Preliminary Cost Benefit Analysis for the 2021 Washington
State Energy Code, Commercial Provisions
The legislature finds making homes, businesses, and public institutions more energy efficient will save
money, create good local jobs, enhance energy security, reduce pollution that causes global warming,
and speed economic recovery while reducing the need to invest in costly new generation. The State
Energy Code Act, RCW 19.27A, sets forth the statutory authority and goals for the adoption and
amendment of the Washington State Energy Code. The primary goals are to construct increasingly
energy efficient homes and buildings that help achieve the broader goal of building zero fossil-fuel
greenhouse gas emission homes and buildings by the year 2031 [RCW 19.27A.020 (2)(a)], any
amendments must increase the energy efficiency of typical newly constructed nonresidential buildings
[RCW 19.27A.025(1)(a)], and amendments shall incrementally move towards achieving a seventy
percent reduction in annual net energy consumption by 2031 [RCW 19.27A.160]. To achieve the
required seventy percent reduction, the Washington State Building Code Council (SBCC) established two
models for measuring incremental change. One was to target an 8.75 percent reduction each three-year
code cycle compared to the 2006 code. The other pathway is a 14 percent reduction over the previous
code.
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Based on the report of the progress made with the 2018 code towards the 70 percent reduction, a 19
percent reduction over the previous code was identified to place the commercial portions of the code
back on track to attain the targeted reduction for the 2021 code. Stakeholders were asked to submit
proposals to help attain this reduction goal.
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Additionally, the Clean Buildings Act [RCW 19.27A.210] requires large nonresidential building owners in
Washington state to demonstrate building performance in compliance with an established energy use
intensity (EUI) target. Currently there are incentives for those buildings showing voluntary early
compliance. However, compliance will be mandatory beginning in 2026. Several concerns were
expressed that if the Washington State Energy Code did not meet the reduction goals, it could cause
newer building stock to be out of compliance with the Clean Buildings Act, requiring retroactive
upgrades to building systems.
The Residential Portion of the energy code covers residential buildings including single family homes,
townhouses, and multi−family dwelling unit buildings that are three stories and less. The Commercial
Portion of the energy code, which is the topic of this cost benefit analysis, covers all non−residential
buildings, residential dwelling unit buildings that are four stories and more, and all residential sleeping
unit buildings regardless of the number of stories.
The International Energy Conservation Code is the base document for the development of the
Washington State Energy Code and this national model code is updated every three years. Those
updates that further the statutory goals set forth in RCW 19.27A are integrated with the existing WAC
51-11C language and published as a basis for stakeholders to submit code change proposals.
The Washington State Building Code Council (SBCC) filed the Preproposal Statement of Inquiry to initiate
the development of the 2021 Washington State Energy Code, Commercial Provisions, as adopted
through WAC 51-11C, on March 23, 2021. In considering amendments to the state energy code, the
Council established and consulted with a technical advisory group (TAG) including representatives of
appropriate state agencies, local governments, general contractors, building owners and managers,
design professionals, utilities, and other interested and affected. On April 1, 2021, the SBCC opened a
60-day submittal period for proposals for the 2021 Washington State Energy Code, Commercial
provisions.
The Council has adopted a definition of cost−effectiveness based on RCW 39.35 as recommended by
Department of Commerce. A guide on how to evaluate cost−effectiveness is therefore defined by the
Council as a code change that has a net present savings over a 50−year life−cycle of a building utilizing
the Life Cycle Cost Tool (LCCT) as developed by the Washington State Office of Financial Management
(OFM). The methodology of the LCCT is based on the NIST Handbook 135 methodology and utilizes
specific inputs as determined by the Council with guidance from the Washington State Department of
Commerce1. The cost effectiveness analysis uses the average useful life years from Appendix 7 of the
BOMA Preventive Maintenance Guidebook for all building components that are evaluated2. An alternate
method of cost effectiveness analysis or determining average useful life years of building components
may be applied. Each code change submitted that is not editorial or explanatory is required to include
this analysis.
The TAG was also tasked with reviewing the proposals received, identifying pros and cons and whether
it helped achieve the broader goals of energy savings and emission reduction. The TAG also discussed
whether modifications were needed to ensure the provisions were correlated with other requirements,

1
2

http://www.ofm.wa.gov/budget/facilities/costanalysis.asp
https://icap.sustainability.illinois.edu/files/projectupdate/2289/Project% 20Lifespan%20Estimates.pdf
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technically feasible, commercially available, and cost−effective to building owners and tenants, or if
changes were necessary to mitigate any disproportionate impact on small business.
161 proposals were submitted during the two-month submittal period. After hundreds of hours of
discussions, the TAG recommended that 118 proposals move forward into the rulemaking process. Most
of these proposals are exempt from the cost benefit analysis requirement of 34.05.328 as they are
editorial or provide additional clarity to existing rules. Additionally, changes coming from the national
model code process (International Energy Conservation Code) are also exempt from the requirements of
RCW 34.05.328 and not addressed here. Ultimately 23 proposals were identified as having more than a
minimal cost impact. Thirty-seven proposals were editorial. The remaining 60 proposals were either
clarifying requirements, correlating code requirements, or had minimal impact. Those with minimal
impact are highlighted in Table 1.
TABLE 1
Code Change Proposals with Minimal Economic Impact
Code Change
21-GP1-159

Section/Description
C402.2.8/C402.2.9: New
requirement detailing control of
thermal bridging at concrete
balconies and fenestration
frames to reduce heat loss.

21-GP1-161

Table C402.4: Fenestration Uvalues are reduced, while
allowing a slighter higher value
for operable window for a
greater range of choice. The
fenestration U-values for
increased allowable fenestration
area is adjusted accordingly.

21-GP1-108

C402.5.2: Removes the
exception allowing the air
leakage rate to be exceeded
with a report of corrective
action taken.

21-GP1-104

C402.5.5: Align combustion air
duct insulation requirements
with outside air requirements.

Cost/Energy Savings
Estimated construction cost of $1.33 per square
foot or $1000 per dwelling unit for those
apartments/dwellings with cantilevered concrete
balconies. Estimated annual energy savings of
0.02 kBtu per square foot per balcony, or a
savings of $11.79 per year per balcony in energy
cost.
This proposal reduces heat loss through
fenestration, the most significant heat loss for
building envelopes. The higher-performance
fenestration is moderately more expensive than
conventional, a cost that is likely to moderate as
the new standard becomes commonplace. The
estimated construction cost is $0.09 per square
foot, or $69 per dwelling unit, with estimated
annual energy savings of 0.016 kBtu per square
foot, or 12.4 kWh/kBtu per dwelling unit.
Currently, if a building fails the envelope leakage
test, corrective action is to be taken but
verification is not required. Requiring retest and
correction action measures be taken until the
required air leakage rate is met encourages best
practices to be implemented during construction.
This proposal only economically impacts projects
that fail to meet the required air leakage rate.
Initial capital costs will be more expensive for the
insulation material and labor. Estimate of
construction cost is less than $0.01 per square
foot, with an estimated energy savings of 10.6
kBtu per square foot, based on a 50,000 square
foot building.
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Code Change
21-GP1-163

Section/Description
C403.2.4/C404.13: Decrease the
size threshold for requiring
variable speed drive for fan and
pump motors.

21-GP1-166

C403.3.7: A new section and
table are added to incorporate
requirements from ASHRAE 90.1
limiting the flow rate in critical
circuits of hydronic systems to
minimize flow resistance.

21-GP1-167

C403.4.12: Requires pressure
independent control valves
where the flow rate over coils is
over 5 gallons per minute.

21-GP1-191

C403.7.5: Requires variable
frequency drives on all motors
over 5 hp in parking garage and
loading dock ventilation
systems.

21-GP1-170

C403.7.6.2: Increases the
enthalpy recovery ratio from 50
to 60 percent for other than R-2
occupancies.

21-GP1-174

C404.6.1: Requires thicker
insulation for service water
heating storage tanks designed
for storage temperatures over
130 degrees.
C404.7.1: Requires service water
circulation systems with
multiple risers or zones and
variable flow circulation pumps
to use self-actuating
thermostatic balancing valve to

21-GP1-175
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Cost/Energy Savings
The estimated incremental construction cost is
$0.04 per square foot. With an estimated 4 VFD
motors in a 10,000 square foot building.
Estimated energy savings of $0.10 kWh per
square foot.
The requirements ensure hydronic system piping
is designed appropriately and may result in larger
pipe sizes for projects that would have otherwise
had under-sized pipes. Pumping energy costs will
be reduced. Estimated cost of construction is
$0.02 per square foot based on a 100,000 sf
building, with an estimated annual energy savings
of 0.6 kBtu per square foot.
PICVs play an important role in reducing energy
consumption while maintain building
temperature at optimal setpoints, and are
capable of reducing HVAC energy use more than
20%. Estimated construction cost is $0.01 per
square foot, with an estimate of annual energy
savings of 0.05 kWh per square foot based on a
100,000 sf building.
There is an increased first cost for the VFD
controller. ASHRAE 90.1 addendum d states that
all VAV system fans are required to have VFD so
no economic analysis is required. Title 24 reports
that the estimated incremental cost is $2500 plus
$600 in installation costs for each 10,000 cfm of
garage exhaust. The average garage has 6 hp per
10,000 cfm. Annual energy saving is estimated at
2818 kWh per hp.
There is a slight increase in cost of ERV, with a
20% increase in recovered energy. Estimated
construction cost is $0.10 per square foot, with
an estimated annual energy savings of 1 kWh per
square foot.
The estimated incremental construction cost is
$0.01 per square foot, with an estimated annual
energy savings of 0.1 kBtu per square foot.

The estimated construction cost is $0.002 per
square foot, based on a 100,000 square foot
building. The estimated annual energy savings
are 0.2 kWh per square foot.
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Code Change

21-GP1-182

21-GP1-176

21-GP1-177
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Section/Description
optimize flow of hot water to
the different zones.
C404.7.1.2: Requires
electronically commutated
motors for all service water
heating circulation pumps.

