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Introduction to Passive House




Introduction to Passive House  uiw
Beginnings of Passivhaus
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The Passivhaus standard
- Developed in Germany
-+ Founded in the early 1990s

-+ Professors Bo Adamson (Sweden) and Wolfgang
Feist (Germany)

—+ The first Passivhaus Standard dwellings were in
Darmstadt in 1991

Passive House Institute US (PHIUS)
- Founded in 2007

~~~~~ + Goal: bring the passive house strategy back to
the US
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Introduction to Passive House
The Principles
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Passive House is a performance based certification
system - not a prescriptive path.

Based on:

...... » Superinsulation
- Airtightness

~+ Heat Recovery [E NO L ‘

GREAT |

GIMME SOME |

~~~~~~ * Ventilation XCUSES'I/—
- Passive Solar Gain A

PERFORMANCE




Introduction to Passive House i
Performance Criteria
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Building Energy Demand:
-+ Heating = 4.75 BTU/hr-sf
-+ Primary Energy Demand = 38 kBTU/sf-year

- Airtightness = 0.6 ACHg,



Windows
‘Windows aften presant 3 wesk point in a
bullding

envelope’s thermal perfonmance,
501t Is Important to find windows that

[perform wedl. The Orchards at Orenco
Passive House will use 3 PVWC-Fibarglass
fybrid window frame with argon-filed
lnplepz‘eglamg. These windaws will
tt-turn opesation,

mglhemm to close tighter than

the double-hung or shider styles that are
maore common in the United States.
— Image from Euradine

Solar Deslgn
smart design with

Hiouse bulidings comfartable, even in
warmer months. Shading devices that
allow the winter sun in but block the
SUMMmer Sun are an integral part of the
bullding's salar design.

A
Ankrom Moisan

Roof

The roof at Orchards 3t Orenco will have 12° of
Insulation—about 4% the amount required by code. The
Night color of the roof reflects solar radiation, keeping
temperatures on the roaf surface and In the buliding at
comfortable levels in warmer months.

e —

and corstructed. 5 comnections at balconies
elements, for Instance, @ often challenging areas
amounts of coordination.
Image, courtesy of Green Hammer

It's in the Detalls
- In 3 superinsutated, alrtight bubding, the design team and construction
crew must work together to ensure every detall of the bullding I
ggpawdeqned | Structural
other exterior nt
| that reguire
| = nalyss

REACH

Coemmunity Development

THE ANATOMY OF A PASSIVE HOUSE

Heat Recovery Ventllator

warmed,
‘Mdrm The mechanical ventilation system and heat exchanger are
«crtical to the bullding's energy efMciency and indoor ar

quaity. The stale aad'amedm the kitchens and
bathroams warms fresh Inl:unlngalrsq:pled ta the unit
bedrooms, making use of wasted energy.

— Image from Broan

‘Walls

The wall assemibly 15 3 critical plege of mesting the Fasshe House
standard. while typical walls ususly have 67 stud cavities filied

with batt insuiation, the walls at Orchards will have 107 stud

cavitles fked with blown-in Nbergiass Insulation a5 well as 2 Byer

af exterior rigd Insulation.

Passive House Wall

Typical Wall

From the pages of Dwell to the New York Times, to various other
architectural journals, chances are you've heard about Passive House.
Often touted as “homes you can heat with 2 hair dryer,” Passive House
buildings beast energy loads low enough to make even the most
environmentally-conscious homeowners drool. While the principles
of the standard were born in North America in the 19707, it was a
German physicist, Dr. Wolgang Feist, who developed the standard
and built the first prototype in 1990,

Since then, the standard has taken off in many Eurcpean countries
and began to make inrads in the United States. Today, Passive House
US has 97 projects registerad, mostly single-family houses, but also
=smiall schools, community centers, churches & commercial buildings.

REACH Community Development s exploring the benefits and
challenges of applying Passive House building strategies to a
development in Hillsboro, Oregon’s Orenco station district. The fully
realized Orchards at Orenco development will provide 150 units of
workfioroe housing built in 3 phases. During Phase One of the project,
REACH will build a 57-uni Passive House-certified apartment building,
thus demonstrating the applicability of Passive House concepts to
affordable multifamily housing at a scale that is currently
unprecedented in the United States. Here are just some of the
companents that make up a Passive House:

Continuous Alr Barrler

FPassive House standard has rigorous requirements for buliding
alrtightness. In crder to achieve this, Passive House bulidings have
continuaus air barriers that cut down on heat losses due to
Infitration. Durlng the detaling and construction of a bullding, the
design t=am and construction crew must be prudent In maintaining
the continurty of the air bamer

Insulated Siab

The ground foor stab sits on 47 of high-density foam
Insuiation. The Insulation continues undemeath the
structural footings and wraps arcund the vertical
slab edge to meat the wall Insutation.

