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1.3 HISTORY OF ENVIRONMENTAL CONTROL IN NORTH AMERICA 

When reviewing the historic background of heat, air, and moisture control we must acknowledge the 

transfer of knowledge from countries having similar climates; it has become part of the fabric of our 

own experience just as our experience transmutes to become theirs. The need for sustainable 

buildings or efficient use of energy and materials is no longer just a national need – it has global 

implications. 

Discussing moisture control in walls of Canadian houses Bomberg and Onysko (2002) wrote: 

“As in other countries, the construction practices and materials used evolved from experience 

brought to this country by people from all over the world. They were further shaped by the 

influence of the climatic environment, and economic forces involving land, population growth and 

energy. What started out as an activity involving artisans eventually became primarily a 

manufacturing process refined for on-site application. 

The process of change and improvement has become a constant feature in our society, no longer 

satisfied by what appeared to work in the past. Buildings that were not well suited for given climate 

eventually failed and became case histories for what not to do. 

This thought describes how increased understanding of environmental control happened. We have 

moved from the understanding of how to implement a craft to the understanding why things work as 

they do. Building science (building physics) principles that we commonly accept were derived from 

experience and observations of the performance of the existing building stock. Failures provided 

important lessons, and they still do. 

Hutcheon (1971, reprinted 1998) wrote: 

“Trial-by-use, although it was the basis of much of the tradition in building, is by no means 

outmoded, since satisfactory service is still the real and final proof of adequate performance. 

There is a vast difference, however, between trial-by-use as the primary way of arriving at 

prediction and use as a confirmation of prediction based on evidence.... 

.... Tradition places the emphasis on how things should be done; science sets out to explain why 

so that the experience can be carried over to different materials and circumstances.” 

As in the adage, “necessity is the mother of invention”, most of the innovative thinking of 1920’s and 

30’s came from the Prairie regions of North America. The climatic extremes (very cold winter and hot, 

dry summer) fostered the need for building enclosures that provided environmental control for human 

occupancy in a durable way. The period following the WWII housing boom also justified research 

projects. Hutcheon (1971) made statements that are as current now as they were at that time: 

“Research may be considered as the acquisition of carefully planned selective experience. It may 

be used to provide predictability about a limited situation, without regard for wider application, or it 

may be directed more broadly to an understanding of the functional relations involved in some 

more general situation....There are demands for new and better test methods, performance tests, 

codes and standards, and these can be produced only if the knowledge of the subjects involved is 

adequate. The continuing development of building science is, therefore, essential to the welfare of 

the building industry.  

The critical relation between knowledge and predictability of performance, highlighted by Hutcheon, 

has so far not been supported by the industry and did not translate into better building practices. It 

has been shown that only through the forces of economic and energy shocks as well as systemic 

failures of buildings that advances of building science permeated to the realm of practice. 
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1.3.1 Formative years of building physics 1920-193 

The prime function of a building envelope is to provide the environmental control required for comfort 

and health of the occupants. Since early log and frame houses located on the North American prairies 

were cold and drafty the initial improvements involved both thermal insulation and air leakage control. 

Started in late 1920’s, work by University of Minnesota on air leakage through frame walls led to 

acceptance of building paper as a weather barrier, distinct from roofing materials. The building 

paper was placed on the external side of the wall sheathing, impeding the movement of rain while 

permitting moisture to permeate to the outdoors.  

The multitude of functions performed by building paper on the exterior of frame walls led to 

variations in the name ascribed to this material layer. Canadians focus on the position of the 

material and call it the “sheathing membrane”. In Europe, it is called a “wind protection or weather 

barrier” because of its function. Americans call it either “weather resistive barrier” or “water 

resistive barrier” but with the same acronyms we call it WRB. 

Building papers improved indoor comfort, reduced heat losses by limiting air leakage, and 

reduced moisture damage to walls by reducing access of moisture laden air to cooler surfaces. 

Placement of these membranes on the outer face of the wood frame also prevented wind 

washing3 (Timusk, 1992) which decreases the effectiveness of insulation in wall cavities. 

