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.ŜŦƻǊŜ ǿŜ .ŜƎƛƴΧ

During the Webinar

¸ Attendees will be muted

¸ Please use the chat feature in the 

control panel to submit questions to 

LDL staff

¸ The presenter will pause to address 

questions periodically.

¸ Please participate in the online polls.

Following the Webinar

¸ Please take the short survey

¸ A recording and the slide deck will be 

posted on LDLôs webpage

¸ Reach out to 

LightingDesignLab@seattle.gov with 

comments or questions.

mailto:LightingDesignLab@seattle.gov
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Powered by

Brought to you by:



Ben Roush, Principal, PE-ME, FPE, LEED AP BD+C,

ASHRAE BEMP & BEAP, Certified Commissioning Professional

Mechanical & FP Engineer

Board Chair Emeritus, USGBC-MD

AIA MD COTE Chair

Sustainable Mechanical Engineering

Energy Modeling and Auditing

130+ LEED Projects

2 Certified Living Buildings

9 current projects targeting Net Zero

Code Nerd
4
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Duane Jonlin, FAIA

Å 30 years as technical architect

Å 9 years as Energy Code guy

Å 4th generation Seattleite

We got this.
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LǘΩǎ ƴƻǘ whetherǿŜΩǊŜ ƎƻƛƴƎ ǘƻ Řƻ ǘƘƛǎΣ ƛǘΩǎ how

Seattle: Carbon-neutral 
building & vehicle 
operations by 2050 

ÅΧƻǊ ǎƻƻƴŜǊ ǿƛǘƘ 
Green New Deal?

Washington state: 
45% reduction in GHG 
emissions by 2030

Å95% reduction by 
2050

Washington state:      
70% less building 
energy use by 2030

ÅZero-carbon buildings

ÅGov says move faster
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Seattle amendments: 4 Guiding Principles

1. 9ƴǾŜƭƻǇŜǎ ƳŜŜǘ ƻǳǊ άнлрлέ ǎǘŀƴŘŀǊŘ
ÅWe have to decide what that 2050 standard is

2. bƻ άƛƴǘŜǊƴŀƭ ŎƻƳōǳǎǘƛƻƴ ōǳƛƭŘƛƴƎǎέ
ÅElectrical infrastructure for exceptions 

3. Efficient use of electricity
ÅTypically heat pumps for space heating & water heating

4. Increased on-site renewables
ÅOptions for off-site purchase

Åtƭǳǎ άǎƻƭŀǊ ǊŜŀŘƛƴŜǎǎέ ŦƻǊ ōƛƎƎŜǊ ŦǳǘǳǊŜ ǎȅǎǘŜƳ

New buildings must be capableofƳŜŜǘƛƴƎ {ŜŀǘǘƭŜΩǎ нлрл ǘŀǊƎŜǘǎΦ 

Today: 
HVAC

{ŜŀǘǘƭŜΥ άLƴǘŜƴǘέ ǎŜŎǘƛƻƴ 
ƴƻǿ ƛƴŎƭǳŘŜǎ άǊŜŘǳŎǘƛƻƴ 
ƻŦ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎέ 



Code Paths
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Seattle
Target Performance Path

(WA Appendix F)



Heat Pump 

Performance 

COP

Refrigeration cycle:
1kW in=3kWWork Out

Engineering Terms

Resistance: 
1kW in=1kWWork Out 9



Heat Pump Layout
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Heat Pump Layout, variable speed
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Heat Pump 

Performance,

Cold Temp Impacts 

(cheap version)

Engineering View, Limitations

Performance of typical 2-ton air-source heat pump
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Spokane Seattle OUTDOOR AIR TEMP (F̄)



Variable Speed Version

Engineering View, Less Limitations
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Spokane Seattle

OUTDOOR AIR TEMP WB (F̄)

F̄Spokane Seattle
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Start with the big slices
ÅSpace heating
ÅSystem efficiency

