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During the Webinar Following the Webinar
Attendees will be muted ~ Please take the short survey
Please use the chat feature in the ~Arecording and the slide deck will be
control panel to submit questions to posted on LDLG6s welbpa
LDL staff

. Reachoutto

The presenter will pause to address LightingDesignLab@seattle.gov with
guestions periodically. comments or questions.

k Please participate in the online pollsj K /
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Ben RoOuUS#rincipal, PRE, FPE, LEED AP BD+C,
AL ASHRAE BEMP & BEAP, Certified Commissioning Professional

Mechanical & FP Engineer
Board Chair Emeritus, USGHO

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




Duane Jonlin, FAIA

A 30 years as technical architect
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Washington state Washington state Seattle Carbonneutral

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

energy use by 2030 emissions by 2030 operations by 2050
AZerocarbon buildings A95% reduction by AX2NJ 422y SNJ ¢
AGov says move faster 2050 Green New Deal?
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Seattle amendments: 4 Guiding Principles

J_9y®8f2u3a YSSUO 2dzNJ aunpné aily

i &&é{, 0dzA f RA-

HVAC

b2 AAYGESNYI ¢

A Electrical infrastructure for exceptions

3. Efficient use of electricity

4. Increased ofsite renewables { 8 y i
A Options for offsite purchase 2 ' NG F
At fdza aaztl NI NBFERAYySaas &A g
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Code Paths fsi

C401

| General Provisions
Prescriptive Total Building
Path Performance Path

Seattle
Target Performance Path




Engineering Terms

Heat Pump
Performance
COP

Resistance:
1kW ina kWWork Out

fsi

Liquid Line

6 N 5
Expansion Device

T Evaporator
- (Indoors)

Vapor Line

Compressor

Refrigeration cycle:
1kW in=3kWWork Out



Heat Pump Layout fsi




Heat Pump Layout, variable speed fsi

A=

B




Engineering View,

Co
(C

Heat Pump
Performance,

d Temp Impacts

neap version)

BTU/HR

Limitations

fsi

Performance of typical-Bon air-source heat pump
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Engineering View, Less Limitations fsi

Variable Speed Version

1 The Effects of Outside Temperature and
J Indoor Temperature on Delivered Heating Capacity
for Daikin VRV AURORA Series RELQ96TAYCU with L :
Vapor Injection vs. Daikin VRV Standard Series REYQ96TYDN Daikin VRV Standard Series REYQ192TYDN 16 Ton HR COP Curves
5.00
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Start with the big slices

ASpace heating
A System efficiency

other

\

space heating

25%
office e;qgipment\ A Heat recovery TOda,y.
A Envelope UA & air tightnegs]\/AC
computin .
5% ACooling
wator hoating A System efficiency
7% ighting A TeEme lan.size=-#=stTading
— ALighting
c{)?;i'ng A Eﬁ:iCienCy
total energy use A Controls
6,963 trillion Biu _
AWater heating
y sgeration = A System efficiency
. APlug loads
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COSEFFECTIVENESS

New energy code provisions should be:
AXnecessarff 2 NJ YSS( Ay 3

AX I yaRcosteffectiveas possibldor
owners and tenants

ACosts typically moderate after new code
0S02YSa aodzaAySaa

[ AdéeQa 3J21

0 KS

EFFECTIVE

(ﬁﬁ Seattle Department of
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Engineering View, Cost

$ Per Million Btu
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L
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10 A

S Per Million Btu C

omparison by

Fuel Type and Equipment Type

Dil Source Furnace/Boiler
Gas Source Furnace/Boiler

Electric Source VRV IV AC HP

47
OUTDOOR AIR TEMP WB)(
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Engineering View, Cost fsi




Seattle: Envelope-\alue of PTAC/PTHP units

AConventional PTAC & PTHP units
leak heat & leak air badly

AThroughwall mech units assigned
default Uvalue of 0.50

AUnlesanfr has tested Wralue
A10x typical wall heat loss

QK Seattle Department of B‘
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Air Barrier Testing

ATest standard reduced .25 APassing test nowmandatory
cfm/sf of envelope AXI G G K S0.4@ctmf 3G RY

Q: Do your HVAC design calcs
account for reduced leakage?

