= Thursday Nov 16, 2017

Energy Code
Compliance: Tips, Tricks
and Case Studies

Amy Jarvis | Portland| ZGF Architects

Josh Peacock | Portland | ZGF Architects




Understand the common features of energy codes across different jurisdictions.

Understand the common ways to comply with building envelope performance requirements including
prescriptive path, simplified trade-off and whole building analysis.

Understand how and where analysis is recommended in the design process to ensure there is not a code
compliance issue.

Understand how energy codes and the simplified trade-off process has been used to leverage and inform
the design process for a mixed use high rise in Portland, Oregon
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= Energy Codes

=y

- Typically published on a three-year
cycle

«Typically based on model codes
with state or regional amendments

«Required for all'new construction,
additions, major renovations

«Extent of requirements for
— major renovations varies widely




Energy Codes - Organization

« Typical organization
= Electrical
« Lighting
= Controls
= Mechanical
- HVAC Equipment g

= Controls

= Heating water

= Envelope



Climate Zones
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Zone 1 includes: Hawaii, Guam, Puerto Rico, and the Virgin Islands



Electrical

TABLE 9.5.1 Lighting Power Densities

. . . Using the Building Area Method

= Lighting power density — ™

Automotive facility 0.82

. Convention center 1.08

= |nterior Coutioose 105

Diming: bar lounge/leisure 0.99

Dining: cafctena’fast food 0.90

- Exte ri 0 r Dining: family 0.89

Dormitory 0.6l

Exercise center 0.88

Fire station 0.71

[ ] C O n t ro I S Gymnasium 1.00

Health-care ¢linic 087

Hospital 1.21

Hotel 1.00

= Occupancy

Manulactunng facthty 111

. Motel 0.88

] D ayl I g ht Motion picture theater 083

Multifamily 0.60

Museum 1.06

Office 0,90

Parking garage 0.25

Penitentiary 0.97

Performing arts theater 1.39

Police station 0.96

Post office 0.87

Religious building 1.05

Retail 1.40

School/university 0.99

Sports arena 0.7%8

Town hall 0.92

Transportation 0.77

Warchouse 0.66

Workshop 1.20

"In cones where both o general building arca type and & specific buikding arca type wre
listed, the specific building area type shall apply



Mechanical

« HVAC Equipment
= Controls

« Heating water

TABLE 6.8.1A Electronically Operated Unitary Air Conditioners and Condensing Units—

