
Holistic Building Design

An integrated building design methodology based on systems thinking for
reaching sustainability

Aliakbar Kamari1, Poul Henning Kirkegaard2
1,2Department of Engineering, Aarhus University
1,2{ak|phk}@eng.au.dk

This paper introduces a new perspective on methodological requirements in
building design related to questions of sustainability, where stakeholders ought to
look at design in an integrated way when economy, society, and technical
components are embedded in an ecological holistic perspective. To bind these
different aspects together and face complexity, while the goal is to reach
sustainability, Holistic Building Design (HBD) is drawn on existing concepts of
systems thinking (ST), integrated design processes (IDP), and application of
innovative technologies through building information modeling (BIM). The main
aim of this approach is to involve deeper in all aspects of sustainable building
design. The methodology is introduced and empirically practiced in a master's
level course, and a general overview besides the first results of this on-going
process are presented in this paper. It is observed that the HBD framework could
significantly influence the understanding of the design process and enhancing it
by iterative decision-making and turning the focus on the early design stage.
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INTRODUCTION
Thenewvision and tightened sustainability concepts
have led to an increased demand for the design of
sustainable buildings as well as sustainable develop-
ment of the built environment (Keeler et al. 2016).
In this paper, we do not use space to discuss envi-
ronmental crises, as it has been being research ade-
quately. We believe the climate change/energy effi-
ciency is not theonly environmental concernwe face.
The rationales for the development of sustainable so-
lutions and so sustainable buildings reach far beyond

the singular goal of mitigating energy efficiency or
climate change to encompass setting the stage for
the future -the sustaining- of our species and aspir-
ing still further to a positive outcome: improving
the quality of our lives (Bergman 2012). Sustain-
able buildings put out economic, cultural, and social
advantages to urban communities. Along the way,
buildings can benefit from adopting a broader ap-
proach to sustainability, which seeks to decrease op-
eration and maintenance costs; reduce environmen-
tal impacts; and can increase the building’s adapt-
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ability, durability, and resilience towards future chal-
lenges as well as a preferable, healthier, and more
convenient environment to the occupants (Kamari et
al. 2017).

The conventional building design approaches
treat buildings asobjects, as things. Yet eachbuilding
is, in fact, a system with each part affecting the other
parts and, in turn, the building and its surroundings
as a whole. Moving towards sustainable develop-
ment of buildings to include and deal with broader
perspectives from sustainability implicates handling
enormous complexity concerning:

• the understanding of requirements and fulfill-
ment of sustainability objectives and criteria
while dealing with its multifaceted challenges,

• integration and involvement of multiple stake-
holders (a shift from the “one mind” of the mas-
ter builder to the manyminds of the profession-
als and specialists) that contribute their exper-
tise to cope with their demands and priorities,
and

• identification, creation, evaluation, and applica-
tion of innovative solutions in the development
of sustainable buildings and so built environ-
ment.

Given these realizations, sustainable building de-
sign requires an overarching and inclusive theoret-
ical framework together with integrated and instru-
mental concepts, design strategies, tools, and meth-
ods (as demonstrated in Figure 1). In doing so, we
need to create a shift both in the whole pipeline and
picture, to reach sustainability as a globally desired
design value, and therefore, in our design method-
ologies to becomemore holistic in essence. It is even
more important to incorporate the emerging knowl-
edge in the current higher education system, to be
practicedby students. This couldbe themost reliable
manner to make sure that the new methodological
advances within their ultimate ability are used in the
near future by practitioners in the AECO industry.

This paper presents an integrative perspective
on methodological requirements in building design

towards tackling the above challenges, named Holis-
tic Building Design (HBD). HBD’s framework is cur-
rently being developed, evolved, and practiced by
the lead author since 2016. The main aim of this ap-
proach is to involve deeper in all aspects of sustain-
able building design, and therefore, to deal better
with very complex issues in the built environment.
The involved design stakeholders, therefore, are en-
abled to cope with a much bigger complexity and
integrate very large amounts of information so as to
create innovative sustainable solutions.