ÅHeat recovery

ÅEnvelope UA & air tightness

ÅCooling
ÅSystem efficiency

ÅFenestration size & shading

ÅLighting
ÅEfficiency

ÅControls

ÅWater heating
ÅSystem efficiency

ÅPlug loads

Today: 
HVAC
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COST-EFFECTIVENESS

New energy code provisions should be: 

ÅΧnecessaryŦƻǊ ƳŜŜǘƛƴƎ ǘƘŜ /ƛǘȅΩǎ ƎƻŀƭǎΧ

ÅΧŀƴŘ ascost-effectiveas possible for 
owners and tenants 
ÅCosts typically moderate after new code 
ōŜŎƻƳŜǎ άōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭΦέ



Engineering View, Cost
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Spokane Seattle OUTDOOR AIR TEMP WB (F̄)



Engineering View, Cost
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$  ?
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Seattle: Envelope U-value of PTAC/PTHP units

ÅConventional PTAC & PTHP units 
leak heat & leak air badly

ÅThrough-wall mech units assigned 
default U-value of 0.50

ÅUnless mfr has tested U-value

Å10x typical wall heat loss
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Air Barrier Testing

ÅTest standard reduced to 0.25 
cfm/sf of envelope

ÅPassing test now mandatory
ÅΧŀǘ ǘƘŜ ƻƭŘ ǎǘŘΥ 0.40cfm/sf

Q: Do your HVAC design calcs 
account for reduced leakage? 
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Iƻǿ ƛǎ I±!/ ǎŜŎǘƛƻƴ ƻǊƎŀƴƛȊŜŘΚ όLǘΩǎ ƴƻǘύ

C403.1.1 TSPR

C403.1.2 Load calculations

C403.1.3 Data centers

C403.1.4 Fossil fuel and electric 

resistance (Seattle)

C403.2 System design. (zone isolation, 

ventilation & exhaust, variable speed 

drives)

C403.3 Equipment selection & Tables

(sizing, performance, chillers, 

humidification)

C403.3.5 DOAS (occupancy table, 

energy recovery, decoupled supply air)

C403.3.6 Balanced ventilation for R-2

C403.3.7 Hydronic flow rate

C403.4 HVAC system controls

(thermostats, heat pump 

supplementary heat, deadband, 

vestibules, door switch tstat control

C403.4.3 Hydronic system controls 

(hydronic heat pump controls, dead 

band, heat rejection, isolation valves, 

part load controls, pump isolation, 

variable flow controls)

C403.4.9 Multifamily units

C403.4.11 DDC

C403.5 Economizers

C403.6 Multi-zone systems

C403.6.10 High-efficiency VAV 

systems(alternative to DOAS)

C403.7 Ventilation and exhaust(DCV, 

occ sensor, loading dock, garage)

C403.7.6 Energy recovery ventilation

C403.7.7 Exhaust systems(kitchen, 

laboratory)

C403.7.8 Shutoff dampers

C403.8 Fans and fan controls

C403.9 Heat rejection & heat recovery

C403.10 HVAC system construction

(ducts, pipes, insulation, sealing)

C403.11 Systems outside thermal 

envelope(radiant heaters, snow melt, 

freeze protection)

C403.12 High-efficiency single-zone 

VAV(alternative to DOAS)

C403.13 Commissioning

C403. 14 Compressed air & vacuum air

C403.15 Commercial food service



Flow Chart Moment!
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Largely unchanged 
mechanical efficiencies

Mechanical Controls

DOAS Clarifications

Total System 
Performance Ratio

C407 changes

Mechanical Changes

22
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Data Center Cooling Efficiency C403.1.3

ÅWA: ASHRAE 90.4 ς2016, 
with modified MLC values

ÅSeattle: ASHRAE 90.4 ς2019, 
no modifications

Å2019 version is much better 
ςseparate values for large 
and small data centers



90.4 Basics
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ÅSections 6 and 8

exceeding 20 watts

or equal to 20 watts

less than



Heating + Cooling Loads

Carbon Emissions
TSPR=
(annual)

