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Abstract: Healthy buildings are gaining crucial significance in construction and one health setting for
promoting occupants” health. However, the traditional design process for healthy buildings presents
limitations with no specific guidelines. In contrast, the integrated design process (IDP) has proven
to be effective in realizing high-performance buildings. However, the IDP shortfall of not having
robust health strategy (HS) capability is a concern of interest. Thus, we posit further advancement of
IDP in the context of incorporating HS in the prevailing IDP guidelines with a sequential iterative
procedure. Moreover, a conceptual framework aimed at invigorating the implementation of HS in all
IDP stages is proposed. The strategies within IDP that would reinforce achieving healthy building by
addressing building process implementation are highlighted. The (IDP + HS) iterative framework
herein advanced is intended to aid neophyte and experienced building professionals to reflect about
the process of achieving healthy building while optimizing IDP for one’s health invigoration in
construction industry.

Keywords: integrated design process; traditional design process; healthy building; indoor environment
quality

1. Introduction

The fast-advancing technology in every facet of life and urbanization witnessed in the
21st century has brought forth an increasing demand for healthy buildings for the work
environment and housing as a critical component of human daily life [1]. In the United
Nations 17 Sustainable Development Goals (SDGs), goal 3, good health and well-being; and
goal 8, decent work and economic growth [2] are the two scopes where healthy building
expertise and technological advances resonate well. Today, people spend the majority of
their time indoors, as a result bringing a sharp focus on building conditions concerning
occupant well-being, comfort, and health status [3]. Indoor environmental quality (IEQ)
can be a leading source of illness and have a detrimental influence on occupant comfort,
health, and well-being, particularly in the office and home environments where people
spend more time [4].

Advances in sustainable design and construction and scientific and medical technology
have resulted in a stronger demand for a healthy living and working environments than
ever before [5], emphasizing the need for a healthy built environment as part of one’s
overall health. A healthy building environment includes acceptable indoor air quality,
minimal noise and vibrations, adequate lighting, security, acoustics, and comfortable
temperature and humidity, as well as safety and ergonomic design factors. The built
environment is defined as any physical buildings developed and designed by humans,
including places where people work, live, socialize, and play [6]. It also includes material
determinants of health, all of which shape diverse crucial, subtle elements of one’s health
like the environmental conditions on which good health is dependent. There is a growing
acknowledgment that risk factors and/or causes of health complications including heart
disease, cancer, cerebrovascular disease, respiratory diseases, and injuries may be worsened
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by elements within the built environment that contribute to sedentary lifestyles and harmful
environments [7]. To solve the issues, the stages of design, construction, and operation
have been thoroughly examined.

There have been various attempts in recent years to describe the features and methods
for developing healthy buildings. In this regard, the emphasis on healthy building design
has been on implementing integrated and comprehensive processes across the planning,
design, and construction phases of a building’s lifecycle to create a holistic perspective and
teamwork [8]. The advancements have been driven by leveraging changing paradigms
from the traditional design process (TDP) to the integrated design process (IDP) with a
sharp focus on healthy building standards [9-11]. Thus, we posit further advancement of
IDP in the context of incorporating HS in the prevailing IDP healthy building construction
guidelines with a sequential iterative procedure. Moreover, a conceptual framework of
IDP + HS aimed at invigorating the implementation of HS in all IDP workflow stages is
underscored. The strategies within IDP that lead to achieving healthy construction by
addressing both indoor and general environmental quality are also emphasized.

The outcome of this study can help professionals to successfully implement healthy
construction strategies and technologies throughout the entire design process and develop-
ment that can eventually achieve the goals of health in the building industry. In addition,
the proposed framework can also serve as a useful education and training tool for healthy
construction that will help construction professionals to learn about their professional
responsibilities and the resulting benefits for the construction industry as a whole.

2. Design Process and Paradigm Shift to Healthy Building

Despite the well-accepted advances from the traditional design process (TDP) to the
integrated design process (IDP), the concept of a healthy building remains contentious, with
no consistent guidelines. The traditional design process (TDP) used to develop buildings
over the years may have contributed to poor health conditions, due in part to the separation
of responsibility among professions involved in the design and construction process. The
design, bidding, and construction of structures, as well as their role in the context of sick
building syndrome, have been demonstrated [9]. It was found that the standard design
process method and its variants in various regions of the world were highly unlikely to
contribute to healthy construction. This was due to the fact that, in TDP, the design and
construction teams are not always interactive. They have different arrangements, have
different responsibilities, and do not participate in the project throughout. Even when high-
performance systems are built, they may not perform as expected due to poor coordination
during the design and construction processes [10].

Contrary to TDP, numerous studies have stressed the importance of an integrated
design process (IDP) with a framework that can help professionals implement IDP in
a step-by-step teamwork procedure. IDP is a holistic approach to construction since it
provides the roles and responsibilities of major team members in stepwise guidelines. The
mechanism provides the means to apply the design strategies towards sustainability [8].
However, the shortfall of IDP not having a robust health strategy (HS) capability is a
concern of interest. Thus, it is agreeable that healthy building design incorporates a health
strategy, must adopt the integrated and comprehensive processes outlined under the IDP
approach that is implemented during the design, and should design the construction stages
of a building’s lifecycle to create a holistic perspective of expertise cooperation and build
environment [11].

