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u On-call technical support thru three avenues
o Telephone hot line – 360-539-5300
o Online form – https://www.waenergycodes.com
o Email inquiries – com.techsupport@waenergycodes.com

u Classroom and webinar training

u We administer the technical support and compliance 
documentation webtool
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WSEC technical 
support services are 
made possible 
thanks to the 
generous support of 
the Northwest Energy 
Efficiency Alliance

www.neea.org



u This presentation represents ETC’s unofficial interpretation of code intent.
u Our technical support team is not an affiliate, nor do we speak for the 

Washington State Building Code Council (SBCC). 
u The technical support we provide is advisory only and non-binding. 
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u The Washington State Building Code Council (SBCC) has issued 
approximately ten official opinions on the 2021 WSEC-C.

u Official opinions from the SBCC are non-binding and advisory in nature.
u Official opinions inquiries regarding the C404 Service Water Heating 

provisions are currently working thru the SBCC official opinion process.
u Visit https://sbcc.wa.gov/answers-opinions to download opinions

2021 WSEC-C Official Opinions



Topics we’ll discuss today ~

1. Service water heating (SWH) equipment efficiency criteria
2. Prescriptive requirements for SWH equipment selection
3. SWH system sizing requirements
4. Supplemental SWH allowances and requirements
5. Domestic hot water temp maintenance – circulation & heat trace 

systems
6. Piping insulation
7. Demand responsive water heating controls
8. Alterations to SWH systems in existing buildings
9. Q&A



SWH Equipment Efficiency



Table C404.2

EF vs UEF Ratings

u DOE has changed the rating metric for 
small capacity water heaters from Energy 
Factor (EF) to Uniform Energy Factor (UEF).

u UEF ratings vary depending on daily usage 
and first hour draw pattern.

u Minimum efficiency requirements in the 
2021 WSEC-C are in UEF.

u Per SBCC Opinion #18-09, it is acceptable 
to use UEF ratings to demonstrate 
compliance with the 2018 WSEC-C.

UEF Rating Draw Pattern



u For small capacity equipment, calculations 
based on draw pattern are to be used to 
demonstrate compliance with provisions that 
require better than code efficiency.

u Calculation variables are defined in footnotes
o V and Vr = Rated volume in gallons
o Vm = Measured volume in tank in gallons
o S and %h = Standby losses 

u Minimum efficiency 
requirements are federal 
standards defined by the 
US Dept of Energy under 
the Energy Policy and 
Conservation Act (EPCA)



Governed SWH equipment types include:
o Electric resistance storage
o Electric resistance instantaneous
o Electric air-source heat pump water 

heaters (HPWH)
o Fuel-fired storage (gas and oil)
o Fuel-fired instantaneous 
o Fuel-fired hot water supply boilers
o Pool heaters (gas and heat pump)
o Storage tanks



Heat Pump Water Heaters

u Per Footnote i, there are no minimum efficiency requirements for electric storage 
HPWHs with capacity greater than 12 kW.

u For projects complying with the high efficiency HPWH additional energy efficiency 
measure, the equipment rating conditions and minimum efficiency values are 
defined in Section C406.2.6.3.1. Requires at least a COP of 3, or a UEF of 3.4. 



Table C404.2

SWH Equipment Efficiency

Other SWH equipment types with no minimum efficiency requirement
u Gas heat pump water heaters (GHPWH)

u Electric instantaneous water heaters with:
o Input capacity ˃ 12 kW and ≤ 58.6 kW
o Either (1) a storage volume ˃ 2 gal; or (2) is designed to provide 

outlet hot water at temp > 180°F; or (3) uses 3-phase power
u Additional instructions for fuel-fired storage water heaters are 

defined in the Table C404.2 footnotes.

u If no certification program exists, the equipment efficiency ratings 
shall be supported by data furnished by the manufacturer.