TSPR: Total System 

Performance Ratio
Office, Retail, Library, Education

Seattle adds multifamily 

and medical office

TSPR evaluates HVAC 

efficiency by comparing:

Årequired annual heating 

& cooling, to

Åcarbon emissions due to 

heating & cooling

Free online calculation tool 

from PNNL



TSPR, guesses on outcomes
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Equivalent Electric to Gas:

ÅElectric in Thermsis 20.5 lb/Therm

ÅGas in kWHis 0.40 lb/kWh

ÅHeat Pumps

TSPR, guesses on outcomes
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TSPR, guesses on outcomes
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Engineering View, CO2
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Engineering View, Future CO2
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Washington Senate 
Bill 5116 (2019-2020) 
established goals of 
carbon neutrality in 2030 
and carbon-free by 2045



Engineering View, Future CO2
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WA: DOAS scope expansion

ÅOffice, education, retail, library

Åbƻǿ ǊŜǉǳƛǊŜŘ ŦƻǊ άassemblyέ 
(auditorium, conference, etc.)

ÅRemoved some exceptions:
ÅNo double-dipping with C406

Å5ƻƴΩǘ ƎŜǘ ŜȄǘǊŀ ƎƭŀȊƛƴƎ ŀǊŜŀ

ÅNo economizer exemption 
Åif equipment is outside, or if mech 

room is next to exterior wall

Å{ŜŀǘǘƭŜΥ ά!ŎŎŜǎǎƻǊȅ hŎŎǳǇŀƴŎƛŜǎέ 
exempted

Dedicated Outdoor Air System:   
±Ŝƴǘƛƭŀǘƛƻƴ ƛǎ άŘŜŎƻǳǇƭŜŘέ ŦǊƻƳ 
heating & cooling, has energy 
recovery
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OCCUPANCY CLASSIFICATIONS REQUIRING DOAS
TABLE C403.3.5

Occupancy 

Classificationa
Inclusions Exempted

A-1
All occupancies not specifically 

exempted
Television and radio studios

A-2 Casinos (gaming area) All other A-2 occupancies 

A-3

Lecture halls, community halls, 

exhibition halls, gymnasiums, 

courtrooms, libraries, places of 

religious worship

All other A-3 occupancies

A-4, A-5 All occupancies excluded

B
All occupancies not specifically 

exempted

Food processing establishments including commercial 

kitchens, restaurants, cafeterias; laboratories for testing 

and research; data processing facilities and telephone 

exchanges; air traffic control towers; animal hospitals, 

kennels, pounds; ambulatory care facilities.

F, H, I, R, S, U All occupancies excluded

E, M All occupancies included
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Large Concert Halls

Small Lecture Rooms

Gymnasiums

Places of Religious Worship

Special Assembly Occupancies

34
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DOAS & Economizers

ÅEconomizer now required for DOAS if cooling equipment is outdoors 
or in a space with an exterior wall or roof.
ÅException only applies if chiller is buried in some interior room

C403.5 Economizers. Air economizers shall be provided on all new cooling systems including those 

serving computer server rooms, electronic equipment, radio equipment, and telephone switchgear. 

Economizers shall comply with Sections C403.5.1 through C403.5.5.

