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Description: We have spent twelve years retrofitting an old house, and are turning our attention to the
alternative: designing a proper passive solar house on an adjacent village lot. In this workshop, we
share our experigces and results from our retrofits, and our best ideas and preliminary design for a
solar homebased on a new concept current in Europe but just now being introduced to tfie U.S.
Passive House.

Introduction

We live in Lemont, PA, within biking distae of Penn Stat©ver the past 20 years we have become
increasingly serious homesteaders ondd.8nacre In 1997 we began converting our backyard to a



biointensive minifarmOur aim was to get off industrial fookh 1999 weupped the ante artdrned ar
attention to the house. Oaim was to mak@ur housemore energy efficient.

Our house was builiy the Meyers familyn 1937 asa modest woodrame cottage with clapboard
siding In 1957 he Fitzgeralds built 800 sqft. addition, bringing the firshed space tb780 sq. ft.

The traditional wisdom from energgtrofit gurusin 1999was the sequence: (1) reduce energy use;
(2) prevent heat loss; and (&rorporatesolar in some formWe followed this sequence and while we
learned a lot, we foundh¢ effort challenging and the resufisappointing.

In 2006 we bought an adjacent quarter acre lot, and this opened up the possibilityiod auicdper
house from scratch.

But what is a proper house? Thereindaguzzle and a challenge as degpedrofitting our present
houseFor wus, t he phr agebeyogdrtheneuntaiktap teseats yifvithdauish use
of stoneandwood Green housing must be something Wecauldhave andgshouldhave.

In addition, our houses should beensions of our gardens, not the other way around. So much of what
we have found in green housing has little to do with providimgpwn sustenance. Green housing
seemdargeted to provide domiciles farendyurbanitesvho drive theiPriusedo farmes markets (For

a refreshing contrastee what the Dervaes family has done off &tSe in Pasadena, CA at
http://urbanhomestead.orp/

With this workshopwve aim to do the following:

e untangle competing and ovapping concepts ddw energyhouse design;

e introduce the Passive House concept as a new and important donckgstigningand retrofitting
housesand other buildingsand

¢ apply the Passive House concptwo casesa new house design and a retrofit.

We invite you to contact us through our websit@tneoterraexpts@aol.cowith your questions or
comments

PART 1. COMPETING CONCEPTS FOR GREEN HOUSING

1.1 The Search for a Greener Concept

The latesgreen design concept to hit the U.S. is the European concept PassiveTHeuseginator of
Passive House in Europe is Dr. Wolfgareisg a German physicist. He was inspired by Dr. William F.
Shurcliff, an Americamphysicist with a passionate inter@spassive siar designand physicist Amory
Lovins, founder of the Rocky Mountain Institueghe Passive House concept basome the standard
for new construction in many European coigs, and is just now beingported to the U.Soy wayof
Germanbom architect Katrirklingenberg Shebuilt the first Passive House in the Ui$2003and
started the Passive House Institute GB&p{//www.passivehouse.)smodeled orits German
counterpart, the Passivhaustitut. For essential information on Passive House, see



http://urbanhomestead.org/
mailto:neoterraexpts@aol.com
http://www.passivehouse.us/

(http://www.passivhaustagung.de/Passive_House E/passivehouyardiviartin Hdladayd s pr i mer
(http://www.greenbuildingadvisor.com/blogs/dept/musings/passivhagsnerk

While the two of uswvere familiar withShurcliff and Lovinswhen we started our retradjtveh a d n 6 t
redly investigatedPassiveHouse design until last Novemb&ve had heard of it through the first place
award given to the University of Darmstadt (Germany) enttiie 2007 U.SSolar Decathlon
(http://www.solrdecathlon.goV). This washe same year Penn State came in fourth with its
MorningstarHouseentry (http://www.cfs.psu.edu/programs/morningssatarhome.html). Ironically,
this pastyearan American university/irginia Polytechnic Institutecame in first in the Europe&olar
Decathlon(http://www.sdeurope.org/index.htm?lang¥en

So much has changed in the pasteh yearsin 1998 Ecovillage Ithaca had just completed its first
neighborhoodyww.ecovillageithaca.orly In 1999Dana Meadows, professor at Dartmouth College,

and one of the authors of the pdtteakingl 9 72 book #ALiIimits to Growth, o
ecovillagenearHartland, Vermontyww.cobbhill.org). | recall listserveeonversations among the then
sustainable design gurus who were advisingiheluding Amory Lovins (author of Soft Energy Paths

and director of the Rocky Mountain Institutep://www.rmi.org/rmi/), andMarc Rosenbaum
(www.energysmiths.cojn

For heatingCobb Hill decided on a central wodalirning furnacehat would supply heat and hot water
Now Passive House designers can get away with a hairangesolar hot water panelst that time,
goodtriple panewindows wereavailable only from Canad&or fres air in thér moreair-tight
townhouses, th€obb Hill design teamnecommended leaving windows open a craabw Passive
House designers use Heat Recovery Ventilators (HRVS) or ERergpvery Ventilators (ERVsPther
green materials were simply unavaik Now, green materials are a growth indus{Ror descriptions
of HRVs and ERVs, sedtp://www.toolbase.org/Technolodgventory/HVAC/energyrecovery
ventileors.)

In contrast to Ecovillage Ithaca and Cobb Hill Cohousing, we can look at Maine Cohousing and
Ecovillage now in formationin coastal Belfas{2011) to be built entirely using Passive House
standardgimage of prototype belowlolks this is trdy a revolution in low energy desigand judging
from the enthusiasm among architects, builders and homeowners, we are goingucls@ere
Passive House design in the U.S., residential and commercial.
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http://www.cobbhill.org/
http://www.rmi.org/rmi/
http://www.energysmiths.com/
http://www.toolbase.org/Technology-Inventory/HVAC/energy-recovery-ventilators
http://www.toolbase.org/Technology-Inventory/HVAC/energy-recovery-ventilators

Maine Co-Housing Prototype

Before we proceed, we must distinguidissive House from the twwompeting and overlapping
Americanconceptgassive solar housesidnet energy zero housebo avoid confusion, we will follow
theemegi ng convent iPassiveHauseoapiftari tbeflfGer man passi
from Apassio ewhsiodhmry chw uwsiel | .see i s a different

(Seehttp://www.mainecohousp.org/video/video.htrmflor 8-part construction video of the prototype
[$160/sq.ft.] andnttp://www.gologichomes.com/blog/tag/passiveusef or t he ar chi t ect



http://www.mainecohousing.org/video/video.html
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Comparison of Three Low-Energy Housing Concepts

Distinguishing | PassiveSolar House | Zero Net Passive Houske
Characteristics Energy House | Passivhaus
1. Heat Gain:
heating source From sun, but hard to get | ditto, plus pv passive solar, and
above 50% of total winter | systemsw/wo additional heat reduceal to

heat load,therefore re-
quiring supplemental heat
e.g., oil, gas, woodglec.

grid to achieve
annual net zero

absolute min, equivalent to
heating with hair dryer
supplied through HRV

south-facing key feature, together with | ditto, esp for pv less importantbut still
orientation shallow eastwest axis panels on roof necessary

south facing Large, requiring shutters | lesscritical, as less important windows
windows to preventwinter heat loss,| pv-grid make up | smaller but high

and shades/awnings/
overhangto prevent
summer overheating

shortfalls

performance (very low u
valuesi German or
Canadian)

thermal mass

large windows coupled
with thermal mass (floors

ditto, but less
critical

not necessary

usually) to
2.Reduceheatloss
insulation modest: modest: heavy:
R-30 walls, R-30 walls, R-60 or more walls, roofs;
R-40 ceilings R-40 ceilings R-24 foundation perimeter,
R-40 to 56 slabs
Air infiltration / air infiltration through Ditto reduce to minimum,rely on
fresh air in winter | bldg envelope as a source air exchangers: heatrecow
of outside air; ventilators in north (HRVS)
ventilation through open and energy recovery
windows ventilators in south (ERVS)
cooling ventilation through open | ditto, plus pv high efficiency air

windows, solar chimneys,
fans; roof overhang;
smaller windows eastand
west, few and small
windows on north

systems w/wo
grid to achieve
net zerg heat
pumps

exchangergHRVs), small
heat pump

3. Energy-efficient

total energy use

energy-saving appliances
using grid electricity (ac)

no real limit. Use
as manypv
panels asdesire,
w/wo grid

reducetotal requirements
to absolute minimum,
under 120 kwh/nf/year

4. Examples:

Kachadorian, Saunders
house, AGS, PAHSL/

Solar Decathlon
entries, McGreen
mansions

15,000 in Europe, 15n U.S.
(150 under condtruction); 1
in 4 new houses in Austria
follow PH standards.