Image courtesy of Robur



Prescriptive SWH Compliance Path



C404.2.1
C404.2.1.1

Steps to Demonstrate 
Prescriptive Compliance

1. Calculate Primary SWH Capacity Needed – Calculate the design total capacity 
“… for service hot water production during the peak demand period” based on 
the sizing criteria defined in Section C404.2.1.1.

o Production = System output capacity inclusive of integral & external storage
o Primary = The design output capacity exclusive of supplemental capacity

2. Select Primary System & Equipment Types
o Electric air-source heat pump water heaters (HPWH) are required to provide 

at minimum 50% of the primary capacity
o Remaining primary capacity can be provided by HPWHs, fossil fuel or electric 

resistance equipment or other source of heat energy (solar thermal, waste 
heat recovery, district energy, etc).



C404.2.1
C404.2.1.4

Steps to Demonstrate 
Prescriptive Compliance

3. Allocate Primary SWH Capacity
o Convert all SWH system & equipment output capacity values to Btu/h

o Calculate what percentage of the design total peak demand capacity each 
SWH system & equipment type will provide 

4. Calculate Supplemental SWH Capacity Needed – Calculate and tally the design 
total output capacity for all supplemental heating uses based on the sizing criteria 
defined in Section C404.2.1.4.

5. Documentation - Provide a summary of all details described in Steps 1 thru 4 in the 
permit submittal documentation.



SWH Equipment Efficiency 
Comparison

COP

FOSSIL FUEL 0.80 - 0.90

ELECTRIC RESISTANCE 1.0

ELECTRIC HEAT PUMP 2.0 – 4.0

COP = Energy Output/Energy Input



HPWH System Types

Visit the Lighting Design Lab website for course recordings and handouts on 
the design, operation and maintenance of commercial HPWH systems

 https://www.lightingdesignlab.com/course-recordings-and-handouts



Section C404.2.1.1 - Primary HP system sizing

Step 1 - Primary SWH Capacity

Determine Primary SWH Capacity Needed 
u Peak demand shall be calculated using the equipment manufacturer’s selection 

criteria or other approved methodology.

u Peak demand sizing criteria required for heat pump water heaters: 
o Air-source heat pumps

§ Use 40°F entering dry-bulb or wet-bulb outdoor air temperature.
§ Shall also be sized to deliver no less than 25% of the calculated peak 

demand when the entering dry-bulb or wet-bulb temperature is 24°F.

o Ground-source heat pumps – Use 44°F ground temperature



Step 2 - System & Equipment Types

Select Primary System & Equipment Types
u Prescriptive Baseline

o Electric air-source heat pump water heaters (HPWH) shall provide no less than 
50% of the required primary capacity during the peak demand period.

o Remaining primary capacity is allowed to be provided by any SWH system or 
equipment type (includes HPWHs, fossil fuel & electric resistance equipment and 
other sources of heat energy). 

o The combination of all SWH systems, including storage, shall provide sufficient 
hot water capacity to satisfy the peak demand.

u There are also exceptions to consider…
Section C404.2.1 - SWH system type

Section C404.2.1.1 - Primary HP system sizing



EXAMPLE:  New 10,000 SF building, can be any 
occupancy type

Allowance = 24 kW + (10,000 SF x 0.1 watts/1,000)
    = 24 kW + 1kW

    = 25 kW Electric Resistance Allowance

SWH Equipment Types
ü Electric resistance 

storage water heaters
ü Electric instantaneous 

water heaters
ü Under counter/sink 

tankless water heaters
ü Electric hybrid water 

heaters

Electric Resistance Allowance

C404.2.1 Exception #1
u 24 kW plus 0.1 watts per SF of electric resistance 

SWH capacity is allowed PER BUILDING.

u Base site allowance taken off the top before all 
other system type requirements are applied. 