BENEFITS TO TENANTS

* Up to 90% reduction in enargy bills

= Superior indoor air gquality

* Balanced thermal comfort
througout the apartment

* Reduced outdoor noise inside apartments

= Innovative, forward-thinking living

OTHER SUSTAINABLE FEATURES
* Ample indoor bike parking

* Energy Star appliances

* Low-flow plumbing fixtures




Introduction to Passive House

Compliance Tools & Verification

PHPP (Passive House Planning Package)

Excel-format
Spreadsheet

Steady-State Heat
Balance Calculations

Monthly Climate Data
Averages

Simplified HVAC
Efficiencies / Capacities
Standard Schedules for
Occupancy and Loads

Validated Results in
European Installations

B Passive House Institute

Energy balance and Passive House Design Tool

for quality approved Passive Houses and EnerPHit retrofits
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Case Study

Orchards at Orenco



Orchards at Orenco
Project Team
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Orchards at Orenco
Why Passive House?

- Trends in Europe that show Passive House
complexes offer better acoustics and air quality, see
less turnover and lower maintenance costs

- Affordable living — not just affordable housing
----- * Reduced utility cost for building and tenants

-+ Assessing the Passive House strategy cost vs.
benefits

----- * Allow development of the Passive House standard



Orchards at Orenco
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Orchards at Orenco
Project Statistics
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~* Three stories




Orchards at Orenco
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Rendering




Orchards at Orenco

Typical Floor Plan

(2)




Orchards at Orenco
Passive House Strategies

Roof

‘The roof ak Orchards 3t Orenco will have 12 of
Insulation—about dx the amount reguired by code. The
Nght color of the roaf reflects solar radiation,
temperatures an the mof surface and In the buliding at
comfortabie levels in wanmer mant b

Iy

From the pages of Dwell to the New York Timas, to various other

Heat Recovery Ventliator architectural journals, chances are you've heard about Passive House.

Windows
Windows aften present a weak point in a cmlmtmﬁmf:agymgg:g:ﬂlndwram Often touted as "homes you can heat with a hair dryer,” Passive House
butdng qualty. The stale 3 exhaustad from the kitchens and buildings boast enargy loads low enough to make aven the most

environmentally-conscious homaowners drool. While the principles
of the standard were born in Morth America in the 1970, it was a
German physicist, Dr. Wolgang Feist, who developed the standard

thermai perfo
50 It s Impartant to find windows that
perform well. The Orchards at Orenco
[Passive House will use a PVC-Fibenglass

bathrooms warms fresh Incoming alr suppiled to the unit
bedrooms, making use of cthenwise wasted energy.
— image from Aroan

Fybrid wingow frame with argon-filled
tripie pana giazing. Thesa windows will
have tmt-turn opesation,
aliowing the windows to close tighter than
the doutie-hung or sider styles that are
more commen in the United States.

— Image from Euriine

Solar Design
Smart design with regards to solar
orientation |5 essential to keeping Passive
Houss busdings comfortabie, even In
Warmer months. Shading devices that
aliow the wanter sun in but biock the
SUMIMEr SN 2re an of the
buliding's solar MI;EQHM

A
Ankrom Moisan

T

REACH

Community Developrment

it's in the Detalls —
Ini 3 superinsuisted, alrtight bubiding, the design team and construction
crew must work together to ensure every detall of the bullding |s
g?!de!gnedandmrsmmd.smﬂ connections at balconies
other exierios elemants, for Instance, am often chalenging areas
s amounts of coordination.
analysk image. courfesy

that reguire
=i of Green Hammer

Walls
The wall ass=mibly Is 3 critical plece of mesting the Passive House
standard. While typlcal walls usually have £7 stud cavities filked
with batt insuation, the wals at Orchards will have 107 stud
cavities Milad with biown-in fibargizss Insulation a5 well as 3 Byer
of exterior rigid Insulation.