To improve thermal comfort, cavities in the frame walls were filled with insulation (Greig, 1922), first 

using wood chips stabilized with lime then shredded newsprint4 and 1926 the first retrofitted 

application of this material to the existing wood frame building took place. To this end, holes were 

drilled through plank sheathing. In contrast with today’s cellulose fiber insulation (CFI), the initial 

CFI products were not treated with chemicals except for small quantities of lime and boron salts 

that were added as protection against premature mold and rot. Despite the lack of chemical add-

on, no moisture damage was found when the walls of this house were opened in 1975 (Figure 1). 

Thermal insulation reduced dew point inside the wall cavities and thereby potentially increased the 

risk for moisture damage. This led to the introduction of vapor barriers. From now on, in cold 

climates, water vapor entering from indoor space was the major consideration (Hechler et al.,1942, 

Joy et al.,1948, Handegord,1960, Wilson,1992).  

It was well recognized by mechanical engineers that air infiltration takes place through cracks around 

windows and doors, and this was accounted for in heat loss/gain calculations (Hutcheon and 

Handegord, 1980). Wilson and Novak (1959) analyzed condensation between panes of double 

windows and showed that when the neutral pressure plane was at the bottom of the window, the 

calculated vapor transfer by air leakage was 10 times larger than that gained by diffusion. There was 

widespread publication of these and similar results, (Wilson, 1960; Thorpe and Graee,1961; Sasaki 

and Wilson,1962 and 1965; Garden,1965; Wilson and Garden,1965), which highlighted the 

significance of airflow in carrying moisture.  

 

2 A wind-induced air entry is in one place and the exit in another place on the exterior of the wall. 
3 The term “wind washing” represents the action of wind entering a building enclosure from outside, 

passing along within that enclosure, and leaving to the outside. 

4 In 1919 the first commercially available cellulose fiber insulation came to market place 
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Figure 1: Walls of a wood-frame house built in 1919 at the University of Saskatchewan were filled with 

Cellulose Fiber Insulation (CFI) in 1926 and opened in 1975. Inspection showed no moisture stains. 

Despite a significant number of publications that stressed the need for control of air leakage (Wilson 

1960b, 1961; Tamura and Wilson, 1963, 1966, and 1967; Garden, 1965), most building practitioners 

were still preoccupied with control of the vapor diffusion alone and largely ignored issues of air 

tightness. 

In the quest for indoor thermal comfort, wall cavities were filled with insulation -- first wood chips 

stabilized with lime, then shredded newsprint (1926, Saskatchewan) and eventually mineral fiber batts. 

Although water vapor passed through the thermal insulation as easy as through the air layer, the 

presence of thermal insulation caused a reduction in durability, it lowered the temperature of the 

exterior sheathing and condensation appeared. This situation led to the introduction of vapor barriers to 

control the flow of vapor from warmer indoor environments into insulated cavities. Consequently, the 

walls of homes built as early as the 1940s already included the outside weather barrier and the inside 

vapor barrier. The unit of water vapor permeance was created and 1 perm represented water vapor 

retardation of the "good old" wood plank. 

1.3.2 The period of oversimplifications 1950-1974 

In late 1920’s significant changes took place in the art of communication. Dale Carnegie introduced a 

simplified version of personal interaction between people that could be explained as “simplify to make the 

point” that with time developed into “simplify to make them understand’ and became a popular in politics. 

American politicians, in turn, introduced a simplified version of building physics in late 1950’s calling it a 

“war against moisture”. We may consider time from 1960’s to 1974 as the period of intellectual 

stagnation in building physics. 

While the theory of water vapor movement and condensation of was explained already in English by 

Rowley (1938, 1938a,1939) and Babbit in (1939) and by several Russian books (Fokin,1953; 

Franchuk,1958: Uszkov and others) that showed yearly calculation of wetting and drying of walls – 

some people in Europe were still ignorant of this knowledge. Paper of Glaser (1958) who explained in 

a simple way with graphics how to calculate condensation – popularized these concepts and 

moisture control became a new concept in the public domain. Water vapor barriers (retarders) were 
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introduced to many national codes and standards. In 1950’s, two Canadian standards dealing with 

WRB and vapor barriers became mandatory. Vapor barriers were required to have a permeance of less 

than 0.75 perm or 45 ng/Pa·m2·s for an aged product and 1 perm1 was used in both the US and 

Canada. 

