non-
compliance?

Currently construction and deconstruction waste requirements only apply to residential projects.
Does staff support expanding these requirements to commercial construction?

Does City Council support expansion of the Energy Impact Offset Fund (EIOF) as a last resort
compliance pathway when projects are unable to meet net zero energy code requirements on-site
and when off-site solar is unavailable?

Does council support a local amendment to allow or require gender neutral restrooms?

Does council support continuing the current amendment exempting one-and-two family
dwellings from the sprinkler requirement or does council support revisiting the requirement for
all newly constructed single-family dwellings to be protected with automatic sprinkler systems?

NEXT STEPS

Provided City Council supports the code updates described in this memo, key next steps include:

April 2019: finalize draft code language and solicit community feedback on the code language.

May — June 2019: present proposed code changes to Planning Board, the Environmental
Advisory Board, and the Transportation Advisory Board for their recommendations.

June — August 2019: Community engagement and outreach regarding code language and code
administration requirements.

August — September 2019: finalize code language and workflow for implementing code
changes.

October 16, 2019: Return to City Council for first and second readings to adopt new codes to
take effect Q1 2020.

October — December 2019: Provide staff and community outreach training on the changes.
Develop supporting documentation and resources on the city’s website to help explain the
energy codes and the documentation materials required to demonstrate compliance.

Q1 2020: New codes will take effect.

2020: Effort will begin on 2023 code development with a focus on energy storage solutions,
embodied energy incentives and regulations, and making progress on reducing building plug and
process loads.
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ATTACHMENTS:

A: City of Boulder Energy Code Roadmap.

B: City of Boulder 2020 Energy Conservation Code Cost Effectiveness Analysis

C: City of Boulder 2020 Commercial Energy Code Update

D: Commercial Energy Code Engagement Session Summary of Attendees

E: Residential Energy Code Engagement Session Summary of Attendees and Feedback
F: Rocky Mountain Institute’s The Economics of Zero-Energy Homes

G: Memo excerpt from December 4 City Council memo on Embodied Energy
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Introduction

Boulder has adopted a set of climate goals that depend on continued reduction in the carbon impacts of
the building sector. To achieve these goals, steady improvement in building codes and continued
improvement in building performance will be needed. This discussion is focused on energy code
mechanisms to reduce building energy use and incorporate renewable energy generation at the building
scale. This occurs in the context of the City of Boulder’s goal to require all new buildings to achieve ZNE
performance by the 2031 code cycle, and a set of suggested improvements in the energy code over the
course of five code cycles remaining before that date.

As building performance requirements become more stringent, it is necessary to consider actual
building energy use as a basis for energy code compliance, rather than rely on predictions of
performance. ZNE performance implies a measured outcome of annual net zero energy use. This
narrative describes a potential pathway from current code structures to an outcome pathway for code
compliance, with a focus on immediate steps for adoption in the next code cycle in Boulder. A more
detailed report on specific recommendations for the 2019 code cycle is provided separately. The focus
of this narrative is commercial buildings.

Building Performance

The ultimate policy goal for the building sector is to eliminate the carbon impact of energy use in
buildings. The intent is to use policy mechanisms to achieve this by reducing individual building energy
use, offsetting grid energy use with renewable energy at the building level, and decarbonizing both
buildings and the grid by transitioning to non-fossil fuel energy sources. Different jurisdictions target
and quantify different aspects of these goals, and may adopt a subset of policy goals in their climate
action plans. Boulder has adopted a relatively far-reaching set of policy goals to address all aspects of
this larger performance target.

