Passive House Multifamily Construction

Hook & Ladder — Minneapolis, Minnesota

Presented by Kim Bretheim, FAIA, LEED AP BD+C — Housing Studio Leader

Disclaimer: This presentation was developed by a third party and is not funded by
WoodWorks or the Softwood Lumber Board.



Learning Objectives

1. Case study comparison

2. Why Passive House for multifamily affordable housing?

3. Review outcomes

4. Compare “standard” and Passive House requirements

5. Compare constructability and detailing
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Project Statistics

Building 1: Standard

59 Units (32-1BR, 16-2BR, 11-3BR)
3-story wood frame over 1 level precast
46,595 net rentable SF

59,553 GSF finished

19,768 GSF enclosed parking below

Building 2: Passive House

59 Units (32-1 BR, 16-2 BR, 11-3BR)
4-story wood frame over 1 level precast
47,856 net rentable SF

57,869 GSF finished

9,296 open parking below
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Climate Zone: 6A

Primary Occupancy: R-2

Construction Type: “Standard” Building 1: VB
“Passive” Building 2: VA



Standard Building Passive House

3-Stories over underground parking »  5-stories with unenclosed parking on
P " t S 't garage Level 1
rOJ eC I e « 59 Dwelling Units * 59 Dwelling Units
* Rentable Unit Area = 45,628 SF * Rentable Unit Area = 45,883 SF
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First Floor




Second - Third Floor




Fourth — Fifth Floor




Outcome
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Outcome

ENERGY USE INTENSITY (EUI = kBtu/sf/yr)

Standard Building (with Passive House Building (without
enclosed parking) enclosed parking)
EUI Baseline /5.4 66.7
EUI Goal 62.3 40
EUI Predicted 56.7 23.75

AIR TIGHTNESS (Blower Door Air Leakage Tests) Code Maximum: 3

ACHso

Standard Building (with
enclosed parking)

Passive House Building
(without enclosed parking)

Design Standard Max

Energy Star Max = .3 <™ 50/ft

PHIUS = .05 < 50/ft

15 em50/ft?

.038 “m50/ft?

.95 ACHso

.3 ACHso

Standard Building
HERS Rating:
61 Target
51 Actual



Cost Containment: Finance Sources / Construction Cost

PHIUS BUILDING TOTAL COST
Excluding site

$10,020,951 = $149.20/GSF w/ parking
$163.53 GSF w/o parking

STANDARD BUILDING TOTAL COST
Excluding site

$9,547,675 = $120.37/GSF w/ parking
$140.41/GSF w/o parking




Why PHIUS for Multifamily Affordable Housing: Benefits

PHIUS+ 2015

REQUIREMENTS

- High-performance
building envelope
— Thermal comfort
— Moisture control
— Durability
- Fresh air requirements
— Direct bedroom
supply
- MERV 8 (MERV 12)
— Limited exposure to
combustion gas
- Balanced ventilator

OCCUPANT
BENEFITS

Resilience

— extreme
weather

— power outages

— housing cost
uncertainty

- Remediation of

environmental pollution

- Increased occupant

comfort

- Increased occupant

health

— reduction in mold,
bacteria, dust, pests

— cardiovascular

— stress

COMMUNITY
BENEFITS

Lower turnover
= connection to
community

- Resilience

- Proactive care for
vulnerable
populations

- Economics

- Emissions

- Prototype

OWNER
BENEFITS

- Funding opportunities

+ Reduced maintenance/

operation costs

— utilities

— envelope durability
(3rd party verified)

— Reduced resident
turnover



Integrated Design Critical to Success

Do Gl Air-tightness

Windows
+ Doors

Mechanical I Assemblies
Systems
Energy

Financing
Massing +
Orientation

Program
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Project Team

OWNER: NEWPORT PARTNERS LLC

* Becky Landon

« Sarah Larson

ARCHITECT: LHB, INC.