{
J
N A Low
4\
'».Ah-dh..
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et Dl
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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 DOA@ccupancy table,
energy recovery, decoupled supply air)
C403.3.6 Balanced ventilatidior R2
C403.3.7 Hydronic flow rate

G

Seattle Department of
Construction & Inspections

C403.4 HVAC system controls
(thermostats, heat pump
supplementary heatjeadband
vestibules, door switctstat 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 Multizone systems
C403.6.10 Higlefficiency VAV
systems(alternative to DOAS)
C403.7 Ventilation and exhaug¢DCV,
occ sensor, loading dock, garage)

C403.7.6 Energy recovery ventilation
C403.7.7 Exhaust syster(idgtchen,
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 Higlefficiency singlezone

VAV (alternative to DOAS)

C403.13 Commissioning

C403. 14 Compressed air & vacuum air
C403.15 Commercial food service

20




Flow Chart Moment!

C401
| General Provisions
Prescriptive Total Building
Path Performance Path
| I
C402, C403, C404, C405, C406, ca07

C408, C409, C410, C4nM

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

DOAS and TSPR
not required

Outcome-Based
Energy Budget

Appendix F
C408, C4009, C410, C4an

DOAS = Dedicated Outdoor Air System

TSPR=Total System Performance Ratio

fsi




Mechanical Changes fsi

Largely unchanged e TRl AT
mechanical efficiencieSuas :

Status Application Qualifications
New Air-handling system and all zones served | All air-handling systems in buildings with building cooling

M e C N an | Ca C O N t ro | S building by the system capacity greater than 780,000 Btu/h

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
o o . Chilled-water plant and all coils and Individual plants supplying more than three zones and with
D A arl I Catl O n S 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
units served by the system design heating capacity of 300,000 Btw'h and larger
Tot al S Ste m 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
. Air-handling system or fan coil Where existing air-handling system(s) and fan coil(s) served by
Performance Ratio e sne il o bt vl plan ve DDC
New air-handling system and all new Individual systems with fan system bhp of 10 hp and larger and
zones served by the system supplying more than three zones and more than 75 percent of

ZONES are new

C4O 7 C h an g e S New or upgraded chilled-water plant Where all chillers are new and plant design cooling capacity is

300,000 Btw'h and larger

New or upgraded hot-water plant Where all boilers are new and plant design heating capacity is

300,000 Btuwh and larger




Data Center Cooling Efficiergyg..s

N4
-

AWA: ASHRAE 90;£2016
with modified MLC values

ASeattle: ASHRAE 9@,2019
no modifications

A 2019 version is much better|
¢ separate values for large [
and small data centers
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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 less than

or equal to 20 watts per square foot of conditioned area or a design /ITE equipment load less than or
equal to 10 kW.
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Proudly Operated by Battelle Since 1965

TSPR Heating + Cooling Loads TSPR: Total System

(annual) Carbon Emissions Performance Ratio
Office, Retail, Library, Education

Seattle adds multifamily

and medical office

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

g




TSPR, guesses on outcomes

BUILDING ENERGY U.S. DEPARTMENT OF Energy Efﬂciency &

ASSG'IZ SCOI'e Release 2020.2.2.1390 ENERGY Reneweble Energy

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

Test Building 1 Q @ 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

A\ No VRF systems have been added

PLANT LOOPS

Plant Loop 1

I
Heating Loop »_
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?




TSPR, guesses on outcomes fsi

Table C407.1 (Reprinted from Chapter 4)
Carbon Emissions Factors

Type | CO2e(bjunit) | Unit Equivalent Electric to Gas:
Electricity 0.70 kWh
o o = AElectric inThermsis 20.5b/ Therm
Propane 10.5 Gallon . .
19500 e | AGas irkWHis 0.40lb/kWh
On-site 0.00
eeble AHeat Pumps

o District energy systems may use alternative emissions factors supported

by calculations approved by the code official.

