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The Perkins+Will Research Journal documents research relating to architectural and design practice. Architec-
tural design requires immense amounts of information for inspiration, creation and construction of buildings. 
Considerations for sustainability, innovation and high-performance designs lead the way of our practice where 
research is an integral part of the process. 

The Perkins+Will Research Journal is a peer-reviewed research journal dedicated to documenting and present-
ing practice-related research associated with buildings and their environments. Original research articles, case 
studies and guidelines have been incorporated into this publication. The unique aspect of this journal is that it 
conveys practice-oriented research.

This is the ninth issue of the Perkins+Will Research Journal, specially dedicated to documenting the outcomes 
of the 2nd Workshop on Architecture and Engineering of Sustainable Buildings, sponsored by the National Sci-
ence Foundation. 

JOURNAL OVERVIEW
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Special Issue: 2nd NSF WORKSHOP ON ARCHITECTURE AND ENGINEERING  
      OF SUSTAINABLE BUILDINGS

This special issue of Perkins+Will Research Journal is dedicated to capturing proceedings of the 2nd Workshop 
on Architecture and Engineering of Sustainable Buildings, sponsored by the National Science Foundation (NSF). 
This two-day workshop was organized by the University of Illinois at Urbana-Champaign and Perkins+Will, and 
was held at the Perkins+Will’s Chicago office on July 26 and 27, 2012. 

The event brought together invited participants from different universities, design/architectural and engineer-
ing firms, and national laboratories, representing multidisciplinary and multi-faceted perspectives on sustain-
ability issues relating to buildings and urban design. 

The main objectives of the workshop were to discuss cutting-edge research and development, as well as design 
methods for sustainable, high-performance communities and buildings, and to identify current research gaps 
that should be addressed in order to advance the state of knowledge. The workshop was organized around these 
main categories:

•   Sustainable urban design and cities
•   Role of technical research in the design of high-performance buildings
•   Climate-responsive and energy-efficient buildings
•   Passive design strategies
•   Low-energy mechanical systems
•   Role of integrated design in sustainable architecture and engineering.

The articles that are included in this special issue capture the essence of the workshop, and the state-of the-
art research that was presented by the participants. 

“Constitutional Ecology: The Case of Aligning Science and the Law in Urban Design” discusses current trends in 
research relating to the design of cities. It focuses on the relationships between regulations that are employed 
to control urban development, and the outcomes resulting from these regulations. This article suggests that 
regulations have a significant impact on health, safety and welfare of the population, and that there should 
be legal and scientific mechanisms in place to monitor the efficacy of the adopted regulations. The article 
suggests that there should also be a mechanism to modify the existing and adopted regulations, if they are not 
implementing sustainable urban development principles for cities.   

“Building Simulations and High-Performance Buildings Research: Use of Building Information Modeling (BIM) 
for Integrated Design and Analysis” discusses relationships between building performance simulations and 
design, and the role of building performance research in architectural practice. The first part of the article 
discusses Perkins+Will Tech Lab, its research focus and research activities relating to the design of high-per-
formance buildings. The second part of the article discusses the role of performance simulations in the design 
of high-performance buildings, methods for integrating analysis procedures with the design, as well as case 
studies that illustrate these processes.

EDITORIAL
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“North House – Prototyping Climate Responsive Envelope and Control Systems” presents an interdisciplinary 
design research project, with the primary objective to develop a full-scale prototype of a net-positive energy 
solar powered residence, optimized for cold climates. The article describes the project’s high performance 
objectives, design aspects, development of a specialized facade system with integrated photovoltaic panels, 
coordination of all building systems (passive and active), and control mechanisms that have been implemented 
to track and monitor energy usage, operation and engage building occupants in the operation of this high-per-
formance residence. Conclusions suggest that there is a critical relationship between performance of building 
systems, energy demand reduction and occupant behaviors.

“Current Trends in Low-Energy HVAC Design” provides an insight how HVAC systems are changing to meet the 
necessity to design energy-efficient buildings. The article discusses different systems and methods, such as 
decoupling of ventilation and heating/cooling that either partially or completely separates the ventilation air 
from the cooling and heating. The article also discusses some of the emerging types of HVAC systems, such 
as chilled beams and radiant floor heating. Also, use of simulation tools for energy modeling or computational 
fluid dynamics (CFD) modeling are necessary for the design decision-making, and must be integrated with the 
design process. The last part of the article discusses a case study where CFD modeling was performed to verify 
the design approach using radiant floor heating. 

During the workshop, each presentation was followed by discussions. The objectives were to respond to these 
following questions, and identify research gaps:

• What are the appropriate design strategies for minimizing environmental impact of cities and communi-
ties?

• What are the successful design strategies for minimizing energy usage of buildings?
• What is the role of technical research and building performance analyses in the design of high-perfor-

mance buildings?
• How do different building systems and components (HVAC, lighting, building envelope) influence energy 

performance of buildings?
• What are the current challenges in designing high-performance buildings?
• What are the available tools and resources that can aid the decision-making process for the next genera-

tion of high performance buildings? What types of tools need to be developed?
• What are the strategies for successful integration of different disciplines (architecture, MEP, structural 

engineering) in the design of high-performance, energy-efficient buildings?
• What are the current challenges for integrated design of sustainable buildings and cities?

In this special issue of the Perkins+Will Research Journal, we have included summary of the responses to these 
questions, identified research gaps, and next steps that need to be addressed in order to advance the current 
state of knowledge, and promote design and construction of future sustainable, high-performance buildings 
and cities. 

Ajla Aksamija, PhD, LEED AP BD+C, CDT
Abbas Aminmansour, PhD
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01.
CONSTITUTIONAL ECOLOGY:  
The Case for Aligning Science and the Law in Urban Design
David Green, AIA, LEED AP BD+C, david.green@perkinswill.com

ABSTRACT
This paper discusses current trends in research related to the design of cities, primarily focused on the rela-
tionship between regulations that are put in place to control development and the outcomes resulting from the 
regulations. Unlike other arenas of urban research, where the desired outcome is the health, safety and welfare 
of the general public, research into the impact of regulations on a population is almost nonexistent. There are 
few protocols for tying the performance of regulations to outcomes and little testing of the regulations to ensure 
the outcomes align with their intentions. This paper makes the case that regulations have a significant impact 
on health, safety and welfare, and that their implementation and adoption should be tied to basic research and 
testing, and further, that there should be legal and scientific mechanisms in place to monitor the efficacy of the 
adopted regulations and to modify the regulations based on alignment with stated intentions.

KEYWORDS: research in cities, development regulations, health, safety, welfare, zoning, public health

Constitutional Ecology

1.0 INTRODUCTION
Cities are critical to the efficient operation of society.  
Beyond just issues of quality of life, they are large con-
sumers of natural resources. They consume energy, 
both through the end use (electricity and gas) and 
through automobile and mass transit, as well as wa-
ter, coal, building materials, and myriad of other natural 
and fabricated resources. In addition, there is a growing 
concern that the form of cities may have a profound ef-
fect on public health: chronic diseases related to obesi-
ty, heart disease, and asthma, among many others.  But 
cities are making decisions about their development in 
the absence of critical data and analysis that provides 
direction for these actions. There is a clear need to es-
tablish research that provides a scientific basis for ratio-
nalizing city planning and urban design. 

We have, for the past eighty years or so, used a pseudo-
scientific set of criteria to direct and regulate the design 
and construction of our cities, towns and suburbs.  From 
the very beginning, social-scientific measures formed 
the foundation of the professional planning movement. 
In this process, however, the rigors of basic research 
and scientific methods have been remarkably absent 
in reflection on the efficacy of planning’s impact on 

the built environment. Abstract planning principles are 
translated into operational regulations without a basic 
protocol for testing, evaluating, and modifying assump-
tions based on the results of evidence. The reticence of 
the profession to test and evaluate is further complicat-
ed by the fact that planning is ultimately implemented 
through a series of legal documents – regulations. Once 
adopted, regulations are notoriously difficult to change, 
both due to the precedential nature of the legal system 
itself and the seemingly inherent credibility bestowed 
upon regulation by virtue of its own adoption.  

At its core, the planning profession is charged with cre-
ating rules and guidelines for the development of urban 
places through constitutional policy powers: to provide 
for the health, safety and welfare of the general pub-
lic. Ultimately, effectiveness of planning means, such 
as zoning, can and should be measured. For example, 
Justice George Sutherland states that plans and their 
regulations must “expand or contract to meet the new 
and different conditions which are constantly com-
ing within the field of their operation” in the seminal 
Supreme Court case, Village of Euclid, Ohio v. Ambler 
Realty Co. (Village of Euclid, Ohio v. Ambler Realty CO, 
1926). He went on to say that, “in a changing world it is 
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impossible that it should be otherwise.”1 What Suther-
land knew as a fact, and the planning profession seems 
unwilling to address, is that planning is only as good 
as its ability to positively affect the health, safety and 
welfare of the people in places it impacts. And, if our 
impacts are not positive, we are obligated by the law to 
improve our regulations1. 

A nationally supported system of testing and evaluation 
protocols, both for proposed regulations and adopted 
regulations, is still absent from planning and urban de-
sign processes. Jurisdictions continue to rely on theory 
and precedents alone when adopting new regulations. 
Because of the significant impact that the built environ-
ment has on the health, safety and well-being of the 
general population, it seems logical that the profession 
would adopt scientific research protocols. To avoid 
doing this would be analogous to the pharmaceutical 
industry, in the absence of the Food and Drug Admin-
istration, releasing new drugs to the public without tri-
als and then turning a blind eye to potentially negative 
outcomes.  

This paper will examine several specific cases that artic-
ulate the issues outlined above and provide suggested 
methodologies for beginning to frame a scientific meth-
od for planning and urban design at a consistent, na-
tional level. It also makes the case that institutions, such 
as the National Science Foundation, should establish 
foundations for research in these areas. The answers 
to the questions posed above, if they are to be solved, 
must be considered scientifically and comprehensively.

2.0 THE BIRTH OF REGULATIONS
The impetus for regulating the built environment came 
from conditions that we can hardly imagine today. In 
the second half of the nineteenth century, people were 
living in conditions that were extremely unhealthy. For 
example, extreme population density grew in the Tenth 
Ward of lower Manhattan without infrastructural sup-
port – population densities were as high as 1000+ peo-
ple per acre, or roughly 50 times the density of Manhat-
tan today2. Most of this population lived in tenement 
houses with little natural light, open pit latrines and no 

Figure 1: The evolution of the Knickerbocker tenement house type leading up to the 1901 Act and subsequent to the Act. The 
transformation from 5 to 6 demonstrates the direct, positive effect the Act had on the living conditions of the residents; in this 
case, the diagram illustrates shafts for natural light and air included on sidewalls between the buildings, which were lined up in 
rows. (Source: The Battle with the Slum, by Jacob A. Riis, New York, NY: The Macmillan Company, 1902). 



air circulation. With the publication of books such as 
Jacob Riis’s How the Other Half Lives, the public began 
demanding reform through regulation and local juris-
dictions responded2. One of the most important steps 
forward was New York State’s adoption of the 1901 
Tenement House Act. Figure 1 illustrates the impact of 
regulations as demonstrated by the evolution of houses 
themselves. The Tenement House Act served to open 
living quarters to light and air, and set the conditions for 
healthier living environments.

While the 1901 Tenement House Act is representative 
of the changes that were affecting individual building 
form and execution, it was with the adoption of the 
1916 Building Zone Resolution of the City of New York 
that the role of regulations addressed what is commonly 
understood as zoning. The catalyst for this action was 
the completion of the Equitable Building in the financial 
district of the city. The building was reputed to cast a 

seven-acre shadow across the district at certain times 
of the day and year, with significant detrimental effect 
upon those other buildings in the affected area, and 
upon the general health and welfare of residents and 
office workers in the district. As a response, the city 
of New York adopted the resolution. The resolution 
provided for a number of requirements, including the 
zoning of the city into areas for residential, commercial 
and unrestricted uses, the requirements of yards for 
light and air, and restrictions on the height and form of 
buildings to ensure natural light and air for the district 
in general, not solely for the individuals occupying the 
buildings. The regulation had a significant impact on 
the quality of the city as demonstrated in Figure 2, the 
height and setback requirements for buildings permit-
ted under the new resolution. Further, the regulations 
were easily tested and evaluated to determine the ef-
ficacy of their providing more light and air into the city 
streets and parks3.

       9    

Constitutional Ecology

Figure 2: Diagram from the 1916 Building Zone Resolution 
describing the setback requirements for new buildings 
(Source: Building Zone Resolution, 1916).  