Achieving building sector decarbonization is typically considered a balancing act between reducing
building energy use, offsetting building energy use at the building level with renewable energy, reducing
combustion fuels use in buildings, and reducing the amount of fossil fuel used to generate electricity at
the grid level. The relationship between these issues is nuanced, but there are some general principles
that guide building policy in these areas:

e Renewable deployment at the grid level is increasing rapidly, but there is a long way to go to
fully decarbonize the electric grid. Despite decreases in the cost of renewable energy, it would
take a huge investment and a long time to simply ‘replace’ all fossil fuel generating resources at
the grid scale. Reducing energy use in buildings therefore remains a critical component of large
scale decarbonization.

e Decreasing costs for renewable energy at the building scale make renewable deployment more
cost effective than in the past. This cost of renewable energy deployment in this way sets a
baseline for cost effectiveness calculations for energy efficiency. But a wide range of energy
efficiency strategies remain less expensive to deploy at the building level than renewable energy
at various scales, so there needs to be a continued policy focus on building energy efficiency
even as building-scale renewable deployment increases.
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There are many built and operating examples of extremely efficient and ZNE buildings in the
market today, demonstrating that deep efficiency in buildings is widely achievable with the right
market and policy incentives and mechanisms.

Challenges to Code in Achieving Net Zero Performance

The imperative to move toward an outcome-based code is driven by several key limitations in the
conventional energy code development and deployment process.

Scope of Code

Although we can identify performance levels and physical characteristics associated with buildings that
achieve very high performance levels, energy codes are not able to require this level of performance as
currently deployed. There are several key limitations to energy code that preclude widespread
achievement of very high performance.

Building design can address a wide range of building features that affect building energy use, but
design cannot address what equipment is brought into the building by building occupants, and
how they use it. Computer equipment, kitchen equipment, medical devices, printers, task
lighting, etc. are all examples of ‘unregulated loads’ which are outside the scope of energy
codes. In buildings that meet current energy code requirements, these unregulated loads
typically represent 40-70% of total building energy use, depending on building type.
Unregulated loads set a practical limit on how much more stringent energy codes can become
without structural changes to address unregulated loads through the code process. (See Figure
1 below.)

In the design process, assumptions are also made about how building systems will be operated
and used. But once the building is operational, the design intentions have little influence on
building use patterns. Thermostat set points, operating schedules, maintenance strategies, and
a host of other operational characteristics have a major impact on building energy use patterns
that is outside the scope of energy code regulations.

Some aspects of building performance are pre-empted by federal regulations, and cannot be
modified within prescriptive code requirements. Heating equipment efficiency is a critical
example which is particularly important in heating climates. Heating efficiency standards have
not been modified for decades, in part due to industry pressure to maintain a pathway for
inexpensive rooftop air handling equipment in code. No matter how stringent prescriptive code
language is, by federal law it must include the option of using minimum efficiency rooftop
package equipment as a viable alternative. Building designers may choose to exceed this
performance level, but code cannot explicitly require it.

When a code strategy becomes focused on a specific performance outcome with increased flexibility for
how to achieve this outcome, the limits of code scope become less restrictive in achieving increased
code stringency.
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End Use by Type; Regulated vs. Unregulated
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Figure 1: Unregulated Loads: In this diagram, the loads to the left of the dashed vertical line represent
building loads outside the scope of energy code requirements, by building type, based on recent code
stringency requirements. These loads have become a significant percentage of total building load,
representing a challenge to increased code stringency goals.

Design Predictions vs. Performance Outcomes

Although we target low energy use in building design, in these buildings there is typically a disconnect
between the level of performance anticipated in the design process and what we actually see when the
building is operating. This is a critical issue to understand in the context of using energy codes to set
aggressive performance targets for buildings.

The disconnect between design predictions and actual performance is driven by two key issues: 1)
assumptions made about system control, integration, and operation; and 2) actual occupant use
patterns in the building compared to those assumed by the modeling.

