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Abstract 
 
In this paper we put forward important tenets relating to the advancement of housing technology. 
We stress that the development of centralized infrastructures represents a critical and historical 
milestone in the advancement of housing technology.  At the same time we recognize the 
inherent deficiencies and limitations of these centralized infrastructures. In order to better 
understand that houses are part of much larger systems, we have started to quantify the impact of 
housing in terms of annual material flows. By strategically developing housing technologies that 
target specific residential material flows, we propose to accomplish an overall improvement of 
the housing system. We describe three technological studies that have evolved from this 
approach. We briefly outline the current status of these studies and indicate some major areas for 
further research. We conclude by emphasizing the importance of multidisciplinary thinking and 
education as a critical condition for the advancement of housing technology. 
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Introduction 
 
It can be credibly argued that we have not pushed the envelope of fundamental housing 
technology. It is well known that our housing infrastructure remains the most important 
consumer of environmental resources including building materials, fossil energy sources, and 
water. It is also well known that major environmental pollutants can be traced to housing as well; 
these include solid waste, sewage, and air pollution. The economics of housing are indeed 
closely linked to these environmental impacts.  The fact that the bulk of personal funds remain 
allocated to the provision of shelter is indeed noteworthy. While we have made important 
advances in our understanding of building technology, change in the actual construction 
processes and systems has been rather incremental. We have often failed to question or recognize 
the inherent conceptual limitations of particular building practices. Reasons for our failure are 
many fold.  Revolutionary increases in performance are not yet a necessity to thrive in the 
housing market; hence industry driven progress has been slow. Current technological housing 
research also seems dominated by specific industries seeking to increase market share, rather 
than addressing issues at a more fundamental level. Liability issues further stiffen exploration; 
hence there is little direct incentive for improvement and risk taking.  
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Perhaps the largest change in the recent history of “housing technology” can be found in the 
development of centralized infrastructures. Over a century ago, and for quite pragmatic reasons 
(typhus and cholera), western societies like others before have moved towards the 
implementation of centralized infrastructures. These include sewers, water supply, waste 
disposal, and transportation systems. These infrastructures constitute the backbone of our 
developed economies; they have brought us economic prosperity and have allowed us to increase 
our health conditions for more than a century.  Unfortunately, these systems have at the same 
time framed our thinking and stiffened further progress in the area of housing technology. We 
have come to believe that their burdensome structures are inevitable. There are many indictors 
however that point towards the inherent deficiencies of these infrastructures. Large centralized 
infrastructures are long recognized as a major cause of ecological decline. Their vulnerabilities 
have also been brought to our attention in the form of power blackouts and concern over 
sabotage. And importantly, their cost for maintenance, operation, and replacement is ever 
increasing. 
 
Research Strategy 
 
In order to better understand the impact of housing, it is helpful to consider houses as part of 
much larger systems. In that light, we have started to quantify the impact of housing in terms of 
annual material flows [Van Dessel S., 2002]. While limited in scope, this previous study revealed 
some useful aspects of housing and its relationship to infrastructure.  Figure 1 and 2 depict the 
average flow of materials for a typical US house. As seen in Figure 1, the combined water 
(486,349 Kg/year) and sewage (331,602 Kg/year) flow clearly overshadows all other material 
flows. Combined, water represents more than 95% of the mass of the annual residential resource 
flow. Figure 2 depicts the remaining categories in more detail. Fossil resources (gas, oil, coal) 
used for energy represent a considerable amount of material on a yearly basis (9,758 Kg/year). 
These include fossil remains used directly for space heating or water heating, and fossil remains 
used indirectly for generating electricity. An average material flow for actual construction 
material was derived by dividing the total mass of a typical house by its expected life span (5489 
Kg/year). The remaining categories included were food (3,533 Kg/year) and solid waste (1,828 
Kg/year). We note that the resources needed to build and maintain the infrastructure that deliver 
the above commodities to a typical house were not yet included. 
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      Figure 1 Average yearly flow of material for a typical US house 
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Figure 2 Average yearly flows of material for a typical US house, water and sewage excluded 
 
 

While bulk material flows are not necessarily an accurate indication of overall environmental 
impact, the above study has provided a framework that allows for the direct linkage of housing 
technology to infrastructure. By strategically developing housing technologies that target these 
specific material flows we aim to accomplish an overall improvement of the housing system. 
This strategy might offer a number of benefits. Environmental benefits might result when energy 
needs are resolved on site or within the building, and when material inputs and outputs can be 
resolved and optimized in a localized way. By using local resources, upstream and downstream 
deleterious consequences might also be minimized. Economic benefits might result by reducing 
the distribution infrastructure. From a safety standpoint, the typical cascading failure and 
vulnerability of centralized infrastructures can be avoided when houses operate more locally. In 
the long term we anticipate that such approaches will provide significant economic benefits, 
especially when including environmental costs. We have therefore adopted this strategy as a 
guide in our approach to advancing housing technology.   