Exception: Economizers are not required for the systems listed below:

1. Cooling systems not installed outdoors nor in a mechanical room adjacent to outdoors and 

installed in conjunction with DOAS complying with Section C403.3.5 and serving only spaces with 

year-round cooling loads from lights and equipment of less than 5 watts per square foot.
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DOAS & DCV & Energy Recovery 

ÅWA: Nospaces with DOAS and DCV 
need energy recovery 

ÅSeattle: Spaces over 650 sf with DOAS & 
DCV do need energy recovery

ÅSeattleΥ {ǇŀŎŜǎ ƻǾŜǊ рлл ǎŦ ǿƛǘƘ мр ƻŎŎΩǎ 
per 1000 sf need DCV
ÅMostly just adds retail (exempts dorms)

ÅSeattle: increase ERV effectiveness to 
60%



DOAS, demystified
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DOAS, demystified
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DOAS, demystified, ERV/HRV
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Exhaust Air



DOAS, ERV, and economizer
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Effectiveness and Efficiency
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Effectiveness (Energy)

42
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Break Time!
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New 
Table

Heat Pumps & 
Heat Recovery 
Chillers

From ASHRAE 
90.1-2019

But, no AHRI 
ratings yet.

See C403.3.2 
for more info
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ά.ŀƭŀƴŎŜŘ ǾŜƴǘƛƭŀǘƛƻƴέ ŦƻǊ w-2 dwelling units

R-2 dwelling & sleeping units

ÅDeliver ventilation air directly to 
ŜŀŎƘ άƘŀōƛǘŀōƭŜ ǎǇŀŎŜέ
ÅLiving room, bedrooms

ÅTrickle vents & bathroom exhaust 
ŘƻŜǎƴΩǘ ǿƻǊƪ ŀƴȅƳƻǊŜ

ÅHeat recovery required
Åw/ 60% sensible heat recovery 

effectiveness

ÅάLƴŦƻǊƳŀǘƛǾŜ ƴƻǘŜέ ŀōƻǳǘ Ƙƻǿ ǘƻ 
determine sensible heat recovery 
effectiveness from HVI publication



ERV and HRV

Cost impacts

Energy impacts

DOAS, Balanced R-2
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FsiŎǊƛǘƛǉǳŜǎ 5ǳŀƴŜΩǎ ƛŘŜŀǎ

ÅIndividual HRVs in apartments?
ÅRemember you still need to clean each filter 

twice a year

ÅRooftop units with vertical shafts?
ÅEats up some rentable floor area

ÅFloor-by-floor HRVs?
ÅEach serving 6 ς8 units

ÅDucts running above bathrooms

Å{ƻ ȅƻǳ ŘƻƴΩǘ ƴŜŜŘ ŦƛǊŜ ŘŀƳǇŜǊǎ

ÅBut is there a noise/privacy problem?
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Seattle: Space heating

No electric resistance or fossil fuel 
combustion for space heating 

Å¦ǎǳŀƭƭȅ ƳŜŀƴǎ άǳǎŜ ƘŜŀǘ ǇǳƳǇǎέ

Exceptionsallow electric resistance heatfor:

1. Permits applied for prior to 6/1/2021

2. Dwelling units: Max 500600750 W per 
habitable room 
Å1000 W for corner room

3. Other space types: Max 2.5 W/sf total 
installed heating ό¢ƘŜ άtŀǎǎƛǾŜ IƻǳǎŜέ ǊǳƭŜύ

4. Heat pump auxiliary heatin cold weather

5. .ǳƛƭŘƛƴƎǎ ǎƳŀƭƭŜǊ ǘƘŀƴ нΣрлл ǎŦΧ

Heat pumps squeeze warmth out of cold air
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C403.1.4 (space heating) More Exceptions

9. Ground-source HP

10.Small systems

11.Specific conditions

12.Kitchen exhaust

13.District energy

14.Heat tape

15.Temporary systems

16.Emergency generators

17.Pasteurization cycle

5. Air-to-air heat pumps
1. Compressor is first stage of heat down to 

17°F , capacity is 2X elecresistance

6. Air-to-water HP <2,000 MBH
1. Compressor is first stage of heat down to 

17°F , capacity is 2Xelecresistance

7. Air-to-water HP <3,000 MBH
1. Compressor is first stage of heat down to 

17°F , capacity is 1.75X elecresistance

8. Air-to-water HP >3,000 MBH
1. Compressor is first stage of heat down to 

17°F , capacity is 1.5X elecresistance



Airsidesystems we can use

No electric resistance or gas heat (Seattle)
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Watersidesystems we can use