1/ Examples of good.S.passive solar design conceptames Kachadoriéns s o [TherPassivea b
SolarHouse: Using Solar Design to Heat and Cool Your Home, Chelsea Green. White River Junction,
VT, 1997);the Saunders housdomWi | | i am S h Supel SolarfHéuseS.b 0 0 K1O0G¥s 6 s
Solar, LowCost Designs. Brick House Publishing Co. 34 Essex &pRer, MA 01810);Annual
Geothermal StoragAGS) athttp://greenershelter.organdPassive Annual Heat Stora(feAHS) at
http://earthshelters.com/

Until we came across Passive House, we were sold on trying onepafsthigesolar houseconcepts
The net zero energy housseever interested u¥hesetendto behigh tech, do not necessarily carry a
low ecological footpmt, evadeenergy consenten by using lots bexpensive PV panels, and leiad
theintrusionof off-grid housingnto remote, even wiléreasThis is not housing we all could and
should have.

The Solar Decathlon emgs fall into the net zero housategory, even though theintroduce
innovations in energy reduction and small house design. Nonethelesachi®yenet zero energy by
using lots of PV panels, often as much as the rookardwalls can support. Thassociate@lectro
mechanical control equipment, all computesnitoredand controlledis very hightech, and would
require technicias preferably livan, to keepthemoperating optimally. This is housing for energy
geeks, not ordinary folks.

Dr. Wolfgang Feistompareshe energy requirements @&dwer energy hoses in Germany in the bar
graph below(http://www.passivhaustagung.de/Passivhaus _D/Primary Energy Input_comm20)07.pdf



http://greenershelter.org/
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Life-Cycle Energy Analysis: Comparisom of Low Energy House,
Passive House, Sebbufficient House(1997 article)
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CEl: Cumulative Primary Energy Input (over 80 years)

PEI: Primary Energy Input for building production

R-PEI: Production and Replacement of extensive technical systems (pv panels, controllers,
inverters, etc.)

The above concepts do not exhausstavailableto provide protection from extreme temperatufes
exampleneitherAmericansnor German$ave included underground houses becausetise a lot of
embeddd energy(the concrete)can be gloomy and chilly, require careful design to keep out yehter

not lend themselves to mulinit structuredecause of the excavation costsdconsequentiyhave

never caught anfwo approacheat polar extremeare represnted bythe heavy concrete approach of
Malcolm Wells(http://www.malcolmwells.com) andthe DIY approach oMike Oehler (The$50 and

Up Underground House Boohthttp://www.undergroundhousing.com/The PAHS and AGS

approaches also involve at least partial underground construction, and also suffer from high embedded
costsand other problems (e.g., moisture and potential mold buildup in earth tubes).



http://www.malcolmwells.com/
http://www.undergroundhousing.com/

We bypassstrawbalecob, earthen, ceramic or simiiarn a t bousadFar starters, in thepureforms,
these do not meet building coda®und herePossibly fine for a garden shed or outbuilding, but not
legalfor living quartersWhile interesting, ti$ is not housing weouldhave.

1.2 The Passive House Concept

What we now realize is that the Passive House concept is not limited to new housing, but can be applied
to retrofits as wellThis represents antellectualbreakthrough, not just for buildirggientists, but for
architects, builders, contractors, equipment manufacturers, code enforcement officers, and finally,
homeowners. Once you are clear on the key concepts, ydaaethe detailsvith greater confidence

Here are théhreekey Passive HaeFeature$ retrofits or new constructian

Passive House Featureand Standards

Key Features Realized through Threshold standards
1. Low space heating | * high insulation * R-50 walls, R60 ceilings
& cooling reqts * reduced thermal bridges * annual heat & cooling energy loals
* air tightness (low each O 1§earKAVB KBto/sflyr)
infiltra tion) or 2,091 kWh/yr for a 1,500 g.ft. house
* excellent windows ($209/yr) 1/ Double for retrofits.
* passive solar design * airtight buildin

pascal pressure, measured by blower
doortest 1.5 ACHS5O0 for retrofits.

* windows with a max u value of 0.14
(R-7+ or higher)

2. Mechanical * Heat Recovery Ventilators | * 0.3-0.6 ACH as far as | could
Ventilation (HRVSs) for cold north or determine
* Energy RecoveryVentila- * device efficienc

tors (ERVs)for humid south

3. Energy efficiency | * high efficiency appliances to | * total primary energyloadsO

reduce total electricity use 120 kWh/m?/year (38.1 kBtu/sf/yr) or
16,729 kWh/yr for a 1,500sq.ft. house2/
* allowed plug load = 5,576 kWh/yr 3/

1/ 15 kWh/nf/yr x 1nf/10.76sq.ft. x 1,500sq.ft. @1 kwh/yr @ $0.10/kwh = $208. For a
description of how thé5 kWh/nf/yearwas determined, see
http://www.passivhaustagung.de#Bave _House E/passivehouse_definition.html

2/ Primary energys energy found in nature that has not been subjected to any conversion or
transformation The Passivehaus Institute usadltipliers to convert site energy (gallons of heating oll,
therms ofnatural gas, kilowathours of electricity, etc.) into the correspond{pgmary)source energy,
thus accounting for the losses in extracting and processing a fuel or in generating and transporting
electricity. Primary (source) energy includes solar, avifossil fuels, geothermal, tidal, hydro, biomass,
somenuclear (not plutonium which exists in nature in small quantitieghe Passive House Planning
Package (PHPP) softwarapltipliers are applietb plug or end use energy talculateprimary enery.
These factors differ from country to country. Thus, natural gas has a primary energy factor of 1.05,
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while electricity in the U.S. has a primary energy factor (#.3 in one analysis)n the example above,
using 2,091 kWh/yr to heat 1,500 sq.ft. hasetranslates to a contribution tatéprimary energy use of
3x, 0r6,273 kWh/yr PHIUS currently relies on multipliers from Germamayd further research is
required to translate these multipliers to U.S. conditiSosirce:
http://www.greenbuildingadvisor.com/blogs/dept/gréeiiding-blog/defensepassivehousestandard

3/ | calculate this number based on my possibly imperfect statetding of the PH standards. |
subtracted theeating load of 2,091 kWh/yr from total allowed plug load of 5,878 of total primary)
leaving3,485 kWh/yr at the plug, for a monthly nrbeating power bill of onlys29. This corresponds to
290 kwh/montfto cover all norheating uses, including summer cooling, HRV, appliances, cooking
domestic hot water, et

In short, aPassive lduse (PHhasheat requiremestso low that a separate heating system is not
necessaryinstead, heat is suppliedrttugh the ventilating air ducts (HRV or ERV) using a small
electric heater. This condition is possible if the maximum heat load is less than 11894 watts for
a 1,500 sqg.ft. home, which is less than a hair drydngh). The total eneliseor plugenergy
requirementn actual PHhousesincludinghousehold electricity and domestic kadter, is lower than
33 kWh/(m2yj) or 4,613 kWh/yr for a 1,500 sq.ft. housa mere384 kWh/month.