Figure 1
Complexity sources
(4P+T) in a
sustainable
building design
practice (adapted
from Kamari et al.
2019b)

In the light of this, and due to face the complexity
as explained earlier, the paper reviews and unfolds
the related concepts and methodological character-
istics of HBD to the challenge of reaching sustain-
ability in its full sense, which leads to configure the
HBD’s framework. Then, the methodology is intro-
duced and empirically practiced in a master’s level
course. A general overview of the appliedmethodol-
ogy and the first results of this on-going process are
presented in this paper.

THEORETICAL FOUNDATION
HBD is designed to cope with the existing complex-
ity, as explained in section 1. It is drawn on ex-
isting concepts of systems thinking - ST (Checkland
1981), integrated design processes - IDP (Reed 2009),
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and application of innovative technologies through
building information modeling - BIM (Eastman et al.
2011), as demonstrated in Figure 2. A brief descrip-
tion of each element is presented in the following.
In essence, all the mentioned elements are inclusive
and tend to be holistic on their own, and their appli-
cation contributes to a larger integration.

Figure 2
HBD is built on
systems thinking
and it happens at
the intersection of
sustainability, IDP,
and BIM.

Due to the space problem, we cannot provide an in-
depth fundamental theory and background of the
mentioned concepts. However, it is worth noting
that eachoneof these conceptshas individually been
studied in detail by the lead author (i.e. Kamari et al.
2018, Kamari et al. 2019a,b). As forHBD, it canbe con-
sidered as an effort to simply extending and binding
the potential application of these concepts together;
and as for this paper, it is an effort towards bringing
and bridging them in the current higher education
system, and let studentspractice them,while theyare
still in the academic environment.

- ST: is an approach to integration that is based
on the belief that the components of a system will
act differently when isolated from the system’s en-
vironment or other parts of the system. ST places
a greater emphasis upon understanding systems in
their entirety and within the environment that gives
them context. Standing in contrast to reductionist

thinking which is based on components analysis, ST
is foundedon the synthesisof elements andcanbe re-
ferred to as Holism (or Whole), which is a term known
from modern philosophy (Bertalanffy, 1968; Check-
land, 1999; Weinberg, 2001). ST is particularly useful
in addressing complex or wicked problem situations.
These problems cannot be solved by anyone actor,
any more than a complex system can be fully under-
stood from only one perspective.

- Sustainability: is defined by Brundtland Com-
mission (1987) as meeting the needs of the present
without compromising the ability of future genera-
tions to meet their own needs. The concept of sus-
tainability is composed of three pillars: Economic,
Environmental, and Social-also known informally as
profits, planet, and people. In building design, it
can be referred as the outcome of a particular set
of values focusing on increasing the efficiency of re-
source use (i.e. energy, water, materials) while reduc-
ing building impact on human health and the envi-
ronment during the building’s lifecycle through bet-
ter siting, design, construction, operation, mainte-
nance and removal (US-EPA 2013). Life Cycle Assess-
ment (LCA) and Life Cycle Cost (LCC) approaches are
very common for measuring sustainability in build-
ing design, however, concerning a partial measure-
ment of some environmental and economic aspects
of design. Therefore, it is necessary to mention that
sustainability is based on modern information and
communication systems. There are always special in-
terests to verify the need for a deep understanding of
sustainability as the pattern with the agglomerated
set of indicators that are defined by the relevant cri-
teria. As a response to this, today, there is a signifi-
cant range of methods accessible for assessment of
sustainability, such as LEED, BREEAM, DGNB-DK.

- IDP: is a method that has been evolved mostly
during the last two decades, due to the new sustain-
ability tendencies in the AECO industry. As such, the
growing focus on sustainability is one of the areas
that make the integrated design process highly rele-
vant (Reed 2009). IDP can be understood as a collab-
orative method for designing buildings that empha-
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sizes the development of a holistic design. According
to Löhnert et al. (2005), IDP characteristics follow:

• Inter-disciplinary work from the beginning of
the design process between all consultants

