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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 experiences and results from our retrofits, and our best ideas and preliminary design for a 

solar home based on a new concept current in Europe but just now being introduced to the U.S. ï 

Passive House.  

 

Introduction   
 

We live in Lemont, PA, within biking distance of Penn State. Over the past 20 years we have become 

increasingly serious homesteaders on 0.8 of an acre. In 1997 we began converting our backyard to a 
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biointensive minifarm. Our aim was to get off industrial food. In 1999 we upped the ante and turned our 

attention to the house. Our aim was to make our house more energy efficient.  

 

Our house was built by the Meyers family in 1937 as a modest wood-frame cottage with clapboard 

siding. In 1957 the Fitzgeralds built a 600 sq. ft. addition, bringing the finished space to 1780 sq. ft.  

 

The traditional wisdom from energy retrofit gurus in 1999 was the sequence: (1) reduce energy use;  

(2) prevent heat loss; and (3) incorporate solar in some form. We followed this sequence and while we 

learned a lot, we found the effort challenging and the results disappointing.    

 

In 2006 we bought an adjacent quarter acre lot, and this opened up the possibility of building a proper 

house from scratch. 

 

But what is a proper house? Therein lay a puzzle and a challenge as deep as retrofitting our present 

house. For us, the phrase ñgreen housingò must go beyond the mountain-top retreats built with lavish use 

of stone and wood. Green housing must be something we all could have and should have.  

 

In addition, our houses should be extensions of our gardens, not the other way around. So much of what 

we have found in green housing has little to do with providing our own sustenance. Green housing 

seems targeted to provide domiciles for trendy urbanites who drive their Priuses to farmers markets. (For 

a refreshing contrast, see what the Dervaes family has done on 1/5
th
 acre in Pasadena, CA at 

http://urbanhomestead.org/.) 

 

With this workshop we aim to do the following: 

 untangle competing and overlapping concepts of low energy house design; 

 introduce the Passive House concept as a new and important concept for designing and retrofitting 

houses and other buildings; and  

 apply the Passive House concept to two cases: a new house design and a retrofit.  

 

We invite you to contact us through our website or at neoterraexpts@aol.com with your questions or 

comments.  

 

 

PART 1.  COMPETING CONCEPTS FOR GREEN HOUSING 
 

1.1  The Search for a Greener Concept 
 

The latest green design concept to hit the U.S. is the European concept Passive House. The originator of 

Passive House in Europe is Dr. Wolfgang Feist, a German physicist. He was inspired by Dr. William F. 

Shurcliff, an American physicist with a passionate interest in passive solar design, and physicist Amory 

Lovins, founder of the Rocky Mountain Institute. The Passive House concept has become the standard 

for new construction in many European countries, and is just now being imported to the U.S. by way of 

German-born architect Katrin Klingenberg. She built the first Passive House in the U.S. in 2003 and 

started the Passive House Institute US (http://www.passivehouse.us/), modeled on its German 

counterpart, the Passivhaus Institut. For essential information on Passive House, see 

http://urbanhomestead.org/
mailto:neoterraexpts@aol.com
http://www.passivehouse.us/
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(http://www.passivhaustagung.de/Passive_House_E/passivehouse.html) and Martin Holladayôs primer 

(http://www.greenbuildingadvisor.com/blogs/dept/musings/passivhaus-beginners). 

 

While the two of us were familiar with Shurcliff and Lovins when we started our retrofits, we hadnôt 

really investigated Passive House design until last November. We had heard of it through the first place 

award given to the University of Darmstadt (Germany) entry in the 2007 U.S. Solar Decathlon 

(http://www.solardecathlon.gov/ ). This was the same year Penn State came in fourth with its 

Morningstar House entry (http://www.cfs.psu.edu/programs/morningstar-solar-home.html ). Ironically, 

this past year an American university, Virginia Polytechnic Institute, came in first in the European Solar 

Decathlon (http://www.sdeurope.org/index.htm?lang=en).  

 

So much has changed in the past dozen years. In 1998 Ecovillage Ithaca had just completed its first 

neighborhood (www.ecovillageithaca.org ).  In 1999 Dana Meadows, professor at Dartmouth College, 

and one of the authors of the path-breaking 1972 book ñLimits to Growth,ò was starting a new 

ecovillage near Hartland, Vermont (www.cobbhill.org ).  I recall listserve conversations among the then 

sustainable design gurus who were advising her, including Amory Lovins (author of Soft Energy Paths 

and director of the Rocky Mountain Institute http://www.rmi.org/rmi/ ), and Marc Rosenbaum 

(www.energysmiths.com).  

 

For heating, Cobb Hill decided on a central wood-burning furnace that would supply heat and hot water. 

Now Passive House designers can get away with a hair dryer and solar hot water panels. At that time, 

good triple pane windows were available only from Canada. For fresh air in their more air-tight 

townhouses, the Cobb Hill design team recommended leaving windows open a crack. Now Passive 

House designers use Heat Recovery Ventilators (HRVs) or Energy Recovery Ventilators (ERVs). Other 

green materials were simply unavailable. Now, green materials are a growth industry. (For descriptions 

of HRVs and ERVs, see http://www.toolbase.org/Technology-Inventory/HVAC/energy-recovery-

ventilators .) 

 

In contrast to Ecovillage Ithaca and Cobb Hill Cohousing, we can look at Maine Cohousing and 

Ecovillage, now in formation in coastal Belfast (2011), to be built entirely using Passive House 

standards (image of prototype below). Folks, this is truly a revolution in low energy design, and judging 

from the enthusiasm among architects, builders and homeowners, we are going to see much more 

Passive House design in the U.S., residential and commercial.  

 

 

 

http://www.passivhaustagung.de/Passive_House_E/passivehouse.html
http://www.greenbuildingadvisor.com/blogs/dept/musings/passivhaus-beginners
http://www.solardecathlon.gov/
http://www.cfs.psu.edu/programs/morningstar-solar-home.html
http://www.sdeurope.org/index.htm?lang=en
http://www.ecovillageithaca.org/
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
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Maine Co-Housing Prototype 

 
 

                                          

Before we proceed, we must distinguish Passive House from the two competing and overlapping 

American concepts passive solar houses and net energy zero houses. To avoid confusion, we will follow 

the emerging convention to capitalize ñPassive House,ò after the German passivhaus, to distinguish it 

from ñpassive solar house,ò which you will see is a different animal. 

 

(See http://www.mainecohousing.org/video/video.html for 8-part construction video of the prototype 

[$160/sq.ft.]  and http://www.gologichomes.com/blog/tag/passive-house/ for the architectôs site.) 