2.1. Healthy Building Concept and Trends

Healthy buildings are considered to be high-performance buildings that promote
occupant comfort, health, safety, and environmental responsibility while also meeting the
physiological, psychological, and social needs of occupants [5]. The notion of a healthy
building was identified by the World Health Organization (WHO, Geneva, Switzerland)
around the 1980s as free of harmful materials and able to promote the health and com-



Smart Cities 2022, 5

fort of the occupants while meeting social needs [12]. The healthy building approach
was further defined by Howard as a practice of increasing the efficiency of buildings and
their sites, water, and materials and reducing building impacts on human health and
the environment through better design and construction processes, maintenance, and
removal [13]. Another significant definition is currently proposed in a new evaluation
criterion in China, stressing on providing healthy environments, infrastructures, and public
services to promote the health of humans and buildings (Healthy Building Evaluating Stan-
dard T/ASC02-2016) [13]. A healthy building environment is one in which an individual’s
health is neither jeopardized nor affected and one that promotes the health and well-being
of the residents [14]. Healthy building environments can include residences, workplaces, or
utility structures such as nursing homes, hospitals, and schools. Both indoor and outdoor
environmental variables are addressed in healthy building settings to adapt effectively to
occupants’ health, requirements, and preferences. Adding value to the environment ex-
tends beyond sustainability for energy savings to a sustainable life for quality and excellent
health. [15]. Table 1 presents the leading global leanings of healthy building definition and

interlinked parameters.

Table 1. Leading global leanings of healthy building definition and interlinked parameters.

Country

Years

Related Definition Paramaters Data Source

Japan

1980

Healthy building is measured based on health as the benchmark and includes physical

health and mental health as indispensable parts. (o]

Japan

1990

An environmental symbiosis house gives full consideration to energy, resources, waste, etc.
to protect the global environment and to create an intimate, beautiful and harmonious
surrounding natural environment, enabling residents to live independently, healthily, and
comfortably, while designing the house and its community environment.

[17]

2000

Healthy building is described as a kind of living environment embodied in the indoor living

space and living environment, including not only physical environmental values, such as
temperature, ventilation efficiency, noise, illuminance, air quality, etc., but also subjective [18]
psychological factors such as floor plan, space layout and color, privacy protection,

landscaping, material selection, etc., plus job satisfaction, interpersonal relationships, etc.

USA

2014

Healthy building is described as committed to the pursuit of a built environment that
supports human health and comfort, improving human health, mood, comfort, sleep, and
other factors; encouraging a healthy and active lifestyle; and reducing the damage of
chemicals and pollutants.

[19]

China

2016

Healthy buildings are buildings that provide people with a healthier environment and
facilities and services based on satisfying building functions, promoting people’s physical [20]
and mental health, and achieving improved health performance.

Europe

2016

Healthy building refers to fulfilling the basic requirements of the building; highlighting the
health elements; meeting the occupants’ physical, psychological, and multilevel social needs
with the concept of sustainable development of human living health; and creating healthy,
safe, comfortable, and environmentally friendly high-quality buildings and communities.

[21]

Inasmuch as there is no unified definition for healthy building, on comparing the
different definitions, it is worth noting that the key elements involved are about the
same. The ideal healthy building addresses physical and psychological components and
consists of key elements with high and low focus. Figure 1 summarizes the elements
that contribute to healthy building. The key elements with high focus consist of indoor
environment quality (IEQ), including thermal comfort; indoor air quality (IAQ); visual
comfort; acoustic comfort; and ergonomics [18-20,22]. The key elements with low focus
include water quality, material, services, security, community, and innovation [18-20,22],
among others. Additionally, in order to sustain a healthy environment, supportive elements
such as an energy conservation system and new technology must be considered, since their
integration into the entire building system facilitates and enhances the building operation

and maintenance throughout its lifecycle.
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Figure 1. The key and supportive elements that contribute to healthy design.

Current Healthy Building Evaluation Systems Overview

While the concept of healthy building has been evolving over the last decade, the
current implementation still remains at a preliminary stage [23]. In the evolvement process,
healthy building standards have been separated into two categories: (i) design guidelines
depicting a set of recommendations on how to apply design principles to provide a healthy
environment and (ii) evaluation standards, which are methods of assessing the quality
and performance of a building based on specific criteria (Figure 2). The design guidelines
intervene during the construction process, while the evaluation standards are only required
once the building is completed, during the operation stage. Based on evidence-based
medical and scientific research, harnessing the built environment as a vehicle to support
health and well-being has significantly contributed to making the WELL building standard
the most prominent and widely applied globally [19,22,24]. Thus, the WELL building
standard was given more prominence in our analysis, as it demonstrates the strongest
potential for real-world application.