Inclusion of these numbers in the national codes gave architects a false impression that moisture 

control was addressed. The emphasis on vapor control has received a disproportionate amount of 

attention just because it is easy to calculate. Some “authorities having jurisdiction” went even 

further – stating that no condensation was allowed disregarding the fact that if the moisture content is 

lower than critical for a material performance, it may not lead to deterioration and is fully acceptable. 

While the calculation method put forward by Glaser (1958) can determine whether a physical 

condensation will take place at given outdoor temperature and relative humidity of indoor air, it cannot 

be used to establish the amount of condensation. There are a few reasons why calculation of the 

amount of condensation using this method is physically incorrect: 

 Condensed water can evaporate and continue the diffusion process until reaching a significant 

change in the resistance to vapor flow 
 The presence of condensed water affects the rate of moisture transport by modifying the quasi-

steady state assumed in these calculations 
 Condensed water can move in the liquid phase by osmotic, capillary or other forces. 

In other words, condensation theory tells us that a more careful consideration of the design is 

warranted; it is not a tool that is suitable for making all decisions concerning the design of walls. 

The interesting thing is that while leading scientists knew all that already in 1960 and they knew about 

air leakage being more important than diffusion, the architects and designers i.e., people who deal with 

design did not know. Those people are different from the mechanical engineers who size the HVAC 

equipment. While the concept of air infiltration through cracks around windows and doors were well 

established in Germany in 1960’s and introduced to heat loss/gain calculations in central Europe, its 

effect was not given much consideration in the design of walls for the next 40 years.  

In European standard EN –ISO 13788 of 2012 steady state vapor diffusion is still used to check 

hygrothermal performance of building shell and to calculate amount of condensed water. Although the 

strict limitations of this approach are given in the standard, and the significance of airflow from the 

interior of the building into the structure as the major mechanism for moisture transport is emphasized, 

in common practice it is regarded as the basic and reliable method of design evaluation2. 

When one reads papers published in the precursor of ASHRAE from 1926 to 1937 one is surprised how 

much knowledge was already accumulated by 1940. In contrast with this period the North American 

scene from 1950's to late 1970's was dominated by a kindergarten version of building physics based on 

water vapor diffusion as the main consideration. Codes required 1 perm water vapor barriers and 

protecting walls from rain water was the only concern of industry. Of course scientists knew a lot about air 

                                                     
1
 One must remember that 1 perm was a unit of water vapor permeance introduced to characterize a well performing but 

leaky wood frame house built in 1930’s. 
2
 This approach introduced by German scientists in 1970’s in form of functional dependence of water vapor transmission on 

moisture content does not recognize liquid phase transport dominance at high relative humidity and may lead to confusion 
between the concepts of water vapor diffusion and water vapor transmission coefficient (combined phases) particularly as they 
differ for hydro-filling and hydrophobic materials. This approach became obsolete when in 1990’s WUFI computer code 
became popularly used in Europe and replaced simplified models of diffusion.   
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moisture interactions and the significance of thermal gradients but the scientists were not listened to 

(except for the smoke control in the case of fire and some cases where the housing industry collaborated 

with NRC Canada). 

 

 

 

 

 

Figure 2(a): Water suction in the capillary and 2(b) the same in a small crack in stucco (plaster) 

The simplified thinking has been seen in many places. For instance, we are taught in the primary 

school about water climbing up in small capillaries but the lesson was forgotten in the construction 

practice. When plasters (either traditional or synthetic plasters) come directly into contact with window 

openings inevitable the material shrinkage leads to small cracks developing which act as capillaries 

drawing water behind the plaster into the wall (see: Figure 2). So, when plasters were covered with 

acrylic finishes that reduce water ingress they also reduce drying from the plaster and actually trap 

water that has entered through these small cracks.  

