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Please download and install the f~

slido Slido app on all computers you use Y\ o]

Join at slido.com
#3596575

Start presenting to display the joining instructions on this slide.



Webinar Procedures

AAII attendees are on mute

ﬁeubmit guestions at any time

Al'he webinar is being recorded

APIease take the afterclass

survey!

(1)
(L)

Look for the Questions
icon in the top menu bar

Chat icon o disabled
except for admin

Join at slido.com
#3596575 passcode: cnn08n




What I s This oLighting De:

ﬁeeattle City Light's go-to resource for lighting
and lighting controls since 1989 6 30+ years

AEormed by BPA and NW utilities to il
education needs for the transforming market

ﬁNow expanded to include resources that
support whole buildings

ﬁBeing rebranded!
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Join at slido.com
#3596575 passcode: cnn08n
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Please download and install the f~

slido Slido app on all computers you use Y\ o]

What's your job title?

Start presenting to display the poll results on this slide.



Please download and install the f~

slido Slido app on all computers you use Y\ o]

Where do you do most of
your work?

Start presenting to display the poll results on this slide.



Upcoming Events

Dondot Be Burned by Boiler Decar TueAprill 10:00-11:00 a.m.
2021 WA & Seattle Commercial Energy CodesWater Heating  Thu April 17  10:00-11:30 a.m.

open

o 2021 WA & Seattle Commercial Energy CodesAlterations Thu May 15 10:00-11:30 a.m.

Day

Seattle City Light Trade Ally Office Hours Fri Mar 21 9:00 a.m.

Stay up-to-date at LightingDesignLab.com and by subscribing to our newsletter.



http://../Marketing/Templates/LightingDesignLab.com
https://lp.constantcontactpages.com/su/DEVelVm

Seattle City Light
Lighting Design Lab
March 2025



Ben RoOuUS#rincipal, PRE, FPE, LEED AP BD+C,

ASHRAE BEMP & BEAP, Certified Commissioning Professional,
Certified Energy Plans Examiner, Fire Plans Examiner

ENGINEERS

Mechanical & FP Engineer
Board Chair Emeritus, USGHO

USGBC E&A TAG Vice Chair (yay v5! Go votef
AIA MD COTE Chair
Sustainable Mechanical Engineering

Energy Modeling and Auditing

150+ LEED Projects

2 Certified Living Buildings

11 current projects targeting Net Zero

Code Nerd n
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Washington state Washington state Seattle Carbonneutral

70% less building 45% reduction in GHG  building & vehicle

energy use by 2030 emissions by 2030 operations by 2050
AZerocarbon buildings A95% reduction by AX2NJ 422y SN ¢4
AGov says move faster 2050 Green New Deal?

Seattle Department of (ﬂﬁ
Construction & Inspections  \




Seattle amendments: 4 Guiding Principles

1. 9y@5f2LJSa YSSUO 2dzNJ auHnpné aiol yl

b2 GAYUIGSNYI f

A Electrical infrastructure for exceptions
3. Efficient use of electricity

GA2Y O0dzAf RA

4. Increased orsite renewables SIFGdftSY aLlydsSyidsé
A Options for offsite purchase yOf dzZRS& a ) : R dzf)g A
At fdza aaz2thrk NI NBIRAYSaaE bNNTS 3 ¥ 3 8 NA Al BNE2 &

Seattle Department of (ﬁﬁ
Construction & Inspections  \§



What belongs on our HVAC Top 10 list?

Commissioning
Metering

Heating type
TSPR

DOAS
Economizers
Energy Recovery
Controls

. DDC

10.C406 options

© 0N O DR

+ Special Occupanciesl

QK Seattle Department of R‘

' Construction & Inspections \J|})Y

ACommercial kitchen
AData center cooling
ARefrigerated spaces
AMultifamily

A Garage/loading dock
AOQutdoor café

ALab exhaust

AHotel guest room
AGrocery




Code Paths

—

Prescriptive
Path

C401
General Provisions

Total Building
Performance Path

Seattle
Target Performance Path




Engineering Terms

Heat Pump

Performance
COP

Resistance:
1kW inAAkWWork Out

Liquid Line

6 N 5
Expansion Device

T Evaporator
" (Indoors)

Vapor Line
-

Compressor

Refrigeration cycle:

1kW in8kWWork Out



Heat Pump Layout fsi




eat Pump Layout, variable speed fsi




Engineering View, Limitations fsi

Performance of typical-Bon air-source heat pump

40,000 - - 5.60

leat Pump
Performance, .
Cold Temp Impacts ~ ™
(cheap version) 3

5,000 -

| T T | T T T T - 0.60
-10 0 10 20 30 40 50 60 70
Spokane OUTDOOR AIR TEMEY)

0




Engineering View, Less Limitations fsi
Variable Speed Version

The Effects of Outside Temperature and
Indoor Temperature on Delivered Heating Capacity
for Daikin VRV AURORA Series RELQ96TAYCU with

Vapor Injection vs. Daikin VRV Standard Series REYQ96TYDN Daikin VRV Standard Series REYQ132TYDN 16 Ton HR COP Curves

] | 5.00
> " . 4.50
: -. - R .. L i B B o I I I '
Qo o G e e
21 |
'. saadas JOFIndoor 3.50 !
sS4 ~ yAssrors Bystem) U T T UL NS ———— BN - AHRI/
-- sswdass /5°FIndoor Q 300 : ASHRAE %0
1 . / [Aurora System) © 280 v : Minimum
. 2.50 /‘ : :
- | = 70°F Indoor H i
n [Standard System)| P ) S —— _____________ = AHRI/ i
- = = 75°F Indoor : ASHRAE 90.1 ' — ATKIM
7 [Standard System) 1.50 ! Minimum i
T T T T T 1 1.00 r : — . . .
20 40 47 50 &0 70
-25.0 -10.0 5.0 20.0 35.0 50.0 DB