USA
France WELL
A Guide for Developers and USA community
Contractors to Build and The RESET Standard| standard
Renovate

Japan Fitwel standard China
Environmental Symbiosis Healthy Building
Housing Certification USA Evaluation Standard
Standard WELL building (T/ASC 02-2016)

standard

Germany Canada
Standard of Building Super ETM Technical specification
Biology Testing requirements for healthy houses
Methods
UK

BREEAM Standard

Figure 2. Evolution of healthy building design guidelines (in green) and evaluation standards
(in blue).
2.2. Healthy Building Implementation in the Real World

Since the inception and launch of the healthy building concept in the 1980s [12], we
examined the highlights of healthy construction implementation in a real-world project
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cycle context (Table 2). It is evident that concepts related to healthy building are mostly
applied during the construction phase of the project by addressing issues associated with
indoor environment quality (IEQ) and/or indoor air quality (IAQ). The emphasis on the IEQ
and IAQ components that entail air quality, thermal comfort, lighting, and acoustics, and
how they interrelate, has constrained the full capacity actualization of healthy construction
and accounted only for the physical aspect of healthy building. According to the above
definitions, construction in the context of healthy building standards goes beyond IEQ
and IAQ; it also accounts for more concepts like water, nourishment, movement, materials,
innovation, and mind that guide human health related to the built environment, and
it addresses both physical and psychological aspects [22,25-32]. Equally, the process
implementation of healthy building standards from the design stage is rarely paid attention
to, which shows the gap between the application of healthy strategy and the design process
to achieve healthy building. This thus affirms that the standardized approach of IDP,
though efficient, has fallen short of being aligned to the direct and robust achievement of
healthy building concepts within IDP.

Table 2. Healthy building implementation and/or industry feedback in projects cycle framework
from 1998 to 2021.

Healthy Concept in Projects Cycle Framework and Key Findings References

Healthy concept scope: Indoor air quality in healthy building.
The indoor air quality of a building has a direct impact on the health and productivity of its occupants. There are

[33-35]

various design solutions that may be implemented to provide optimal indoor air quality. However, it is critical to
understand that, while indoor air quality is a crucial driver of “healthy design,” it is not the only determinant.
Other considerations include acoustics, vibration, light, comfort, aesthetics, and security, as well as ergonomic

design features and safety.

Healthy concept scope: Indoor environmental quality in healthy building.
Healthy building researchers have made significant advances in our understanding of the relationship between

[25-27,36-39]

health and productivity. Indoor environmental quality is the primary requirement for occupant comfort and
productivity in a structure. Thermal comfort, air temperature, humidity, radiation, internal illumination, air
movement, activities, clothing, and climatic change are all components of indoor environmental quality that have
a major impact on occupants. The quality of indoor environmental conditions may have significant economic
impacts for our service society, which relies on buildings for workers to be productive. Additionally, it was found
that there is a direct relationship between indoor air quality and building materials which contributes to the health
of building occupants even though there are still many remaining uncertainties about the costs.

Healthy concept scope: Toward healthy building construction.
There have been discussions around the integration of multi-disciplinary fields within indoor environmental

[40-43]

science to achieve better indoor environmental quality. Building design decisions should be made with full

awareness of the interdependent, dynamic interactions between indoor environmental factors and how they will
be perceived by occupants in the ideal scenario. Stronger than ever, the indoor environmental specialist should
make it his/her duty to get a seat at the project table from the beginning and throughout the whole design process,
and to strongly protect the interests of the occupants. Furthermore, policy must be changed at several levels in
order to promote healthy indoor settings. It is almost likely that the advantages of such initiatives, evaluated in

terms of increased human health and productivity, much exceed the costs.

On the other hand, it has already been proven that IDP is a holistic approach that inte-
grates people, systems, business structures, and practices into a process that collaboratively
harnesses the talents and insights of all participants to optimize project results, increase
value to the owner, reduce waste, and maximize efficiency through all phases of design,
fabrication, and construction [44—46]. Thus, informed by real-world experiences, in this
study, we posit and advocate for a framework that aligns the entire design process (from
Pre-Design to Post Occupancy) to achieve healthy building considering the gaps observed
in the over 23 years of practice.
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3. Aligning the IDP Continuum (from PD to PO) to Achieve Healthy Building

Although the IDP has so far been developed fully theoretically, having clear and
general descriptions in addition to education on IDP in the contemporary university
curricula being emphasized [47], its practical application is often far from smooth. There
is no specific formula for the composition of an IDP team; depending on the nature of
the project and the objectives to be accomplished, the required expertise may appear to
be very diverse [47]. Moreover, the shortfall of IDP not having a robust health strategy
(HS) capability is a concern of interest. Despite the well-intended aim of achieving high-
performance building on well-defined environmental and social goals, the health impact of
the built environment on health behaviors and disease transmission in social systems is
gaining traction. Therefore, in the quantification of actors” input, there is an impending
need to integrate a robust HS in IDP. Driven by these inherent and historical theoretical
framework principles, a conceptual framework of IDP + HS aimed at invigorating the
implementation of HS in all IDP workflow stages is advanced.

