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Introduction

My name is Oram Miller and I am a Certified Building Biology Environmental Inspector (BBEI) based in Minneapolis, Minnesota. I provide my services under the name Environmental Design and Inspection Services.

I received my certification as a Building Biologist in December 2003 from the International Institute for Bau-biologie and Ecology (IBE) in Clearwater, Florida (727-461-4371; baubiologie@earthlink.net; http://www.buildingbiology.net). The training consisted of three six-day courses plus a 23-chapter correspondence course and proficiency examination covering Indoor Air Quality, Electro-Magnetic Pollution and other building-related topics. Building Biologists are taught to detect and mitigate these sources of ill health in the indoor living and working environment. 

I have conducted almost five hundred home and office environmental inspections in ten states detecting sources of mold and moisture, excess Electric and Magnetic Fields, natural gas and carbon monoxide leaks, volatile organic compounds (VOCs), harmful radio frequencies, and screening for lead, radon, and asbestos. 

Seeing how these problems affect people’s health has inspired me to move in a parallel direction, that is, to assist clients in the design and construction of new buildings that avoid these problems in the first place. I have actively consulted on thirty new residential building and remodeling projects in Minnesota and around the country recommending healthy design and construction protocols. I have also consulted on a five story mixed use condominium project in Minneapolis as well as a 96 home residential development in Florida, providing a Building Biology-based healthy electric wiring protocol in both cases.

I have compiled a New Building Protocol based upon Building Biology principles for builders, architects, designers and homeowners. Faculty from the Institute have contributed to this manual, which is based upon protocols taught in the Building Biology training program. It also includes my experience as a practicing Building Biologist and discusses how our approaches compare and contrast with Building Science and other practices common in the industry. 

In particular, the manual fully describes ways in which homes and offices can be designed and built to promote the health of clients, their family and co-workers. It is currently under revision and will be published sometime later this year. 

The Goals of Building Biology

Building Biology offers solutions to common problems found in today’s design and construction techniques and offers an opportunity for developers to protect the health and investment of their clients. Our goal is to educate you as to why it is in your best interest to incorporate these health-promoting principles into the design and construction of new homes and offices. 

These approaches are compatible with the emerging “green” movement in construction and building management, which is vitally important. Yet Building Biology goes beyond sustainable design by focusing primarily on the impact that buildings have on the health of their occupants. No other profession provides such a comprehensive understanding of this connection or offers such an array of practical solutions in one package.

Developed more than three decades ago in Germany to counter the serious ecological devastation they once faced, Bau-biologie, as it is known in that country, was brought to America by a German architect named Helmut Ziehe in the 1980s. The teachings of Building Biology, as we call it in America, have been promulgated in this country by Helmut through the International Institute of Bau-Biologie and Ecology (IBE) in Clearwater, Florida, which he founded. 

Helmut and his faculty have taught several hundred students over the past fifteen years and have developed a certification program. More than fifty individuals are currently certified as Building Biology Environmental Inspectors (BBEIs) in the USA and Canada, joining many others overseas. BBEIs offer a wide range of services to promote healthy homes and offices. 

A Highly Marketable Product

Richard Bialosky, AIA, (772-231-0961; richardbialosky@bellsouth.net) is an experienced developer who is designing a completely non-toxic, healthy 96 home retirement community in Vero Beach, Florida using Building Biology principles. He is marketing to those who call themselves “Cultural Creatives.” Richard recently stated that surveys show that these people, who often think they are very much in the minority, actually number 50 million in this country, making up 26% of the US population, and number over 80 million in Europe. These individuals value a healthy lifestyle and choose healthy, non-toxic, natural components in building materials and practices for their homes when offered to them.

Richard went on to say that what is even more startling is that only 1% of the nation’s developers are catering specifically to this market. He pointed out that this means that 99% of developers are chasing after 76% of the market, while only 1% are pursuing upwards of 26% of the market.

It is a well known fact that Metro Washington, DC and Baltimore has a highly educated, affluent population base. You would also agree that a large percentage of this population could clearly be called “Cultural Creatives.” They would naturally be drawn to an ecologically designed and built condominium development that was also healthy. Jeffrey Abramson, a leader of The Tower Companies based in Bethesda, Maryland (301-984-7000; info@towercompanies.coms), has led the way in developing LEED certified, “green” commercial and residential construction in the Washington, DC area, and reports steady client demand for his properties. 

It makes economic sense to develop your condominium project with this upscale clientele in mind, because they recognize the value of healthy construction that will save them money in life cycle costs and reduce demand on the earth’s dwindling petroleum-based energy sources. This matters to these people and they will respond to a developer who has the same priorities they do. I predict you will have no problem reaching a select client base eager to purchase your dwellings provided you inform them of these features in your promotional campaign.

Compatibility with LEED Certification

The U.S. Green Building Council (http://www.usgbc.org) has recently developed LEED certification for commercial construction. LEED stands for Leadership in Energy and Environmental Design and has gained recognition as a national standard that preserves the environment while making good economic sense. 

Please read a recent article published in the March 31, 2004 issue of USA Today that chronicles the trend towards LEED certified, “green” building in the commercial and residential construction industry. The article can be read by logging on to my website, http://www.createhealthyhomes.com and clicking on “Articles.” 

Besides the private sector, governments at all levels are turning to LEED certification for new construction primarily because it saves money on life cycle costs in the long run. This savings in energy can also be achieved in your condominium development and will be an attractive feature to prospective buyers.

Bau-biologie, as our profession is known in Europe, has always been a leader in promoting sustainable design and has historically taken into account the impact of buildings on their immediate and long-range environment. Building Biology accepts and recommends almost all aspects of LEED as part of its protocols, including steps to save resources and make a building energy efficient. Yet it goes beyond LEED to specifically focus on the impact the building has on the health of its occupants.

In this way the two approaches are quite compatible and complementary. While the U.S. Green Building Council does not have LEED certification developed yet for residential construction, another certification process is being developed for residential and commercial construction that can certify a building as healthy and non-toxic. Richard Bialosky of Vero Beach, Florida is in discussion with Helmut Ziehe at the International Institute for Bau-biologie and Ecology to become the first residential development in North America to receive full certification of his new homes as being Building Biology-approved from the IBE. 

The Institute is planning to make full certification available to developers of new homes as being Building Biology-approved if a sufficient number of our principles and protocols are implemented. These protocols are found in the manual that I have compiled and I recommend these same healthy building protocols to you as part of my consultation services.

Applications in New Construction and Renovation

Our profession’s greatest desire is to encourage new building design and construction to avoid the pitfalls and health challenges found in today’s construction methods. To achieve that goal, we find that there are four primary health problems caused by conventional construction techniques that must be avoided. Exposure to any one of them can cause ill health and they are the main problems that we find in our environmental inspections. 

The four main problems are: 

1. Mold 

2. Outgassing from Volatile Organic Compounds (VOCs) 

3. Fiberglass, and

4. Electric and Magnetic Fields

Any of these problems can produce a variety of health problems ranging from allergies, asthma, frequent respiratory infections, and headaches, to insomnia and chronic fatigue. Even cancer is implicated, according to recent research. These problems can incapacitate the individual enough that they cannot work and large numbers of Americans are now classified as chemically sensitive. Children are particularly susceptible to these health effects. They may miss school and have developmental difficulties as a result of exposure to these indoor environmental problems. The EPA now estimates that indoor air is more harmful than outdoor air.

The primary aim of Building Biology is to avoid these health problems while increasing the comfort of your clients in their home or office. At the same time operating costs are lowered and homes retain a higher resale value. 

Benefits of Using Building Biology-Based Protocols for New Construction

Benefits of this approach include: 

· Completely Non-Toxic Construction

· Ecologically Friendly Building Techniques

· Lower Energy Bills

· Superior Indoor Air Quality

· Mold-Free Living Environment

· Minimal Indoor Electric and Magnetic Field Exposure

· Greater Comfort for Occupants

· Improved Health and Well-Being 

· Higher Resale Value 

Examples of Recommendations in the Building Biology protocol include:

· Envelope materials that provide a mold-free, comfortable living environment. 

· Healthy heating systems that provide radiant heat, rather than convection heat, supplemented by free energy from the sun.
· A full selection of non-toxic roofing, siding, flooring and plumbing materials as well as healthy recommendations for cabinets, finishes, paints, sealants and floor coverings. Minimization or elimination of toxic out-gassing is fundamental.

· A full healthy electric wiring protocol to:

1. Guide the electrical contractor in wiring the house to avoid excess electric and magnetic field exposure, particularly in the sleeping area. 

2. Provide a deeper and more refreshing sleep for homeowners and reduce chronic fatigue, allergies, “restless leg syndrome,” and immune system dysfunction. 