 
 

Current State of the Art and Future Research Directions 
 
We will next describe a series of projects that have evolved from the above approach. All of the 
studies presented here aim to accomplish a housing infrastructure that is leaner in terms of 
material usage, is ideally self-sufficient in terms of water and energy provision, is less prone to 
cascading failure, is safer to construct, and is more affordable. The rational for these projects 
originates from environmental considerations. The first project involves the development of 
Active Building Envelope technologies, a new technology in which solar energy is used to 
actively counteract passive thermal losses in building envelopes. The second project involves the 
study of rigid inflatable structures, a new building system with potential usage in residential 
construction. The final project involves the study of water recycling mechanisms for existing and 
new construction. We briefly outline the current status of these studies and indicate some major 
areas for further research. 
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Active Building Envelopes (PATH-Project) 
 
It is well known that space conditioning accounts for most of the energy used in a typical house. 
The bulk of this energy is needed to compensate for energy losses that occur through the building 
envelope. Conventional strategies to mitigate thermal losses or gains in building-envelopes rely 
on passive insulation approaches. Separate heating and cooling systems then compensate for 
energy losses or gains that do occur.  
 
Active Building Envelope (ABE) systems represent a new enclosure technology currently being 
developed in our laboratory. The proposed ABE-technology actively tackles the heat dissipation 
problem at its source (i.e. the envelope), this approach is a radical departure from conventional 
practice. In ABE technology, solar energy is actively used to compensate for passive heat losses 
or gains in building envelopes or other enclosures. In the ABE system, energy obtained from the 
sun is converted into an electrical current by means of a low-cost building-integrated 
photovoltaic cell. This electrical current is subsequently used to actively pump heat through a 
solid-state thermoelectric (TE) heat-pump-layer embedded into the wall. The ABE system will 
actively use solar energy to pump heat in the direction opposite to the passive heat conduction 
direction.  This approach is intended to effectively eliminate the need to supply other energy 
sources to thermally condition houses.  

 
The potential impact that ABE-technology can have on society and economy is very broad. For 
example, ABE-technology can reduce fossil energy dependence; can reduce heating and cooling 
costs; and can reduce environmental pressures associated with the exploitation of fossil energy 
sources. ABE-technology can also accommodate more accurate control over indoor thermal 
comfort levels, which can result in more healthy and productive environments. We plan for the 
proposed technology to find application in both heating and cooling dominated climates, and to 
be applicable to both existing and new residential construction. Many uses outside construction 
are also envisioned, for example in the packaging and aerospace industries.  

 
 

 
 

Figure 3 Experimental ABE system integrated into all faces of a cubic box. 
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The purpose of our current study is to establish the theoretical and practical viability and 
limitations of Active Building Envelope systems. To accomplish this we are developing 
representative ABE-system engineering and economic computational models, and are 
subsequently optimizing these models using the physical programming optimization method. We 
are also preparing to validate the modeling and optimization results through testing of an ABE-
system prototype. Figure 3 depicts an initial proposal for these experiments in which the ABE 
system is integrated into all faces of the cubic box. We are currently investigating the relative 
efficiencies of various distribution densities for the TE components of ABE systems. Results to 
date indicate that it is more effective to disperse the TE systems over a larger surface area within 
the ABE system. Such distribution densities (TE units per m2) allow each unit to operate at lower 
? T, effectively increasing the overall coefficient of performance of the ABE system.  
 
Future studies on ABE technology will focus on similar devices, which operate at a much 
smaller scale. We foresee that such developments will allow the construction of thin-film ABE 
technologies that are transparent and that can be applied to various building envelope materials, 
including glass.    
 