• Test of various design alternatives by use of sim-
ulation tools

• Development of well-formulated performance
targets and design strategies

• A more active role of the client
• The architect as teamwork leader instead of the

sole form designer

- BIM: is a method that focuses on generating and
administrating building data (Eastman et al. 2011).
BIM is an emerging methodology in the AECO in-
dustry since the intelligent digital three-dimensional
model-based process of BIM can be used to plan, de-
sign, structure, manage, and analyze buildings. The
BIM-model represents the foundation for the BIM-
process. It functions as a database for a project and
may contain information about building geometry,
spatial relations, building location, properties, quan-
tities of building components, etc. These can be ex-
tracted and used in applications for, i.e. energy sim-
ulations, acoustic conditions, facility management.
These interactionsbetween theBIM-model andother
applications can be used throughout the whole life-
cycle of the building, from the cradle to the grave,
and all parties in the project can participate (Garber
2014). Succar (2009) addresses BIM is a set of tech-
nologies, processes, and policies enabling multiple
stakeholders to design, construct, and operate a fa-
cility collaboratively.

Synergies between ST, IDP, BIM, and their
application for sustainability in the frame-
work of HBD
HBD initially is founded on critical systems thinking,
which aims to combine systems thinking and partic-
ipatory methods to look at the whole and address
the challenges of problems characterized by large
scale, complexity, uncertainty, impermanence, and
imperfection, i.e. the challenge of becoming more

sustainable in the built environment. Using it con-
tributes to becoming less and less wrong while tack-
ling very complex challenges in the built environ-
ment. Walking in this worldview, buildings are not
considered as a one-off, independent entities made
up of separate building systems that isolated from
their surroundings-but instead as part of a holis-
tic system (on macro or micro-level), an interdepen-
dent living part of the environment into which it
is placed and belongs. The ultimate goal is for all
the systems to work harmoniously, effectively, and
synergistically-where each is made stronger and not
in any way compromised by the presence of the oth-
ers (Deutsch 2011). Decisions are made about flows-
having consequences that impact both upstream
and downstream.

Adding IDP potentials increase the likelihood of
a sustainable outcome for the project. Because the
stakeholders are together from the earliest project
stages, decisions can be made-from siting and ori-
entation of the building to the specification of green
components-in a proactive and coordinated man-
ner. The integrated design process provides strate-
gies to achieve sustainable building design through
early intervention and the bottom-up consideration
by stakeholders in how the orientation and siting,
building program, and design, materials and sys-
tems, and components and products of a building
impact each other (Deutsch 2011). In place of engag-
ing sustainability specialists working independently,
IDP implies a holistic, collaborative approach engag-
ing the insights and experiences of all teammates.
Likewise, BIM technology allows the IDP to flourish,
encourages - and provides a vessel and conduit for -
the sharing of information between the design and
construction team (Deutsch 2011). As such, BIM en-
ables integrated design and makes it possible.

As for HBD in this framework, here it can be
described as a collaborative approach for designing
buildings that focus on the development of the holis-
tic and sustainable design. It strives to be holistic in
that it involves multiple stakeholders (architects, en-
gineers, contractors, and clients) from the earliest de-
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sign phases, each having input into what goes into
making thedecisions thatwill lead to theproject end-
ing (potential use of IDP). It, therefore, considers ev-
ery stakeholders’ demands and priorities and makes
sure these decisions are made with all the informa-
tion shared at one time, and not in the more conven-
tional linear way, in which each stakeholdermaintain
and control its data and information (potential use
of BIM). HBD endeavors to simplify and streamline
working relations and decision making by removing
the traditional constraints and restrictions to a suc-
cessful outcome for all involvedparties (potential use
of ST). To create an extra coordinated and complete
project in a shorter time and limited cost, HBD be-
comes the least avenue connecting the two ends of
comprehension and completion.

HBD - Process and phases
Design processes fulfill solutions that satisfy a given
set of design constraints and meet a given set of de-
sign intentions, often evolving from abstract to mea-
surable indicators. Even a design solution that is far
from being perfect can be accepted when the inten-
tions are met. Building design solutions can emerge
from a process of replacing poor solutions withmore
efficient ones following the patterns/mechanisms in
the design process. As such, the design solution
can improve if a) more attention and time is spent,
b) more choices/solutions are considered and evalu-
ated thoroughly, and c) positive and negative syner-
gies of the decisions are explored cautiously.

