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Building Envelopes for
Net Zero Buildings

Lessons Learned Over 20 Years

Henry Siegel, FAIA, LEED AP
Nancy Malone, AIA, LEED Fellow
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Exterior Wall Assembly
Standard $/Sq.Ft. |Alternate 1 (Selected) $/Sq.Ft. |Alternate 2 S/ Sq. Ft.
2x6 @ 16" OC $3.30 Certified 2 x 6 @ 24" OC $2.75 Engineered 2 x 6 @ 24" OC $3.70
R-19 Fiberglass Batts $0.40 R-20 Cellulose $0.55 R-20 Cellulose $0.55
1/2" 0SB $1.10 5/8" 0SB $1.20 5/8" 0SB $1.20
MDF Siding $4.50 Cement Fiber Cladding $5.00 Cement Fiber Cladding $5.00
Standard Exterior Paint $0.55 Recycled Exterior Paint $0.65 Recycled Exterior Paint $0.65
15# Building Paper $0.15 15# Building Paper $0.15 15# Building Paper $0.15
1/2" Gypsum board $1.15 5/8" Gypsum Board $1.25 5/8" Gypsum Board $1.25
Standard Interior Paint $0.55 Lowo VOC Interior Paint $0.75 Low VOC Interior Paint $0.75
Standard Caulking $0.05 Low VOC Caulking $0.08 Low VOC Caulking $0.08
$ / Sq. Ft. of Wall $11.75 $12.38 $13.33
Total Sq. Ft. Wall 6,365 6,365 6,365
Total Project Cost $74,789 $78,799 $84,845
Compare Building Assemblies
SIEGEL & STRAIN Architects
CONVENTIONAL WALL FRAMING
| J| T " " " " '| |§ ". H | JOISTS OR RAFTERS @ 16" O.C Resource Efficient Wall Framing
| T Standard Framing Optimized Framing
T DOUBLE TORTLATS Lumber Used 2x6 @ 16" OC 2x6@ 24" OC
i OVERSIZED HEADER Wood Savings 14,600 BF 11,800 BF
2800 BF (19%)
i FSTUR CORNERS Installed Cost 9,052 7,316
Cost Savings $1,736 (19%)
Cost Certified Wood $9,459 $7,645
: [ Cost Savings $1,814 (19%)
L STUDS @ 16" 0.C
EFFICIENT WALL FRAMING
| " " " " || |i |'- | JOISTS OR RAFTERS @ 24" 0.C
— DOUBLE TOP PLATE
HEADERS SIZED FOR ACTUAL LOADS
te 3-5TUD CORNERS
e STUDS @ 24" 0.C
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Reduce Material Used
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Results:

* Reduced operating energy by 33%

* Reduced operating emissions by 23%

* Reduced fuel for materials production by 50%
* Reduced wood used for framing by 19%

* Cost no more than conventional housing

* Used standard materials and methods to achieve

SIEGEL & STRAIN Architects

National Environmental Science Center, Yosemite National Park
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Constructability & Remoteness
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Foam:
* High global warming potential
* Toxic flame retardants

SIEGEL & STRAIN Architects

Mineral Wool:
* No flame retardants
* Less common in small buildings

Alternatives to Rigid Foam Insulation
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EXTERIOR EXTERIOR

INTERIOR INTERIOR

U-VALUE: 0.0306 U-Value: 0.0370 BTU/H ft2 F
Equivalent R-Value: R-32-33 Equivalent R-Value: R-27
Thickness: 11 1/8” Total Thickness: 11 1/8”

Wood Framed Wall Assembly Steel Framed Wall Assembly

o0
CONNEGTOR TYPE 6", TP., UGN
BTWN SHEAR PLYWD. & WTL. STUOS
NECTOR TYPE " TVP. BTV
SHEATHIG & PLYWD. & WD)
STt (80T S0ES)
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comner, Gt
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47 WOE STRO GF SELF-ADHEMRED R AT umeR
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4 un OVERLIP OF
WP VEUBRATE, TYP. CONNECTOR TrPE F
FIELD WSTALLED SEGTON 6F FIELD INSTALLED PLIG
DRAIN WAT, TYP. AT ALED (HATCHED). ATTACH TO PANEL
INSTALLED WP & SONG SECTIONS ENDS WITH ORYWALL. SCREWS
FACIORY INSTALLED SIONG A1 12" oc

SEALNT W/ BACKER ROD AT
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(ATcrED) - (B0 si0ES)
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Resulting “Steel” Assembly
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Resulting Wood Assembly
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SIEGEL & STRAIN Architects | Jackson Sustainable Winery Building, UC Davis
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Project Objectives

* Net exporter of energy and
water to support adjacent
building

* Operate Building Passively
* 55 —-80 deg F interior temp
* “Best Value” Design-build

|
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NOTER

VIEW OF ISWH FROM SOUTHEAST WITH SWF N BACKGROUND

DESIGH INCRVATIONS (00
0 INCREASID SOUTH ROXH ARLA

© SHADED, SCREENED PORCHES AT EAST & WEST ENDS.