No electric resistance or gas heat (Seattle)
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Simultaneous heating/cooling 
C403.4.1

ÅLƴ άǘƘŜǊƳƻǎǘŀǘƛŎ ŎƻƴǘǊƻƭέ ǎŜŎǘƛƻƴ

Å̧ ƻǳ ŎŀƴΩǘ ƘŀǾŜ ƘŜŀǘƛƴƎ ƛƴ ǘƘŜ ǇŜǊƛƳŜǘŜǊ 
zone with cooling in the interior zone of 
the same space at the same time.

ÅDuh-oh!

ÅYou canhave one zone in heating or 
cooling while the other is neutral

ÅSeattle has clearer language for what 
ŎƻƴǎǘƛǘǳǘŜǎ άǘƘŜ ǎŀƳŜ ǎǇŀŎŜέΥ

ÅPermanent opening between areas bigger 
than 10% of either floor area



Simultaneous Heating and Cooling
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ÅDCV (already mentioned)

ÅOccupancy Sensors

ÅVentilation heating control

ÅGarage Ventilation 

ÅEnergy Recovery Ventilation

ÅKitchen Hoods

ÅLabs

ÅBuilding Isolation Dampers

53

C403.7, Ventilation and Exhaust Systems



C403.7, Ventilation and Exhaust Systems
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Fans: FEG vs. FEI C403.8.3

ÅFEG ςFan efficiency grade ςbeing phased out

ÅFEI ςFan energy index ςnew standard

ÅStill FEG in WA code

ÅSeattle allows FEI as an alternate (exception 8):

8. ñFans and fan arrays having a fan energy index (FEI) of not less than 
1.00, or 0.95 for VAV systems, at the design point of operation, as 
determined in accordance with AMCA 208 by an approved, independent 
testing laboratory and labeled by the manufacturer. The FEI for fan 
arrays shall be calculated in accordance with AMCA 208 Annex C.ò

ÅALSO: Table C403.8.4 ïerrors in WA code, fixed in Seattle code
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Heat Recovery C403.9.2

ÅHeat recovery required for service water heating in 
buildings (like hospitals) with:
Å24/7 operations

Å1.5 MBTUH total heat capacity of water-cooled systems

Å250 kBTUHservice water heating load

ÅSteam: condensate water recovery required
ÅOr condensate heat recovery for off-site steam with no return

ÅRefrigeration condenser heat recovery (like groceries)
Å500 kBTUHremote refrigeration condensers

ÅUse heat for service water, space heating, or dehumidification

ÅŀƴŘΧ
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Heat recovery for space heating C403.9.2.4

ÅWater-source condenser heat recovery system required if:
ÅOperating hours over 70 hours per week

ÅHeat rejection equip capacity over 1.5 MBTUH

ÅMin 0.45 cfm/sf airflow in zones with reheat

ÅEXCEPTION: DOAS ςdedicated outdoor air systems

Å90% of heating from heat recovery chiller or water-to-water heat pump, 
rejecting heat from cooling loop to heating loop as first stage of heating

ÅHeat recovery from 90% of exhaust airflow
ÅLeaving exhaust air temp max 55F in full heat recovery mode

ÅProcess heat recovery (like data center or computer room) over 5 W/sf
ÅCooling loops must be served by water-cooled equip & heat recovery 

ÅEconomizer override required



Heat Recovery Engineering Notes
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?
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Heating 
the great 
outdoors 
C403.11