OUTDOOR AIR TEMP WB)(




Engineering View, Cost fsi




Sea& WA Envelope Walue of PTAC/PTH482.1.3

AConventional PTAC & PTHP units
leak heat & leak air badly

AThroughwall mech units assigned
default value otJ-0.500

AUnlessamfr has tested Wvalue
A (wood framed wall i$J-0.051)

17.35in

( \ Seattle Department of
Construction & Inspections



Fenestration Hactors

2018 Code 2021 Code

U-factor WA SEA WA & SEA

| Site-built operable
i i
rSite=built fixed —
I |

LPunched operi;ing operable

(”’ \ Seattle Department of
\ Construction & Inspections




HighPerformance tFactors

2018 Code 2021 Code

U-factor WA SEA WA & SEA  High-Perf

! |
 Site-built openable

nmn

(” N Seattle Department of
\ Construction & Inspections




WA &Seattle Air Barrier Testing
Q: Do your HVAC design calcsasgLinl..0 cfm leakage?

dtrsuf S

APassing test nO\mandator 0 2
AX | @125cfm/sf

Seattle Department of @IE 23
Construction & Inspections
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C403.1.1 TSPR C403.4.3 Hydronic system controls C403.7.7 Exhaust systenfld@tchen,
C403.1.2 Load calculations (hydronic heat pump controls, dead  |aboratory)
C403.1.3 Data centers band, heat rejection, isolation valves, C403.7.8 Shutoff dampers

C403.1.4 Fossil fuel and electric

) art load controls, pump isolation,
resistance P pump C403.8 Fans and fan controls

C403.2 System design. (zone isolation\gzrgbf Jliﬂw controls) C403.9 Heat rejection & heat recovery
ventilation & exhaust, variable speed -4.9 Multitamily units C403.10 HVAC system construction
drives) C403.4.11 DDC (ducts, pipes, insulation, sealing)
C403.3 Equipment selection & Tables C403.5 Economizers C403.11 Systems outside thermal
(sizing, performance, chillers, C403.6 Multizone systems envelope(radiant heaters, snow melt,
humidification) C403.6.10 Higlefficiency VAV freeze protection)

C403.3.5 DOA@®ccupancy table, systems(alternative to DOAS) C403.12 Higlefficiency singlezone
energy recovery, decoupled supply ainc403.7 Ventilation and exhau$bCV,  vAV(alternative to DOAS)

€403.3.7 Hydronic flow rate occ sensor, loading dock, garage) C403.13 Dehumidificatioin grow op

C403.4 HVAC system controls
(thermostats, heat pump
supplementary heatgdeadband
vestibules, door switch)

C403.7.6 Energy recovery ventilation C403. 14 Commissioning
C403.7.6.1 Balanced ventilatidior C403.15 Clean water pumps
R-2

Seattle Department of (ﬂﬁ
Construction & Inspections  \§



Flow Chart Moment!

C401
| General Provisions
Prescriptive Total Building
Path Performance Path
| I
C402, C403, C404, C405, C406, Ca07

C408, C409, C410, C411

A-1,A-2,A-3,B,E,M I A-4,A-5,B,F,H,|,R,S, U

Occupancies

Design exempt from
C403.3.5 (DOAS)

No J— Yes

DOAS and TSPR
not required

Design exempt from
C403.1.1 (TSPR)

No J— Yes

| |
DOAS and TSPR TSPR
required not required

Occupancies

DOAS and TSPR
not required

Outcome-Based
Energy Budget

Appendix F
C408, C409, C410, C411

DOAS = Dedicated Outdoor Air System

TSPR=Total System Performance Ratio




Mechanical Changes

Largely unchangec,

mec
Mec

n efficiencies

nanical Contro

DOAS Clarification

Total System
Performance Ratio

C407 changes

fsi

Table C403.4.11.1

DDC Applications and Qualifications

Building
Status Application Qualifications
New
building X : - X :
= Air-handling system and all zones served | Individual systems supplying more than three zones and with

by the system fan system bhp of 10 hp and larger
Chilled-water plant and all coils and Individual plants supplying more than three zones and with
terminal units served by the system design cooling capacity of 300,000 Btu'h and larger
Hot-water plant and all coils and terminal | Individual plants supplying more than three zones and with
umts served by the system design heating capacity of 300,000 Btwh and larger

Alteration Zone terminal unit such as VAV box Where existing zones served by the same air-handling, chilled-

or addition water, or hot-water system have DDC

Aur-handling system or fan coil

Where existing air-handling system(s) and fan coil(s) served by
the same chilled- or hot-water plant have DDC

New air-handling system and all new
zones served by the system

Individual systems with fan system bhp of 10 hp and larger and
supplymg more than three zones and more than 75 percent of
ZOnes are new

New or upgraded chilled-water plant

Where all chillers are new and plant design cooling capacity 1s
300,000 Btwh and larger

New or upgraded hot-water plant

Where all boilers are new and plant design heating capacity 13

300,000 Btw'h and larger



Data Center Cooling Efficiengys.i.s

AWA & Seattle: ASHRAE 90.-
¢ 2022 no modifications

A90.4, Section 6 & 8

( N Seattle Department of 27
9|])) Construction & Inspections




90.4 Basics fsi

ASections 6 and 8

DATA CENTER. A room or series of rooms that share Data Center Systems whose primary function is to
house equipment for the processing and storage of electronic data, which has a design total information

technology equipment (ITE) equipment power density exceeding 20 watts per square foot of conditioned
area and a total design ITE equipment load greater than 10 kW.