C404.7.3.1: New section to
require thicker insulation for
service water system piping in
the circulation loop.
C404.11.1: Requires heat pump
water heaters on heated pools
over 2000 gallons

Cost/Energy Savings

In service water heating systems, circulation
pumps with electronically commutated motors
(ECM) offer up to 20% annual energy savings
compared to circulation pumps with standard
induction motors. There is an estimated $250
incremental cost per pump based on
manufacturer data, with a net present LCCA
savings of $677, with a 30% reduction in carbon
emissions.
Estimated construction cost is $0.002 per square
foot with an estimated annual energy savings of
0.1 kBtu per square foot.
Cost for pool heaters is not related to size of
building. A heat pump pool heater costs
approximately $1000 more than an electric
resistance heater. Since pools are frequently used
in warmer weather, the effective heat pump COP
can be considerable higher than the rated COP at
50°F, reducing power consumption by as much as
80%. Specific savings will depend on frequency of
use and size of pool.

21-GP1-178

C405.2: Lighting control
requirements, including high
end trim, for luminaire level
lighting controls; requirement
for LLLC in open plan office
areas larger than 5,000 square
feet

The requirement to conduct high-end trim
will increase installation costs and deliver
significant energy savings. This is an optional
path, however. Task tuning is estimated at
$0.06 per square foot. Assuming 80 square
feet per fixture, the cost is approximately
$5.28 per fixture, with an energy savings of
12.5kWh per year per fixture.

21-GP1-125

C405.2.7.3: Decreases the lamp
wattage for luminaires requiring
activity sensor control.

21-GP1-98

C405.3: Increases the efficiency
requirements for lighting used
for plant growth and
maintenance.

Costs and savings are estimated from the
Nonresidential Outdoor Lighting Controls report
from the CASE Initiative.
Incremental construction cost increase was
estimated at $72.30 for the activity sensor. The
estimated annual savings is $145, with a 24%
decrease in carbon emissions.
The proposal represents a 6.3% improvement
for greenhouses and a 18.8% savings for indoor
growing applications. Indoor growing facilities
can vary in size, but the exception threshold
can be used as an example of savings. US DOE
estimates that indoor growing facilities use
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Code Change

Section/Description

21-GP1-137

C405.13: Adds uninterruptible
power supply requirements for
computer rooms based on
Energy Star requirements.

21-GP1-101

C408.1: Lowers the threshold
for commissioning
requirements.

Cost/Energy Savings
lighting 5,200 to 6,570 hours per year. That
results in a savings of 39-51 MWh per year for
the smallest system subject to the
requirement. DOE also estimates 2,000 hours
of runtime in greenhouses, which would result
in 5 MWh savings per year for the smallest
system subject to the requirements. These will
result in substantial operating savings for
growers, particularly for operations that also
require cooling to offset heat gains from
lighting loads.
Incremental costs were found to be $112/kWh
for high efficiency UPS systems and were
converted to $/sq.ft. based on a 500 square foot
room (the threshold for which a computer room
does not qualify as a data center. The cost
estimate is $0.22 per square foot, with an
estimated energy savings of 6.5 kWh per square
foot.
Typical commercial building commissioning cost
is $1.00 per square foot, resulting in an energy
cost savings of 15% annually.
Simple energy saving payback of 7-years
Assuming occupant productivity cost
improvement simple payback time is cut in half.

Code proposals identified as significant are identified in Table 2, and are detailed below.
TABLE 2
Code Change Proposals Marked as Significant Impact
Proposal
Number
21-GP1-103
21-GP1-136
21-GP1-179
21-GP1-78

21-GP1-207

Subject
Space Heating
Proposal
Heat Pump Water
Heating
Electrical Receptacles
at Gas Appliances
On-Site Renewable
Energy
CMU Walls Table
Footnote
Modification

Proponent

Jonny Kocher, RMI
Jonny Kocher, RMI
Duane Jonlin, City of Seattle
Mark Frankel, Ecotope

Luke Howard, Commerce
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Proposal
Number
21-GP1-208
21-GP1-69
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Subject

Proponent

Elimination of CMU
Wall Footnote

Luke Howard, Commerce

21-GP1-95

HVAC TSPR
Indoor Horticulture
Dehumidification

21-GP1-99

DR Water Heaters

21-GP1-193

Compressed Air
Reduce Threshold for
LPA Compliance on
Remodels

21-GP1-180
21-GP1-139

Michael Rosenberg PNNL
Sean Denniston, New Buildings
Institute
Sean Denniston, New Buildings
Institute
Mike Kennedy

Duane Jonlin, City of Seattle

Boiler Controls
Fan Power Allowance
Tables

Nicholas O'Neil, Energy 350

Duane Jonlin, City of Seattle

21-GP1-165

PTAC U-factors
Include Split Systems
in HP Requirement
High capacity space
heating boiler
60% enthalpy ERV
required for DOAS,
except R1/R2

21-GP1-97

DR Thermostats

21-GP1-190

DCV
Exterior Building
Grounds Lighting

Mike Kennedy

Michael Myer, PNNL

21-GP1-146

Exterior Lighting
Additional Efficiency
Credits

21-GP1-206

Load Management

Reid Hart, PNNL

21-GP1-138
21-GP1-160
21-GP1-164
21-GP1-133

21-GP1-204
21-GP1-198

Initial Cost Benefit
Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis

Nicholas O'Neil, Energy 350

Duane Jonlin, City of Seattle
Mike Kennedy

Duane Jonlin, City of Seattle
Sean Denniston, New Buildings
Institute

Michael Myer, PNNL

Mark Frankel, Ecotope

Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis
Proponent’s Cost
Benefit Analysis

Heat Pump Space Heating, Proposal 21-GP1-103, adding a new section WAC 51-11C-40314 and
modifying existing sections 51-11C-40702 and 51-11C-50300
Brief Description: Provide heat pump space heating, rather than fossil fuel or electric space heating,
for all buildings. Exceptions are provided to allow electric resistance heating for small loads and as
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supplementary heat. Exceptions also allow fossil fuel auxiliary heat in Climate Zone 5 under certain
conditions.
Purpose of code change: Heat pump space heating eliminates a significant source of fossil fuel
combustion in buildings and is generally two to four times more energy efficient than either fossil
fuel or electric resistance heating. This proposal aligns with State policy to increase energy efficiency
by 70 percent by 2031. Additionally, this proposal will significantly reduce emissions and is aligned
with State policy to achieve the broader goal of building zero fossil-fuel greenhouse gas emission
homes and buildings by the year 2031. According to analysis based on the data from the 2021
Washington State Energy Strategy, we need to reduce the commercial buildings sector emissions by
38 percent to keep on track to meet our 2050 climate goals. To achieve this, the State will need to
quadruple the proportion of annual sales of heat pumps from 11 percent of all commercial space
heating equipment in 2020 to 40 percent by 2030. To get to this increase in market penetration of
heat pumps, the Washington State Energy Code should require heat pump space heating in the 2021
code cycle. See Supplemental Attachment3 for further details on emissions and market penetration.
Review Process: The TAG spent several 6-hour meetings reviewing this proposal. It was sent back
several times to be revised and reviewed by workgroups, including the proponent and key stakeholders.
Through these workgroups and TAG review, modifications were suggested and made to help mitigate
impact on small business. Alternative provisions were added to allow gas auxiliary heat in climate zone 5
(eastern Washington). Impact on existing buildings was mitigated; with the requirements applicable only
if the entire HVAC system is replaced. Further modifications allowing more significant use of fuel gas
appliances were reviewed and rejected by the TAG. These minority report opinions were forwarded to
the Mechanical, Ventilation and Energy Codes Committee and the Council, along with the TAG
recommendations, for review and consideration as alternate options for adoption.4
Probable Benefits vs probable costs: Construction costs for heat pump space heating are often, but
not always, higher than for conventional natural gas or electric resistance heating. Annual energy
costs for heat pumps are much lower than for electric resistance heating, but the same or slightly
higher when compared with gas heating, at current rates (World Bank long term forecasts indicate
an increase of over 80% in gas prices over the coming decade.) When including the Washington
State social cost of carbon, heat pump space heating is more cost effective than both gas heating
and electric resistance heating over the life cycle analysis horizon.
Benefits to building owners, tenants, and businesses include early alignment with the Clean
Buildings Bill (to avoid future performance compliance penalties) and reduced life cycle cost
(especially when considering the potential increases to the Social Cost of Carbon). Given the state’s
climate goals and policy, this Energy Code proposal will help ensure new assets permitted beginning
July 1, 2023, will not need to be immediately retrofitted to conform with the Clean Buildings
requirements.
The average net present value capital cost increase for this proposal will be around $0.24/square
foot. The average life cycle cost savings of $0.70/square foot and $2.70/square foot when including
the social cost of carbon. See Supplemental Attachment (footnote 3) for more details.

3
4

https://sbcc.wa.gov/sites/default/files/2021-10/103_HP%20Space%20Heat_supplemental.pdf
https://sbcc.wa.gov/sites/default/files/2021-07/103_Minority%20Report_Amendment%28s%29_072121.pdf
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Heat Pump Water Heating, Proposal 21-GP1-136, Option 2 provides a new Section C404.2.1 under
WAC 51-11C-40402 and modifying sections 51-11C-40407 and 51-11C-50300, as well as adding new
definitions for Temperature Maintenance, Single-pass and Multi-pass. If this proposal is not adopted,
there also options within Section C406 that increase the number of credits required and provide credits
for the installation of heat pump water heaters.
Brief Description: Provide heat pump water heating rather than fossil fuel or electric resistance
water heating in commercial buildings. Exceptions are provided to allow electric resistance heating
for hand washing facilities.
Purpose of code change: Heat pump water heating eliminates a significant source of fossil fuel
combustion in buildings and is generally 2-4 times more energy efficient than either fossil fuel or
electric resistance heating. This proposal aligns with state policy to increase energy efficiency by 70
percent by 2031. Additionally, this proposal will significantly reduce emissions, aligned with state
policy to achieve the broader goal of building zero fossil-fuel greenhouse gas emission homes and
buildings by the year 2031. According to analysis done on data from the 2021 Washington State
Energy Strategy, we would need to reduce the commercial buildings sector emissions by 38 percent
to keep on track to meet our 2050 climate goals. To achieve this, the state will need to dramatically
increase the proportion of annual sales of heat pump water heaters from 2 percent of all
commercial water heating equipment in 2020 to 50 percent by 2030. To get to this increase in
market penetration of heat pump water heaters, the Washington State Energy Code should require
heat pump water heating in the 2021 code cycle.
Review Process: The TAG spent several meetings reviewing this proposal, and it was sent back several
times to be revised and reviewed by workgroups, including the proponent and key stakeholders.
Through these workgroups and TAG review, modifications were suggested and made to help mitigate
impact on small business, and to clarify and simplify the language. Impact on existing buildings was
mitigated; allowing like-for-like replacement of existing water heaters. Further modifications allowing
more significant use of fuel gas appliances were reviewed and rejected by the TAG. These minority
report opinions were forwarded to the Mechanical, Ventilation and Energy Codes Committee and the
Council, along with the TAG recommendations, for review and consideration as alternate options for
adoption.5 The proposed rule also reflects two options. The Energy Code Technical Advisory Group
recommended adoption of this proposed change, but if it is ultimately not adopted there are other
changes that should occur. Option 2 includes these changes as recommended by the TAG. Option 1
under Section C404.2.1 provides changes to require efficiency upgrades and other small changes to
coordinate with other proposals. There are also options within Section C406 contingent upon the
adoption of this measure.