TSPR = Heating + Cooling Loads

(annual) Carbon Emissions




TSPR, guesses on outcomes fsi

D602.11 HVAC equipment. The standard reference design HVAC eguipment
consists of separate space conditioning svyvstems and dedicated outside

alr syvstems as described in Table D&02.11 for the appropriate building
occupancies.

Table D602.11
Standard Reference Design HVAC Systems

Building Type Buildin, e
Parameter Small Office and Parameter Small Office and
Large Office® Libraries® Retail School Large Office® Libraries® Retail School
Water-source Heat Packaged air- Packaged air- Packaged air- Water-source Heat Packaged air- Packaged air- Packaged air-
System Type Pump source Heat Pump source Heat Pump source Heat Pump System Type Pump source Heat Pump source Heat Pump source Heat Pump
Fan Control® Cyele on Load Cycle on Load Cycle on Load Cyele on Load DOAS Temperature Bypass Wild Bypass Bypass
L b
Space Condition Fan 0.528 0.528 0.522 0.528 Control -
Power (W/cfim ERV Efficiency (Sensible 70 percent 70 percent 70 percent 70 percent
Heating/Cooling Sizing 1.25/1.15 1.25/1.15 1.25/1.15 1.25/1.15 Only)
Factor® WSIHI‘: Loop Heat Cooling Tower! NA NA NA
Supplemental Heating NA <40°F <40°F <40°F Rejection _
Availability WSHP Loop Heat Source Gas Boiler | NA NA NA
Modeled cooling COP 4.46 383 4.25 3.83 WSHP Loop Temperature 50°F to 70°F NA NA NA
(Net of Fan) Y Control*
Modeled heating COP 4.61 3.81 3.57 3.81 WSHP Circulation Pump 16 NA NA NA
(Net of Fan) 4 W/gpm!
Cooling Source DX (Heat Pump) DX (Heat Pump) DX (Heat Pump) DX (Heat Pump) WSHP Loop Pumping HP Valves & Pump NA NA NA
Heat Source Heat Pump Heat Pump Heat Pump Heat Pump Contro|™ VsD
0OSA Economizer® No No Yes Yes
Occupied Ventilation DOAS DOAS DOAS DOAS
Source’
DOAS Fan Power 0.81 0.819 0.730 0,742
(W/efm of Ouiside Air)




Engineering View, CO2

How clean is the electricity you use?

limited to, wind, solar, nuclear, and fossil fuels. The type and amount of
emissions produced depend on how electricity is generated in your region.

Type in your zip code (or select a region) to view your power profile. More Info

Power Profiler

Enter zip code:

Zip code

€GRID Subregions More Info
NWPP (WECC Northwest) v

Electricity is produced by many different sources of energy, including, but not

NWPP Emission Rates
Co, S0,
639.0 0.4
(Ibs/MWh) (Ibs/Mwh)
Fuel Mix

This chart compares fuel mix (%) of sources used to generate electricity in the

selected eGRID subregion to the national fuel mix (%).

Generation
100%

90% |
809% |
70%
60%
50%
40%
30%
20%

10%

0% -

I I
National NWPP
Wind (8.3%)
M Biomass (1.2%) (0.6%)

Gas (15.7%) Geothermal
B Coal (21.3%)
Other Fossil
W Nuclear (3.3%) Solar (1.3%) Fuel (0.3%)
I Hydro (47.7%) M 0il (0.2%) M Other
Unknown

. Fuel (0.1%)
Fuel (NWPP Generation %)

fsi

NOx
0.6

(Ibs/MWh)

Emission Rates

This chart compares the average emission rates (Ilbs/MWh) in the selected eGRID

subregion to the national average emission rates (lbs/MWh) for carbon dioxide
(COy), sulfur dioxide (SO,), and nitrogen oxide (NOy).

