
energies

Article

COVID-19 and Green Housing: A Review of Relevant Literature

Arturas Kaklauskas *, Natalija Lepkova, Saulius Raslanas, Ingrida Vetloviene, Virgis Milevicius
and Jevgenij Sepliakov

����������
�������

Citation: Kaklauskas, A.; Lepkova,

N.; Raslanas, S.; Vetloviene, I.;

Milevicius, V.; Sepliakov, J. COVID-19

and Green Housing: A Review of

Relevant Literature. Energies 2021, 14,

2072. https://doi.org/10.3390/

en14082072

Academic Editors: Ernest

Effah Ameyaw, Albert P. C. Chan,

Amos Darko, George S. Stavrakakis

and Chi-Ming Lai

Received: 24 February 2021

Accepted: 6 April 2021

Published: 8 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Department of Construction Management and Real Estate, Faculty of Civil Engineering, Vilnius Gediminas
Technical University, Sauletekio av. 11, 10223 Vilnius, Lithuania; Natalija.lepkova@vilniustech.lt (N.L.);
saulius.raslanas@vilniustech.lt (S.R.); ingrida.vetloviene@vilniustech.lt (I.V.); Virgis12345@gmail.com (V.M.);
jevgenijussepliakovas@gmail.com (J.S.)
* Correspondence: arturas.kaklauskas@vilniustech.lt; Tel.: +370-5-274-5234

Abstract: This review presents an analysis of three hypotheses. The articles provide a specific
perspective on green housing before, during, and post COVID-19. The validations of these hypotheses
were performed by analyzing the scientific literature worldwide and by adding a statistical analysis
of appropriate articles from the Scopus database. The purpose of this review is to overview the
research written on housing developments during the upsurge of COVID-19 along with the responses
from the green building sector, because this field appears to be rapidly emerging by the sheer volume
of research studies currently undertaken. Foremost peer-reviewed journals covering construction,
urban studies, real estate, energy, civil engineering, buildings, indoor air, management, economics,
business, environmental studies, and environmental sciences that were published last year were
selected for review. The review was conducted by applying a combination of various keywords and
the criteria for paper selection, including sustainable building, green construction, green building,
resource-efficient, a building’s lifecycle, COVID-19, energy, water, consumption, health effects,
comfort, occupant behaviors, policy, economy, Industry 5.0, energy-efficient retrofitting, and profit.
Two, innovative elements in this study stand out when comparing it with the most advanced research
on green housing before, during, and after COVID-19. The first innovation relates to the integrated
analyses of COVID-19 pandemic, housing policies of countries and cities pertinent to COVID-19 that
impact green housing and the wellbeing of their residents as well as the impact made by residents
and a housing policy on the dispersion of COVID-19. This research additionally establishes that a
green building analysis is markedly more effective when the analysis comprehensively covers the
life process of a green building, the participating interest groups that have their own goals they wish
to implement, the COVID-19 situation, and the external micro- and macro-level environments as a
singular entity.

Keywords: green housing; sustainability; COVID-19 and pandemic; real estate market; household
preference; technologies; trends; a review

1. Introduction

The current health emergency has proven to be a crisis like none other recalled in
modern times. There seemed to be no other manner to overcome it, but for countries to
instigate lockdowns that brought their economies to a standstill. Thereby the result has
been the worst recession since the Great Depression. Lives were overturned in numerous
ways to deal with this crisis. The ensuing collapse of economies occurred at unimaginably
rapid rates and magnitudes. Changes to people’s lives everywhere have been profound:
slowdowns of economies, loss of jobs, upheavals of climates, upsurge of technology, and
automation resulting in job losses, upswing of digital currencies, depressed returns on
savings, greater inequalities, and rising debts. Nonetheless, along with the usual global
forces, this unexpected crisis holds promise of a new challenge and opportunity at building
a brighter tomorrow for everyone. Good faith and shared goals constitute the means for
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solutions even when the problems are unusually pressing. The expected recovery then can
mean a global economy that serves all [1].

The housing sector has suffered numerous difficulties from the pandemic, including
in the field of green buildings. The sector’s problems are not limited to the present
but will continue for some time. Problems include renting during the COVID-19 surge.
Responses to pandemic policies require attention, and these need to be understood in terms
of their impacts. Other topics involve coordinating policies in light of housing outcomes
during the COVID-19 outbreak. Then, following the pandemic, consideration must be
made of relationships between landlords and renters and of the entire concept of green
buildings. Lockdowns have already lasted over 10 months. Thus people were forced to
sleep, eat, work, work-out, and socialize, all at home. This leads to one conclusion—larger
living spaces that overlook green areas need to constitute the focus of green housing
design strategies.