Probable Benefits vs probable costs: The average net present value capital cost increase for this
proposal will be around $2.47/square foot. The proposal will have a life cycle cost increase of
$2.43/square foot when not accounting for the social cost of carbon. When accounting for the
adjusted social cost of carbon, the heat pump water heater proposal will have a $0.38/sq ft savings.
5

https://sbcc.wa.gov/sites/default/files/2021-08/136_Minority_Amendments_081221.pdf
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See page 21 of the referenced economic and lifecycle cost analysis for further information.6 The
average energy savings will be approximately 5.5 kBtu per square foot. There is no anticipated
increase in plan review or inspection time.
Benefits to building owners include early alignment with the Clean Buildings Bill (to avoid future
performance compliance penalties) and annual energy costs for water heating. Given the state’s
climate goals and policy, this Energy Code proposal will help ensure new assets permitted beginning
July 1, 2023, will not need to be immediately retrofitted to conform with the Clean Buildings
requirements.

Electrical receptacles at gas appliances, Proposal 21-GP1-179, Adds a new section to WAC 51-11C40507
Brief Description: Requires an electrical receptacle or junction box placed at the location of installed
gas range, cooktop or over; gas clothes dryer, or gas water heater to enable future “plug and play”
installation of electric appliances.
Purpose of Change: The installation of electrical infrastructure at the time of construction is cheaper
and easier to install versus retrofitting. With the state focus on greenhouse gas reduction and
reduction of fossil fuel appliances, it is assumed that future replacement will be with electric
versions of household appliances.
Review Process: The Technical Advisory Group reviewed this proposal and made a few technical
corrections to the requirements. They felt this was a reasonable requirement in light of state policy,
although this was not a unanimous opinion.
Probable benefits vs. probable costs: There is an estimated cost of $250 per receptacle with no
associated energy savings. Assuming an apartment has only one gas appliance installed, typically a
stove, the average cost would be $0.33 per square foot. This would eliminate any additional cost
when and if the appliance(s) is replaced in the future.

Renewable Energy Required, Proposal 21-GP1-078, Adds a new section to WAC 51-11C-41100.
Brief Description: Adds requirement for deployment of on-site renewable energy for commercial
buildings over 10,000 sf.
Purpose of Change: To achieve state mandates of 70% energy use reduction by 2030, it will be
necessary to incorporate some renewable energy into buildings to offset energy use. Renewable
deployment needs to begin immediately to build up industry capacity to meet anticipated needs in
the building sector over the next decade. This proposal starts down this path with modest
renewable energy deployment requirements for commercial buildings. Renewable deployment also
supports clean building and clean grid policies set by the state.
6

https://sbcc.wa.gov/sites/default/files/2021-12/136_Economic_Package.pdf
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Review Process: The Technical Advisory Group discussed this proposal over two meetings, with a
meeting of a workgroup in between the two meetings. The workgroup centered around the costs,
which showed a wide range, both higher and lower than those used in the cost calculations below.
The general trend was that smaller systems cost more per Watt than larger systems, and the
installation costs continue to decrease. The TAG also heard testimony from the Washington Public
Utility Districts Association questioning the assumptions on payback in the cost analysis.
Probable benefits vs. probable costs: The proponent states this proposal results in 3-17% electricity
savings for tenants and businesses and annual operating energy costs savings between $1,140.98 to
$25,253.58 while resulting in an increase in first cost to building owners. On-site renewable
generation provides a layer of resiliency against utility blackouts and other climate-related power
supply events. This resiliency benefit has not been included in the economic impact analysis below.
Using the sources cited in the references, an intermediate cost (not the lowest) of $1.72/Wdc
installed cost for nonresidential PV systems was used. This installed cost is reported by NREL. The
SEIA report on the U.S. market states a lower cost of $1.36/Wdc, whereas other sources report
slightly higher cost. With the PV and battery measure for nonresidential new construction in
California’s energy code (to be adopted in June 2021), and global and U.S. trends for installed PV
costs, it is likely PV costs will continue to reduce and will be lower than today’s costs by the time this
measure is enforced for buildings in Washington state.
Energy and Cost Savings
1. Prototypical buildings developed by PNNL were used to develop energy and energy cost savings.
PV system size (kW) was calculated based on the floor area and the 0.50 W/sf requirement.
2. NREL’s PVWatts tool was used to estimate the PV generation in Seattle, WA. It is likely that
generation will be higher in eastern Washington, given the higher solar resource.
3. EIA’s energy prices for Washington State in 2021 were used ($0.092/kWh).
4. A simple payback of 17 years was calculated based on the installed cost and annual energy cost
savings.
Annual
Energy Cost
Savings

Floor
Area

# of
Stories

kW
Required

Large Office

498,000

13

249

273,900

$428,280

$25,253.58

16.95

Medium Office

53,600

3

27

29,480

$46,096

$2,718.06

16.95

Small Office

5,500

1

3

3,025

$4,730

$278.91

16.95

Standalone Retail

24,700

1

12

13,585

$21,242

$1,252.54

16.95

Stripmall Retail

22,500

1

11

12,375

$19,350

$1,140.98

16.95

Primary School

73,960

1

37

40,678

$63,606

$3,750.51

16.95

Secondary School

210,900

2

105

115,995

$181,374

$10,694.74

16.95

Warehouse

49,495

1

25

27,222

$42,566

$2,509.89

16.95

Mid-rise Apartment

33,700

4

17

18,535

$28,982

$1,708.93

16.95

High-rise Apartment

84,360

10

42

46,398

$72,550

$4,277.90

16.95

Prototype

kWh
Generation

Installed
System
Cost

Simple
Payback
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Review Process: Testimony was received from the Washington Public Utility Districts Association
stating that “the assumed retail price of electricity of $0.092/kWh is too high. It appears that the
proponent looked to the Energy Information Agency (report EIA-861, 2019 data) and divided total
revenue from commercial customers in Washington by total was delivered to those customers to
come up with the estimated retail price. However, the total revenue includes fixed and demand
charges. If the TAG is to use averages, the better estimate is from retail utility commercial energy
rates. Those averaged $0.0619/kWh in 2018. However, averages mask the wide variability in
commercial energy rates among Washington utilities. For example, the current commercial retail
electric rates for Chelan and Douglas PUDs are $0.016 and $0.021/kWh, respectively, while Jefferson
and Klickitat PUDs are $0.0785 and $0.084/kWh. If this proposal is adopted, customer savings are
going to vary dramatically depending on the electric utility serving that customer. Also, if either “net
metering” threshold identified in 1.a. is exceeded, then the utility is free to treat the facility as no
different than any other power producer and pay wholesale market prices for electricity from that
facility.” Based on information from WPUDA, payback ranges from 25 to 97 years rather than the
stated 17 years.
Conflicting testimony was received from the Washington Solar Energy Industries Association stating
that “WAPUDA’s economic analysis exaggerates the impact net metering statute would play on gridtied solar installations under the proposal’s changes to the code. Based on U.S. Department of
Energy figures, the present day average electrical consumption of a commercial building is 22.5
kWh/sq ft… These solar installations would simply replace a portion of the building’s expected
electrical load and the electricity would be consumed onsite. Very little would be returned to the
grid and therefore the retail rate is the correct valuation for the energy as documented in the
Proposal. Additionally, the $0.09/kWh energy price disputed by WAPUDA is more likely too
conservative than too high. The 2021 Washington State Energy Strategy projects the state’s overall
electrical load will double by 2045 because of aggressive efforts to electrify transportation, buildings
and the industrial sector. While this further proves my above point that the electricity produced by
the amendment’s provisions will continue to be consumed onsite, it also undoubtedly puts an
upward pressure on electricity rates statewide, across all building prototypes.”
While the TAG did recognize there was a minority report regarding the cost of the system, it was felt
that on-site generation is a necessary piece of the code requirements to be able to reach the 70
percent reduction/net-zero energy goals of the guiding statute.

CMU Walls, Proposal 21-GP1-207, Modifies footnote c on Table C402.1.3 and footnote d on Table
C402.1.4.
Proposal 21-GP1-208, Eliminates footnote c on Table C402.1.3 and footnote d on Table
C402.1.4
Brief Description: There are two options offered for both opaque thermal envelope tables. Option 1
(207) modifies the mass wall footnote c, limiting the application of the exception single wythe
concrete block walls exposed on both sides. Option 2 (208) removes the exception.
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Purpose of Change: This code proposal would increase the efficiency of CMU wall without additional
construction costs. This proposal is consistent with the code development objectives of RCW
19.27A.020(2)(a) and RCW 19.27A.160. It is important to modernize the application of Concrete
Masonry Unit (CMU) walls for the code to achieve the anticipated energy savings. This code
proposal would eliminate the allowance for vermiculite core fill of covered/finished CMU walls
which will effectively double the thermal resistance of effected walls by lowering the wall U-factor
from 0.24 for vermiculite filled cores per this exception to 0.104 for insulating per
C402.1.3/C402.1.4. This proposal is supported by the economic analysis done by Mike Kennedy for
the 2015 code cycle, based on a study for the Bonneville Power Administration7.
Probable benefits vs. probable costs: The table below lists the cost of labor and materials of
insulating per C402.1.3/C402.1.4 of per the exceptions of footnotes c of C402.1.3 or d of C402.1.4.
This table illustrates that for buildings finishing exterior CMU walls the costs to meet the prescriptive
requirements of C402.1.3/C402.1.4 is no greater than that of compliance through the exceptions to
C402.1.3 or C402.1.4.
Based on RS Means 2014 with cost data adjusted for inflation rate for the period between January
2014 and April 2021 per on-line inflation calculator maintained by the U.S. Bureau of Labor Statistics
(BLS).
Insulation Strategy
U-Factor
Materials &Labor $/sf
Vermiculite, 50% of Cores (RSM p. 229) per exception

0.24

$1.30/sf

R-9.5 CI Interior (RSM p. 242) per C402.1.3/C402.1.4.