Figure 3: Diagram from the 1961 Zoning Resolution describing 
the calculations for meeting building spacing requirements 
(Source: 1961 Zoning Resolution, 1961).
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This original ordinance was updated and modified 
many times over the course of 45 years until the 1961 
Zoning Resolution superseded it. The adoption of this 
ordinance signalled the acceptance of a radically trans-
formed understanding of the way regulations operated. 
Instead of relying on simple, straightforward guidelines 
that were easily tested, the newly adopted regulations 
were much more reliant on formula-driven criteria for 
development. This transformation created a scenario in 
which it was almost impossible to project the physical 
outcome resulting from the regulations because each 
project was easily manipulated based on local and site-
specific conditions. This is demonstrated in Figure 3, 
a seemingly simple calculation to determine building 
massing and spacing that opened the process to infi-
nite possible results, most of which led to unintended 
consequences. In addition, there was almost no incre-
mental testing of the proposal to ensure that it would 
garner the desired results and that those results would 
meet the constitutional guarantees of health, safety and 
welfare. While the specifics of the 1961 Resolution were 
not copied verbatim into other ordinances across the 
country, the logic of regulating the development of cities 
and towns and suburbs was predicated on this resolu-
tion almost universally. The following two sections dem-
onstrate two very specific regulations that were adopted, 
generally, throughout the country without testing and 
evaluation, and the impact they have had and continue 
to have on the built environment4.

3.0 EXAMPLES OF REGULATIONS’ EFFECT ON    
      URBAN DEVELOPMENT 

3.1 Example One: Local Streets
In the seminal zoning case, Euclid v. Ambler, the core 
issue before the court was the question of protection of 
single-family neighborhoods. The case was brought to 
the court in a time, the 1920s, when questions of appro-
priate uses in these neighborhoods was critical as it was 
not uncommon to find toxic uses, such as rendering 
plants, slaughterhouses and tanneries, among others, 
interspersed with people’s dwellings. At the time of the 
case, there was a clear need to separate these extreme-
ly unhealthy operations from the districts where families 
lived1. Over the course of subsequent decades, how-
ever, the protection of single-family neighbourhoods ex-
panded greatly. This can be demonstrated in a number 
of regulations adopted, especially through the 1950s, 
including minimum lot sizes for single-family homes, 
extremely restricted uses such as the restriction on 
corner groceries, neighborhood restaurants and other 
uses that had, historically, been a part of the rich mix-

ture of a healthy neighborhood. While there are many 
examples of regulations that were adopted that have, 
and continue to have, negative impacts on the health, 
safety and welfare of the general public, there are some 
that stand out as clearly demonstrating the need for sci-
entific study to determine the true impact they have. 
And further, they demonstrate the legal implication of 
the enactment of the regulations.  

In 1957, a new subdivision ordinance was adopted in 
the City of Atlanta. It included, as did many other or-
dinances adopted throughout the country at the time, 
a seemingly simple, clear and intelligent requirement 
that cut-through traffic (traffic moving through a par-
ticular geographic area with no intention of stopping in 
that area) should be minimized, or if possible, elimi-
nated from single-family developments. In the Atlanta 
Ordinance the statement, “Local streets shall be so 
laid out that their use by through traffic will be discour-
aged,” was a prominent element of the ordinance5. The 
requirement led, and continues to lead, to a very par-
ticular development pattern, as demonstrated in Figure 
4. Individual suburbs are designed and developed in 
such a way that there is absolutely no connectivity be-
tween the subject development and other, contiguous 
or proximate developments (residential or commercial). 
This seemingly benign requirement has had enormous 
impact on the lives of the inhabitants of the communi-
ties developed under this requirement. The result is a 
community that disconnects neighbors from each other, 
where people are discouraged from walking and where 
the primary way to move through the system is in an 
automobile.

Figure 4: Typical land development pattern resulting from 
regulations prohibiting through traffic.
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However, when this ordinance was originally adopted, it 
was not tested, evaluated and determined to operate ef-
fectively to actually provide a healthy and safe environ-
ment for its occupants.  Further, in the face of mounting 
evidence that instead of being a healthy and safe de-
velopment strategy, it is actually causing unhealthy and 
unsafe results for the inhabitants of the areas developed 
under the regulation. Certainly further investigation is 
warranted to expand and verify the initial research, but 
this expanded research is extremely slow in coming.  
And as with all regulations and laws, changing them is 
extremely difficult.  

It is here, in the evaluation of regulations, that the ben-
efit of following a scientifically dictated protocol for re-
search would prove beneficial. If, for instance, basic 
research provided the data and interpretation of data 
to correlate the regulation with issues of Health Related 
Quality of Life (HRQOL), such as obesity, asthma, heart 
disease, pedestrian and vehicular deaths and injuries, 
crime rates, even long-term house values, an issue of 
welfare, the professionals charged with creating and 
adopting the regulations would have much greater cer-
tainty that they were adopting regulations that resulted 
in measurably healthier, safer and more economically 
vibrant developments, and they would be fulfilling their 
professional obligation to ensure the constitutional 
guarantees upon which Justice Sutherland based the 
ruling that made the regulations constitutional in the 
first place. Further, from a legal standpoint, it would be 
much easier to modify existing regulations if there was 
compelling scientific research to back up the proposed 
modifications.

3.2 Example Two: Walking
Current research suggests that walking provides health 
benefits; that areas of cities with more pedestrians are 
safer; and that areas of cities, particularly commercial, 
with more pedestrian traffic are more economically ro-
bust. As with most current information regarding cities, 
towns and suburbs, and the efficiency of their operation, 
more research is needed to understand correlations be-
tween walking and urban planning. As evidence-based 
research supports the premise that more people walk-
ing in cities promotes the health, safety and welfare 
of the general population, current regulations can be 
evaluated based on their efficiency in producing devel-
opments that are conducive to pedestrian activity.

Throughout the United States, the single most difficult 
element to incorporate into new developments, redevel-
opments and other forms of modifying a jurisdiction’s 
form is the creation of new streets. This difficulty stems 

from several issues: maintenance costs borne by the ju-
risdiction, a pre-conceived notion that more streets are 
less environmentally beneficial, and, as demonstrated 
in previous section, a general belief that more streets 
lead to more traffic. Each of these issues demands ad-
ditional research, but it is extremely difficult to replicate 
the highly connected street systems of cities and towns 
constructed in the pre-regulatory era. In this specific 
case, we are focusing on expanding pedestrian activity, 
and the effect the street system and the regulations that 
drive street locations have on the efficacy of providing 
pedestrian activity.  

As a basis for researching this issue, the correlation 
between street layout and pedestrian activity, the first 
step is to identify areas that seem to promote pedestrian 
activity and those that seem to suppress it. An example 
of the former is New York, arguably one of the most 
highly pedestrian cities in the world.  In New York, spe-
cifically Manhattan, the streets are highly connected, 
with resulting block sizes of 200 feet in the north-south 
direction, and block sizes generally between 500 and 
800 feet in the east-west direction. In this system, there 
appears to be a correlation between the size of the 
block face and the level of comfort in walking similar 
distances. As demonstrated in Figure 5, a walk in the 
north-south direction of 10 blocks is perceptually differ-
ent from a walk in the east-west direction of the same 
distance. This begins to identify the possibility that the 
physical distribution of streets has a direct effect on the 
pedestrian’s comfort, and further on the efficacy of the 
system to produce the desired result, more pedestrian 
activity. It is generally perceived to be easier to walk the 
half-mile uptown than the same half-mile crosstown.

The research on block dimensions and its correlation 
to a supportive system for pedestrian activity is not the 
end, however. It is an analytical method to help cities 
create more energy-efficient and healthier overall sys-
tems. The increased number of people who walk, due 
to myriad factors, will have a direct impact, we hypoth-
esize, on the reduced use of fossil fuels for automobiles. 
It should also create a more efficient overall system for 
distribution of utilities and a more resilient infrastructure 
layout, which minimizes rebuilding when single build-
ings are reconstructed or newly constructed. In addi-
tion, increased walking should correlate, again, we as-
sume, to decrease numbers of health problems such 
as chronic disease and asthma. However, the basic re-
search to prove or disprove these hypotheses is current-
ly almost nonexistent. Cities are, in aggregate, among 
the largest users of energy, and home to the greatest 
number of people, yet the national planning community, 

Constitutional Ecology
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and the funded research within which it is engaged, is 
minimal. There is a clear need for an increase in re-
search in these areas, and to increase the connection 
between current health-related research and the plan-
ning profession.

The physical layout and the efficiency of the pedestrian 
system in this case is tied directly to the original regula-
tion that dictated where and how streets would be laid 
out as Manhattan developed. In this case, it was the 
Commissioners’ Plan of 1811, a survey and plan that 
identified the location of streets as the city grew. The 
power of the regulation in this case was the certainty of 
the outcome, and in retrospect, the value of the plan for 
producing (or allowing) significant pedestrian activity6.

Throughout the twentieth century, however, the method-
ology for the design of street patterns changed radically.  
As indicated in Example 1, connected streets were dis-

couraged or prohibited5. Further, streets were no longer 
identified in a specific plan, guaranteeing short block 
faces and highly connected system, but were placed 
project-by-project based on capacities of individual 
projects and the demands those projects would place 
on the vehicular efficiency of the system. The resulting 
pattern of development is indicated in Figure 6. It clear-
ly shows the physical implications of the regulations, 
including limited intervening public streets, expanded 
parking requirements, significant building setbacks, 
among other requirements that led to the disappear-
ance of the connected system of all pre-regulatory cit-
ies. The outcome of these regulations is the production 
of development patterns that deter inhabitants from 
walking. There appear to be direct correlations between 
the sizes of blocks (or the frequency of streets) and the 
level of pedestrian activity. This is further indication of 
the need for a rigorous research platform for the inves-
tigation of these issues.

PERKINS+WILL RESEARCH JOURNAL / VOL 05.01

Figure 5: Demonstration of the physical difference in pedestrian experience; uptown versus crosstown.
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4.0 WAY FORWARD
There is research underway that attempts to align the 
planning and urban design professions more close-
ly with scientific research. These efforts are framed 
around two distinct trajectories. The first is identifying, 
through research, the correlation between regulations 
and physical development patterns historically. The 
second is the creation of research tools that allow for the 
testing, projection, and evaluation of proposed policies 
and regulations, as well as provide for analysis of imple-
mented regulations and recommendation for modifica-
tions based on data analysis.

4.1 Correlation Between Regulations And  
      Development Patterns
The first trajectory is exemplified through a simple anal-
ysis of the relationship between regulations in place and 
block sizes. Assuming Example two above is accurate, 
then what was the correlation between regulations in 
place and the resulting block sizes, and by extension 
frequency of streets? Table 1 below indicates the results 
of a cursory investigation into the relationship between 
the existence of subdivision regulations and the size of 
blocks. In this statistically limited sampling, the data 
suggests that there is potentially a significant correla-
tion between the mere presence of a regulation and the 
efficacy of creating small, consistent block sizes. 
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Figure 6: A typical development pattern resulting directly from the regulations governing the jurisdiction..
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The conclusion derived from this preliminary investiga-
tion is that there is an inverse correlation between the 
degree to which regulations are implemented and the 
efficiency of creating consistency; the stated goal of the 
regulation. If this is verified through further research, 
it implies that the regulations adopted to provide for 
health, safety and welfare are resulting in development 
patterns that are inconsistent with the goals of the regu-
lations.

This early work supports the proposal that there should 
be regional, and even national, systems in place to 
track these issues. The computing power, and much 
of the data already exists, but the planning profession 
is slow in taking up the move to identify critical data 
that would form the foundation for a more rigorous and 
directed national research agenda7. 

4.2 Human Spatial Comfort
The second trajectory is exemplified through the re-
search of John Peponis at the Georgia Institute of Tech-
nology8,9,10,11,12,13. This effort is predicated on the notion 
that existing development is measurable, both in terms 

of its physical characteristics (e.g. the connectedness 
of streets, the alignment of streets), as well as its op-
erational characteristics (e.g. the amount of pedestrian 
activity, the level of retail development). Both of these 
aspects measure the efficacy of the system. The cor-
relation between the physical and operational charac-
teristics and the system itself is built on analysis and 
evaluation of existing conditions. The results of these 
analyses are then used to construct a model that inter-
prets projected systems to evaluate their effectiveness 
prior to implementation, in an objective manner based 
on data and analysis. These tools can be used to test 
and evaluate proposed regulations prior to adoption 
and continue to evaluate as the regulations are imple-
mented, and provide recommendations for modifica-
tion reflecting a potentially higher level of efficacy of the 
system.  