* Kim Bretheim, Project Principal

 Bailey Hanson, Architect

» Laura Heck, Project Assistant

o Jeff Hemer, Architect

* Melanie Kiihn, Architect

» Lindsey Kieffaber, Architect

* Andy Madson, Architect

» Bill Niebur, Architect

* Roger Purdy, Construction Administrator

« Jonathan Rozenbergs, Architect

»  Stuart Shrimpton, Architectural Designer

» Ben Trousdale, Architect

o Elizabeth Turner, Architect

 David Williams, Energy Modeling

PASSIVE HOUSE CONSULTANT: PRECIPITATE
o Elizabeth Turner, Architect, PHIUS+ Consultant

< NEWPORT Iff FRERICHS

COMEBTRUCTION

CONTRACTOR: FRERICHS CONSTRUCTION

 Dave Einck, Senior Project Manager

» Mike Reineccius, Field Superintendent

 Aaron Zdon, Air Sealing Specialist

M&E CONTRACTORS

 J. Becher & Associates

 Kevin Miller & Reid Mathiason: Associated
Mechanical Contractors

M&E: STEEN ENGINEERING

« John Hazucha, Mechanical Engineer

« Jake Melbostad, Electrical Engineer

STRUCTURAL: MATTSON MACDONALD YOUNG

 Kirk Davis, Structural Engineer

CIVIL: WENCK ASSOCIATES

* Roshaan Grieme, Civil Engineer

LA: AUNE FERNANDEZ LANDSCAPE

ARCHITECTURE

« Jason Aune, Landscape Architect



Passive House Principles

Minimize Thermal Loss/Gain
* Continuous Insulation

Air-Tight Construction

* Proper location and durability of air
barrier and vapor retarder

High Performance Windows/Doors
Balanced Ventilation (ERV)
Minimized Space Conditioning

PHIUS Certification Process

Certified Passive House Consultant

WUFI| Passive Energy + Hygrothermal
Modeling

Pre-certification Design Review by PHIUS
Testing by PHIUS+ Rater (HERS rater
allowed first time)
 Detailed on-site inspection
— Slab + foundation insulation
— Insulation
— Air barrier details
* Blower door test
« HVAC + DHW commissioning



Design Performance Standards
Thermal and Moisture Protection / Window Openings

Standard

Insulation level
modeling

Slabs on grade

Wood Framed
walls min.

Roof minimum:
Floors over

unconditioned
space (minimum)

Energy Star Certified

Homes, Version 3.1
rev.08

Maximum Assembly U

value per ASHRAE

90.1-2010, appendix A

per MN Residential

Energy Code C401.2.

2012 IECC levels

(table 402.1.3/1) and
grade 1 installation per

RESNET standards
Slab edge RS + per
2009 |ECC
(U-.051)

1) Above deck: R30

(u-.032)/.048
U=.033 (per energy
star 3.1)

PHIUS

Energy Star Multifamily High Rise.
Version 1.7

MN Commercial Energy Code

Meet or exceed 2012 IECC insulation
levels
(ASHRAE 90.1-2010)

below slab insulation: whole slab R20-28

continuous exterior insulation +R5 (Walls:

39-51)
(Roof/Ceilings: 70-90)

U=.026
blown insulation in framing plank

Standard

U factor

Air leakage

SHGC

Models meeting
standard/certific
ation

Ufactor and SHGC for
northern zone

-27-30U

.3 c¢fm 50/s.f. per Energy
Star
32 - .42

Pella Impervia — Natural
Sun Low-E IG (29 U, .5
shgc)

meet PHIUS for cold climate
zone (#6)

Overall Installed Window U-
value: < 0.13 (Btu/h)/sf/F
Center of Glass U-Values: <
0.12 (Btu/h)/sflF

.05cfm 50/ft2 (whole building)

SHGC-South: > 0.50
SHGC-North, East, West: Any
Pella 350 series (Advanced

low-e argon triple pane —
U=.17, shgc+.19)



Precedent: Va

CANADA'S LARGEST
PASSIVE HOUSE BUILBING

’ij Cornerstone

L.'- ARCHITECTURAL GROUP

PASSIVEHOUSE
CANADA ==




Takeaways for Cost Containment & Quality Control

 Source materials locally (e.g. windows)
 Train installers and site superintendents
 Simplify design and material selection

 Let trades do what they know how to
build & design accordingly

* Design for “2-fers”: e.g. structure &

moisture control, energy envelope & : _
acoustics REPORT ALL PERSTRATIONS TO SUPE