Another common lack of thinking was using a water vapor barrier on interior of an insulated wood frame 

wall that would be used to finish the concrete basement wall. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 3: Placing a polyethylene film (water vapor barrier) to prevent wetting of the basement wall from 

indoor air has actually served to trap moisture originating in construction materials and demonstrates 

the lack of understanding of building science. 
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Basements are placed in the soil with nearly 100% RH so the drying of the wall must take place to the 

interior. By preventing drying one traps not only construction moisture from concrete and wood framing 

but also moisture brought into the assembly by capillary suction, window failures and other sources of 

above grade wetting. The result is initially odors and later decay of the wood (if used in the exterior 

walls). 

Moisture damage to "leaky condominiums" in North Carolina and British Columbia (made worse by 

leaking window frames), problems with summer condensation in basements and others illustrate 

failures that could have been avoided if North American builders or civil engineers were more familiar 

with building physics. 

1.3.3 Building physics explains the deficiencies in construction 

A change in emphasis only came when the field problems confirmed that moisture carried by air was a 

significant source for interstitial condensation. This was associated with buildings utilizing electric 

baseboard heating. Builders were attracted to this form of heating because it reduced initial cost of 

construction and eliminated the need for a combustion flue. The higher energy costs were partly 

reduced by requiring increased levels of thermal insulation. However, elimination of combustion flues 

reduced air exchange, and higher humidity conditions resulted in these houses. Condensation 

problems in attics became more frequent (Stricker1975; Orr1974) and in flat wood-frame roofs 

(Tamura et al., 1974). Several studies (Wilson 1960; Tamura and Wilson 1963; Tamura, 1975) showed 

that two interrelated factors influenced indoor relative humidity: changes in efficiency of natural 

ventilation, and changes in the position of the neutral pressure plane. 

Variations in humidity (Kent et al., 1966) and moisture accumulation in attics and roofs were simply 

the consequences of these factors (Dickens and Hutcheon, 1965). Measurements of air pressure in 

houses showed that substantial air leakage occurred into attics and joist spaces of conventional 

construction. This led to recommendations that air tightness of the ceiling construction and partition-

to-ceiling details needed to be significantly increased. The consequences of air tightening and use of 

increased insulation led to less frequent operation of combustion furnaces. This, in turn, resulted in a 

reduced rate of air exchange and poorer indoor air quality. Oversized heating systems and high-

efficiency furnaces did not provide the pressure drive needed for adequate air exchange in these 

tightened buildings. 

In this situation, the National Building Code of Canada in 1980 required that all dwellings have a 

mechanical ventilation system. In 1990 ventilation intensity was reduced from 0.5 to 0.3 air changes 

per hour (ach). This exchange rate was found to provide sufficient control of moisture accumulation 

and odors while still maintaining healthy indoor air (Trow, 1989; CMHC, 1990) 

Introduction of mechanical ventilation set the stage for further improvements to airtightness of the 

houses. During this period, the concept of an air/vapor barrier was introduced. To ensure that a 

polyethylene vapor barrier could act to control air leakage, the Canadian material standard was 

revised to require a 6-mil (0.15mm) thick film using virgin material only. By this requirement it was 

thought that the polyethylene film would become an “air/vapor barrier” (Eyre, 1981). There has never 

been a need for a 6-mil thick polyethylene as a vapor barrier. From a scientific point of view, as long 

as air tightness requirements are fulfilled, as shown by Karagiozis and Kumaran (1993) most of 

continental North America does not require the permeance of the vapor barrier to be lower than 3 to 6 

perms or 200–400 ng/(m2 s Pa). 
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As an example, shown in Figure 4 graphics were drawn by R. Solvason on the back of a cigarette 

package (he was a heavy smoker) and while never being published in a scientific journal they were 

probably most quoted figures of the "enlightenied" period of North American building physics. 

With the shortcomings of polyethylene air/vapor barriers apparent, it was acknowledged that one had 

to separate the functions of air and vapor control in typical constructions (Quirouette, 1986; Lux and 

Brown, 1986; and Perrault, 1986). An Appendix to the NBC 1985 code explained the importance of air 

leakage control and the need to prevent it from occurring around service penetrations, wall/floor joints 

and gaps caused by shrinkage of lumber. 

 

 

 

 

 

 

 

 

Figure 4: Moisture accumulated over one winter season (a) from diffusion in a wall without water 

vapor barrier and (b) from air leakage in a comparative situation of Ottawa climate. 