System Control, Integration, and Operation

When we calculate energy loads for a building, we make assumptions about how well the building
envelope is insulated, how efficiently the heating and cooling systems will operate, and how systems will
be controlled to meet these expectations. By its nature, energy modeling predictions about building
energy use assume that everything will work exactly as planned. In reality a whole range of
performance issues tend to degrade the actual performance characteristics. Thermal bridging in
envelope details may lead to lower thermal performance than anticipated, air leakage through the
envelope may increase heating loads, thermostat placement may lead to zone overlap and result in
simultaneous heating and cooling loads, economizers may not work as anticipated, maintenance
practices may not occur frequently enough to keep system running optimally; these are all well
documented building characteristics that adversely affect actual building energy use compared to design
assumptions. Good design, construction, and operating strategies can minimize these impacts, but not
necessarily eliminate them.
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Occupant Use Patterns

To insure consistency in comparing building performance to code requirements, energy modeling
procedures make a number of assumptions about how buildings are typically operated that set up
expectations in the design process for performance outcomes. These assumptions seldom align directly
with actual operating parameters. For example, in actual use, buildings tend to be occupied for longer
hours than assumed in design modeling, with consequent increases in lighting and space conditioning
loads. Thermostat set points are often controlled to much narrower temperature bands than the
modeling guidelines suggest, and office equipment is frequently left on all night. These loads add
significantly to building energy use, leading to substantially higher actual energy use than anticipated in
modeling assumptions about buildings that meet code requirements.

The deployment of new types of office equipment, combined server closets, and other types of
equipment also reflect loads that are typically not anticipated in the building modeling process, and
which can increase actual building energy use compared to that anticipated in the design process.

Code Implications

The critical implication of this disconnect between predicted and actual building energy use is that
policies designed around code performance of buildings tend to under-estimate actual building sector
energy use. When code stringency is evaluated with national models under DOE determination
protocols (or in any local analysis based on standardized determination protocols), these optimistic
assumptions about system operation and occupant use patterns lead to overly optimistic predictions
about what level of performance in buildings is being delivered by energy codes. (Note that optimistic
assumptions about overall code performance are not the same as broader variability in individual
building energy use, which can over- or under-estimate individual building energy use.)

The gap between code predictions of building energy use and actual building energy use represents a
significant challenge as we contemplate a transition from prescriptive requirements or comparative
design predictions as a basis for code compliance, to a focus on actual building performance outcome as
a compliance metric. This challenge needs to be addressed systematically over multiple code cycles to
bring actual building performance into line with performance goals and predictions.

To address these code challenges, Boulder has determined that the city will move from current code
approaches to a method whereby compliance relies on the demonstration of actually achieving the
energy performance targets identified in policy goals. Moving to an outcome based strategy will require
several iterations of code to prepare the market for a ZNE outcome. These are the steps in that process:

e Introduce building performance metric based on measured energy use

e Incorporate renewable energy systems into compliance strategies

e Enforcement follow up on actual building performance outcomes to improve alignment with
performance targets

e Require full offset of energy use with renewable systems
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Current Building Performance Conditions

Current Code Performance

The current Boulder Energy Code represents the starting point for a series of improved building
performance targets in subsequent code cycles that eventually achieves net zero energy performance.
Energy code stringency is typically evaluated through the development of a determination analysis,
which uses energy modeling tools to predict the expected stringency of a code when applied to a series
of standardized building prototypes. The US DOE conducts this analysis through PNNL on each new
national model code. The City of Boulder has conducted a similar analysis on its code in comparison to
national model code, in this case ASHRAE 90.1-2010. The results of several federal analyses, and the
Boulder analysis are presented in Table 1 below. Boulder’s current code targets a 30% improvement
over the national model code from 2010.

Although most of the analysis values in the table below align well between the Boulder analysis and the
national analysis, note that there is a significant discrepancy in the anticipated energy performances for
office buildings. Modeling from Pacific Northwest National Labs (PNNL) shows the expected
performance for the 90.1-2010 code to be significantly better than predicted by the City of Boulder
analysis. Because office buildings are an important use type in the City of Boulder, this discrepancy will
need to be explored in the context of setting realistic new performance goals for this building type. All
other building types with matching prototypes in the PNNL modeling are in agreement.