COMPUTER ROOM. A room whose primary function is to house equipment for the processing and storage of
electronic data and that has a design total information technology equipment (ITE) equipment |ess than

or equal to 20 watts per square foot of conditioned area or a design /TE equipment load less than or
equal to 10 kW.




@E Seattle Department of W/

Construction & Inspections Pacific Northwest

NATIONAL LABORATORY

Proudly Operated by Baffelle Since 1965

TSP R Heating + Cooling Loads TSPR: Total System
(annual) Carbon Emissions Performance Ratio

Office, Medical office, Retall,
Library, Education, Multifamily

emisel

TSPR evaluates HVAC

efficiency by comparing:

A required annual heating
& cooling, to

A carbon emissions due to
heating & cooling

Free online calculation tool

from PNNL
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Clarifying TSPRtalg@ K I 0 Qa Ay <

Table C403.1.& Occupancy Classifications Requiring TSPR

Occupancy

... |Inclusions Excluded
Classification
A Library All other GroupA uses
B Office, medical office All other GroupB uses
E All occupancies included
M All occupancies included

Dwelling units and common |Groups Rl and R3 occupancies.
R areas within Group R2 areas|Sleeping units and associated

of buildings residential common areas in Group-:
FH, I,S, U All occupancies

, SeattleTepartmentor 30
Construction & Inspections




TSPR, outcomes from the real world

BUILDING ENERGY

U.S. DEPARTMENT OF

Energy Efficiency &

ASSG'IZ SCOI'e Release 2020.2.2.1390 ENERGY Reneweble Energy

A BUILDINGS ~  MANAGE -  HELP - A Help Desk & ~

Test Building 1 Q 4 @ Score Building

HVAC SYSTEMS

@ Disabled by the user selected option for Verified TSPR

© VRF systems and Plant Loops that serve HVAC
systems should be added before Air Handlers or Zone
Equipment

VRF CONDENSER UNITS +

ANO VRF systems have been added

PLANT LOOPS +

Plant Loop 1

|
Heating Loop f ‘
Plant Loop 1 Plant - Boiler, Natural Gas 89.3% Et
’

AIR HANDLERS

Air Handler 1

No Cooling

NA COP

Heating Loop: Plant Loop 1
89.3% Et

3 blocks, 10,000 ft?




Engineering View, Future CO2 fsi

CO2 OVER TIME

900
800
700

600 | J\(

500

400

300

200 T

100 \
0

2015 2020 2025 2030 2035 2040 2045 2050 2055

—=Natural Gas CO2 ==Natural gas Conventional Boiler =—=Natural gas Condensing Boiler

Electricity from Grid (Site) - Electricity with heat pump (COP=3) -
32




DOAS SCO[QE103.3.5)

A Office, education, retail, library,
assembly

Aad!l O0OSaaz2zNE hOOdzLJ
ASeattle: DOAS fan power 0.8 W/cfm

AS5h! { OFyYy &i0SYLINE
cool for dehumidificatiornfC403.7.3)

Heat Recovery

Exhaust A|r [

?}é‘a&}\p éé'é

| Outdoor Air

s%.QY LI

Zone- Level
. Heat|ng 1 Al e -
e I \

Exhaust
Air

Ventilation

Seattle Department of

Dedlcated Qutdoor Air System

+SYuAftlFO0A2Y Aa
heatlng & cooling, has energy
recovery

4

aR

Gy

Construction & Inspections  \§



Clarifying DOAStaltes KI 1 Qa Ay Z 6K
Table C403.3.5 Occupancy Classifications Requiring DOAS

Occupancy
Classification
A-1 All not exempted TV & radio studios

A-2 Casino gaming areas All other A2 uses (dining/drinking)

A-3 Lecture halls All other A-3 uses

A-4 & A5 All occupancies

Commercial kitchens, restaurants, lal
B All not exempted data centers, animal hospitals, kenne

pounds, ambulatory care facilities

Inclusions Exempted

=\ All occupancies included

FH, LR, S, L All occupancies

@B Seattle Department of 34

Construction & Inspections



Special Assembly Occupancies fsi

Large Concert Halls

Small Lecture Rooms
Gymnasiums

Places of Religious Worship




DCV RGQUired03.7.1.1

A Singlezone systems with economizer
ASpaceswesB08sh A 1 K mMp 200Qa
need DCV
A So, hcludes retail sales floors
A Exempts several small occupancy types

A Exception for dining rooms that use most of their
outdoor air for adjacent kitchen makeup air

AOEOSLIGAZY T2NJ adz2dlt ag
FANFEt26¢é £Saa GKFEY T1pnj
60% effective ERV)

AExceptonformuli 2y S a@aidsSy oA
200dzLI yi O2 YLI2y Sy 2 da
100 cfm (or 200 cfm with 60% effective ERV)

Seattle Department of (ﬂﬁ
Construction & Inspections  \§




DOAS & Economizetssss

AEconomizerequiredfor DOAS if cooling
equipment Is outdoors or in a space
adjacent to an exterior wall or roof.

AException 1b only applies if chiller is buried in
some interior space

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.