 

http://www.mainecohousing.org/video/video.html
http://www.gologichomes.com/blog/tag/passive-house/
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Comparison of Three Low-Energy Housing Concepts 
 

Distinguishing 

Characteristics 

Passive Solar House Zero Net 

Energy House  

Passive House/ 

Passivhaus 
1. Heat Gain:     

heating source  From sun, but hard to get 

above 50% of total winter 

heat load, therefore re-

quiring  supplemental heat, 

e.g., oil, gas, wood, elec.  

ditto, plus pv 

systems  w/wo 

grid to achieve 

annual net zero 

passive solar, and 

additional heat reduced to 

absolute min,  equivalent to 

heating with hair dryer 

supplied through HRV  

south-facing 

orientation 

key feature, together with 

shallow east-west axis 

ditto, esp for pv 

panels on roof 

less important but still 

necessary 

south facing 

windows 

Large, requiring shutters 

to prevent winter heat loss, 

and shades/awnings/ 

overhang to prevent 

summer overheating  

less critical , as 

pv-grid make up 

shortfalls  

less important, windows 

smaller but high 

performance (very low u 

values ï German or 

Canadian) 

thermal mass large windows coupled 

with thermal mass (floors 

usually) to store dayôs heat 

ditto , but less 

critical  

not necessary  

2. Reduce heat loss    

insulation modest:  

R-30 walls,  

R-40 ceilings 

modest:  

R-30 walls,  

R-40 ceilings 

heavy:  

R-60 or more walls, roofs;  

R-24 foundation perimeter; 

R-40 to 56 slabs 

Air infiltration / 

fresh air in winter  

air infiltration through 

bldg envelope as a source 

of outside air;  

ventilation through open 

windows 

Ditto  reduce to minimum, rely on 

air exchangers: heat recov-

ventilators in north  (HRVs) 

and energy recovery 

ventilators in south (ERVs) 

cooling  ventilation throu gh open 

windows, solar chimneys, 

fans; roof overhang; 

smaller windows east and 

west, few and small 

windows on north 

ditto , plus pv 

systems w/wo 

grid to achieve 

net zero; heat 

pumps  

high efficiency air 

exchangers (HRVs), small 

heat pump 

3. Energy-efficient     

total energy use energy-saving appliances 

using grid electricity (ac) 

no real limit . Use 

as many pv 

panels as desire, 

w/wo grid    

reduce total requirements 

to absolute minimum, 

under 120 kwh/m
2
/year 

4. Examples:  Kachadorian, Saunders 

house, AGS, PAHS 1/  

Solar Decathlon 

entries, McGreen 

mansions 

15,000 in Europe, 15 in U.S. 

(150 under condtruction); 1 

in 4 new houses in Austria 

follow PH standards.  
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1/  Examples of good U.S. passive solar design concepts: James Kachadorianôs solar slab (The Passive 

Solar House: Using Solar Design to Heat and Cool Your Home, Chelsea Green. White River Junction, 

VT, 1997); the Saunders house, from William Shurcliffôs book (Super Solar Houses: Saundersôs 100% 

Solar, Low-Cost Designs. Brick House Publishing Co. 34 Essex St, Andover, MA  01810);  Annual 

Geothermal Storage (AGS) at http://greenershelter.org/;  and Passive Annual Heat Storage (PAHS) at 

http://earthshelters.com/ . 

__________________ 

 

Until we came across Passive House, we were sold on trying one of the passive solar house concepts. 

The net zero energy houses never interested us. These tend to be high tech, do not necessarily carry a 

low ecological footprint, evade energy conservation by using lots of expensive PV panels, and lead to 

the intrusion of off-grid housing into remote, even wild areas. This is not housing we all could and 

should have.  

 

The Solar Decathlon entries fall into the net zero house category, even though these introduce 

innovations in energy reduction and small house design. Nonetheless, they achieve net zero energy by 

using lots of PV panels, often as much as the roof and even walls can support. The associated electro-

mechanical control equipment, all computer monitored and controlled, is very high-tech, and would 

require technicians, preferably live-in, to keep them operating optimally. This is housing for energy 

geeks, not ordinary folks.  

 

Dr. Wolfgang Feist compares the energy requirements of lower energy houses in Germany in the bar 

graph below (http://www.passivhaustagung.de/Passivhaus_D/Primary_Energy_Input_comm2007.pdf ): 

 

http://greenershelter.org/
http://earthshelters.com/
http://www.passivhaustagung.de/Passivhaus_D/Primary_Energy_Input_comm2007.pdf
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Life-Cycle Energy Analysis: Comparison of Low Energy House, 

Passive House, Self-Sufficient House (1997 article) 
 

 
 
CEI:  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 exhaust those available to provide protection from extreme temperatures. For 

example, neither Americans nor Germans have included underground houses because these use a lot of 

embedded energy (the concrete), can be gloomy and chilly, require careful design to keep out water, do 

not lend themselves to multi-unit structures because of the excavation costs, and consequently have 

never caught on. Two approaches at polar extremes are represented by the heavy concrete approach of 

Malcolm Wells (http://www.malcolmwells.com/ ) and the DIY approach of Mike Oehler (The $50 and 

Up Underground House Book, at http://www.undergroundhousing.com/ ). The PAHS and AGS 

approaches also involve at least partial underground construction, and also suffer from high embedded 

costs and other problems (e.g., moisture and potential mold buildup in earth tubes). 

 

http://www.malcolmwells.com/
http://www.undergroundhousing.com/
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We bypass strawbale, cob, earthen, ceramic or similar ñnaturalò houses. For starters, in their pure forms, 

these do not meet building codes around here. Possibly fine for a garden shed or outbuilding, but not 

legal for living quarters. While interesting, this is not housing we could have.  

 

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 well. This represents an intellectual breakthrough, not just for building scientists, but for 

architects, builders, contractors, equipment manufacturers, code enforcement officers, and finally, 

homeowners. Once you are clear on the key concepts, you can face the details with greater confidence. 

Here are the three key Passive House Features ï retrofits or new construction: 

 

Passive House Features and Standards 
 

Key Features Realized through Threshold standards 
1.  Low space heating  

     & cooling reqts 

* high insulation 

* reduced thermal bridges 

* air tightness (low  

   infiltra tion) 

* excellent windows 

* passive solar design 

 

 

* R-50 walls, R-60 ceilings 

* annual heat & cooling energy loads 

each Ò 15 kWh/m
2
/year (4.75 kBtu/sf/yr) 

or 2,091 kWh/yr for a 1,500 sq.ft. house 

($209/yr) 1/     Double for retrofits. 

* airtight building shell Ò 0.6 ACH @ 50 

pascal pressure, measured by blower-

door test.       1.5 ACH50 for retrofits. 

* windows with a max u value of 0.14  

(R-7+ or higher) 

2.  Mechanical  

     Ventilation 

* Heat Recovery Ventilators 

(HRVs) for cold north or  

* Energy Recovery Ventila-

tors (ERVs) for  humid south 

* 0.3-0.6 ACH as far as I could 

determine 

* device efficiency Ó 75%   

3.  Energy efficiency * high efficiency appliances to 

reduce total electricity use 

* total primary  energy loads Ò  

120 kWh/m
2
/year (38.1 kBtu/sf/yr) or  

16,729 kWh/yr for a 1,500 sq.ft. house 2/ 

* allowed plug load = 5,576 kWh/yr  3/ 

 

1/  15 kWh/m
2
/yr x 1m

2
/10.76sq.ft. x 1,500sq.ft. = 2,091 kwh/yr @ $0.10/kwh = $209/yr.  For a 

description of how the 15 kWh/m
2
/year was determined, see 

http://www.passivhaustagung.de/Passive_House_E/passivehouse_definition.html  

 

2/  Primary energy is energy found in nature that has not been subjected to any conversion or 

transformation. The Passivehaus Institute uses multipliers to convert site energy (gallons of heating oil, 

therms of natural gas, kilowatt-hours of electricity, etc.) into the corresponding (primary) source energy, 

thus accounting for the losses in extracting and processing a fuel or in generating and transporting 

electricity. Primary (source) energy includes solar, wind, fossil fuels, geothermal, tidal, hydro, biomass, 

some nuclear (not plutonium which exists in nature in small quantities). In the Passive House Planning 

Package (PHPP) software, multipliers are applied to plug or end use energy to calculate primary energy. 