Select:
o |
02 947.2
900
800
T 700+ 639.0
=
% 600
2 5004
400+
300
200
100+
0 ,
National NWPP

(eGRID)

AS




Englneerlng Vlew Future COZ

f

l
[ l]
1y

A i
Y ) S
Washington Senate

Bill 5116 (2012020)
established goals of

R

carbon neutra"te:ﬁln 2030

- Qf‘:'.' = ~ \‘f 1

€ R g <
.v“"c‘-" QA T

and carbonrfree by 2




Engineering View, Future CO2 fsi

CO2 OVER TIME

900
800

700

600

500

400

300

200 —

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) —E|ectricity with heat pump (COP=3) -
31




WA: DOAS scope expansion

A Office, education, retail, library

Ab 2 &
(auditorium, conference, etc.)

ARemoved some exceptions:
A No doubledipping with C406
A2y QG 3SG SEGNI

A No economizer exemption

A if equipment is outside, or if mech
room is next to exterior wall

Al SFOGatSY &! OOS
exempted

( Seattle Department of ANK
3|l)) Construction & Inspections \3|IJ¥

NE lj dzaisdeBRE T 2 NJ| &

Heat Recovery

Exhaust Air _ . . Outdoor Air
Ve P U | .

Heat Pump & "

Zone-Level

Heating (or

TCoxlin)?_)

Af |

szMﬂu@mﬂ_@&m
I UAZ2ZY a

Yy uAct
heatlng & cooling, has ene gy

recovery

0«



OCCUPANCY CLASSIFICATIONS REQUIRING DOAS
TABLE C403.3.5

Occupancy

AII occupancies not specifically Television and radio studios
exempted

Casinos (gaming area) All other A2 occupancies

Lecture halls, community halls,
exhibition halls, gymnasiums,
courtrooms, libraries, places of
religious worship

A-4, A5 All occupancies excluded

Food processing establishments including commerc
kitchens, restaurants, cafeterias; laboratories for test
and research; data processing facilities and telephor
exchanges; air traffic control towers; animal hospital:
kennels, pounds; ambulatory care facilities.

A-3 All other A3 occupancies

All occupancies not specifically
exempted

All occupancies excluded

All occupancies included

( Seattle Department of
Construction & Inspections

33



Special Assembly Occupancies fsi

Large Concert Halls

Small Lecture Rooms
Gymnasiums

Places of Religious Worship




DOAS & Economizers

AEconomizer nowequiredfor DOAS if cooling equipment is outdoors
or in a space with an exterior wall or roof.

A Exception 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.

Seattle Department of (%
Construction & Inspections  \3



DOAS & DCV & Energy Recovery

AWA Nospaces with DOAS and DCV
need energy recovery

ASeattle Spaces over 650 sf with DOAS
DCMWdo need energy recovery
ASeattley { LJr OSa 2 JSNJ
per 1000 sf need DCV
A Mostly just adds retail (exempts dorms)

-

ASeattle increase ERV effectiveness tojgs -
60%

Seattle Department of (%
Construction & Inspections  \3



DOAS, demystified fsi

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

——— Conventional » Conditioned

Outside Air —|

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 Indoor S

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 Indoor S

HVAC Unit




fsi

and economizer

ERV

DOAS
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Effectiveness (Energy)
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Break Time!




Size
Equipment | Category

Type

Chillers

(tonsg)

From ASHRAE
90.1-2019

But, no AHRI

ratlngs yet AirSource  All sizes
See C403.3.2
for more Info

w  English (United States)

Table C403.3.2(13)%e:ni

Heat Pump and Heat Recovery Chiller Packages — Minimum Efficiency Requirements

Heating Operation

Heat Recovery Challer Full Load
Efficiency

Cooling only Operation
Cooling Efficiency?