Building Type Boulder Boulder PNNL 90.1- PNNL 30%

90.1-2010 30% Better 2010, 5B Better, 5B

Prediction  Prediction Climate Climate
Education (primary) 46 -57 32 -40 56 39
Education (secondary) 40 -49 28 -34 46 32
Food sales/ Grocery 180 -220 126 -154 NA NA
Full Service Restaurant 355 -434 248 -304 396 277
Hospital (Inpatient) 117 - 144 82 -100 133 93
Outpatient Health Care 104 -127 73 -89 114 80
Lodging/ Hotel 85 -104 59 -73 103 72
Retail (other than mall) 51 -62 35 -43 57 40
Retail (enclosed and strip malls) 53 - 64 37 -45 60 42
Office (small-5,000 sf range) 48 -59 34 -41 31 22
Office (medium- 50,000 sf range) 48 -59 34 -41 34 24
Public assembly 62 -75 43 -53 NA NA
Public order and safety 66 - 81 46 - 56 NA NA
Religious worship 40 - 49 28 -34 NA NA
Service (vehicle maint/dry clean/ beauty, etc.) 45 - 55 31 -38 NA NA
Warehouse and storage (non-refrigerated) 27 -33 18 -23 19 13
Vacant 9 -11 6 -7 NA NA
Multifamily residence 43 -52 30 - 36 50 35

Table 1: Code Stringency Comparison for Boulder (EUI)
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Performance Variability

Although it is typical to compare code stringency for individual building types with a single EUI number,
the reality is that there is a great deal of variability among buildings, even of the same building type.
Some of this variability is a function of different ways the building is used. Two identical-seeming office
buildings may house community kitchens, data centers, 24 hour tenants, vacant spaces,
communications gear, etc., that drive significantly different energy use patterns. Mixed use buildings
especially can house tenants with substantially different energy needs. This complicates the
determination of specific energy performance targets. To account for routine variability, performance
outcomes must consider reasonable variables to adjust specific energy targets. This process of adjusting
fixed targets to account for customized use and consumption patterns is referred to as normalization.

In the context of outcome based codes, normalization may occur in the design process when specific
performance goals are identified, and after the building is occupied when unanticipated factors change
performance expectations. Normalization in the design process occurs by manipulating energy model
inputs to more accurately reflect expected use and operating conditions. Normalization in the
occupancy phase allows project performance to be evaluated in the context of unusual weather
conditions, alternate building uses, and actual occupancy patterns.

Performance of Boulder’s Existing Building Stock

Although new buildings subject to more stringent codes tend to be more efficient than older buildings,
there is a wide range of energy performance observed even in new construction. As Boulder moves
toward more closely reviewing and regulated the performance of new buildings, the gap between
anticipated and actual building performance will become more critical, and steps will need to be taken
to encourage a more accurate assessment of performance expectations. For context, the graphs below
show the performance of buildings in Boulder, as reported under the city’s energy disclosure ordinance.
The first graph, Figure 2 shows data from buildings built since the 1950’s. There is wide variability in
energy use in existing buildings, with a very slight downward trend for newer buildings. The second
graph, Figure 3 shows only those buildings built in Boulder since 2000. This graph suggests that the more
recent trend in building performance has a steeper downward slope than is seen when older buildings
are included. This data is encouraging, given that the impact of more aggressive energy codes would be
expected in this newer set of buildings. Nevertheless, even buildings built to the newest and most
stringent Boulder Energy Code demonstrate a wide range of performance, and may not seem to be
performing at the EUI performance levels anticipated by the determination analyses that predict code
stringency. This complicates the transition to an outcome based code enforcement strategy, since there
is a gap between expected code performance and actual building performance outcome. The transition
to outcome code will need to recognize that it will take several code cycles to close the gap between
optimistic code expectations and actual performance outcomes.
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Figure 2: EUI data from Disclosure for all building ages
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Figure 3: EUIl data from Disclosure for all building ages
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Setting Building Maximum Performance Targets

In the year 2031 energy code cycle, new buildings will be required to offset all of their annual energy use
by deploying renewable energy systems that generate as much energy as the building uses on an annual
basis.