This adaptive character identifies solutions/con-
cepts and then transform them progressively to-
wards meeting the project goals. That empha-
sizes the heuristic and circular nature of the design
process, which needs to regularly re-characterize
the initial design intentions to meet the project
requirements. This process involves many actors

and decision-makers who influence the final design.
When the project is built, the final design is evaluated
by many individuals, including the architect, client,
consultants, local communities (including owners of
the neighboring properties), and finally, by anyone
who occupies it or even passes by it.

The discussion above is based on the under-
standing that given a project there are bothmany ac-
tors involved andmany factors influence the final de-
sign. As such, there is not only one best/optimal so-
lution to building design problems but a broad set of
possible solutions, that depends on conditions and
circumstances (i.e., cultural or geographical), should
carefully be considered and assessed by the design
team from multiple perspectives. It hints to the fact
that finding a solution for a carefully defined and
structured design problem is not a linear, straight-
forward process. Instead, the designers should walk
throughdevelopment and selection between a set of
possibledesign solutions relevant to its environment,
being only partly able to evaluate the consequences
of their preferences to the final design. It requires
to continually identify, develop, and evolve optimal
solutions while considering the aims, design criteria,
and target values of the project. This is obtained only
in an adaptive-evolutionary-integrated-dynamic and
non-linear design process (to tackle complexity), be-
gin with the end in mind, and through systemat-
ically defined phases consisting of iterative cycles,
which contribute to the emergence of most appro-
priate and optimal final design solutions. That is also
the foundation for the development of HBD’s pro-
cess and phases in this paper. As illustrated in Fig-
ure 3, HBD consists of six iterative design phases.
Depends on the situation, iteration can happen be-
tween phases and lead to evolving solutions to the
later phases. Here, we describe each phase.

Figure 3
Six phases of HBD
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-Defining theproblem: Inspiredby the systems
thinking approaches to facing and solving complex
problems, HBD strives to picture design problems as
holistically as possible from the beginning. As such,
in order to have a clear idea of what the problem is
in this framework, HBD proposes uses of the prod-
uct, people, process, policy, and technology (4P+T)
lenses. Nevertheless, the process here will be based
on using IDP, and the technology is related to the ap-
plication of BIM-based tools and software. Questions
that can be used include: What are you doing? How
are you doing it? What are you trying to achieve?
Who should you involve? What technology do you
need to use, and why? What data do you need to
collect? Likewise, questions that can help the de-
sign stakeholders to expand their view of the prob-
lem defining are: What are the trends? Where are
they going? What will be the future price we pay?
How do we want the future to play out?

- Collecting information: HBD proposes to col-
lect information from various resources, including a)
studying of the existing cases of Sustainable Build-
ings, Integrated Design, and High-Rises; b) contex-
tual, site, comfort, and climate analysis c) industry
practitioners and academic instructors.

- Structuring the problem: HBD proposes the
model in Figure 4 to structuring the collected infor-
mation and so design constraints and intentions, in-
cluding performance, context, and design variables.
Performancevariables expressdesired characteristics
of the building under design, and in terms of which
thebuildingwill be evaluated (e.g., construction cost,
aesthetic appeal, overall quality, etc.). Context vari-
ables are those factors affecting the object to be de-
signed but not controlled by the design team (e.g.,
land price, the likelihood of earthquakes, type eat-
ing habits, etc.). Design variables describe the pos-
sibilities of the designer, her/his ranges of choice,
her/his design variables (e.g., form of building, type
of façade, type of HVAC, type of materials, etc.). Here
a problem can be said to exist when there is some
misfit among three variables in an environment.

-Developingconcepts/solutions: In this phase,
the design stakeholders evaluate different concept-
s/solutions to solve a specific problem (refers to op-
tioneering) concerning the aims, design criteria, and
target values of the project (refers to synthesizing).

Figure 4
Problem structuring
categories in HBD

We define the concept as a strategy for moving from
the project needs to building solutions. As demon-
strated in Figure 5, in this phase, the design is devel-
oped to meet the design constraints and intentions
concerning the building’s form, context, and needs.