In a recent paper, Peponis et al. propose a specific 
strategy for implementing measures of street connec-
tivity that is determined based on standard GIS com-
putational platforms8. The innovation in the proposal is 
the specifics of measurements and their correlation to 

PERKINS+WILL RESEARCH JOURNAL / VOL 05.01

Figure 7: Statistical analysis provided by Douglas Allen, Georgia Institute of Technology7.
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experienced outcomes, as well as the potential for more 
refined methods of projecting effects of regulations on 
urban development. The core objective of the research 
is to determine a method for measuring street connec-
tivity and “setting the foundations for future research 
aimed at testing theoretical hypotheses.”8

The metrics evolve from a specific desire to understand 
how much street length can be reached as one walks in 
a number of different directions. This is further framed, 
and limited, by utilizing specific distance thresholds to 
provide consistency and control in the research. The 
unit is defined as a mean metric, a method to measure 
potential pedestrian reach, as well as density of avail-
able streets. The system generally works as such:

“[w]e have pursued the relationship between mean 
metric reach and other measures in two ways. First, 
we studied the relationship between block size and 

mean metric reach in theoretical infinite regular 
square grids…  For such grids, the smaller the urban 
blocks, the higher the mean metric reach.  Further-
more, the smaller the block size, the higher the rate 
at which the metric reach increases with an increase 
in threshold distance.”8

Figure 8 below describes the general analytical process 
and outputs. The figure at the left indicates presence of 
retail land uses, which correlate to pedestrian activity, 
and the dispersal is further described on a larger scale 
in the middle figure. The figure on the right indicates 
the level of connectivity, based on the parameters input 
in the computational model. In this figure the intense 
red color indicates a higher level of connectivity, while 
the intense blue color indicates reduced connectivity. 
The statistical analysis below indicates the correlation 
between location of retail, pedestrian activity and the 
level of connectivity in the street pattern.
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Figure 8: Modelling the effectiveness of certain elements of the city (Courtesy of John Peponis).
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5.0 FUTURE RESEARCH PLAN
The future of research in the field of planning and urban 
design requires a directed strategy. In many instances 
policies are implemented that have little basis in analy-
sis, and minimal correlation to other research that has 
bearing on planning policies. To implement this, these 
following aspects should be addressed and executed:
•	 Create	a	working	organization	that	brings	the	vari-

ous public health and planning organizations to-
gether to specifically focus on issues of planning 
and its relationship to city planning.

•	 Provide	strong	protocols	for	research	and	analysis	
in the planning process that are adopted by the 
profession.

•	 Revise	 statutory	 enabling	 legislation	 to	 require	 a	
higher level of objective analysis and research into 
policy and regulatory adoption processes.  

•	 Support	 more	 inter-disciplinary	 funding	 for	 basic	
research into the issues of city planning and public 
health.

•	 Increase	support	from	the	Federal	Government	for	
basic research in these areas. This will require a 
concerted effort of those involved to change per-
ceptions about the scientific nature of research in 
these areas.

•	 Provide	funding	for	and	a	legal	mechanism	to	track	
the efficacy of current and newly adopted regula-
tions. This should be modeled on efficacy tracking 
protocols in the pharmaceutical industry.

These recommendations will require a cultural shift in 
the planning and urban design professions that fore-
grounds basic research as a model for planning. It will 
require the planning profession to objectively evaluate 
current planning practices and make modifications to 
ensure results, and to change when results are other 
than anticipated. It will also require a shift in the urban 
design field. Urban designers should allow reliable and 
objective research, and its results, to play a much larger 
role in the design process. Other fields that have signifi-
cant levels of impact on public health already operate in 
this manner, relying on research to make decisions and 
implement policy. It is critical that the planning and ur-
ban design fields learn from these examples and adapt 
to these models.  

6.0 CONCLUSION
This paper examined the current and future trends in 
research as it pertains to city planning and urban de-
sign. It is intended to demonstrate the need to reconsid-
er the methodology used in planning cities, towns and 
suburbs. There is a significant lack of scientific rigor in 
the research protocols, and further a lack of research 

in general, in these arenas. The paper poses questions 
and identifies potential fundamental problems with the 
current system, and further identifies the need for sup-
port for these efforts.  

Regulations drive the pattern of development almost to 
the exclusion of all other influences. They are legally 
binding and not easily susceptible to change. However, 
the method through which current and future regula-
tions, and the environment in which they are created, 
can change is through the implementation of stringent 
protocols for basic research. The built environment af-
fects our health, safety and welfare, and the rigor with 
which we investigate the effects on the public should be 
commensurate with those efforts. 

Many of the questions that need to be addressed such 
as the relationship between urban form, pedestrian 
movement, and public health cannot be adequately 
addressed because we do not have a database of suf-
ficient size and depth on the variables of urban configu-
ration to adequately research the issues. Is there a re-
lationship between energy consumption, public health, 
and the configuration of urban infrastructure? The same 
questions remain unanswered for energy consumption, 
and especially re-use of existing infrastructure in light of 
land use changes over time. What configurations offer 
the greatest accommodation of change?  The aim of this 
paper is to propose that these efforts are in the best in-
terests of the national citizenry, and that as we regulate 
the development of cities, we should align the laws that 
dictate our actions with scientific evidence. 
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02.
BUILDING SIMULATIONS AND HIGH-PERFORMANCE BUILDINGS RESEARCH:  
Use of Building Information Modeling (BIM) for Integrated Design and 
Analysis
Ajla Aksamija, PhD, LEED AP BD+C, CDT, ajla.aksamija@perkinswill.com

ABSTRACT
High-performance, energy-efficient buildings require a different design approach than conventional buildings. 
Building performance predictions, use of simulations and modeling, research-based and data-driven design 
process are the key elements in the design of high-performance buildings. This article discusses relationships 
between building performance simulations and design, as well as the role of building performance research in 
architectural practice. The first part of the article discusses Perkins+Will Tech Lab, its research focus and re-
search activities relating to the design of high-performance buildings. The second part of the article focuses on 
the role of performance simulations, best methods for integrating analysis procedures with the design, as well 
as case studies. 

KEYWORDS: high-performance buildings, simulations, modeling, decision-making, integrated design and 
analysis

1.0 INTRODUCTION 
What are the appropriate strategies for designing ex-
tremely low-energy or net-zero energy buildings? 
Methods for high-performance buildings require use 
of passive design strategies, use of advanced building 
technologies and renewable energy systems. Passive 
design strategies include shading, response to building 
orientation and site, utilization of thermal storage and 
natural ventilation, and use of daylight. Active design 
strategies include use of energy-efficient building sys-
tems and advanced building technologies where appro-
priate, such as mixed-mode ventilation, radiant heating 
and cooling systems, dynamic windows (for example, 
using electrochromic glass), and combined heat and 
power systems. Passive strategies should be utilized to 
the fullest extent since their cost is minimal and their 
effect on energy efficiency is significant. Advanced 
building technologies should be used to increase en-
ergy efficiency measures when and where applicable. 

Lastly, renewable energy should be used to supplement 
energy demand with renewable sources, such as wind 
power, photovoltaic systems and geothermal energy. 

Why do we need to use simulations and building per-
formance analysis for the design of high-performance 
buildings? Building performance simulations are an 
integral part of the design process, since they help in 
investigating different options and simulation of design 
decisions1. Quantifiable predictions during the differ-
ent stages of design process help establish metrics 
that can be used to measure improvements associated 
with these different types of strategies. It is important to 
note that improvements in building efficiency that are 
obtained through passive and active measures reduce 
the energy consumption, thus reducing the needs for 
renewable energy sources. Therefore, understanding 
effects of design decisions on building performance is 
crucial in achieving low and zero energy buildings. 
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The objectives of this article are to illustrate how per-
formance predictions and simulations can assist in 
identifying strategies for reducing energy consump-
tion and improving building performance by rigorous 
analysis process. The first part of the article discusses 
Perkins+Will Tech Lab, whose primary research objec-
tive is to advance the performance of project designs 
through dedicated research. Tech Lab’s primary re-
search methods include computational simulations and 
modeling, where different design scenarios are investi-
gated, as well as their effects on building performance. 
The second part of the article discusses best methods 
for integrating performance simulations with the design, 
specifically addressing relationships between Building 
Information Modeling (BIM) and analysis software ap-
plications. Two specific case studies are discussed to il-
lustrate these processes. The first case study discusses 
a specific architectural project and different types of 
studies that were performed during the design to im-
prove building performance. The second case study 
discusses research on advanced computational design 
methods, and development of custom applications that 
allow parametric control of BIM elements based on en-
vironmental performance data. 

2.0 TECH LAB RESEARCH
Tech Lab was initiated in 2008 as a research entity 
within Perkins+Will to enhance project designs through 
dedicated research. Tech Lab’s research agenda fo-
cuses on advanced building technologies, materials, 
sustainability, high-performance buildings, renewable 
energy sources and computational design. Tech Lab 
monitors developments in building systems, materi-
als, and information technology; reviews and analyzes 
emerging technologies that can have a direct impact 
on the course of architectural design, and investigates 
building systems and technologies that can significantly 
improve the value, quality and performance of architec-
tural projects. 

Examples of Tech Lab’s research projects are: 
•	 Performance	and	life	cycle	cost	analysis	for	build-

ing integrated photovoltaics 
•	 Performance	of	double	skin	walls	
•	 Renewable	energy	systems	optimization	
•	 Advanced	thermal	comfort	modeling
•	 Daylight	analysis	
•	 Parametric	modeling	
•	 Thermal	analysis	of	exterior	wall	assemblies	
•	 High-performance	building	envelopes	
•	 Selection	of	renewable	energy	sources.

Primary research methods include simulations and 
computational modeling, which are used to investigate 
different design scenarios and strategies. Typical re-
search process involves: 1) determination of research 
objectives and questions based on the needs of spe-
cific architectural/design projects; 2) identification of 
appropriate research methods; 3) identification of the 
timeline, schedule and research procedures; 4) execu-
tion of the study; and 5) dissemination and implemen-
tation of research results. Besides implementation of 
research results on architectural and design projects, 
sharing and dissemination of findings with the larger 
architectural and design community is a key aspect of 
Tech Lab’s objectives. Publications of research data 
and methods, analysis processes and results benefits 
the entire field, therefore, research studies and results 
are shared through Tech Lab Annual Reports, shown 
in Figure 1.

For example, Tech Lab Annual Report 2009 includes 
studies such as building envelope performance analy-
sis and daylight optimization, life-cycle cost analysis of 
building-integrated photovoltaic system, building en-
velope studies and daylight analysis, relationships be-
tween thermal comfort and outdoor design elements, 
study of facade options and building integrated photo-
voltaics, and a feasibility study for stand-alone self-pow-
ered exterior signage lighting system2. Tech Lab Annual 
Report 2010 includes facade energy studies, photo-
voltaic system energy performance and cost analysis 
studies, curtain wall heat transfer analysis, and exterior 
wall thermal transfer study3. Tech Lab Annual Report 
2011 includes studies relating to high-performance 
building facade, dew point analysis of a typical exterior 
wall assembly, hygrothermal analysis of exterior walls, 
and facade energy performance and daylight analysis 
studies4. Tech Lab Annual Report 2012 includes ther-
mal analysis studies for exterior wall assemblies5. These 
reports also include selected white papers that are writ-
ten on building technology topics, as well as published 
research articles and research reports. 

PERKINS+WILL RESEARCH JOURNAL / VOL 05.01
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Figure 1: Dissemination of research results through Tech Lab Annual Reports.



      22

PERKINS+WILL RESEARCH JOURNAL / VOL 05.01

3.0 BIM, BUILDING PERFORMANCE ANALYSIS AND  
      DESIGN PROCESS
In order to evaluate and optimize the building perfor-
mance, different analysis cycles supported by simula-
tions should be part of an integrated design process. 
This is the basis for performance-based design method. 
However, this is challenging paradigm when compared 
to a traditional design method6:

1) Traditional Method has deficiencies because (1) 
it may include simplified assumptions based on 
rules-of-thumb which can be inaccurate; (2) it 
may force an aesthetic feature without considering 
performance impacts; and (3) it may not provide 
performance measurement/evaluation of a certain 
design solution.

2) Building Performance-Based Design Method has an 
ability to estimate the impact of a design solution 
since: (1) performance measures are investigated 
with actual quantifiable data and not rules-of-
thumb; (2) it uses detailed building models to sim-
ulate, analyze and predict behavior of the system; 
(3) can produce an evaluation of multiple design 
alternatives.

Past research on utilization of simulation tools during 
architectural design process indicates that despite the 
increase in number of available tools in the last decade, 
some architects and designers are finding it difficult to 
use these tools, since they are not compatible with their 
working methods and needs, or the tools are judged 
as complex and cumbersome7, 8. To remain competi-
tive, design professionals must weigh the value of in-
formation gained through simulation tools against the 
invested time, resources and against the value of com-
parable information that might be gained through the 
use of other or no tools9. So, why do we need to use 
simulations in the first place? Quantifiable predictions 
through simulations and modeling can help in identify-
ing strategies and methods to improve building energy 
efficiency and building performance, and help in the 
decision-making process for sustainable design. They 
must be integrated with the design process from the 
earliest stages of the design. 

Starting point for the schematic design is site analysis, 
where environmental factors must be systematically ex-
amined. Typical information about environmental con-
ditions of the site includes topography, context, solar 
orientation, climatic characteristics, surrounding struc-
tures, and infrastructure10. Building orientation plays a 
significant role in providing access to daylight, as well 
as solar exposure. Solar radiation introduces passive 
solar heat gain, which can be advantageous in heating-
dominated climates and unfavorable in cooling-domi-
nated11. While passive solar gain can be harnessed to 
decrease heating demand in winter, gains during sum-
mer months create the need for cooling. 