Section C404.2.1 - SWH system type



C404.2.1

Alternate Sources of Heat Energy

C404.2.1 Exception #2
u Capacity from alternate heat energy sources are 

included in the calculations to offset all or a 
portion of the 50% primary capacity that is 
prescriptively required to be provided by a HPWH.

u NOT an exemption for Section C404.2.1 and all 
related sub-sections.

u Eligible alternate sources – Solar thermal, 
wastewater heat recovery, and other approved 
waste heat energy sources such as ground-source 
and water-source heat pump systems, condenser 
systems and steam condensate systems

Image courtesy of the US Energy Information Administration



C404.2.1

Exemptions

C404.2.1 Exceptions #3, #4, #5, #6 and #7
u These exceptions provide an exemption, meaning if a project complies with the 

exception then the project is deemed to comply.

u If ALL of the primary peak demand capacity is addressed by these exceptions, 
then the project is exempt from all requirements in Section C404.2.1, as well as 
all related sub-sections (Sections C404.2.1.1 thru C404.2.1.5).

u If only a portion of the primary peak demand capacity is addressed by these 
exceptions, then systems & equipment that provide the remaining primary 
capacity shall comply with the prescriptive requirements per Section C404.2.1 
and all related sub-sections.



C404.2.1

Exemptions

C404.2.1 Exceptions #4, #5, #6 and #7
u Pre-existing district energy – SWH systems are served by a district energy 

system that serves multiple buildings and was in service prior to 3/15/2024.

u Commercial food service & approved process equipment –  Electric 
resistance booster heaters are allowed for systems that require supply water 
temperature 120°F or higher.   

u Low carbon district energy – SWH systems are served by a system that 
complies with the WSEC-C definition for low-carbon district energy exchange 
system, OR, low-carbon district cooling & heating or heating only systems. 

u Essential facilities – Group I-2 and I-3 occupancies that by regulation are 
required to have in place redundant emergency backup systems.

NOTE - Italicized words are defined terms in the code



C404.2.1



C404.2.1

NEEA Advanced Water Heating 
Specification

C404.2.1 Exception #3
u Systems & equipment that 

comply with the NEEA 
Commercial Electric 
Advanced Water Heating 
Specification are exempt 
from C404.2.1 and all 
related sub-sections.

u Eligible equipment must be 
listed in the NEEA Qualified 
Products List (QPL).

https://neea.org/our-work/advanced-water-heating-specification



Step 3 - Allocate Primary 
SWH Capacity 

Test for Prescriptive Compliance 
u Reminder – No less than 50% of the required primary capacity for service hot water 

production during the peak demand period shall be provided by HPWHs. The 
remaining 50% primary capacity can be provided by any system type.

u Calculate what percentage of the design total peak demand capacity each SWH 
system & equipment type and heat energy source will provide.

u Test capacity allocation for compliance with Section C404.2.1.1. 

C404.2.1.1



Step 3 - Allocate Primary Capacity

Example #1 – 25,000 SF luxury hotel
o Peak demand SWH capacity = 1,000,000 Btu/h
o Exception #3 - HPWHs complying with NEEA AWHS = 500,000 Btu/h

50% primary capacity required to be provided by HPWHs:

1,000,000 Btu/h - 500,000 Btu/h = (500,000 Btu/h) x 0.5 = 250,000 Btu/h
                   REQUIRED HPWH CAPACITY

Remaining 50% primary capacity that can be provided by HPWHs, fossil fuel or electric 
resistance equipment, or other heat energy sources = 250,000 Btu/h

C404.2.1.1

AWHS - NEEA Advanced Water Heating Specification



Step 3 - Allocate Primary Capacity 

Example #2 – 25,000 SF luxury hotel
o Peak demand SWH capacity = 1,000,000 Btu/h
o Exception #1 - Electric resistance allowance = 24 kW + 2.5 kW = 90,500 Btu/h

o Exception #2 - Available wastewater heat recovery capacity = 200,000 Btu/h

50% primary capacity required to be provided by HPWHs:

1,000,000 Btu/h - 90,500 Btu/h = (909,500 Btu/h) x 0.5 = 454,750 Btu/h

Deduct wastewater heat recovery capacity:

454,750 Btu/h - 200,000 Btu/h = 254,750 Btu/h  
          REQUIRED HPWH CAPACITY

Remaining 50% primary capacity that can be provided by HPWHs, fossil fuel or 
electric resistance equipment or other heat energy sources = 454,750 Btu/h

C404.2.1.1



Step 4 - Supplemental Capacity 

Calculate Supplemental SWH Capacity Needed 
u Total output capacity of all supplemental SWH sources shall not exceed the total 

output capacity of all primary SWH sources.

u Supplemental capacity is allowed to be provided by any SWH system or 
equipment type (includes HPWHs, fossil fuel & electric resistance equipment and 
other sources of heat energy). 

u For the purpose of determining allowed supplemental capacity, the electric 
resistance base site allowance and exempt systems and equipment capacities are 
NOT included in the primary output capacity total.

u Use the same sizing criteria as defined for primary SWH systems and equipment 
capacity (identical sizing criteria in Sections C404.2.1.1 and C404.2.1.4).  

C404.2.1.1 Supplemental water heating



Step 4 - Supplemental Capacity 

Supplemental heating for HPWHs is allowed 
for the following conditions
u Defrost of compressor coils

u When the primary HPWH system cannot deliver 
the SWH demand capacity due to low 
ambient air temperature conditions. 

u Controls criteria - During normal operations, 
supplemental heating shall operate only when 
the entering air temp is less than 40°F and the 
primary HPWH compressor shall operate 
simultaneously with supplemental heating.

C404.2.1.1

Design Note - Unitary HPWHs can be 
installed within conditioned spaces 
provided the compressor is sized to 
meet 100% of the peak demand 
without supplemental heating.



Step 4 - Supplemental Capacity 

Supplemental heating is also allowed for the following uses
u Temperature maintenance of heated-water circulation systems, provided 

supplemental heating system is physically separate from the primary SWH system.

u Heat tracing of piping for freeze protection or for the purpose of temperature 
maintenance in lieu of circulation systems.

u For back-up capacity only, if the primary SWH system or equipment experiences 
equipment failure. 

C404.2.1.1



C404.2.1

Prescriptive HPWH System Review



C401.3
C401.3.3.2

Table C406.2(2)

Fossil Fuel Compliance Path

Additional energy credits are required
u Alternative compliance path for the 50% primary peak demand capacity that is 

required to be provided by HPWHs, but is provided instead by fossil fuel or 
electric resistance SWH systems and equipment.

u The number of additional energy credits required are per Table C401.3.3, which 
is in addition to the number of additional energy efficiency measure credits 
(AEM) required per Table C406.1.

u Additional energy credits are capacity-weighted based on the percentage of 
primary peak demand capacity being provided by fossil fuel or electric 
resistance systems and equipment.

u Use adjusted AEM credit values in Table C406.2(2) for the fossil fuel compliance 
path, DO NOT use Table C406.2(1) credit values.



C401.3.3

Fossil Fuel Compliance Path

Number of 
additional required 
credits is based on 
the project type, 
occupancy group 
and service water 
heating system 
type



Example – New Retail Building (Group M) complying with SWH Fossil Fuel Pathway
o Required AEM credits per Table C406.1 = 74 credits
o Required additional energy credits per Table C401.3.3 = 79 credits
o Proposed design capacities – 30% wastewater heat recovery, 70% condensing boilers
o % of primary peak SWH demand capacity that Fossil Fuel Pathway applies to = 20%

Total required credits = 74 + (79 x 0.20) = 74 + 15.8 = 89.8

Fossil Fuel Compliance Path

o High performance DOAS + 20% reduced lighting power + Enhanced lighting controls
o 40 credits + 40 credits + 11 credits = 91 credits