Figure 5
Developing
concepts/solutions
in HBD

It is here that the design stakeholders reach a point in
the design process where design variables are being
synthesized with context variables, to meet perfor-
mance variables with respect to improving sustain-
ability objectives and criteria. Likewise, the various
elements used in the project should be optimized,
anddetailed calculationmodels document thebuild-
ing performance. Questions that can be used are:
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How conditions arise and change? What are the
key conditions? What is the rate of change? What
may bring a better change? In addition, HBD sug-
gests the use of Rich Design Space, Incubation Tech-
niques, or War rooms, from systems-oriented design
approaches, for this purpose too.

- Gathering feedback: In this phase, design
stakeholders are trying to get everyone to see the
same thing, to paint a common picture. Therefore it
initially includes the presentation of the project. Dig-
ital models, VR technology, small physical models,
visual diagrams, images, ppts, posters, or any other
methods can be used. Questions that can be used
in order to see if feedback loops are operating in the
process include: Do we have the same picture of the
issue or strategy? If not, how do we get it? Is it clear
and unambiguous? Is it rigorous?

- Improving the design: In this phase, the de-
sign should reflect on all of the feedback and decide
if or to what extent it should be incorporated. It is
often helpful to take solutions back through the de-
sign process to refine and clarify them. In using sys-
tems thinking-basedmanners, the designers need to
continually present, test and improve the picture un-
til there is nothing left to improve. And they know
they have done it well if their mental model of the is-
sue is as simple as possible. The questions that can
be asked include: How dowe build confidence in the
theory? How do we keep it as simple as possible, but
not simpler? Is the model too complex? Could we
remove some of that complexity?

METHODOLOGY
The research in this paper adopts a Qualitative Com-
parative Analysis (Ragin 1987), looking at the team
andproject performanceof studentsprojects (design
of a high-rise building) in groups (four groups and so
four cases in total). QCA is usedwhen there is not suf-
ficient data to statistically consider butwhen the rich-
ness of the information about each case allows pow-
erful and compelling stories about the likely causes
for desired outcomes to be told (Cheng 2015). In em-
ploying a QCA method, it is required to defining a

model with a set of variables. In the current research
study, these variables are designed and surveyed in
connection with the team and project performance
of students in groups and from different perspec-
tives. The survey consisted of twenty-four questions,
as presented in Table 1.

IMPLEMENTATION
The HBD has been being developed and taught by
the authors of the present paper in the Integrated En-
gineering Project - IEP course at the Department of
Engineering, AarhusUniversity, since 2016. Ageneral
overview of HBD methodology was presented, and
herewepresent the results from the teaching andap-
plication of it in the IEP course in spring 2019. The
course ran with 29 third semester master’s students
from different specializations, including 12 students
from constructionmanagement, four from structural
engineering, three from tectonic design, three from
ventilation, four from energy and indoor climate, and
one fromgeotechnical engineering specializations. It
is important to mention that students with tectonic
design background played a role as architects in this
exercise; nevertheless, there is a massive potential to
running the similar course in collaboration with ar-
chitecture schools (e.g., Aarhus School of Architec-
ture), and so having and involving the architecture
students in the same practice, in future.

Project description
In groups (four groups with different specializations),
students were called on the development of a high-
rise building. Throughout the framework of HBD, the
instructors delivered several lectures related to ST,
IDP, BIM, and their application for the development
of sustainable high-rises. In particular, there were
multiple lectures about BIM, its framework, benefits,
challenges, the potential for mass modeling, model
development, detailing, performance analysis, col-
laboration (C4R), construction management, as well
as its integration with VR technology, LCA/LCC anal-
ysis tools, and several analytical tools. Revit was par-
tially taught (since the students were already famil-
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Table 1
Qualitative
comparative
analysis of HBD
implementation

iar with software) and used as the main software to-
gether with Dynamo (for parametric design, and per-
formance analysis), Naviswork (for 4D and 5D anal-
ysis), Sigma database (Danish cost databased), Au-
todesk Green Building Studio (for energy and sus-

tainability analysis), Robot (for structural analysis),
One-Click LCA, and Autodesk CFD. Two groups used
IFC for data exchange for running structural analy-
sis. Moreover, students used their Revit models for
solar, shadow, energy, heating and cooling load, and
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location-based scheduling analysis in Revit. The out-
comes were presented and documented in the form
of A3 portfolios, followed by a group presentation
and individual oral exams.