These factors differ from country to country. Thus, natural gas has a primary energy factor of 1.05, 

http://www.passivhaustagung.de/Passive_House_E/passivehouse_definition.html
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while electricity in the U.S. has a primary energy factor of 3 (2.7 in one analysis). In the example above, 

using 2,091 kWh/yr to heat a 1,500 sq.ft. house translates to a contribution to total primary energy use of 

3x, or 6,273 kWh/yr. PHIUS currently relies on multipliers from Germany, and further research is 

required to translate these multipliers to U.S. conditions. Source:   

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

 

3/  I calculate this number based on my possibly imperfect understanding of the PH standards. I 

subtracted the heating load of 2,091 kWh/yr from total allowed plug load of 5,576 (1/3 of total primary) 

leaving 3,485 kWh/yr at the plug, for a monthly non-heating power bill of only $29. This corresponds to  

290 kwh/month to cover all non-heating uses, including summer cooling, HRV, appliances, cooking, 

domestic hot water, etc.  

________ 

 

In short, a Passive House (PH) has heat requirements so low that a separate heating system is not 

necessary. Instead, heat is supplied through the ventilating air ducts (HRV or ERV) using a small 

electric heater. This condition is possible if the maximum heat load is less than 10 W/m
2 
(1,394 watts for 

a 1,500 sq.ft. home, which is less than a hair dryer on high). The total end-use or plug energy 

requirement in actual PH houses, including household electricity and domestic hot water, is lower than 

33 kWh/(m²yr) or 4,613 kWh/yr for a 1,500 sq.ft. house ï a mere 384 kWh/month.  

 

A Passive House is not a net-zero energy house. While passive solar gain and solar thermal can be 

included in the accounting, PV or photovoltaic systems cannot. Marc Rosenbaum, P.E., a certified 

Passive House consultant in Meriden, New Hampshire, and a past board member of PHIUS, asserts that  

ñYou canôt [achieve the 15 kWh/m2 standard] in these climates without the suné This is why the 

recommendation for Passive House windows includes a fairly high solar heat gain coefficient (SHGC) 

of 0.50, along with a very low U-factor (below 0.14).ò  Following is a schematic of a Passive House.  

 

http://www.greenbuildingadvisor.com/blogs/dept/green-building-blog/defense-passive-house-standard
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Schematic of a Passive House 
 

 

 
 

From:  http://www.nytimes.com/interactive/2009/04/30/business/energy-

environment/20090430_businessofgreen_house.html?ref=businessspecial2  

 

 

http://www.nytimes.com/interactive/2009/04/30/business/energy-environment/20090430_businessofgreen_house.html?ref=businessspecial2
http://www.nytimes.com/interactive/2009/04/30/business/energy-environment/20090430_businessofgreen_house.html?ref=businessspecial2
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1.3  Passive House Concept:  Challenges, Controversies and Questions 
 

Since Europeans have already embraced and implemented Passive House standards, the challenges and 

questions come from Americans attempting to grapple with and reconcile Passive House with their long-

held concepts and practices. Good articles, spirited and civil discussions, and quality information can be 

found at the following locations: 

 

1. greenbuildingadvisor.com, in particular: 

a) An excellent interview with Passivhaus founder Dr. Wolfgang Feist that touches on many of the 

key issues at http://www.greenbuildingadvisor.com/blogs/dept/musings/conversation-wolfgang-

feist ; 

b) Discussion among builders, designers and architects at Passive House Alliance:  

http://www.greenbuildingadvisor.com/blogs/dept/green-building-news/new-passivhaus-

advocacy-group-us  and for direct link: www.phalliance.com  

c) Excellent blogs and discussions on Passive Houses:  

http://www.greenbuildingadvisor.com/category/site-wide-tags/passive-house-institute-us .  

2. Further discussions on a wide variety of topics at  http://www.passivehouse.us/bulletinBoard/  

3. An amazing ñwikipediaò for Passive Houses!  at  http://passipedia.passiv.de/passipedia_en/    

4. Passive House videos at: http://www.youtube.com/watch?v=qnks0WZ6UPs&feature=related  

 

 

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

Package (PHPP) software. This software is based on European standards, and requires adaptation to be 

useable in the U.S.  PHPP is based on a sophisticated, Excel-based spreadsheet developed by Dr. Feist. 

Marc Rosenbaum says the PHPP spreadsheet is complex and time-consuming to work through, but he 

likes the fact that you can see exactly whatôs going on. ñA lot of modeling programs are black boxes,ò 

he said; ñwith PHPP you can very clearly see the impact of modifying the glazing on the south or 

reducing thermal bridging through a wall component, and you can see the calculations behind it. Itôs a 

really good educational tool.ò  

 

 

PART 2.  PASSIVE HOUSE DESIGN IN NEW CONSTRUCTION  
 

In Part 2 we elaborate briefly on the Passive House framework. In Part 3, we apply the framework to a 

new house for our adjacent vacant lot. In Part 4, we assess retrofits on our existing house against the 

Passive House framework. Presenting the ñnewò house first allows us to examine more clearly how well 

we did on our retrofits.  

 

An excellent directory of the principle components of Passive House design can be found here:  

http://www.passivhaustagung.de/Passive_House_E/PassiveHouse_directory.html.  In the discussion 

below, we will focus on the components from the Passive House Features and Standards table above.  

http://www.greenbuildingadvisor.com/blogs/dept/musings/conversation-wolfgang-feist
http://www.greenbuildingadvisor.com/blogs/dept/musings/conversation-wolfgang-feist
http://www.greenbuildingadvisor.com/blogs/dept/green-building-news/new-passivhaus-advocacy-group-us
http://www.greenbuildingadvisor.com/blogs/dept/green-building-news/new-passivhaus-advocacy-group-us
http://www.phalliance.com/
http://www.greenbuildingadvisor.com/category/site-wide-tags/passive-house-institute-us
http://www.passivehouse.us/bulletinBoard/
http://passipedia.passiv.de/passipedia_en/
http://www.youtube.com/watch?v=qnks0WZ6UPs&feature=related
http://www.passivhaustagung.de/Passive_House_E/PassiveHouse_directory.html
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2.1  Low Space Heating & Cooling Requirements 
 

The key to realizing low space heating and cooling requirements lies in visualizing the internal space as 

surrounded by a single unbroken building envelope.  You can take a pencil and complete a 

circumference of high insulation without taking your pencil off the paper (thick yellow border below).   

 

 

Idealized Building Envelope for a Passive House 
 

                              

 

http://www.passivhaustagung.de/Passive_House_E/insulation_passive_House.html 

 

 

With superior insulation, you will not require an expensive heating system. In the simplest case, you will 

be able to heat your Passive House through the ventilation system only, as shown in the schematic 

below. 

 

 

 

http://www.passivhaustagung.de/Passive_House_E/envelope_passive_house.png
http://www.passivhaustagung.de/Passive_House_E/envelope_passive_house.png
http://www.passivhaustagung.de/Passive_House_E/insulation_passive_House.html
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From: http://www.passivhaustagung.de/Passive_House_E/passivehouse_definition.html 

 

 

Space heat may be delivered by any means you want -- electric resistance baseboard heaters, gas space 

heaters, pellet stoves, furnaces, boilers, geothermal heat pumps, etc.  Many of these systems will be 

vastly oversized for the minimal heating requirements of Ò 15 kWh/m
2
/year.  For a radiant floor, too 

little heat is required for you to feel the heat coming through the floor. Similarly for wood stoves, 

including Tulikivis (large masonry stoves). Take the money you would have spent on large heating 

systems and put it in Passive House features. One way to go is to use closed combustion pellet stoves. 

For more on stoves, see http://www.passivehouse.us/bulletinBoard/viewtopic.php?f=6&t=121 . Of 

course, fireplaces as a source 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 sustainable. For starters, the average forested woodland 

per capita is 1.4 acres for the U.S., and 1.2 acres for Pennsylvanians. This is not much.  These 

woodlands carry many demands in addition to supplying building materials ï woodlands must provide 

carbon sinks, convert CO
2
 to O

2
, provide habitat for wildlife, support a complex ecosystem, and supply 

botanicals.  