0.104

$1.29/sf

Key Analysis Variables (207 & 208)
Study Period (years)
Nominal Discount Rate
Maintenance Escalation
Zero Year (Current Year)
Construction Years

Life Cycle Cost Analysis (207)
Alternative
Energy Use Intensity (kBtu/sq.ft)
1st Construction Costs
PV of Capital Costs
PV of Maintenance Costs
PV of Utility Costs
Total Life Cycle Cost (LCC)
Net Present Savings (NPS)

7

50
74.11%
1.00%
2020
0

Building Characteristics
Gross (Sq.Ft)
Useable (Sq.Ft)
Space Efficiency
Project Phase
Building Type

24,695
0
0.0%
0
0

BEST
Baseline
35.5
$14,557
$14,557

Alt. 1
34.3
$14,445
$14,445

Alt. 2
34.2
$18,365
$18,365

$28,086
$42,643
N/A

$27,072
$41,518
$1,126

$26,967
$45,332
$ (2,688)

https://sbcc.wa.gov/sites/default/files/2021-07/207_CMU_Evaluation_19July2015_MK.pdf
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(GHG) Social Life Cycle Cost (207)
GHG Impact from Utility Consumption
Tons of CO2e over Study Period
% CO2e Reduction vs. Baseline
Present Social Cost of Carbon (SCC)
Total LCC with SCC
NPS with SCC

Life Cycle Cost Analysis (208)
Alternative
Energy Use Intensity (kBtu/sq.ft)
1st Construction Costs
PV of Capital Costs
PV of Maintenance Costs
PV of Utility Costs
Total Life Cycle Cost (LCC)
Net Present Savings (NPS)
(GHG) Social Life Cycle Cost (208)
GHG Impact from Utility Consumption
Tons of CO2e over Study Period
% CO2e Reduction vs. Baseline
Present Social Cost of Carbon (SCC)
Total LCC with SCC
NPS with SCC

BEST
Baseline
1,202
N/A
$10,201
$52,844
N/A

Alt. 1
1,166
3%
$9,838
$51,356
$1,488

Alt. 2
1,163
3%
$9,800
$55,132
$ (2,288)

Baseline
35.5
$14,557
$14,557

Alt. 1
34.3
$42,776
$42,776

Alt. 2
34.3
$48,039
$48,039

$28,086
$ 42,643
N/A

$27,072
$69,849
$(27,205)

$27,072
$75,112
$(32,468)

Baseline
1,202
N/A
$10,201
$52,844

Alt. 1
1,166
3%
$9,838
$79,687

N/A

$ (26,843)

Alt. 2
1,166
3%
$9,838
$84,950
$
(32,106)

BEST

BEST

While the TAG recommended that both proposals move forward for public comment, with Council
concurrence, based on the life cycle cost analysis it would appear that Proposal 208, while reducing
carbon emissions by 3%, does not show either net present savings or social life cycle cost savings
over current code requirements. Proposal 207 does show modest savings.

HVAC Total System Performance Ratio, Proposal 21-GP1-69: Modifies WAC 51-11C-40310, Section
C403.1.1 and WAC 51-11C-80500, Appendix D
Purpose of code change: This change expands the scope of TSPR to cover multifamily residential
buildings and also provides revisions to Appendix D: Calculation of HVAC Total System Performance
Ratio to provide additional clarifications based on interpretation requests received, incorporate

Preliminary Cost Benefit Analysis
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revisions made to Seattle energy code, and add additional system parameters added to Table
D601.11.2. This proposal aligns with state policy to increase energy efficiency by 70 percent by 2031.
Review Process: The TAG spent some time in reviewing this proposal, and the modifications made
were for clarity rather than any of the technical aspects. The final version was recommended with
no stated opposition.
Probable benefits vs. probable costs: The estimated incremental cost for the expansion into
multifamily is $0.02 per square foot or about $20 per dwelling unit) based on the design cost for a
60 unit apartment. It will likely not add to construction costs. For the multifamily buildings added to
the scope of TSPR it is anticipated that a code official might need to spend 0.5 to 1.5 hours reviewing
the submitted material.
The estimated annual energy savings for multifamily residential buildings is 1.94 kBtu per square
foot.
The goal of the Total System Performance Ratio is to compare an HVAC system to systems with good
known performance and efficiency to set a performance baseline for installed systems. A more
efficient HVAC system will reduce life cycle costs for owners and tenants and lower carbon
emissions. As Washington State works to achieve a 70 percent reduction in new building energy use,
performance based codes will likely become more necessary and prevalent. The HVAC system
performance requirements familiarize users with this approach and help establish a performance
path towards Washington’s long term goals.

Indoor Horticulture Dehumidification, Proposal 21-GP1-95: Adds a new section as WAC 51-11C-40394.
Purpose of code change: This proposal adds requirements for dehumidification efficiency for indoor
growing facilities.
With lighting for indoor plant growth and maintenance becoming regulated under the 2021-IECC,
HVAC loads emerge as the next major opportunity to improve the energy efficiency of indoor
horticulture. Of those, dehumidification is the load that is the most under/un-addressed in the
existing WSEC. This proposal is based on the requirements currently being adopted for the 2022
edition of Title 24.
This proposal aligns with state policy to increase energy efficiency by 70 percent by 2031.
Review Process: The proposed language gives multiple options for meeting the requirement, which
allows indoor growing facilities to options to integrate compliance dehumidification systems into
multiple different HVAC designs and does not force facilities into a single dehumidification strategy.
There is currently no national standard for indoor growing dehumidification equipment. 10 CFR, Part
430, Subpart B - Appendix X1 does provide a method for measuring the energy input for standalone
dehumidifiers, so this has been leveraged to set the threshold for that type of equipment. However,
standalone equipment will not be an appropriate strategy for all facilities, so the proposal also
includes options to utilize recovered energy for dehumidification reheat needs.
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Probable benefits vs. probable costs: The CASE Report8 found incremental costs of $8.11 per square
foot of growing area. Total cost per square foot of building would vary based on how much of the
facility is dedicated to non-growing uses. The savings per total building square footage would vary
depending on the amount of space dedicated to non-growing uses. The CASE Report found that
savings for CA climate zones 1,2 & 16 (the closest match to WA’s climate zones), was 80-81 kBtu per
square foot per year.9 There will also be additional time required for both plan review and site
inspection. The additional time should be minimal as this requirement just adds one additional
criterion to equipment that plan checkers and site inspectors are already checking.

Demand Responsive Water Heating, Proposal 21-GP1-99: Adds new section, WAC 51-11C-40414.
Brief Description: This proposal adds demand responsive control requirements for certain water
heaters.
Purpose of change: The revision provides editorial changes that align the language with the
terminology to denote these water heaters in the water heating equipment efficiency table. The
protocol has been changed to CTA-2045-A. Conversations with AHRI have indicated that there may
not sufficient availability of equipment that meets CTA-2045-B by the time this code goes into
effect. It also clarifies that the alternate demand responsive control needs to be equivalent to CTA2045-A.
Water heaters can provide significant load shifting and energy storage capacity in many building
types. ANSI/CTA-2045 standardizes the socket, and communications protocol, for heat pump water
heaters so they can communicate with the electricity grid other demand response signal providers.
In addition, 2045 adds control and communications requirements for mixing valves in heat pump
water heaters to enable them to provide greater storage capacity to support increased load shifting.
This proposal requires that water heaters with integrated storage tanks have this demand control
functionality. The water heaters subject to this requirement generally serve lavatories and
kitchenettes in commercial buildings and some water heating approaches in mid-rise residential.

Review Process: There was considerable discussion and modification of this proposal at the TAG
level. There was concern expressed early on from manufacturers that this requirement conflicted
with the rules developed by Commerce and a workgroup was formed to address industry concerns.
The proposal going forward was modified to limit applicability and not conflict with the Commerce
Department rule (WAC 194-24-180).

8

Final CASE Report: Controlled Environment Horticulture, California Statewide Codes and Standards Enhancement
(CASE) Program, Oct. 2020, https://title24stakeholders.com/wp-content/uploads/2020/10/2022-T24-NR-CEHFinal-CASE-Report.pdf.
9
Final CASE Report: Controlled Environment Horticulture, California Statewide Codes and Standards Enhancement
(CASE) Program, Oct. 2020, https://title24stakeholders.com/wp-content/uploads/2020/10/2022-T24-NR-CEHFinal-CASE-Report.pdf.
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Probable benefits vs. probable costs: Grid flexibility is one of the foundations of achieving
meaningful decarbonization of building energy as it is an essential element of decarbonizing the
electrical grid. Carbon free energy sources like solar and wind have varying production over the
course of the day and the year. Demand responsive controls that can respond to demand response
signals enable buildings to shape their loads to better align with available energy production. This
could come in the form of curtailing energy use when demand is high or utilizing excess production
for building tasks like pre-conditioning spaces or service hot water when demand is lower.
Demand control functionality will present a cost-saving opportunity for buildings in the future.
More and more utilities are moving beyond voluntary programs and are expanding use of time-ofuse rates for electricity as a tool for shaping demand. Installing demand-responsive lighting controls
now will allow building tenants and owners to better control their utility costs. Since this
requirement is part of the construction code, it will not require buildings to participate in any
demand response programs. But it will ensure that buildings are capable of participating, so that
buildings will be able to help integrate building loads with available production.
There are two cost scenarios for CTA-2045-enabled water heaters:
•

•

Heat Pump Water Heaters: CTA-2045 has become a largely standard (but not universal)
feature of heat pump water heaters. Rheem and AO Smith, the brands carried by Home
Depot and Lowes, both include CTA-2045 ports. Therefore, for buildings that are already
utilizing unitized HPWHs to meet performance requirements, the incremental cost is $0
through product selection.
Electric Resistance Water Heaters: CTA-2045 electric resistance water heaters have been
produced, but don’t seem to be widely available since HPWHs have taken over the energy
efficient segment of the market. Therefore, the most straightforward way to implement
CTA-2045 is to move to a HPWH with an incremental cost in the $1000 range. However,
many utilities in WA offer incentives in the $500 range.
o Rheem 40-gal “Performance” electric resistance: $37910
o Rheem 50-gal “Performance Platinum” HPWH: $139911

This proposal will add a minimal amount of extra plan review. Spec sheets will need to be checked
to ensure that the water heater meets the requirement. There should be no additional inspection
time if site inspectors are checking that water heating equipment is consistent with the construction
documents.