3. Possibly prevent cancer, implicated from exposure to these fields by European research.

4. Recommend the proper placement of electric meters, branch circuit panels and major appliances to minimize potentially harmful exposure to electric and magnetic fields.

· A healthy HVAC system that avoids mold and keeps the air free of fiberglass and other particulates.

· Environmental recommendations to enable workers to maintain a non-toxic workplace during the construction phase, protecting themselves and insuring a healthy environment for the homeowner upon move-in.

Examples of Design recommendations include:

· Passive solar design, including: 

1. Roof overhangs 

2. Proper window size 

3. Thicker walls to take advantage of thermal mass 

4. Reduces energy bills and typically pays back within two to three years.

· Daylighting to reduce electric light bills, including: 

1. Interior windows 

2. Glass doors

3. Skylights

4. Solar light tubes.

· Additional energy-saving strategies to counter the gradual rise in natural gas and electricity prices expected over the next decade, such as active solar collectors for the domestic hot water system. This also has a payback period of only two to three years.

· Recommendations on the type of heating system that is healthiest for homeowners and their families.  

· Strategies for cooling the house in summer to reduce the load of costly central air conditioning and to allow installation of smaller, less expensive equipment.

· Strategies to control moisture and mold, including foundation, slab and above-grade walls that “breathe” and are hygroscopic. Hygroscopicity means the ability for an envelope material to absorb excess indoor airborne water vapor, holding it until humidity decreases and exchanging it with outdoor air. These envelope materials also dry out when they become wet from plumbing leaks or condensation. Building a hygroscopic, breathable building envelope and maintaining good rainwater runoff are the two most important steps you can take to prevent mold.

· Strategies to provide superior indoor air quality, including healthy choices of walls, foundations, flooring and floor coverings, paints, cabinetry, heating systems, ventilation and air purification systems.

For those builders who construct a standard stud frame home rather than one with a “thick wall” envelope, healthy strategies are recommended to achieve many of these same goals using standard construction techniques. 

Every effort is made to create a home or office that is as healthy as possible while at an affordable cost. You will see that financial savings from constructing a Building Biology designed home, as discussed below under Cost Savings Over the Life of the Building, accrue over time and offset initially higher construction costs.

Healthy, Mold-Free Thick Wall Materials that Provide Thermal Mass

As an example of this approach, Building Biology recognizes that the walls and foundation, the so-called “building envelope,” are fundamental in creating a healthy and mold-free environment. To accomplish this our protocol recommends the use of walls and foundations that provide the following six health-promoting qualities: 
1. Keep heat in while allowing the house to “breathe.” This eliminates the need for plastic vapor barriers, which inevitably cause condensation and the growth of mold inside walls built the current way. Condensation in walls with vapor barriers occurs sooner or later, no matter how tight the barrier is made.  In fact, the tighter the barrier, the greater the pressure of moisture to equalize itself and moisture will find its way through even the smallest of penetrations. Therefore the use of plastic vapor barriers in walls and floors is not recommended by Building Biology. Instead, practical alternatives are recommended to provide thermal insulation with breathability through the choice of time-tested, effective thick wall building materials. 

2. Provide a healthy indoor air quality through walls that “breathe.” This is because outside air very slowly diffuses through these thick walls, rather than infusing through, as in stud frame walls, even with a careful installation of a vapor barrier. Stale indoor air is gradually exchanged with the outdoors while thermal performance is maintained. This is because cold outside air gradually warms to 70 to 90% the temperature of indoor air by the time it reaches the inner one third of the wall. In winter, the inside of a thick wall envelope always feels warm to the touch, and it feels cool to the touch in summer for the same reason. See below for more details about the thermal performance of walls with “thermal mass.”

3. Keep rainwater intrusion out while allowing water vapor to slowly pass through by diffusion. This eliminates mold because the materials that make up these thick walls and foundations easily dry out if they become wet from condensation or leaks. Concrete and fiberglass, on the other hand, take longer to dry out, causing mold. Plus fiberglass loses its insulating properties when damp (see below).

Read what one manufacturer of a Building Biology-recommended wall material, the Durisol clay treated wood chip block from Canada, says about its product:

“We have conducted full scale wall tests and found that not only did the walls not create any condensation problems without a vapour barrier, but RH (relative humidity) levels above 65-70% were not possible. This means that we could not even get to the level required where mold can start to grow.” (emphasis not added)

-- “How Does Durisol Compare to other ICF (Insulated Concrete Forming System) Products?” 

-- http://www.durisolbuild.com/Faq-4.htm

A manufacturer of another Building Biology-recommended wall material, Autoclaved Aerated Concrete (AAC), has this to say this about their product:

“SafeCrete (brand of AAC) breathes, but does not allow direct air penetration…AAC does not promote the growth of mildew and mold…”

-- http://www.safecrete.com/aac/faq.cfm#7

4. Naturally regulate the balance of ions in indoor air creating a ratio more closely approximating the great outdoors, that is, 60% negative (beneficial) ions and 40% positive (harmful) ions. Breathable, thick walls keep indoor air fresher, which makes occupants feel more alert and comfortable.

5. Self-regulate indoor humidity levels by automatically absorbing and giving off moisture through hygroscopicity. This keeps indoor humidity levels between 40-60%, creating a comfortable and mold-free living space. According to Building Biology in discussing a third recommended thick wall material, wood log:

“One cubic meter (33.315 cubic foot) of wood (in log wall construction) is capable of holding about 100 liters of water vapor without appearing wet or showing mold and mildew.”

-- Bau-biologie Correspondence Course, Chapter 7, page 52 

6. Finally, create thermal mass as a function of the thickness of the wall. This provides durability, longevity and significant indoor acoustical silence. The main advantage, however, is that free energy from the heat of the sun in winter and baseboard or in-floor heating systems is taken up by these thicker walls and stored for over ten hours. This stored heat is re-radiated back into the room throughout the day and evening creating a feeling of inner warmth (see below). You save money on energy bills because heating systems do not need to cycle on as often. 

7. In warm weather, there is a time lag of up to seven to nine hours that occurs with the slow transfer of summer heat through the massive wall, traveling at a rate of only one inch per hour. Thus smaller air-conditioning systems can be installed, providing savings in energy costs. Satisfied owners of homes built with thick walls confirm this fact. This issue is discussed below in more detail.

  Thick Wall Material Manufacturers  

Thick wall materials include:

1. Natural and Portland cement-bonded wood chip wall forms made in Canada by Durisol Corporation (905-521-0999; www.durisolbuild.com) 

2. Clay-treated wood chip wall forms made by KX Faswall Corporation in South Carolina (800-491-7891; www.faswall.com)

3. GreenBlok brand hemp and natural cement-based building block made in Iowa by Greenkrete (866-306-0939; www.greenkrete.com).

4. Autoclaved Aerated Concrete (AAC) made in Georgia, Florida, Texas and Arizona. Contact the Autoclaved Aerated Concrete Products Association (www.aacpa.org) and see my website under “Product Web Links,” “Building Materials – Thick Wall,” for links to individual manufacturers.

5. Solid wood log. Contact the Log Homes Council of the National Builders Association (800-368-5242, Ext. 8577; www.loghomes.org) for information about log home manufacturers. 

6. Straw bale and straw clay construction are two of the original thick wall techniques, which we do recommend in our profession but primarily for those who are willing to accept the labor-intensive nature of these approaches.

The Advantages of Thick Wall Construction and Radiant Heat over Stud Frame Construction and Forced Air Heat

The choice of thick versus thin wall envelopes and the type of heating system can have a significant impact on the level of comfort occupants feel in their home. Contrary to thick walls with thermal mass, which hold heat for up to ten hours, typical sheet rock walls found in conventional stud frame construction only hold heat for ten minutes. This means the furnace has to cycle on more often in winter, costing more money.  

Forced air heat itself has several drawbacks, including room temperatures that vary considerably; indoor air that dries out; the spread of mold growing in improperly insulated air ducts, filters and condenser coils; and the production of excess positive ions created from air blowing across fixed vents. The convection heat provided by forced-air heating systems in a home with traditional sheet rock walls only warms your skin and outer tissue layers for a few seconds. You never receive any significant radiant heat from your walls. Your body must burn calories to keep the inner layers close to the temperature of your body’s outer layers, leaving you feeling chilly on the inside all day long.

In contrast, a home heated with radiant heat from water-filled baseboard radiators or in-floor heating provides a type of heat that radiates in much longer waves. The heat does not just warm up the air. It travels right through your skin to warm your bones for more than three hours. As a result, you feel much more comfortable throughout the day.