Step 5 - Documentation

Details to include in project documents
u Design total capacity needed for service hot 

water production during the peak demand 
period

u SWH equipment schedule with rated output 
capacities and efficiencies

u List of alternate sources of waste heat energy 
and design capacity, if applicable

u Primary capacity allocation calculation
u Total supplemental heating capacity



Domestic Hot Water 
Distribution Systems



C404.7.1

Image courtesy of Taco

Temperature Maintenance

Heated-Water Circulation System Controls
u Circulation pumps shall have an ECM motor with 

adjustable speed setting for balancing.

u Configure controls to automatically turn the 
circulation pump off during extended periods when 
there is no domestic hot water demand.

u Single riser or zone systems – Configure controls to 
automatically turn the pump off when the water in 
the circulation loop is at the design temperature.

u Multiple riser or zone systems – Provide a means to 
balance flow rate thru each riser or zone. If pump is 
variable flow, provide self-actuating thermostatic 
balancing valves on each riser. 



Temperature Maintenance

Heat Trace System Controls
u Configure controls to monitor domestic 

hot water temp in the piping system 
and automatically adjust energy input 
to the heat tracing to maintain the 
design hot water temp.

u Controls shall automatically turn off 
heat tracing when there is no hot 
water demand.

u System shall comply with IEEE 515.5

C404.7.2



C404.6/C407.3.1

SWH Piping Insulation

u Supply piping from SWH appliances to plumbing fixtures shall be insulated per Table C403.10.3.

u Piping insulation shall be continuous including through hangers and supports.

u Hot water piping that is part of the final pipe run to a plumbing fixture and is not part of the 
heated-water circulation system, is not required to be insulated.

u Heated water circulation systems - Insulation on the supply & return piping shall be at least 1.0 
inch thicker than required per Table C403.10.3.



C404.3.1

u Two Available Methods

o Maximum allowable pipe length

o Maximum allowable pipe volume

u UPDATED - Allowed length for hot 
water supply runouts to public 
lavatory faucets has increased to     
8 lineal feet for 1/2” and 5/8” piping.

Efficient Supply Piping Methods



Demand Responsive Controls



C404.14

u Required for electric resistance tank-type 
water heaters with rated storage volume 
between 40 and 120 gallons and 
nameplate input rating ≤ 12kW.

u Requires a Demand Response (DR) 
communication port.

u Provides a future opportunity for electric 
service providers to reduce peak system 
demand and keep energy rates low.

u Not required for water heaters that 
require 3-phase power.

u Other exceptions may apply

Demand Responsive 
Water Heating



Images courtesy of Ecotope Hot Water Forum

SWH System Alterations



C401.3
C404.2.1

C503.5

SWH System Alterations

New Systems and Equipment
u New SWH systems and equipment, and components of existing systems that are 

altered or replaced, shall comply as required for new construction.

u If the requirement to provide SWH capacity via HPWHs applies to the project, the 
alteration can include new fuel-fired and/or electric resistance equipment in lieu 
of HPWHs, provided the project complies via the fossil fuel pathway.

u  Fossil fuel pathway for a SWH alteration
o Alteration shall comply with the number of additional energy credits required 

for a building addition per Table C401.3.3.
o Only additional energy credits per Section C401.3.3 are required. The AEM 

credit requirements in Section C406.1 do not apply to alterations per Section 
C503.1.



C503.5

SWH System Alteration Exceptions

Equipment replacement projects that are exempt from C404.2.1 & C401.3
u Like-for-like replacement – Existing SWH appliance is replaced with a new 

appliance that is the same type, has the same or lower capacity, and the 
same or higher efficiency.

u Exempt appliances:
o Electric resistance water heaters with ≤ 12 kW input
o Gas storage water heaters with ≤ 75,000 Btu/h
o Gas instantaneous water heaters with ≤ 200,000 Btu/h and ≤ 2 gallons of 

tank storage
u Where existing building constraints make full compliance technically infeasible, 

as pre-approved by the code official. Includes existing available floor space, 
ceiling height, structural loading capacity and electrical service capacity.
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