When we refer to net zero energy use in buildings, we are usually talking about a very efficient building
that offsets remaining energy use by incorporating renewable energy generation. (On site or off site.)
There are technical and physical limits to how low building energy use can get, based on the fact that
even the most efficient buildings still require some level of lighting, space conditioning, and equipment
use to maintain occupancy conditions. In referring to the very most efficient buildings that can be
achieved with current technologies, we refer to the maximum technical potential for efficiency, or
‘max-tech’. This serves as the end goal for regulating building performance, which can then be
combined with renewable energy requirements to achieve net zero energy performance.

Max-Tech is not necessarily a static number, but may continue to decline with advances in technology
and new building system innovations. Several recent studies have attempted to quantify max-tech
performance numbers for buildings. We have used these studies as a basis for the max-tech targets
identified in this analysis.

While max-tech represents the ultimate performance targets for buildings (before energy use is offset
by renewables), the City of Boulder anticipates that a series of interim targets will be set for the energy
code cycles between now and 2031, as new building targets ramp down to net zero energy use.

Comparing Data on Max-Tech Performance

A number of studies have attempted to estimate or quantify the max-tech performance values for a
variety of building types in different climate zones. NBI has also collected a significant set of data on
currently built ZNE buildings. This data includes information about base building performance, before
renewables are used to offset building energy use. In this section, we compare the values of topical
max-tech studies and data from the NBI ZNE building database to help establish max-tech performance
targets for the City of Boulder. This section includes a number of building prototypes representing
typical building types in the City of Boulder. All energy performance values shown are for climate zone
5B, and are represented in site energy use intensity (EUI), in kBtu/sf/yr. Note that not all data sources
are represented in each building type.

Data Sources

The data used to compare building performance come from the sources identified in Table 2 below.
This data represents a broad array of analysis and actual performance data collected to identify building
performance patterns, determine code stringency, and support deep efficiency targets.

Item 6A - Building Code Update



Attachment A - COB Energy Code Roadmap

Building Performance Data Sources

Data Label

Data Source

Description

Boulder Disclosure

City of Boulder,
collected performance
data

Actual energy use data for office buildings in Boulder
reporting annual energy use under disclosure ordinance
requirements

CBECS 2012

CBECS 20121

National representative data set of office building energy use
(for Boulder climate zone 5b) collected by DOE.

Standard 100

ASHRAE Standard 1002

ASHRAE Standard 100 energy targets developed to represent
existing building energy use in individual climate zones
(climate 5b)

ASHRAE 90.1-2004

Anticipated performance of prototype office buildings
meeting 90.1-2004 for climate zone 5b according to PNNL
determination analysis of code stringency.

ASHRAE 90.1-2016

PNNL Modeling Data
for 90.1-20163

Anticipated performance of prototype office buildings
meeting 90.1-2016 for climate zone 5b according to PNNL
determination analysis of code stringency.

GTZ Tracker

NBI Getting to Zero
Tracker?

Actual performance data of buildings in NBI’s ZNE building
database (before accounting for contribution of renewables)

Oregon Bonus

City of Portland,
Oregon

Policy performance target for increased density bonus for
buildings in the city of Portland, Oregon (modified for climate
5b)

Glazer Max-Tech

GARD Analytics - Max
Tech Potential®

National study of best anticipated building performance
achievable using current best-practice design and operations
strategies in climate 5b (not including renewables)

Toronto

Toronto Zero
Emissions Framework®

Study by Integral Group to identify feasible maximum
performance targets for ZNE buildings in City of Toronto to
meet climate goals. (Similar climate zone)

ARUP CA Feasibility

ARUP - California
Technical Feasibility’

Study by ARUP of best achievable building performance (for
similar climate zone to Boulder) as a basis for ZNE code
targets (not including renewables)

Goals (2031)

NREL School NREL - School Maximum achievable energy performance study
Feasibility Technical Feasibility®
WA Statutory Code Mandated code improvement goal for 20312 code cycle in

Washington State in similar climate zone.