Building Information Models (BIM) can be used for en-
ergy and performance simulations, where the analysis 
process can be integrated with the design process. Fig-
ure 2 shows the basic types of performance analysis in 
relation to the project stages indicating what types of 
analysis should be performed when and how they relate 
to the BIM development process. The top part of the 
diagram shows the impact of decisions on actual build-
ing performance and relationships to project stages. As 
early as conceptual phase, the analysis should focus 
on the bigger design picture such as climate informa-
tion, orientation, passive strategies and building mass-
ing. Then at the schematic stage, the analysis should 
explore the shading methods, solar access and building 
envelope options. For example, the iterative cycle of dif-
ferent design options of sun shades can be analyzed at 
this stage. During the design development stage, opti-
mization of shading devices, daylight and glare stud-
ies, energy performance studies, thermal analysis and 
optimization should take place. However, BIM design 
authoring software programs and analysis applications 
are currently distinct and require exchange of data and 
building information. To successfully use BIM design 
models for environmental and performance analysis, 
it is important to consider the Level of Development 
(LOD) of BIM design models, what type of information 
is needed from them to develop BIM analysis models, 
and data exchange mechanisms and workflow between 
different software programs. LOD refers to the amount 
of information embedded in BIM design models, and 
widely accepted example is the American Institute of 
Architects (AIA) document E20212.
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Figure 2: Design decisions and uncertainly for building performance. Relations between “BIM design” and “BIM analysis” pro-
cess and documentation, indicating recommended level of development (LOD) to be embedded in the BIM models correspond-
ing to each simulation type/analysis.

Building Simulations and High-Performance Buildings Research

For example, LOD 100 should include overall build-
ing massing, area, height, volume; and can be used to 
analyze building orientation. LOD 200 includes model 
elements as generalized systems or assemblies, and 
may include non-geometric information, such as mate-
rial properties. BIMs at this stage of development can 
be used for performance analysis of shading devices, 
daylight/glare analysis, basic energy analysis, as well as 
thermal studies. LOD 300 includes model elements that 
are accurate in terms of quantity, size, shape, location 

and orientation, and the amount of information embed-
ded in the models is equivalent to construction docu-
mentation. BIMs at this stage of development can be 
used for detailed daylight/glare analysis, energy analy-
sis, as well as optimization of systems. It is important to 
note that these types of studies have the greatest im-
pact on the building performance if they are conducted 
early in the design process (conceptual, schematic and 
design development).
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Figure 3: Optimization of building form based on incident solar radiation (LOD 100 model).

4.0 METHODS FOR INFORMATION EXCHANGE 
      BETWEEN BIM AND ANALYSIS APPLICATIONS
Best practices for data exchange between BIM and en-
vironmental analysis software depend on the analysis 
objectives and what type of information/data is needed. 
For example, for determination of building massing that 
minimizes solar exposure or incident solar exposure on 

the facade, data exchange through DXF file format is 
adequate. For these types of studies, geometric prop-
erties of the building massing or component under 
analysis (for example, part of the facade with shading 
devices) are sufficient, as developed in LOD 100 mod-
el. Examples are shown in Figure 3, where the building 
massing and form are optimized based on incident so-
lar radiation for different building orientations.
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For other types of studies, such as daylight or thermal 
analysis, enriched information about interior spatial or-
ganization and zones, material properties and proper-
ties of shading surfaces is needed. Therefore, informa-
tion stored in “design” BIM needs to be exported as 
“analysis” BIM. For example, Ecotect analysis software 
is designed to be used during the early stages of the 
design process and can be effectively used for variety 
of analysis functions such as shadow analysis, shading, 
and solar exposure studies. Data exchange between 
Revit and Ecotect can be performed through Green 
Building XML (gbXML) schema, a computer language 
specifically developed to facilitate transfer of building 
properties stored in BIM to analysis tools. 

Basic structure of gbXML consists of elements such as 
rooms, walls, floors, ceilings, shading surfaces and win-
dows, which inherit properties embedded in the model 
(actual numeric values) and transfer to analysis appli-
cations. The following model parameters are essential 
for data exchange and are useful in utilizing BIM mod-
els for environmental analysis:

1. Rooms are the basis of the gbXML file. The hosting 
structure, location and properties must be speci-
fied in the model since all the other data is associ-
ated with these elements. Only significant spaces, 
corresponding to thermal zones, should be defined 
as rooms.  Smaller supportive spaces (elevator 
shafts, storage spaces, mechanical spaces, etc.) of 
minimal impact should be grouped. Rooms must 
be fully bounding, and setting up correct heights 
and dimensions is important.

2. Analytical surfaces (Floors, Walls, Roofs): Building 
elements must be bounding and connected.

3. Openings: Windows and skylights should be de-
fined and their properties and technical details 
(such as material properties) can be modified in 
Ecotect (thicknesses, U-values, visual transmit-
tance, solar heat gain coefficient). 

4. Shading surfaces: Shading surfaces are treated 
as analytical surfaces (walls, floors or roofs) not 
bounding a room and are exported as simple sur-
faces. 

These basic elements can be embedded in the model 
from the earliest stages of the design process (LOD 
100), and developed in LOD 200 for studies of differ-
ent design options and scenarios through environmen-
tal analysis. It must be noted that these elements must 
be properly defined and embedded in the BIM design 
models if this data exchange mechanism is to be used 
for translation of building information from design to 
analysis applications. Also, some modification of trans-
lated geometry or element properties may be required 
in the analysis software application. 

Figure 4 shows an example of a Revit file (upper right) 
with information needed for the analysis imbedded in 
the model (rooms, their dimensions and properties), 
which get transferred by gbXML file to analysis engine. 
The gbXML file containing exactly the same informa-
tion, but showing a different, data-based view is shown 
on the left. The lower right image displays analysis mod-
el created in Ecotect from the gbXML file.
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Figure 4: Revit “design” BIM with LOD 200 (upper right); gbXML file structure and data-centric view of the same properties (left); 
Ecotect “analysis” model generated from the gbXML file (lower right).

5.0 CASE STUDY 1: SIMULATIONS OF DESIGN  
      OPTIONS AND BUILDING PERFORMANCE  
      ANALYSIS
The first case study reviews results of a study that was 
conducted during the design of a commercial building 
located in Boston. Building performance analysis and 
simulations were used during the schematic design to 
investigate different facade design options, and their 
effects on energy performance and available daylight. 
BIM-based and non-BIM based simulation tools were 
used. For example, EnergyPlus was used for energy 
modeling, in order to assess the effects of different fa-
cade design options on energy consumption. Ecotect 
was used to study solar exposure for different facade 
options, and Radiance daylight simulation tool for day-
light analysis. The study considered different facade 

orientations of the building, and different design strate-
gies for improving energy performance and occupants’ 
visual comfort. 

5.1 Facade Design and Energy Modeling
The plan for a typical floor of the building is shown in 
Figure 5, indicating facade orientations that were in-
vestigated. Two different facade types are used along 
the east orientation (type 1 encloses a double-story 
atrium, and type 2 encloses single-story office space). 
South and west oriented facades enclose a double-story 
atrium space. Three different design options were inves-
tigated for each orientation, and specific characteristics 
are listed in Table 1. In summary, these following sce-
narios were investigated:
•	 East orientation (type 1):

- Base case: curtain wall
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Figure 5: Building plan indicating different facade orientations.

- Option 1: curtain wall with 50% of vision area 
glass covered with ceramic frit pattern

- Option 2: similar to option 1, with added vertical 
fins to provide shading

•	 East orientation (type 2):
- Base case: curtain wall with spandrel
- Option 1: similar to base case, with 50% of vi-

sion area covered with ceramic frit pattern
- Option 2: similar to base case, with vertical fins

•	 South orientation:
- Base case: curtain wall (Figure 6)
- Option 1: curtain wall with spandrel

- Option 2: curtain wall with horizontal shading 
elements (Figure 7)

•	 West orientation:
- Base case: curtain wall
- Option 1: curtain wall with vertical fins
- Option 2: curtain wall with horizontal shading 

elements, identical to option 2 for south orienta-
tion.

All scenarios considered thermally broken aluminum 
mullions for curtain wall framing, and the properties of 
the glazing units are listed in Table 2.
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Table 1: Different facade design options considered in the study and their characteristics.

Table 2: Properties of the glazing units.

Glass properties Base case Options 1 and 2 (fritted glass)

U-value (Btu/h-ft2-F) 0.29 0.29

SHGC 0.38 0.60

Visual transmittance 0.70 0.48

Facade orientation Design options Characteristics

East facade type 1  
(enclosing two story atrium)

Base case Fully glazed curtain wall with low-e IGU

Option 1 Fully glazed curtain wall with low-e fritted IGU (frit pattern covering 50 
percent of the vision area)

Option 2 Fully glazed curtain wall with low-e fritted IGU (frit pattern covering 50 
percent of the vision area), and 1.5 ft deep exterior shading elements 
(vertical fins) spaced 2.5 ft apart

East facade type 2  
(enclosing one-story interior 
space)

Base case Curtain wall with low-e IGU and 2.5 ft high spandrel with R-17 h-ft2-F/
Btu (window-to-wall ratio 70 percent)

Option 1 Similar to base case, with added 1.5 ft exterior vertical fins spaced 2.5 
ft apart

Option 2 Similar to base case, with frit pattern covering 50 percent of the vision 
area

South Base case Curtain wall with low-e air IGU (window-to-wall ratio 95 percent), as 
seen in Figure 6

Option 1 Curtain wall with low-e IGU and 2.5 ft high spandrel with R-17 h-ft2-F/
Btu (window-to-wall ratio 85 percent)

Option 2 Curtain wall with low-e IGU, horizontal overhang (3 ft deep) and an 
interior light-shelf, and horizontal shading elements (0.5 ft wide fins 
spaced 1 ft apart below the overhang, and 2 ft above the overhang), 
as seen in Figure 7

West Base case Curtain wall with low-e IGU (window-to-wall ratio 95 percent)

Option 1 Curtain wall with low-e air IGU and 1.5 ft deep vertical fins spaced 2.5 
ft apart

Option 2 Curtain wall with low-e IGU, horizontal overhang (3 ft deep) and an 
interior light-shelf (also 3 ft deep), and horizontal shading elements 
(0.5 ft wide fins spaced 1 ft apart below the overhang, and 2 ft above 
the overhang), identical to south facade option 2
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Figure 6: Incident solar radiation for south-oriented facade (Base case).

Figure 7: Incident solar radiation for south-oriented facade (Option 2).

Figures 6 and 7 show incident solar radiation for the 
south facade (base case and option 2 with horizontal 
shading elements). Ecotect simulation software was 
used to calculate incident solar radiation for these sce-

narios, and results indicate that horizontal shades work 
really well in reducing incident solar radiation for this 
facade. Figure 8 shows results for hourly solar heat gain 
(all three options for south facade).
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Figure 8: Comparison of hourly solar heat gain for south-oriented facade design options.
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Figure 9 shows summary results for energy consump-
tion for all building orientations and design options. 
These simulations were performed using EnergyPlus, 
which is non-BIM based energy modeling software. The 

results indicated that options 2 would be the best de-
sign scenarios (all four orientations) for improving en-
ergy performance.

Figure 9: Comparison of energy consumption for all design scenarios.
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5.2 Daylight Analysis
Daylight simulations were performed to investigate avail-
ability of natural light reaching the interior space. Since 
it was found that the best-performing design scenarios 
for the south and west orientations include horizontal 
overhang, horizontal shading elements and a light-shelf 
for reducing energy consumption, these design options 
have been used to study availability of natural light. 
They were compared to two other design options:
•	 Base case: flat south-west facade
•	 Option 1: serrated south-west facade without any 

shading elements or light-shelves
•	 Option 2: serrated south-west facade with a 3 ft 

deep horizontal overhang, horizontal shading ele-
ments (0.5 ft wide fins spaced 1 ft apart below the 
overhang, and 2 ft above the overhang) and 3 ft 
deep interior light-shelf. 

Daylight analysis was performed for September 21 at 
noon, with sunny sky conditions, using Radiance simu-
lation software. This date was selected in order to in-
vestigate representative conditions for fall equinox, and 
this specific time was selected based on the relative 
orientation of the analyzed space. Daylight simulations 
can also be performed for other times of the year (such 
as June 21 for summer, and December 21 for winter 
conditions).

Since this facade adjoins two-story interior space, the 
purpose of the analysis was to compare daylight lev-
els on both levels. Specifically, light redirecting mecha-
nisms for the office space located on the second floor 
were investigated, since this space is located approxi-
mately 20 ft from the facade, and is separated from the 
atrium by a glass partition wall. These different options 
are shown in Figure 10, as well as the daylight simula-
tion results.
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Figure 10: Design options and daylight levels.
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Generally, the base case scenario has highest daylight 
levels along the first floor; however, this option is the 
worst from energy performance perspective. Compari-
son between options 1 and 2 shows that option 2 would 
provide more daylight, since the shading elements 
and a light-shelf would redirect light within the interior 
space.  For the second floor, daylight levels are compa-

rable for both options, although the actual values are 
higher for the base case scenario. Since option 2 is the 
best performing design scenario in terms of energy per-
formance, the addition of light-shelves would balance 
the effects of shading elements on the availability of 
natural light. Figures 11 and 12 show detailed results of 
the daylight analysis.
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Figure 11: Daylight analysis results (first floor, September 21 at noon).