To achieve this framework, the first component examines the actual IDP concept to
identify the various factors that come together to make up the entire process. It also shows
the advantage of integrating any new system into IDP because of the collaborative network
established among specialists right from the beginning of the design. In this research, the
IDP is presented in 7 different phases (Pre-Design, Schematic Design, Design Development,
Construction Documentation, Building Construction, Building Operation (startup), and
Post Occupancy (long-term operation)) that portray the project delivery methods. The
second part illustrates the integration of healthy building strategies into IDP by taking
advantage of the feedback mechanisms occurring during the iterative process, which help
evaluate and make appropriate decisions for the project to ensure healthy building is
achieved. The iteration processes with feedback loops allow the design team and, mostly
in this case, the healthy building specialist to oversee the whole process from pre-design
(PD) to post-operation (PO).

Integration of Healthy Building Strategy into IDP

The process of advancing a refocused IDP for healthy building starts by examining the
healthy building strategies and technologies during the construction phase. We developed
a three-layer model that facilitates the process for healthy building construction activities
based on the IDP project delivery method, even though the IDP project delivery method
has not been standardized in implementing healthy building construction. To address
these issues, additional elements are incorporated into the new IDP framework to highlight
the areas where key team members could make a substantial contribution during the
design phase by providing direct input to help achieve the goals of healthy building. The
proposed IDP framework provides a comprehensive list of healthy construction activities,
the goals and procedures at each design phase, and the roles and responsibilities of the
team members. For this study, the Well Building Standard system requirements are used
as a mean of assessment through design preconditions as it has been proven to be most
influential healthy evaluation system with the widest application around the world [22].

The Well Building Institute (IWBI, New York, NY, USA) was created in 2013 with
the mission to promote and improve the quality of human health and well-being within
the environment. The Well Building Standards (WBS) are based on a medical study that
examined the relationship between building and the health and wellness impacts on its
occupants. It helps to create an environment that promotes good nutrition, exercise, mood,
sleep, and the performance of the occupants [24]. The WBS was launched as a performance-
based assessment system to assess, certify, and monitor buildings and communities that
directly or indirectly impact human health. It provides quantifiable value to the health and
well-being of the occupants living in the buildings. WBS outlines ten concepts applicable to
the built environment, which are: air, water, nourishment, light, movement, sound, thermal
comfort, materials, mind, and community [29].
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To guarantee a healthy outcome, the collaborative process of IDP could be more
focused on healthy construction by ensuring the integration of a healthy strategy through
the entire process by a healthy building specialist. The need is supported by the fact that a
healthy building specialist role is assigned to any potential partner building professional
who has undergone extra training at the International WELL Building Institute (IWBI) as
a WELL-accredited professional (WELL AP). The WELL AP credential denotes expertise
in the WELL Building Standard (WELL) and a commitment to advancing human health
and wellness in buildings and communities. The WELL AP credential is awarded to those
who successfully pass the WELL AP exam [29]. This additional professional qualification
justifies the requisite competence for the herein-suggested HS in the developed conceptual
framework put forward by our research findings. Unlike the existing process of achieving
healthy building by almost only including strategies for IEQ, the IDP + HS proposed in
this study enables the healthy WELL-accredited professional to oversee the entire project
component from PD to PO.

Figure 3 presents the overall iterative process of IDP and HS where the IDP + HS
framework consists of three layers, which are the ‘Design Layer as first one’, the second
being ‘Construction layer’, and the third as ‘Operation Layer’. The process takes into
account the Well Building Standard concepts as key elements which apply to the general
building environment (outdoor and indoor) from PD to PO. New technologies are used to
support the entire system with passive and active strategies implementation. The WELL
AP, as the core member, plays a key role by leading the team and guiding them on how
to achieve the expected results. The framework is organized by sets of simultaneous
relationships.

Key elements

Low focus
Supportive elements
Implementation Strategy
Core team member

Indoor Air Quality
Thermal comfort
Acoustic comfort

Visialicomioni Il (e (e %

Ergonomics fEnergy conservation | ' Passive strategy
| J—— — T
i Water Quality { New technology ! { Active strategy |
| 3 Material S ———— / \ ; '}
Mind {
Community
Innovation

Healthy Strategy (HS)
Figure 3. IDP layers process evolution and their interaction with healthy strategy.

The first layer of the IDP + HS framework (Figure 4), the ‘Design Layer’, focuses on
the main achievement of the design team throughout the design process. This layer is
divided into three phases: pre-design, schedule design, and design development. It pays
maximum attention to the healthy building goals at this stage by providing a breakdown of
the content of the built environment, including their precondition requirements, with the
assessment methods needed to be implemented. At this stage, key elements are introduced
to core team and tasks are assigned by the WELL AP, while constantly updating the project
goal for each phase (PD, SD, and DD).



Smart Cities 2022, 5

826

Layers

Design layer

Layers

Construction
layer

| { Passive strategy

Schemmatic | o P R—
L BeiEn edocrn { New technology ! [ Active strategy
{| Development || i Community
. ; { Innovation

IDP + HS
Low focus

Key elements
Core team member

[——
Indoor Air Quality

} Thermal comfort
Pre Acoustic comfort
Design Visual comfort — 3
Ergonomics {Energy conservation |

Supportive elements
Implementation Strategy

A

Material : N e J , RN R ;

Healthy Strategy (HS)

....................................................................................................................