 

The Passive House standard of 15 kWh/m
2
/year, or 4.75 kBtu/sf/yr, translates to 7,125,000 BTUs per 

year for a 1,500 sq.ft. house at 68-70 degrees. How much wood is this? About ½ cord. (Divide 

7,125,000 BTUs by 0.65, the efficiency of a typical wood stove, to give a required BTU input of 

10,962,000 BTUs. Divide this by the heat value of a mixed cord of hardwood and softwood, say 

21,000,000 BTUs, and that is the equivalent of 0.52 cords.) 

http://www.passivhaustagung.de/Passive_House_E/passivehouse_definition.html
http://www.passivehouse.us/bulletinBoard/viewtopic.php?f=6&t=121
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Thus, if youôre burning 7 cords to heat your house, and a well-insulated house requires only ½ cord, you 

can readily assess how your house stacks up against a Passive House.  

 

2.1.1  High Insulation 

 

A low space heating requirement is achieved through high insulation, and high insulation is achieved 

through thick walls using high R-value insulation. Builders use different ways to construct the walls to 

achieve the Passive House standard: 

 Engineered framing members used as wall studs. Consider TJI ï Truss Joists I shaped, with 14ò deep 

cavities filled with blown fiberglass, foam, or other materials. For more info, search on ñtji joistsò and 

donôt try making these joists yourself  (http://forums.finehomebuilding.com/breaktime/construction-

techniques/making-my-own-tji -joists ); 

 Conventional 2 x 6 walls on 24ò centers, with 2ò of foam board on outside; 

 Double 2 x 4 walls, with more insulation between these two walls; 

 AAC (autoclaved aerated concrete) in warmer climates can also work 

(http://www.passivehouse.us/bulletinBoard/viewtopic.php?f=7&t=241 ); 

 SIPs (structurally integrated panels) hanging on 2 x 4 walls or post and beam construction. Many SIPs 

use foam; however Agriboard SIPs use straw, but have lower R than polyurethane: 

http://www.treehugger.com/files/2008/11/greenbuild-agriboard-sip.php ; 

 Insulated Concrete Forms: example at http://www.greenbuildingadvisor.com/homes/foam-forms-

create-energy-efficient-concrete-house. 

 

For an interesting contrast of Passive House practices to those of contemporary new building 

recommended 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 High R-Value Wall 

Assemblies (http://www.buildingscience.com/resources/high-r-value). You will find some spirited 

tension between Passive House Institute practices and those recommended by the Building Science 

Corporation.  

 

Katrin Klingenbergôs first certified Passive House of 1,300 sq.ft. built in 2003 in Urbana had R-60 walls 

and ceilings, R-56 insulation beneath slab, and 0.25 ACH@50.  

http://www.greenbuildingadvisor.com/homes/first-us-passive-house-shows-energy-efficiency-can-be-

affordable .  A new house now under construction in Oregon claims an R-120 roof and R-80 walls.  

 

To eliminate air leakage Klingenberg disallowed electrical sockets on exterior walls in her second 

design, but then suggested after completion that on her next house she might add a 2 x 3ô stud wall 

inside the insulated wall to accommodate electrical work. This struck us as a lot of effort to hide a few 

wires. Why not simple chases hidden behind baseboards? A good description of her second design, with 

construction details, can be found in the May 2007 issue of Energy Design Update 

(http://www.passivehouse.us/passiveHouse/Articles_files/EDU%20May2007%20Postable.PDF ). 

 

The question of foam fill provoked several illuminating comments among builders in the Questions 

section of a blog on a Passive House being built in Asheville  

(http://www.greenbuildingadvisor.com/blogs/dept/think-spot/passive-house-what-do-you-think): 

 

http://forums.finehomebuilding.com/breaktime/construction-techniques/making-my-own-tji-joists
http://forums.finehomebuilding.com/breaktime/construction-techniques/making-my-own-tji-joists
http://www.passivehouse.us/bulletinBoard/viewtopic.php?f=7&t=241
http://www.treehugger.com/files/2008/11/greenbuild-agriboard-sip.php
http://www.greenbuildingadvisor.com/homes/foam-forms-create-energy-efficient-concrete-house
http://www.greenbuildingadvisor.com/homes/foam-forms-create-energy-efficient-concrete-house
http://www.buildingscience.com/
http://www.buildingscience.com/resources/high-r-value
http://www.greenbuildingadvisor.com/homes/first-us-passive-house-shows-energy-efficiency-can-be-affordable
http://www.greenbuildingadvisor.com/homes/first-us-passive-house-shows-energy-efficiency-can-be-affordable
http://www.passivehouse.us/passiveHouse/Articles_files/EDU%20May2007%20Postable.PDF
http://www.greenbuildingadvisor.com/blogs/dept/think-spot/passive-house-what-do-you-think
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 Comment by Pat Morgan.   ñI just read today an article in the July '09 Fine Home Building on foam 

that has info germane to this discussion. Most importantly, that the efficiency of foam (open or closed 

cell) diminishes drastically beyond 3-4" 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 problems. I 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 100% foam will definitely save some 

serious money.ò 

 

 Comment by Chris Otahal.  ñMy insulation guy claims that dense packed cellulose, properly installed, 

is unrivaled.  We're thinking of installing the drywall and blowing the cellulose into the cavity to 

achieve the proper density. I do like the idea of a thin layer of foam on the inside face of the plywood 

sheathing, and cellulose for the remainder of the cavity.ò 

 

 Comment by Alan Abrams. ñJust a note of caution regarding the use of open cell foam in roofs ï 

weôve had two instances of water leaks, and open cell will absorb alarming amounts of water ï and 

retain it with annoying persistence. It suggests that we should apply the same care we take with 

vertical drainage to roofs ï redundant planes, provision for ventilation, etc.ò  (This was our experience 

ï Gene and Taniaôs ï with polyicynene on retrofit!) 

 

One still critical limitation of certain spray foams (closed cell polyurethanes) and styrofoam is that 

manufacturers are using HFCs, a serious greenhouse warming gas. Review the following article (and 

ñRelated Contentò to the right) for a recent (2010) article on this:  

http://www.greenbuildingadvisor.com/blogs/dept/energy-solutions/avoiding-global-warming-impact-

insulation. The authorôs conclusions are contested in the Comments section, so read those as well.  

 

Problem of moisture. One of the biggest issues in new standard construction is moisture. Moisture tends 

to collect inside houses in the wintertime ï from cooking, bathroom, laundry, human occupation. The 

tighter the house, the greater the problem. This moisture works itself outward through the walls, and can 

be trapped within improperly built walls where it can condense and cause premature decay of wood.  

 

With ña Passive 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). According to Klingenberg, this air-

tightness standard arose as a quality-assurance 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 enough exchange rate to ensure that introduced moisture would not 

cause a problem. óIf you build to that standard,ô said Klingenberg, óyou will not have moisture 

problemsô.ò   Quote from an excellent article in Environmental Building News, April 1, 2010: 

http://www.buildinggreen.com/auth/article.cfm/2010/3/31/Passive-House-Arrives-in-North-America-

Could-It-Revolutionize-the-Way-We-Build . 