The COVID-19 pandemic has added a great deal of uncertainty to many areas of
human life—at work, at home, in leisure time. For many people, their homes are now the
only place where they work and spend free time. A look at various aspects of housing
through the lens of the pandemic is, therefore, very important. The question is whether the
drive to protect human health will become the key point in the analysis of housing priorities,
with a focus on the quality of indoor environment, the choice of building materials, and
expected changes in sustainable design requirements for residential buildings. Finally, a
rethinking of sustainability requirements for residential buildings is one challenge of this
pandemic. Future building assessment will likely focus more on its occupants than the
building itself. More waves of the COVID-19 outbreak are possible and to mitigate its
influence, its impacts must be analyzed.

Currently many countries face many challenges and needs for housing improvements
requiring solutions. Micro-, mezzo-, and macro-environments in housing pertinent to
COVID-19 involve numerous aspects. Working from home is on an upswing; thus, suitable
environments must be enabled. COVID-19 is bound to cause new requirements for future
homes. These will involve resource efficiency throughout a building’s lifecycle, larger lots as
well as smart bathrooms and bidets. There will be new aspects to multi-generational homes,
which will now require unique spaces, such as, e.g., more rooms and more bathrooms.
Future homes cannot be simply smart homes—they must be healthy and energy-efficient
homes. Floor plans will require more open spaces. Creative locales within the home can be
designed for office use. Management teams will be designated for infrastructural facilities
and different, smaller teams for technical facilities. Daily hygienic needs must be on-site
in simplified designs. Checklists must be generated for daily health and safety needs.
Building Information Modelling (BIM) and other digital means need to fight with COVID
19, e.g., by digital risk monitoring on construction sites and in work sites. Relevant systems
would include data analysis, alerting, video surveillance, Internet of things (IoT), and
non-invasive temperature monitoring. Plans should include reporting on health on a daily
basis and the ability to diagnose remotely. Proptech would change facilities management
on a step-by-step basis by employing workplace wellbeing, efficient energy consumption,
optimal use of available space, and data management.

The literature under review originated only in part of the countries the pandemic has
affected. Therefore the studies reviewed do not include all the areas around the world that
have been infected by this virus. Hence, the affected countries with extremely vulnerable
populations still call for adequate coverage. Nonetheless, there is a considerable overview
of proposed policies aimed at the pandemic, so the green housing research community and
its overall sector has been considered in light of the main, pertinent guidelines.

Aspects of green housing in the era during and post COVID-19, green housing trends
and its interrelations are presented in the Figure 1. These factors are briefly analyzed below.
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A quantitative analysis on green housing is possible by applying the Topic Model,
Environmental Psychology Theory, building life cycle method and certain elements of
Bibliometrics, Webometrics, Article Level Metrics, Altmetrics, and Scientometrics. These
methods are briefly described next.

“How can the development of ideas in a scientific field be studied over time?” This was
the question that Hall et al. [2] attempted to answer by studying the history of ideas using
topic models. An analysis of the historical developments in Computational Linguistics field
from 1978 to 2006 was also undertaken by Hall et al. [2] by applying unsupervised topic
modelling to the Anthology of Computational Linguistics (ACL). Their study involved
inducing topic clusters by applying Latent Dirichlet Allocation for investigating the strength
of every topic over time. The methods employed by Hall et al. [2] discover developments
in this field. These included the rise of probabilistic methods from their beginning in 1988,
a stable growth of pertinent applications and a pronounced drop of research in semantics
and understanding between 1978 and 2001, which showed some growth only after 2001.
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Rosen-Zvi et al. [3] provide the author–topic model for modelling topics pertinent
to document authors, meant to upgrade topic detection in documents with authorship
information. Topic modelling on abstracts from the Proceedings of the National Academy
of Science (PNAS) was applied by Griffiths and Steyvers [4] to identify topics with growing
or falling popularity from 1991 to 2001. A topic model for geographically distributed
documents was developed by Yin et al., 2011 [5]. Here latent regions detected by inference,
which explain document positions. Newman and Block [6] determined the temporal
dynamics of topics from 1728 to 1800 in the Pennsylvania Gazette, which constituted an
approach for temporal information. Network information between linked documents in the
relational topic model were included by Chang et al. [7] for the purpose of modelling such
links between websites. Meanwhile Lamba and Madhusushan (2019) [8] were applying
topic modelling on full-text research articles that they took from the DESIDOC Journal of
Library and Information Technology (DJLIT) from 1981 to 2018.

Webometrics is the term Almind and Ingwersen [9] applied to reference quantitative
studies of the web. A definition of webometrics was provided by Björneborn and Ingw-
ersen [10]. They claimed it is the study of bibliometric and informetric approaches, which
serve as a source for the quantitative aspects of the construction and use of information
resources, structures, and technologies on the Web.