Figure 4. Design layer process evolution in IDP + HS.

The second layer of the IDP + HS framework (Figure 5), ‘Construction Layer’, focuses
on the building construction. This layer is divided into two sections: Construction docu-
ment and building construction. The main roles and responsibilities of the design team led
by the WELL AP are to implement the intention of each healthy strategy applied during
the previous layer (design layer). This phase deals with the implementation of healthy
building strategy into the construction phase of the project and the application for the
required document for healthy building certification. The WELL AP, in tight collaboration
with the contractor and other specialists, leads the team toward healthy construction results
by integrating each step within CD and BC.

IDP + HS
Key elements
Low focus

Core team member

e —
Indoor Air Quality
Thermal comfort
S \ i Acoustic comfort

{( Construction | Visual comfort
'| Document ! Ergonomics
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. e \
i | Building i Water Quality | P rr—— I
{| Construction | Material § M / SRt o A } B
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777777777777777777777777777 : Community ]
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Healthy Strategy (HS)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 5. Construction layer process evolution in IDP + HS.

The third layer of the IDP + HS framework (Figure 6), Operation Layer, focuses on the
building operation and post-occupancy. The main roles and responsibilities of the design
team under the instruction of the health building specialist are to educate the building
operators about healthy building operation and healthy behavior towards the facility.
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Additionally, handoff and training sessions for building operators take place to facilitate
the operation process, followed by a rigorous evaluation during the building operation and
continuous assessment and maintenance during the post-occupancy.

Key elements

Low focus
Supportive elements
Implementation Strategy
Core team member

Indoor Air Quality
Thermal comfort

fPassive strategy |
) | WELLAP

4

{Energy conservation |

—

New technology ' Active strategy

Community

Innovation

Healthy Strategy (HS)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 6. Operation layer process evolution in IDP + HS.

The process presents the entire IDP + HS framework. It illustrates typical IDP method-
ology as it relates to healthy strategy (HS) through an iterative feedback loop, allowing
healthy building specialists to give maximum input from PD to PO. However, to perma-
nently achieve these healthy goals, several facilitating policy adjustments or formulations
would be desired.

4. Supportive Policies

Policies at the educational level must integrate IDP in the contemporary university
and technical training curricula in the construction and urban planning field and must
focus their teaching to appropriately prioritize IDP content with specific goals. To achieve
healthy construction, for instance, teaching within IDP must focus on healthy strategy with
the process. A practical and efficient way to facilitate IDP in the technical institute and
university curricula is to create experimental learning opportunities for apprentices to learn
from field experts. The pairing between trainees and professionals at the educational level
can lead to easy integration into the professional network and enhance future collaboration
on a specific construction project. Additionally, a program such as the WELL building
standard, with its holistic approach to wellness in buildings that integrates healthy strategy
into design, must be part of training curricula at all levels.

Policy makers at the international and national levels need to make the impact of the
built environment on health a priority by promotion of healthy building where existing
policies could be revised and updated accordingly while introducing cost-friendly incen-
tives for healthy construction (for instance, tax exemptions and tax holidays) to allow the
technology to thrive. The life cycle approach must be applied to the building industry man-
agement, where cooperation with local authorities must be prioritized with a clear focus
on healthy building strategies and implementation, to ensure social and health fairness
at all levels. Regulations governing building materials should be reviewed and updated
where necessary to reflect the advantages of a healthy built environment while replacement
of potentially hazardous materials and construction consumables with safer alternatives
should be encouraged. Implementation of a healthy built environment procurement policy
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based on agreed healthy building standards would help institute fairness for all at all levels
of operation.

Policies in the building industry must lead to the application of healthy criteria in
all the building systems where installation and management systems must be taken into
consideration when applying healthy criteria. Rigorous networking and communication
platforms for built environment end users, collaborating professionals, and experts, with
information sharing on aspects of technological advancements, international and national
policies, and strategic plan shifts, should be established and/or invigorated where systems
exist to build a multi-directional communication platform with empowerment content in
the sector for healthy living.

5. Perspective and Conclusions

Buildings have been proven to impact our health in different ways, with different
factors. The concept of healthy buildings aims to improve the physical and mental health of
people while saving energy and protecting the environment. Although buildings achieved
through IDP can improve the health of occupants, their actions are still limited. Thus, the
limits of today’s building development must be addressed by integrating healthy building
criteria, as the two concepts complement each other. Buildings developed through IDP
fall in line with the green buildings concept and prioritize the consumption of resources
and the holistic coexistence of man and nature, while healthy buildings emphasize the
physical, physiological, and psychological health of the occupants, which is directly related
to life quality. Additionally, the link between IEQ and IAQ and health, discussed in most
studies, has been clearly shown by many researchers. However, they still lack a thorough
approach, as they strictly focus on the physical aspect of design, at the construction stage
and operation stage. Therefore, by addressing this gab, future research should use any
baseline to develop a comprehensive and holistic framework that focuses on health and
well-being from the design stage.