Assembly Comparison — Climate Zone 6 & 7

TRADITIONAL WALL /RIM

TYPICAL WALL /RIM

ENHANCED WALL /RIM

INNOVATIVE WALL /RIM

Pre-1980 Current Current MNext-Gen’
Platform Framed Platform Framed Platform Framed Balloon Framed
Building EUI Targeted Building EUL 40 Targeted Building EUI: 30 Targeted Building EUI: 20
60+ kBtu/sf kBtu/sf outcome kBtw'sf outcome kBtu/sf outcome
. . i e—— : i#H— Sheet #—Sheet Metal Stud A8 — Fluid-applied
Vapor Barrier 1 Building Vapor Retarder ) Vapor Retarder . : 1 PP
4 mil sheet }| Paper pE-—miI sheet megrgbrane 'smar’tEJ membrane mﬁrgbrane Furing | WRE
fas reqd) : 2 x 6 Framin — Cont Exterior F s 7 Son istiiated
2x4 Framin 2 x 8 Framin W Structural wi Densepac Bsilon i Bagtallmlﬁ Sheathing
w/ Batt Insul. wi Batt Insul. Sheathing  Cellulose Insul. - e -
= — Sealant at =il .
Eir-aelf-:giat ||'|te.r1@rvapgr ++++++ i Interior Vapor
& Interior Retarder Seams ! Retarder Seams
: . Al St — Structural E=i— Cont. Interior
T Insulated Rim - Tttt =y | y Sheathing i Sheathing &
EE Foamead Rim ! - St
+++++++++++ i +HH—Foamed Rim t | Vapor Retarder
2 — Blowr-in — BlownHn 3 #H— EBlown-in
Insulation Insulation Tk I Insulation
— Window Head — Window Head : — Window Head
at Rim at Rim at Ceiling
INTEGRATION OF CONTINUITY & INTEGRITY
, BUILDING COMPONENTS OF MOISTURE PLANES
- F
ROLE OF WALL / ENVELOPE
ENERGY CODE WHOLE-BUILDING &
., COMPLIANCE COMPONENT MODELING
b 7

EVALUATION OF PERFORMANCE

GOALS

* Minimized Thermal
Bridging

* Increased Air Tightness

» Managed Vapor Plane

 Managed Drainage
Plane



Passive House
High Performance Envelope & Mechanical System

ENVELOPE
Roof Insulation R-55
Wall Insulation R-19 + R-9.6 CI (R-29.7 total wall assembly)
Above Parking 50 ClI
Slab Insulation R-20 Cl
Awning Window U-0.17, SHGC 0.2
Fixed Window U-0.15, SHGC 0.27
SYSTEMS
HVAC System (Cooling) VRF with Centralized ERV
HVAC System (Heating) Gas Fired Boilers
Dwelling HVAC Units Fancoils (4 Pipe)
Lighting LED
Dryers Heat Pump mixed with Standard
DHW Gas with VRF Preheat
Solar 40 kW system on rooftop

(located on Standard House Building due to orientation)



Continuous Fresh Air Supply: Direct to Bedrooms

Standard Passive House
Direct | 7y L 5 -4 i .' f:*'l;.{;:g—. A} —J:f' . Fan Coil [ F=TL ﬁh_:;f: ﬁ@ﬁ?é—g—
Exhaust Pl = < o i H [ R | -
— Al LN - _ = / S
Magic Pak N ] % ' . u OAS O 4 ]
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| i3 | System Ak 2 %( o
§ i | e A ¢ / &y 120
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S i Electric Duct L/ N
| \ (Backup &b
\\\ H = heaters) .
1251:.1:!.1:" d s -.,Illl o g = 120 CFME o
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Standard

Continuous Fresh Air Supply

il
Typical Apartment Magic Pak

Passive House

Ventilation Ducts appear to be well sealed with mastic.

DOAS Unit with Heat Recovery




Building Assemblies

Standard Building Passive House

Roof R-Value =49 Roof R-Value = 62.3
Wall R-Value = 22 Wall R-Value = 29.7
Window U-factor = .29 Window U-factor = .15
SHGC = .40 SHGC = .27
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Wall Sections
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Wall Assemblies

STANDARD

BT
WALL ASSEMBLY
R-16 U-0.062
g 1N\
::=I | = Ml Panel .
! gl e sesse s 159 1YVEK Drainwrap
4l Exteion Wl Shesthing (Gypsum Densglass)
g & 26 Parmn
| 2 %8 Studs at 16 0C
_;1 T /2 (R-24) Batt insulation
L Wapor Baier, 06 mil poly
3 S Ghpravm Board
B
;'.':