A Passive House is not a rdro energy house. Whilagsive solagain and solar thermal can be
included in the accountin@V or photovoltaicsystemsannot Marc Rosenbaum, P.E,certified

Passive House consultant in Meriden, New Hampshire, and a past board member qfd3sUS that
AYou candt kwhim?2 standasd] irt these climates without theésurhis is why the
recommendation for Passive House windows includes a fairly high solar heat gain coefficient (SHGC)
of 0.50, along withaverylowdl act or ( b Eollowingis@ scheinatic of a Page House


http://www.greenbuildingadvisor.com/blogs/dept/green-building-blog/defense-passive-house-standard

Schematic of a Passive House

At the Heart, Warm|

A Heat Exchanger The Water, Too
The most important element in keeping a passive Many passive
house warm is the heat exchanger, which uses heat houses have simple
from ingide air to warm fresh air from outside. Stale solar panets on the
air is constantly being replaced with fresh air; about roof or side to
one-third of the house's air is replaced every hour. heat water.

The heat exchanger
contains a slowly
rotating wheel made
of a porous material.
As outgoing air
passes through it,
heat and moisture
are transferred to

out, keeping it cooler.

the incoming air,
which also passes Floor
through it. A concrete siab
rests on a six-inch
layer of polystyrene
insulation that also
wraps around the
slab’s edges, where
Keoping the teet the floor meets
Exterior walls are two or three the walls.
times thicker than those in a
conventional house and are well
insulated, with the amount of Windows
insulation varying by climate. A Casement windows
double-wall system is used, with a are usually used
continuous air barrier between the because they close
two walls. Walls and studs are tighter than other
designed to minimize heat types. Coated glass
conductance. helps reflect heat
back inside the
house in winter and
mlmmnm& WALL, 12INCH TOTAL B keeps some heat out
in summer.
Sources: Passhe Mouse Instiute U.S.; UitimateAir MIKA GRONDAHL/THE NEW YORK TIVES.

From: http://www.nytimes.com/interactive/2009/04/30/busisienergy
environment/20090430_businessofgreen_house.html?ref=businessspecial2
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1.3 Passive Hous€oncept Challenges Controversiesand Questions

Since Europeans have already embraced and implemented Passive House standards, the challenges an
guesions come from Americans attempting to grapple &itdreconcilePassive Houswith their long
heldconceptsand practicesGood articles, spirited and civil discussions, guodlityinformationcan be

found atthe following locations

1. greenbuildingadwwor.com, in particular:

a) An excellent interview with Passivhaus founder Dr. Wolfgang Fe&touches on many of the
key issuest http://www.greenbuildingdvisor.com/blogs/dept/musings/conversatwolfgang
feist;

b) Discussion among builders, designers and architects at Passive House Alliance:
http://www.greenbuildingadvisor.com/blogs/dept/grbeniding-news/newpassivhaus
advocacygroupus and for direct linkwww.phalliance.com

c) Excellent hbogsand discussions dPassiveHouses:
http://www.greenbuildingadvisor.com/category/sitele-tags/passivdouseinstitute us.

2. Further discussionsn a wide variety of tdps at http://www.passivehouse.us/bulletinBoard/
3. An amazing Awi ki pedi [tp:/phseipedialassisde/passipétim u s e s ! a
4. Passive House videos attp://www.youtube.com/watch?v=gnksOWZ6UPs&feature=related

To certify a Passive House, its performance has to be modeled using the Passivelafousg

Package (PHPP) softwarkhis softwards based on European standaisd requiresdaptation to be

useable in the U.SPHPPIs based ora sophisticated, Excélased spreadsheet developed by Dr. Feist.

Marc Rosenbaum says the PHPP spreadsheeniplex and timeonsuming to work through, but he

|l i kes the fact that you can see exactly whatos
he saidfiwith PHPP you can very clearly see the impact of modifying the glazing on the south or
reuci ng ther mal bridging through a wall componer
really good educational tool . o

PART 2. PASSIVE HOUSE DESIGNIN NEW CONSTRUCTION

In Part 2 we elaborate briefly on tRassive Houstamework.In Part3, we apply the framework to a

new housdor our adjacent vacant ldn Part 4 we assess retrofits on our existing house against the
Passive House framewoR.r e sent i ng the Anewod house first all/l
we didon our retrots.

An excellent directory of the principle components of Passive House design can be found here:
http://www.passivhaustagung.de/Passive_House E/PassiveHoes®rgihtm! In the discussion
below, we will focus on the components from tRassive House Featurasd Standardsble above.
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2.1 Low SpaceHeating & Cooling Requirements

The key to realizing low space heating and cooling requirements lies alizisg the internal space as
surrounded by a single unbroken building envelopeu can take a pencil and complete a
circumference of high insulation without taking your pencil off the paper (thick yé&ltoderbelow).

Idealized Building Envelope fo a Passive House

insulating
envelope

envelope
{red)

crucial joints too meet the
=, rules of avoiding thermal
bridging

4

I

e
I

T:
=

http://www.passivhaustagung.de/Passive House E/insulation passive House.html

With superior insulation, you will not reqei an expensivedating system. In the simplest case, you will
be able to heat your Passive House tbhothe ventilation system only, as shown in the schematic
below.
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Passive House
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From: http://www.passivhaustagung.de/Passive House E/passivehouse definition.html

Space heat may be delivered by any means you wailgctric resistance baseboard heaters, gas space
heaters, pellet stoves, furnaces, bojlgeothermal heat pumps, etdany of these systems will be

vastly oversized for the minimal heating requiremen®of 1 5  K/yatr Fona radiant floor, too

little heat is required for you to feel the heat coming through the fBinilarly for wood stoves,

including Tulikivis (large masonry stove3)ake the money you would have spentlarge heating
systemsand put it in Passive House features. One way to go is to use closed combustion pellet stoves.
For more on stoves, saép://www.passivehouse.us/bulletinBoard/viewtopic.php?f=@&tk. Of

course, fireplaces assource of heat (as opposed to accent value) do not make any sense, in a Passive
House or any other.

Burning wood is not particularly or necessarily sustaindfie starters, the average forested woodland
per capita is ¥ acres for the U.S., and 1.2 acres for Pennsylvaniaissis notmuch. These

woodlands carrynanydemands in addition tsupplying building materials woodlands must provide
carbon sinks, convert G@o O, providehabitat for wildlife, suppor& conplex ecosystemand supply
botanicals

The Passive House standardl6fkWh/nf/year, or 4.75 kBtu/sf/yr, translates to 7,125,000 BTUs per
year for a 1,500 sq.ft. house at B8 degreesdow much wood is this? About %2 cof@ivide
7,125,000 BTUs by 0.6%he efficiency of a typical wood stove, to give a required BTU input of
10,962,000 BTUs. Divide this by tieat value of a mixed cord of hardwood and softweagt
21,000,000 BTUs, and that is the equivalent of 0.52 cords.)
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Thus, i f y o udstoebeathyaurhouse) and &wekulated house requiresly ¥z cord, you
can readilyassess how your house stackagpinsia Passive House.