The Health Effects of Building Biology-Based New Construction

The net result of these and many other features of Building Biology-Based New Construction is that occupants are healthier and more satisfied with their homes than owners of traditionally built homes. They feel more alert and less fatigued because of the natural ion balance in indoor air, which is also cleaner. They feel warmer in winter because of radiant heating systems and thermal mass in the walls, while feeling cooler in summer due to natural radiant cooling from thermal mass in the walls. 

People report fewer health problems, including less allergies, sinus congestion, asthma and chronic fatigue. This is because we recommend electric wiring protocols that reduce allergies and promote a deep, refreshing sleep; because of non-toxic materials that do not outgas; because of healthy HVAC systems that provide superior indoor air quality; and because of walls that “breathe,” allowing stale indoor air to be exchanged with fresh outside air right through the wall.

Breathable thick walls exchange up to two-tenths of a room per hour. Add this to the two tenths to one half of a room air exchange per hour allowed through windows and doors, even of high quality, and you are more than half the total healthy air exchange rate of one room per hour. This acts as a supplement to the fresh air exchange provided by an Energy Recovery Ventilator, which we also strongly recommend if one installs a forced air system. Manufacturers of Energy Recovery Ventilators include Aprilaire (608-257-8801; http://www.aprilaire.com) and Renewaire (800-627-4499; http://www.renewaire.com), both in Madison, Wisconsin.

Finally, recall that the air that passes through a wall with thermal mass is warmed as it slowly moves to the inside so you do not have significant loss of indoor heat. This makes indoor air fresher and free of toxic gasses while keeping the home well insulated. 

Out-performing Traditional Walls with Higher R-value in the Field

Builders often speak of “R-value,” the measure of how a wall resists outside temperatures. If walls are designed and built with thermal mass, as recommended by Building Biology, they will out-perform traditional stud frame walls that have higher measurable R-values within the laboratory. This is confirmed by numerous studies. 

Thick wall construction can provide superior thermal performance because steady-state laboratory conditions do not reflect real world fluctuations of temperature. They also do not reflect the actual construction details of walls and ceilings. This is true whether you are discussing any of the Building Biology-recommended thick wall envelope systems listed above.

Oak Ridge Labs Confirm: R-Value in Stud Frame Housing Seriously Underestimates the True Thermal Performance

The March/April 1997 issue of Home Energy Magazine published a study conducted at the Oak Ridge National Laboratory that came to surprising conclusions about the “R Value.” These findings contradict widely held beliefs in the building industry. To quote a technical white paper on the thermal performance of the Durisol clay-treated wood chip wall form posted on the company’s website, 

“The researchers (at the Oak Ridge National Laboratories) concluded that the true R-value of all framed systems was substantially lower than that commonly quoted.”

-- http://www.durisolbuild.com/Webdocs/Durisolthermalperformance.pdf

Building with thick walls, on the contrary, results in an envelope in which the capacity of the wall to absorb and hold heat combines with the otherwise steady state thermal resistance, or laboratory derived R-value, of the material to give you a “mass enhanced” R-value. This mass enhanced R-value more truly reflects real world conditions and confirms the actual value of thermal mass in a thick wall. 

Stud frame walls with bat insulation, on the other hand, will have a slightly higher R-value measured in the laboratory, but their heat capacity is on the order of 800 times less than thick walls. Therefore no significant amount of heat is absorbed or held throughout the day. 

Furthermore, fiberglass bat insulation does not perform well in the field below certain temperatures found in most areas of the country in winter. It starts to lose its insulating capacity, by as much as 40%, below 20 degrees F and its thermal performance drops off the table when it becomes wet. This allows cold air to infiltrate all the way in to the outer surface of your vapor barrier, promoting mold growth. In addition, fiberglass bat insulation does not easily dry out when wet, holding moisture for days and further promoting mold growth.

Smoothing Out the Peaks and Valleys 

The proven superior thermal performance of thick wall construction is much overlooked in modern American residential building practices. When taken into consideration, it means that houses built this way provide reduced peak load consumption, resulting in significant energy savings and comfort that comes from steady indoor temperatures. This occurs because thick wall construction, by its inherent design, prevents peaks and valleys and smoothes out the performance curve by shifting loads to off-peak hours.

With fossil fuel prices expected to remain high over the coming decades, homeowners and developers will be forced to adopt building techniques that keep energy costs down and preserve a shrinking supply of fossil fuels. All that is needed is a change in attitude by the building industry and the home owning public away from the habit of only building stud frame construction simply because it is affordable and everyone knows how to do it. We can make this change by accepting research that confirms that thick wall construction actually saves money and pays back its initial higher costs. 

Add to this the incorporation of free energy provided by the sun, and you create a trend in the building trade and in the public’s home buying habits that will help our country become energy independent. We will no longer consume far more of the earth’s natural resources than the rest of the world and our great imbalance in the use of energy will come into balance. So-called “Cultural Creatives” in America understand this and will accept thick wall construction in their homes when presented with the facts.

Taking Into Account the Lack of Thermal Bridging

To further illustrate the value of thermal mass, the Durisol company has published an excellent white paper on its website detailing the characteristics and advantages of thick wall versus stud frame construction. In particular, they point out the dual characteristics of lack of thermal bridging, otherwise found in stud frame housing, couple with the inherent thermal performance characteristics of thick walls. This “combines to create a wall system with excellent control of heat loss and heat gains.”

(http://www.durisolbuild.com/Webdocs/Durisolthermalperformance.pdf)

This lack of thermal bridging found in the Durisol clay-treated wall form is also found in other thick wall materials mentioned in this prospectus. Lack of thermal bridging represents a significant advantage they share in common when compared to stud frame construction.

Three-Dimensional Variations in Actual Construction

The Durisol white paper points out how R-value truly needs to be judged by stating:

“Durisol and framed wall systems are not simple one-dimensional assemblies. Real buildings are three dimensional, with corners, window openings, etc. However, most wall R-value calculation methods, and almost all marketing brochures, do not factor in the effects of framing at windows, doors, corners, etc. Thus they tend to over-estimate the true thermal performance.”

     -- http://www.durisolbuild.com/Webdocs/Durisolthermalperformance.pdf

Confirmation of Superior Thermal Performance in Field Tests

To underscore this point, research performed on another thick wall product, Autoclaved Aerated Concrete (AAC) block, concluded that a single family ranch home made with AAC block tested in six different simulated climates outperformed identical test homes made with lightweight stud frame construction or Concrete Masonry Units (CMUs). This research is presented in a white paper published by the Autoclaved Aerated Concrete Products Association (AACPA), located in Haines City, Florida (http://www.aacpa.org/techGuide/thermal.pdf).

According to the paper, these findings take into account the “DBMS (Dynamic Benefit for Massive Systems).” The paper goes on to say, “DBMS is a function of climate, building type and base envelope system (i.e., conventional 2x4 wood frame wall system (or AAC block)).” This factor accounts for not only the steady state R-value but also the inherent thermal mass benefit, though without considering air infiltration. When you then take into consideration this important additional factor, air infiltration, you come up with a more realistic evaluation of the comparative thermal performance between building methods.

To quote from the study: 

“Beyond the thermal properties already discussed thus far, tests of actual (AAC) buildings have shown the air infiltration of a structure to be 63% less than a wood stud framed structure and 48% less than an un-insulated 8” CMU wall. The impact of this on thermal performance and the resulting whole building annual energy demands of a building constructed using either AAC walls, CMU, or frame walls were compared using different air-tightness values. Similar to earlier calculations, six climates were used for energy modeling and determination of the whole building energy demand of buildings with these different wall systems. Figure 3.0 shows that the increased air-tightness in houses constructed with AAC wall system significantly reduces the energy demand requirements.” (See the website, http://www.aacpa.org, to view Figure 3.0.)

-- http://www.aacpa.org/techGuide/thermal.pdf

The paper continues by saying: 

“The results of computer simulations for the six U.S. climates show that annual energy performance of the single family residence made of AAC walls is superior in comparison with a similar house built using either two-core CMU, steel studs, or conventional wood-framed walls. On average, energy demands of the AAC wall house are about 18%, 36%, and 23% lower than similar houses constructed with wood frame walls, two-core CMU, and steel studs walls, respectively. Chart 1.0 shows that AAC wall yielded the least operating energy cost when compared with other wall systems. In addition, as a result of lower demand on peak energy loads, the use of AAC walls reduces the size of mechanical equipment as shown in chart 2.0.” (See the website to view Chart 1.0; emphasis not added.)