PASSIVE HOUSE
WALL ASSEMBLY

R-28 U-0357

P Metal Paned

Weatver Resistive Bamier [Palgard) POIyga rd

21 Pam
Institated Exteror Sheathing (Hunfer Penets)

SE Plywood on 1 142 Polyisocyanurate (F-5u8)
Ferm =1 {pohyisn only)

2 %6 Studs 8t 160G, [Fire Trested)
5§10 (R-27) Batt insulation

A& 058 Znociunzl Shaat hing, Vapor Bamesr
With Taped Jomts, 1.5 Permn

1 5/8" Metal Framing at 16" OC
10 forrn MEF Chase

S'E Gypsum Board



Floor to Wall Connection

STANDARD PASSIVE HOUSE
FLOOR TO WALL CONNECTION FLOOR TO WALL CONNECTION

2 “l : -
i i i
B He r, . ] e [ Extenaof Finish {M‘Fk"ll!g:l
' i : Exterior P ':"'9:"‘31 ! 5 L Fluid sgplied AlrWater Bamier {21 Berri
i A ':l.éeatmr Resistant Bamier{ Tyvek Mermtrans) i dstor] Bt thing (Hunter Paneks)
: 36 Pam B S :
3 il | Vapor Retardes. 06 mil Baly oo Stud Wil with Batt insustion
= \ ks e link 5 Continuoug Seatant
e b — 4 | COnDNUa S k
te BT Tl = —— o
sl Taped Joint, Flusd Appled
7 oo Sheathnin
RIS EHEESEREEE R o : ? [~ Spmey Foam
g A = |l T hperete —1t— Ficar Sheathing
RS o 144 Anoustic Matt 1" Jrait ity Ciotincus Seal
o e N |
kol T EER e Tness
R e SEEEEET
O e Tz I —
e - | | 17 oousiic Mats
L e ) S s
e rﬁg%%i ?| I Intenar Sheathing (Vapor Barmier)
M 2t Gyfesinn Board
* ISESEEEEIEECIRS _ sl Trigs Hanper
o A R | Cloged Cell Low-Expansion Spray | Blowin-In Insulation
— it > =:;§£E= BET Foarn insukation (F-24 MIN)
v i = S =it =t H
ST, o = |
S S EEET. '
I R T & 22 | |
EED T i
PR 2237
=] L T . - T =E ‘l| |
(e e R, z53=3E=a ]
by o e
i = SEEu Ceilng Viapor Retarder, 06 mil Bty |
LR T == .
e '—'“‘=| 3 = - ‘:ja Sealant Cading Vapor Fetarder 0.6 mil Poly)
- — L
= — = -:l Tpical Windomw Head Framing
[ e I Gypsum Boand Furing on hetel Studs
& ! ;
|- (__..—..._ - I Viapor Betarder, 08 mil Pely I Gypsum Board on Resdient Channels
H 2
Lo il




Wall Details: Roof at Exterior Wall — Non-Bearing

T
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¥

Standard

— WETAL COPING

WELERANE BOOF - WIRAPG LB WALL BND (VER PARAPET [ROOF
ARUWATER RARSER)

METAL PANEL WALL ASSELISLY, SIMILAR, PLYWOOD AMD ROOF
WEMERANE, YERTICAL DH RO S0E. RATHER THAN DVRELM
SOMRD ANG WWFOR BARRER

MELIERAME BODF WiTH CONTRIOUS RIULATION

ROCF DECK.