2.1.1 High Insulation

A low space heating requirement is achieved through high insulationjginghsulaion is achieved

through thick walls using high-Ralue insulationBuilders use different ways ttnstructhe walls to

achieve the Passive House standard:

¢ Engineered framing members used as wall stGdasideJIT Truss Joists Ishaped wi t h 140 ¢
cavities filled with blown fiberglass, foam, or other materi&isrmoreinfo, search offiitji joistso a n d
d o n 6 rhakingrthegse joistgourself (http://forums.finehomebuilding.com/breaktime/construction
techniques/makinmy-own-tji -joists);

eConventional 2 x 6 wdfodmdboacdonodidice cent er s, with

e Double 2 x 4 wallswith more insulation between these two walls

e AAC (autoclavedaerated concrete) in warmer climates can also work
(http://www.passivehouse.us/bulletinBoard/viewtopic.php?f=7&t=41

e SIPs (structurally integrated panels) hanging o2analls or post and beam constructidany SIPs
use foam; however Agriboard SIPs use straw, but have lower R than polyurethane:
http://www.treehugger.com/files/2008/1 1¢gnbuildagriboardsip.php;

¢ Insulated Concrete Forms: examplétip://www.greenbuildingadvisor.com/homes/feéonms
createenergyefficientconaete-house

For an interesting contrast of Passive House practices to those of contemporary new building
recomnended practices in the U.S., see the work of the Building Sciences group at
http://www.buildingscience.com/particularly the topic in the left hand menu titled HigivRue Wall
Assemblieslttp://www.buildingscience.com/resources/highalue). You will find some spirited

tenson between Passive House Institute practices and those recommended by the Building Science
Corporation.

Kat r i n KI firshogréfiedPassivg Blause of 1,300 sqttilt in 2003in Urbana had S0 walls
and ceilings, R56 insulation beneath slaind0.25 ACH@50
http://www.greenbuildingadvisor.com/homes/fitstpassivehouseshowsenergyefficiency-canbe
affordable. A new house now under construction in Oregon claims-a2@Rroof and R80 walls.

To eliminate air leakage Klingenberg disalloneddctrical sockets on exterior wailtsher second

design but then suggested after completion that on her next house sheaddgi#t x 36stud wall
insidetheinsulated wall to accommodate electrical warkis struck us aa lot of effort to hide a few
wires. Why not simple chases hidden behind baseboards®d description of her second design, with
construction details, care found in the May 2007 issue of Energy Design Update
(http://www.passivehouse.us/passiveHouse/Articles _files/EDU%20May2007%20Postable.PDF

The questin of foam fill provoked severdluminatingcomments among builders in the Questions
section of a blog on a Passive House being built in Asheville
(http://www.greenbuildingadvisor.com/blogs/dept/thspot/passivérousewhatdo-you-think):
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e Commenty Pat Morgan.il j ust read today an article i n th
that has info germane to this discussion. Most importantlythiesefficiency of foam (open or closed
cell) diminishes drastically beyond43 thickness, so filling a 16" cavity is probably a waste of
money. Also important is that installation of closed cell can be tricky, and if not applied in thin lifts
causes ptolems. | agree with you about the issue of breathability for closed cell foam, although the
manufacturers say its perm rating is as high as a piece of OSB, so maybe it's OK. Mixing other
insulation in the ceiling with a good dose of foam instead of 10@¥h fwill definitely save some
serious money. 0

e Comment by Chris Otahah My 1 nsul ati on guy cl aims that den:t
is unrivaled We're thinking of installing the drywall and blowing the cellulose into the cavity to
achievethe proper density. | do like the idea of a thin layer of foam on the inside face of the plywood
sheathing, and cellulose for the remainder of

e Comment by Alan Abram$i J ust a note of caution regarding t
w evé had two instances of water leaks, and open cell will absorb alarming aobwateri and
retain it with annoying persistence. It suggests that we should apply the samwe take with
vertical drainagéo roofsi redundant planes, provision for vent a t i o(This wasourexpérience
T Gene an d withaadlyicymens on retrofit!)

One still critical limitation of certain spray foams (closed cell polyurethanes) and styrofoam is that
manufacturers are using HFCs, a serious greenhouse wagasnBeview the following article (and

ifRel ated Contento to the right) for a recent (2
http://www.greenbuildingdvisor.com/blogs/dept/energpplutions/avoidineglobalwarmingimpact
insulatonThe aut horés conclusions are contested in

Problem of moistureOne of the biggest issues in nsetandardconstruction is moisire. Moisture tends

to collect insidehouses in the wintertimiefrom cooking, bathroom, laundry, human occupation. The

tighter the house, the greater the problem. This moisture works itself outward through the walls, and can
betrapped within improperlyddlt walls where it can condense and cause premature decay of wood.

Wi t &nPagsive House, the air leakage can be no greater than 0.6 air changes per hour at 50 pascals of
pressure difference between the interior and exterior (0.6 ACH50). Accordinmtehlberg, this air

tightness standard arose as a qualggurance feature. The German developers of Passive House
calculated the amount of moisture that could be introduced into a house from outdoors with different air
exchange rates and picked a low @gio exchange rate to ensure that introduced oreistould not

cause a Ifyauobdid tetmat staidard, s ai d K lyounvij ohhbve masture 6

problem& oQuote from an excellent article in Environmental Building News, April 1, 2010:
http://www.buildinggreen.com/auth/article.cfm/2010/3/31/PaskigaseArrives-in-North-America
Could1t-Revoutionizethe Way-We-Build .

For examples of U.S. Passive Houses see
http://www.passivehouse.us/passiveHouse/PHIUSProjectsamin|
http://www.greenbuildingadvisor.com/greomes scrolling down the righbhand column to
fJobbl og. O
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2.1.2 Reduced Thermal Bridges

Thermal bridges refer to areas of high conductivity in which heat can flow easily through the building
ervelopei from inside to outside in the winter, and in the opposite direction in the summer. A good
building envelope reduceksermal bridgeausing superior building techniquaadinsulation in proper
places

You can easily sethis on a winter day thrgh an infrared imaging camera, where heat lshksv up
in brighter hues of red, indicating heat flowing through these areas. Bartltiscuits for heat transfer
occur through window frames and their joints with adjacent walls, atwalbfconnectionsyall-
foundation connections, and fleaall connections. Preliminary points can be found at:
http://www.passivhaustagung.de/Passive_House E/passivee havoiding_thermal_brigdes.html

2.1.3 Air Tightness

Air tightness is not the same as insulation. Further, air tightness should not be confused with a moisture
or vaporbarrier. fAn oiled paper is airtight, but it allows moisture vapour to pasath. Conventional

room plastering (gypsum or lime plaster, cement plaster or reinforced clay plaster) is sufficiently
airtight, but allows vapourdiffs i on . 0

http://www.passivhaustagung.de/Passive_House E/airtightness_06.ki@Mill have more to say

about air tightness below art 4, where we discussrmwn retrofit.

2.1.4 Excellent Windows

High performance windows have three essential features:

¢ Triple glazingwith two low-e-coatings (or another combination of panes giving a comparable low
heat loss)

e "Warm Edge'i spacersand

e Superinsulated frames.
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Window Schematic of High Performance Window
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“warm-edge"” \

super insulating
passive house

frame D%
. O

(http://lwww.passivhaustagung.de/Passive House E/PH windows.htm

High performance windows must have a miasalue of 0.14 (R7+ or higher= 1/u). You can find a
quick primer atttp://www.passivhaustagung.de/Passive_House E/PH_windowsvhiah contains a
link farther down the page #dditional information on Passive House windows.

The American building industry has labored for so long under tradition and lack of innovation in energy
efficiency in windows that anmg U.S. builders there is a lot of confusion over window performance,
technology, and terminologZurrentlyit is difficult to find high performance windows made in the

U.S! Moreover there are few choices in performance features, particularly R valdesgppropriate
combinations of R values and Solar Heat Gain CoefficiStssC)for the cold northeast. With few
exceptions, one must go to Canada or Europe tgagetwindows. A sense of the confusion and

challenges can be read in the exchanges amordebaibn thedul et i n board topic f
Wi ndows o whi c h -&10)hasl62 postimgsnan i pages doehprising over 12,008 view

the most sought after topibt{p://www.passivehouse.us/bulletinBoard/viewtopic.php?f=7&{x=59
related topic, AAn American Passive House Windo
http://www.passivehouses/bulletinBoard/viewtopic.php?f=7&t=74
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2.1.5 Passive Solar Design

Passive House requires solar insolation to meet the energy thre$Mldsvo exceptions, acquiring
sufficient solar insolation requires the usual criteria with which we are farfali@assive solar design:
southfacing house wall and roof conmad with eastvest orientationtarger windavs onthesouth

wall, smaller on othergew on north; high SHGC windows on south; good overhaagd;solar hot
water panels on the roof to prde domestic hot water.