Table 2: Building Performance Data Sources and Description

Individual Building Types
The examples below show how NBI has correlated the data for office buildings to identify performance
targets. Each graph shows a range of different data sources and studies of building energy use for

1 https://www.eia.gov/consumption/commercial/data/2012/c&e/cfm/pba3.php

2 https://info.ornl.gov/sites/publications/Files/Pub49965.pdf

3 https://www.energycodes.gov/sites/default/files/documents/02202018 Standard 90.1-

2016 Determination TSD.pdf

4 https://www.energycodes.gov/sites/default/files/documents/02202018 Standard 90.1-

2016 Determination TSD.pdf

5 https://www.techstreet.com/ashrae/standards/rp-1651-development-of-maximum-technically-achievable-

energy-targets-for-commercial-buildings?product id=1911167#full

6 https://www.integralgroup.com/projects/city-toronto-zero-emissions-building-framework/

7 http://www.energydataweb.com/cpucFiles/pdaDocs/904/California_ ZNE Technical Feasibility Report Final.pdf

8 https://www.nrel.gov/docs/fy170sti/67233.pdf
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Boulder’s climate zone for individual building types. (Boulder’s climate is designated as climate 5b by
ASHRAE in national data.)
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Figure 4: Office building energy performance comparison

Reviewing the data demonstrates that multiple studies and data sources have begun to converge
around what the anticipated maximum performance of office buildings looks like, before renewables are
accounted for. In this data, EUl values in the low to mid 20’s represent the anticipated performance
target for buildings before accounting for renewables. (Note that some high performance office
buildings have already demonstrated lower EUl performance than this.) The degree of convergence of
these data sources provides confidence that a consistent max-tech performance target can be identified
for this building type.

Office buildings are one of the most widely documented building types, with many studies examining
the performance of this building type, and a relatively consistent set of loads driving building energy
performance. Other building types lend themselves to similar analyses, though typically with less
available data, while many building types demonstrate a wide range of energy use outcomes, making
target setting more difficult. Below are some more examples of data comparisons by building type.
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Figure 5: Primary School building energy performance comparison
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Figure 6: Secondary School building energy performance comparison

Schools are another building type that has been extensively studied, and there are also many examples
of schools in NBI’s ZNE database that help determine high performance expectations for this building
type. The range of performance outcome for this building type is somewhat wider than for office
buildings, in part because different schools may include different operating strategies and key features
(like cafeteria kitchens) that can introduce more variability into expected performance outcome.
Nevertheless, the frequency of available data and the alignment of max-tech studies suggests that
reasonably consistent targets can be identified for school buildings.
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Figure 7: Mid-rise Multifamily building energy performance comparison

Multifamily buildings have also received a fair amount of attention in considering high performance
targets, but there is less consistency in the predictions of high performance for this building type, and
fewer completed examples of ZNE multifamily buildings. This is due in part to the fact that multifamily
buildings can incorporate a wide range of potential amenities, and serve a wide demographic range of
residents. High end residential buildings tend to include larger floor areas for fewer residents, and
common area amenities not seen in lower income properties. At the same time low income residential
projects may include higher individual unit density (each with kitchen and laundry equipment) into a
smaller floor area. These factors introduce significant variability into multifamily residential building
energy use.
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Standalone Retail
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Figure 8: Standalone Retail building energy performance comparison

In standalone retail buildings there is a wide variability in energy use outcome, as can be seen from the
extremely wide range of performance outcome seen in the CBECS data below. This building type is not
well represented in existing ZNE buildings, so the data on what to expect for high performance for this
building type is sparse. Although we identify max-tech targets, varying use and configuration suggests
that a wide range of outcome would be expected even in high performing retail buildings.
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Figure 9: Warehouse building energy performance comparison

Warehouses are another building type that can exhibit a wide range of performance, depending
primarily on whether tight climate control (or refrigeration) is needed for parts of the warehouse. This
building type may also include varying degrees of processing and manufacturing, adding to energy use
variability. However, since warehouses typically include large roof areas, they are often good buildings
to deploy PV on.
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Figure 10: Small Hotel building energy performance comparison

Data sources on small hotel energy use are limited, making performance targets difficult to establish.
Hotels may also have widely varying degrees of services, from simple accommodation to luxury facilities
with restaurants, pools and spas, etc.