Project outcome
For evaluationof theHBD implemented in the course,
we used themethodology explained in section 2. We
conducted a survey at the end of the semester, using
the questions in Table 1. Since the survey was imple-
mented after the exam was done, therefore, there is
no data available for this course related to the trend-
ing of individual and group performance over the life
of the project. Likert scale was exploited in the sur-
vey follows as: 1 = Strongly Disagree, 2 = Disagree, 3
= Undecided, 4 = Agree, and 5= Strongly Agree. The
outcome of the survey is presented in Figure 6.

Figure 6
Evaluation outcome
of HBD
methodology in
Integrated
Engineering Project
course (see Table 1
for the surveyed
questions)

The survey outcome was in total very desirable and
produced several results. Concerning outcomes, it is
evident that there is a correlation between the abil-
ity of the groups to work together effectively and the
quality of the student work product. Almost most
of the students felt they learned more about other
specializations’ roles, and after the course was done,
they felt much more comfortable joining in multi-
disciplinary groups. Most students appreciated the
learning aboutHBD in the IEP coursewas a very effec-
tive learning experience. Some students commented
on how exciting it is learning and practicing on BIM,

IDP, and Sustainability in one package, as they are re-
peatedly hearing about them in both academia and
industry. All groups found that the development and
sharing of a BIM model were somewhat challeng-
ing, however beneficial. Actual workflows turned out
to be similar to the planned workflows. Almost all
confirmed that they learned more about other disci-
plines within the design process.

Students found it relatively difficult to using IFC
for data exchange between the applied software.
Likewise, they felt that the connection between BIM
and sustainable design was not as strong as antici-
pated (or should be), possibly due to workflow chal-
lenges encountered by the student groups. This re-
quires adding and covering more contents and prac-
tical exercises on BIM’s ability to achieving sustain-
ability in the future. All groups, specifically in the
early phases of the project, foundHBD somewhat dif-
ficult and more time consuming (comparing design-
ing the project on their own or in a smaller group).
On the other hand, all agreed that the successful im-
plementation of HBD will result in better and more
sustainable design outcomes.

CONCLUSION
HBD is under development, and there aremany plau-
sible perspectives yet to be explored. The basis for
a major R&D project into HBD was configured and
practiced in this paper. The methodology as a re-
search project will be moving through other stages
where experiences will be considered more system-
atically, and the concepts developed further, and
emerging patterns of use and application will be
elaborated and reported on.

HBD is intended to integrate knowledge fromen-
gineering and architecture and let them interactwith
each other in order to solve the often very compli-
cated problems connected to the design of sustain-
able solutions. Based on the result of the present
study and our experience since 2016, it is observed
that the HBD framework could significantly facilitate
theunderstandingof thedesignprocess andenhanc-
ing it by promoting iterative decision-making and
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turning the focus to the earlier stages of the design
process. That encompasses the level of awareness,
communication, and cohesion concerning the used
technology between the entire involved students in
their group and their relevant demands (from differ-
ent specialization, i.e. structure or constructionman-
agement) for the sustainable development of a com-
plex building, or the high-rise building that is the
focus in this project. Likewise, it appears that HBD
can also influenceonmoreproductive teamwork and
process from the used technology perspective, and
as a result of this, it contributes to improvement in
time-saving, accuracy and quality of the final deci-
sions, as well as encouraging the users (in this project
students) to deal with a broad set of sustainability-
focused design variables.

Hands-on integrated BIM practices are crucial to
prepare students for a professional career in the fast-
changing fields of the AECO industry. It is essential
not just to teach the new software or digital tech-
nology, but also to expose students to approaches
that foster successful collaboration and break down
specializations’ silos, as well as the compartmental-
ization of the design process. It is simply a question
of becoming familiar with the process and how this
awareness is learned and acquired. For students to
be successful in these rigorous collaborative learning
exercises, they need to join into the integrated build-
ing design courses with adequately well-developed
BIM competences, be equipped with efficient com-
puters and labs to handle digital and team collabo-
ration. This entails receiving on-going support from
academia and individuals who have a broad range of
disciplinary knowledge and experience with the BIM
and IDP, applied in real-world cases.
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