Minimum Efficiency Requirements
Equipment Sire Caleso Heating Subcalegory or Minimum Test
Type ' gory Section Type Rating Condition Efficiency” Procedure”
Split system 13.0 SEER
Air c_undmc-ncrs. <65,000 B/ Al it sysic
air cooled Single package 13.0 SEER AR
" " Split system 12.0 SEER 2107240
Th[nl.Ig'.'l the-wall 30,000 Biwh® Al . il 5 N
(air cooled) Single package 12.0 SEER
Eleetric resistance Split system and 11.2 EER
=65 000 Biwh and or none ) single package 11.4 IEER
<135,000 Bru'h Split system and 110 EER
All other .
single package 11.2 IEER
Electric resistance Split system amd 11.0 EER
=135,000 Bru'h and {or none) single package 11.2 TEER
<240,000 Bru'h Split systemn and 10.% EER
All other .
Air conditioners, single package 11.0 IEER AHRI
air cooled Electric resistance Split system and 10.0 EER 340/360
=240,000 Browh and {or none) single package 10.1 IEER
<T60,000 Biu'h 3 sl 5 SE
Al other Split systemn and 0.8 EER
single package 989 1EER
Electric resistance Split system and 9.7 EER
{or none) single package 9.8 IEER
780,000 Bu/h - ; IE‘ poe J“d 33 EER
Split system an 5 EE
All othel
Al other single package 9.0 IEER
- Split system and 12.1 EER AHRI
<5, f ! -
55,000 Bovh Ml single package 12.3 [EER 210/240
1.5 EER. (before 6/1/2001)
Electric resistance Split system and 12.1 EER {as of &/1/2001})
T o ) single package 11.7 IEER (before &/ 1/2011)
205,000 Brw'h and 12.3 [EER (as of 6/1/2011)
<135 000 Biw'h 11.3 EER(before 6/1/2011)
. A EER( (as of 6/1/2
Air conditioners. All other Split system and 11.% EER{as ‘.j] i I. .|]] 1
water single package 11.5 [EER (before &/1/2011)
¥ | fr /1
cooled 12.1 IEER {as of 6/1/2011) .-\I[.RI
11.0 EER (before #/1/2011) 3401360
Electric resistance Split system and 2.5 EER (as of 6/1/201 1)
{or none) single package 11.2 [EER (hefore &/'1/2001)
>135,000 Biwh and 12,5 IEER (as ol 6/1/2011)
=240,000 Bru/h 10,8 EER (before 6/1/2011)
Split system and 12.3 EER (before &/1/2011)
All oth . - - -
orher single package L0 IEER (before &/ 172001}
12,5 [EER. (before &/'1201 1)
11.0 EER (before 6/1/2011)
Electric resistance Sphit system and 12,4 EER (as of &/1/201 1)
{or nonc) single package 11.1 IEER {hefore &/ 1200 1)
Air conditioners, =240,000 Browv'h and 12,6 IEER (as of 6/1/2011) AHRI
water cooled <T60,000 Biw'h 10L.8 EER (before 6/1/2001) 340/ 360
All other Split system and 12.2 EER (as of &/1/201 1}

single package

10,9 [EER (before &/12011)
12,4 TEER {as of 6/1/2011)




Envelope

TABLE 5.5-4 Building Envelope Requirements for Climate Zone 4 (A, B, C)*

Monresidential Residential Semiheated
u T h e rm al P e rfo r m a n C e Opaque Elements Assembly Insulation Assembly Insulation Assembly Insulation
Maximum  Min. R-Value Maximum  Min. B-Value  Maximum Min. R-Value
Roofs
Insulation Entirely above Deck  U-D0048 R-20.0 c.i L1-00048 R-2000¢i U-0,173 R-5.00¢.i,

. .
.AI r Barrl e rS Metal Building® D055 R-13.0+R-13.0  U-0055  R-13.0+R-13.0  U-0.007 R-10.0
Adtic and Other 0027 R-38.0 u-0u027 R-380 U-0.053 R-19.0

Walls, Above-Grade

Mass U-0.104 R-95¢ci. U-0.090 R-114 ci. U-0.580 MR
C . . b : : Metal Building (R XL R-19.0 L1-0,0%4 R-19.0 U-0.113 R-13.0
" Ontlnuous alr arrler reqUIrement Steel-Framed U064 R1B0+RISci  U-0064 '“';":: RT3 paoan R-13.0
Wood-Framed and Other L0089 R-13.0 U-0.064 R'”"L’ : B35 oo R-13.0
A . L k Walls, Below-Grade
u I r ea. age Below-Grade Wall C-1.140 NE 0119 R-T5¢.i, C=1.140 NE
Floors
Mass LI-(L08T R-8.3 c.i. L-00074 R-104 ¢ L=, 137 .
Steel-Joist (IR XS] E-30.0 L0038 R-30.0 U=(h(W9 R-13.0
u LO uve rS Wood-Framed and Other L3z R-30.0 U-0033 R-30.0 [N R-13.0
Sab-Cm-CGrade Floors
Unheated F-0.7300 NR F-0.540 R-10 fior 24 in F-0.,730 MR
. Heated F-0.860 R-15 for 24 in F-{86uh R-15 for 24 in F-1.020 R-7.5 for 12 in
«Loading docks
Swinging L=, T00) L1000 LI, 0
MNonswinging L-0.500 U-0.500 U-1.450