More Exceptionse

Seattle Department of
\ Construction & Inspections  \



DOAS, demystified fsi

A. Basic arrangement of a conventional all-air VAV system

———> Conventional s Conditioned

Outside Air —j

VAV System Building
Space

Return Air <




DOAS, demystified fsi

B. DOAS with separate conditioning of outdoor and return air

Outside Air s Outdoor Air s Conditioned
HVAC Unit Building
Space

Return Air ¢

[
N ndoor R

HVAC Unit




DOAS, demystified, ERV/HRV fsi

B. DOAS with separate conditioning of outdoor and return air

Outside Air s Outdoor Air s Conditioned
Exhaust Air HVAC Unit Building
Space

Return Air ¢

[
N ndoor R

HVAC Unit




fsi

and economizer

ERV

DOAS
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Effectiveness (Energy)
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G. Ftlyos

R -DEWing dnitsids A 2

R-2 dwelling & sleeping units

ADeliver ventilation air directly to
SFOK aKFoAUl of
A Living room, bedrooms
A Trickle vents & bathroom exhaust
R2Say Qi é2NJ | y¢
AHeat recovery required

A w/ 67% sensible heat recovery
effectiveness (60% in WA code)

AGLYF2NXYI GA DS y2u

determine sensible heat recovery
effectiveness from HVI publication

Seattle Department of
Construction & Inspections

Individual HRVs iapts?

Remember you still need to
S Zleadle@r@fifer twice a yes

Rooftop units?

Shafts eat up rentable floor a
e Y 2 Nb
Floorby-floor HRVs?

Each serving 6 8 units
Ducts running above bathrooms

Noise/privacy problem?,

44



aC2aaAif CdzSf [ 2YLIX Al

to resolve recent federal court rulimgC401.3

Gas heating & water heating OK,
If total bUIIdlng eﬁiCienCy Is same Energy use w/ HP heating & water heating 1
as heat pump building: :

Just add enough efficiency credits
to make up the difference

Energy use reductions
required using extra
C406 credits

( \ Seattle Department of
Construction & Inspections



Turns out It takes Bt of credits

Table C401.3.3
Additional Credjts Required

 \
Occupancy group| R-1 ] B All other
HVAC heating K4 ' 38 56
Service water 198
heating
Total credits 205

111
17 79 107

55 190 163

Because: Heating/water heating are huge
share of total energy use, and gas boilers
consume triple the energy of heat pumps

( \ Seattle Department of
Construction & Inspections



Seattle& WA Heat pump space heating_
X2N) dza8S aF2aaArf Fdz8t O2YLX Al

No electric resistance or fossil fuel
combustion for space heating AT Boaion)

. . . == X AT
Exceptionsallow electric resistance hedor: Ik et ioon O}
1 ot | SlI&ZAdZESS: MAkZD B/sf total (et ot e

installed heating

— METERING w METERING
2. Dwelling & sleeping unitgMax750 W & I[]l_,\

per habitable room
A 1000 Wror corner room CHECK VALVE EIEITEERR cszalEJgEE/ALVE WATER IN

A 250 W for room at exterior wall, but no windo\  Heat pumps squeeze warmth out of cold air
3. Buildings smaller than 2,500 sf

4. Heat pumpdefrost

SOURCE

N Seattle Department of
\ Construction & Inspections  \



C403.1.4 (space heating) More Exceptions

5. Air-to-air heat pumps 11. District energy

1. Compressor is first stage of heatdownto 12 Heat tape
17°F , capacity is 2ecresistance

6. Air-to-water heat pump

13. Temporary systems

1 All sizes 14. Pasteurization cycle
2. Auxiliary heat locked out down to 36 15. Freeze protection
1. Fossil fuel auxiliary OK in CZ 5 only 16. DOAS ERV auxiliary heat
3. Compressor is first stage of heat down to ' .
lowest design temp 17. Lowcarbon district energy
4. Capacity at 17 is min 75% of cap at 2 18 Essential facilities
/. Groundsource HP 19. Standby heating equipment
8. Small systems 20. Emergency generators
9. Specific conditions (dpproveq 21. Wastewater heat recovery pumps
10. Kitchen makeup air 22. Heating outside envelope.

Seattle Department of 48
Construction & Inspections




No electric resistance or gas heat (?) fsi

nnnnnnn

e e

Airsidesystems we can use




No electric resistance or gas heat (?) fsi

Watersidesystems we can use




Simultaneous heating/cool
C403.4.1

ALY GUOKSNX2ailuldAO 02yl
A 2dz OF y QU KI @S KSIFUAY
zone with cooling in the interior zone of
the same space at the same time.
A Duh-oh!

A Youcanhave one zone in heating or
cooling while the other is neutral

A Permanent opening between areas bigger
than 10% of either floor area constitute a
single space for this requirement

Seattle Department of (ﬂﬁ
Construction & Inspections  \
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C403.7, Ventilation and Exhaust Systems fsi

A DCV (already mentioned)
A Occupancy Sensors

A Ventilation heating control
A Garage Ventilation i
A Energy Recovery Ventilation [ -
A Kitchen Hoods
A Labs

A Building Isolation Dampers




Kitchen ventilation & exhaust fsi

TABLE C403.7.7.1.2
MAXIMUM NET EXHAUST FLOW RATE,
CFM PER LINEAR FOOT OF HOOD LENGTH

TYPE OF HOOD LIGHT-DUTY MEDIUM-DUTY HEAVY-DUTY EXTRA-HEAVY -
EQUIPMENT EQUIPMENT EQUIPMENT DUTY EQUIPMENT
Wall-mounted canopy 140 210 280 385
Single island 280 350 420 490
ggg?'e istand (per 175 210 280 385
Eyebrow 175 175 NA NA
Backshelf/Pass-over 210 210 280 NA

For Sl: 1 ¢fm =0.4719 L/s; 1 foot = 305 mm.
NA = Not Allowed




Heat Recoveryios.o.