Earlier, and independently, two alternate approaches to air leakage control were introduced – the 

Airtight Drywall Approach (ADA) and the External Airtight Sheathing Element (EASE). The ADA 

system was developed by Lstiburek and Lischkoff (1984). Using gaskets and sealants in conjunction 

with drywall sheets and various components of the wood framing they achieved relatively airtight 

buildings. The vapor resistance was provided by use of low permeance paint on the drywall and no 

polyethylene film was employed. Care must be taken to achieve continuity of air control at 

wall/window interfaces, floor to wall connections, mechanical and electrical penetrations as well as 

where interior partition walls meet exterior walls. The measures to achieve air tightness often involved 

use of both polyurethane foam and neoprene gaskets at the termination of the drywall.  

While ADA systems have been shown to work well in single family houses, designing to minimize 

flanking sound transmission in row housing and apartment blocks led to considering alternate 

approaches. Application of an external insulating sheathing (EASE) was found to be beneficial for 

several additional reasons. Firstly, by providing a continuous layer of thermal insulation on the outside 

of the framing, it reduced thermal bridging. Secondly, by increasing the temperature of the surface of 

the sheathing facing the wall cavities it reduced the risk for condensation in the cavities of wood-frame 

walls. 

Separating the control of air and vapor movement by introducing the concept of an air barrier brought 

us to the point where the first circle of the Building Science learning was closed. Polyethylene film 

was still used but now re-named the air-vapor barrier and despite questions about its durability it has 

proven to function well for years in low rise buildings (Proskiw, 2004).  

In the 1995 edition of the National Building Code of Canada the air barrier system was required to 

satisfy the following requirements: 
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 There should be a material layer intended to provide the principal resistance to air leakage with 

an air permeance not greater than 0.02 L/(s m2) measured at a 75 Pa difference.  

 All components of the air barrier system shall comply with durability requirements specified by 

respective material standards. 

 The system shall be continuous across joints, junctions and penetrations 

 The system shall be capable of transferring design wind loads, and 

 The system shall be evaluated with deflections reached at 1.5 times of the specified wind load.  

 

Modeling studies on the impacts of different air flow routes in wall assemblies highlighted the 

differences in condensation formation between the short and long air flow paths. These studies indicate 

that the real danger in air leakage transportation of water vapor occurs when air flows follow a long path 

within the wall assembly (Ojanen and Kumaran, 1996). Field studies on air flow paths in the 

construction (Lstiburek 2000) showed the existence of an interstitial air pressure field. 

Finally one of the most important finding comparing laboratory and field performance is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Pressure drop (a) measured in the laboratory and (b) measured in the field under dynamic 

wind conditions. 

Figure 5 highlights limitations of the "steady state thinking” to environmental control, because 

weather changes make a huge difference in all transport phenomena. The question if the simplified 

"steady state" evaluation can be used, must be addressed on a case by case basis.  

Finally, the few examples provided in this chapter reinforce the assertion that heat, air and moisture 

transports are inseparable. In effect, none of the hygrothermal transport mechanisms can be 

assessed in isolation from the others. Therefore we use the term “environmental control” to show that 

all transport mechanisms are accounted for. Discussing cases where a failure in environmental 

control had occurred, Lstiburek (1995) said: 

“North American houses are not designed. They are built. While building them, we follow tradition 

more than science. Unless we try minute alterations; we modify materials, workmanship, 
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construction details, or other seemingly unimportant elements of construction process. Then, the 

cost of repairs following these minute changes makes us believe that these details were important. 

In addition, this happens each time when we analyze only the detail itself and forget about its 

interaction with the other elements of the system. In other words, we fail when we lose track of the 

holistic approach. 