The two exceptions are photovoltaic panels to produce electaaitymass to store heat. The first has
embedded costs that are far too high, and the second is not necessary as high insulation prevents heat
loss.

2.2 Mechanical Ventilation

Americans are used to having-based heating and cooling systems (air conditioning). But the systems
used in Americ@ftenjust recirculag¢ indoor air at a high rate (> 10 AChtale housaiir is not

exchanged with outside fresh d@ihe Rassive Hbuse approach is very differeittreplaces the indoor air
with external fresh air at a very low rate (0.3 to 0.6 ACH) to obtain a very good air quality. There is
almost no noise and no draftis is close to the ASHRAE standd®.2 By contrastthelnternational
Building Code criterion of ACH is overventilation.

American luilders have narrowed ventilation down to three main options:

¢ For the best air distribution, and lowegterating cost, choose an HRV or an ERV connected to a
dedicated dct systemThis is the strategy of choider air-tight Passive House

e For better fresh air distribution, choose a cerfaalintegrated supply ventilation system, making sure
you use a low power draining ECM blowdECM stands for electronically conutated motor.)

e Thesimplest system is an exhawstly ventilation system based on one or more bath exhaust fans
Here there are several good choite&sg.,the Panasonic Whisper Green fan at 11.3 w@tscfm),
andthe Broan SmartSense fans (seenotesbelow inSection4.3.2 Ventilatior).

On windy days, the air change is fasterabonventionahonair-tight house, a&imple fancanexhaust
staleair out and bring in fresh airthrough open windows, or infiltratipteaky doors and windows, or
through other openings (e.g., chimney3he drawback of this arrangement is that in the winter, heated
air is exhausted and cold air is brought in, requiadditionalheat to bringhe cold airup to house
temperature. This wastes energysecond choicesiacentratfan-integrated supply ventilatiosystem.

Since Passive Houses are quite airtight, fresh air has to be brought inside mechanically and stale air
exhausted. The Passive House solution is to use eitheastaRecovery Ventilatan the cold nath

(HRV) or anEnergy Recovery Ventilaton the humid south (ERV). Thidevice transfers the outgoing
warm inside air to the incoming cold air in a box designed for this purpose. Efficiencies of heat transfer
can range from #95%.In the summer, the oubgng cool exhaust air cools the incoming warm air. A
schematic for this is shown below.
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Ventilating a Passive House
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From: http://www.passivhaustagung.de/Passive House E/ventilation 06.html

One caradditionallyusea ground loop, usually watditled PEX tubing lad below groundiuring
constructionto warm the incoming cold air in the winter and cool incoming warm air in the summer
(http://passivehouseca.org/heattractorshelfhydronicheatingcoil-unboxed).

The cooling of incoming warm humid air in the summer may lead to condensation, as happens in
dehumidifiers, requiring a way to drain condensate eAcellendiscussion oHRVs and ERVdy
Martin Holladay, including a list of manufacturersn be foud at
http://www.greenbuildingadvisor.com/blogs/dept/musingstrerv. The many comments following
this article provide additional insights and information.

The broadetopic ofdesigning a goodentilationsystemis covered, also by Holladay, iwo recent
articles: http://www.greenbuildingadvisor.com/blogs/dept/mmas/designinggoodventilationsystem
and http://www.greenbuildingadvisor.com/grebasics/ventilatiorchoicesthreewayskeepindoorair-
fresh.
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Hol |l aday concl udes hitshacto mniednst sp obsyentitaébadtomteon i hnagv ef
without an HRV or an ER\entrdifanintegrated supply gehtéaiop er t o
systemcontrolled by a FanCyclelf. you choose this route, be sure that your furnace has an energy
efficient ECM bl ower.o (ECM stands for el ectron

2.2.1 Design Paramtes and Considerations

The American Society of Heating, Refrigerating and@anditioning Engineers (ASHRAE) has
established a residential ventilation standard (Standard 62.2) calling for 1 cfm of mechanical ventilation
for every 100 square feet of occupliaspace, plus an additional 7.5 cfm per occupant. For example, a
1,500 squardoot house with four occupants would require 45 cfm (cubic feet/min) of mechanical
ventilation.

Ventilation in the 1,500 sqg.ft. Maine Cohousing prototype, is provided canishyat a rate of 70 cfm.

This means the entire volume of air in the house will be changed once every 3 hours, ensuring healthy
air quality for a family of 4 or 5. According t
delivered to pointsih he house where Iités not noticed, so o

There is a twepart energy cost to running an HRV. The ventilation (heat) losses for a high quality HRV
for Passive Houses is currentiy7Rwh/nf/year. For a 1,500 sq.ft. house, thisuld cost $28$100/yrto
replace the heat (@ 0.10/kwhhe second cost is the electricity to run the fans. For the Venmar EKO 1.5
(with two ECM blowers) drawing 13.5 watts at low speed to delive8@0fm of fresh air, this cost

would run~$12yr.

Some buildes contest these figures as being underestimates, claiming the power draws are higher than
rated, while defenders blame poor installation as the source of the higher costs.

One of theclaimeddrawbacks of an HRV in northern climates is that dry wintedr@wn in lead$o
dry indoorair. On the other hand, normal occupation, showers, laundry, and cooking raises the humidity
in a tight Passive House, counteracting this tendgbogd relative humidity (RH) is 390%.

Due to a longer history of using tRassive House concept, Europeans have more choices among
devicedor obtainingventilation For example, they hawamall heat punmgto extract heat from exhaust

air in the HRV, can integrate a small biomass heater with the ventilation and hot water sgsiesas

small gadfired condensing boilers. This degree of integraisomard to find among U.S. equipment
manufacturers, and perhaps this is the reason why the downside of such integration is emphasized in the
U.S., namely, that if one element of thesteyn breaks, then the entire operation is compromised.
(Seehttp://passipedia.passiv.de/passipedia_en/planning/building_services/compact_hvas.)system

These integrated systems that cover a multitude of functions in European Passive Houses bear the name
i ma gi co(hbp//wvenwsgreenbuildingadvisor.cobibgs/dept/musings/maglmox-your-passivhaus

These are not available here, and are experiBhar high cost is one reason why North American
Passivhaus builders will probably continue installing separate HRVs witidestjned dedicated

ductworki independent of the hedelivery systemEor DIY fans, you can build an HRV yourself:
http://makeprojects.com/Project/Hdaxchanger/279/1 but (1) keep the inlet
apart, and (2) this low tech HRV may freeze up in the winter as cold air is drawn across the heat
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exchanger, freezing the moisture in the air exiting the house. Manufactured HRVs hawe built
defrosters to offset this problem.

Creative American builderhave suggested alternatives to HRVs that can do the job, are much less

expensive, but have drawbacks.

¢ A small load can be easily metwithamedet y| e fiPackaged Ter mi nal He a
under $700 installed.hey just plug in like a throdgthe-wall (TTW) air conditioner. One builder
claims that AAmana makes a ¢ dcodfficiemtroeperiormante) a wb a c
during cold spells, and no ECM féwhich means higher power draw)

eAnother builder: i Lheusd) and yowawant arhHR'¥/ERV sUseaonet Pamasomsict o r
Whi sper Comfort Spot ERV on each floor, $600 to
and no ductwork to install .o

The old trick of ®ing windows t@rovide fresh air is regarded as ineffeetand inefficient It would

require 4 window purges/day (all windows opén)yentilate a Passive House, during which you would
lose considerable hetthe process.
(http://passipedia.passiv.de/passipedia_en/planning/building_services/ventilation/basics/types_of ventil
ation#purge_ventilation_through_windoys

2.3 Energy Efficiency

The Passivélouse standard for total energy consumption, qualifigutiegaryenergy loads, is
O 120 3yeam(38.mkBtu/sflyrpr 16,729 kWh/yr for a 1,500 sq.ft. house. Using a primary energy
factor of 3 for electricity in the U.S., this comes to an allowed [gdad of 5,576 kWh/yr.

| calculate this number based on my possibly imperfect understanding of the PH standards. | subtracted
the heating load of 2,091 kWh/yr from total allowed plug load of 5,576, leaving 3,485 kWh/yr at the
plug, for a monthly nofeatng power bill of only $29. This corresponds to 290 kwh/month to cover all
northeating uses, including summer cooling, HRV, appliances, cooking, domestic hot water, etc. This is
a pretty stringent energy budget, and comes down to 9.5 kwh/day, or lesé/theygorth of

electricity.