ACondenser heat recovery requirdd heat service hot
water in buildings (like hospitals) with:
A 24/7 operations
A Min 1.5 MBTUH total heat rejection of wateooled systems
A Min 250kBTUHservice water heating load

A Steam condensate waterecoveryrequired
A Or condensatéieat recoveryor off-site steam with no return

ARefrigeration condenseheat recovery (like groceries)
A 500kBTUHemote refrigeration condensers
A Use heat for service water, space heating, or dehumidificati

Al Yy RX

Seattle Department of
Construction & Inspections



Heat recovery for space heaticgp.o.2.1

AHeat recovery from 90% efkhaust airflow
A Leaving exhaust air temp max 55F in full heat recovery mode

AProcess heatecovery (like data center or computer room) over 5 W/t

A Cooling loops must be served by wataoled equip & heat recovery
A Economizer override required

A90% of heating fronheat recovery chilleior water-to-water heat pump,
rejecting heat from cooling loop to heating loop as first stage of heating

AWater-sourcecondenser hearecovery system required if:
A Operating hours over 70 hours per week
A Heat rejection equip capacity over 1.5 MBTUH
A Min 0.45 cfm/sf airflow in zones with reheat
A EXCEPTION: DO2&:dicated outdoor air systems

Seattle Department of 56
Construction & Inspections




Heat Recovery Engineering Notes fsi




Break Time!




C406 Efficiency credits system
t A0l | ORRSE ovBIF dZNB A FNRY ¢

Table C406.1 Energy Measure Credit Requirements

Required Creditsfd | Ozcunancy Group
Projects Section Group RL Group R2 B\ Group E Group M All Other

New building C406.2 54 41 48 74 49
energy efficiency

credit requirement

Building additions [ e# e[~ 27 20 21 23 36 21
energy efficiency

credit requirement

NCWRNelhlepleel C406.3 12 15 15 13 26
management credit

requirement

tfdza af2FR Yy

K Seattle Department of

“alll¥ Construction & Inspections



Tab I e Occupancy Group

. Applicabl
Measure Title IS}:cttlf:n ¢ Group R- Group Group Group | Group M All
. 1 R-2 B E Other
1. Dwelling unit C406.2.1 NA 7 NA NA NA NA
. 2. Improved HVAC > C406.2.2.1 NA 8 11 0/ 17 22 NA
List all your TSPRE L
——
HVAGelated 3. Tmprove cooling | C406.2.2.2 @)s | @5 | @)1 | @ | @ns | @)8
eﬂ:lCIenCy credits . EEZIEM}T (@) ((3)) ((3) ((38)) (16)) ()
4. Improve heating | C406.2.2.3 2N 1 3) 1 )1 o)1 16)) 2 1
& Ioad mgmt efficiency
credits on HVAC 5. Improved low- C406.2.2.4 3 3 4 11 17 8
carbon district
set cover page energy system (10%
better)
6. Improved low- C406.2.2.5 9 10 12 33 52 24
carbon district
energy system (20%
otk p—
< 7. High performance™) C406.2.2.6 31 31 21 ( 39 40 21/
E}AS / (Group
A: 40
8. Fault detection & C406.2.2.7 2 2 2 6 9 4
diagnostics (FDD)

Seattle Department of 60
Construction & Inspections




C406 credit example:
Improved TSP&Ros.2.2.1

ATSPR 5% above code
AOr prorated up to 20% higher TSPR




Load management credits
Table C406.3

Occupancy Group

Group R1  Group Group Group Group  All
R-2 B E M Other

Applicable

Measure Title .
Section

1. Lighting load management C406.3.1 12 15 27 15 NA NA

C406.3.2 29 24 42 @ 13 26
C406.3.3 NA 7 12 16 NA  NA
C406.3.4 41 50 126 72 37 65
] TR I N7 T

6. Service hot water energy C406.3.6 31 248 59 8 5 70
storage
7. Building thermal mass C406.3.7 NA NA 50 95 96 80

k Seattle Department of
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C406TSPR CrediEngineering Notes fsi