Figure 12: Daylight analysis results (second floor, September 21 at noon).
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This case study illustrates how research process, as 
well as use of building performance analysis can be 
beneficial for design decision-making. Having these 
results and quantifiable data allowed the design team 
to make informed decisions regarding the facade treat-
ment for this specific project, as well as daylight har-
vesting strategies. At the same time, documenting re-
sults and sharing research processes, objectives and 
results is beneficial for the design community at large 
since these results can also be applied to other similar 
projects or design problems. 

The next case study reviews how advanced compu-
tational design approaches that use analytic data for 
parametric modeling can be beneficial. Currently, while 
data exchange between BIM and analytical software 
can be accomplished, importing the results of the 
analysis back into the BIM and controlling the geom-
etry of its elements based on the results is extremely 
challenging. Therefore, custom applications, advanced 
computational design tools and methods that fully inte-
grate BIM design and analysis software programs are 
necessary to accomplish this. 

6.0 CASE STUDY 2: PARAMETRIC DESIGN, BIM  
      AND PERFORMANCE ANALYSIS 
Using analytic data as a driver to parametrically control 
the geometry of BIM elements is currently a promis-
ing method for modeling design elements, such as sun 
shades, that respond to environmental constraints, 
such as incident solar radiation or solar angles. This 
can be done qualitatively, but evaluating multiple op-
tions with many variables can be time consuming. A 
preferred method is to use analytical data, coming from 
applications such as Ecotect, to parametrically control 
BIM elements. A previously published article reviewed 
in detail customization of the Autodesk Revit BIM au-
thoring software to allow for data exchange between 
BIM design and analytical applications (Revit and Eco-
tect), where analytic data is used to control the geom-

etry of BIM families13. Major points and findings are 
summarized in this section, and a specific case study is 
discussed to illustrate innovative approach for paramet-
ric modeling and data-driven form optimization based 
on environmental analysis data. 

A BIM provides a common database of information 
about a building, including its geometry and attributes. 
It is an integrated, comprehensive building model that 
stores the information contained in traditional building 
documents, such as drawings, specification, and con-
struction details, as well as additional 3D information 
and metadata, in a centralized or distributed database. 
The goal of BIM is to provide a common structure for in-
formation sharing that can be used by all agents in the 
design process and construction. It virtually simulates 
design and construction, and provides groundwork for 
collaborative design, since all the relevant information, 
such as spatial organization, building components, 
building systems (mechanical, electrical, plumbing, 
HVAC) can be incorporated into building descriptions.

Typical workflow and data exchange between BIM and 
environmental analysis applications requires export of 
model geometry from BIM to analysis applications, as 
discussed in previous sections of this article. Appropri-
ate methods for data exchange between BIM and en-
vironmental analysis software depend on the analysis 
objectives and what type of information/data is needed.
 
As stated above, data exchange between BIM and ana-
lytical software can be accomplished, but importing the 
results of the analysis back into the BIM and control-
ling the geometry of its elements based on the results 
is challenging. Therefore, a custom-built plug-in for the 
Revit platform was developed that allows import of ana-
lytical results, such as solar radiation, into BIM design 
model13. It enables importing of data via Excel spread-
sheets and parametric control of Revit families based 
on the numeric values contained in the imported data. 
The process is shown in Figure 13. 
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Figure 13: Process diagram showing data exchange between different applications for parametric control of BIM elements based 
on performance analysis data.
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It was tested in relation to building envelope design, 
as seen in Figure 14, specifically focusing on optimiz-
ing design of shading devices along a complex surface 
based on solar radiation data obtained from Ecotect. In 
order to align the Ecotect data with individual instances 
of Revit panel families, several instance parameters can 
be created within the family. This allows the subdivision 
of families to be logically ordered in order to align them 
with Ecotect. After creating a surface in the conceptual 
design environment, the surface can be subdivided into 
a desired number of divisions, which can then be ex-
ported into a DXF file. This geometry can be imported 
into Ecotect to analyze incident solar radiation, and ob-
tain solar radiation values based on building location 
and specific orientation of the panel. These values can 
be exported from Ecotect into an Excel spreadsheet, as 

seen in Figure 14. Once the solar radiation data is ob-
tained and imported in Excel spreadsheet, it must be 
normalized based on minimum and maximum solar 
radiation values (in this case, it is normalized into val-
ues from 0 to 1). This normalized data is imported into 
Revit using WhiteFeet utility menu, and used to control 
the geometry of Revit panel families. This is achieved 
by matching the normalized values to the correct panel 
position on the complex curved surface, and using the 
normalized value from 0 to 1 to control the position and 
geometry of the shading element relative to the center-
point of each panel. The resultant is shown in Figure 
15, showing a surface where the shading elements for 
the curtain wall panels respond to solar radiation strik-
ing this surface.
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Figure 14: Example of curved surface in Revit and solar radiation analytic data from Ecotect, used to parametrically size and posi-
tion shading devices along the curved surface.
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7.0 CONCLUSION 
This article discussed relationships between building 
simulations and design process, and how performance 
predictions can assist in identifying strategies for reduc-
ing energy consumption and improving building per-
formance. The first part of the article discussed why 
we need to “quantify” design decisions—in order to 
achieve extremely low and net-zero energy buildings, 
quantifiable predictions are needed at every step of the 
process, which evaluate the benefits of using passive 
strategies, advanced building technologies and renew-
able energy sources. We need to quantify the benefits 
of each individual methodology, and relate them to a 
specific design problem, building, its climate and the 
context. We also discussed objectives of Perkins+Will 
Tech Lab and its research projects. Tech Lab’s primary 
research methods include computational simulations 
and modeling, where different design scenarios are 
investigated, as well as their effects on building perfor-
mance.

We also reviewed methods for data exchange between 
BIM and environmental analysis software applica-
tions, emphasizing the importance of differentiating 
between “design” BIM models and “analysis” models.  
Interoperability between BIM-based design and simu-
lation tools can improve the workflow between design 
documents and analysis applications, where informa-
tion contained in the models can be used for analysis 
process as well. However, BIM-design model and the 
BIM-analysis model need to be managed and properly 
developed, considering the LOD and the required in-
formation necessary for performance analysis. It is im-
portant to track what type of information is needed for 
a particular analysis, and how effectively to use BIM to 
simulate design decisions. We also demonstrated this 
by reviewing two specific case studies. The first case 
study discussed building performance analysis that was 
performed during the design of a commercial building, 
methods and results. The second case study discussed 
advanced computational design methods for integration 
of environmental performance data with the design.  
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Figure 15: Example of parametric control of shading elements in Revit.
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ABSTRACT
This article presents North House, an interdisciplinary, inter-institutional design research project to develop a 
full-scale prototype of a net-positive energy solar powered residence optimized for cold climate applications and 
describes the project’s performance objectives that privileged environmentally responsive envelope design, the 
use of hybrid passive and active energy systems and inhabitant participation in managing the home’s energy 
profile. These design principles and their respective performance measures were developed and evaluated by 
way of a tripartite suite of interdependent systems and technologies, each of which were used in building and 
operating the North House prototype: (i) DReSS: Distributed Responsive System of Skins, (ii) CHAS: Central Home 
Automation Server, and (iii) ALIS: Adaptive Living Interface System. The work presented here formed part of a 
broader presentation outlining ongoing research by the authors in the area of responsive envelopes as presented 
at an NSF sponsored workshop in July 2012 at the offices of Perkins+Will in Chicago. For more information on 
ongoing research by the authors, see http://rvtr.com/research/catalogue/.

KEYWORDS: responsive envelopes, net energy positive housing, residential building controls, building envelope 
design, solar facade systems

1.0 INTRODUCTION
The North House project was developed by a collab-
orative interdisciplinary team (Team North) of research-
ers and students at the University of Waterloo, Ryerson 
University and Simon Fraser University in concert with 
industry and professional partners between 2008 and 
2010. The project was one of 20 selected for the US 
Department of Energy’s 2009 Solar Decathlon, placing 
fourth in the competition. Subsequently the home has 
been re-assembled on the grounds of the RARE Chari-
table Research Reserve in Cambridge, Ontario, where it 
will become a permanent living lab and testbed. Central 
to the team’s approach to research and project devel-
opment was a perspective that privileged the pursuit of 
responsive systems, that is, systems that are capable of 
dynamic response to dynamic environmental, energetic 
and occupant demands. Architectural systems were 
designed with capabilities for second order cybernetics, 
co-evolution and learning. This concept, increasingly of 
interest to architectural researchers, is explored here in 

the design and prototype development of a high perfor-
mance residential model for mass-customized housing 
tailored to cold climate applications. The design and 
production of a full scale prototype discussed here, 
aims to test the plausibility and impacts that such a set 
of priorities might yield, and to explore the implications 
of such a perspective with respect to material systems, 
building controls and user interface models and their 
interrelations for future work. 

2.0 PERFORMANCE PARADIGMS AND CHALLENGES
North House participates within the field of high-per-
formance housing by embracing advanced integrated 
technologies that not only help manage building en-
ergy, resources and comfort but also make it possible 
for building inhabitants to actively redefine their role in 
how the home and its surroundings achieve their sus-
tainability goals (Figure 1). The house was designed to 
perform beyond net-zero by operating as a net-positive 
energy dwelling. Equipped with energy generation ca-
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pacity, North House produces annually more energy 
than it consumes. The dwelling’s Building Integrated 
and Building Applied Photovoltaics (BIPV and BAPV) 
were designed to be grid-tied, contributing to a distrib-
uted energy infrastructure and rendering its homeown-
er an energy producer. 

North House featured design strategies tailored spe-
cifically to near northern climates (42° – 55° Latitude), 
where heating loads are significant relative to annual 
energy demand. These climates are characterized by 
wide annual extremes in temperature and humidity, 
and during much of the annual cycle periods of avail-
able daylight are short. This places special emphasis 
on maximizing available daylight to the interior and on 
constraints faced when wishing to generate on-site solar 
power. Hence, a research goal central to North House 
was challenging dominant “best practice” paradigms, 
which assume that buildings with high window-wall ra-
tios are energy inefficient. Typically, buildings in north-
ern climates are designed with minimally glazed areas 
because commercially available windows possess lower 
insulation values and higher air leakage coefficients 
than the opaque insulated assemblies in which they are 
located. Recognizing the energy related problems as-
sociated with large expanses of glass, prescriptive en-
ergy codes often restrict the window-wall ratio to 40% 
or less1.

In stark contrast to this position, North House takes ad-
vantage of recent advances in glazing technology, active 
shading systems, thermal mass, and control systems to 
develop a high performance house with a highly-glazed 
facade (75% window-wall ratio), which, when combined 
with on-site solar power generation, was calculated to 
reach net-energy production of 6600 kW annually. The 
configuration and proportions of the home, consisting 
of a south-facing open concept living space and north-
facing highly insulated service zone, optimize perimeter 
envelope ratios for minimizing heat losses while maxi-
mizing winter passive solar gains. This also facilitates 
the transmission of ample daylighting; a strategy which 
addresses winter daylight depravation and seasonal af-
fective disorder typical of higher latitudes2.

A definition of “high performance” is herein examined 
which considers the performance of environmentally 
responsive envelopes, of hybrid passive and active en-
ergy systems, and of the role of informed inhabitants in 
managing the energy profile of a building. To this end, 
the following building case study discusses the tripar-
tite suite of interdependent systems and technologies; 
(i) DReSS: Distributed Responsive System of Skins, (ii) 
CHAS: Central Home Automation Server, and (iii) ALIS: 
Adaptive Living Interface System. In this detailed dis-
cussion of the building’s envelope, its controls and its 
interactive user interface, it will be argued that North 

Figure 1: North House as installed on the Mall in Washington DC, Fall 2009.
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Figure 2: Exploded axonometric of North House building components.

House radically revisits the ambitions of transparency 
and systems design which underscored early modernist 
housing, yet seriously addresses contemporary ques-
tions of environmental performance and construction 
technologies3.

3.0 DRESS: DISTRIBUTED RESPONSIVE SYSTEM  
      OF SKINS: CLIMATE-ADAPTIVE ENVELOPE     
      PERFORMANCE
In order to respond to the wide range of seasonal cli-
mate extremes characteristic of near northern climates, 
and to achieve environmentally responsive envelope 
performance, the design of the building envelope com-

prised both opaque and transparent assemblies (Fig-
ure 2). Where appropriate, opaque assemblies were 
integrated with active energy generating components, 
while transparent assemblies combined passive strate-
gies with active energy systems and comfort manage-
ment. The design was based on an ecological systems 
approach, wherein the building skin was composed of 
performative and interdependent layers that, like the 
body’s epidermis, were designed to serve individual as 
well as cumulative environmental functions. The layers 
were capable of automated modifications in response 
to external conditions and/or internal demands and the 
larger system is referred to as the Distributed Respon-
sive System of Skins, or the DReSS.