Onysko and Bomberg (2002) observed that the above statement stresses the need for a holistic 

approach to design buildings. The other side of the coin relates to the compounding effect of a slow but 

continuing evolution in understanding of physical behavior of housing assemblies. Leaky, poorly 

insulated walls, though not highly energy efficient, were relatively forgiving in terms of moisture-

originated damage. In winter, strong thermal gradients moved moisture towards the cold side; air 

leaking out of the house provided additional drying potential. The airtight, highly insulated houses of 

today do not have such a forgiving nature; there simply is not much drying potential in highly insulated 

walls if water is permitted to enter wall cavities, e.g. leaking through window frames. This is particularly 

true for houses provided with a tight external skin such as stucco or EIFS3. The widespread damage 

that occurred in the  so-called leaky condos in Vancouver or the EIFS-clad houses in North Carolina, 

are typical examples of where water entering through windows, balconies or penetrations was trapped 

inside walls for excessive periods of time. Climatic conditions at these locations combined with poor 

drying potential resulted in serious damage. 

Since increased levels of thermal insulation and air tightness are here to stay, the only way to build 

durable and sustainable buildings is to accept the need for more careful design of building envelopes 

for environmental control. Until now, socioeconomic forces have driven the evolution of building 

construction while building science simply has followed that evolution. Some encountered problems 

were solved, and some of those lessons led to improvements in construction practices. 

Timusk (1992) in reviewing moisture control issues of the previous decade stated: 

“At the moment we are in a position where the traditional approach of learning from failures and 

copying what worked has broken down. The information is not communicated to those involved. 

This is not only due to a lack of resolve among those concerned; it is extremely difficult to 

accommodate all of the new information in view of the rapid changes in materials, details and 

performance expectations.” 

Seen from the perspective of those who are at the receiving end of buildings created by the “trial-

and-error” processes, this process is far too slow and far too expensive for our society. 

1.3.4 The paradox of design and performance: problems in education and practice 

Building envelope separates interior from exterior environment both environments affect the BE 

performance. Thus, to select the appropriate materials and components, one must understand how 

the building envelope performs. To this end, before we can design a new building in a given climate, 

one must have observations of existing buildings. Yet the question is – how much the new building 

can differ from old one. 

                                                     
3
 Analyzing condensation phenomena one finds that condensed moisture evaporates and proceeds further until 

reaching significant increase in water vapor resistance and air and vapor tight exterior finishes often contributes to 
moisture accumulation under them. 
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Heat, air and moisture transport are inseparable phenomena. Each influences the others and is 

influenced by all the materials contained within the building envelope. Building codes simplify the 

process of architectural design by relating control of each phenomenon to a particular material. The 

thermal insulation, for example, is perceived to control heat transfer and the air barrier to control air 

leakage. Likewise, the rain screen and the vapor barrier eliminate ingress of moisture into wall 

assemblies. However, these materials perform many different and interrelated functions, and 

frequently participate as one of several factors in overall system performance. For instance, while 

controlling air leakage, the air barrier system may also provide effective moisture control. 

Similarly, by increasing temperature in the wall cavity, thermal insulating sheathing may also reduce the 

degree of condensation in the cavity. Thus, the process of environmental control depends on strong 

interactions between heat, air and moisture transport. To ensure that all aspects of the building 

envelope perform effectively, we must deal with heat, air and moisture transport collectively. In some 

ways, this approach represents a return to the thinking of 60 years ago, long before detailed analyses 

were routine. The difference today centers on standards specifying requirements for individual 

elements that makes up the building envelope. So, while we preserve the basic approach of the past, 

in principle, we are now better able to apply the fundamental concepts first introduced in the 1930s.  

Designing environmental control compels professionals to address the BE system as a whole, while 

recognizing that both the material choice and the design details affect the environmental performance 

of the building envelope system. Achieving the right harmony between materials, design and system 

performance depends on integrating two extremes in conceptual thinking: qualitative assessment 

based on experience in use and quantitative evaluation based on results of testing and analysis. In 

North America, when using the term Building Science, one stresses the outcome of the analog and 

analytical thinking processes combined. In Europe, one stresses the need for education and the 

analytical thinking.  