PV cannot be used as a wayteet this energy threshold under the Passive House starfe@arads
interesting alternative, see thedalpowered kitchenhttp://www.treehugger.com/files/2010/11/pedal
poweredkitchencenter.php

2.4 Examples of Passive Houses
In addition tothosealready mentionednoreexamples of Passividouse designs can be found at:

http://www.passivehouse.us/passiveHouse/PHIUSProjects.html

http://planetgreen.discovergm/homegarden/readerschois@nnersbestofgreen
designarchitecture.htmland

http://www.greenbuildingadvisor.com/greéomesin therighth and col wobh| agdeéer i
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2.5 Further Infor mation on Passive House

Useful links can be found atttp://www.passivehouse.us/passiveHouse/Links.html

PART 3. PROPOSED [ESIGN FOR A PASSIVE HOUSE ON OUR LOT IN
LEMONT

When designingBuckminster Fulleurgedus to consider the system one up fri@one of interestin

A Pattern LanguageChristopher Alexandenovel in both directions, considering the smaller patterns
that constitute the subject patt@swell as théroaderpatterns whiclaffectthe subject patterrin her
wonderful bookGardening From the HearCarol Olwell suggests we conceive of the house as an
extension of the gardergther tharthe other way around.

With these principlesweaim to counter the prevailing presumption that the house is a mere way station
for humans on thetripsto buy and selin the great marketplacisteadthe two of us want to supply

our own sustenance, to subsist on our own actions in greater hanntioraynd cognizance of the living
world around usln particular, ve want to get off industrial food and grow our own, use simple devices
we can build and repair ourselvas;n off the flush toilet, andccupyourselves and our friends at our
place and our m, thereby reducing the living we would otherwise have toiedhe destructive

market economyo support the lifestyle of consumption tloar marketdriven culturedefinesand

deliversfor many of usincreasingly directly to our doors.

Therefore, m addition to designing Rassive Housaye want also taonsidethow wecanrealize the
following functional arrangementiod growing biointensive+ permaculturg stolage, and
preparation (with good diet and nutritiomjaste watetreatment’ grey aml black watei including
humanurecompostingthe growingof plants rich in phytonutrientpreparation oplantbased
compoundgo promote welbeing ando help withchronicor acute ailments; anf@dcilities and
occasions teshae our experiences withtbers through internships, toutalks, our websiteand
professional assistance

With theseaims in mind, we continue with an analysis of the site, invoking elements of permaculture

and biointensivelesign.From this we move to a scheme of howmight physically inhabit the site,

what architects call the program. We thenpmsea ns wer t o t he question, AH
empl oying Passi ve Oteuasatysepand arrangemeénts sre possibléot@eat is

to work through how and whye arrived at this one, to stimulate discussion, andtioegfeedback on

our design.

We already have considerable knowledge and experience withrgar aimsWe have created a
biointensive mirifarm on the main property which we have run for tastd4 years. On it we grow

95% of our vegetables yeasund, 60% of our fruit, 20% of our vegetable proigat only 10% of our
calorieg for the two of us. We have spent the past 12 years or so retrofitting our old house, and have
faced first handvarious aspects of green design.
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What our experience and knowledge have revealed to us is the importance of design constraints in
helping reduce the infinitude of possibilities to a reasonable number of alternatives worthy of closer
consideration. Thus, weaw our own food, which eliminates trips restaurants, supermarkets, and
CSAs. Our biointensive misfarm stands for a school of thought in growing foblderefore, v plant

in beds, not rowsjse hand tools not rototilleramend our soils with composbtsynthetic fertilizers.
Similarly, our selecting a Passive House approach rules out a host of other possiByitiesverting
features to design constraints, we méleasier to wade through and eliminate alternatives.

Another way to think about dign is as manipulation of known and familiar patterns. In traditional
cultures whetherexamininghouse or rug desiggpu will find only a small number gfatterngn any
given regionand it is these that get manipulated or arranged in different wagsedatterns and their
arrangementdefine ttat regionakulture.

Similarly, solar design iplies certain patterriseas-west orientation of buildings, southcing roofs
and windowswide overhangslacement of trees as sun and windbreaks, and o Ye do not start
with a blank canvas, nor do we want one.

We take our thinking here only so far. At this broad lggetisions onwall siding,interior
appointments, furniture, appliances and other detailed considerations are outside our inaicme
want to examine here is the implications of certain ideas for this parttmrasination otlimate site
and functions

3.1 Eco-House Background and Vision

The Site 0.28 a lot in Lemont on th8ank of Mt. Nittany. This view, taken from the southeast cor
of NeoT e r r a &asm simdws the fence ed{eft), view to north (and to road), plus row of sugar

maples on ascending slope along the east edge of thevigle x 150ft deep property.

With the help of friends and family who were taken by her idedsv/sions, Tania became shared
owner of the 0.28 acre lot above ours in 2007. Her plans tméxqa biointensive midiarm onto the
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lot necessitated esite water and a small tool shedoning, however, prohibits sheds and other such
ancillary structuesunless there is first a house on the gregumably so the township can collect
higher property taxes)This provided us witlthe impetugo considerdesigning anduitimately)
constructinga n  Fheus,00ne based upon the best princippgenesfeaturesand cuttingedge
technologies that passed our many layers of analysis.

The goal would be to use the daouse as an experiment: to put intogbie the greenest technologies
appropriately integrated, monitor the performance of the enseamudéhen use thresultsto make
improvements.We envisioned that we could house seasonal interns there to live and work with us on
the backyard biointensive mifarming as well as to engage them in haadsprojects in the
communitywith clients of NeeTerra. The ectouse would itself serve as a demonstratiod testite

for a wide array of possible technologies and practices

For exampleif you hadhumanpowered appliances, would you use them? Here is an opportunity to try
outsuch deviceandassess their feasibilityf you like the technology, can you get others to try it? If

you dondt | i ke it , beihpyoved?d RepPginee@d to sothething moredheactical® e
Many figood ideao inventiondréasgsi sheunteasogsod
work well for people.

Similarly, solar ovens and solar food dehydratorssasmingly reasonabtechnologieghat have not

caught on Could a combination oven/dehydration unit bastructed, tested and improvet?this

manner, the echouse residentsould have the opportunity to innovate along with the staff of-Neo

Terra. We note here that whilwmanyi gr eeno t echnol ogies exist, few
and construction. With energy costs escatptinand new i ncent i vesarefnemr fAgr
opportunitiego engagea broader audiencéVhile personal tastes in home design vary considerably,

could the ecédhouse be the kind of house that most of the visitors to it point to and say dedirififis fi

is the kind of house | really wanttoliveda nd, i f so, would it be Awhat
have?o

The ecehouse design is motivated by a desire to live in healthier,waggrating plants and people

(and animals, if desiredj isensible ways that mimic healthy natural systems. Why send your organic
nutrients to the sewer when they can be recycled viaamposting toilets? & Joe Jenkinghe
Humanure Handbook Why send your gywater to the sewer when it can be treated @sel on site to
nourish gardens? (For this, consider Ludwigb ,sCreate an Oasis with GreywatgrWhy not make the
best and most appropriate use of passive solar energy? How cart weelbtbe gifts of the land?
(RecallBill Mollisoné s -preaknly book Permaculture How can the house serve as an extension of
the garden? Garol Olwellinspires withGardening From the Heajt How can we reduce our

Ecological Footprint with an eelsouse?