Heating
Source
Conditions

Full Load Efficiency
(COPar)>= (W/W)

Heat Pump Heating
Full Load Efficiency
(Air EER FL/IPLV-Btu/W-h) (COPuPE (W/W)
Simultaneous Cooling and Heating
Full Load Efficiency
(COPsgc)> (W/W)

(Entering/
leaving
water)

Test
Procedure
Water Source Power Input per
Capacity FL/TPLV-(kW/tong) or

Leaving Heating Water Temperature Leaving Heating Water Temperature

OAT
{db/wh)

Low | Medmum | High
°F

Medmum | High | Boost

Path A Path B
>9 595 FL >9215FL 47 db
- — = = =
1300 PLVIP 21501 PLVIP 43 whd >3290 >2770 =2310 NA NA NA NA NA
>0 595 FL >9215FL 17 db 3301390
= = =2230 =1950 =1630 NA NA NA NA NA
>1330 IPLVIP >1530IPLVIP 15whi  ~ = =
= . /44e = = = = = =
<0.7885 FL R 54/44 >4640 >3680 =2680 NA >8330 >=6410 >4420 NA
<0.6316
— SO5145IPLVIP  75/65¢ NA NA NA =3.550 NA NA NA 6.150
D, Focus e -

Seattle Department of

Construction & Inspections
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a. FfFyOSR @ Sywelirig luritsh

R-2 dwelling & sleeping units

ADeliver ventilation air directly to
SIF OK &dKFoAGlFof S
A Living room, bedrooms
A Trickle vents & bathroom exhaust
R2SayQi ¢2N] | yay:
AHeat recovery required

A w/ 60% sensible heat recovery
effectiveness

AGLYF2NXYIFGAGBS y20S:
determine sensible heat recovery
effectiveness from HVI publication




DOAS, BalancedXR

ERV and HRV
Cost Impacts
Energy impacts

fsi

FSIONRA G AljdzS&a 5dz vy
AlIndividual HRVs in apartments?

A Remember you still need to clean each filter
twice a year

ARooftop units with vertical shafts?
A Eats up some rentable floor area

AFloorby-floor HRVs?

A Each serving 6 8 units

A Ducts running above bathrooms
A{2 @e2dz R2y Qi Yy SSR
A But is there a noise/privacy problem?




Seattle: Space heating

COMPRESSOR

No electric resistance or fossil fuel

combustion for space heating ( s

Al ddzl 8 YSIya 6das | » /g
A ,-.vﬁ_‘; OUTDOOR

Exceptionsallow electric resistance hedbr: _wooorcor_| S el

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

2. Dwelling units Max580689 750 Wper
habitable room

A 1000 Wrfor corner room

3. Other space typedMax 2.5 W/sf total _
installed heating ¢ KS Gt F aaA s HE3IRUIRS squegze watmth out of cold ar

4. Heat pumpauxiliary heatn cold weather
5. .dzAf RAy3a ayYlftftSN GKFIYy wZpnn afXx

R SOURCE
METERING \' METERING
DEVICE _ DEVICE

|
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FILTER SOURCE
CHECK VALVE DRIER CHECK VALVE WATER IN
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C403.1.4 (space heating) More Exceptions

5. Air-to-air heat pumps 9. Groundsource HP

1. Compressor is first stage of heat down to10) Small systems
17°F , capacity is 2ecresistance

6. Air-to-water HP <2,000 MBH

1. Compressor is first stage of heat down to12. Kitchen exhaust
17°F , capacity i2Xelecresistance 13 District en ergy

7. Air-to-water HP <3,000 MBH

1. Compressor is first stage of heat down to
17°F , capacity it.75Xelecresistance 1. Temporary systems

8. Air-to-water HP >3,000 MBH 16. Emergency generators

1. Compressor is first stage of heat down to]17. Pasteurization CyCIe
17°F , capacity i%.5 Xelecresistance

11. Specific conditions

14.Heat tape

Seattle Department of (ﬁﬁ
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No electric resistance or gas heat (Seattle) fsi
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Airsidesystems we can use




No electric resistance or gas heat (Seattle) fsi

Watersidesystems we can use




Simultaneous heating/cooli
C403.4.1

ALY GUOKSNX2a0Gll GAO O2yi
A, 2dz OFyQi KI @S KSIFOAY
zone with cooling in the interior zone of
the same space at the same time.
A Duhoh!
A Youcanhave one zone in heating or
cooling while the other is neutral
ASeattle has clearer language for what A
O2yaiuAiddziSa adKS al YsS