TABLE C406.2 TABLE C406.2 - Continued
EFFICIENCY MEASURE CREDITS EFFICIENCY MEASURE CREDITS
. H
Acoticable Occupancy Group : Applicable Occupancy Group ;
. pplica ! Measure Title Grou Grou Grou Grou, :
Measure Title : Section P P P P '
Section | Group | Group | Group | Gro% | Groupm | Al Other | R1_|_R2 B g | SroupM | AllOther
i 20. Service hot water C406.2.8 13 42 MNA MNA NA MNA :
1.  Dwelling unit HVAC control | C406.2.1 NA 7 NA NA NA MNA ] distribution right sizing
I 1
2. Improved HVAC TSPR® C406.2.2.1 NA 8 11 17 22 MNA ] 21. High performance service C406.2.9 6 13 4 1 NA& 6 ]
3. Improve cooling and fan C406.2.2.2 2 2 3 4 3 2 hot waler temperature E
. maintenance system !
efficiency i
- - 22. High efficiency service hot | C406.2.10 3 6 2 1 NA 4 :
4. Improve heating efficiency | C406.2.2.3 2 3 3 10 16 | walter circulation ayetem 5
5. Improved low-carbon C406.2.2.4 3 3 4 11 17 8 5 23. Low flow residential C406.2.11 3 3 NA MA, NA NA !
district energy system ' showerheads i
(10% better) ! 24. Enhanced envelope C406.2.12 | 24 | 20 | 13 | 5 | 19 14
1
6. Improved low-carbon C406.2.2.5 9 10 12 33 52 24 . performance?
district energy system : 25 Base reduced air leakage? | C406.213.2 29 24 6 3 g 1
(20% better)® i 26. Enhanced reduced air C406.2133 | 53 44 1 5 16 20
7. High performance DOAS C406.2.26 kY K} 21 39 40 21/ Inakage? .
(A) 40° 27. Enhanced commercial C406.2.14 300 18" 18" agn aon o L
kitchen equipment ‘
8. Fault detection & C406.22.7 2 2 2 bl ;
diagnostics (FDD) 28. E.nhanced r_esnderlhﬂl C406.2.15 12 19 MNA MNA NA MNA :
kitchen equipment ]
8. 10% reduced lighting L400.2.2.1 : 4 8 20. Enhanced residential C406.2.16 NA 6 NA NA NA NA
power : laundry equipment 4
10. 20% reduced lighting C406.2.3.2 13 8 36 32 40 239 ; 30. Heat pump clothes dryers | C406.2.17 8 | s NA NA NA NA
power® : 31. Efficient elevator CADB.2.18 3 5 5 5 4 4
11. Lamp efficacy C406.2.3.3 I 5 & NA NA NA NA . equipment
improvement . . Projects using Item 2 shall not use Items 3 through 5.
| £ |
12. Residential lighting contral C406.241 l NA 8 NA MNA NA NA . b. Projects using C406.2.2.5 shall not use C406.2.2.4.
; 2.2, i its whi ithi “all other”
13. Enhanced lighting control C406.2.4.2 | ] 1 6 6 11 & : c. Fur.CJ!Dﬁ 2.2.6, cccupancy Group A achieves 40 credits while other occupancy groups within the "all other” category
y achieve 21 credits.
14. Renewable energy C406.2.5 7 12 13 | 13 ] 10 [ 11 } d. Projects using C406.2.3.2 shall not use C406.2.3.1,
15. Shower drain heat C406.2.6.1 g 30 NA 3 MNA NA ' & Service water heal recovery and heat pump waler heating are available in Group M only for grocery slores larger than
recovery | 10,000 ft?, Large mixed retail with full grocery and butcher sections shall achieve half the credits. This credit is not
] available where refrigeration recovery to heat service hot water is used to meet the requirements of Section
16. Service water heat C406.26.2 35 111 13 14 (Grocery) NA : C403.923.
recovery 41° H f.  Heat pump water heating efficiency credits are available in the "all other” category only for Group A-2.
17. Heat pump water heating C406.2.6.3 81 261 17 13 (Grocery) (A-2) g. Buildings or building areas that are exempt from the thermal envelope requirements in accordance with Sections
0 f C402.1.1 and C402.1.2, do not qualify for this package.
! h. Additional energy efficiency credits, up to the maximum shown in Table C406.2, shall be calculated according to
18. Heat trace system C406.2.71 6 13 4 1 NA 6 ; Section C406.2 11,
19. Point of use water heater | C40627.2 | NA S B 5 NA NA 63




HVAC C406 credit for tenant spaces..i.

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

A Tenant 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 syst demmstspaced qualify fonthec e s &
credits assigned to the occupancy type of the tenant space in accordance with Table

C406.2 if the tenant space includes the distribution system and equipment that the

central HVAC systems or service water heating systems were designed to support.

ASeattle: Initial Tl permit can use S&C permit code edition within 18 months of C/C

Seattle Department of (%
Construction & Inspections  \§




C406Engineering Notes




Seattle: No C406 credits for fossil fuel equipment

AC406.2.2.6 Higiperformance dedicated outdoor air

system (DOASNo less than 90 percent of the total
conditioned floor area of the whole project, excluding floor

area of unoccupied spaces that do not require ventilation as
specified by the International Mechanical Code, shall be
served by DOAS installed in accordance with Section C403.3.5
with the following adjustments:

A X

A .. .NOHVAC systems incorporating fossil fefaged
equipment, or heat from district energy systems that
are primarily heated by fossil fuel combustion, are
permitted to utilize this credit.

A Samefor C406.2.6 Service water heating

Seattle Department of (ﬂb
Construction & Inspections  \§



Total Building Performancex-

AvasS {1lw!9 dnodm ! LIISYRAE D dat SNF2N)I
wkidAy3d aSiK2RE

A. dzil dzZaAy3d aaAidS SYySNHé dzaSszé y20 SyS
Al VR dza8 {SIGGES aYlIyRIFG2NE YSI &dzNB & ¢
Al yQi 06S GGNYRSRE gl eée GKNRAdAK Y2RStAy3

A10% more stringent than WA code for:

A Multifamily
A Hotel

AUse DOE compliance forms
AEnergy modeler certification/experience

Seattle Department of 67
Construction & Inspections




Two flavors of site energy

. Table C407.3(2) Table C407.3(3)
Requlated site energy targetgyjging Performance Factors Site Energy Performance Targets

(subtract solar, add unregulated)

BuildingAreaType |Site Energy Perf
Target
Multifamily ((6-59)) 0.53
Health care/hospital
Hotel/motel ((6-62)) 0.56

A52SayQi O2 dzyestluding solar & unregulated)
renewables BuildingAreaType | Building Perf
Factor (BPF
A Or unregulated loads VI (BPF)
Ste energy perf target Mulitamiy | (@62)0.45
A Subtract renewables
A Add unregulated loads: ((-51)) 0.46
A Assume plu oads
5 o Androoss aads
vindow area &
window area & " T
. . . CcNnoo .
orientation, equipment S

thermal mass All others 0.43 All others
Construction & Inspections
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C407, Welcome to ASHRAE 90.1 fsi

2. Compliance with Section C407 requires meeting both a regulated site energy target and a total site energy
reduction target in accordance with the following:

1. Requlated site energy target] The regulated site energy target is focused on regulated load energy

emciency, thus shall be met only via regulated load savings without consideration of the contnbution
of on-site or off-site renewable energy or unregulated load savings. Adjustments to the PCI, to
account for the contrnbution of renewable energy found in ANSI/ASHRAE/IESMNA 90.1 Section 4.2.1.1
shall not be used. References to energy cost in Section 4.2.1.1 and Appendix G shall be replaced by
site energy use. Heating or cooling energy provided by a distnct energy system may utilize
coefficient of performance (COP) ratios acceptable to the code official for the respective district
energy sources. The building performance factors in Table 4.2.1.1 of ANSIFASHRAE/IESNA 90.1

shall be replaced with those in Table C407 .3(2).