In Solvivg author Anna Edeyeflects on how plants prale us with freshclean air and how this

restores oustale, often polluted, indoor environment. Edey was inspired by the first bioshelters
construced at the New Alchemy Institutepassive solar greenhouses with a complex internal
ecosystenofplantsaquati cs, i nsect s Salivdbioshelterimaltiugon someotl ey 6 s
the New Alchemy findings, and she housed sheep, rabbits and chickens through the long New England
winters, while also growing greens for market. Her experience, which sfes sh&er book, is

inspiring and educational, and the latter is important because we can learn from her misiakes.
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example, she discovered that ammonia from the manures of her animals was detrimental to the health of
the tomato plants she was growiigother problem apparent to outsiders wWasdestructive effect of
indoor moisture on wooden building materials.

Darrell Frey is another person who was inspired by the NeweAlnly bi oshel ters and |
designed a large bioshelter for the coemnamal production of organic greens in wint¢geeDarrell
Frey,Bioshelter Market Gardeand www.bioshelter.com) Dar r el | 6s Thr ee Si ster
original I nspi r at-hoosedesigofor twb eeasona: é she deadioftwingrlit was@ o

lush paradiseand Darrell commented that if he had known how well it was going to turn out and how

nice it wouldbein winter, he would have built his home into the north side of the structure (where

animals are typically bedded).

Orlgmal msplratlon for Eco- House Three Sisters Bloshelter

Darrell 6s off hand comment got t hHoamengentteéddmewithur ni n
bioshelter.i 1| want t o oTaniavtt®ught.Alow@verAvhat seems possible on the surface is

not necessarilgasy to achieve. The bioshelter is a very moist environment, ak plantfilled
greenhousesDar rel | 6s structure is very | arge compare
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heating which is regulated by available thermal mass and claxerlation of heatis easier to achieve
in a structure larger than a typical house.

Thermal mass is the key to the proper winter heating of the bioshelter, and because such a huge area is
glazed (Rvalues of 1 or 2), the heat collected in daytimeuigk]y lostat night. Consequentlynultiple
sources of heat are required.

Bioshelter: thermal

mass is key
« Concrete water-filled
tank w snorkel stove

» Gravellsoil beds to
south

« Compost bins and
barrels of water to
north

« BTUs of body heat
(chickens)

« Well-insulated north
exterior wall

= 50°F+ in winter + moisiure can
obsiruct view, overheals in summer

Darrell reported that while the temperature could get quite toasty on a sunny day in winter, most of the
time the bioshelter temperatutesvered n t he 5 0 6 s .erday§ it felcchilly. uTtheydeep soit t
beds, concrete block walls and gravel foundation of the bioshelter absorbed heat on sunny days. 55
gallon drums of waterand water filling a large concrete tank in the center of the greenhoustcaksd
someothi s passive solar heat. Chickens housed on
from their body heat.These sources alone heated the bioshelter sufficiently that Darrell reported he only
had to fire up the snorkel stove in the concrete tankabér a handful of times during the coldest days

of the winter to keep the temperature up to par.
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While he designed an area for bedding animals in the north corridor of the bioshelter structure as well as
large compost bins (whose heat would be pipecutite growbeds), he never implemented the use of
these features: they were an additional hassle that proved unnecessary.

Of course the bioshelter bakes in the summertime. Darrell plants the beds to cover crops, opens the
doors and roof vents, and usekarge fan to draw the air through the structure in every attempt to cool
the place. The problem of course is the glazing. No one removes the glazing on a greenhouse. On a
structure the size of the Three Sisters Bioshelter, this is too enormoud@daskider, but one can

imagine it to be more feasible fahomescale bioshelter

It is important to note that the north wall (including the north roof section) of the bioshelter is thickly
insulated. Imagine then that the north wall of a haeede loshelter is the welinsulated house itself!

MfThe Passive House should be the baseline, bef o

T Katrin Klingenberg, cdounder,Passive House Institute US

Eco-House Goals

= graywater treatment with constructed
wetlands

= “Living*’ shower

= vegetated ““green” roof

= “breathing wall” to clean air

= dry composting toilets

« Test/Assess "green”
technologies:
— Living technologies: using
plants to clean air and water

{e.qg., attached bioshelter with
constructed wetlands)

— Passive House + Passive solar
greenhouse

— Eco food preservation, storage:
root cellar, solar food
dehydrator, solar oven

— Solar hot water heating

— Use of DC electricity from
photovoltaic (PV), including
most appliances

« House internsfvisitors

 Improve on or scrap as data
dictates! Learn from it...
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T Paul Eldrenkamp, owner, Byggmesiter, a residergimlodeling company

Wi th Paul 6s c o trynoegetpasii encrmibbengdn,the preliminary designrpcess.

Tania was able ttake her ideasmdy so far. She got stuck when considetiogv to design the house

part andvhat materials to useAs a materials scientist, she knew about the toxicity and embodied
energy involved in manufacturing many matksjand these had to be wesglagainstdurability,

thermal performance, offassing, ability to handle moisture, flammability, and so forth. Walls, roofing,
and all insulation materials were problematic.

Whil e director of P eabilty, Rhiaahtideconstruded (withestuderitspamallS u s t a
structures with earthen and natur al materi al s:
clay slip and straw packed into wall cavity forms)d aob (sand, clay and strawjVe have an

abwndance of subsoil clay on testern edgef Mt. Nittany, but would have to import straw. But does

this make the most sense in the long run? Plastered strawbale is the only earthen technique that makes
some sense in our climate as long as there are tagf overhangs that help to keep the walls drye

R-value of the strawbale wall depends on the packing density of the bales and other factors that cannot
be controlleceasily Thus, yowouldhave a 2€nch thick wall with an Rvalueranging from35to 55.

On a small lot, wall thickness of structutemcomes a major consideration. In fact working with a small

lot can be challenging in comparison to open acreage where you are less restricted, but the principles of
design are largely the same. Thestoaints imposed by small systems can aid in good ecological

design whereas when unconstrained, there is a temptation to be more wasteful, less thoughtful about
how we are effectively utilizing the space. However, aload bearing plastered strawbatauke

might still be a contender as a possible wall material if the lot size was larger. In our case it is not.

The Passive House concepts and standards have now blapidour thinking. While not open to it at

first, Tania reconsideregIPs (strucural integrated panetgpically filled with foam). Filled with a

closedcell, norCFC, norHCFC urethane foam, the loitgrm Rvalue would settle arourdl- 6.5 per

i nch (somet i me s -vaue)l Tereircthed ohtleis faamvouldeheéndyiel® R60 to R65

wall. Sandwiched in SIPs and cut to exact specifications at the factory, the wall sections would be under
a foot thick and would join precisely, eliminating air infiltration.

While it is a petroleum product, urethane foam, like many otherdpangenerated from a very small

amount of petroleum. A small amount of liquid (whadnsists omostly non-petroleum liquid

components) is sprayeldinly and foams up to fill the cavity. You may be burning more petroleum

driving your car foraweekthn t he amount of petroleum that <cou
cavity that willeasilypay for itselfin energy savingdf ever there was a respectable use for the precious

and limited resource of petroleum, foam insulation in Passive House stsiisaiigood candidate

The only ecehouse goal that is immediately not possible within the shell of the Passive House is the

root cellar, which Tania had hoped to locate in the basement. Theissieted foundation and
basement wis of a Passive buse preclude he @A cool basement o condition
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required for a basement root celld@he simple solution is tmove the rootellarout si de, wher e
been for centuries anyway!