ÅhǳǘŘƻƻǊ ƘŜŀǘ Ƴǳǎǘ ōŜ άǊŀŘƛŀƴǘέ όōǳǘ ƴƻ ƻƴŜ ǊŜƎǳƭŀǘŜǎ ǇƻǊǘŀōƭŜ ŘŜǾƛŎŜǎύ

Å{ŜŀǘǘƭŜ ŀŘŘǎ άΧƻǊ ƛƴ ǳƴƘŜŀǘŜŘ ǎǇŀŎŜǎέ όǊŜǇŀƛǊ ƎŀǊŀƎŜΣ ŘŜǎƪ ŀǘ ǿŀǊŜƘƻǳǎŜΧύ

ÅAuto-off by timer or occ sensor 

Å{ŜŀǘǘƭŜ ŀŘŘǎ άΧƛƴ ǘƘŜ ŀǊŜŀ ƘŜŀǘŜŘ ōȅ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭ ŘŜǾƛŎŜ ŦƻǊ ŀ ǇŜǊƛƻŘ ƴƻǘ ǘƻ ŜȄŎŜŜŘ 
нл ƳƛƴǳǘŜǎΦέ

Å¢ƘŜǊŜ ƛǎ ƴƻ ǎǳŎƘ ǘƘƛƴƎ ŀǎ άǎǇŀŎŜ ƘŜŀǘƛƴƎ ŦƻǊ ŦǊŜŜȊŜ ǇǊƻǘŜŎǘƛƻƴέ ƛƴ ŎƻŘŜΗ
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Fireplaces & fire pits C403.4.7.1

ÅManual on

ÅAuto-off with 1-hour timer, or

ÅAuto-off with 15-minute occ sensor
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Å²!Υ bƻǿ ŀ άǇƻƛƴǘǎ-ōŀǎŜŘέ ǘŀōƭŜ
Å2 (old) credits = 6 (new) credits

ÅWA: 6 credits required
Å3 credits for low-energy occupancies

C406 Efficiency Package Credits 

ÅSeattle: Require 8 credits 
ÅInstead of 6

Å{ŜŀǘǘƭŜΥ Dŀǎ ŜǉǳƛǇ ŘƻŜǎƴΩǘ ǉǳŀƭƛŦȅ

ÅIntegrated design team advised!

R1 R2 B E M Other

1. More efficient HVAC performance in 
accordance with Section C406.2 2.0 3.0 3.0 2.0 1.0 2.0

2. Reduced lighting power: Option 1 in 
accordance with Section C406.3.1 1.0 1.0 2.0 2.0 3.0 2.0

3. Reduced lighting power: Option 2 in 
accordance with Section C406.3.2a 2.0 3.0 4.0 4.0 6.0 4.0
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TABLE C406.1
Partial credit for standard DOAS in R-1 & R-2

Code Section

Commercial Building Occupancy

Group R-1 Group R-2 Group B Group E Group M All Other

Additional Efficiency Credits

6. Dedicated outdoor air system in 
accordance with Section C406.6b 4.0

((4.0))

2.0d
4.0 NA NA 4.0

7. High performance dedicated 
outdoor air system in accordance 
with Section C406.7

4.0 4.0 4.0 4.0 4.0 4.0

8. High-efficiency service water 
heating in accordance with 
Sections C406.8.1 and C406.8.2

4.0

NA after 
1/1/2022

5.0

NA after 
1/1/2022

NA NA NA 8.0

9. High performance service water 
heating in ((multi-family)) R-1 and 
R-2 buildings in accordance with 
Section C406.9

7.0 prior to 
1/1/2022 

5.0 after 
1/1/2022

8.0 prior to 
1/1/2022 

5.0 after 
1/1/2022

NA NA NA NA
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High-Performance HVAC option C406.2

Å90% of HVAC capacity

ÅMust be equipment listed in the 13 tables

ÅSeattle: No gas-fired equipment can get 
credit

Å15% better efficiency than table value
ÅWeighted average efficiency OK, but all 

equipment must be min 5% better than table

ÅWA exempts air-to-water heat pumps and 
heat recovery chillers, but not Seattle 
ÅBecause we have the new table

ÅWA exempts large boilers, but not Seattle



C406.2Engineering Notes
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HVAC C406 credit for tenant spaces C406.1.1.2

ÅWhere shell & core permit includes C406.2 (HVAC) credit, tenant 
spaces also qualify if they connect to building HVAC system.