Moreover, the concept of healthy buildings becomes vital if we manage to achieve
short and long-term goals by considering the indoor and outdoor environmental quality in
the context of one’s health. To successfully achieve healthy building practices, it is evident
that a solid team must be composed of the project owner, architects, contractors, engineers,
and a WELL AP who will benefit from a comprehensive iterative building framework that
includes HS advances through the design, construction, and operation. As part of the
effort to construct such a framework, this research posits further advancement of IDP in
the context of incorporating HS in the prevailing IDP guidelines with a sequential iterative
procedure, hence developing an IDP + HS workflow framework. Figure 7 illustrates
the IDP + HS iterative framework, having an embedded WELL-accredited professional
(WELL AP) shown in green with a feedback loop from PD to PO in IDP. The IDP + HS
iterative framework herein advanced is intended to further aid neophyte and experienced
building professionals to reflect about the process of achieving healthy building while
optimizing IDP for one’s health invigoration in the construction industry. Additionally,
the IDP + HS framework proposed here will support the design team with the lead of
the healthy building specialist to produce adequate construction documentation, an area
that is often a problem for the construction project. The comprehensive documentation
process for healthy construction included in IDP + HS will minimize the need for additional
documentation specifically related to healthy building, greatly facilitating the certification
process of healthy building in the construction industry. IDP + HS will thus facilitate and
strengthen the relationship between IDP and health and the process, documentation, and
implementation requirements to achieve a full healthy construction.
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Figure 7. The IDP + HS iterative framework, having an embedded WELL-accredited professional
(shown in green) with a feedback loop from PD to PO in IDP.

Author Contributions: Conceptualization: S.5.B.B.O.A. and L.Z.; Data mining and collation:
S5.S5.B.B.O.A. and C.K.-W.; formal analysis: S.S5.B.B.O.A. and C.K.-W.; writing: S.S.B.B.O.A., L.Z.
and C.K.-W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank all research team members for their valuable
comments that help improve the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Carmichael, L.; Prestwood, E.; Marsh, R.; Ige, ].; Williams, B.; Pilkington, P.; Eaton, E.; Michalec, A. Healthy buildings for a healthy
city: Is the public health evidence base informing current building policies? Sci. Total Environ. 2020, 719, 137146. [CrossRef]
[PubMed]

2. Allen, C.; Metternicht, G.; Wiedmann, T. Initial progress in implementing the Sustainable Development Goals (SDGs): A review
of evidence from countries. Sustain. Sci. 2018, 13, 1453-1467. [CrossRef]

3. Alhorr, YM.; Arif, M.; Katafygiotou, M.; Mazroei, A.; Kaushik, A.; Elsarrag, E. Impact of indoor environmental quality on
occupant well-being and comfort: A review of the literature. Int. J. Sustain. Built Environ. 2016, 5, 1-11. [CrossRef]

4. Nahum-Shani, I.; Hekler, E.B.; Spruijt-Metz, D. Building health behavior models to guide the development of just-in-time adaptive
interventions: A pragmatic framework. Health Psychol. 2015, 34, 1209. [CrossRef]


http://doi.org/10.1016/j.scitotenv.2020.137146
http://www.ncbi.nlm.nih.gov/pubmed/32229012
http://doi.org/10.1007/s11625-018-0572-3
http://doi.org/10.1016/j.ijsbe.2016.03.006
http://doi.org/10.1037/hea0000306

Smart Cities 2022, 5 830

10.
11.

12.
13.

14.

15.

16.
17.

18.
19.
20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

Brunsgaard, C.; Fich, L.B. ‘Healthy Buildings’: Toward Understanding User Interaction with the Indoor Environment; SAGE Publications:
London, UK, 2016.

Bird, E.; Ige, ].O; Pilkington, P,; Pinto, A.; Petrokofsky, C.; Burgess-Allen, J. Built and natural environment planning principles for
promoting health: An umbrella review. BMC Public Health 2018, 18, 1-13. [CrossRef]

Mujan, I.; Andelkovié, A.S.; Munéan, V.; Kljaji¢, M.; Ruzi¢, D. Influence of indoor environmental quality on human health and
productivity-A review. J. Cleaner Prod. 2019, 217, 646-657. [CrossRef]

Ahn, YH.; Jung, C.W,; Suh, M.; Jeon, M.H. Integrated construction process for green building. Procedia Eng. 2016, 145, 670-676.
[CrossRef]

Keeler, M.; Vaidya, P. Fundamentals of Integrated Design for Sustainable Building; John Wiley & Sons: Hoboken, NJ, USA, 2016.
Mansour, O. Indoor air quality: An enviro-cultural perspective. WIT Trans. Ecol. Built Environ. 2014, 142, 187-195.

Block, M.; Bokalders, V. The Whole Building Handbook: How to Design Healthy, Efficient and Sustainable Buildings; Routledge: London,
UK, 2010.