. . Assembly  Assembly Max,  Assembly  Assembly Max,  Assembly Assembly Max,
Fenestration

. Ve Stl b u I e S Max. U SHGC Max. U SHGE Max. U SHGE
A o Wall

Fertteal (lazing, (%%

Nonmetal framing (all)® U-0.40 L. 40 U-1.20
Metal fram

lotal framing v-ose uvos0 U-1.20 o
{curtainwall/storefront) SHGC-0.40 all SHGC-0.40 all SHGC-NR all
Metal framing (entrance door ¥ L0855 LI-0.85 U120
Metal framing (all other)? U-0.55 uU-0.55 U-1.20

Svlight with Curb,

rlass, % of Roof

o 0% I.:lll LIT S ;L.:LII 045 Ugpp ] BHGC all 1. 36 L all 198 .‘\IIULa]] MH

2 1% 5.0% Uy 117 SHGC ) 0.3% [INTRIET SHGL) 0T IR SHGC ) | MR
Sovlighs with Curd, Plastic, % of Roof

0%=2.0% Ugp1-30 SHGC .65 U140 SHGC 062 Uy 190 SIGC MR

2 1% 5 (% NTRED SHGC ) 0.54 GATEED SHGC 017 T 1o STGC ;| -NR
Sevlight withowt Curb, Al % of Roof

%2 0% U165 SHGC j1-04% Uggg- 05 SHGC 036 Uy 136 SHIGC ;- MR

2.1%-5.0% Ugy 068 SHGEG 039 o SHGCy 1% Uap 140 SHGL - NR

| requarement

lia e thod. See Table A2 3

s



New and Emerging Code Requirements

=Air Barrier Testing
=Washington State

=Commissioning

=California
«Washington State
«Switched Receptacles
=California
=Washington State
=Envelope tradeoff starting at 30% glazing rather than 40% glazing
=Oregon
«Washington State

LEED Mandates

«City of San Francisco

Vancouver, BC, Canada



Thermal Performance Compliance Methods

«Prescriptive

Simplified Trade-
off

«COMcheck

«State-specific
spreadsheet

Performance

|'n_p]‘/ COMcheck




Prescriptive Path

) M eet al I COd e Zimmer Gunsul Frasca Architects LLP
req u | rements Principles of Exterior Wall Systems

|nd|V|dua”y Rain Screen | Mass Wall
Brick Veneer ; Precast Concrete
Metal Panel Castin-Place Concrete
Stone Veneer
Terra Cofta
Stucco
Wood
Curtain Wall
Dual Insulation Stick-Built
Brick Veneer Unitized
Metal Panel
Stone Veneer
Terra Cofta
Stucco
Wood
Metal Shingles Other Systems
Metal Shingle

Precast Concrete
Precast Concrete Sandwich
Brick Breathable Rain Screen

Insulation Placement



= Simplified Tradeoff
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COMcheck Sample

fi]‘/ COMcheck

COMcheck 4.0.4.0

CHHS Block 29 Final Compliance Documentation 071416.cck -

File Edit View Options Code Help

Code: 2014 Oregon Energy Efficiency Specialty Code

= H &

B X =

L1

Compliance Method: Simplified Trade-Off

Project

Envelope | Interior Lighting |

Exterior Lighting | Mechanical | Requirements |

| Roof || Skylight || ExteriorWall || Window || Door || Basement || Floor |
Component Assambly Bil:g{:g Orientation Feréeegt.;ri?;ion Cu;settr:ij:;iun Gross Area Ingli:;yon ?sgﬂlnatiioof U-Factar [SHGC Pr;;e;;iron C;f:[}ity Commfg;?ianneasl)cription
Type R-Yalue R-alue
¥ Building