North House
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3.1 Opaque Assemblies
During the schematic design phase, energy demand 
simulations were used to determine design targets for 
the opaque assemblies of the roof, floor, north facade 
and portions of the east and west facades. These build-
ing envelopes were designed with high thermal resis-
tance values, typical of cold-climate, low-energy design. 
For designing the vertical faces of the assembly, the 
team used WUFI® modeling software to predict the heat 
and moisture transport (hygrothermal analysis) through 
various types of assemblies. Based on analysis results, 
the team designed structural panel assemblies of en-
gineered wood, for use both horizontally and vertically, 
with offset framing to create a consistently thick assem-
bly with no through-and-through thermal bridges. The 
cavities were filled with R-7.2/inch soy-based polyisocy-
anurate foam insulation to produce an airtight enclosure 
with insulation values of R-70 for the roof, R-64 for walls 
and R-51 for the floor4. Exterior and interior 16mm Me-
dium Density Overlay (MDO) panel skins were used to 
manage shear and face-related forces while providing 
continuous anchorage support. These were finished on 
the exterior face with a liquid applied air barrier system 

over which rain screen assemblies were added. Active 
energy-producing photovoltaic layers were integrated 
within opaque assemblies oriented for solar exposure. 

3.2 Energy Generating Assemblies
On the roof of the project, an 8.3 kWp BAPV array cap-
tured the high summer sun while also integrating solar 
thermal evacuated tube collectors (4 kWp) for domestic 
hot water and supplementary space heating. A 600mm 
airspace between the roofing membrane and the un-
derside of the PV modules assisted in mediating heat 
gain beneath the panels, ensuring optimum perfor-
mance during periods of intensive solar exposure. Ver-
tical exterior walls on the northeast and northwest, as 
well as the southern facing fascia, were clad with a glass 
encapsulated 5.3 kWp BIPV rainscreen. (Figure 3) This 
dry-jointed facade system, anchored to extruded alu-
minum face-mounted rails, integrated electrical power 
generation within the building envelope. The active 
vertical BIPV facades extended the period of daytime 
electrical power generation, capturing low incidence 
solar energy typical of winter months, as well as early 
mornings and late afternoons. 

Figure 3: Detail of BIPV fascia at southeast corner with exterior shades open (Photo by Terri Boake).
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Figure 4: Components of Distributed Responsive System of Skins (DReSS).

3.3 Transparent Assemblies 
The remaining east, south and west facades were built 
using transparent assembly components comprised of 
a number of distinct layers, each designed to manage 
overall energy performance5. (Figure 4) The primary 
glazed assemblies were made of large floor-to-ceiling 
panels of a custom-designed wood frame curtain-wall 
system that utilized quadruple-layered insulated glazing 
units (IGUs) with a very high thermal resistance, albeit 
engineered to maximize passive solar gains. Unwanted 
heating loads were managed by an automated active 

exterior shading system made of motorized horizontal 
aluminum blinds attached by vertical tension members 
to the structure of the facade. Inboard of the primary 
glass envelope, motorized interior blinds delivered day-
light diffusion on demand and a custom fabricated in-
terior soffit transmitted light deep into the space. The fi-
nal performance layer of the system was made possible 
by Phase Change Materials (PCMs) embedded within 
the floor’s wood frame assembly to chemically simulate 
thermal mass. 

North House
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3.4 Active Exterior Shading
Early energy models, produced using customized ESP-r 
and TRNSYS software, determined that exterior shading 
could significantly lower the cooling load, while allowing 
the glazed areas to take full advantage of passive solar 
radiation during heating months. (Figure 5) The loca-
tion of the shading on the exterior of the envelope was 
critical to the overall performance of the system as it 
blocked solar energy outboard of the building envelope, 
eliminating heat buildup within the glazed assembly. 
The design team evaluated a wide range of custom ex-
ternal operable, mesh and curtain louver systems, ulti-
mately selecting a proprietary system of Venetian blind 
type exterior shades. The system offered two important 
benefits: (i) the shades could easily and automatically 
be fully retracted from the face of the building behind 
its fascia to admit maximum solar penetration, daylight, 

and views; and (ii) the individual slats were capable of 
a rotational range of almost 180° allowing for a high 
degree of precision in the control of solar shading, suit-
able for a variety of conditions and occupancy modes. 
(Figure 6) The 3048mm high shading panels were di-
vided into two shading zones with individual rotation ca-
pacity for each zone; the 915mm high upper clerestory 
could be opened to allow natural light to enter the space 
while the lower zone was optimally rotated for blocking 
solar radiation. (Figure 7, left) Roof mounted daylight 
and wind sensors provided primary data measuring the 
availability of solar radiation and the blinds were pro-
grammed to retract below 100 lux and at wind speeds 
of over 12 m/s. The use of this active shading system 
is expected to reduce the cooling load by as much as 
46% (Figure 8). 

Figure 5: Predicted effect of various glazing property combinations and percentage glazing on annual heating energy.
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North House

Figure 6: Exterior shade configuration scenarios based on relative exterior environmental conditions, and related responsive 
envelope reactions that formed an operational logistics framework for the development of the home automation system.

Figure 7: Technical details at wood curtain-wall envelope with automated shading.
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3.5 Custom Wood Frame + Insulated Glazing 
      System
Given that summer cooling is largely managed by the 
exterior shades, the glazing system was designed to pro-
vide maximum thermal resistance combined with opti-
mized passive solar heat gain during the winter. Based 
on extensive energy modeling as well as considerations 
related to product availability and constructability, the 
chosen insulated glazing unit (IGU) was a Quad-Glazed 
Krypton filled unit comprised of two 6.5 mm sheets of 
clear low-iron glass sandwiching two sheets of Heat Mir-
ror 88 (HM-88) mylar films. Low emissivity (low-E) coat-
ings were placed on glazing surfaces 3, 5, and 7, with 
selective transmittance values engineered to maintain 
a moderate Solar Heat Gain Coefficient (SHGC) across 
the four layered assembly6. Low-E coatings minimize 
long-wave thermal radiation transfer across the glass 
cavity; a factor which typically accounts for nearly 60% 
of the thermal transmission in most IGUs7. The air cav-
ity was filled with Krypton, a denser noble gas with low-
er convective heat transfer properties than air, further 
contributing to the reduction of heat transfer across the 
IGU. The use of Krypton also enabled a thinner frame 
and cavity with an optimal width of 9mm, instead of 
the standard 12.7mm8. The resulting IGU had a cen-
ter of glass insulating value of R-12 (U-value of 0.474 
W/m2K), a Solar Heat Gain Coefficient of 0.404, and 
a Visual Transmittance of 0.5434. The overall design 
of the glazing system first minimized locations of edge 
and mullion incidence by developing an uninterrupted 
floor to ceiling frame with large areas of individual IGU 
panels (nominal 1117mm x 2895mm). This reduced 
the ratio of center of glass (highest resistance) to frame 
(lowest resistance), and resulted in a performance of 
R-8 (U-value of 0.71 W/m2K) across the whole assem-
bly. This particular IGU is typically manufactured with 

a highly conductive steel spacer to hold the mylar films 
taut, but in order to improve the thermal resistance of 
the spacer, the team worked directly with the manufac-
turer to substitute a proprietary low conductance mate-
rial for all perimeter spacer locations, reducing thermal 
bridging at the IGU edge. 

The wood frame curtain-wall system in which the IGUs 
were positioned, was backed with custom designed 
quarter-sawn faced Douglas Fir mullions with a built-up 
Poplar core to provide the unit with dimensional stability. 
(Figure 6, right) The framing system utilized a mechani-
cally fastened Fiberglass pressure plate to fix the top 
and bottom edges of the IGU, with compressive foam 
gaskets at 80% compression to provide a vapor and air 
seal without permanent sealants. In order to ensure a 
continuous exterior appearance of the system and to 
minimize thermal bridging impacts relative to vertical 
mullion placement, the team developed a milled nylon 
“T” and rubber snap-in face-gasketed cap. Finally, the 
function of natural ventilation was separated from the 
primary glazing system and achieved on the east and 
west facades through manually operated full-height in-
sulated opaque casement units.  

3.6 Integrated Phase Change Materials
Solar heat gained throughout the day was not only used 
to passively heat North house but was also stored for use 
as latent heat throughout the night. This was achieved 
using 61.32m2 of Phase Change Materials (PCMs) in-
stalled directly underneath 16mm engineered hard-
wood flooring. In this position these highly engineered 
materials absorbed thermal energy from the sunlight 
which fell directly on the floor. PCMS are based on the 
principle that when matter changes phase, as when 
solids become liquids or liquids become solids, a great 

Figure 8: Modified ESP-r model of annual heating and cooling loads with no shading (left) and with dynamic shading (right).
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deal of energy is absorbed and/or released from the en-
vironment, without a change in temperature. PCMs are 
light, flexible, and compact, yet their large heat storage 
capacity and specifiable temperature helps to reduce 
both total heating and cooling loads. They store heat 
when there is excess; release heat when there is a defi-
cit. In doing so, they reduce peak heating and cooling 
loads by mitigating the daily variations in interior tem-
peratures. The PCM used at North House was a pro-
prietary salt-hydrate solution contained in 15 mm thick 
polypropylene panels and engineered to melt at 24°C 
(76°F) and solidify at 22°C (72°F). With a latent heat 
capacity of 158 kJ/kg, the panels had an approximate 
heat storage capacity of 62.6 kWh9. Because the PCM 
material was not directly exposed to the interior space, 
the resulting assembly experienced a 15-minute delay 
in the absorption and release of heat. This material con-
tributed significantly to the overall energy performance 
of the home, and ESP-r simulations predicted the over-
all space-conditioning load of the home was reduced 
from approximately 2800 kWh/yr to less than 2000 
kWh/yr when active. (Figure 9)

3.7 Interior Layers: Roller Blinds and Ceiling 
      Panels
With such highly glazed facades, the control of glare 
and privacy was critical for the comfort of inhabitants. 
The DReSS included an interior motorized roller blind 
system controlled by the user through a digital inter-
face that moved the shades either individually or by fa-
cade group (east, south, or west). With both the exterior 
shades and interior blinds working in concert, daylight 
and view can be orchestrated to suit any activity or pref-
erence. Moreover, the suspended translucent fabric 
ceiling softened the visual and acoustic properties of 
the space. Parametrically modeled using Rhino 3d and 
the Paneling Tools plug-in, the three-dimensional sur-
face of varying thickness and opacity (to spatially cor-
respond with zones of activity and repose) mediated the 
LED downlights and worked with the clerestory tilt-zone 
of the exterior shades to distribute and diffuse daylight 
deep into the living space. (Figure 10)

Figure 9: Predicted demand reduction effects of DReSS design strategies on annual space conditioning load.



Figure 10: Interior of main living space with internal and external shades deployed and light diffusing soffit above. Ambient can-
vas delivers haptic information at kitchen backsplash.
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Hence, the DReSS was an integrated assembly of highly 
engineered components that each served a specific en-
vironmental function. Optimized for a broad range of 
climate variations characteristic of the near north – from 
high heat and humidity in summer months to prolonged 
periods below freezing in winter months – this layered 
multivalent system enabled multiple configurations as 
defined by program needs. The construction details of 
this component-based system are anticipated to allow 
for the various layers to be serviced, upgraded or re-
placed independent of each other, insuring flexibility 
and resilience over time. During the test conditions of 

the Solar Decathlon competition, North House gener-
ated more electricity from the photovoltaic array than it 
consumed and consistently maintained interior condi-
tions within the comfort zone, while exterior tempera-
tures and humidity varied greatly in the October weath-
er10. (Figure 11) However, it must also be noted that 
the unique use requirements of the Solar Decathlon do 
not map on typical home use patterns, rendering the 
verification of the simulated performance inconclusive. 
A comprehensive program of occupancy testing is ex-
pected to commence in late 2013.

Figure 11: Performance data gathered during ten days of Solar Decathlon competition: relative humidity %RH (left), and interior 
temperature performance and logged system response to temperature fluctuations (right).
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4.0 CHAS: CENTRAL HOME AUTOMATION 
      SERVER - INTEGRATED SYSTEMS 
      PERFORMANCE OPTIMIZATION 
In order to manage the building’s high degree of adapt-
ability, a customized Central Home Automation Server 
(CHAS) was developed for North House. CHAS is a 
computerized controls architecture developed to man-
age all of the home’s systems and subsystems, and de-
signed to make high-level decisions enhancing energy 
performance. It continually optimizes available energy 
flows as, for example, when CHAS determines the oper-
ation of the external shading system is a function of the 
internal and external air temperatures, the amount of 
available solar irradiation, exterior wind speeds, and the 
detected position of the sun. Based on sensor readings, 
the system determines if the house should go into solar 
heat harvest mode to save on heating energy or solar 
heat rejection mode to save on cooling energy. Similarly, 
CHAS controls the HVAC system in conjunction with the 
operation of the exterior shades to ensure thermal com-
fort while maximizing energy efficiency11.

During most of the year the house’s heating and cooling 
needs are met by the exterior shades and the passive 
building envelope assembly. Being the most energy ef-
ficient strategy, CHAS privileges this passive method of 
thermal management whenever possible, reserving the 
HVAC system as backup. This integrated approach of-
fers significant savings in operational energy as well as 
capital costs, since the majority of the HVAC equipment 
can be significantly downsized. The team developed a 
customized solar domestic hot water and HVAC system 
comprised of a three-tank solar thermal system com-
bined with two variable capacity heat pumps. (Figure 
12) It is estimated that this unique system will provide, 
on average, 65% of the required hot water for space 
heating, cooling and domestic uses, with collected solar 
thermal energy alone.