Typical Wall

and built the first prototypa in 1990.

Sinoe then, the standard has taken off in many Eurcpean countries
and began to make inroads in the United States. Today, Passive House
US has 97 projects registerad, mostly single-family houses, but also
small schoolks, community centers, churches & commercial buildings.

REACH Community Development is exploring the benafits and
challenges of applying Passive House building strategias to a

evelopment in Hillsboro, Oregen’s Orenco station district: The fully
realized Orchards at Orenco development will provide 150 units of
workforce housing built in 3 phases. During Phase One of the project,
REACH will bulkd a 57-unit Passive House-certified apartment building,
thus demonstrating the applicability of Passive House concepts to
affordable multifamily housing at a scale that is currently
unprecedented in the United States. Here are just some of the
components that make up a Passive Housa:

Continuous Alr Barrler

The Passive House standard has rigorous requirements for buliding
alirtightness. In ceder to achieve this, Passive House bulidings have
continuous air barriers that out cown on heat losses due to
Innitration. Durng the detamng and construction of 2 bullding, the
oesign team and construction crew must be prudent In maintaining
the continulty of the air barrier.

Insulated Slab

The ground Rocs stab sits on 47 of high-density foam
Insuiation. The Insulation continues undemeath the
structural footings and wraps around the vertical
slab edge to mest the wall insulation.

BEMEFITS TO TENANTS

* Up to 90% reduction in energy bills

. Slm rlﬂd}a{mﬂﬂ] y

* Balanced thermal comfort
througout the apartment

* Reduced outdoor noise inside apartments

+ Innovative, forward-thinking living

OTHER SUSTAINAELE FEATURES
» Ample indoor bike parking

* Energy Star appliances

* Low-fiow plumbing fixtures




Orchards at Orenco
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Envelope Performance

------ + R-39 Walls
------ * R-81 Roof

------ ~ R-18 Floors __/
------ “R-6.4 Windows )

...... + 17% Glazing




Orchards at Orenco

HVAC Systems

------ * Electric Cove Heat
------ * Heat Recovery Units
------ * Heat Pump Heating / Cooling

Marually Operable Window

Provides simple occupant
controlled ventilation & Fresh
passive cooling

Ventilation air temperature
responds to peak loads




Orchards at Orenco
Modeling Methodology
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Modeling for Energy Trust Incentives:
-~ eQUEST model - v3.64
- Baseline HVAC System: PTHP (all electric)

----- » Bundled Envelope Measures & HVAC System
Efficiency

- Infiltration (0.82 ACHg, vs. 0.6 ACH.,)

----- + Low-flow Plumbing Fixtures




Orchards at Orenco
Typical Energy End Uses - Residential
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Pumps / Fans
5.0% o

Domestic Hot Water
27.0%

Misc Equipment
22.0%

Space Heating
28.0%

Space Cooling
3.0%

Typical Residential Building: Baseline Energy Use
EUI = 72 kBTU/sf/year
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Orchards at Orenco
Predicted Energy End Use
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Misc Equipment

10.0% Space Heating

3.0%
Space Cooling
1.0%

Domestic Hot Water
5.0%

Savings
VASHOR

Pumps / Fans
5.0%

Passive House Building
EUI = 20 - 24 kBTU/sf/year



Energy Use Index (EUI)

Orchards at Orenco
Energy Use Comparison

80.0

72

70.0 -

60.0 -

50.0 -

kBtu/sf/year
N
o
o

30.0 -

20.0 -

10.0

Average 2010 Oregon Architecture
Building Energy Code 2030 Goal

Phase I Design
Model

16.3

Solar Budget
(PV on Roof)

===

B DOMESTIC HW
PUMPS/FANS

m HEAT REJECTION

m SPACE COOLING

m SPACE HEATING

m MISC. EQUIP.

w LIGHTS



Orchards at Orenco
Passive House Energy Analysis
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green hammer

Dresigmied for I-'r-v:||;|||.'-. Built far Life™
4/25/14
Orchards Phase | Energy Loads
25.0
— 20.0
)
E = M Space Heating
£ E 146 W Space Cooling
§ E 15.0 - Ventilation
e o = Water Heating
E : Lighting
10.0 = Appliance & Equip
B Plug Loads
5.0
0.0

Anticipated Loads Passivhaus Loads
{(Expected Behavior) (Conservative Behavior)