-- http://www.aacpa.org/techGuide/thermal.pdf 

Inclusion of Thick Wall Performance in Building Codes

The thermal performance characteristics of thick wall construction are finally being incorporated into building codes. A white paper produced for the Log Homes Council of the National Home Builders Association states:

“American Society of Heating, Refrigerating and Engineers (ASHRAE) Standards 90.1 and 90.2, as well as several versions of the ‘Model Energy Code’ (MEC), recently absorbed into the International Energy Conservation Code (IECC) -- managed by the International Code Council (ICC), include thermal mass correction factors and calculation methods that better reflect real-world building performance than steady-state estimates.”

http://www.loghomes.org/uploads/The%20Energy%20Performance%20of%20Log%20Homes1.PDF

Greatest Energy Savings in Warmer Weather

Independent research on the Durisol clay-treated wall form shows that the greatest cost savings comes in hot weather due to reduced electricity usage by air conditioners, even if the nighttime temperatures are not much lower than daytime temperatures. This occurs because of the time lag provided by thermal mass, as documented below:

The Durisol white paper addresses this issue by stating:

“The benefits of thermal mass are even more important in cooling climates and in heating climates during the summer. In most locations, the night-time air temperature is considerably lower than the day-time air temperature. This difference in air temperature can be taken advantage of by encouraging ventilating during the night, thereby cooling the thermal mass. As the temperature rises during the following day, the interior will remain cool. Although this use of thermal mass was widely employed thousands of years ago by, for example, the Anasazi Indians of Arizona, thermal mass is still a relevant and highly successful means of providing a comfortable interior environment with no supplemental air conditioning. 

“Even in hot climates with warm evenings, major benefits can be had from a substantial downsizing in equipment and the shift of maximum cooling to the evening hours, when air conditioning equipment is more efficient and power can be less expensive. Thermal mass also acts to reduce the need for cooling by absorbing and storing solar energy that falls on walls. The thermal lag of a Durisol wall is at least 8 hours, meaning that the maximum temperature on the inside occurs 8 hours after the maximum on the outside.

“It can be seen from the plot that thermal mass can have a major influence on the cooling energy consumption of a building -- an even greater effect than that on the heating energy consumption. For normal window areas (10 to 15%), the cooling energy consumption of a building with thermal mass is five to ten times less than that of a typical lightweight framed building!” (emphasis added -- see the website reference for the plot)

               -- http://www.durisolbuild.com/Webdocs/Durisolthermalperformance.pdf

Time-Lag in Heat and Cool Flow through Thick Walls 

Every home in warm climates and in the summertime in temperate climates undergoes temperature swings from day to night that affects the flow of heat through a building wall over a twenty-four hour period. This occurs because of the time lag provided by thermal mass. Contrast this with the steady state conditions found in the laboratory, which seriously underestimate real world conditions. In fact large changes in exterior temperature can cause the direction of heat flow to actually reverse or at least slow as the heat moves from outside to inside. 

To illustrate this point the makers of Autoclaved Aerated Concrete block tested the ability of their building material to withstand transmittance of high outside temperatures to the inside by painting a west-facing AAC wall with black paint. Day to night temperature variations were measured to be as much as 126 degrees F on the outside surface of the wall, while the inside surface did not fluctuate more than 3.6 degrees F. This occurred without the use of mechanical air-conditioning. 

Certain parts of the country, particularly the southwest, experience wide temperature swings from day to night, up to 35 degrees F, as in Amarillo, Texas, and can fully take advantage of this phenomenon. The wide temperature swing is enough to cause an actual reversal of the direction of heat flow within the wall. Heat, which is absorbed during hot days, never reaches the inside of the wall, and instead moves back out during the cooler nighttime hours. 

As a result the interior of the walls always feels cool to the touch, providing comfort otherwise achievable solely at great cost through electrically powered mechanical ventilation. Compare the heat gain through a thick wall in summer, which is minimal, to a traditional stud frame wall, which will transfer heat to the inside within only two hours. This causes higher daytime cooling loads and requires heavier tonnage of equipment.

In the more humid south, such as Orlando, Florida, and Houston, Texas, daytime temperatures of 95 degrees F may only drop ten degrees at night. While this will not be enough to fully reverse the flow of heat gained as it moves through the wall as seen in the dryer southwest, it will shift the cooling load to the less expensive evening hours due to the time lag provided by thick wall construction. Again, it is the vastly superior heat capacity of walls built with thermal mass that generates this time lag, lasting up to seven to nine hours, compared to only two hours for a 2 X 4 stud frame wall. Again, this is confirmed by field tests in real world conditions.

Confirmation of Thick Wall Performance by Makers of ICFs

Makers of ICFs, or Insulated Concrete Forms, report that their product provides the same cost savings in energy over the life of the home as other producers of thick wall construction. While Building Biology does not endorse Insulated Concrete Forms because of their use of stay-in-place styrofoam forms that do not allow the wall or foundation to “breathe,” nevertheless it is important to note the energy savings documented in yet another application of thick wall technology.

Specifically, the manufacturers of Insulated Concrete Forms say, 

“Insulated concrete homes save an estimated 40 to 60 percent on heating and cooling costs, and provide more than double the effective insulating value of conventional framed walls.”

-- Iowa Ready Mixed Concrete Association website, under “Concrete Home Information” http://www.iowareadymix.org/Incredible%20Concrete%20Homes.htm

Manufacturers of Thick Foundation and Wall Materials

Two established envelope materials that fully provide the health and economic benefits described above are Autoclaved Aerated Concrete, also known as AAC or the Hebel block, which are produced by five manufacturers in the south and southwest, and Durisol brand clay-treated wood chip wall forms made in Canada. 

Autoclaved Aerated Concrete (AAC) Block

Autoclaved Aerated Concrete is a century old product used around the world in all climatic conditions, from the humid African continent to Finland in Northern Europe. AAC is a complete building system comprised of blocks used for wall and foundation construction as well as wall, floor and ceiling panels. AAC is comprised of traditional Portland cement and lime, which is foamed and aerated to create millions of independent air cells that provide light weight and superior thermal performance. AAC is durable, affordable, easy to work with, mold- and termite-resistant, non-combustible, fire-rated, acoustically quiet, and environmentally safe because it does not outgas. 

AAC provides proven cost savings for builders during construction, and for homeowners due to lower life cycle costs, lowered by as much as half (http://www.safecrete.com/aac/benefits/energyeff.cfm). As a result, AAC is estimated to pay for itself within three to five years, making it affordable in the long run compared to stud frame construction (http://www.safecrete.com/aac/faq.cfm#7). 

As discussed above, AAC provides the “time lag” properties inherent within thick wall construction, shifting cooling loads to nighttime hours when the HVAC equipment needs to work less and electricity costs can be less. This shifts peak loads to non-peak hours so you “compete against the average temperature of the day, rather than the peak temperature,” according to the website of one of the manufacturers (http://www.safecrete.com/aac/benefits/energyeff.cfm). 

As mentioned above, temperatures measured on the inside of an AAC wall have been proven to maintain a steady range within 2 degrees F at the same time that outdoor temperatures would swing by as much as 126 degrees F. AAC is able to accomplish this because of the insulating capacity of millions of trapped air cells slowing the ingress of heat into the wall. Heat takes one hour to travel only one inch in AAC block. This means a smaller tonnage cooling system can be installed saving money and power demand from the utility. Likewise occupants are provided a steady, comfortable indoor living environment.
While light in weight, AAC behaves like other, more massive wall materials, due to the presence of air cells. AAC achieves this lightness in weight due to the aerating of concrete: “The end product is approximately 80% entrained air and 20% mass. Thus 5 parts AAC are produced from just 1 part raw “ (making the product very resource efficient) (http://www.safecrete.com/aac/faq.cfm#19).

Thick wall properties create different dynamics within an AAC wall when compared to traditional stud frame and batt insulation construction allowing it to insulate as well as traditionally constructed walls. As a result, “the insulating abilities of an 8" (AAC) wall perform like R-30 insulation” (http://www.safecrete.com/aac/faq.cfm#7).

Furthermore, AAC blocks, which are constructed with thin set mortar, prevent air infiltration because the walls are made with single components and there is no thermal bridging, thus adding to superior thermal performance. Traditionally constructed stud wall homes, on the other hand, lose heat through bridging from inside to outside created by every stud and lintel. 

In fact, AAC walls “breathe, but do not allow direct air penetration.” This is very important from a Building Biology perspective, because the more a wall slowly diffuses water vapor, the less chance it has of trapping moisture and developing mold. Likewise cool air-conditioned air moving from indoors to outdoors through such a “breathable” wall takes eight to ten hours to pass, warming slowly as it moves. This causes no significant loss of indoor cool energy yet contributes to fresh air exchange of indoor air.