2_ The total site energy performance target shall be met including the
contnibutions of on-sie or off-site renewable energy as described in Section C411.2 as well as the
contributions of improvements in unregulated loads as allowed by Section C407.3.4. The annual on-
site and off-site renewable energy production (as adjusted by the factors in Table C411.2.1) shall be
subtracted from the proposed building annual site energy use. Compliance with the site energy

performance target requires that the proposed building site energy use/baseline building site energy
use is less than or equal to the site energy performance target from Table C407.3(3).

A



C407, Welcome to ASHRAE 90.1 fsi

How hard Is this?




C407, Welcome to ASHRAE 90.1 fsi

Moist (A)

¢ 1A: Miami, Florida (very hot, humid)

e 1B: Riyadh, Sandi Arabia (very hot, dry)

e 2A: Houston, Texaz (hot, humid)

« !B: Phoenix, Arizona (hot, dry)

¢ 34 Memphis, Tennessee (warm, humid)

« 3B: El Paso, Texas (warm, dry)

e 3C: San Francisco, California (warm, marine)
¢ 4A: Baltimore, Maryland (mixed, humid)

e 4B: Albuguerque, New Mexico (mixed, dry)
s 4C: Salem, Oregon (mixed, marine)

e 5A: Chicago, Illinos (cool, humid)

= 5B: Boise, Idaho (cool, dry)

# 5C: Vancouver, B.C. Canada (cool, marine)
s 6A: Burlington Verment (cold, humid)

» 6B: Helena Montana (cold, dry)

7: Duloth, Minnezota (very cold)

8: Fairbanks, Alazka (subarctic)




C407, Welcome to ASHRAE 90.1

Table 2.4 Building Performance Factors (BPF) for Compliance with Standard 90.1-2016

fsi

PNNL-25202 Rev. 1

Pacific Northwest

NATIONAL LABORATORY

Proudly Operated by Batiefie Since 1965

Building
Climate Zone Type
Building OA& DA& Average
Type 1A 18 2o 28 3a 38 3¢ 4aan a8 [ac Isa 58 Isc ea 6B 7 8 Developing Performance Cost Index
Office 058 062 057 062 060 064 054 o058 060] os58] o060 | 061 | 058 061 061 057 061 060 Targets for ASHRAE Standard 90.1
Retail 052 058 053 058 054 062 060 05 060§ o060 055 059 | 061 055 058 053 053 057 Appendix G — Performance Rating
School 046 053 047 053 049 052 050 049 050 049 o050 ] 050 | 050 049 050 047 051 050 Method
Healthcare 0.64 056 060 056 060 056 054 057 053] 0550 059 § 052 )| 0.55 0.57 052 056 056 0.56 March 2016
Restaurant 062 062 058 061 060 060 061 058 055 060 062 | 058 | 060 063 060 065 068 0.61 e
Hotel 0.64 065 062 060 063 065 064 062 064 062 o060 061 ) 060 059 061 057 058 062 i
Warehouse 051 052 056 058 057 059 063 058 060] 063] 060 | 061 ] 065 o066 066 067 067 061
Apartment 073 073 071 069 074 073 o068 078 o081] o8] 076 |08 J o081 076 079 074 080 076
All Others 062 061 055 057 056 061 059 058 057] o061 057 J 057|061 056 056 053 052 058
I—— E—

U.S. DEPARTMENT OF
Frepered for the LS. Department of £
under Contract DE-AC0S-76RLO1830

https://www.pnnl.gov/main/pu
blications/external/technical re
ports/PNNE25202Rev].pdf

73



https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-25202Rev1.pdf
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-25202Rev1.pdf
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-25202Rev1.pdf

C407, Welcome to ASHRAE 90.1

Table 4.2.1.1 Building Performance Factor (BPF)

PNNL-25202 Rev. 1

Climate Zone

0A 0B s
Building and | and Pacific Northwest
Area Type 1A 1B 3C Py pertd by et Sice 965