Barton, H.; Grant, M. Urban planning for healthy cities. J. Urban Health 2013, 90, 129-141. [CrossRef]

Mao, P; Qi, J.; Tan, Y.; Li, ]. An examination of factors affecting healthy building: An empirical study in east China. . Clean Prod.
2017, 162, 1266-1274. [CrossRef]

Kort, H. Bouwen Voor Zorg en Gezondheid. 2012. Available online: https://pure.tue.nl/ws/files/3690013/kort2012.pdf
(accessed on 26 July 2022).

Huber, M.; Knottnerus, J.A.; Green, L.; Van Der Horst, H.; Jadad, A .R.; Kromhout, D.; Leonard, B.; Lorig, K.; Loureiro, M.I; Van
Der Meer, ] W.,; et al. How should we define health? BM] 2011, 343, d4163. [CrossRef]

He, K; Jin, J.; Wang, Q.; Wang, C. Argument about healthy architecture in Japan. Archit Cult. 2014, 8, 85-86.

Iwamura, K. Movements of the Environmentally Symbiotic Housing Theory and Practices in Japan. Available online: https:
/ /www.irbnet.de/daten/iconda/CIB3265.pdf (accessed on 2 June 2022).

Ye, H.; Luo, M,; Xu, J. Healthy building and its assessment standards. Build Sci. 2017, 33, 113-119.

IWBI, W. Building Standard V2; Delos Living LCC: New York, NY, USA, 2019.

China, S.0.A.S.0. Assessment Standard for Healthy Building (T/ASC 02-2016); China Architecture & Building Press: Beijing,
China, 2017.

Klimovich, K.; Anagnostopoulos, F.; de Groote, M.; Staniaszek, D.; Nicolle, R. Building 4 People: People-Centric Buildings
for European Citizens. Available online: https://bpie.eu/wp-content/uploads/2017/12/White-Paper2017.pdf (accessed on 2
June 2022).

Lin, Y;; Yuan, X.; Yang, W.; Hao, X; Li, C. A Review on Research and Development of Healthy Building in China. Buildings 2022,
12, 376.

Awada, M.; Becerik-Gerber, B.; Hoque, S.; O'Neill, Z.; Pedrielli, G.; Wen, J.; Wu, T. Ten questions concerning occupant health in
buildings during normal operations and extreme events including the COVID-19 pandemic. Build. Environ. 2021, 188, 107480.
Institute IWB. The WELL Building Standard; WELL: New York, NT, USA, 2018.

Bueno, A.M.; de Paula Xavier, A.A.; Broday, E.E. Evaluating the Connection between Thermal Comfort and Productivity in
Buildings: A Systematic Literature Review. Buildings 2021, 11, 244. [CrossRef]

Samad, M.H.A; Aziz, Z.A.; Isa, M.H.M. Indoor environmental quality (IEQ) of school classrooms: Case study in Malaysia. AIP
Conf. Proc. 2017, 1892, 180001.

Loftness, V.; Hakkinen, P; Adan, O.O.; Nevalainen, A. Elements that contribute to healthy building design. Environ. Health
Perspect. 2007, 115, 965-970.

Walter, H. Designing healthy buildings with WELL: The WELL Building Standard was designed to provide guidance to projects
on how to prioritize human health and wellness. Consult. Specif. Eng. 2021, 58, 32-38.

Alfonsin, N.; McLeod, V.; Loder, A.; DiPietro, L. Active Design Strategies and the Evolution of the WELL Building Standard™. J.
Phys. Act. Health 2018, 15, 885-887.

Loder, A.; Altomonte, S. Promoting Human Health and Well-Being in Buildings. Available online: https://www.researchgate.
net/profile/Lisanne-Havinga/publication/339461375_Human_Well-being_via_Certification_and_Tools/links/5e7a0a7a45851
58bd501dc3c/Human-Well-being-via-Certification-and-Tools.pdf#page=7 (accessed on 26 July 2022).

Richardson, Z. The WELL Building Standard: Assessment of Effectiveness. 2018. Available online: https://core.ac.uk/download/
pdf/219380608.pdf (accessed on 26 July 2022).

Vedvik, R. Understanding WELL v2 certification: As WELL v2 certification becomes more prevalent, project managers, engineers
and designers need to understand which preconditions and optimization features are impacted by the systems they design.
Consul. Specif. Eng. 2021, 58, 24-31.

Straube, J.; Acahrya, V. Indoor Air Quality, Healthy Buildings, and Breathing Walls. Available online: https:/ /www.oldbuilders.
com/indoor%?20air%20quality /indoor%20air%20quality%20-%20index.html (accessed on 26 July 2022).

Spengler, ].D.; Chen, Q. Indoor air quality factors in designing a healthy building. Annu. Rev. Energy Environ. 2000, 25, 567-600.
D’Amico, A.; Bergonzoni, G.; Pini, A.; Curra, E. BIM for Healthy Buildings: An Integrated Approach of Architectural Design
Based on IAQ Prediction. Sustainability 2020, 12, 10417.