To further demonstrate the value of a wall that allows water vapor and air to “breathe” while disallowing air infiltration, studies at the Oak Ridge National Laboratories showed that air infiltration as measured in AAC walls was “63% less than a wood stud framed structure and 48% less than an uninsulated 8 inch CMU wall.” AAC houses are more “airtight” than conventional stud frame houses with vapor barriers, while allowing stale air and water vapor to slowly pass through.

Furthermore, according to the same Oak Ridge National Laboratory report:

”The results of computer simulations for the six U.S. climates show that annual energy performance of the single family residence made of AAC walls is superior in comparison with a similar house built using either two-core CMU, steel studs, or conventional wood-framed walls. AAC wall yielded the least operating energy cost when compared with other wall systems.”

-- “Thermal Performance for AAC Block, Residential Application,” presented by the Autoclaved Aerated Concrete Products Association (AACPA) on their website, http://www.aacpa.org/techGuide/thermal.pdf

The reference quoted above is an excellent white paper prepared by the Autoclaved Aerated Concrete Products Association, which thoroughly documents the thermal conductivity, thermal mass and low air-infiltration properties of AAC block. One should read it in its entirety at http://www.aacpa.org/techGuide/thermal.pdf
One of the great advantages of AAC from our standpoint is its ability to provide superior Indoor Air Quality (IAQ):

“AAC products are an excellent choice for the chemically sensitive because autoclaved aerated concrete does not offgas. AAC does not promote the growth of mildew and mold, and cannot be infested by termites. Rats and other pests find no home, since there is no cavity in an AAC wall. Pesticides can be reduced, and the occupants can breathe a little easier.”

-- (http://www.safecrete.com/aac/faq.cfm#19).

AAC is made in over two hundred production facilities worldwide and is now manufactured in five locations in the USA, including:

· SafeCrete, Ringold, Georgia (706.965.4587; http://www.safecrete.com/)

· Babb International, Inc., Adel, Georgia (229-896-1209; http://www.babb.com/)

· Aercon Florida, Haines City, Florida (863-422-6360; http://www.aerconfl.com/)

· E-Crete, Scottsdale, Arizona (888-432-7383; http://www.e-crete.com/)

· Texas Contec, San Antonio, Texas (877-9CONTEC; http://www.texascontec.com/)

One builder, Gregory Vine of Venice, Florida, has used AAC blocks in several homes, “in his environmentally sensitive, affordable subdivisions. He reports greatly increased comfort levels and significantly lower energy costs for the AAC homes, compared with their concrete-block counterparts.” This quote is taken from an article published by Environmental Building News, Volume 5, No. 2, March/April 1996, entitled, “Autoclaved Aerated Concrete: Is North America Finally Ready?” This article was originally published on the Building Green website at: http://www.buildinggreen.com/products/aaconcrete.cfm
Several other thick wall envelope materials are recommended by Building Biology, including clay-treated wood chip blocks from the Durisol Corporation in Ontario, Canada and wood log construction. 

Durisol Clay-Treated Wood Chip Wall Forms

Durisol wall forms have been in use throughout the world for over 55 years. They were invented after World War II to help rebuild Europe and have a track record extending half a century of outperforming typical stud frame houses with vapor barriers and batt insulation. You can obtain more information about Durisol by going to their website at http://www.durisolbuild.com or by calling 905-521-0999.

The Durisol Company, located in Hamilton, Ontario, has been in business for over 55 years. The wall forms are comprised of 85% clay treated wood chip and 15% Portland cement. Forms are used both below grade as an excellent foundation material, and above grade as a wall. Wall form blocks used for above grade applications include a rock wool insert positioned to the outside of the hollow inner core. The remainder of the core is then filled with poured concrete and steel rebar for a strong, vertically continuous load-bearing inner support system. The concrete provides thermal mass, and it is insulated on its outside by the rockwool insulation. 

This is the ideal combination; thermal mass towards the inside, insulated on the outside. The hundreds of miles of air channels interwoven within the clay-treated wood chip wall form provides additional excellent thermal insulation while maintaining breathability. The alkaline environment provided by the concrete coupled with the breathability of the air channels disallows the development of a relative humidity high enough (65% or greater) from developing within the wall. Thus mold cannot grow within a Durisol wall.

Durisol use only two species of wood in their clay treated wood chip wall form and do not use post-consumer recycled wood, according to Durisol’s Vipul Acharya: 

“All Wall Form and building products are made from Processed Wood Chips (Prochips). The Wood comes from two truss manufacturers and is composed of softwood lumber pieces that are left over when the trusses are cut to shape. We do not use other wood sources whatsoever. 

“We also will recycle existing Wall Forms from construction sites that are broken, etc and grind them to be used in new Wall Forms. This ‘post consumer’ waste (mentioned on their website - Oram) refers to Durisol material only... “

-- From a communication with Vipul Acharya

One issue that has been recently dealt with by Durisol is a certain degree of inconsistency previously found in the shape of their blocks. In the past the blocks were made on a wooden pallet and allowed to dry without any forms to support them. This allowed the upper portions of the block to torque slightly as they dried. This made it more difficult to obtain a smooth wall surface when constructed, even with the use of the leveling shims provided by the manufacturer. 

In April 2004 Durisol retooled their assembly line so that when made, all blocks are now allowed to dry while encased in a form. This results in a much more true and square block that more easily provides a plum wall surface upon installation. This is more suitable for wallboard to be directly screwed to the inside surface, though Building Biology discourages this as you lose a certain degree of breathability through the wall, as confirmed by builders who use Durisol (see “A Comparison Table of Builders Using Durisol Wall Forms” below). Choose smooth plaster instead of wallboard for a finished look while retaining breathability. 

You can build anywhere in the USA with Durisol blocks shipped from Ontario. Durisol is the number one manufacturer of insulated wall forms in Canada compared to the foam companies. Durisol has not needed to market in the USA because their products sell very well in Canada and they are so successful there. 

Durisol makes over 200 products including tilt-up panels. They have over 300 different mold forms and can make custom forms. Their products are used in commercial applications throughout Canada including load-bearing twenty-five story office buildings, seven story parking garages and highway systems, and the company is now expanding into the residential market in Canada and the USA. They are well established as a manufacturer of commercial and residential wall-forms throughout the world.

Clay treated wood chip block has full screw fastener capacity, similar to soft pine. The roughness on the exterior of the fiber block is excellent for adhering stucco. When you use concrete and rebar in the hollow core, approximately one third of the block forms a soft, breathing jacket around the dense thermal mass concrete core. 

Durisol provides an excellent substrate on which to apply stucco and plaster. In addition, wallboard, Hardiboard and other siding can be nailed right onto Durisol and a separate layer of cladding can be built over an air barrier.
The Durisol Building Systems Inc. website (http://www.durisolbuild.com/) has numerous tables of technical data for the designer and architect on the use of Durisol Wall Forms, including: 

· A Summary of Features, 

· Standard and Thermal Wall Form Dimensions, 

· A Wall Configuration Summary, and 

· Downloadable Files. 

From the http://www.durisolbuild.com home page, click on “Designer Architect” on the right, and then scroll to the right to find the icons for the above topics. You can also directly log on to: 

http://www.durisolbuild.com/Sys-Technical.htm
A Comparison Table of Builders Using Durisol Wall Forms

The accompanying table presents a description of the first-hand experiences of actual builders in the USA who use Durisol wall forms:

	Name, Location  Phone & Date
	Com-ments
	Number of Houses Built
	Choice of Finishes
	Corner Detailing
	Costs
	Straight-ness of Walls *
	Wall-board Affixed to Durisol?

	Mark Morgan, Bear Paw Builders, Wisconsin, 715-695-3265,

6/10/04
	Able to make straw bale and Durisol look identical to wallboard finish.
	Has com-pleted three jobs; building three more the summer of 2004.
	Uses gypsum-based plasters.
	IntersectsDurisol with drywall on interior wall. Will naturally crack due to dif-ferent pro-perties of expan-sion. Mark allows a confined straight crack to develop, 
	Finished product is not neces-sarily more expensive with exper-ience of builder, especially if com-pared to an up-graded stud frame 
	*To make walls straight and plumb takes extra time when first learning how to use it.
	Use course thread screw (used to screw down Duraboard to decks). Uses Centco’s collated screwer, but don’t over-spin. No need to use furring strips.

	Name, Location  Phone & Date 
	Com-ments
	Number of Houses Built
	Choice of Finishes
	Corner Detailing
	Costs
	Straight-ness of Walls *
	Wall-board Affixed to Durisol?

	Mark Morgan

(contin-ued)
	
	
	
	then goes back and caulks, making it a clean joint.
	house. It is expen-sive, especially at the outset versus a concrete masonry wall.  Costs $20-22 per square foot for a walk-out basement.
	