While term "Building Science" used in North America is in principle equivalent to the term Building 

Physics used in Europe (Bauphysik in German, Byggnadsfysik in Swedish, Stroitielnaja Tieplofyzika 

– (Building Thermal Physic) in Russian, etc.;  there is a large difference in the vision behind each of 

these two terms. Professor Hens (Catholic University of Leuven, 1998), stated that building physics is 

an applied science that involves studies on the hygrothermal, acoustical, and light-related 

performances of materials, building elements, and buildings in view of human comfort, health, and 

serviceability of buildings, i.e., health, costs, and sustainability. Building Physics demands knowledge 

of mathematics, physics, and material science, and has close linkages with construction and services 

engineering, fewer with structural mechanics. Finally Building Physics is a basic subject in Building 

Engineering education. 

Prof. Hutcheon (The Utility of Building Science, 1971) defined the building science as: 

“Knowledge about building, called, for convenience, building science, is valuable largely because it 

is useful in predicting the outcome of the result of some building situation.  Rational design is 

possible only when there is a capability to establish, each time a choice is made, the probability of 

a particular result.” 

Building Physics is taught in most Universities of Europe and Asia but not many in North America 

(NA). The NA definition of building science links design with predictability of field performance and 

this is a domain of consultants and industry experts. With little or no building science background 
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they have large practical experience of a multi-disciplinary character because they are dealing with 

interacting materials and systems. 

Why is there Building Physics not thought in North America? It is because of the separation of the 

departments. In NA, the civil engineering actually means the structural engineering; architecture is 

focuses on the design of the façade and organizing the interior space and deals with materials and 

systems used in the buildings in a marginal manner. On the other hand, Building Physics requires 

understanding of the interaction between space, occupant and environment and means of 

modifying this environment by enclosure or mechanical services. So when a young architect starts 

to practice, he/she must learn all these things. Yet, when they understand how these subsystems 

interact, they are not so young anymore. 

Professor Hutcheon tried in the 1980s to highlight the significance of Building Science for changing 

technology but succeeded in only one Canadian University. Now, the chief architect of the US is 

trying to introduce building science into the US schools. 

1.3.5 Society concerns for sustainability bring a new design paradigm and a new role for 
building physics  

The energy crisis in 1973 was followed by the need to reduce imports of oil to Western world and 

this brought fundamental changes. These changes occurred in different countries with varying 

intensity, the combination of political, economic and social concerns all worked jointly towards the 

new ecological solutions. Yet, the sustainability is more than ecology. 

Figure 6 highlights three pillars of sustainability: ecology, society and economy. Only when the 

development includes these three types of consideration, it may be called sustainable. The Royal 

Institute of Technology in Stockholm states that "without environment the development is reasonable; 

without social aspects it is feasible; without economics is tolerable, but not but not sustainable” 

 

 

 

 

 

 

 

 

 

             Figure 6: The concept of sustainability  
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Sustainability is a difficult concept because it deals with all levels of human organization from the 

globe, through the nations, regions down to one person. We talk about impacts on environment, 

economic and social aspects of sustainability. It involves long-term maintenance of the ecosystem 

and reduction of harmful impacts to levels compatible with long-term health of man and nature 

while on the economic side it relates long-term economy to human and material resources. Table 

1 exemplifies some attributes of sustainability. 

Table 1: Examples of sustainable developments 

 Increased durability (service life) 

 Reduced water use , (storm water) sewage, solid waste, 

 Reduced air pollution (carcinogens, VOC, dust) 

 Increased energy efficiency, 

 Use of renewable energy systems 

 Increased resource efficiency through the reuse and recycling of building materials 

 No surprise that people have difficulty with such a broad concept. Canadian public initiatives: 

"healthy housing, flexible housing, green housing or equilibrium housing" are some examples of 

alternative terms. High Performance Buildings was the concept introduced by the US congress: 

The term “high performance building” means a building that integrates and optimizes all major 

high-performance building attributes, including energy efficiency, durability, life cycle performance, 

and occupant productivity. 

Expanding this definition to include housing we can replace the occupant productivity by indoor 

environment, occupant well-being and productivity". 