154 LWL LEDGER

1540 LWL BLOCKIMG

JOOST HANGER AT SINLAR BEARTNG CORDITICK, DASMED
W00 1 JOET ROOF FRAMNG, SEE STRUICTURAL
GYPSUM S0MRT CELING

WETAL PANEL

WEATHER FESETINT BARRER (KNE-1. DSHED
SHEATHING, GEE STRUCTLRAL

W00 57U WALL Wik SATT RSULATION
VARDA BASAIER. DlSED. SEALTAPE TO ROOF DECK

G BORRD

Passive House

METAL COPMG

VEVERANE OO - (ROOF AR WATER BARRER|
RICRD ARPLUED ARWATER BARRIER (SHOWN DASH DOT) WA
P AL AND (VR PACRAPET

METAL PEREL WALL ASSENELY DONTINUES FROW BELOW,
WITHOLT INTERIGH FURRMNG. ARD WATH ROCF WENGRANE.
WVERTECAL On ROOF SDE

MEVERANE ROCH WITH COMTICLE] BELLATION

+ SEAL BETWEEN ROCE DECH SN[ WNTESIGH WALL SREATHNG

EOF DECK
SEST FANGER AT SR BEAREG COMOITION. DAS-ED

LSLLECGER, EEE STFRICTURAL

- GYRSUM BOKRD CEILNG

METAL PRNEL
HELLATED SHENTHING

OO0 BTLD kL WITH BATT BEEULATION
HTERIGHR SHEATHING (POR BARRSER)

YPSA BOWAD FURAING DN METAL ETURS



Wall Details at Garage

WEATHER: FESSTANT BARSIER (AWE-1. DASHED)

LONCAETE 5A8

TrRL WAL FLAS=NG
R IMSLLATION EXTRUCED POLYETYRENE
— GRADE VREE SEE CAAL

FOLADATION WATERPROGFRG SV5TEM

CONCRETE BLOCK FOURDATION, BEE STRUCTURAL

110 =1

'1u,5TAHDﬂRU - BASE OF WALL @ GARAGE SLAB

Standard

Passive House

ArkLL, CANTRENERS CWER EDOE OF FLANK, TFF

MESULATED SeEATHIGG AT TYPCAL THICKMEES - BEE WALl
TYPE, TrP

PEEALATED SHEATHNG (POLYSRICYARATE oM
B0, APPRO R 15, ADAPET WITH PLANY
Cotacnial TOLERARCE | OVES END OF PLAMIC ALIGN
WITH FALE OF SHEATHING MBOVE, TYP

GYPEUM TORPMG LM, TP
CONCRETE PLAKE, SEE ETRUCTURAL TH#

SFRAY APFLIED VAPOR BASFICR, DR PLANE DHLY

& ALYWOOD BEATHING, THR

PRECAST CONCRETE SEAM DASHED BEYOHD, S5E STRUCT
BLDWR-N NSULATION, TP

MIETAL STUD EOFFT FRAldNG, TYP

KEKER A% REQD TVR
BETAL OF FEER CEMENT PAMEL. SEE B Bvwihon, TV

LIOURD APPLEED) AW TS BARRIER [DASA-DOT) TP
PEEULATED E-EA TG POL SO0 YANURATE 08 PUYWOO00L TP
FEER CEMENT BOARD S0FFT, TYF

COND FLOOR ABOVE OPEN GARAGE- NON-BEARING



11

Wall Detalls: Base of Wall

WIETAL FANEL SEE ELEWATION

BUSPRSHED BLOCK BILL
WRTERPRCON TG MEEAANE
BEGNS EEMIND FLASMING

GORGCRETE SR SEE BTRUCT
GRADE. WASSES, SEE AL

STANDARD - BASE OF WALL @ VESTIBULE

12t - g

Standard

¥ . 3
o
s

METML (Ft FIBER CERENT PAREL SEE BLEVATEON

LG 0 APPLIED ARUAWATIER BARSER {DASHLOT)

ELATED SHEATHING
FLAGHNG
ELAREHED Bl Jas

SLUANSHED CONCRZTE BLRCK VEREER

¥ s T A —
W L g G UHOERSLAR BESULATION WRAPS LP T

TOP OF GLAR
UNCERSLAB KA WATERAAPOR BARRIER WRAP LF 5LAS EDGE

-— ETEEL REWFDRCING - SEE STRLCTURAL

'WATERPRODFMG MEVERANE, RN T4 BELOW JRADE

COMNDRETE BLOCK FOURDATICN, SEE STRUCTLRM,

HIGH DENETY EXTRUCED POLYETYRENE MEULATION UNDER
THICKENED BLAS - SEE STRLCTURAL

PRECAST COLUMMN, DASHED BEYVDRD, BEE STRUCTURAL
EHGHD UMDER SLAS BERLATION

8 .EEE OF WALL UNDER ENTRY CANOPY

= "

Passive House



Framing

Standard - Platform Passive - Balloon




Framing: Passive House Balloon Framing




Window Openings

Standard Passive




Insulation Cavity

Standard - Openings Passive — No Openings
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Window Openings