	

	Paul Conrad, Sun Valley, Idaho, 208-726-3830, 6/14/04
	Very good exper-ience. Good relation-ship with Vipul Acharya at Durisol and with architects. 

Great product.

Thick wall

Construct-ion.


	Has built 7 houses with Durisol. Houses have 3 stories (basement plus two stories).
	Uses cement stucco on outside, plaster on inside. Counter-productive to put drywall on Durisol. Defeats the purpose.
	To avoid cracking, use lathe or tape. Paul glues and screws the last stud right into the Durisol.
	Costs 

5-10% more.
	*Unless smooth wall on inside, can get away with variations. Out of whack walls on the exterior are accept-able. Problem of irregular surface is due to lack of detail going in.
	Think in terms of a true, plumb wall overall, not individual block. You can’t make every block perfect. Think in big terms. Get your corners nailed.

	Brennan Glantz, State College, Pennsylvania,  

949-422-3818 cell, 877-684-8813,

6/10/04
	No problems with Durisol at all. Built basement founda-tion with it. An excellent use of materials 
	First time use. Built foundation with stud frame construc-tion above-grade.
	
	
	Cost of Durisol was 30-40% more including concrete infill and steel. Increase in cost is justified because it 
	*Build 60 foot by 9 foot basement wall. Came out perfect. Could have put up wallboard right onto 
	Use drywall screws and 2x4, battery- powered drill. Use course threads 2 inches long, heavy 

	Name, Location  Phone & Date 
	Com-ments
	Number of Houses Built
	Choice of Finishes
	Corner Detailing
	Costs
	Straight-ness of Walls *
	Wall-board Affixed to Durisol?

	Brennan Glantz

(contin-ued)
	versus 8 inch cast (poured) concrete which is an excessive use of concrete, as evaluated from the prospect-ive of a physical engineer.
	
	
	
	is a better system. Costs him $2000 extra overall compared to concrete masonry, but no increase in price if compared to poured concrete wall.
	the wall. The masons did a good job of lining it up. Founda-tion built by three Amish carpenters in one day.
	duty. No pull-outs or stripping of the screws for the strapping occurred for him. Need a big enough screw to catch.

	Naoto Inoue, Kenne-bunkport, Maine,  207-985-0088 Ext.102, naoto@gmail.com,

6/14/04
	Good product. No wicking of cold through the walls. Heats well. Built with by carpenters
	Has built five homes with Durisol, founda-tions and above-grade.
	Don’t use drywall over Durisol. Defeats the purpose of breath-ability. Also, if you use wallboard, then mold could grow on the paper backing.
	If they crack, the builder did not use a fiberglass mesh.
	About 15% higher but will recoup quickly in energy savings. The walls will behave like an R35-40 wall. The most important thing is to insulate the ceiling well, R40-60. It costs 85% less to heat and cool with a Durisol wall.
	*Don’t expect a flat- looking wall like a sheet rock wall. The variation is part of the charm. Can be up to 1/8 to 3/16 inch variation (using older version of Durisol before April 2004 upgrade).
	

	Vipul Acharya, Durisol, Toronto,  905-521-0999 Ext. 107
	Durisol is equivalent in thermal perform-ance to 

1 1/2 inch rigid foam and is 
	Durisol used in many tract houses in Ontario. Up to 1,000 built per year.
	Hairline cracks in the interior wall can occur with natural 

plasters.

The finish
	Solution is to use reinforcing mesh. Also use paintable caulk as you do at 
	Durisol is cost-competi-tive as a founda-tion with poured concrete 
	Retooled April 2004. Blocks are cast on pallets, wet at first. Bottom of block was 
	Recom-mends #6 or #8 deck screws to attach drywall. Only 2 out of 80 

	Name, Location  Phone & Date 
	Com-ments
	Number of Houses Built
	Choice of Finishes
	Corner Detailing
	Costs
	Straight-ness of Walls *
	Wall-board Affixed to Durisol?

	Vipul Acharya

(contin-ued),
acharya@

durisol.

com

6/10/04
	more insulating than poured concrete walls.
	
	coat deter-mines how it shows.

To avoid cracking, moist cure the walls for several days.
	the top and bottom of wallboard. Exper-ienced plasterers will know this.
	which is $4/square foot un-finished. 10 inch Durisol blocks are $6-7/sq. ft.
	fixed on the pallet but the tops would split apart as the block cured. Now uses a spacing mechan-ism to avoid splitting. The blocks are more uniform.
	screws spun out in a recent applica-tion.


* Note: Regarding “Straightness of Walls,” all contractors used wall form material purchased prior to Durisol’s production change-over to a more straight, true block in April 2004.
Mold-Free, Breathable Foundation Protocol

Building Biology has a complete foundation protocol to prevent the common problems of basements: mold, radon intrusion, and physical buckling of the walls. The ultimate goal in any basement is to create the following four phenomena:

1.  No condensation of water vapor on interior walls.

2.  No significant seepage of free water into the basement by diffusion or capillary action.

3.  No wicking of moisture up from the footing.

4.  No buckling of basement walls.

The result of achieving these four conditions is the prevention of mold and the maintenance of the structural integrity of the basement wall. The concentration of radon gas is also prevented when the basement air space is allowed to breathe to the outside. The protocol outlined in the Building Biology approach to foundations accomplishes these goals by:

· Allowing water vapor to breathe to the outside where it condenses and drains to perimeter footing drain tile; 

· By disallowing water vapor from condensing on the inside of basement walls; 

· By having any water that wicks in through capillary action evaporate on contact with warm inside basement air; and 

· By reducing and absorbing lateral hydrostatic pressures against the foundation wall.

The components that accomplish these goals include the use of a Durisol wall form foundation and a breathable waterproofer system consisting of an exterior foundation wrap, such as theDelta-MS drainage membrane, with a parge layer of non-asphalt waterproofer, such as Thoroseal.

To begin with, a Durisol foundation is much more resistant to slight earth movements than a concrete foundation engineering-wise. This is because it allows movement on one end of the building without cracking while allowing the other end to flex. Thus a clay treated wood chip wall is virtually earthquake-proof because of soft joints. A soft shell is important below grade. Yet it is structurally able to support the walls above because of its core of concrete and rebar.

A clay treated wood chip foundation can absorb lateral pressures in the outer few inches of the block created by the freeze / thaw cycle of adjacent soil, particularly when one uses an exterior foundation wrap. This eliminates internal buckling that is so prevalent with standard poured and CMU concrete foundations, especially in the clay soils of the Mississippi River valley of the mid-West.

Using Durisol wall forms saves 40-50% on the volume of concrete used compared to an all-concrete foundation, yet when using concrete and steel rebar to fill the cores of the Durisol foundation an overall assembly rating of 2,300 psi is still achieved. 

Exterior foundation wraps, also known as air-gap drainage membranes, have been used for thirty years in Europe and have been manufactured by the Cosella-Doerken company in Toronto, Canada since 1989. Delta foundation wraps are made with food grade polyethylene, the same material used in milk containers, which does not outgas or degrade over time. 

Delta brand exterior foundation wraps are composed of dimples that provide an air gap between them. The Delta-MS mat is placed with the dimple crowns against the foundation, while the Delta-Drain series, recommended for more expansive, clay-filled soils, is turned the other way around and has an attached mesh to keep the air gap free of soil.

Delta drainage mats work better to promote water drainage around a foundation than a layer of stone because the Delta mat creates less turbulence. Stone has more turbulence because of irregularities and sharp edges. The Delta exterior foundation wrap, on the other hand, has regular rounded surfaces at the dimples providing much more drainage than stone.

In fact laboratory studies have shown that Delta air-gap drainage membranes consistently provide a higher flow rate and average void ratio than stone when compared column-to-column. This takes into account the perc rate of the soil. Thus a Delta air-gap drainage membrane eight feet high will drain faster than a column of stone eight feet high and several inches thick. 

Water condenses on the outside, rather than on the inside of the foundation wall, because the air gap in the Delta drainage mat keeps the foundation warmer, shifting the dew point from the inside to the outside. As a result water vapor condenses outside the wall in this air gap, rather than on the inside of the wall, and drains harmlessly to drainage tiles, which we recommend be placed outside below the level of the concrete slab.

The 24 mil thick plastic composition of the mat disallows soil moisture from entering the air gap or foundation. Hence you have waterproofing of the foundation while maintaining breathability because the air gap is open at the top. A side benefit of installing a Delta mat is cost savings on heating bills due to a warmer foundation. 

In comparing Delta mats to other manufactured exterior foundation insulating materials, Dwight Walker of Cosella-Doerken performed tests on rigid styrofoam board used as an external thermal layer. He found that the rigid insulating board stopped draining eight feet down due to soil compression and that it does not drain according to specification at that depth. This results in pooling of water at the level of the footing and seepage into the basement, resulting in mold.