Rigidified Inflatable Structures (PATH-Project) 
 
Rigidified Inflatable Structures (RIS) are classified as thin, flexible polymer membrane systems, 
which are inflated, and then rigidified into a structural, load bearing system. Figure 4 illustrates 
the RIS process. These structures can offer reduced material usage and labor costs, when 
compared to conventional building systems. RIS technology has mainly been developed for outer 
space structural applications were their compact stowed volume, low weight, and ease of 
deployment has proven beneficial in certain large scale space structures [Cadogan, D. and 
Mikulas, M. , 1998 ]. While challenges for implementing this technology in housing exist, the 
potential for RIS technologies is vast. Our research on RIS has dealt with two important practical 
issues. The first involves the development of alternative low cost RIS materials that make this 
technology feasible for use in residential construction. We have previously developed new and 
potentially low cost material approaches based on interpenetrating polymer networks [Van 
Dessel et al., 2003] 

 
 

 
 

Figure 4 RIS system: before inflation, after inflation, and after being rigidified   
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A second important implementation barrier involves the absence of an appropriate design 
methodology applicable to RIS systems. To address this issue, we are currently examining the 
structural feasibility of various RIS wall systems within the context of residential applications. In 
this study, we focused on relatively simple RIS wall systems, as depicted in Figure 5. The study 
(design, analysis, and optimization) of these wall systems uncovered their potential for use in 
residential construction. Three alternative loading cases and three alternative material properties 
were studied, with specific performance objectives. Finite element models were created and 
optimized. This process determined which optimal values of membrane thicknesses and bay-
sizes result in minimum volume of material used, subject to appropriate constraints. This 
analytical and computational study provided requisite information to assess the feasibility of 
applying RIS technology to residential construction [Van Dessel et al, 2003] 

 

 
Figure 5 Example of a rigidified inflatable wall structure 

Our recent studies have indicated that RIS technology could well begin to play a more prominent 
role as a future construction system for use in housing. We have shown that it is possible to 
develop lower cost RIS materials [Van Dessel et al., 2003], and that significant environmental 
and economic improvements can be accomplished when RIS systems are used in housing [Van 
Dessel et al.]. The critical next phase to advance RIS technology and make it available to the 
larger market will require further development and testing of RIS materials, ideally in close 
collaboration with industry partners.  
 
Building Integrated Water Reclamation Systems 
 

Clean water supply and wastewater disposal in residences are issues of primary concern. The 
absence or malfunctioning of these basic infrastructures remains the primary cause of disease 
and death worldwide. The collection of rainwater by means of roof surfaces is a water supply 
strategy that has found some success. The relative ease of implementation; and the elimination of 
elaborate water distribution networks make the use of local rainwater an attractive solution. 
However, typical rainfall conditions in many areas of the world are insufficient to sustain water 
use patterns using roof collected rainwater only. This is especially the case in dense urban 
centers were the roof collection potential is relative small. Under conditions of limited rainfall 
and small collection potential, rainwater supply therefore needs to be augmented by other means 
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in order to sustain a desired consumption pattern. A promising rainwater augmentation approach 
is to reclaim wastewaters generated in buildings for immediate local reuse. However, 
conventional wastewater reclamation systems are difficult to accomplish in dense urban 
conditions. Reasons include spatial constraints of the urban fabric, complexity of the existing 
building stock, sanitation concerns, and cost involved to install more advanced technologies.  

This project involves an initial effort to develop and test novel low cost building integrated 
rainwater collection and wastewater reclamation systems. In particular; we have started to 
consider a building integrated wastewater reclamation system that applies a dense plant 
community as the active filtering medium. Condensation of plant transpiration and evaporation 
waters will be the main water reclamation path considered for study. We also plan to investigate 
practical issues associated with the integration of this technology into existing and new 
buildings, as well as the cost benefits that might arise from such an integrated approach.  
 
 

 
Figure 7 Rendering of a Building Integrated Water Reclamation System 

 
 
 
Conclusion 
 
There are critical potential obstacles to the success of the work discussed herewith. The assembly 
of multidisciplinary research teams, but equally important, the cultivation of multi-disciplinary 
thinking and training, was/is critical to the success of our endeavors. Such multi-disciplinary 
thinking will have to bring to the table an increasingly varied spectrum of expertise, including for 
example knowledge from material sciences, architecture, biology, physics, mechanical, and 
electrical engineering. In the midst of this expanded knowledge spectrum, a critical 
understanding of the socio-economic and cultural aspects of housing remains essential. Particular 
projects that evolve within such a context can potentially lead us beyond the typical incremental 
changes in our technological approaches to housing. The long anticipated breakthrough in 
housing technology is unlikely to be materialized unless these conditions are met. The daunting 
challenge therefore lies in the proper education of new professionals and researchers that have 
the necessary multidisciplinary interest and competence that will enable them to cross our 
academic boundaries more readily. 
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