 

For examples of U.S. Passive Houses see 

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

http://www.greenbuildingadvisor.com/green-homes, scrolling down the right-hand column to 

ñJobblog.ò 

 

http://www.greenbuildingadvisor.com/blogs/dept/energy-solutions/avoiding-global-warming-impact-insulation
http://www.greenbuildingadvisor.com/blogs/dept/energy-solutions/avoiding-global-warming-impact-insulation
http://www.buildinggreen.com/auth/article.cfm/2010/3/31/Passive-House-Arrives-in-North-America-Could-It-Revolutionize-the-Way-We-Build
http://www.buildinggreen.com/auth/article.cfm/2010/3/31/Passive-House-Arrives-in-North-America-Could-It-Revolutionize-the-Way-We-Build
http://www.passivehouse.us/passiveHouse/PHIUSProjects.html
http://www.greenbuildingadvisor.com/green-homes
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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 

envelope ï from inside to outside in the winter, and in the opposite direction in the summer. A good 

building envelope reduces thermal bridges using superior building techniques and insulation in proper 

places.  

 

You can easily see this on a winter day through an infrared imaging camera, where heat leaks show up 

in brighter hues of red, indicating heat flowing through these areas. Such short circuits for heat transfer 

occur through window frames and their joints with adjacent walls, at roof-wall connections, wall-

foundation connections, and floor-wall connections. Preliminary points can be found at: 

http://www.passivhaustagung.de/Passive_House_E/passive_house_avoiding_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 vapor barrier. ñAn oiled paper is airtight, but it allows moisture vapour to pass through. Conventional 

room plastering (gypsum or lime plaster, cement plaster or reinforced clay plaster) is sufficiently 

airtight, but allows vapour diffusion.ò 

http://www.passivhaustagung.de/Passive_House_E/airtightness_06.html    We will have more to say 

about air tightness below in Part 4, where we discuss our own retrofit.  

 

2.1.4  Excellent Windows 

 

High performance windows have three essential features:  

 Triple glazing with two low-e-coatings (or another combination of panes giving a comparable low 

heat loss); 

 "Warm Edge" ï spacers; and  

 Super-insulated frames. 

 

http://www.passivhaustagung.de/Passive_House_E/passive_house_avoiding_thermal_brigdes.html
http://www.passivhaustagung.de/Passive_House_E/airtightness_06.html
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Window Schematic of High Performance Window 
 

 

 

(http://www.passivhaustagung.de/Passive_House_E/PH_windows.htm) 

 

High performance windows must have a max u value of 0.14 (R 7+ or higher = 1/u).  You can find a 

quick primer at http://www.passivhaustagung.de/Passive_House_E/PH_windows.htm  which contains a 

link farther down the page to Additional 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 among U.S. builders there is a lot of confusion over window performance, 

technology, and terminology. Currently it is difficult  to find high performance windows made in the 

U.S! Moreover, there are few choices in performance features, particularly R values and appropriate 

combinations of R values and Solar Heat Gain Coefficients (SHGC) for the cold northeast. With few 

exceptions, one must go to Canada or Europe to get good windows. A sense of the confusion and 

challenges can be read in the exchanges among builders on the bulletin board topic for ñPassive House 

Windowsò which at the moment (12-4-10) has 62 postings on 7 pages comprising over 12,000 views, 

the most sought after topic (http://www.passivehouse.us/bulletinBoard/viewtopic.php?f=7&t=59 ). A 

related topic, ñAn American Passive House Windowò has additional information at: 

http://www.passivehouse.us/bulletinBoard/viewtopic.php?f=7&t=74 . 

 

http://www.passivhaustagung.de/Passive_House_E/PH_windows.htm
http://www.passivhaustagung.de/Passive_House_E/PH_windows.htm
http://www.passivhaustagung.de/Passive_House_E/windows_passive_houses_06.html
http://www.passivehouse.us/bulletinBoard/viewtopic.php?f=7&t=59
http://www.passivehouse.us/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 thresholds. With two exceptions, acquiring 

sufficient solar insolation requires the usual criteria with which we are familiar for passive solar design: 

south-facing house wall and roof combined with east-west orientation; larger windows on the south 

wall, smaller on others, few on north; high SHGC windows on south; good overhangs; and solar hot 

water panels on the roof to provide domestic hot water. 

 

The two exceptions are photovoltaic panels to produce electricity, and mass 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 air-based heating and cooling systems (air conditioning). But the systems 

used in America often just recirculate indoor air at a high rate (> 10 ACH); stale house air is not 

exchanged with outside fresh air. The Passive House approach is very different. It replaces 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 draft. This is close to the ASHRAE standard 62.2. By contrast, the International 

Building Code criterion of 7 ACH is overventilation.   

 

American builders have narrowed ventilation down to three main options: 

 For the best air distribution, and lowest operating cost, choose an HRV or an ERV connected to a 

dedicated duct system. This is the strategy of choice for air-tight Passive Houses.  

 For better fresh air distribution, choose a central-fan integrated supply ventilation system, making sure 

you use a low power draining ECM blower.  (ECM stands for electronically commutated motor.) 

 The simplest system is an exhaust-only ventilation system based on one or more bath exhaust fans. 

Here there are several good choices ï e.g., the Panasonic Whisper Green fan at 11.3 watts (80 cfm), 

and the Broan SmartSense fans (see our notes below in Section 4.3.2 Ventilation). 

 

On windy days, the air change is faster. In a conventional non-air-tight house, a simple fan can exhaust 

stale air out and bring in fresh air ï through open windows, or infiltration, leaky doors and windows, or 

through other openings (e.g., chimneys).  The drawback of this arrangement is that in the winter, heated 

air is exhausted and cold air is brought in, requiring additional heat to bring the cold air up to house 

temperature. This wastes energy. A second choice is a central-fan-integrated supply ventilation system.  

 

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 either a Heat Recovery Ventilator in the cold north 

(HRV) or an Energy Recovery Ventilator in the humid south (ERV). This device 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 75-95%. In the summer, the outgoing cool exhaust air cools the incoming warm air. A 

schematic for this is shown below. 
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Ventilating a Passive House 
 

 
 

From:  http://www.passivhaustagung.de/Passive_House_E/ventilation_06.html 

 

 

One can additionally use a ground loop, usually water-filled PEX tubing laid below ground during 

construction, to warm the incoming cold air in the winter and cool incoming warm air in the summer 

(http://passivehouseca.org/heat-extractor-shelf-hydronic-heating-coil-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. An excellent discussion of HRVs and ERVs by 

Martin Holladay, including a list of manufacturers, can be found at 

http://www.greenbuildingadvisor.com/blogs/dept/musings/hrv-or-erv . The many comments following 

this article provide additional insights and information.  

 

The broader topic of designing a good ventilation system is covered, also by Holladay, in two recent 

articles: http://www.greenbuildingadvisor.com/blogs/dept/musings/designing-good-ventilation-system 

and  http://www.greenbuildingadvisor.com/green-basics/ventilation-choices-three-ways-keep-indoor-air-

fresh .   

 

http://www.passivhaustagung.de/Passive_House_E/ventilation_06.html
http://passivehouseca.org/heat-extractor-shelf-hydronic-heating-coil-unboxed
http://www.greenbuildingadvisor.com/blogs/dept/musings/hrv-or-erv
http://www.greenbuildingadvisor.com/blogs/dept/musings/designing-good-ventilation-system
http://www.greenbuildingadvisor.com/green-basics/ventilation-choices-three-ways-keep-indoor-air-fresh
http://www.greenbuildingadvisor.com/green-basics/ventilation-choices-three-ways-keep-indoor-air-fresh
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Holladay concludes his comments by mentioning ñthat itôs possible to have a well-ventilated home 

without an HRV or an ERV. Itôs much cheaper to install a central-fan-integrated supply ventilation 

system controlled by a FanCycler. If you choose this route, be sure that your furnace has an energy-

efficient ECM blower.ò (ECM stands for electronically commutated motor.)  