Orchards at Orenco
Passive House Energy Analysis

The Orchards at Orenco - Phase |
Passive House Energy Analysis Summary

Permit Set / PHIUS Pre-certification Submission

green hammer

5/8/2014
[REsULTs:
Space Heating Peak Load: 246  BTUMesf Total Source Energy E-UI: 36.0 KBTI
Passive House Standard: 317 BTUihest Passive House Standard: 380 KBTWistyr
Percent of Limit: 78% Percent of Limit: 35%
|ASSUMPTIONS:
[Enuslope: Rovalue
Walls: 210 + | 5" mineral wool 3% Heating Svstem: 80% Heat Pump, COP= 431 {average all systerms) |Apoliancas: Refrigerator Freezers: 370 KWhiyr ES rating or better
advanced framed. 15% framing factar delivered via HRY supply & indoor heads Diishwashers: IT5 KWhiyr ES rating or better
solid blocking @ exterior structural supports 20% Electric-Resiszance {in aparvments) Clotheswashers: 184 kWhiyr ES rating or betver
Windows: EuraLine TT uPYC overinsulated X} R-frame window watcher shut-aff Clothesdryers: g
Glazing MI5: LoE 180180 Ar, SHGC=0.55 9.0 Wentilati I Caook ERVs 75% effectveness 0.80 Wiefm Range/Crven: electric
Glazing EVY: LoE 366/180 Ar, SHGC=025 75 Aparoment Vertllaten: 50 cffapr, cant. Range Hood: recireulating charceal filver
Residential Doors:  Eurcling TIT Door uPYC evarinsul 43 R-frame 50 cfm add'| venclagien te secend badreoms in surmmar Elevator: 3000 KWhiyr
ADA sl (assumed 4600 Serics) Comm, Rm, Ventlation: BS cfm. cont i.e. Thyssen Krup, MRL Traction
Glazing; same 5 above Office Ventilation: 15 cfm, cons
Lobby Doors (4): Klearwall PH Door &7 Reframe Labby Ventilation: 50 cfm, cont
Glazing: Saint Gobin 0.5/0.5 & Opaque Panel ! 1.4 Whole-Building Ave: 058 ACH
Corridor Doors (12): Select Door Wood Fire-razed Door 3 Reframe Duct Insulation, HRY to Exterior: 4" FG wi vaper barrier  |Lighting: Residential 100% flucrescent/LED
Glazing: Ceramic glass (18°%247) 07 Ma dirgct exhaust fans within PH envelope Men-residential; 08 Wisf accupied areas
Roof: 12" Palyiso ower Sheathing al 0.4 Wisf storage/circulation areas
Slab: Fiedd: 4"EPS I 1B occupancy sensing all non-residential areas
Interior Foatings: 1" EPS 1% &
Perimecer Footings: 4" EPS 1% 1% DHWY Svsgam: Central Gas Heater w/ Trace Hitg on Lines |Cooling Strategy. MRV supply air tempered by heat pump; supply temp ~50F
Vertical Perimezer: 4" EPS 1| 18 ‘Water Heater efficiency = 99% (mominal) HRV airflow increased by SOcm in zach 2 bedroom unit during surmmer.
Airtightness: 060 ACH (@ 50 Fa Bradford White EF-100T-199E-30M(A) HRY heat recovery bypass automated by thermostat
Het Water Line Insulation: min. 34" continuous Windows open night only if necessary, closed during day
|Qthear: Therrmal Mass: Seandard drywall {11) hot water riser lines assuned per floor
| inch gyperese floor topping wio carper Low-flow fictures throughout
Thermal Bridging: Intermittent solid blacking at decks/awnings
24 Plumbing vents, |0 roof drains, 3 radon vents
{all ventsidrains insulated through attic)

NOTES:
I Floor area and window area inputs based on 50% CD drawings {12/5/13) with following clarifications
= where adjoining windows are not mulled together, the post berween must receive same over-insulation as the wall condition,
- all doars are 3' x &' nominal
2 Envelope Configuration: Laundry room, elevator enclosure, and end wing stair/storage areas are outside the Passivhaus envelope. No active heating is supplied to these spaces (aside from a 500W frost-prevention heater in the maintenance room).

Specified wall insulation, airtightness layer, doors and windows segregate these spaces from the building proper. Access to mechanical pods is assumed to be from interior ceiling hatch (within the thermal envelope). All roof hatches occur at end-wing stairs,

outside the thermal envelope.