It is also true that we are not aware of any Passiwesélthat has been joined to a greenhstrseture.
Theeffectthis wouldhave onPassive Housthermalperformancenustbe assessed througareful
analysisof the combined structure using the specially designed Passive Planseng Package
software(PHPP) We have not yet undertaken this analysis, artd such analysis idone we cannot
concludethatthe Passive Hougsdusbioshelter combination is feasible.

3.2 Site Analysis
Solar AnalysisDetails of the ecénouse design hinge upon site asayWhile the Passive House

utilizes some passive solar heat gain, it does not rely upon it. However, wintertime passive solar heating
of a greenhouse requires careful consideration of available solar insolation. The solar analysis diagram

below servess dfirst step in orientingistothes undés position in the .sky a
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If you imagine yourself standing at the center of the circle on the diagram and facing/eawtan see

the large variation ih h e positiorofiomsummer to winter If an azimuthal angle is added to show

the sunds position ab o vomorthlatiridepthesun & abmdt’28tove¢he di agr
southern horizon at noon on the winter solstice, and ab8uatbt®e the southern horizonraion on the
summer solsticeAt all other times it is somewhere between. Sun angle charts can be foundqse#ine

for examplehttp://solardat.uoregon.edu/SunChartProgram.timlt if you can remember these

extremes in location of the sun, you can generally think through a basic solar analysis.

Nextwe present an idealized | ayout for any site.
the center is represented by an octatgoindicate that your own house might face any direction
~ P;armac;.llturePIanningand = SIJUIH" | L I | ! ‘ ! r‘ l l !
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The fdi deal 0 P atantaraundlatbuilding (Pérraaguttwret Zarteand ), would make the

best use of the suh

e These two zones afelly open to the sun duringll seasons.

e Large deciduous trees are planted in the northeast and northwest quadrants to keep the house cool in
the summer months while not shading the main gardens

e Conifers can be planted to help block wintertime prevailing winds, which are typically from the north
and west in Pennsylvania, but may vary with your topography and state.

30


http://solardat.uoregon.edu/SunChartProgram.html

e Shorter trees, such as fruit trees, can be planted to the east and west of the house as long as they are
not shading the house from the sun around the equinox, as this is a keypointrg the weather
and typically more solar heat is still desirable at that time. Taller trees can be planted east and west
as long as they are further away from the house.

No matter where south is relative to your houfsgou can arrange the landpeasuch that the southern
corridor is open to the winter and summer sun, then that is the ideal place for your gardens. Trees
should not occupy the southern corridibngou wishto make good use of solar energy in both home and
garden. The myth of plang deciduous trees to the south of the house must be dispelled: they will not
shade the house in summer and their branches will substantially reduce solar insolation irO#inter.
coursef is rarely the case that your land will offer this idealizedddwon (regardless of the direction

your house faces).

The ecehouse lot is one such nadealized location: mature sugar maples and black walnuts line the
perimeter as are visible in this panoramic composite view taken with the Wiley Solar Asset., In May
when the photos were taken, the maples have leafed out but the black walnut trees along the southern
edge are still bare.

Panorama with Wiley Solar Asset
8PM, 13 May: Solar Access

N

How much sky does your site see?

How much sun can reach your house, garden?
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The Solar Asset helps you evaluatenericallyh ow much sky.oyoBry iltaeimge e:
at the tentative locatioof a house, you can assess how much sun the house will receive. The Solar

Asset software generates a sun chart on top of the photo panorama aslstveawVe have added jn

using white text, théme and datesf a few of thdineson the chart.

If you have never seen a sun angle chart before, this is your quick introduatiog. Tde sun rises on

the left in the location where the arc hits the ground, and it sets to the right in the west where the same
arc hits the ground. The lowest arc is forwheter solstice (Dec 21) and the highest arc (which exceeds

the photo height) is for the summer solstice (June 21). All the other sna@hepresented by the arcs
in-between The equinors share the same line (markedvhite asMarch 21 butthis isalso the arc for
Sept.21) Thesunds position along any given arc vari es
denoted by the vertically rising black lines on the sun chart. You will notice that at 8 am on thé'Dec 21
curve, the sun is barely amthe horizon, whereas at 8 am on Jurié 21s already quite high in the

sky.

The Solar Asset software alpooducesa numerical analysis. An excerpt from the MS Excel
spreadsheet below summarizes the solar data taken from the panoramic comptusite ph

available potential available
light sunlight/day sunlight energy energy
Month  shaded (%) (hours) (hours) (KW-hr/kW) (kW-hr/kW)
January 34.9 3.12 2.03 78 51
February 33 3.64 2.44 81 55
March 33.3 4.49 3 106 72
April 27.9 4.53 3.27 99 73
May 30 5.02 3.52 109 79
June 27 5.14 3.75 106 80
July 29.1 5.24 3.71 110 81
August 30.2 51 3.56 108 77
September 28.3 4.57 3.28 98 71
October 33.4 3.79 2.53 85 57
November 31.6 2.61 1.78 58 40
December 35.8 2.39 1.53 57 36
average 31.2 4.14 2.87 Total=1095 Total=773

shading factor

=0.69

Because of the tall trees surrounding the property, about a third of the lot is shaded all the time, as can
be seen from the Alightvehaldedfi&%badiohgmhact dher
the spreadsheet of 0.6Fhe shading factor is the amount of sunlight admitted to the site in comparison

to full sun on that site Therefore the shading factor = 1.00 if you haulesun, nothing to obstat

sunlight. To qualify for most solar tax credits, youstprove that the site has a shading factor > 0.90.
Clearly, our lot and proposed ebouse site is not ideal for good solar access; this information will have

to be used in more detailed calcidas for theproposedPassive House and greenhouse portadreair

structure.
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The hours of sunlight per day (column 3) multiplied by the shading factor yield (columnaijgileble

sunlight hours: those useful for collecting solar energy. From thesediymns, the anticipated

electrical energy (k\Ahrs) that can beollectedf r om t he sun per kil owatt of
photovoltaic (PV) panel are calculated in the |
whencorrectedvy the shadig factor, yields the energyavailable(column 6) pekW of peakratedPV
panelcapacitythat you could reasonably expect to collect under these conditions. For-theuseo

site,i t 6 s n ot The &alay Asseuspréadsheet gisavidesa summay of availablesunlight as a

function of time of day for each month (data not shown here).

|l f you dondét have a Wiley Solar Asset, you can
drawing your own shade maps. Once a month (aim for arourtittie be able to get data on the

equinoxes and solstices) visit your proposed site every hour on the hour and sketch on a set of base map
where the shade lines are relative to other landmarks around the site. The photo below shows the
eveningshademer t he fall equinox, which is about the
more sun on your site to gear up for wirgeswing Of course you have to take your shade data on a

sunny day. If the day starts out sunny and becomes cloudyapdinish taking the data within the

next couple of days, whenever the sun next shines.

OR How much SHADE do you see on the ground?
View to South: 5pm shade on Sept 25th

Maples — Black Trees+
= Walnut shrubs

L

33



The photos below show how the maples to the east cast heavy shade on the potential house site
(foreground) until nearly 1 pm, but that shade no sooner subsidsstiw shade from the hedgerow on

the west side creeps in and has nearly eclipsed the site by 4 pm. Itis easy to see how the Solar Asset
arrives at an average 3.28 hrs/day of available sunlight in September.

Taniacompleteda set of base maps showin@gdh line sketches on the site for one day out of each

month for a year. She also documented the shade with photos, but because of the angle at which each
photo is taken, it is hard to gauge the true location of a given shade line until you comparphbtah
from one or more other | ocations that show ité
yields a photo that distorts the shade on the ground, so some commamsehbe used when trying to
interpret photos.

ES

September G-

r---
L

We recorded |
shade
patterns on a
base map — O

|

g S e |

“House”
sees ~3 hrs
of full sun

~12:40 pm

The next two photgetsshow the seriousness of shade from deciduous trees in.winter
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