Bibliometrics refers to the analysis of scientific publications by applying a set of
quantitative methods. A bibliometric study involves quantifiable forms of a publication
or any aspect of that publication, such as its number of words, the time delayed after
its submission until its publication and other similar aspects. Bibliometric measures that
appear most often are the following [11]:

• The productivity of some certain researcher or research group measured by the number
of respective publications issued.

• The number of citations from a publication appearing in later publications written by
other scholars to indicate the interest generated by that respective publication.

• The number of downloads of an electronically available publication by readers to
indicate its importance.

• The number of times on average that articles published in certain journals are cited
within a certain time period following publication to indicate of the scientific impor-
tance of that journal or how comprehensive its peer review is.

How the scientific community handles a particular piece of research constitutes its
scientific impact. Thus the interest the scientific community pays to some certain article
in a professional journal after publication is a matter undertaken by Article Level Metrics
(ALMs) by a wide range of metrics. Such metrics can include citations, usage statistics,
discussions regarding online comments and social media and social bookmarking as well
as different recommendations [12]. Lin and Fenner [12] covers why Article Level Metrics
constitute an important extension of traditional citation-based journal metrics as well as
presents several examples. A variety of metrics, e.g., have been accumulated and displayed
by Public Library of Science (PLOS) since 2009 for every one of its articles. Furthermore
PLOS also collects metrics about how many times an article has been saved in online
reference managers like Mendeley in addition to its statistics on the frequency a certain
article has been viewed and downloaded, meaning the statistics on its citations and usage.
Other metrics included by PLOS regard the frequency of discussions about an article in its
online comments, in science blogs and/or in the social media. In addition to these metrics,
PLOS also notes the frequency of recommendations of a certain article by other scholars. A
consideration of citations alone would exclude all the other valuable information, which
these added metrics provide [12].

The “impact” or “reach” of some, one article is referenced as Article Level Metrics
(ALMs), referencing an entire range of measures offering such insights. Citations at the
journal level are measured by the well-known Impact Factor. Meanwhile the research
impact of an article is measured by ALMs aiming for transparency and thoroughness.
ALMs view citations and their usage and, additionally, present the coverage of an article
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along with discussions that appear on the social web [13]. The discussions regarding an
individual article along with its sharing and use comprise a picture that Article Level
Metrics (ALMs) present. The effort of ALMs involves measuring impact at the level of a
single article. To accomplish such a measure, some traditional data sources like times cited
are used by ALMs as well as certain new sources like tweets. The definition of altmetrics
specifically references such an effort to include new data sources for measuring impact
brought about by either an article, a journal or even by some certain scholar. Data sources
are the heart of altmetrics, not some level of aggregation. ALMs specifically define the
impact of some, certain article by merging altmetrics with traditional data points [14].

A different group of metrics has appeared recently, over the past few years. This group,
which has evolved to becoming a topic of interest and research in scientometrics, is now
known as alternative metrics or altmetrics. It obviously differs from classical bibliometrics,
as its name indicates, since it offers an alternative to citation analysis [15]. In Lin and
Fenner [12] opinion, altmetrics used a very wide-ranging collection of metrics, such as
citation of papers, papers views and downloads, recommended, science blogs, journal
comments, discussed in Twitter, Wikipedia, or Facebook. Altmetrics is especially well
defined by Priem et al. [16], who describe what it involves and how it can be used in
addition to pinpointing the subjects of its focus. That different alternative metrics could
be correlated with numerous traditional metrics, including, e.g., citations, was proposed
by Priem et al. [16], or, alternatively, expert opinions might undertake an analysis of such
a correlation.

The scientific measurement of work of scholars involving the means of analysis of
their publications along with the citations within those articles is known as scientometrics
(Wiktionary). The measure and analysis of science is a science called Scientometrics. Its
practice frequently involves the use of bibliometrics or measuring the impact of publica-
tions (Freebase). Scientometrics is an instrument of the Sociology of Science, which is a
sub-discipline dealing with quantitative evaluations of scientific activity that documents
the sectoral economy of the scientific optical discipline, as per Vega-Muñoz and Arjona-
Fuentes [17]. Furthermore these scholars proclaim that its application can also extend to
the sub-discipline covering the sector of economics research and development.

In order to design and implement an effective green building life cycle process, it is
necessary to analyze comprehensively its constituent parts, the participating in it interested
groups as well as to consider external micro- and macro environment impact. In green
building life cycle process stages, alternative variants are formed by changing a construction
site, by rating possible green building volumetric-planned and other solutions, construction,
and maintenance processes, etc. Variability of solutions helps to consider more rationally
the present COVID-19 situation, external micro- and macro environment level factors,
to make the project cheaper; to satisfy better architectural, aesthetic, comfort and other
requirements of the client as well as aims of all participating in the project interested groups
(see Figure 1).