Standard Passive




Gypsum Board

Standard Passive




Framing

Standard - Platform Passive - Balloon




Weather Barrier

Standard - Sheet Passive - Fluid




Passive House Fluid Vapor Barrier




Weather Barrier

Standard - Sheet Passive - Fluid




Cladding

Standard - Rain Screen Passive — Rain Screen




Exterior Wall Penetrations

Standard Passive




Passive House Parking Garage Ceiling




Blower Door Test Results: Passive House

Final whole building blower door test

Square Foot of the Building Envelope 56200
Passive House Volume 420952

CFM50 test result - depressurization 2107
CFM50/Shell area 0.0375
ACHS0 - depressurization 0.30

CFM30 test result - pressurization 2168
CFMS0,/Shell area 0.0386

ACHS0 - pressurization 0.31

Average CFMS50 2107

Average CFM50/Shell area 0.038
Average ACHS0 0.30

Source: Final Blower Door Test Results prepared by
Eco Acheivers




Energy Design Assistance: Modeling & Rebate Incentives

_ Building1: Standard Building 2: PHIUS

Percent Energy Cost Savings
Percent Electric Demand Savings

Percent Electric Consumption
Savings
Percent Gas Consumption Savings

Total Incremental First Cost
Total Incentive
Simple Payback with Incentive

Energy Use Intensity (EUI)
(modeled)
% Savings

30%
25%
28%

40%
$150,315
$31,806
3.1

Baseline: 79.6 KBtu/ft?/yr
As Built: 51.6 KBtu/ft3/yr
35%

40%
19%
41%

40%
$495,724
$30319
8.6

Baseline: 62.8 KBtu/ft?/yr
As Built: 37.7 KBtu/ft3/yr
40%

53% from Standard
baseline

27% better than Standard
as built

Source: Verification Reports
prepared by Willdan



EDA Strategy Results: Standard Building

Space Asset Area Strategy Description Peak kW Savmgs kWh Savings |Gas Savings (Therm) [Energy Cost Savings

Office, Garage -
Enclosed, Fitness,
Apartments
Apartments

Facility
Magic Pak
Magic Pak

Apartments Common
Areas Office Laundry
Fitness
Garage

Apartments, Garage -
Enclosed, Laundry,
Common Areas
Apartments, Common
Areas, Garage -
Enclosed, Office,
Laundry, Fitness

Lighting power reductions

ENERGY STAR APPLIANCES
Machine roomless elevator
Increased DX cooling efficiency

Electronically commutated motor
with constant speed

Glazing low solar gain, non-metal
frame

85% efficient gas furnace
Roof R 40

Wall R 16

65,446

3.7 28,715
5.2 29,141
13.7 15,482
1 17,454
3.0 -1,338
0 0
93

0.7 333

-1,135

103
0

0
-393

3,549

2,307
1,067

919

$9,316

$4,459
$4,446
$2,476
$2,421

$1,962

$1,412
$675

$614

$9,309

$21,103
$4,229
$9,127
$18,010

$58,089

$191
$12,722

$1,457



EDA Strategy Results: Passive House

HVAC

Apartments, Common
Areas, Laundry
DOAS

Apartments, Laundry,
Garage - Enclosed,
Common Areas, Bike
storage / Trash
Apartments

Apartments, Common
Areas, Laundry, Bike
Storage / Trash
Facility

Apartments, Common
Areas, Laundry
Facility

DOAS

Air-cooled VRF

Glazing low solar gain triple pane,
non- metal frame
DOAS Total heat recovery

Lighting Power Reduction

ENERGY STAR Appliances
Wall R 24

50% reduced air infiltration
Roof R 60

Machine roomless elevator

DOAS 30% improved heat pump
cooling efficiency

-21.3
O

12
4.4

5.7
2.0

24
0.8

160,887
87,235

95,113
33,493

24,056
24,335

10,012
9,547

4,397
2,198

311

$19,902
$10,731

$6,768
$4,305

$3,329
$2,996

$1,242
$1,177

$559
$294

$94,260
$182,022

$47,223
$7,872

$20,060
$31,221

$38,159
$18,070

$14,695
$31,783
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QUESTIONS?

This concludes The American Institute of
Architects Continuing Education Systems
Course

Kim Bretheim, FAIA, LEED AP BD+C
Housing Studio Leader

LHB, Inc.
Kim.Bretheim@LHBcorp.com
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