Embedded sensors above the interior fabric ceiling 
and exterior sensors located on a rooftop weather sta-
tion provide continuous real time data to the CHAS 
system. A hysteresis control algorithm allows CHAS to 
make intelligent decisions based on real-time inputs 
and previous system states, ensuring smooth transi-
tions between states and avoiding frequent “chattering” 
between different settings. (Figure 13) In total, CHAS 
interfaces with and coordinates seven systems, includ-
ing the HVAC, domestic hot water, exterior shades, inte-
rior blinds, lighting, bed retraction, energy monitoring, 
and the ALIS. Two computers are central to CHAS, the 
touch-screen panel PC (for high level presets and user 

commands) and an embedded PC (for controlling all 
of the automatic processes). The HVAC system is con-
trolled by the embedded PC, which collects data from 
sensors and co-ordinates the heat pumps, circulation 
pumps, and fans, to deliver the required conditions for 
thermal comfort. Occupants set the conditions using 
the Graphic User Interface (GUI) that is hosted on the 
touchscreen panel PC. A Branch Circuit Power Meter 
(BCPM) performs energy monitoring, which installed 
with the main electrical load center, measures the cur-
rent, voltage and energy consumption of each circuit. 
The BCPM measures both the power consumption as 
well as power produced by the PV system, and while 
typically used for industrial (3-phase) applications, it re-
quired some adaptation for residential use.

While the hysteresis control algorithm developed for 
CHAS was based on design logics prioritizing energy 
performance, system logistics were pre-determined 
relative to a range of anticipated scenarios. A future de-
velopment of the system would include the capacity for 
CHAS to evaluate various response scenarios relative to 
both performance data and user preferences over time. 
This would enable the system to “learn” by refining the 
initial design modeling with respect to response auto-
mation and particular inhabitant practices.

5.0 ALIS: ADAPTIVE LIVING INTERFACE 
      SYSTEM - INHABITANT PERFORMANCE    
      ENABLER
Whereas the building envelope and engineering sys-
tems for North House were automated through CHAS, 
the Adaptive Living Interface System (ALIS)12 offered 
building inhabitants the ability to set predefined modes, 
to override the system and to operate the home as met 
their needs and lifestyles through an intuitive graphi-
cal touch screen interface. (Figure 14) ALIS functions 
beyond automated controls by providing an easy-to-use 
interface and a series of applications that help the in-
habitant monitor the home’s performance. It delivered 
meaningful feedback across a range of didactic, haptic 
and ambient formats and was integrated within the de-
sign of the house to be reflective of the lifestyle of those 
who inhabit it. As such, it supports long term behavioral 
transformations by identifying and supporting living pat-
terns that save energy and resources. 

The ALIS was designed to facilitate owner engage-
ment in the home’s operation without requiring expert 
knowledge of any one of the specific components. A 
building’s energy consumption is typically comprised 
of heating, cooling, ventilation, humidity control, and 
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Figure 12: Diagrams of custom developed solar assisted heat pump system. Left, shows the system in cooling and dhw mode, 
where the space needs to be cooled, but hot water also needs to be produced. Right, shows the system in a heating mode 
where both space heating and water heating are required. 

Figure 13: Logic diagrams for external shade and HVAC states, where Ts is the setpoint of thermostat, Ti is internal temperature, 
X is internal temperature hysteresis factor, Z is solar radiation hysteresis, W is wind speed hysteresis and H is humidity hyster-
esis.
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lighting loads. While efficient equipment and advanced 
building envelopes can reduce this energy load, further 
energy conservation can only be achieved by involving 
the inhabitant directly in the control of comfort provi-
sioning13, 14. To this end, ALIS comprises three types 
of user interfaces: (i) active touch-screen panels dis-
tributed throughout the house; (ii) a web application, 
extended to a smartphone application for providing de-
tailed graphic information feedback and advanced con-
trol options; and (iii) an embedded display that provides 
feedback in subtle, ambient formats. (Figure 15) 

The touch-screen control panels are located at con-
venient and easily accessible locations, encourag-
ing the inhabitant to sustain energy conscious living 
practices. (Figure 16)  A large panel PC located in 
the kitchen makes possible the detailed control of all 
home systems, while a smaller screen positioned at 
each entrance manages local lighting. The preconfig-
ured “modes” of whole home settings can be accessed 
via the kitchen touch-screen or any computer with an 
Internet connection. A similar smartphone application 
allows ubiquitous access to home monitoring and con-

Figure 14: Overview control architecture of the Central Home Automation Server (CHAS), Adaptive Living Interface System 
(ALIS), and their integration with North House DReSS and mechanical sub-systems.

Figure 15: ALIS components and locations in plan (left) and Ambient Canvas operations indicating zoned areas of LED illumina-
tion (right).
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trol, providing inhabitants with an array of features, in-
cluding visualization of resource usage, management of 
house settings according to “modes” and schedules, 
and access to community networks. The “Resource 
Usage” feature graphically portrays detailed measure-
ments of energy production, energy consumption by 
individual appliance, total water consumption, and 
hot water production and consumption. Inhabitants 
can choose to graph measurements on a daily, week-
ly, monthly, or yearly timescale, and compare them to 
historical records or weather patterns. Added features, 
such as annotating and bookmarking graphs, as well as 
calendar integration, allow the user to accumulate a nu-
anced understanding of energy use patterns over time. 
The “House Settings” feature has the ability to create 
and edit “modes” for system presets that correspond 
to recurring domestic activities.  When inhabitant over-
rides compromise energy use optimization, the system 
informs them of the opportunity to choose a setting that 
does not compromise energy usage. The “Community 
Network” is a platform that recognizes the potential 
agency of online communities toward education and 
motivation for energy and resource use reduction, en-
couraging personal and communal goal setting, friendly 

competition, and community information and resource 
sharing.

Additionally, the “Ambient Canvas”, located centrally 
along the kitchen backsplash (Figure 15, right), deliv-
ers continuous non-quantitative real-time ambient feed-
back on the home’s performance via visual cues. This 
compliments the other forms of didactic feedback in the 
ALIS system while also acting as an aesthetic element 
in its own right. It is made of a series of LED rope lights, 
mounted behind a translucent Corian® surface, which 
glow with varying intensity in different zones according 
to net-energy consumption/ production and water con-
sumption. 
 
The intent of the ALIS system is to address the social 
and human element of sustainable buildings, to edu-
cate inhabitants about energy efficient practices and to 
support intelligent home use through design. It intro-
duces a “learning” environment within the home, work-
ing towards a responsive system where both building 
and inhabitant functions co-evolve through continual 
feedback loops. 
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Figure 16: ALIS Home Systems Settings Touschscreen Panel and shade control user override operability and feedback (upper); 
ALIS GUI Web Application Resource Usage displays and Community Challenge Application display (lower).
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6.0 CONCLUSION
The North House project advanced a number of press-
ing issues of interest to designers of high performance 
homes for cold climate applications. The development 
of specialized glazing systems paired with external 
shading has offered a unique opportunity for achieving 
the design of a net-energy positive system. Coordina-
tion of all building systems, through highly integrated 
and adaptive automation servers such as CHAS, made 
possible the hierarchical management of operational 
priorities of heating and cooling for occupant comfort,  
as well as enabled the use of hybrid active and passive 
systems for optimizing energy performance. Lastly, the 
development of increasingly intuitive feedback-based 
systems of inhabitant interface transformed the home 
into an enabling and learning tool that informed users of 
their habits and behavior. All of these innovations in the 
design and construction of the home can be leveraged 
for attaining “high performance”. 

At the time of this publication, the North House project 
has recently been reconstructed on the RARE Research 
Reserve in Cambridge Ontario, where it will be utilized 
as a living lab and undergo long-term post-occupancy 
testing. The design of the project has been physically 
detailed to enable future research to be undertaken on 
both the system as constructed, while also allowing for 
component modification to occur as new and improved 
building component technologies become available. Of 
particular interest in this ongoing and future work is the 
assessment of the effect that the combination of the 
CHAS and ALIS has on the operation of the home. While 
designers are able to anticipate construction technology 
and control system performance through the utilization 
of simulation software and a range of quantified perfor-
mance metrics drawn from built precedents in advance 
of project execution, the question of how humans inter-
face with a new class of responsive envelopes remains 
difficult to evaluate through simulation. Given the criti-
cal relationships between system performance, energy 
demand reduction and human use of energy-focused 
system design, there is significant research to be done 
in the development of responsive systems that are 
linked to interface systems, sensing platforms and pre-
dictive controls that not only engage occupants directly 
in the management of complex systems, but inform and 
shape behavioral patterns in order to realize the poten-
tial of system-wide impacts. Post-occupancy evalua-
tions of such systems will provide valuable insight into 
their efficacy, and will inform the ways in which such 
systems are designed – with a balanced prioritization of 
potential physical impact and an anticipation of human 
engagement in figuring response.
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04.
CURRENT TRENDS IN LOW-ENERGY HVAC DESIGN   
Robert L. Tazelaar, PE, LEED AP, robert.tazelaar@arup.com

ABSTRACT
The objective of this paper is to provide some insight into how HVAC systems are changing to meet the drive 
towards lower energy usage. The paper is primarily focusing on trends, observed by the author in designs which 
have been highlighted in research journals and project work. A case study is provided which highlights how some 
of the trends have been implemented on a current design. 

KEYWORDS: Heating, Ventilation and Air Conditioning (HVAC), Dedicated Outside Air Systems (DOAS), Ventilation 
decoupling, Variable Air Volume (VAV)

1.0 INTRODUCTION 
Throughout the 20th century, trends in HVAC design 
have been determined largely by technological advanc-
es and energy costs. Engineers have always sought to 
find new ways to ensure occupant comfort, but the level 
of attention devoted to finding innovative ways to reduce 
energy use has fluctuated over the last few decades. 
When energy costs have risen, energy efficiency has 
become a priority; when they have been low, it has been 
less of a design driver.  
 
This article identifies several trends which are being 
used to reduce energy use in commercial buildings.  
The trends to be considered include decoupling of ven-
tilation and heating/cooling, designing systems for opti-
mal efficiency, increased analysis in system design, and 
total building integration. This article is not intended to 
be a technical argument or justification for selection of 
one system against another. Many technical articles are 
available for more complete handling of each of the 
trends.

2.0 DESIGN TRENDS

2.1 Decoupling of Ventilation and Heating/Cooling
The current movement in HVAC design toward the de-
coupling of ventilation and heating is in some ways a 
return to the past. Prior to the widespread use of cooling 
for buildings, perimeter radiation of some form was typi-

cally used for heating, with operable windows providing 
ventilation. 

Following World War II, use of air conditioning became 
more common, mainly driven by prosperity and the 
manufacturing boom. Early air conditioning systems 
combined heating, ventilation, and air conditioning into 
a single system, delivered by the building’s central fan 
and air distribution network. This fan system typically 
delivered a mixture of outdoor air for ventilation along 
with warm or cool air to meet the building’s tempera-
ture requirements. Larger buildings would have sepa-
rate systems or zones for interior and perimeter spaces. 
In more extreme climates, a perimeter heating system 
may also have been installed or reheat coils provided on 
ducts serving perimeter spaces.

As prices soared during the energy crisis of the 1970s, 
engineers looked for a way to reduce costs and improve 
space comfort conditions. One solution, dual duct sys-
tems, provided warm air through one duct and cool air 
through another. The air would then be mixed at the 
zone level to provide appropriate temperature supply air 
for the zone’s needs, typically at constant volume. Dual 
duct systems allowed buildings to be divided into many 
more zones while using a larger central fan system.  
Dual duct systems also eliminated the need to re-heat 
air at the zone level resulting in less re-heat energy and 
reducing the piping network throughout the building.
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Figure 1: Passive chilled beam system diagram. 

The next major innovation to emerge included variable 
air volume (VAV) systems which eliminated the warm 
air duct and kept airflow from the system at a constant 
temperature of approximately 55° to 58°F. VAV systems 
reduced energy consumption by reducing the quantity 
of air delivered to the space, matching the quantity of 
air delivered with the cooling needs of the building. De-
pending on the ratio of interior to perimeter space and 
the facade loads of the building, a VAV system could 
reduce the air quantity delivered to the space by 50% 
or more, which reduced the amount of fan energy con-
sumed. Another benefit inherent to the VAV system was 
a reduction of the total system capacity since the sys-
tem is based on a diversified “block” load which com-
pensates for load variations within the space due to oc-
cupancy and solar loads.

Current industry trends are moving HVAC design away 
from VAV systems, which provide both ventilation and 
heating and cooling, to decoupled systems which either 
partially or completely separate the ventilation air from 
the cooling and heating functions. The primary cost sav-
ings associated with decoupled systems is the result of 
a reduction in fan energy. In one common example, a 
dedicated outside air system (DOAS), the airflow provid-
ed by the fan system is limited to the code-required ven-
tilation component. The DOAS air handling unit provides 
heated and de-humidified air for ventilation and is fre-
quently provided with some form of heat recovery com-

ponent such as enthalpy transfer wheels, “run around” 
coils or heat pipes to further reduce energy consump-
tion by utilizing building exhaust air to pre-condition the 
ventilation air. A DOAS system typically provides 20% or 
less airflow than what would be provided at peak cooling 
periods utilizing a VAV system. With a DOAS system, the 
heating and cooling requirements for the space are met 
through a water-based system. Since water has a much 
higher capacity for energy transfer than air, the amount 
of energy required to deliver the heating and cooling 
is greatly reduced, while pump energy is somewhat in-
creased. A side benefit of the reduced air quantity is 
smaller ductwork, which decreases the cost of the ven-
tilation system and, potentially, the building’s required 
floor-to-floor height. DOAS systems are typically paired 
with passive chilled beams, radiant heating/cooling, or 
fan coils. 