 

2.2.1  Design Paramters and Considerations 

 

The American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) has 

established a residential ventilation standard (Standard 62.2) calling for 1 cfm of mechanical ventilation 

for every 100 square feet of occupiable space, plus an additional 7.5 cfm per occupant. For example, a 

1,500 square-foot house with four occupants would require 45 cfm (cubic feet/min) of mechanical 

ventilation.  

 

Ventilation in the 1,500 sq.ft. Maine Cohousing prototype, is provided continuously at 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 to the architects, ñThe air flow is very low and generally 

delivered to points in the house where itôs not noticed, so one never feels a draft.ò 

 

There is a two-part energy cost to running an HRV. The ventilation (heat) losses for a high quality HRV 

for Passive Houses is currently 2-7kwh/m
2
/year. For a 1,500 sq.ft. house, this would cost $28-$100/yr to 

replace the heat (@ 0.10/kwh. The 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 deliver 40-80 cfm of fresh air, this cost 

would run ~$12/yr.  

 

Some builders 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 the claimed drawbacks of an HRV in northern climates is that dry winter air drawn in leads to 

dry indoor air. On the other hand, normal occupation, showers, laundry, and cooking raises the humidity 

in a tight Passive House, counteracting this tendency. Good relative humidity (RH) is 30-40%.  

 

Due to a longer history of using the Passive House concept, Europeans have more choices among 

devices for obtaining ventilation. For example, they have small heat pumps to extract heat from exhaust 

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

small gas-fired condensing boilers. This degree of integration is hard 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 the system breaks, then the entire operation is compromised.   

(See http://passipedia.passiv.de/passipedia_en/planning/building_services/compact_hvac_systems.) 

 

These integrated systems that cover a multitude of functions in European Passive Houses bear the name 

ñmagic boxesò (http://www.greenbuildingadvisor.com/blogs/dept/musings/magic-box-your-passivhaus). 

These are not available here, and are expensive. Their high cost is one reason why North American 

Passivhaus builders will probably continue installing separate HRVs with well-designed dedicated 

ductwork ï independent of the heat-delivery system. For DIY fans, you can build an HRV yourself:  

http://makeprojects.com/Project/Heat-Exchanger/279/1, but (1) keep the inlet duct and outlet duct 10ô 

apart, and (2) this low tech HRV may freeze up in the winter as cold air is drawn across the heat 

http://www.greenbuildingadvisor.com/blogs/dept/musings/designing-good-ventilation-system
http://www.greenbuildingadvisor.com/blogs/dept/musings/designing-good-ventilation-system
http://passipedia.passiv.de/passipedia_en/planning/building_services/compact_hvac_systems
http://www.greenbuildingadvisor.com/blogs/dept/musings/magic-box-your-passivhaus
http://makeprojects.com/Project/Heat-Exchanger/279/1
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exchanger, freezing the moisture in the air exiting the house. Manufactured HRVs have built-in 

defrosters to offset this problem.  

 

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

expensive, but have drawbacks.  

 A small load can be easily met with a motel-style ñPackaged Terminal Heat Pump (PTHP). These cost 

under $700 installed. They just plug in like a through-the-wall (TTW) air conditioner. One builder 

claims that ñAmana makes a good one.ò  Drawbacks: noisy, low COP (coefficient of performance) 

during cold spells, and no ECM fan (which means higher power draw).  

 Another builder: ñLetôs say this is a two story house, and you want an HRV/ERV. Use one Panasonic 

WhisperComfort Spot ERV on each floor, $600 total. Thatôs enough fresh air for up to 5 bedrooms, 

and no ductwork to install.ò  

 

The old trick of using windows to provide fresh air is regarded as ineffective and inefficient  It would 

require 4 window purges/day (all windows open), to ventilate a Passive House, during which you would 

lose considerable heat in the process. 

(http://passipedia.passiv.de/passipedia_en/planning/building_services/ventilation/basics/types_of_ventil

ation#purge_ventilation_through_windows ). 

 

2.3  Energy Efficiency 
 

The Passive House standard for total energy consumption, qualified as primary energy loads, is  

Ò 120 kWh/m
2
/year (38.1 kBtu/sf/yr) or 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 plug load of 5,576 kWh/yr. 

 

I calculate this number based on my possibly imperfect understanding of the PH standards. I 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 non-heating power bill of only $29. This corresponds to 290 kwh/month to cover all 

non-heating 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 less than $1/day worth of 

electricity.  

 

PV cannot be used as a way to meet this energy threshold under the Passive House standards. For an 

interesting alternative, see the pedal-powered kitchen: http://www.treehugger.com/files/2010/11/pedal-

powered-kitchen-center.php.  

 

2.4  Examples of Passive Houses 
 

In addition to those already mentioned, more examples of Passive House designs can be found at: 

 

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

 

http://planetgreen.discovery.com/home-garden/readerschoice-winners-bestofgreen-

designarchitecture.html,  and 

 

http://www.greenbuildingadvisor.com/green-homes, in the right-hand column under ñJobblog.ò 

http://passipedia.passiv.de/passipedia_en/planning/building_services/ventilation/basics/types_of_ventilation#purge_ventilation_through_windows
http://passipedia.passiv.de/passipedia_en/planning/building_services/ventilation/basics/types_of_ventilation#purge_ventilation_through_windows
http://www.treehugger.com/files/2010/11/pedal-powered-kitchen-center.php
http://www.treehugger.com/files/2010/11/pedal-powered-kitchen-center.php
http://www.passivehouse.us/passiveHouse/PHIUSProjects.html
http://planetgreen.discovery.com/home-garden/readerschoice-winners-bestofgreen-designarchitecture.html
http://planetgreen.discovery.com/home-garden/readerschoice-winners-bestofgreen-designarchitecture.html
http://www.greenbuildingadvisor.com/green-homes
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2.5  Further Infor mation on Passive House 
 

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

 

 

PART 3.  PROPOSED  DESIGN  FOR  A  PASSIVE  HOUSE  ON  OUR  LOT  IN  

                 LEMONT  
 

When designing, Buckminster Fuller urged us to consider the system one up from the one of interest. In 

A Pattern Language, Christopher Alexander moved in both directions, considering the smaller patterns 

that constitute the subject pattern as well as the broader patterns which affect the subject pattern. In her 

wonderful book Gardening From the Heart, Carol Olwell suggests we conceive of the house as an 

extension of the garden, rather than the other way around.  

 

With these principles, we aim to counter the prevailing presumption that the house is a mere way station 

for humans on their trips to buy and sell in the great marketplace. Instead, the two of us want to supply 

our own sustenance, to subsist on our own actions in greater harmony with and cognizance of the living 

world around us. In particular, we want to get off industrial food and grow our own, use simple devices 

we can build and repair ourselves, turn off the flush toilet, and occupy ourselves and our friends at our 

place and our pace, thereby reducing the living we would otherwise have to earn in the destructive 

market economy to support the lifestyle of consumption that our market-driven culture defines and 

delivers for many of us, increasingly directly to our doors.  

 

Therefore, in addition to designing a Passive House, we want also to consider how we can realize the 

following functional arrangements: food growing (biointensive + permaculture), storage, and 

preparation (with good diet and nutrition); waste water treatment ï grey and black water ï including 

humanure composting; the growing of plants rich in phytonutrients; preparation of plant-based 

compounds to promote well-being and to help with chronic or acute ailments; and facilities and 

occasions to share our experiences with others through internships, tours, talks, our website and 

professional assistance.  

 

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

and biointensive design. From this we move to a scheme of how we might physically inhabit the site, 

what architects call the program. We then pose one answer to the question, ñHow would a structure 

employing Passive House principles look?ò Other analyses and arrangements are possible. Our object is 

to work through how and why we arrived at this one, to stimulate discussion, and to gather feedback on 

our design.   