Converging on Max-Tech and Interim Performance Targets

Using the various building performance source data and performance studies demonstrated above, a
summary of the predictability of individual building types with respect to max-tech performance is
described in Table 3. This table indicates the relative availability of data sources available for each
building type, and the range of performance outcome indicated in these data sources. Building types
with few data sources and high range of performance prediction are not good candidates for specific
performance targets, or mechanisms are needed to adjust the targets for individual building
circumstances. Building types with many data sources and low or moderate data variability are better
for specific performance targets.

Regardless of data variability, this table identifies the current code performance value and the
approximate max-tech performance value for each building type available. Values in the lower portion
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of the graph are subject to higher uncertainty, and would be more difficult to use as fixed performance
targets.

National Base Code and Max-Tech Values for Selected Building Types
Building Data 90.1-2016 Max-Tech Data Range
Type Sources
Medium Many 30 16 Low
Office
Small Office Many 25 12 Moderate
Primary Many 45 24 Moderate
School
Secondary Many 41 18 Moderate
School
Mid-rise Some 43 20 Moderate
Apartment
Warehouse Some 15 8 Low
Retail Store Some 46 18 Moderate
Small Hotel Few 53 32 Moderate
(building types below this line are not good candidates for performance
targets)
Hospital Some 117 67 High
Restaurant Some 374
Strip Mall Some 50 20 High
Clinic Few 101 62 High
Fast Food Few 588 415 High
Fire station Some 30 Moderate

Table 3: Data Availability and Consistency, and EUI Comparison for Key Building Types

Interim Targets

It is anticipated that the City of Boulder will move from its current code stringency to a net zero
requirement over the course of five code cycles, culminating in 2031. This suggests a series of
increasingly stringent performance requirements as the basis for code targets. The max-tech targets
identified above represent the theoretical limit of base building performance. Achieving performance
beyond that will require renewable energy to offset building energy use.

In identifying interim code stringency targets, we can consider the impact of increasing stringency
beyond the current code. In Table 4 below, the approximate EUI's represented by various stringency
increments over ASHRAE 90.1 base code are compared for various building types. Column 2 represents
Boulder’s current code requirement, a target performance of 30% better than ASHRAE 90.1-2010. In the
upcoming code cycle, Boulder will update the national reference to ASHRAE 90.1-2016. Columns 4
through 7 identify potential performance targets above the 90.1-2016 baseline. Note that Column 5
shows a potential target for the upcoming code cycle that represents an incremental improvement over
current Boulder code requirements. The max-tech values described previously are indicated in Column
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8. Note that a performance target of 50% better than ASHRAE 90.1-2016 (Column 7) represents an EUI
very close to max-tech limits for most building types.

The values in this table are meant to provide context for considering code stringency in upcoming code
cycles, and do not represent specific recommendations for code performance increments. Code targets
must be considered in conjunction with renewable deployment goals.

Comparison of Performance Increments Above Base Code to Max-Tech Targets (EUI)
1 2 3 4 5 6 7 8
Building Type 90.1- 90.1- 90.1- 90.1- 90.1- 90.1- 90.1- Max-
2010 2010 2016 2016 2016 2016 2016 Tech
+30% +20% +25% +40% +50%
Medium Office 34 24 30 24 23 18 15 16
Small Office 31 22 25 20 19 15 13 12
Primary School 56 39 45 36 34 27 23 24
Secondary School 46 32 41 33 31 25 21 18
Mid-rise 50 35 43 34 32 26 22 20
Apartment
Warehouse 19 13 15 12 11 9 8 8
Retail Store 57 40 46 37 35 28 23 18
Small Hotel 85 60 53 42 40 32 27 32
Hospital 133 93 117 94 88 70 59 67
Restaurant 396 277 374 299 281 224 187
Strip Mall 60 42 50 40 38 30 25 20
Clinic 114 80 101 81 76 61 51 62

Table 4: Impact of Incremental Code Stringency Increase on EU/

Proposed Code Roadmap
The issues describe