3 Lighting, equipment, plug loads and hot water usage is based upon Passivhaus default values {used as the basis for PH certification). Actual loads are anticipated to be higher which may present periods of occupant discomfort due to overheating.
Strategies to encourage occupant behavior toward energy efficiency are highly encouraged (i.e. lobby dashboard reporting each units' red/yellow/green status toward their energy usage target with more info on how to decrease energy usage such as

reducing internal loads and night-flush ventilation).

4 This analysis includes a thermal bridge analysis of a typical solid blocking detail assumed at exterior structural connections. Intermittent blocking (net continuous) assumed at decks, awnings, unconditioned wall junctions, etc. Alse included is a thermal
bridge at all roof vents/drains, assuming they are insulated as they pass through the roof truss cavity, Vapor impermeable barrier should surround this insulation to aveid condensation,




Orchards at Orenco
Where do we stand?
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Heating (BTU/hr-sf) 3 17 2.46

Primary Energy Demand (kBTU/sf-year) 38 36

Airtightness (ACH50) 0.6 TBD



omparing Design Tools
PHPP & eQUEST

(21 Global Parameters

5 BUILD-PARAMETERS 1
E1[T] bldg-stry-1
[ 5~zone-150-PARKING_GARAG
0] 5~zone-140-STAIRS
[ 5~zone-139-LOADING_DOCK
] 5~-zone-138-EMPLOYEE_BREAI
[ 5~zone-137-ELECTRICALGENE
] 5~zone-136-CORRIDOR
[ 5~zone-135-ELECTRICAL
5] 5~zone-124-STORAGE
5] 5~zone-133-MECHANICALWA
[ $-zone-122-LINEN_STORAGE_
Windows 5] S~zone-131-STAIRS
[ $~-zone-120-BIKE_STORAGE
5] 5~zone-129-LAUNDRY
[ 5~z0ne-128-HKPG_OFFICE
5] S~zone-127-CORRIDOR
[ S~zone-126-POOL_MECH
5] 5~zone-125-POOL
5] S~zone-124-LIBRARY
[ S~zone-123-LAUNDRY_CHUTE
[ 5~zone-122-POOL_VESTIBULE
I S~-zone-121-ELEVATORS
J7] 5~z0ne-120-CORRIDORELEV L
0] S~zone-119-WORKOUT
[ 5~z0ne-118-SALES_OFFICE
0] S~zone-117-GM_OFFICE
[ 5~z0ne-116-LUGGAGESTORAC
] 5-zone-115-TRAINING_-_WOF
5] S~zone-114-ENTRYWAY
I 5-zone-113-BUSINESS_CTRM

Color Legend

||IHIL’

| i

@ Passivhaus Institut




Comparing Design Tools
PHPP & eQUEST

Cost None $$
Training On line Forums & User Training through PHIUS
Groups & User Groups

Model Format DOE-2 engine Excel

Initial Set Up Wizard Drawing Take-offs

HVAC Systems Complex / Modifiable Simple - efficiency
based

Parametric Analysis Yes No

Accepted by ETO Yes No

Hourly Simulation Yes No



Comparing Design Tools
PHPP & eQUEST
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""" *Who can use it?

----- * When each is most effective?

------ * What are the uses for each program?

""" » What do they not do?
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Project Lessons Learned



Lessons Learned
Topics

ss====

Commercial Buildings

------ * Optimizing Ventilation

------ + Kitchen Hood Exhaust

------ + Balance Point & Overheating

------ » Material & Equipment Availability

------ + Passive House US & Passivhaus Differences




Project Lessons Learned
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Importance of Passive House Boundary
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Infiltration Testing:

stack effect

...... * Laundry - exhaust
& make-up air

...... Garbage Rooms —_
exhaust & make-up
air



Project Lessons Learned
Optimizing Ventilation

s22==

"""" + Tightly sealed building
requires complete
ventilation system

~~~~~~ © Heat recovery is
necessary

-+ Higher airflow = more
energy

_____ » Balance IAQ with
energy efficiency

...... + Providing sufficient
exhaust



Project Lessons Learned

Kitchen Hood Exhaust

eo®
ccocow
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exhaust duct outdoors
is problematic

+ Re-circulating hoods

meet Passive House
goals but are an TAQ
concern

+ Review kitchen hood

ducting requirements
with AHJ



Project Lessons Learned
Balance Point & Overheating

[ DON'T WANNAYSAY I'T* SiI—IOT
IN MY ﬁRU @I . '

BUT TWO HOBBITS JUST CAME
AROUND AND THREW A RING
IN I'E




Project Lessons Learned
Balance Point & Overheating
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Solutions:

-+ Reduce Internal Loads

-~ Cooling of ventilation air to take the edge off




Project Lessons Learned
Material & Equipment Availa

PHI ratings for HRV’s differ
from ratings by AHRI.

PHIUS will now accept
AHRI rated efficiencies.

nility / Selection

A CERTIFIED®

www.ahridirectory.org

Certificate of Product Ratings

AHRI Certified Reference Number: 3816253 Date: 3/20/2014 TStatus: Active

Product: Packaged Air-to-Air Energy Recovery Ventilator

Model Number: EV450J

Manufacturer: RENEWAIRE, LLC

Trade/Brand name: RENEWAIRE

Rated as follows in accordance with AHRI Standard 1060-2012 for Air-to-Air Heat Exchangers for Energy

Recovery Ventilation Equipment and subject to verification of rating accuracy by AHRI-sponsored,
independent, third party testing:

Product Type: Plate eaving Supply Air Flow (SCFM): 450

Pressure Drop (inches): 0.60 Additio s
This package
contains 1 certified components, each with
AirFlow of 450cfm

Leakage Ratings Pressure Differential EATR(%) OACF Purge Angle/Setting
Test1: -1.00 1.00 1.00 N/A
Test 2: 0.00 0.00 1.02 N/A
Test 3: 1.00 0.00 1.05 MN/A

Thermal Effectiveness Ratings at 0" Pressure Differential

Sensible(es) Latent{%s) Total(%)
100% Air Flow Heafing 73 53 66
75% Air Flow Heating ! 60 7
100% Air Flow Cooling 73 46 56
75% Air Flow Cooling arl 52 61

Net Sensible|%) Net Latenti Net Total(%)

100% Air Flow Heating 73
75% Air Flow Heating 77
100% Air Flow Cooling 73
75% Air Flow Cooling 77

1 Modeis with an ‘Active’ status are those thal are curently in production. Models with & ‘Discontinued stalus are those that the manufaclurer has elected 1o stop producing,
yat stock is 3till available. Models with an ‘Obsolete’ status are those that the manufacturer is required fo stop manufacturing due to an AHRI certification program test failure.

* Ratings followed by an astersk (") indicate a volurntary rerate of previously published data, Unless accampanied with 3 WAS, which indicates an invaluntary rerate

DISCLAIMER

AHRI does net endorse the product(s) listed on this Certiflcate and makes no ar as to, and assumes ne responsibility for,
the productis) listed an this Certificate. AHRI expressly disclaims all liability for damages of any kind arising out of the use or performance of the productis), or the
unauthorized altgeation of data listed on this Certificate, Certified ratings are valid only for models and configurations listed in the

diveetory at www.ahridire ctory,ong,

TERMS AND CONDITIONS
This Certificate and its contents are proprietary products of AHRI. This Cert/ficate shall only be used for individual, personal and
confidential reference purposes. The contents of this Certificate may not. in whole or in part, be reproduced; copied; disseminated;

entered into a computer database; or otherwise utilized, in any form or manner or by any means, except for the user's individual,

personal and confidential reference. AIR-CONDITIONING, HEATING,
CERTIFICATE VERIFICATION & REFRIGERATION INSTITUTE
The Information for the model cited on this certificate can be verified at www.ahridirectory.org, elick on “Verify Certificate” link
and enter the AHRI Certified Reference Number and the date on which the certificate was issued,

we make life betees™

which is listed above, and the Certificate No., which is listed at bottom right, 430398013851
©2014 Air-Conditioning, Heating, and Refrigeration Institute CERTIFICATE NO.: fan




Project Lessons Learned
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Next Steps
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...... + Complete Construction

...... + Verify Performance




Conclusions
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being applied to different application.

------ * Push the “envelope”.

------ * The Passive House process is becoming more
refined to reflect US conditions.

------ * More widespread adoption will reduce costs -
just like what we saw happen with LEED.




e
P

?

ORCHARDS

stions

’?’

S