1 wiMorth Wall Steel-Framed, 16" o.c. = ||1 - Health Car... Marth = IFmv ft2 n.o 105 0.075
2 ‘PO YinyllFiberglass Frame = Product ID: Gasc... - 8473 fi2 0.280 023 0.00
3 YiMorth G Other ExteriorWall > ||1-Health Car... Marth 7 2782 ft2 0.090 1.00 Opague CW
4 Loy Metal Frame with Ther... = Product ID: CW A, - 1260 fi2 0.400 0.3 0.00
&) weEastWall Steel-Framed, 168" a.c. 7|1 - Health Car... East hd aB72 ft2 0.0 104 0.075
3} E-F'o YWinyliFiherglass Frame - Product ID: Casc.. - 9493 ft2 0.2a0 0.23 0.a0
T wiEast oy Other Exteriar Wall > [1-Health Car.. East - 28603 2 0105 1.00 Cpague CW
a2 Low Metal Frame with Ther... = Product D G A = 16421 2 0.38g | 027 0.oa
9 -Sauth Wwall Steel-Framed, 16" o.c. = ||1 - Health Car... South = 549 ft2 n.o 105 0.075
10 ¥iSouth CWY Other Exteriorall *||1-Health Car... South = 40485 fi2 0102 1.00 Opague W
11 Loy Metal Frame with Ther... = Product ID: CW A, - 16100 ft2 0.389 0.26 0.00
12 viiestWall Steel-Framed, 16" o.c. = ||1 - Health Car... Wiest 7 16454 fi2 0.o 105 0.075
13 PO VinyliFiberglass Frame = Product ID: Casc... - 2392 ft2 0.2a0 0.23 0.a0
14 wiiast OV Other Exteriar Wall |1 -Health Car... Wiest - 17634 ft2 0105 1.00 Cpague CW
14 Loy Metal Frame with Ther... = Product [D: CW AL e 7125 ft2 0.398 0.28 0.o0
16 -Exterior ywall 8 Steel-Framed, 24" o.c. = |1 - Health Car... East - 1443 f2 147 n.o 0102 Walls off parking garag...
17 -Roof 1 Insulation Entirely Abo... = |1 - Health Car... 40000 ft2 330 0.030
18 -Flaar 1 Concrete Floor (overu... = |1 - Health Car... 38145 fi2 2000 0.043
19 -Floar 2 Cancrete Floar {owveru... |1 - Health Car... 1855 ft2 106 0.073 Ceiling of Parking Gara...




Performance Path

Demonstrate that
the entire building
(including MEP
components)
performs as well
or better than a
code minimum
building

-May require
additional review
process




This is great.. but what about Canada?




BC Step Code

Eliminating the Patchwork:

= Local government adopted a wide
range of programs and approaches to
address building energy efficiency.

= Development industry struggled to stay
on top of these requirements.

= BC Energy Step Code offers a
common standard for achieving
building energy goals.

BunItheen -



BC Step Code

ENERGY

STEPCC

BUILDING BEYOND THE STANDARD

1. Regularize expectations in local municipalities

2. Prepare for goal to achieve Net Zero Ready by 2032



BC Step Code

April 2017

« Step Code introduced as voluntary
guidelines for municipalities to adopt

* Local jurisdictions decide how to
Incentivize and/or mandate Steps

BC Energy Step Code

A Best Practices Guide for
Local Governments

December 15, 2017:

« EXxisting programs in bylaw need to be
transitioned

* New programs can be enforced



BC Step Code

PATHWAY TO 2032: PART 9 (HOMES)

2017

Sample Programs:

» 41 NET ZERO
City of North Vancouver } ~+, == READY

NEW CONSTRUCTION

4.0% MORE EFFICIENT

City of Richmond }
City of Surrey

20% MORE EFFICIENT

Sparwood, Invermere, Kimberley
Langley, Saanich

10% MORE EFFICIENT

ENHANCED COMPLIANCE IMPROVED

Resort Municipality of Whistler }
City of New Westminster

ERS REFERENCE HOUSE



BC Step Code

Typology Specific Climate Specific

¢ =7000H00

PART 3 PART 3 PART 3 5000 to 6993 HDD
Residential Wood Frame Concrete Commercial 5000 to 5999 HDD
Residential Residential 4000 o 4999 HDD
3000 to 3999 HDD
Prince Rupere 4 <3000 HDD
UPPER STEPS STEPS 4,5 STEP 4 STEPS 3,4 STEP 3
Prince George
Kamicops
Whistlar
Penticton
1
| STEP 1 STEP 1 STEP1 STEP1 . .
Map of BC Climate Zones, where zones are defined by the number

of Heating Degree Days (HDD) in one year. The BC Energy Step
Code for Large and Complex Buildings (Part 3) is only available in

Climate Zone 4.

Figure 1: Definition of Lower and Upper Steps by building type (Part ? and Part 3)



BC Step Code

Metrics + Technical Requirements

Energy
Model

On-site

Building envelope

metrics

PART 9

PART 3

Thermal Energy Demand Intensity (TEDI): The amount of annual heating energy needed to maintain a stable interior temperature, taking into account heat loss

through the envelope and passive gains (i.e., the amount of heat g

ined from solar energy passing through the envelope or from activities in the home like cooking,

lights, and body heat). It is calculated per unit of area of the conditioned space over the course of a year, and expressed in kWh/{m*year).

Peak Thermal Load (PTL): The maximum amount of energy needed to heat

a building on the coldest day of the year, expressed in W/m? of conditioned

space. Energy modellers aiso refer to this as “Design Heat Loss.”

Percent Lower than EnerGuide Reference House: /An EnerGuide reference house
establishes how much energy a home would use if it was built to base building
code standards. This metric identifies how much less energy - stated as a

percentage - the new home will require compared to the reference house.

Mechanical Energy Use Intensity: The modelled amount of energy used by
space heating and cooling, ventilation, and domestic hot water systems,
per unit of area, over the course of a year. expressed in kWh/(m?*year).

Air Changes per Hour at a 50 Pa Pressure Differential (ACH, ): The number
of imes the full volume of air in the building exchanges in an hour when a
building is at a specified pressure, different than the outdoor air pressure,
as measured by a "blower door test”. This measures the airtightness of the

building {or how much air leaks through the building envelope).

Total Energy Use Intensity: The modelled amount of total energy used by a
building, per unit of area, aver the course of a year, expressed in kWh/(m*year}.
It includes plug loads - appliances, lighting, entertainment systems, and so

on - and process loads, namely heating, cooling, fans, and other mechanical
systems. Some exceptions for unigue situations are permitted (for example,
electric vehicle charging), as outlined in the modelling guidelines referenced in
the BC Energy Step Code regulation. This metric may be challenging to achieve
for specific buildings that have high process loads (for example, restaurants,

hospitals, or large computer server farms).

Air Leakage Rate: A measure of the rate that air leaks through the building
envelope per unit area of the building envelope, as recorded in L/(s:m?) at

[ =

a 75 Pa pressure differential.
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_ACTI V E G RO U N D : 10 TYP RESIDENTIAL
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07 OFFICE / RETAIL SERVICES deck
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_LEVEL 08 + LEVEL 24 | 050FFICE /RETAIL SERVICES
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deck 02 OFFICE /RETAIL SERVICES

_4 FLOORS BELOW , ; ]

BASE POINT 76.53 r
GRADE LOW POINT 6653 } 2 ] 01 RETAL PARKING  GEN
: BIKE PARKING
A‘ P1PARKING
P2 PARKING
P3 PARKING

P4 PARKING




TYPICAL RESIDENTIAL LEVEL 16,004 GSF 16 UNITS
2,250 GSF 860 NSF
12,424 SF 8619
Jon I Lo P Wy | 1
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Maximize Vision Glazing and Views — 12W Precedent