Multifamily 068 0.70 066 066 069 068 0.59 0.74 0.76 J0.74 j0.70 0.73 0.75 0.68 0.71 0.72
Healthcare/ 0.60 060 058 054 056 055 055 055 0.54 J0.54 J0.57 ) 0.52] 0.54 057 052 0.57 0.57
hospital
Developing Performance Cost Index
Hotel/motel 055 0.53 053 052 053 054 054 053 0.53 J0.52 J0.50) 0.51§0.51 050 0.51 0.50 0.50 Targets for ASHRAE Standard 90.1
: A dix G — Perfi Rati
Office 052 057 050 056 053 056 048 051 052 [0.49 [051]051]049 052 051 049 051 it el il
Restaurant 0.63 064 060 060 060 061 058 062 0.57 J0.61 J0.63)|0.60) 064 065 062 0.67 0.70 March 2016
Retail 051 054 049 055 051 055 053 051 0.55 J0.54 j0.50) 0.54] 0.55 0.50 0.51 0.48 0.50 Rban
School 039 047 038 043 0.38 042 040 0.37 0.40 j0.38 |0.36J 040 0.36 0.36 037 0.36 0.37
Warehouse 0.38 042 040 042 043 044 043 044 0.43 J0.46 J0.49) 047 0.48 054 051 057 0.57
All others 056 057 050 052 050 054 053 053 052 j0.54 J0.51 ) 0511050 050 0.50 0.50 0.46
— ENERGY (woiiuismumss™
PCI, = [BBUEC + (BPF x BBREC)]/BBP
where .
PCI = Performance Cost Index calculated in accordance with Section G1.2. httDS ://WWW_ p n nl . QOV/m al n/p u
BBUEC = baseline building unregulated energy cost, the portion of the annual energy . . .
cost (.)f a ba:se{ine building design that is due to fmregulated energy use. b Il Catlo n S / exte rn al / te C h nl Cal re
BBREC = baseline building regulated energy cost, the portion of the annual energy cost
of a baseline building design that is due to regulated energy use.
BPF = building performanc‘c;g factfr from Table 4.2. Iglll For buih;f:g area types not D OrtS/P N N I:2 5 2 02 Rev 1 = D df

listed in Table 4.2.1.1 use “All others.” Where a building has multiple

building area types, the required BPF shall be equal to the area-weighted
average of the building area types.
BBP = baseline building performance. 7 4


https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-25202Rev1.pdf
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-25202Rev1.pdf
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-25202Rev1.pdf

C407, Welcome to ASHRAE 90.1 fsi

TABLE C407.3(2)

Table C407.3(2)
BUILDING PERFORMANCE FACTORS (BPF) TO BE USED

Building Performance Factors (BPF) to be Section C407.3

FOR COMPLIAN Building Performance
Building Area Type Building Performance Factor Building Area Type Factor
Multifamily 0.55 Multifamily ((0-51)) 0.45
Building Healthcare/hospital 0.71 Health care/hospital 0.70
Area Type Hotel/motel 0.53 Hotel/motel ((0:-51)) 0.46
Multifamily 0.74 | 0.70§ 0.73 Office 0.45 Office 0.44
Healthcare/ | 0.54 | 0.57] 0.52 Restaurant 62 | Restaurant 032
hosp“al Retail 0.41 ; R_Etﬂll 0.41
School 0.38
Hotel/motel | 0.52 | 0.50] 0.51 = “ School o
Warehouse 0.19 : Warehouse 0.18
Office 0.49 | 0.51] 0.51 All Others 0.44 ! All others 0.43
Restaurant 0.61 ] 0.63] 0.60 TABLE C407.3(3)
" SITE ENERGY PERFORMANCE TARGETS TO BE USED . Table C407.3(3) " . "
Retail 0.54 | 0.50f 0.54 FOR COMPLIANGE WITH SECTION C4073 Site Energy Performance Targets to be used for Compliance with Section C407.3
: e Site E
School 0.38 | 0.38l 0.40 | Building Area Type || Building Performance Factor Building Area Type Performance Targets
Warehouse | 0.46 | 0.49] 0.47 ateml B2 Multifamuly ((6:59)) 0.33
Healthcarahaspital 0.72 Health care/hospital 0.72
All others 0.54 | 0.51] 0.51 Hotelmotel 0.62 Hotel/'motel ((0-62)) 0.56
— — Office 0.58 Dﬁ'lC-ﬂ Dﬁa
Restaurant 0.59 Restaurant 0.59
9 O 1 Retail 0.48 Retail 0.46
. School L2 School 0.52
 Warshouse 0.20 Warehouse 0.29
2 O 1 9 All Others 0.55 All others 0.55

WSEC

SEC
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How hard Is this (reprise)?




| 2YYA&ZAA2YVAYI 2F | £1/ |
C408

ACxqualifications, checklist
AConflict of interest statemen
ACX plan an€xreport -

AHVAC, water heating
ARefrigeration, Metering
AHVAQCxthresholds:

A 240kBtuh cooling
A 300Kbtuh heating

AWrite_ereql_Jireme_nt Inmech  Take your project all the way across the finish line
permit docsincluding MEP Sets see c408.1.4.1.1 for PeBtcupancyCx

Seattle Department of 77
Construction & Inspections




C408 Brief note on Cx fsi

Required (except very small systems)
Certifled Commissioning Professional

CERTIFIED COMMISSIONING PROFESSIONAL. An individual who is certified by an ANSI/ISO/IEC 17024:2012
accredited organization to lead, plan, coordinate, and manage commissioning teams and implement the
commissioning process.




Seattle: Approved unregulated loads .z.4.1

A, 2dz YAIKO 3ISG /nnt AGONBRAGE F2NJ
unregulated but higkperforming systems

Alf building official approves
Al YR AG0Qa | LINBGGeée KAIK 0F NJ

AWill be publicly listed so everyone else
can use as approved credit

AA few residential appliances pre
approved

Al A1TS YIFILeoS | aaYFENUL flFo0é FdzYS Kz22R
ventilation control system?

N Seattle Department of
\ Construction & Inspections  \§



Meterirg Actionable energy display

AGraphic energy use display for bldgs. 20,000+ SF
ASource meters (usually gas & elec pulse meters)
AHVAC & water heating stheters
ALighting, plug load & process load smieters

AAlso required for replacement HVAC isystems

APlanning can reduce number of meters

lllllllllllllllll

............
nnnnnnnnn

e 348,
\ Seattle Department of , -. . ' A uvsany 200w 3498.20
’ Construction & Inspections  \J||IY o — = T Building Dashbourd



C409 The Cx Perspective fsi

Meters, what are they good for anyway?