[

CHARLES PANKDW BUILDERS

GUTTMANN & BLAEVDET
(COLUNS ELECTRICAL

PRONCT 9519700

o ernz

UC DAVIS - JSWB | *At

st ek 1 . MRG0 MECHANICAL
© 19GH PERFOAMANCE “THERMACCRE” SECTIONAL DODR : i e i
Jess Jackson Winery Building alve
o o5
Sros Gl (5655625
0 s on
Scheme D - Flat Roof
L Wal AValoe | oot AVaive | infitationeate Vertiation fates WinTemp. WaxTemp. F
+___[Simulation 306 glass on N &5 - Serious Glass 2 - 16" hemcrete thermal mass 0 65 0167 | Serious Glass 2 Yes o ventilation 519 8198 30
& [Simulation 29 6'glass on N & 5 Serious Glass 2 - 8' hemcrete thermal mass 20 65 0.167 | Serious Glass 2 Yes o ventilation 501 8251 a2
©__[Simulation 28- 6 glass on N & S - Serious Glass 2 - 8" hemcrete thermal mass 20 50 0.167 | Serious Glass 2 Yes o ventilation 2485 8281 8
Simulation 33 - 6 glass on N &S - Serious Glass 2 - 6" NWC thermal mass *updated glazing &
o |shading 265 65 0.167 | Serious Glass 3 Yes no ventilation 4528 7743 o
¢ |simulation 32 -6'glass on N &S - Serious Glass 2 - 6" NWC thermal mass *no vertical fins 25 65 0167 | Serious Glass 2 Yes no ventilation 466 7902 o
Simulation 31- 6 glass on N & S - Serious Glass 2 - 6" NWC thermal mass *updated glazing &
¢ |shagin 25 65 0167 | Serious Glass 2 Yes no ventilation 466 7897
o —
W glass on Glass 2 - 8" NWC thermal mass 04 Serious Glass 2 es no ventilation 48
. fass on N &S - Serious Glass 2 - 8" NWC thermal mass 0.167 | Serious Glass 2 es no ventilation .
A /ass on N &S - Serious Glass 2 - 8" NWC thermal mass 04 Serious Glass 2 es no ventilation 4
« jass on N &S - Serious Glass 2 - 8' NWC thermal mass 0.167_[Serious Glass 2 es o ventilation
. /ass on N & - Serious Glass 2 - 8 NWC thermal mass 0.4 [serious Gl es no ventilatior a
u lass on N &5 - Serious Glass 2 - 2' LWC thermal mass 0167 es no ventilation . 6
N 55 0n N &5 - Serious Glass 2 - 2" LWC thermal mass 04 Serious Glass es no ventilation 54, 107
o 2' glass on N &S - Glass 1- 2" LWC thermal mass 0.167 es o ventilation
» /ass on N & 5 - Serious Glass 1 - 2° LWC thermal mass 04 es no ventilation
o 2" glass on N &S - 22" LWC thermal mass 0.167 erious Glass es o ventilation
f jass on N &S  Glass 2 - 2" LWC thermal mass 04| serious Glass 2 | es o ventilation | 192
5 jass on N&S - fass 2 - No thermal mass 0167 es no ventilation
I Jass on N& S - lass 2 - No thermal mass 04 erious Glass es o ventilation z 269
u lass on NS - lass 2 - No thermal mass 1 4 0.167 erious Glass Yes o ventilation 34.48 100
v ass on N& - Serious Glass 2 - No thermal mass 1 4 Yes no ventilation 9.1 359
w__ISimulation 19 - glass on N &S - Serious Glass 2 7 167 Yes o ventilation 9.
I imulation 11a - no glass 167 No Glass es o ventilation 14.66 7511
v imulation 11 - no glass 167 No Glass es o ventilation 14.03 7627
2 imulation 2 - no glass. 167 No Glass o no ventilation
I [simulation 15 - glass on all sides - Serious Glass 1 .167 | Serious Glass 1 es o ventilation
o __simulation 13 - glass on all sides - Superglass 167 Superglass es no ventilation
lcc_Simulation 14 - glass on all sides - Serious Glass 1 167 i 1 es o ventilation
oo Simulation 17 - glass on all sides - Serious Glass 2 .167 | _Serious Glass 2 es o ventilation 218
e simulation 12 - glass on all sides - Average Glass .167 | _Average Glass es no ventilation 260
w [Simulation 2 - lass igned 167 | Average Glass o o ventilation 790
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Single variable iteration
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Exterior Wall
4 inch insulated wall panel over
Snap-R 1 inch EPS spacer over
10 inch girt (11in batt insulation)
=R-55.7

SIEGEL & STRAIN Architects

Roof

6 inch insulated roof panel over
12 inch metal girt with

batt insulation

=R-70

SIEGEL & STRAIN Architects
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Optimize Design
reduce loads
insulate well

provide daylight
reduce infiltration
address thermal breaks
passive cooling
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Temperature Results

Thermal Performance of the Jess Jackson Building - July, August 2013
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Total-1,125,382kg.

TOTAL-579,932kgC02eq

Steel
Roofing

Foam Insulation

Mass of Materials Embodied Carbon of Materials

SIEGEL & STRAIN Architects | Tally: Embodied Carbon Calculations

Faculty/Staff Housing
UC Davis

SIEGEL & STRAIN Architects I PYATOK
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Annual Energy Use By End Use

B Mech. Vent H Cooling ™ Lighting

e | I
sqft :

3-bed: 1,833
sqft HESES

- - I
sqft —

artal B
sqft Sk

ADU: 624 sqft . | -

DHW M Heating

Appliances Plugs/Misc

0 1,000 2,000 3,000 4,000 5,000
Electricity Use (kWh)

6,000 7,000 8,000 9,000 10,000
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ANNUAL ENERGY USE FOR BASE CASE

N
wv

W 2-bed Savings (kWh)
H 3-bed Savings (kWh)

= = N
o (5, ] o

Annual Electriity Savings (kWh)
(%, ]

R-2324"oc +1" R-21 AWF +1" 2x8 R-30

mineral wool mineral wool

SIEGEL & STRAIN Architects I

Basecase = R-21 24"oc + 1"

Dbl 2x4 centered Dbl 2x4 staggered
studs, R-30 studs, R-30

WALL ASSEMBLY COMPARISON

12
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Upgrade Comparison - All
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Summary of Energy Upgrades

Total Carbon Emissions of All Global New Construction

from 2020-2050

Business as Usual Projection
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