10

https://www.homedepot.com/p/Rheem-Performance-40-Gal-Medium-6-Year-4500-4500-Watt-ElementsElectric-Tank-Water-Heater-XE40M06ST45U1/205810725. Accessed 6/30/2021
11
https://www.homedepot.com/p/Rheem-Performance-Platinum-50-Gal-10-Year-Hybrid-High-Efficiency-SmartTank-Electric-Water-Heater-XE50T10H45U0/312742081. Accessed 6/30/2021
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Compressed Air Systems, Proposal 21-GP1-193:
Purpose of code change: Adds new code section regulating compressed air systems. Language is
taken from proposed Title 24 2022 language and is similar but much more comprehensive to City of
Seattle requirements. The intent is that this would apply to process loads. This proposal aligns with
state policy to increase energy efficiency by 70 percent by 2031 and reduce greenhouse gas
emissions.
Review process: The TAG discussed adding further exceptions for laboratories and oil-free
compressors, but in the end they decided to recommend that it go to public hearing as presented.
Probable benefits vs. probable costs: Increased first costs and decreased utility bills. The costs and
saving are determined from Title 24 CASE Reports12. In both reports portions of the requirements
were evaluated in 4 prototypes. For each requirement, data from the prototype where it was least
cost effective was used to evaluate the measure in the OFM calculator. Thus the estimate cost
benefit is very conservative
No independent cost estimate was made. Costs and saving are determined from Title 24 Case
reports.
This proposal will require jurisdictions to review compressed air designs and verify testing and
monitoring. A complete guess but maybe 4 hours per permit that has systems of this scale which is
a small fraction of the total permits.
Requirement

12

T24 Worst Case

Initial Cost

Annual Energy
Savings

Prototype 3

$6173

7025kWh

Auto-shut
down timer
Trim
Compressor
Pipe Sizing

Operating
Profile 3 / 25 hp
Prototype 4

$4000

8293kWh

$272982

210147 kWh

Monitoring

Prototype 1

$10685

42058 kWh

Leak Testing

Prototype 3

$3342

6548 kWh

Ongoing expense

$300/yr data services for
2 comps + $500 every 5
for calibration

Pipe Sizing, Monitoring, and Leak Testing for Compressed Air Systems: https://title24stakeholders.com/wpcontent/uploads/2020/06/NR-Compressed-Air_Draft-CASE-Report.pdf; Final Case Report. Sept 2020. Prepared by
AESC, Inc. and Energy Solutions: https://title24stakeholders.com/wp-content/uploads/2020/01/T24-2013-FinalCASE-Report-AirCompressors.pdf
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Smart Controls
Life Cycle Cost Analysis

BEST

Alternative
Baseline
Alt. 1
Alt. 2
Energy Use Intenstity (kBtu/sq.ft)
#DIV/0!
#DIV/0!
#DIV/0!
1st Construction Costs
$
$
6,173 $
PV of Capital Costs
$
$
15,237 $
PV of Maintenance Costs
$
$
$
PV of Utility Costs
$
333,677 $
310,236 $
333,677
Total Life Cycle Cost (LCC)
$
333,677 $
325,474 $
333,677
Net Present Savings (NPS)
N/A
$
8,204 $
Societal LCC takes into consideration the social cost of carbon dioxide emissions caused by operational energy consumption

(GHG) Social Life Cycle Cost
GHG Impact from Utility Consumption
Tons of CO2e over Study Period
% CO2e Reduction vs. Baseline
Present Social Cost of Carbon (SCC)
Total LCC with SCC
NPS with SCC

BEST
Baseline

Alt. 1
2,059

N/A
$
$

130,707 $
464,385 $
$

N/A

Alt. 2
1,915
7%
121,525 $
446,999 $
17,386 $

2,059
0%
130,707
464,385
-

Trim Compressor
Life Cycle Cost Analysis

BEST

Alternative
Baseline
Alt. 1
Alt. 2
Energy Use Intenstity (kBtu/sq.ft)
#DIV/0!
#DIV/0!
#DIV/0!
1st Construction Costs
$
$
4,000 $
PV of Capital Costs
$
$
9,873 $
PV of Maintenance Costs
$
$
$
PV of Utility Costs
$
333,677 $
306,005 $
333,677
Total Life Cycle Cost (LCC)
$
333,677 $
315,879 $
333,677
Net Present Savings (NPS)
N/A
$
17,798 $
Societal LCC takes into consideration the social cost of carbon dioxide emissions caused by operational energy consumption

(GHG) Social Life Cycle Cost
GHG Impact from Utility Consumption
Tons of CO2e over Study Period
% CO2e Reduction vs. Baseline
Present Social Cost of Carbon (SCC)
Total LCC with SCC
NPS with SCC

BEST
Baseline

Alt. 1
2,059

N/A
$
$

130,707 $
464,385 $
$

N/A

Alt. 2
1,888
8%
119,868 $
435,747 $
28,638 $

2,059
0%
130,707
464,385
-

Pipe Sizing
Life Cycle Cost Analysis

BEST

Alternative
Baseline
Alt. 1
Alt. 2
Energy Use Intenstity (kBtu/sq.ft)
#DIV/0!
#DIV/0!
#DIV/0!
1st Construction Costs
$
$
272,982 $
PV of Capital Costs
$
$
673,819 $
PV of Maintenance Costs
$
$
$
PV of Utility Costs
$
3,336,772 $
2,635,559 $
3,336,772
Total Life Cycle Cost (LCC)
$
3,336,772 $
3,309,378 $
3,336,772
Net Present Savings (NPS)
N/A
$
27,394 $
Societal LCC takes into consideration the social cost of carbon dioxide emissions caused by operational energy consumption

(GHG) Social Life Cycle Cost
GHG Impact from Utility Consumption
Tons of CO2e over Study Period
% CO2e Reduction vs. Baseline
Present Social Cost of Carbon (SCC)
Total LCC with SCC
NPS with SCC

BEST
Baseline

Alt. 1
20,592

N/A
$
$

1,307,074
4,643,845
N/A

20

$
$
$

Alt. 2
16,265
21%
1,032,396 $
4,341,774 $
302,071 $

20,592
0%
1,307,074
4,643,845
-
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Monitoring
Life Cycle Cost Analysis

BEST

Alternative
Baseline
Alt. 1
Alt. 2
Energy Use Intenstity (kBtu/sq.ft)
#DIV/0!
#DIV/0!
#DIV/0!
1st Construction Costs
$
$
10,685 $
PV of Capital Costs
$
$
26,374 $
PV of Maintenance Costs
$
$
13,601 $
PV of Utility Costs
$
3,336,772 $
3,196,434 $
3,336,772
Total Life Cycle Cost (LCC)
$
3,336,772 $
3,236,409 $
3,336,772
Net Present Savings (NPS)
N/A
$
100,362 $
Societal LCC takes into consideration the social cost of carbon dioxide emissions caused by operational energy consumption

(GHG) Social Life Cycle Cost
GHG Impact from Utility Consumption
Tons of CO2e over Study Period
% CO2e Reduction vs. Baseline
Present Social Cost of Carbon (SCC)
Total LCC with SCC
NPS with SCC

BEST
Baseline

Alt. 1
20,592

N/A
$
$

1,307,074
4,643,845
N/A

Alt. 2
19,726
4%
1,252,101 $
4,488,510 $
155,335 $

$
$
$

20,592
0%
1,307,074
4,643,845
-

Leak Detection
Life Cycle Cost Analysis

BEST

Alternative
Baseline
Alt. 1
Alt. 2
Energy Use Intenstity (kBtu/sq.ft)
#DIV/0!
#DIV/0!
#DIV/0!
1st Construction Costs
$
$
3,342 $
PV of Capital Costs
$
$
8,249 $
PV of Maintenance Costs
$
$
$
PV of Utility Costs
$
3,336,772 $
3,314,923 $
3,336,772
Total Life Cycle Cost (LCC)
$
3,336,772 $
3,323,172 $
3,336,772
Net Present Savings (NPS)
N/A
$
13,600 $
Societal LCC takes into consideration the social cost of carbon dioxide emissions caused by operational energy consumption

(GHG) Social Life Cycle Cost
GHG Impact from Utility Consumption
Tons of CO2e over Study Period
% CO2e Reduction vs. Baseline
Present Social Cost of Carbon (SCC)
Total LCC with SCC
NPS with SCC

BEST
Baseline

Alt. 1
20,592

N/A
$
$

1,307,074
4,643,845
N/A

$
$
$

Alt. 2
20,457
1%
1,298,515 $
4,621,687 $
22,159 $

20,592
0%
1,307,074
4,643,845
-

Reduced Threshold for LPA Compliance on Remodels, Proposal 21-GP1-180: Amends Section C503.7.2
within WAC 51-11C-50300
Brief Description: Requires alterations replacing 20 percent or more of existing lighting fixtures to
comply with the lighting power allowance in Section C405. The previous threshold was 50 percent.
This proposal aligns with state policy to increase energy efficiency by 70 percent by 2031.
Purpose of change: This proposal is based on current requirements in the Seattle code. The
proposals lowered the threshold for replacement lighting needing to meet the lighting power
allowance, requiring more projects to upgrade to more efficient lighting. Lighting is one of the
largest end uses of electricity within commercial buildings.
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Review Process: There was some concern that this may have a negative impact on retrofit projects,
but it was noted that this reduction was championed at ASHRAE by Puget Sound Energy. The TAG
was generally in agreement with the proposal.
Probable benefits vs. probable costs: A detailed analysis was not done, since there were no control
requirements, just a lower lighting power allowance
Cost: Estimate of $0.75 per square foot. Energy Savings: Estimate of 0.13 kWh per square foot.