When applying DOAS and chilled beam systems (shown 
in Figure 1), the designer must be careful to pay atten-
tion to how the air is distributed to the space and how 
heating is accomplished. In buildings with low heating 
needs, the ventilation air may be able to provide ade-
quate heating.  In buildings with higher heating require-
ments, supplemental heating systems such as perim-
eter baseboard may be required. It is critical that the 
ventilation air reach the occupied breathing zone. For 
this reason, DOAS systems are frequently configured to 
deliver the air with a displacement strategy at low level.



A second type of decoupled system could be consid-
ered a hybrid model. Active chilled beams (shown in 
Figure 2) deliver both ventilation and heating/cooling 

services, but induced air at the chilled beam delivers 
most of the heating and cooling while the air handling 
unit provides only a portion of the requirements. A pri-
mary air duct system provides either 100% ventilation 
air or a mixture of return and ventilation air, depending 
on the system configuration. The primary airflow for an 
active chilled beam system is more than that of a DOAS/
passive chilled beam system because the active chilled 
beam utilizes the primary air to induce room air across 
the coil in the beam. The static pressure in the primary 
air system may also be higher than that of a DOAS sys-
tem.  Similar to the DOAS/passive chilled beam system, 
the active chilled beam system delivers pre-heated and 
dehumidified air to the space through use of an air han-
dling unit which frequently is provided with a means of 
heat recovery.

We analyzed a simple 20-story building to compare 
the DOAS/passive chilled beam system and the ac-
tive chilled beam system to an ASHRAE standard 90.1 
baseline VAV system. The results of the study are re-
flected in Figure 3.
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Figure 2: Active chilled beam diagram. 

Figure 3: Fan energy comparison. 
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2.2 System Design for Equipment Efficiency
To take full advantage of new high-efficiency equip-
ment, it is necessary to design the overall system to op-
erate at parameters which correlate to the equipment’s 
best efficiency. While this may seem obvious, too often 
high-efficiency equipment is specified and applied in 
systems whose operating parameters do not allow the 
equipment to realize its best possible efficiency.  

One example of this occurs when condensing boilers 
are applied to systems in which the temperatures are 
maintained above the point at which condensing oc-
curs, thereby reducing the actual operational efficiency. 
As seen in Figure 4, boiler efficiency decreases with re-
turn water temperature and increased firing rate. While 

the 87.6% efficiency of the boiler with return water at 
160°F exceeds the ASHRAE requirement of 82% for 
boilers, the equipment is capable of much higher ef-
ficiency if the system can be configured for lower return 
water temperatures. Installing higher capacity equip-
ment which allows for lower operational firing rates also 
increases efficiency.

System design approaches such as including radiant 
floor heating, selecting air handling unit coils for lower 
inlet temperatures and higher differences in tempera-
tures, and arranging heating devices in series can re-
duce the return water temperature and substantially 
increase the overall system efficiency. In this manner, 
it is possible to achieve operational boiler efficiencies in 
excess of 95%. 

Figure 4: Condensing boiler efficiency diagram (Source: Camus Hydronics). 



A similar approach can be applied to the chilled water 
system. Utilizing systems such as chilled beams allows 
the designer to use higher chilled water temperatures 
to provide cooling which allow for equipment selection 
at improved efficiency.

The use of modular equipment can also improve sys-
tem efficiency. Selecting and applying equipment such 
as modular chillers helps each module operate at or 
near its peak efficiency. The modular chiller can also 
be more easily applied to allow for variable chilled and 
condenser water flow through the use of isolation valves 
and multi-cell cooling towers. 

2.3 Design Analysis
Applying new system types and altering design param-
eters requires the design team to conduct additional 
analyses to ensure the desired results. Designing for 
maximum efficiency requires the engineer to go be-
yond basic load calculations — adequate for ensuring 
building comfort — and take the next step: modeling 
hourly system loads to determine overall efficiency and 
optimize equipment and operational parameters.

Energy modeling programs such as EnergyPlus, Trane 
Trace, Carrier HAP, and IES provide detailed hourly in-
formation about system load requirements which en-
able the engineer to compare different system types 
and equipment configurations. In the past, these pro-
grams were typically used only with complex, large-
scale buildings or projects seeking LEED certification. 
Today, however, more projects are being analyzed and 
optimized.

Another analysis method which is becoming increas-
ingly used is computational fluid dynamics (CFD) 
analysis. CFD modeling uses differential equations to 
predict temperature and airflow patterns throughout 
a space, allowing the engineer to study alternative ap-
proaches to system design without relying as exten-
sively on past experience or conventions. For instance, 
Arup used CFD analysis at the University of Chicago’s 
Early Childhood Center to verify that radiant floor heat-
ing could be applied adjacent to a tall glass wall without 
leading to significant downdrafts, which could cause 
occupant discomfort. Diagrams shown in Figures 5 and 
6 indicate the temperature and velocity contours. With-
out the CFD analysis, a more conventional system with 
baseboard heat or radiant ceiling panels would have 
been used for the project. In addition to providing a 
warm floor for comfort, the radiant floor system enabled 
the use of lower heating water temperatures, increasing 

system efficiency by lowering return water temperature 
and improving boiler efficiency.

2.4 Total System Integration
Another current trend is total system integration, or 
smart building technology. To maximize energy effi-
ciency in high-performance buildings, everything must 
work together. Lights, shades, usage scheduling, venti-
lation, video displays, even desktop telephones — per-
formance of these systems must be integrated, con-
stantly monitored and adjusted in order to maximize 
energy efficiency.

Linking formerly discrete building elements through 
wiring and software allows systems to work together. 
This can reduce not only the energy required to op-
erate a building, but also the overall amount of space 
required in the building. As an example, a scheduling 
system that links to conference room occupancy sen-
sors can recognize that a scheduled meeting has been 
cancelled if occupants are not present within a given 
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Figure 5: CFD temperature plot.

Figure 6: CFD air velocity plot. 
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time. The scheduling system can then identify the room 
as available for another meeting. In large conference 
centers, this has the potential to reduce the total num-
ber of rooms required.

Realizing the design of a smart building is a process 
which requires the integration of the entire design and 
construction team and close collaboration.

3.0 CASE STUDY: UNIVERSITY OF CHICAGO, 
      LABORATORY SCHOOL – EARLY CHILDHOOD  
      CENTER
Earl Shapiro Hall at the Early Childhood Campus (ECC) 
is a new 125,000 ft2 early education center associated 
with the University of Chicago in Chicago, IL (Figure 7). 
The building is targeting LEED Gold certification and 
consists of classrooms, offices, library, and a gymnasi-
um as well as outdoor play space adjacent to the build-
ing and on the roof.

The building is expected to achieve a 32% energy cost 
savings and 39% energy savings over ASHRAE 90.1-
2004 baseline (Figure 8). The annual energy savings 
are primarily obtained through reductions in energy 
used for heating, cooling, and lighting.

Energy conservation strategies include:
•	 Low	 temperature	 condensing	 boilers/radiant	 floor	

heating
•	 Modular	chillers
•	 Demand	controlled	ventilation
•	 High-performance	glazing/curtain	wall.

CFD modeling was performed to verify if the design 
approach utilizing radiant floor heating would result in 
acceptable temperature and airflow conditions in the 
finished space (Figures 9 and 10).

Figure 7: Earl Shapiro Early Childhood Campus1 at the University of Chicago (Courtesy of VDTA/FGM/Visualized Concepts). 

1Client: University of Chicago Laboratory School
Design Architect: Valerio Dewalt Train Assoc.
Architect of Record: FGM Architects
Engineer: Arup
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Figure 9: Velocity contours. 

Figure 8: Comparison of modeled energy usage against the ASHRAE 90.1-2004 baseline. 

Figure 10: Temperature contours. 
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4.0 CONCLUSION AND LOOKING TO THE FUTURE
Like all efforts to reduce building system energy con-
sumption, designing a high-performance, smart build-
ing requires close cooperation between a number of 
parties: engineers, architects, contractors, equipment 
manufacturers, and end users. Due to the highly inte-
grated nature of the process, it is important that all par-
ties share a common vision for the project.

From an HVAC perspective, one of the many unfortu-
nate effects of the recent economic recession has been, 
counter-intuitively, a relative drop in energy costs in 

North America. Because consumers and businesses 
have had less cash on hand for discretionary products 
and services, energy use has fallen. Because of the way 
the energy economy is structured, this drop in usage 
has had the result of keeping prices relatively afford-
able. While this is obviously beneficial for consumers in 
the short term, because it has deferred conversations 
about energy efficiency in the built environment, it has 
the potential to be damaging to both the environment 
and the bottom line in the long term. It is therefore even 
more important for designers to play a key role in edu-
cating the public — and one another — about energy 
efficiency.
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A Path Forward: WORKSHOP OUTCOMES, IDENTIFIED RESEARCH GAPS 
                AND PLAN FOR THE FUTURE

This section summarizes the outcomes of the 2nd Workshop on Architecture and Engineering of Sustainable 
Buildings, sponsored by the National Science Foundation (NSF) and organized by the University of Illinois at 
Urbana-Champaign and Perkins+Will. The final session during the Workshop focused on the identification 
of current research gaps, as well as the next steps that should be addressed in order to advance the current 
state of knowledge, and promote design and construction of next-generation of sustainable, high-performance 
buildings and cities. 

These following aspects were identified as current research gaps and appropriate actions to address these 
gaps:

• Investment in research and development of digital tools / software applications to facilitate integrated    
design and analysis of sustainable buildings and cities 

• Prioritization of permanence and design quality, and consideration of building performance over a 30-year 
building’s lifecycle during design process

• Improvement of the link between economic aspects and design; identification of cost-effective design 
strategies for extremely low and net-zero energy buildings

• Documentation of lessons learned in practice; publications of case studies
• Identification, normalization, and quantification of the variables used to assess sustainability (considering 

both building and urban scale)
• Creation of a digital forum for sustainability research relating to buildings and urban design
• Establishment of metrics related to the sustainable use of materials and associated costs
• Exploration of financial regulations, financial opportunities and lending trends, related to design and 

construction of sustainable buildings
• Comparison of energy simulations with verified as-built buildings’ energy use data, and distribution of 

results
• Improvement of the link between practice and the academy in respect to sustainability
• Development of guidelines for integrating sustainable design principles into building aesthetics
• Advocating sustainable principles to the public; improvement of knowledge dissemination to clients and 

into the public domain
- Apply lessons learned from the fields of politics and advertising
- Be persuasive, and improve communication skills in order to relay that the sustainable value can be 

worth more than either cost or time
- Remedy the “language barrier” of technical terms related to sustainability so they are more accessible 

to the public and design professionals 
• Escalating research into sustainable principles that can be applied to the retrofit / renovation of existing 

buildings, which comprise a significant portion of the market
• Development of design guidelines for water conservation and use in buildings.

NEXT STEPS
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Short terms objectives were identified as the first line of action that can take place to address the research 
gaps and improve knowledge dissemination: 

• Document and disseminate topics discussed in the Workshop
• Repeat the workshop (possibly on an annual basis) using all available resources, such as:

- Chicago Committee on High-Rise Buildings or similar local groups and organizations
- Continue industry partnerships with Perkins+Will and others
- Seek other partnerships between academic institutions, industry representatives, national laboratories, 

and software development companies
• Continue momentum from the Workshop, including:

- Formation of a task-force
- Presentations at conferences

• Utilize Advanced Energy Design Guides, published by the American Society of Heating, Refrigerating and 
Air-Conditioning Engineers (ASHRAE)

• Collect data and information about simulated and actual energy use for different buildings, and create a 
building performance database.

Long term objectives were identified as follows:
• Submit collaborative and multi-faceted research proposals to the National Science Foundation, 

Department of Energy and other federal agencies to address the need for transformational research 
relating to sustainable, energy-efficient buildings and the built environment

• Create an online “hub” for sustainability research and building technologies
• Research, store and share sustainable research and case studies from practice, and invest into 

collaborative research projects between academic institutions and industry organizations
• Research sustainable retrofit solutions for existing buildings and document design guidelines for 

improving the efficiency of existing building stock.

With these concluding remarks, we would like to establish a strategy for future research and development 
focusing on sustainable buildings and cities. Multidisciplinary research and direct implementation of 
generated knowledge for the design of next generation of sustainable buildings and cities should be the key 
objective; therefore collaboration between academic institutions, research organizations and design firms is 
essential. These types of multidisciplinary, multi-faceted collaborations would support our overarching goal of 
creating a more responsive, sustainable and lasting built environment.
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