ÅTenant space can also qualify for HVAC credit independently

C406.1.1.2 Applicable HVAC and service water heating credits. Where HVAC and 
service water heating systems and services are installed and comply with Section C406.2 or 
C406.8 under an initial tenant improvement permit, those systems and services shall be 
considered a part of the tenant space. Tenant spaces qualify for the credits assigned to 
the occupancy type of the tenant space in accordance with Table C406.1 if the tenant 
space includes the distribution system and equipment that the central HVAC systems 
or service water heating systems were designed to support.

Exception: Previously occupied tenant spaces in existing buildings that comply with this 
code in accordance with Section C501.

ÅSeattle: Initial TI permit can use S&C permit code edition within 18 months of C/O



C406Engineering Notes
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Seattle: No C406 credits for fossil fuel equipment

ÅC406.6 Dedicated outdoor air system (DOAS).Not less than 90 percent of the 
total conditioned floor area of the whole building, building additionor tenant 
space, excluding floor area of unoccupied spaces that do not require ventilation 
per the International Mechanical Code, shall be served by DOAS installed in 
accordance with Section C403.3.5. This option is not available to buildings 
subject to the prescriptive requirements of Section C403.3.5. NoHVAC systems 
incorporating fossil fuel-fired equipment, or heat from district energy systems 
that are primarily heated by fossil fuel combustion, are permitted to utilize 
this credit.

ÅSamefor:

ÅC406.1 HVAC system selection

ÅC406.7 High-performance DOAS

ÅC406.8 Service water heating



C406 Credits, Popularity Contest

1.03.0

1.0 1.0 2.0 2.0

4.04.0 4.0

3.03.03.03.0 3.0 3.0

1.0

4.0 4.0

4.0 4.0

4.0

4.0

1.0 2.0 1.0
5.0 

(Group A-
2 Only)

5.0

1.0 1.0 1.0

3.0 3.0 3.0 4.0

4.0 5.0

7.0 8.0

4.0

4.0 4.0

8.0

68
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WA ςModeling: Appendix G & carbon metric

ÅSwitch to ASHRAE Appendix G method
ÅAllowable emissions compared to a 2004 ASHRAE baseline

ÅSee table below

Å{ǿƛǘŎƘ ŦǊƻƳ άǎƛǘŜ ŜƴŜǊƎȅέ ǘƻ άŎŀǊōƻƴέ ƳŜǘǊƛŎ
ÅAdvantages heat pump, disadvantages electric resistance

ÅCarbon content of electricity = 0.70#/kwh
Å0.80#/kwh for low-ǊƛǎŜ άǊŜǎƛŘŜƴǘƛŀƭ ōǳƛƭŘƛƴƎǎέ

Building Area Type Multi 
family

Health 
care

Hotel Office Rest. Retail School Ware
house

Others

BPF ςBuilding 
Performance Factor

0.56 0.54 0.64 0.54 0.70 0.47 0.36  0.48  0.54  
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Energy Modeling ςwhole new system
ÅBPF (Building Performance Factor)
ÅPercent lower carbon emissions than 

2004 ASHRAE 90.1 

ÅSeattle: 10% lower than WA code
ÅTo align with more stringent 

prescriptive Seattle Energy Code

SEATTLE 10% lower

Building Area 
Type

Multi 
family

Health 
care

Hotel Office Rest. Retail School Ware
house

Others

Building 
Performance 
Factor

0.56 
0.50

0.54 
0.49

0.64 
0.58

0.54 
0.49

0.73
0.66

0.47 
0.42

0.36 
0.32

0.48
0.43

0.54 
0.49