Boiler Controls, Proposal 21-GP1-139: Modifies WAC 51-11C-40334.
Brief Description: Adds definitions for commercial and process boilers and adds a new section with
criteria for combustion air controls and minimum stack gas oxygen concentration levels for boiler
systems. These requirements are applied to commercial building and process boilers.
Purpose of Change: Boiler oxygen controls, combustion air controls, and variable fan motors have
been commonplace in other state codes on larger boilers for quite some time. This proposal would
align requirements forthcoming in California Title 24 with the forthcoming code in WA as the
specifications are the same. The effect will be an improvement in the part-load operation of larger
boilers. This proposal aligns with state policy to increase energy efficiency by 70 percent by 2031.
Review Process: There was little discussion or controversy at the TAG level for this proposal. The
requirements have been in effect in California for a few years.
Probable benefits vs. probable costs: The analysis is based on EnergyPlus modeling of prototype
buildings for California CASE study for 2022 Title 24.13 Savings shown here are assuming a large
office building in CA Climate Zone 2 (equivalent to CZ 4C) which is 13 stories. Provisions shown to be
cost-effective for commercial boilers in all modeled scenarios for this climate zone except mixed use
and apartment high-rise. Process boilers cost-effective in all cases due to constant load assumptions.
Estimated incremental cost: $0.098/square foot:
Flue damper cost = $1665 ($1500 2013 inflated 11% to 2021) + $166 ($150 2013 inflated 11%)
every 10 years
VFD cost = $4716 ($4249 2013 inflated 11% to 2021) + ½ hour per year in maintenance
@$100/hr
O2 trim controls cost = $7500 (2022) + 4 hours per year in maintenance @$100/hr
Estimated annual energy savings: 2.116 KBTU/ square foot:
Flue damper – 2.5 mmbtu boiler 229 therms
VFD – 10 hp fan 4080 kWh
O2 trim controls – 5 mmBtu boiler 2746 therms

13

Final CASE report available here: https://title24stakeholders.com/wp-content/uploads/2020/08/NRBoilers-and-Water-Heating_Final-CASE-Report.pdf
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Key Analysis Variables
Study Period (years)

Building Characteristics
50

Gross (Sq.Ft)

147,176

Nominal Discount Rate

5.00%

Useable (Sq.Ft)

147,176

Maintenance Escalation

1.00%

Space Efficiency

100.0%

Zero Year (Current Year)

2020

Project Phase

0

0

Building Type

0

Construction Years

BEST

Life Cycle Cost Analysis
Baseline

Alt. 1

246.2

244.0

1st Construction Costs

$

$13,881

$

PV of Capital Costs

$

$34,439

$

PV of Maintenance Costs

$

$18,702

$

PV of Utility Costs

$19,826,323

$19,714,377

$

Total Life Cycle Cost (LCC)

$ 19,826,323

$ 19,767,518

$

Alternative
Energy Use Intenstity (kBtu/sq.ft)

Alt. 2

N/A
$58,806
$
Net Present Savings (NPS)
Societal LCC takes into consideration the social cost of carbon dioxide emissions caused by operational energy
consumption
(GHG) Social Life Cycle Cost
GHG Impact from Utility
Consumption

BEST
Baseline

Alt. 1

Alt. 2

Tons of CO2e over Study Period

71,232

70,427

-

% CO2e Reduction vs. Baseline

N/A

1%

101%

Present Social Cost of Carbon (SCC)

$4,659,220

$4,607,990

$

Total LCC with SCC

$24,485,543

$24,375,508

$

N/A

$110,036

$-

NPS with SCC

Fan Power Allowance, Proposal 21-GP1-138: Replaces Section C403.8.1 and associated tables in WAC
51-11C-4038
Brief Description: Revises the fan power allowance tables and updates them to align with new fan
power budget and allowances based on system type in the 2022 Title 24 code. This proposal aligns
with state policy to increase energy efficiency by 70 percent by 2031.
Purpose of Change: This proposal updates the approach to fan power limitations and aligns with
California’s Title 24 method. Existing fan power limitations applies a “one-size-fits-all” approach to
limiting fan power which leads to the requirements being easy to meet for many projects, especially
with smaller fan systems. It has been widely acknowledged that the design of the current code
requirements is somewhat stringent on larger systems, but less stringent for smaller fan systems. An
assumption about the pressure drop a fan must overcome and fan efficiency is built into the existing
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fan power limitations equation. Currently, the underlying total static pressure assumption in the fan
power limitations is 5.35 in. wg for VAV fan systems and 3.85 in. wg for CAV systems, regardless of
the fan system air flow or components. This has the effect of making it easy to meet the standard
for smaller buildings with shorter duct runs with lower pressure drop, as compared to larger more
complex buildings with longer duct runs (higher pressure drop).
This also moves the threshold down as there are many fan systems between 1 kW and 5 nameplate
HP which were previously not subject to the fan power limitations. Fan power requirements have
not changed since they were adopted by the WSEC 2012 and prior to that, 90.1-2001. Adopting title
24 fan power budgets could saving up to 12% of fan power per system, especially for multi-zone
systems such as VAV and DOAS serving a larger number of spaces.
Finally, an allowance of 0.6 in. wg for supply systems and 0.3 in. wg for exhaust/return/relief
systems (where the combined total equals 0.9 in. wg) is allowed for additions/alterations.
Re-designs fan power allowances section to become more stringent for smaller fan systems (which
comprise a large market share and were previously exempt) and keeps stringency for larger fan
systems.
Review Process: There was input from the engineers on the TAG who felt this was already being
done from the design standpoint but had concerns about application to existing ductwork. The TAG
modified the application to replacement of existing HVAC systems to mitigate the impact.
Probable benefits vs probable costs: Primarily benefits owners and tenants who pay electric bill to
reduce energy consumption of fan systems serving the HVAC needs of the building.
Construction cost $0.29/square foot
Annual energy savings 0.372 KWH/ square foot
Some increase in review time expected in the beginning to identify whether designer correctly
accounted for fan system power among all fans, especially smaller fans that were previously
exempt.
The incremental cost for the fan power budget was conservatively determined to be $0.29/ft2 and
the B/C ratio averaged 3.8 across all building types modeled and all climate zones. A large office
prototype model was used to determine likely layout and associated costs. Cost of ductwork designs
were reviewed by a professional cost estimator and showed an incremental cost of $0.27/ft2 for a
CAV and $0.31/ft2 for VAV system to comply with the new fan power budget allowances. This cost
was largely due to larger diameter ductwork and better fittings selection, showing that compliance
can be achieved through good design without equipment changes (though that is also another
method to comply with the new fan power budget thresholds).
Detailed cost information was obtained from the Final CASE report for the 2022 Title 24.14
This proposal changes the current fan BHP or motor nameplate HP method to fan electrical input
power to capture transmission and motor efficiency losses. The fan power budget electrical input
power calculation is largely based on AMCA-208-18. (AMCA 2018). It also requires a fan power
budget calculation be performed separately for each fan system and denotes the fan power as a
function of airflow, system type, and components of the fan system, instead of just HP or bhp with
adjustments. The proposed changes modeled in California prototype buildings showed a range
between 12-34 percent per fan system, leading to a ~2 percent electricity savings per building.

14

https://title24stakeholders.com/wp-content/uploads/2020/09/2022_T24-Final-CASE-Report_AirDistribution.pdf
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Expected building energy consumption based on CBSA average EUI’s for large office building and
CASE study prototype savings15.
Key Analysis Variables
Study Period (years)

Building Characteristics
50

Gross (Sq.Ft)

32,100

Nominal Discount Rate

5.00%

Useable (Sq.Ft)

32,100

Maintenance Escalation
Zero Year (Current Year)

1.00%
2020

Space Efficiency
Project Phase

100.0%
0

0

Building Type

0

Construction Years
Life Cycle Cost Analysis

BEST

Alternative

Baseline

Energy Use Intenstity (kBtu/sq.ft)

Alt. 1

24.6

Alt. 2

23.3

1st Construction Costs

$

$9,309

$

PV of Capital Costs

$

$23,096

$

PV of Maintenance Costs

$

$

$

PV of Utility Costs

$641,887

$608,723

$

Total Life Cycle Cost (LCC)

$641,887

$631,818

$

Net Present Savings (NPS)

N/A

$10,069

$

(GHG) Social Life Cycle Cost
GHG Impact from Utility
Consumption

BEST
Baseline

Tons of CO2e over Study Period
% CO2e Reduction vs. Baseline

Alt. 1

857
N/A

Alt. 2
812

-

5%

105%

Present Social Cost of Carbon (SCC)

$61,205

$58,042

$-

Total LCC with SCC

$703,091

$ 689,861

$

NPS with SCC
N/A
$ 13,231
$
Societal LCC takes into consideration the social cost of carbon dioxide emissions caused by operational
energy consumption

PTAC U-factor, Proposal 21-GP1-160: Adds a new section to WAC 51-11C-40214; Section C402.1.4.3
Brief Description: Requires heat loss though PTACs, PTHPs, and other through-wall mechanical
equipment to be calculated as part of envelope U-factor compliance. This proposal aligns with state
policy to increase energy efficiency by 70 percent by 2031.

15

https://title24stakeholders.com/wp-content/uploads/2020/09/2022_T24-Final-CASE-Report_AirDistribution.pdf
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Purpose of Change: Provides a more realistic assessment of envelope heat loss through PTACs and
PTHPs in exterior walls, which is several times greater than heat loss through a typical codeminimum exterior wall assembly.
Review Process: There was little discussion or controversy at the TAG level for this proposal. It was
felt that this requirement would encourage the use of products requiring only a small envelope
opening.
Probable benefits vs. probable costs: Costs and savings calculated per the assumptions listed
below.
Estimated incremental cost: $0.24per square foot.
Estimated annual energy savings: $95 per year savings
A typical PTHP unit fits in an opening of 42 x 16 inches = 4.7 square feet
Walls of an apartment building floor 65 x 100 x 11 feet floor-to-floor would be 3630 gross sf.
Subtracting 840 sf (12 apts x 69 sf each) for fenestration would leave 2790 sf
Assumed U-factor for PTAC = 0.5
Max U-factor for wood-framed walls = U-0.051
Opaque walls depreciated for PTHP = U-0.061
To bring those walls back to U-0.051 requires R-13 cavity + R-12 c.i. (instead of R-13 + R-7.5 c.i.)
From Table A103.3.1(2)
Additional cost for R-12 (2-1/2”) insulation (instead of R-7.5 (1-12”) c.i.)
Additional $500 per 1000 sf @ 2734 sf = $1,365 + $200 for larger fasteners = $1,565
Cost per sf of floor area = $1565/6500 sf= $0.24/sf
Seattle HDD = 4424 Spokane HDD = 6655
UA w/ PTHP = 0.061 x 2790 = 170 x 4424 HDD = 752,920 = 753 kBTU/3.4 = 221 KWH x $0.11 x 24hr =
$583.44
UA w/o PTHP = 0.051 x 2790 = 142 = 4424 = 628,208 = 628 KBTU/3.4 = 185 KWH x $0.11 x 24hr =
$488
$583 - $488 = $95 per year savings