57%
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= New Requirements

«12W
«Permitted under 2007 Energy Code
«Performance Path for code compliance

«LEED-NC v2.1 Platinum Certified

11W
=To be permitted under 2014 Energy Code
-Simplified Trade-off for code compliance
=Trade of starts at 30% Glazing

=Could not use performance path due to time needed for energy model review at state
level. Would add ~2 months to permit process

«LEED-Homes v3 Multifamily Midrise Platinum Target



Tune Envelope for Performance and Views

40% GLAZING 7

457 GLAZING 50% GLAZING 95% GLAZING

L 4
i - it i | A WY, Ll i PV l (LY
! ! ! ] | ! .
| i ! | il ] | | 9 if ||
H ! : ! | - ! | E ! . 3
! i ! i ! i ! * ! !
— = = HIHH —t | — b | ] | — | = i e || s s s I s B e || s B s B e s s
| | . ! | ! | ! ! |
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= Compliance Analysis

40% VISION GLAZING 45% VISION GLAZING 50% VISION GLAZING 55% VISION GLAZING 55% VISION GLAZING
FRAME TYPE * Metal Frames * Metal Frames * Fiberglass Frames - North & South | -+ Fiberglass Frames - North & South * Fiberglass Frames - North & South
* Metal Frames - East & Wesl * Metal Frames - East & West + Metal Frames - East & West
GLASS + U-value of 0.38 * U-value of 0.38 + U-value of 0.28, SHGC of 0.23 - + U-value of 0.28 and SHGC of 0.23 - + U-value of 0.28 and SHGC of 0.17 -
PERFORMANCE + SHGC of 0.23 « SHGC of 0.23 North & South North & South North & South
* U-value of 0.38, SHGC of 0.23 - * U-value of 0.38 and SHGC of 0.23 - + U-value of 0.38 and SHGC of 0.17 -
East & West East & West East & West
SHADING * None * 14" averhang - North & South * None * 14" overhang - North & South * None
* None - East & West * None - East & West

7
A 1
" ¥ CONC. SLAB

FAINTED ALUM.
PLATE PANEL, MP2

FIBERGLASS WINDOW SYSTEM, FW
/ w/ SCHEDULED GLAZING

—_
—
e = e e e e =

=
|' * K
H [ & . FIBERGLASS WINDOW SYSTEM, FW b
[ o - J w/ OPERABLE VENT BEYOND
(WHERE OCCURS)
\ OFFICE i
H f i
)\
! 'II II ! I
41 L4 ] ____’gj_ | LEVELO4
o o = 1206 >
i




= Wall Section

WALL SECTION
MNORTH LEVEL 04 - OF o
SCALE 316" = 1-0°

/'/—'.‘E?l'l.'#. AL PLATE PRHEL, WP

. — LR oY = .: ——u'h-ﬂ- ——I-lﬁl_-l-b-g-
= FRRIGLASS TN
SYSTOM P
wi (FERABLE VERT
(WHERE DLCIRS,
PREFHEHED ALUW
MLATE FRREL. NP
by b &
p LEEKE R M-

L1 PRIFBISHID AN
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=
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SEYSTIW, Y
wi SCFIDULN D LA NG
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[ = =
PARTID ALLUM PLATE
PANEL NF7
METAL ETUD |
WAL AESEMELY I PREAMIZHED ALLIY
SCPEDARET L PLATE PAMEL WP
FLOGR FRasH i
I :
_\\\ Hl T} e )
- i : . :..E s

i1

PANTED &L

COHE. BLAE PLATE PAKEL WP2

FIZERGLASS WINGOW SYSTEM, I
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B — FIEER(GLASS WINDCW SYTEM, Fi :
- J a! OPMERAELE WENT BEYOHD
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WALL SECTION EMLARGED ELEVATION



Design Approach
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