From the Cosella-Doerken website, the characteristics of the Delta air-gap drainage membrane are as follows:

How to Insure a Dry, Leak-free Basement.

Delta-MS protects 6 ways:

1 Keeps ground water away from foundation walls.

2 Bridges cracks and gaps in the foundation.

3 Protects foundation walls from cracking due to stress caused by: 

*
water freezing and unfreezing in the surrounding soil 

*
settling of soil around the foundation. 

4 Ventilates the foundation concrete and allows it to ‘breathe’ and dry.

5 Attracts any condensation. The air gap supplied by Delta-MS keeps the foundations slightly warmer than the MS membrane. This means moisture wicks out of the foundation and condenses on Delta-MS, not in or on basement walls!

6 Supplies a path for any moisture that does collect between or on the foundation and DELTA-MS so that it flows down harmlessly to the drain bed. 

Draws off Moisture


Foundation coatings keep moisture locked in foundations and basements. Delta-MS lets the foundation breathe. Because it's right next to the soil, moisture condenses on the colder Delta-MS – not on foundation walls. 

Non-toxic


Some waterproofing treatments, such as "tarring" use petrochemicals harmful to the environment – especially when they're poorly applied. Delta-MS is completely safe and will never degrade or react with other materials. 

No call-backs, no worries!


Builders love Delta-MS because it means less trouble for them. Homeowners love it because damp basements and leaks are one less thing they need worry about! 

http://www.deltams.com/deltams/index.html

What builders say about Delta-MS.

NO house properly wrapped in Delta-MS has ever had a leaky basement.  That's over 40,000 homes in North America to date with dry basements.  And that's hundreds of builders who've saved the time, money and headaches of call-backs due to wet basements. 

http://www.deltams.com/deltams/builder.html

Common Questions about Delta-MS
How do the dimples in Delta-MS

keep the wall dry?

The air space created by the unique dimple design allows the wall to breathe and dry. Also, the system keeps the soil off the wall, so that it is not able to absorb moisture from the damp soil.

What happens if water gets in behind the membrane?

If water gets in behind the membrane, it will take its easiest passage and travel down the wall to the drain tile.

If there is a crack in the basement, why won't it leak?

When there is a leak in the basement, it is caused by hydrostatic water pressure on the wall. The Delta-MS acts like a barrier and a cushion to stop the water pressure on the wall. The air space provides a drainage path so water can drain away without any hydrostatic pressure.

http://www.deltams.com/deltams/qna.html 

Thoroseal Foundation Coating is a non-toxic cementitious waterproofer that is water vapor permeable, while preventing free water from entering. It is resistant to mold and mildew, unless you use an improper mixture and add too much water. It contains no asphalt and therefore is environmentally friendly and safe for workers.

Thoroseal is made by Degussa Building Systems (formerly Chemrex) in Chicago (800-433-9517; http://www.chemrex.com) and distributed by KST Coatings Industries of Twinsburg, Ohio (888-321-5665; http://www.kstcoatings.com).

Cost Savings Over the Life of the Building

A stud frame home with batt insulation may be less expensive to build in the first place compared to a home with a Building Biology-recommended envelope, but your homeowners will pay more for energy to heat and cool their home over time. This is particularly true with heating oil and natural gas prices expected to go even higher in the decades to come. More importantly, the homeowner is denied the noticeable benefits of thick wall construction, including a naturally comfortable and quiet indoor environment.

By promoting a healthier living space for the whole family, these walls and foundations also save money on health care costs. This is especially important if they pay for alternative medical treatment for their families out-of-pocket, which many “Cultural Creatives” often do. 

Furthermore, the resale value of a non-toxic home remains high because it is environmentally friendly, comfortable, healthy, durable and cost-effective to heat and cool. Examples exist throughout the nation of new homeowners that are having difficulty reselling their homes only a few years after they are built due to the presence of mold. Worse yet, entire subdivisions are being condemned due to mold. Litigation is rampant and yet many builders both in the south and in the north do not know where to turn to avoid this problem. The trend towards making the vapor barrier tighter and tighter and using rigid foam board as insulation only compounds the problem and misses the more intelligent design goal of allowing the envelope to “breathe.”

Building Biology envelope protocols, on the other hand, strive to provide a mold-free home as the number one goal in design and construction, if the recommendations included in this prospectus and our New Building Manual are followed.

Healthy Electric Wiring Protocols to Reduce Harmful Magnetic Fields

The controversy surrounding harmful health effects from magnetic and electric field exposure has been high in this country primarily because of what some feel is a concerted effort to keep real scientific evidence from the American population. The people of Europe, on the other hand, have been well aware of the deleterious health effects of magnetic, and now, electric, field exposure for years because their media prints these reports.

People also need to understand that to speak of potentially harmful “EMFs” is misleading, because it is assumed that there is only one type of field. In fact, electric fields and magnetic fields are not the same and are caused by different sources.

Magnetic field exposure in a home can come from three potential sources: 1) outside overhead distribution and transmission power lines; 2) point sources within the home; and 3) so-called “wiring errors.” Choosing a building site wisely and designing the electric layout of a residential development to minimize the exposure to these fields can take care of the first source. Proper placement of electric meters, panels and appliances relative to beds and sitting areas is the way to combat the second source. The third source is caused by inadvertent connections during installation of a neutral wire from one circuit with a neutral wire of another circuit, or the inadvertent connection of a neutral with a ground wire.

In fact, Spark Burmaster, member of the IBE faculty, who originally taught builders to twist wires in a workshop here in Fairfield, Iowa ten years ago, now teaches the opposite, saying that this does not help in any significant way since the ambient magnetic fields you are trying to neutralize are quite small to begin with and twisting plastic jacketed wire may break it. 

The real magnetic fields one needs to guard against are caused by inadvertent interconnection during installation of neutral wires from one circuit with a neutral wire from another circuit, or with a ground wire, both examples of so-called “wiring errors.” Twisting of wires will not shield against magnetic fields produced in by wiring errors. 

These inadvertent wiring errors will create magnetic field exposure along the entire length of the branch circuit(s) involved that comes up through floors and out from walls and is strong enough to affect the health of occupants, wherever the circuit with the error happens to run. These wiring errors need to be checked for and corrected before occupancy of any new building, no matter how careful the installation or how knowledgeable the electrician. 

I am able to teach electricians how to find and correct these wiring errors and I currently do this in existing homes in Iowa with a local electrician. We find such wiring errors and resultant magnetic fields even in new homes wired by electricians who know not to create such errors. These inadvertent neutral to neutral and neutral to ground interties in branch circuits can still occur, for instance, when a bare ground wire ends up touching a neutral screw in a receptacle as the receptacle is pushed back into its box, or when a ceiling light fixture is faulty, or when an electric dryer still has an internal connection between its neutral and ground wiring. 

All these circumstances pass code because the lights still work and they are not generally checked for, but unhealthy magnetic field exposure is the result. Clients sometimes report not feeling well in their homes when such errors are present, though they don’t know why until testing is conducted, revealing the source, and these symptoms clear up when the errors are traced and eliminated.

Building Biology also has recommendations on where to locate electric meters, electric panels, and other considerations that, if followed, will result in an “electrically clean” home while minimizing more unavoidable sources of magnetic field exposure, that is, from the “point sources” of magnetic field exposure just mentioned.

Reducing Harmful Electric Fields in Sleeping Areas

Beyond magnetic fields, the real problem everyone living in the modern world encounters is electric field exposure from AC current in the sleeping area. Most people know about magnetic fields, but they do not know about electric field exposure, which can influence people up to 20 to 30 feet from any plastic jacketed branch circuit, right through walls and floors. This distance is well beyond the bedroom walls and floors, so merely shutting off receptacles by a switch at the wall is not enough.

Electric field exposure causes an agitation that prevents occupants from settling down fully at night and receiving the level of rest they need. Electric field exposure is present in every home in the industrialized world, with the important exception of homes built in those cities that require all wiring to be installed in metal conduit, such as Chicago and New York. 

It is particularly important that the electrical wiring in, around, above and below the sleeping areas of any new building you plan to build be shielded from electrical fields in addition to any magnetic fields that may exist by running those circuits in grounded flexible metal cable, as described below. 

When this electric field exposure is eliminated or substantially reduced, which is possible with wiring installation protocols developed by Building Biology, homeowners then experience a very profound sleep, which fully supports daytime activity and allows real healing of chronic health problems. Medications, supplements and traditional and alternative health care practices have a chance to more fully promote healing once these very strong electric and magnetic influences are removed or substantially reduced in the home.