Extend Heat Pump Requirement to Include Split Systems, Proposal 21-GP1-164: Modifies Section
C403.3.2.6 in WAC 51-11C-40332
Brief Description: Requires packaged and split systems providing heating and cooling, or cooling
only, to be heat pumps. The requirement previously applied to packaged systems with both heating
and cooling.
Purpose of change: Extend heat pump requirement from packaged equipment to include split
systems. This may not be necessary if C403.1.4 heat pump requirement (21-GP1-103) is approved.
This proposal aligns with state policy to increase energy efficiency by 70 percent by 2031 and reduce
greenhouse gas emissions.
Review Process: This change was also impacted by another proposal, 21-GP1-194, which adjusted
the configuration of heat pumps to allow more package terminal heat pump models to meet code.
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While this code be seen as a lessening of the stringency of the code, the requirement for additional
systems to meet the requirement compensates.
Probable benefits vs. probable costs: Estimate of the construction cost $0.10 per square foot.
Estimate of the annual energy savings 5.4 KBTU per square foot
$10,000 additional cost for 100,000 sf building
Typical EUI of 40, heating EUI of 8 (20% of total), 2/3 reduction by use of heat pump = 5.4 kbut/sf/yr

High Capacity Space Heating Boiler, Proposal 21-GP1-133: Adds a new section C403.3.4.5 to WAC 5111C-40334.
Brief Description: Adds requirements from ASHRAE 90.1 for high capacity gas-fired hot water boiler
systems to have condensing boilers.
Purpose of Change: Achieve energy savings in gas fired hot water heated buildings while staying
close to national code language. This proposal aligns with state policy to increase energy efficiency
by 70 percent by 2031.
ASHRAE published 90.1-2019 addendum bc implementing requirements for high capacity gas-fired
hot water boiler systems to have condensing boilers. This language has been adapted to the WSEC
with one modification being to delete renewable energy from the options of exception 1 due to the
more mainstream role renewables are playing in code.
Review Process: This was another proposal that did not receive much discussion, as it was adopted
into ASHRAE 90.1. The proposal has some interaction with boiler controls proposal, 21-GP1-139, but
not outright conflicts.
Probable benefits vs probable costs: The cost analysis was taken from that done for ASHRAE 90.12019 addendum bc. There will possibly be a small amount of additional time necessary to review
boiler system size and efficiency and design criteria used for coils. Since systems are generally
central this effort will not be substantial
Average estimate of $0.10 per kWh across various building types and climate zones. Energy Savings:
Using the Standard 90.1 scalar ratio, the economic analysis shows an average scalar ratio of 4.2. The
maximum scalar ratio of 17.2 for boilers with a life expectancy of 25 years. Models and estimates
show that all prototypes fall within the maximum scalar ratio and are cost-effective.
First cost was determined from the 2012 GSA Condensing Boiler Study16, which estimates
$38.50/MBtu for noncondensing and $42.00/MBtu for condensing boilers. In addition, the study
estimates an additional average annual maintenance cost of $400 for condensing boilers. Energy
Savings were found using energy modeling simulations run using DOE’s EnergyPlus. Three prototype
buildings were used—large office, hospital and secondary school—in various US climate zones. A
16

https://www.gsa.gov/cdnstatic/GPG_Findings_004-Condensing_Boilers.pdf
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blended cost of $0.10kWh was assumed. Using the Standard 90.1 scalar ratio17, the economic
analysis shows an average scalar ratio of 4.2. the maximum scalar ratio of 17.2 for boilers with a life
expectancy of 25 years. Models and estimates show that all prototypes fall within the maximum
scalar ratio and are cost-effective.

Increasing ERV Effectiveness, Proposal 21-GP1-165: Modifying Section C403.3.5.1 in WAC 51-11C40335.
Brief Description: Increase ERV effectiveness to 60% enthalpy (from 50%) and limit main exception
to spaces smaller than 650 sf.
Purpose of Change: Improve heat recovery effectiveness for non-residential occupancies, taking
advantage of commonly available ERV equipment. Eliminate DCV exception for spaces larger than
650 sf.
This proposal aligns with state policy to increase energy efficiency by 70 percent by 2031.
Review Process: The original proposal removed the sensible recovery effectiveness from the main
body of the section and allowed it only for Group R-2. The TAG felt it should be retained because not
all heat recovery ventilators have an enthalpy rating, so it may be advantageous to retain the
sensible recovery rating. The sensible recovery effectiveness was increased from 60% to 68% to
correlate with the original change.
Probable benefits vs. probable costs: Will slightly increase costs for ERVs in non-residential
occupancies that require DOAS and will add energy recovery to larger spaces that have DCV. This
will decrease heating and cooling costs.
Estimate of the construction cost is $0.10 per square foot based on the assumption of a $10,000
increase for HVAC cost for a 100,000 square foot building.
Estimated annual energy savings: Reduce annual HVAC energy usage by 2%, or about 0.3 kWh per
square foot
50 EUI x 0.02/3.4 = 0.3 KWH/sf/yr @ $0.11 = $0.03/sf
If HVAC usage is 1/3 of total energy usage, 0.03/3 = $0.01/sf

Demand Responsive Thermostats, Proposal 21-GP1-97: Adds new Section C403.4.1.7 to WAC 51-11C40341

17

https://www.energycodes.gov/sites/default/files/2021-07/commercial_methodology.pdf
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Brief Description: Adds a requirement for demand responsive controls for thermostats in all
buildings except health care and assisted living. It does not require participation in any demand
response programs.:
Purpose of Change: Demand responsive functionality will present a cost-saving opportunity for
buildings in the future. More and more utilities are moving beyond voluntary programs and are
expanding use of time-of-use rates for electricity as a tool for shaping demand. Installing demandresponsive thermostats now will allow building tenants and owners to better control their utility
costs.
Demand responsive functionality has been required in Title24 since the 2013 edition and was found
cost effective in CA.18 In the 8 years since, equipment prices have decreased (less than $60 for a
basic DR thermostat19 compared to just under $30 for a basic 7-day programmable thermostat20)
and WA peak prices have increased.
Review Process: The TAG was initially concerned about how this change would impact some
systems, and the proponent was asked to come back with a revision incorporating more of the
language from the original Title 24 language. There was also some concern that what was provided
may not be compatible with the utility programs. The final proposal does not include all of the Title
24 approach. The Title 24 approach is very prescriptive and can be restrictive, as evidence by efforts
in the 2022 proposals to open it up to accommodate emerging technologies. By being more
descriptive in the requirements, this proposal will better accommodate this rapidly emerging field.
Probable benefits vs. probable cost: Estimated incremental construction cost: $0.03 per square
foot, based on an assumption of $30 per unit controlling a 1000 square foot zone
$30/unit x (10 units) / 10,000sf
10,000 sf office with 10 thermostat zones of 1000 sf each.
Estimated annual energy savings: A California study reported an annual energy savings of 83 to 274
kWh in CA climate zones 1, 2 and 16 (the closest analogous climate zones to WA’s climate zones) for
a 10,000 office21.
This proposal will add a minimal amount of extra plan review. Spec sheets will need to be checked
to ensure that the thermostat meets the requirement. There should be no additional inspection
time if site inspectors are checking that thermostats are consistent with the construction
documents.

18

Final CASE Report: Upgradeable Setback Thermostats, California Statewide Codes and Standards
Enhancement (CASE) Program, October 2011, https://title24stakeholders.com/wpcontent/uploads/2020/01/2013_CASE-Report_Upgradeable-Setback-Thermostats.pdf
19
https://www.supplyhouse.com/Venstar-T3700-Explorer-T3700-Residential-Digital-Thermostat-2-Heat1-Cool
20
https://www.supplyhouse.com/Lux-P711-010-7-Day-5-2-day-Programming-or-Non-ProgrammableThermostat-Horizontal-Mount-1-Heat-1-Cool
21
Final CASE Report: Upgradeable Setback Thermostats, California Statewide Codes and Standards
Enhancement (CASE) Program, October 2011, https://title24stakeholders.com/wpcontent/uploads/2020/01/2013_CASE-Report_Upgradeable-Setback-Thermostats.pdf
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Demand Control Ventilation, Proposal 21-GP1-190: Revises Section C403.7.1, WAC 51-11C-40371
Brief Description: Replace current C403.7.1 with new section which removes energy recovery
exception and reduces and reconfigures various thresholds. The proposal also adds specific
requirements for DCV. Gas sensors are required in spaces and systems are required to have VSD
control or as allowed modulated dampers. This proposal aligns with state policy to increase energy
efficiency by 70 percent by 2031.
Purpose of Change: The intent is that DCV applies to all single zone systems (DOAS or other) that
provide ventilation. Additionally, the intent is that a DOAS system larger than 1500 cfm that
provides ventilation to more than one space also requires DCV (unless exceptions apply). The
change will achieve energy savings by requiring DCV in many more cases and update language.
Spaces served by systems with heat recovery will no longer be exempt. Space size thresholds are
changed from floor area to the people component cfm of outdoor air. Systems without economizer
will have to start providing DCV down to 750 cfm or 1500 cfm with heat recovery rather than the
current 3000 cfm.
The room size thresholds are derived from 90.1-2019 addendum b. First, the 90.1-2019
addendum b room size thresholds were reduced until the savings (scaled by area) and cost (fixed)
were just cost effective in the OFM calculator including the price of carbon. This resulted in rooms
sizes 57% smaller than 90.1-2019. In addition, the 90.1-2019 criteria of occupant outdoor air
component in cfm per 1000 square feet was simplified to occupant outdoor air flow in cfm.
Review Process: The TAG reviewed this proposal and made several clarifying changes, but the
proposal remain substantively as submitted. There were no dissenting opinions or objections to the
recommended adoption.
Probable benefits vs. probable cost: Increased control and equipment costs and decreasing
operating costs. Cost and savings are based upon 90.1-2019 addendum b (completed and published
4/1/202122). Room and system size thresholds are scaled down to account for OFM calculator
assumptions and carbon.
When cost-effective, demand control ventilation (DCV) should be required for occupied spaces,
considering the required outdoor air for ventilation based on number of people in the space, varying
space sizes, use of energy recovery equipment, and climate zone. The current requirement has a
threshold based only on space size and space occupancy. This proposal seeks to more effectively
align DCV requirements with all other relevant variables to produce a cost-effective solution.
The single-threshold parameters are replaced by a table where the floor area threshold requirement
is based on climate zone and occupant outdoor airflow rates per 1000 ft2 (100 m2) determined in
accordance with ASHRAE Standard 62.1. The requirements are grouped by occupant outdoor airflow
component ranges (cfm/1000 ft2 [L/s/100 m2]) based on default parameters in Standard 62.1.
While the exact value for a particular space type varies, the three groups in the table generally
correspond to (a) retail, break rooms, or bank lobbies; (b) classrooms or conference rooms; and (c)
lecture halls, theatre, or assembly.
22