 

We already have considerable knowledge and experience with our larger aims. We have created a 

biointensive mini-farm on the main property which we have run for the past 14 years. On it we grow 

95% of our vegetables year-round, 60% of our fruit, 20% of our vegetable protein (but only 10% of our 

calories) for the two of us. We have spent the past 12 years or so retrofitting our old house, and have 

faced first hand various aspects of green design.  

 

http://www.passivehouse.us/passiveHouse/Links.html
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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, we grow our own food, which eliminates trips to restaurants, supermarkets, and 

CSAs. Our biointensive mini-farm stands for a school of thought in growing food. Therefore, we plant 

in beds, not rows; use hand tools not rototillers; amend our soils with compost not synthetic fertilizers. 

Similarly, our selecting a Passive House approach rules out a host of other possibilities. By converting 

features to design constraints, we make it easier to wade through and eliminate alternatives.  

 

Another way to think about design is as manipulation of known and familiar patterns. In traditional 

cultures, whether examining house or rug design, you will find only a small number of patterns in any 

given region, and it is these that get manipulated or arranged in different ways. These patterns and their 

arrangements define that regional culture.  

 

Similarly, solar design implies certain patterns ï east-west orientation of buildings, south-facing roofs 

and windows, wide overhangs, placement of trees as sun and windbreaks, and so forth. We do not start 

with a blank canvas, nor do we want one.   

 

We take our thinking here only so far. At this broad level, decisions on wall siding, interior 

appointments, furniture, appliances and other detailed considerations are outside our purview. What we 

want to examine here is the implications of certain ideas for this particular combination of climate, site 

and functions.   

 

3.1  Eco-House Background and Vision  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

With the help of friends and family who were taken by her ideas and visions, Tania became shared 

owner of the 0.28 acre lot above ours in 2007.  Her plans to expand our biointensive mini-farm onto the 

 
 

 

The Site: 0.28 acre lot in Lemont on the flank of Mt. Nittany.  This view, taken from the southeast corner 

of Neo-Terraôs mini-farm shows the fence edge (left), view to north (and to road), plus row of sugar 

maples on ascending slope along the east edge of the 80 ft wide x 150 ft deep property. 
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lot necessitated on-site water and a small tool shed.  Zoning, however, prohibits sheds and other such 

ancillary structures unless there is first a house on the site (presumably so the township can collect 

higher property taxes).  This provided us with the impetus to consider designing and (ultimately) 

constructing an ñeco-house,ò one based upon the best principles, greenest features, and cutting-edge 

technologies that passed our many layers of analysis.   

 

The goal would be to use the eco-house as an experiment: to put into practice the greenest technologies 

appropriately integrated, monitor the performance of the ensemble, and then use the results to make 

improvements.  We envisioned that we could house seasonal interns there to live and work with us on 

the backyard biointensive mini-farming as well as to engage them in hands-on projects in the 

community with clients of Neo-Terra.  The eco-house would itself serve as a demonstration and test site 

for a wide array of possible technologies and practices.   

 

For example, if you had human-powered appliances, would you use them?  Here is an opportunity to try 

out such devices and assess their feasibility.  If you like the technology, can you get others to try it?  If 

you donôt like it, why not?  Could the device be improved?  Re-engineered to something more practical?  

Many ñgood ideaò inventions languish until good engineering addresses the reasons the device doesnôt 

work well for people.   

 

Similarly, solar ovens and solar food dehydrators are seemingly reasonable technologies that have not 

caught on.  Could a combination oven/dehydration unit be constructed, tested and improved?  In this 

manner, the eco-house residents would have the opportunity to innovate along with the staff of Neo-

Terra.  We note here that while many ñgreenò technologies exist, few are found in conventional homes 

and construction.  With energy costs escalating and new incentives for ñgreenerò design, there are new 

opportunities to engage a broader audience.  While personal tastes in home design vary considerably, 

could the eco-house be the kind of house that most of the visitors to it point to and say definitively ñThis 

is the kind of house I really want to live in,ò and, if so, would it be ñwhat we all could have and should 

have?ò 

 

The eco-house design is motivated by a desire to live in healthier ways, integrating plants and people 

(and animals, if desired) in sensible ways that mimic healthy natural systems.  Why send your organic 

nutrients to the sewer when they can be recycled via dry composting toilets? (See Joe Jenkins, The 

Humanure Handbook.)  Why send your graywater to the sewer when it can be treated and used on site to 

nourish gardens? (For this, consider Art Ludwigôs, Create an Oasis with Greywater.)  Why not make the 

best and most appropriate use of passive solar energy?  How can we best use the gifts of the land?  

(Recall Bill Mollisonôs path-breaking book, Permaculture.)  How can the house serve as an extension of 

the garden?  (Carol Olwell inspires with Gardening From the Heart.)  How can we reduce our 

Ecological Footprint with an eco-house? 

 

In Solviva, author Anna Edey reflects on how plants provide us with fresh, clean air and how this 

restores our stale, often polluted, indoor environment.  Edey was inspired by the first bioshelters 

constructed at the New Alchemy Institute ï passive solar greenhouses with a complex internal 

ecosystem of plants, aquatics, insects and animals.  Edeyôs own Solviva bioshelter built upon some of 

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 she shares in her book, is 

inspiring and educational, and the latter is important because we can learn from her mistakes.  For 
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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 growing. Another problem apparent to outsiders was the destructive effect of 

indoor moisture on wooden building materials.  

 

Darrell Frey is another person who was inspired by the New Alchemy bioshelters and Edeyôs work. He 

designed a large bioshelter for the commercial production of organic greens in winter.  (See Darrell 

Frey, Bioshelter Market Garden and  www.bioshelter.com.)  Darrellôs Three Sisters Bioshelter was the 

original inspiration for Taniaôs initial eco-house design for two reasons: in the dead of winter it was a 

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

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

animals are typically bedded).  

 

 

 
 

 

Darrellôs offhand comment got the wheels turning in Taniaôs mind about how to merge the home with a 

bioshelter.  ñI want to live in THAT,ò Tania thought.  However, what seems possible on the surface is 

not necessarily easy to achieve.  The bioshelter is a very moist environment, as are all plant-filled 

greenhouses.  Darrellôs structure is very large compared to a conventional house, and the passive solar 

http://www.bioshelter.com/
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heating, which is regulated by available thermal mass and clever circulation of heat, is easier to achieve 

in a structure larger than in a typical house. 

 

Thermal mass is the key to the proper winter heating of the bioshelter, and because such a huge area is 

glazed (R-values of 1 or 2), the heat collected in daytime is quickly lost at night.  Consequently, multiple 

sources of heat are required. 

 

 

 
 

 

Darrell reported that while the temperature could get quite toasty on a sunny day in winter, most of the 

time the bioshelter temperatures hovered in the 50ôs.  On cloudy winter days, it felt chilly.  The deep soil 

beds, concrete block walls and gravel foundation of the bioshelter absorbed heat on sunny days. 55-

gallon drums of water, and water filling a large concrete tank in the center of the greenhouse also stored 

some of this passive solar heat.  Chickens housed on the east end of the bioshelter contributed BTUôs 

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 tank of water 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 piped under the grow-beds), 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 uses a large 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 enormous a task to consider, but one can 

imagine it to be more feasible for a home-scale 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 home-scale bioshelter is the well-insulated house itself! 