Gomes, J. Outline of a methodology for construction of a healthy building. In Proceedings of the Healthy Building 2006, Lisboa,
Portugal, 4-8 June 2006; p. 117.


http://doi.org/10.1186/s12889-018-5870-2
http://doi.org/10.1016/j.jclepro.2019.01.307
http://doi.org/10.1016/j.proeng.2016.04.065
http://doi.org/10.1007/s11524-011-9649-3
http://doi.org/10.1016/j.jclepro.2017.06.165
https://pure.tue.nl/ws/files/3690013/kort2012.pdf
http://doi.org/10.1136/bmj.d4163
https://www.irbnet.de/daten/iconda/CIB3265.pdf
https://www.irbnet.de/daten/iconda/CIB3265.pdf
https://bpie.eu/wp-content/uploads/2017/12/White-Paper2017.pdf
http://doi.org/10.3390/buildings11060244
https://www.researchgate.net/profile/Lisanne-Havinga/publication/339461375_Human_Well-being_via_Certification_and_Tools/links/5e7a0a7a4585158bd501dc3c/Human-Well-being-via-Certification-and-Tools.pdf#page=7
https://www.researchgate.net/profile/Lisanne-Havinga/publication/339461375_Human_Well-being_via_Certification_and_Tools/links/5e7a0a7a4585158bd501dc3c/Human-Well-being-via-Certification-and-Tools.pdf#page=7
https://www.researchgate.net/profile/Lisanne-Havinga/publication/339461375_Human_Well-being_via_Certification_and_Tools/links/5e7a0a7a4585158bd501dc3c/Human-Well-being-via-Certification-and-Tools.pdf#page=7
https://core.ac.uk/download/pdf/219380608.pdf
https://core.ac.uk/download/pdf/219380608.pdf
https://www.oldbuilders.com/indoor%20air%20quality/indoor%20air%20quality%20-%20index.html
https://www.oldbuilders.com/indoor%20air%20quality/indoor%20air%20quality%20-%20index.html

Smart Cities 2022, 5 831

37.
38.
39.
40.
41.
42.

43.

44.

45.

46.

47.

Eichholtz, P; Kok, N.; Palacios, J. Moving to Productivity: The Benefits of Healthy Buildings; Maastricht University: Maastricht, The
Netherlands, 2019.

D’Amico, A; Pini, A.; Zazzini, S.; D"Alessandro, D.; Leuzzi, G.; Curra, E. Modelling VOC emissions from building materials for
healthy building design. Sustainability 2021, 13, 184.

Kumar, S.; Fisk, W.J. IEQ and the impact on building occupants. ASHRAE ]. 2002, 44, LBNL-51288.

Fisk, W.J. How IEQ affects health, productivity. ASHRAE ]. 2002, 44, LBNL-51381.

Wu, F; Jacobs, D.; Mitchell, C.; Miller, D.; Karol, M.H. Improving indoor environmental quality for public health: Impediments
and policy recommendations. Environ. Health Perspect. 2007, 115, 953-957.

Loonen, R.; Loomans, M.; Hensen, J.L. Towards predicting the satisfaction with indoor environmental quality in building
performance simulation. In Proceedings of the Healthy Buildings Europe, Eindhoven, The Netherlands, 18-20 May 2015.
Koelblen, B.; Psikuta, A.; Bogdan, A.; Annaheim, S.; Rossi, R.M. Healthy Buildings 2017 Europe July 2-5, 2017, Lublin, Poland.
2020. Available online: https://repo.pw.edu.pl/docstore/download /WUT9295569e2fd846c4b4b9a8b76b7f1518 /0116.pdf (ac-
cessed on 26 July 2022).

The American Institute of Architects. Integrated Project Delivery: A Guide Version 1. 2007. Available online: https://info.aia.
org/siteobjects/files/ipd_guide_2007.pdf (accessed on 26 July 2022).

Larsson, N. The Integrated Design Process; History and Analysis; International Initiative for a Sustainable Built Environment:
Ottawa, ON, Canada, 2009.

Hansen, H.T.R.; Knudstrup, M.-A. The Integrated Design Process (IDP): A more holistic approach to sustainable architecture. In
Proceedings of the Action for Sustainability, The 2005 World Sustainable Building Conference, Tokyo, Japan, 27-29 September 2005.
Attia, S.; Walter, E.; Andersen, M. Identifying and modeling the integrated design process of net Zero Energy buildings. In
Proceedings of the High Performance Buildings-Design and Evaluation Methodologies Conference, Brussels, Belgium, 24-26
June 2013.


https://repo.pw.edu.pl/docstore/download/WUT9295569e2fd846c4b4b9a8b76b7f1518/0116.pdf
https://info.aia.org/siteobjects/files/ipd_guide_2007.pdf
https://info.aia.org/siteobjects/files/ipd_guide_2007.pdf

	Introduction 
	Design Process and Paradigm Shift to Healthy Building 
	Healthy Building Concept and Trends 
	Healthy Building Implementation in the Real World 

	Aligning the IDP Continuum (from PD to PO) to Achieve Healthy Building 
	Supportive Policies 
	Perspective and Conclusions 
	References