The reason this is important is that studies show that melatonin, a hormone normally produced at night by the pineal gland, is suppressed in the presence of both electric and magnetic fields. Suppressed melatonin levels, can cause chronic fatigue, hyperactivity, allergies, headaches, hormone imbalance, depression, and even cancer. Healing is delayed and impaired. Again, these problems can be experienced by anyone sleeping in normal houses in industrialized countries, with the exceptions noted above. 

Many of these symptoms are greatly reduced and prevented when this electrical field exposure is reduced. Clients remark on well they sleep after we eliminate these fields in their sleeping area. See “Comments from Clients” on my website for confirmation of this, at http://www.createhealthyhomes.com/comments_clients.php

Normal electric wiring in new home construction often results in levels of electric field exposure in the 1,500 to 3,000 milliVolt level and higher. This is considered an extreme biological risk according to a decade of medical research performed by German Bau-biologists and medical practitioners and Building Biologists in this country, and should be avoided. It causes many of the health problems mentioned earlier. Wiring with metal clad circuits completely eliminates wiring in the walls as a source of electric field exposure because all circuits are at the same potential as the outside earth, our reference point.

For existing homes we use a combination of shutting off specified branch circuit breakers (which need to be carefully tailored for each home). When we cannot get the levels down low enough by shutting off circuits alone, we add the use of a “sleep shield” under the mattress cover, a fabric that shunts electrical fields outside through a grounding wire, for some clients. Further reductions of eight to ten-fold in the “body voltage” level are achieved from the use of the sleep shield, but I always begin by shutting off the appropriate branch circuit breakers.

Some people who are aware of this problem install a shut-off switch in or near the bedroom that only shuts off the circuit in the room. It usually reduces electric field exposure but not by enough. My evaluations of new homes in Fairfield with shut-off switches shows that the switch only reduces the electric field by 50-80%, leaving the “body voltage” reading still in the “Strong biological risk” range of several hundred milliVolts. Building Biology considers this to be an “Unacceptable biological risk for all people especially if multiple stress factors are acting together. Remediation must be done as soon as possible.”  In some cases, turning off this one circuit when a group of branch circuits are close to the bed and cancel each other out turns out increasing the body voltage reading, not decreasing it.

The Building Biology goal is to reduce the body voltage reading to at least below 100 millivolts, still considered within the “Weak biological risk” range, and even as close to the ideal level of 10 milliVolts as possible. I prefer to get the level at least below 40-50 milliVolts, but further reduction is ideal.

This can be accomplished in new home construction by running all wiring in, around, above and below every bedroom in grounded metal conduit (flexible armored cable, or MC cable, will do) with metal boxes for all switches and receptacle. This substantially reduces electric field exposure compared to plastic jacketed NM wire, which does not. 

I also recommend using armored cable in, around, above and below any other room that serves as a home office or sitting room in which people spend a good deal of time during the day. Certainly run all smoke detectors in grounded 

armored cable throughout the house.

Using MC cable for all circuits is ideal. Be sure that all metal clad circuits are home runs, rather than connected in junction boxes. This way, the metal sheathing of the conduit will not be connected together in the branch circuits as part of the grounding system. If they were, then if a neutral-to-ground wiring error develops in one circuit, it will spread current to all circuits. Running metal clad circuits as home runs will avoid this situation. This is the best situation possible.

Houses built this way, particularly with armored cable throughout, are profoundly electrically quiet and provide an indoor environment that promotes a relaxed, healthy state for occupants. 

Additionally we recommend cross linked polyethylene, or PEX, be used for the water service supply pipe, as well as for domestic water lines, to prevent small, but harmful, current and voltage from entering and exiting the home to neighbors’ homes through metal water service supply pipes and a metal city water main. This additional source of “stray” current running throughout the house can cause magnetic fields to come up through floors and walls. These are completely eliminated if PEX is used, at least for the water service supply pipe, to electrically isolate the house from its neighbors.

I realize that builders try to design and build their developments as affordably as possible, but knowing what I know as a practicing Building Biologist, I urge you to not compromise in the area of electrical wiring, whether you partially or fully use armored cable, no matter how much the cost. Implementing this protocol has such a profound effect on human health and can greatly reduce exposure to these fields that are otherwise present in normal construction, even with shut-off switches. German medical research and the practical experience of thousands of Building Biology clients in Europe and North America bears this out. 

For those builders who are twisting NM wiring in branch circuits in an attempt to reduce exposure to “EMFs”, simply twisting wires does not eliminate electric field exposure at all and therefore does not protect your homeowners from this relatively unknown source of ill health. (Twisting of wires also does nothing to protect occupants from the significant magnetic field exposure caused by wiring errors, which must be traced out and fixed.)  

These Building Biology wiring protocols are spelled out in specifications that have already been written for a new residential development in Florida. I can adapt these specs to any new building project currently under development.

Consultation Services Offered

Based upon my experience in the field, I am available as a consultant to provide detailed implementation of these Building Biology protocols for your project. I am prepared to assist developers in incorporating as many recommendations as they choose to include. I can act as a resource at the design and construction phases, recommending choices to provide a sustainable, healthy home or office that will be highly sought after by a sizable segment of the population, particularly those who consider themselves to be “Cultural Creatives.” 

My experience in researching and writing the Building Biology New Construction Manual and my experience evaluating existing homes and consulting on new building projects has taught me the knowledge of how to integrate the principles of healthy construction into existing building practices. I have experience working with developers, architects, builders and subcontractors in the field.

My rates are $75 per hour and I can provide the vast majority of my consultation services by phone, email, regular mail, fax and emailed digital photos from the field. A site visit will be valuable later in the process for me to work with the electrical contractor and his crew to teach them implementation of the healthy wiring protocol. Teaching them these steps avoids problems in the first place and allows me to train them to do the necessary on-site testing of each new unit after I leave so they can become self-sufficient. I can also meet with other members of the building staff face to face who I would be working with long distance to review the progress of implementation of these full range of Building Biology protocols.

I am available throughout the design and construction stages of the process for any questions that come up among developers and their staff. I am also available to speak with prospective homeowners as they develop questions about the unique healthy and sustainable features of your project.

I can also act as a liaison between a developer and the International Institute of Building Biology and Ecology to help them achieve certification of their new project to meet the IBE standards as a healthy home development, which they can incorporate into their marketing strategy.
Finally I can write a homeowner’s guide to the features of a developer’s healthy homes that they can provide to their clients at the time of their move-in to educate them about the environmental and healthy aspects of their new home.

For more information on these services please call Oram Miller, BBEI, at Environmental Design and Inspection Services in Minneapolis, Minnesota at 952-412-0781 or email me at info@createhealthyhomes.com. Additional information can be found on my website, www.createhealthyhomes.com.

The Twenty-Five Principles of Bau-Biologie (Building Biology)

Building Biology developed twenty-five principles in Germany over thirty years ago that guide its teachings and recommendations.

The twenty-five principles are as follows:

1. A building site shall be geologically undisturbed.

2. Residential homes are best located away from industrial centers and main traffic routes.

3. Housing shall be developed in a decentralized and loose manner interlaced with sufficient green space.

4. Housing and developments shall be personalized, in harmony with nature, fit for human habitation and family oriented.

5. Natural and unadulterated building materials shall be used.

6. Walls, floors and ceilings shall be diffusible and hygroscopic.

7. Indoor air humidity shall be regulated naturally.

8. Air pollutants need to be filtered and neutralized.

9. An appropriate balance of thermal insulation and heat retention is needed.

10. The air and surface temperatures of a given room need to be optimized.

11. A heating system shall feature radiant heat using as much (passive) solar heat as possible.

12. The total moisture content of a new building shall be low and dry out quickly.

13. A building shall have a pleasant or neutral smell. No toxins shall outgas.

14. Light, lighting and color shall be in accord with natural conditions.

15. Protective measures against noise pollution as well as infrasonic and ultrasonic vibrations need to be human oriented.

16. Only building materials with little or preferably no radioactivity shall be used.

17. The natural balance of atmospheric electricity and ion concentration shall be maintained.

18. The Earth’s natural magnetic field shall not be altered or distorted.

19. Man-made electromagnetic radiation shall be eliminated (or reduced as much as possible).

20. Cosmic and terrestrial radiation is essential and shall be interfered with as little as possible.

21. Interior and furniture design shall be based on physiological findings.

22. Harmonic measures, proportions and shapes need to be taken into consideration.

23. The production, installation and disposal of building materials shall not contribute to environmental pollution and high energy costs.

24. Building activities shall not contribute to the exploitation of non-renewable and rare resources.

25. Building activities shall not cause a rise in social and medical costs.
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