 

ñThe Passive House should be the baseline, before you start adding renewables.ò  

 

     ïKatrin Klingenberg, co-founder, Passive House Institute US 
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ñThereôs nothing fundamentally green about a house, Iôm sorry to say. We want it to be warm 

when itôs cool outside, cool when itôs warm outside.ò  
 

   ïPaul Eldrenkamp, owner, Byggmesiter, a residential remodeling company 

 

With Paulôs comment in mind, we try to get past ñeco-snobberyò in the preliminary design process.  

Tania was able to take her ideas only so far.  She got stuck when considering how to design the house 

part and what materials to use.  As a materials scientist, she knew about the toxicity and embodied 

energy involved in manufacturing many materials, and these had to be weighed against durability, 

thermal performance, off-gassing, ability to handle moisture, flammability, and so forth.  Walls, roofing, 

and all insulation materials were problematic. 

 

While director of Penn Stateôs Center for Sustainability, Tania had constructed (with students) small 

structures with earthen and natural materials: plastered strawbale, ñlight clayò construction (a mix of 

clay slip and straw packed into wall cavity forms), and cob (sand, clay and straw).  We have an 

abundance of subsoil clay on the western edge of 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 large roof overhangs that help to keep the walls dry.  The 

R-value of the strawbale wall depends on the packing density of the bales and other factors that cannot 

be controlled easily.  Thus, you could have a 20-inch thick wall with an R-value ranging from 35 to 55. 

 

On a small lot, wall thickness of structures becomes 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.  The constraints 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, a non-load bearing plastered strawbale house 

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 helped clarify our thinking.  While not open to it at 

first, Tania reconsidered SIPs  (structural integrated panels typically filled with foam).  Filled with a 

closed-cell, non-CFC, non-HCFC urethane foam, the long-term R-value would settle around 6 - 6.5 per 

inch (sometimes called the ñcuredò R-value).  Ten-inches of this foam would then yield R-60 to R-65 

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 other foams, is generated from a very small 

amount of petroleum.  A small amount of liquid (which consists of mostly non-petroleum liquid 

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

driving your car for a week than the amount of petroleum that could get ñparkedò into SIPs or wall 

cavity that will easily pay for itself in energy savings. If ever there was a respectable use for the precious 

and limited resource of petroleum, foam insulation in Passive House structures is a good candidate.   

 

The only eco-house 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.  The super-insulated foundation and 

basement walls of a Passive House preclude the ñcool basementò conditions and necessary air vents 
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required for a basement root cellar. The simple solution is to move the root cellar outside, where itôs 

been for centuries anyway! 

 

It is also true that we are not aware of any Passive House that has been joined to a greenhouse structure.  

The effect this would have on Passive House thermal performance must be assessed through careful 

analysis of the combined structure using the specially designed Passive House Planning Package 

software (PHPP).  We have not yet undertaken this analysis, and until such analysis is done, we cannot 

conclude that the Passive House plus bioshelter combination is feasible.   

 

3.2 Site Analysis 

 

Solar Analysis. Details of the eco-house design hinge upon site analysis.  While 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 serves as a first step in orienting us to the sunôs position in the sky at different times of the year. 
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If you imagine yourself standing at the center of the circle on the diagram and facing south, you can see 

the large variation in the sunôs position from summer to winter.  If an azimuthal angle is added to show 

the sunôs position above the plane of the diagram, for 40
o
 north latitude, the sun is about 28

o
 above the 

southern horizon at noon on the winter solstice, and about 73
o
 above the southern horizon at noon on the 

summer solstice.  At all other times it is somewhere between.  Sun angle charts can be found online (see 

for example, http://solardat.uoregon.edu/SunChartProgram.html ), but if you can remember these 

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

 

Next we present an idealized layout for any site.  Consider the site where your home is.  The ñabodeò at 

the center is represented by an octagon to indicate that your own house might face any direction.   

 

 
 

The ñidealò Permaculture layout at and around a building (Permaculture Zones 0 and 1), would make the 

best use of the sun if:  

 These two zones are fully open to the sun during all seasons.  

 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. 

 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. 

http://solardat.uoregon.edu/SunChartProgram.html
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 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 key turning point in 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 house, if you can arrange the landscape such 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 corridors if you wish to make good use of solar energy in both home and 

garden.  The myth of planting 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 in winter.  Of 

course it is rarely the case that your land will offer this idealized condition (regardless of the direction 

your house faces). 

 

The eco-house lot is one such non-idealized 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. 
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The Solar Asset helps you evaluate numerically how much sky your site ñsees.ò  By placing the camera 

at the tentative location of 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 as shown above. We have added in, 

using white text, the time and dates of a few of the lines on the chart.  

 

If you have never seen a sun angle chart before, this is your quick introduction to one. The 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 for the winter solstice (Dec 21) and the highest arc (which exceeds 

the photo height) is for the summer solstice (June 21).  All the other months are represented by the arcs 

in-between.  The equinoxes share the same line (marked in white as March 21, but this is also the arc for 

Sept. 21).  The sunôs position along any given arc varies with the time of day, with whole hours being 

denoted by the vertically rising black lines on the sun chart.  You will notice that at 8 am on the Dec 21
st
 

curve, the sun is barely above the horizon, whereas at 8 am on June 21
st
, it is already quite high in the 

sky. 

 

The Solar Asset software also produces a numerical analysis.  An excerpt from the MS Excel 

spreadsheet below summarizes the solar data taken from the panoramic composite photo.  

 

Month     
     light  

shaded (%) 

 
sunlight/day  

(hours) 

 available 
sunlight 
(hours) 

 potential 
energy 

(kW-hr/kW) 

 available 
energy 

(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 5.1 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 ñlight shaded %ò column.  There is an overall ñshading factorò listed at the bottom of 

the spreadsheet of 0.69.  The 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 have full sun, nothing to obstruct 

sunlight.  To qualify for most solar tax credits, you must prove that the site has a shading factor > 0.90.  

Clearly, our lot and proposed eco-house site is not ideal for good solar access; this information will have 

to be used in more detailed calculations for the proposed Passive House and greenhouse portions of our 

structure. 
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The hours of sunlight per day (column 3) multiplied by the shading factor yield (column 4) the available 

sunlight hours: those useful for collecting solar energy.  From these two columns, the anticipated 

electrical energy (kW-hrs) that can be collected from the sun per kilowatt of ñcapacityò of a solar 

photovoltaic (PV) panel are calculated in the last two columns.  The ñpotentialò energy of column 5, 

when corrected by the shading factor, yields the energy available (column 6) per kW of peak-rated PV 

panel capacity that you could reasonably expect to collect under these conditions.  For the eco-house 

site, itôs not very much.  The Solar Asset spreadsheet also provides a summary of available sunlight as a 

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

 

If you donôt have a Wiley Solar Asset, you can still get a good sense of how much sun falls on a site by 

drawing your own shade maps.  Once a month (aim for around the 21
st
 to 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 maps 

where the shade lines are relative to other landmarks around the site.  The photo below shows the 

evening shade near the fall equinox, which is about the time you want to make sure youôre starting to get 

more sun on your site to gear up for winter growing. Of course you have to take your shade data on a 

sunny day.  If the day starts out sunny and becomes cloudy, you can finish taking the data within the 

next couple of days, whenever the sun next shines.   
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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 subsides when the shade from the hedgerow on 

the west side creeps in and has nearly eclipsed the site by 4 pm.  It is easy to see how the Solar Asset 

arrives at an average 3.28 hrs/day of available sunlight in September. 

 

Tania completed a set of base maps showing shade 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 compare it with photos 

from one or more other locations that show ité that is, the perspective of a camera held by short person 

yields a photo that distorts the shade on the ground, so some common sense must be used when trying to 

interpret photos. 

 

 
 

The next two photo sets show the seriousness of shade from deciduous trees in winter. 
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