Yet, there is one aspect that we need to highlight in the context of sustainability, namely how do we 

modify the process to increase efficiency in sustainable buildings. Analyzing our capability to modify 

the framework of systems Meadows (2009) produced a list of most important modifiers: 

1. Transcending paradigms I,e, the mindset out of which the system grows (structure, 

parameters) 

2. Goals: The purpose or function of the system 

3. Self-organization: The power to add, change, or evolve system structure 

4. Rules: Incentives, punishments, constraints 

5. Information Flows: The structure of who does and does not have access to information 

6. Reinforcing Feedback Loops: The strength of the gain of driving loops 

7. Balancing Feedback Loops: The strength of the feedbacks relative to the impacts they 

are trying to correct 

8. Delays: The lengths of time relative to the rates of system changes 

9. Stock-and-Flow Structures: Physical systems and their nodes of intersection 

10. Buffers: The sizes of stabilizing stocks relative to their flows 

11. Numbers: Constants and parameters such as subsidies, taxes, and standards 

The most influential are paradigms, as the author says: 

"The shared ideas in the minds of society, the great big unstated assumptions, constitute that 

society’s paradigm, or deepest set of beliefs about how the world works. These beliefs are 

unstated because it is unnecessary to state them - everyone already knows them.... 
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“Notice, however, that most of the current sustainability research, even the most advanced on 

complex systems, instead, is focused on the least effective leverage points like the economic 

aspects likely because decision makers and politicians believe that sustainability is mainly an 

economic problem and it is more approachable in this way. So, "Numbers" like constants and 

parameters such as subsidies, taxes, and standards become the main focus. This happens for 

sustainability in environmental protection science too, by just providing numbers, standards, 

thresholds for pollutants that should not be trespassed, and for species diversity too. However this 

is a quite myopic viewpoint and I doubt that it can lead to sustainability ever”. 

The goals of building physics and those of sustainable built environment often overlap, e.g. achieving 

energy efficiency supports a carbon neutral future. The American Institute of Architects has targeted 

2030 for when all new buildings will be carbon neutral; EC talks about 2020 for the new construction. 

Yet, the new construction is only a small fragment of the whole issue because the majority of highly 

inefficient buildings of today will be with us well beyond these deadlines. The UN report stated: 

“The good news is we have got a huge source of alternative energy all around us. It is called energy 

conservation, and it is the lowest cost new source of energy that we have at hand. Since 1973 alone, 

improvements in energy efficiency resulted in a 50% reduction of our daily energy use, which is the 

same as discovering 25 extra million barrels of oil equivalent every single day. Clearly saving energy 

is like finding it”.  

A report from the US National Laboratory shown in Figure 7 tells it all. Figure 7 shows that large 

energy savings must be achieved through rehabilitation of the existing US buildings. It is also 

important to highlight that whether one believes that most of CO2 increases in the atmosphere as 

caused by human activities by other means, our carbon footprint is a convenient measure of how we 

use energy independent on its source. 

 

 

 

 

 

 

 

 

 

Figure 7: Even if a 90% reduction of energy use in new commercial buildings was achieved, we still 

need a 50% reduction in all existing buildings to achieve the 2030 targets of AIA, quoted from 

Lawrence Berkeley National Laboratory, with permission. 
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We may not be certain about the best ways to achieve energy efficiency; however, based on past 

successful programs, we know that to achieve it we must use the systems' approach. Every building, 

old or new, needs to be treated as a system in which each component is a piece of a large puzzle. 

Quick fix efforts for one component of the building enclosure, at best, may not achieve enough; and at 

worst, may cause damage. We also know that the systems approach requires involvement of 

experienced practitioners of all types. The green value of actions is determined by the resulting 

building performance under service conditions, not by the perception that an action or the 

material used in the building is green.  

Buildings – their energy efficiency, durability and indoor environment – are today at the cross-roads. 

On the one hand there is a large amount of knowledge and industrial know-how available; on the 

other hand the old approaches are not as valid as before. It is time to create a new vision to 

improve our energy efficiency and occupant comfort without increasing the cost of 

construction. 

In this new vision building physics finds its right place. The predictability of field performance for 

new economically balanced and ecologically sound technical solutions becomes the critical link 

between society and new building technology. To enable this to occur, the discipline must be 

focused on the North American definition of building physics – i.e. do things with the view to field 

performance. This approach must be used to meet the demands of sustainable architecture and to 

adequately provide students in  engineering and architectural schools with capability to design 

sustainable buildings. 
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