A Permanent opening between areas bigger
than 10% of either floor area

Seattle Department of (ﬁB
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Simultaneous Heating and Cooling fsi
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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 e
A Energy Recovery Ventilation i -
A Kitchen Hoods
A Labs

A Building Isolation Dampers




C403.7 Ventilation and Exhaust Systems 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
Egg?"* island (per 175 210 280 385
Eyebrow 175 175 NA NA
Backshelf/Pass-over 210 210 280 NA

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




Fans: FEG vs. kldss

AFEQ; Fan efficiency gradebeing phased out
AFEk Fan energy indeg new standard

AStill FEG in WA code

ASeattle allows FEI as an alternate (exception 8):

8.nFans and fan arrays having a fan er
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 shal/l be calcul ated I n accorc

AALSO: Table C403.8.4 1 errors in WA code, fixed in Seattle code

Seattle Department of (%
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Heat Recoveryos.o.2

AHeat recovery requiredor service water heating in
buildings (like hospitals) with:
A 24/7 operations
A 1.5 MBTUH total heat capacity of watsvoled systems
A 250kBTUHservice water heating load

A Steam: condensatevater recovery required
A Or condensatdeat 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 Y RX

( Seattle Department of
Construction & Inspections



Heat recovery for space heatieygs.o.2.4

AWater-source condenser heat recovery 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

A90% of heating from heat recovery chiller or waterwater heat pump,
rejecting heat from cooling loop to heating loop as first stage of heating

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

AProcess heat recovery (like data center or computer room) over 5 W/sf
A Cooling loops must be served by wateoled equip & heat recovery
A Economizer override required

Seattle Department of (%
Construction & Inspections  \3



Heat Recovery Engineering Notes fsi




Ahdzi R22NJ KSFUO Ydzad 0S GNYRALFVYOE
A{SFGGtS FTRRa aX2NJAYy dzyKSI G4SR '
the great A Auto-off by timer or occ sensor

Heating

outdoors A{StautsS tRRa aXAy UKS FNBI
C403.11 Hn YAydzisao

a
€
ACKSNBE Aa y2 4dzOK GKAy3
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Fireplaces & fire pitSos.4z.

AManual on
A Auto-off with 1-hour timer,or
A Auto-off with 15-minute occ sensor

Seattle Department of (%
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C406 Efficiency Package Credits

A21'Y b2g¢ 10l @IGREY WiBeaitle: Require 8 credits
A2 (old) credits = 6 (new) credits Alnstead of 6

AWA: 6 credits required Al SFGGtSY DIFa Si
A3 credits for lowenergy occupancies Alntegrated design team advised!

/" \
Rw

1. More efficient HVAC performance in

accordance with Section C406.2 2.0 3.0 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 W|th Section C406.3.2 20 3.0 4.0 4.0 6.0 4.0

(ﬁﬁ Seattle Department of

Construction & Inspections ||}V



TABLE C406.1
Partial credit for standard DOAS in R-1 & R-2

Commercial Building Occupancy

Code Section Group R1 Group R2 Group B  Group E Group M All Other

Additional Efficiency Credits

o. Dedicated outdoor air system
accordance with Section C406.6 : 4.0 NA NA 4.0

7. High peruiiniance dedicated

outdoor air system in accordance 4.0 4.0 4.0 4.0 4.0 4.0
with Section C406.7
8. Highefficiency service water 4.0 5.0
heating in accordance with NA after NA after NA NA NA 8.0
Sections C406.8.1 and C406.8.28ViVvr 1/1/2022
9. High performance service wat@aeJolile] (o 8.0 prior to
heating in ' Hy)) R-1 and
g In (Grutt-fary)) R-1 and s TiTp{vry) 1/1/2022 NA NA NA A

R-2 buildings in accordance with EEEPN 5.0 after
Section C406.9 1/1/2022 1/1/2022
(ﬁﬁ Seattle Department of 4

BV Construction & Inspections '



High-Performance HVAC optiens.