https://www.ashrae.org/file%20library/technical%20resources/standards%20and%20guidelines/standards%20add
enda/90_1_2019_b_20210401.pdf
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The exhaust air energy recovery exception was removed and replaced with higher floor area
thresholds in the table. The exception for design outdoor airflow less than 750 cfm was also
removed, as this factor is accounted for in the cost-effectiveness analysis. One new exception was
added to account for spaces that are not allowed to reduce outdoor airflow per the requirements in
ASHRAE Standard 170, other applicable codes, or accreditation standards. The net effect of these
changes will increase the cost of construction. Because an economizer or motorized dampers are
already required by this section, the cost to add a sensor and wiring is expected to be $300 or less
per unit. A present value allowance of $63 is added to the cost to allow for replacement of up to
50% of sensor elements halfway through the measure life. The square footage thresholds in the
table result in cost effectiveness for a 15-year life control measure based on a calculated discounted
payback of less than 11.8 years.

Life Cycle Cost Analysis

BEST

Alternative
Baseline
Alt. 1
Alt. 2
Energy Use Intenstity (kBtu/sq.ft)
#DIV/0!
#DIV/0!
1st Construction Costs
$
$
600 $
PV of Capital Costs
$
$
1,481 $
PV of Maintenance Costs
$
$
272 $
PV of Utility Costs
$
44,741 $
43,561 $
Total Life Cycle Cost (LCC)
$
44,741 $
45,314 $
Net Present Savings (NPS)
N/A
$
(573) $
Societal LCC takes into consideration the social cost of carbon dioxide emissions caused by operational energy consumption

(GHG) Social Life Cycle Cost
GHG Impact from Utility Consumption
Tons of CO2e over Study Period
% CO2e Reduction vs. Baseline
Present Social Cost of Carbon (SCC)
Total LCC with SCC
NPS with SCC

BEST
Baseline

Alt. 1
348

N/A
$
$

22,085
66,826
N/A

$
$
$

Alt. 2
338
3%
21,474 $
66,788 $
38 $

103%
-

Exterior Building Grounds Lighting, Proposal 21-GP1-204: Modifies WAC 51-11C-405061, Section
C405.5.1
Brief Description: Reduction of the efficacy threshold for exterior lighting, with removal of
redundancy in exterior lighting efficacy/controls requirement. This proposal aligns with state policy
to increase energy efficiency by 70 percent by 2031.
Purpose of Change: With LED sources being dominant, the wattage requirement threshold can be
reduced from 50 W to 25 W without much impact. LED fixtures are the dominant light source, and
the efficacy is better than other sources and the wattage of many LED fixtures in exterior
applications is below 50 W. Reducing from 50 W to 25 W is staying consistent with the original
intent of the requirement.
Review Process: The proposed change was reviewed at two TAG meetings, but changes were minor
and only editorial in nature. The change in wattage was supported through the discussions.
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Probable benefits vs. probable costs: The estimate of annual energy savings is 0.109 kWh per
square foot, with little or no additional cost. Assumes 4,380 hours of operation as the lower wattage
fixture is not required to be connected to an occupancy sensor. 25 W x 4,380 hours and assumed to
light 1,000 square feet of space.

Exterior Lighting, Proposal 21-GP1-198: C405.5.3: Modifies Tables C405.5.3(2) and C405.5.3(3) in WAC
51-11C-405064
Brief Description: Updates the exterior lighting tables in response to changes in technology, with an
approximate 40 percent reduction across the board.
Purpose of Change: Reduces exterior lighting values (last updated in 2016) in response to changes in
technology. Changes the metric from footprint to gross floor area in most cases.
The values in the table have not been updated since 2016. As of 2016, LED technology was relatively
new, and the efficacy was around 82 lumens per Watt. As of 2021, exterior LEDs are easily 105
lumens per Watt and many exceed 120 lm/W. In 2016, light loss factors for LEDs were somewhat an
unknown. As of 2021, the lighting industry’s knowledge is deeper and different light loss factors are
used now. These values are change in available lighting technology as well as informed design
practices.
This proposal aligns with state policy to increase energy efficiency by 70 percent by 2031.
Review Process: The TAG discussed this proposal at two meetings. There were no opponents to the
proposal at either meeting, and there was stated agreement that the update is a good idea. There
was some discussion at how the new table values were reached. The proponent stated they took
into account a 25 to 35 precent efficiency gain in LED technology coupled with new data that shows
less depreciation over time.
Probable benefits vs. probable costs: Limited economic impact on building owners, tenants, and
business.
These values are slightly greater than California’s Title 24 which had an economic analysis and were
deemed cost effective. These values are similar to a draft addendum of ANSI/ASHRAE/IES Standard
90.1. BC Hydro funded some cost analysis for the 90.1 proposal. Other than exchange rate, the cost
of lighting equipment in Canada and US is the same. BC Hydro’s lighting subcontractor provided a
cost analysis and cost data of the 90.1 addendum indicating that 2021 is equipment is similar cost of
2016 equipment, but the efficacy had an increased over the period of time.
This proposal is similar to other energy code changes that involved cost analyses and those cost
requirements were met.
Estimate of annual energy savings: 0.08 kWh per square foot.
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Assumed at 30,000 square foot parking lot. The LPD reduced is reduced by 40% between the
existing (0.06 W/ft2) and new value (0.037 W/ft2). The values in the table are roughly a 40%
reduction across the board. Assumes 2,230 kWh saved. 2,230 kWh / 30,000 = 0.076 kWh / ft2

Additional energy efficiency, Proposal 21-GP1-146: Modifies Section C406.1 in WAC 51-11C-4600
Brief Description: Increases the required number of energy efficiency credits to be achieved.
Purpose of Change: The requirements were increased approximately 16 percent, if the heat pump
water heating proposal is adopted, and by approximately 33 percent if it is not.
This proposal aligns with state policy to increase energy efficiency by 70 percent by 2031.
Review Process: This proposal, and the restructuring of C406, were highly debated throughout the
TAG meetings. This was one of the last proposals addressed, to take into account other proposed
changes to the code and the efficiency gains already achieved. The final recommendation is at a
lower increase than that originally proposed, with a yet lower level recommended if the heat pump
water heating proposal is ultimately adopted.
Probable benefits vs. probable costs: The cost will vary greatly depending on the type of building
and the measures selected. Not all measures are appropriate for all building types. Energy
Efficiency: There will be some variation here as well, since not all building types have the same
credit requirements. However, the average credit increase is 8, with each point corresponding to a
0.1 percent carbon reduction for an average 0.8 percent reduction.

Load management credits Proposal 21-GP1-206: New section WAC 51-11C-40630
Brief Description: Adds load management requirements for new buildings to prepare buildings to
interact efficiency with the evolving electrical grid in the future.
Purpose of Change: The load management credit requirements are the lesser of HVAC or lighting
peak shedding controls. The purpose for adding the load management requirement is to encourage
reducing and shifting building load in conjunction with increasing building efficiency. Load shifting
measures require installing communication controls and programming to automatically reduce
electric energy use during high demand periods. Thus, the load management credits take into
account the time-sensitive value of efficiency and the ability to optimize energy use for grid services.
It supports the state’s objective to reduce building carbon emissions and will “future proof”
buildings so they can respond to changing grid needs over time. The measure savings and
corresponding credit values are based on electricity cost savings determined using the ASHRAE 90.-1
time-of-use rate, which was incorporated in the ASHRAE 90.1-2022 Work Plan as an optional rate to
use to demonstrate the cost effectiveness of new code change proposals involving demand
flexibility measures. Utilization of this representative US TOU rate, which results in similar annual
electricity costs as the average national blended rate, is intended to serve as a proxy for valuing
reduced grid impact, which accommodates increases in PV, regional growth, and other grid changes
impacting peak periods over time.
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Review Process: This proposal contains more than just the load management changes, but the load
management portion is where there is an economic impact. This, along with the rest of the changes
to Section C406, was heavily debated and revised and revisited a number of times to ultimately be
proposed to moved forward to public hearing.
Probable benefits vs. probable costs: Range from $19,900 for a 240,000 sf hospital to $453 for a
5,000 sf office or restaurant, with simple payback ranging from 1.1 year (restaurant) to 25.0 years
(warehouse), with a 3.66 year statistical average. Demand responsive lighting controls cost
approximately $0.0825 per square foot. Energy Savings: Annual energy savings ranged from $5,700
for the hospital to $117 for the 5,000 sf office, with the statistical average of a 3.66 year payback.
The required load management credits are the lessor of either lighting control or HVAC
setback/setup control during peak periods. HVAC time shift control is evaluated for cost
effectiveness with the following results:
Load Management Credit Cost Effectiveness Calculation
Demand responsive HVAC Measure

Reference: Codes and Standards Enhancement (CASE) Initiative 2022 California Energy Code,
Nonresidential Grid Integration, Final CASE Report, August 2020
Demand Responsive Lighting – incremental costs per 10,000 sq. ft.
1) Connected Controls with Native OpenADR VEN => $823
2) Piecemeal Connected Control System with Non-Native OpenADR VEN => $826
Estimated annual energy savings: $0.0823 per square foot
Load Management Credit Cost Effectiveness Calculation
Demand responsive HVAC Measure
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Reference: Codes and Standards Enhancement (CASE) Initiative 2022 California Energy Code,
Nonresidential Grid Integration, Final CASE Report, August 2020
Demand Responsive Lighting – incremental costs per 10,000 sq. ft.
1) Connected Controls with Native OpenADR VEN => $823
2) Piecemeal Connected Control System with Non-Native OpenADR VEN => $826