A90% of HVAC capacity g
AMust be equipment listed in the 13 tables

ASeattle: No gafired equipment can get
credit

A15% better efficiency than table value

A Weighted average efficiency OK, but all
equipment must be min 5% better than table

AWA exempts aito-water heat pumps and
heat recovery chillers, but not Seattle

A Because we have the new table
AWA exempts large boilers, but not Seattle

QR Seattle Department of

SJIlV Construction & Inspections  \§[IIY



C406.ZEngineering Notes fsi
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HVAC C406 credit for tenant spaeesi.i.»

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

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

Seattle Department of (ﬂﬁ 65
Construction & Inspections  \




C406Engineering Notes




Seattle: No C406 credits for fossil fuel equipment

AC406.6 Dedicated outdoor air system (DOAS)L less than 90 percent of the
total conditioned floor area of the whole building, buildiadditionor tenant
space, excluding floor area of unoccupied spaces that do not require ventilation
per thelnternational Mechanical Cog¢gshall 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 C403I8SddVAC systems
iIncorporating fossil fueffired equipment, or heat from district energy systems
that are primarily heated by fossil fuel combustion, are permitted to utilize
this credit.

A Samefor:
A C406.1 HVAC system selection
A C406.7 Higiperformance DOAS
A C406.8 Service water heating

Seattle Department of (ﬂﬁ
Construction & Inspections  \




C406 Credits, Popularity Contest

Table C406.1
Efficiency Package Credits

Commercial Building Occupancy

Code Section Group R-1 | Group R-2 | GmuDB | Group E | Group M All Other

Code Section

6. Dedicated outdoor air system

1. More efficient HVAC
performance in accordance with

C406.6"

in accordance with Section

Commercial Building Occupancy

S|

Group R-1 | Group R-2 | Group B | Group E

Group M All Other

Section C406.2

2. Reduced highting power:
Option 1 in accordance with

7. High performance dedicated
oqtdoor air system in accordance

Section C406.3.1

8. High-efficiency service water

3. Reduced lighting power:

heating in accordance with
Sections C406.8.1 and C406.8.2

Option 2 in accordance with
Section C406.3.2*

9. Hi

rformance service

water heating in multi-family

4. Enhanced lighting controls in NA NA 1.0 1.0 | 1.0 buildings

in accordance with

accordance with Section C406.4

Section C406.9

Additional Efficiency Credits

20] 40 a0

SU'—‘M

performance in accordance with
Section C406.10¢

11. Reduced air infiltration in
accordance with Section

C406.11°¢

12. Enhanced commercial

kitchen equipment in accordance

a
b
e

with Section C406.12

ijocts 1|smg this optlon may not use Itcrn 2

for this pzu.lr.age

il 20

2 OnI

tions C402.1.1 and C402.1.2, do not qualify




WAC Modeling: Appendix G & carbon metric

A Switch to ASHRAE Appendix G method
A Allowable emissions compared to a 2004 ASHRAE baseline

A See table below
A{ sAGOK FNRBY daridsS SySNHE
A Advantages heat pump, disadvantages electric resistance

A Carbon content of electricity = 0.70#/kwh
A 0.80#/kwh for lowNK 8 S G NBaARSY GALf @

Building Area Type Multi  Health Hotel J Officey Rest. Retail School Ware Others
family care house

BPF¢ Building 0.56 0.54 0.64 0.70 0.47 0.36 0.48 0.54
Performance Factor

( Seattle Department of (ﬁb
Construction & Inspections  “g[|JY
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Energy Modeling whole new system

ABPF (Building Performance Factor)

APercent lower carbon emissions than
2004 ASHRAE 90.1

ASeattle: 10%owerthan WA code

ATo align with more stringent
prescriptive Seattle Energy Code

SEATTLE 10%lowerl | | [ N O N

Building Area Multi Health Hotelf Officey Rest. Retaill School Ware Others
Type family care house

Building 056 054 06410654 | -3 OB044 0O36 048 854
Performance 050 049 0581049, 0.6 0.42 0.32 0.43 0.49
Factor

( Seattle Department of
3|l)) Construction & Inspections \3|IJ¥