The effectiveness of a green building life cycle process highly depends on external
micro- and macro level environment. The factors of the external macro level environment,
such as the implemented by the government and cities politics, influences the effective-
ness of the green building life cycle process. Real estate policy in countries and cities
(responses and challenges) as well as other macro level factors are described in more detail
in Section 5.1. Micro level factors (a nice place, good infrastructure of the place, sources of
funding, etc.) also largely condition the effectiveness of the project. The influence of micro
level environment to green housing is described in more detail in Section 5.2—COVID-19
and Its Possible Effects on Future Homes.

How can effective green building life cycle process be determined, if different inter-
ested groups participate in it, there can be hundreds of thousands of alternative projects
variants, when, with the change of constituent parts of green building life cycle process,
COVID-19 situation, external environment, the effectiveness of the entire project also
changes? In addition, the implementation of some aims can be more rational economically



Energies 2021, 14, 2072 6 of 38

than others; however, they are differently significant from other aspects. Thus, it is consid-
ered that the effectiveness of green building life cycle process depends on the rationality of
its constituent parts, the level of interested groups goals achievement and the rationality
of the external environment. This analysis formally describes how with the change of
constituent parts of the project, COVID-19 situation, external environment, the level of
different goals achievement, and the level and price of green building life cycle process
effectiveness change.

The research’s object consists of green building life cycle process, the participating
in it, and willingness to implement its interested group’s goals, COVID-19 situation, and
external micro- and macro level environment as a whole. Green Housing Topic Model was
developed in order to perform a detailed analysis of this analysis object.

The objective of research is the increase of green building life cycle process effective-
ness by applying a newly developed Green Housing Topic Model.

It has not been analyzed in detail till now how COVID-19, housing COVID-19 policies
of countries and cities impact green housing and the wellbeing of residents, and also the
residents and a housing policy impact the dispersion of COVID-19. A green building
analysis is also much more effective in a comprehensive analysis of green building life
cycle process, the participating in it interested groups, willing to implement their goals,
COVID-19 situation, external micro-, and macro level environment as a whole. Due to these
two reasons, the research was undertaken in order to fulfil the gap in the knowledge of
the green housing before, during, and post COVID-19. The analysis given in Sections 3–5,
shows that the analyzed question is important and actual while seeking for the increase of
green building science spread.

2. Methodology

An integrated quantitative analysis on green housing before, during, and after COVID-
19 is possible by applying the Topic Model, Environmental Psychology Theory, building life
cycle method, and certain elements of Bibliometrics, Webometrics, Article Level Metrics,
Altmetrics, and Scientometrics. These methods were described in brief in the Introduction.

Development of the Green Housing Topic Model took place during the course of the
research when the worldwide scientific literature was under analysis and the statistical
analysis was taking place of appropriate articles from different bibliographic databases.
The development of the Green Housing Topic Model occurred in seven stages:

1. Search
2. Compilation of a two-dimensional green building map
3. Comparison of articles published in 2019 and 2020 on green buildings by specific key

search words
4. Raising a hypothesis (Hypothesis 1) on the correlation and distribution of topic words

Hypothesis 1. On the correlation and distribution of topic words.

5. Compilation of a colored document-frequency matrix
6. Raising and validating the two hypotheses (Hypotheses 2 and 3) and the interlink

between them
7. Establishment of green housing trends on a micro and macro scope

Brief descriptions of these stages follow.
In the first stage of the Model, we performed a scientific literature search SCOPUS

and Web of Science databases. We also analyzed the publications of American Planning
Association and American Society of Civil Engineers peer-reviewed journals and the
announced publications of Organization for Economic Co-operation and Development.
Databases were searched by using a combination of various keywords and the criteria for
paper selection including green building, sustainable building, green construction, resource-
efficient, a building’s lifecycle, COVID-19, energy, water, consumption, health effects,
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comfort, occupant behaviors, policy, economy, Industry 5.0, energy-efficient retrofitting,
and profit. Searches were limited to research published from 1974 up to the date of the
search (5 March 2021).

For example, 3477 green building articles were publicized in a Web of Science Core
Collection database from 1999 to 2021. The following papers were announced in Web of
Science Categories: construction building technology (952), engineering civil (776), environ-
mental sciences (607), architecture (311), environmental studies (298), urban studies (167),
regional urban planning (111), public environmental occupational health (63), business (57),
computer science artificial intelligence (57), etc. Web of Science Core Collection database
green building Hi = 81, average citations per item is 10.33, the sum of times cited is 35,906
(without self-citations—27,692), citing articles are 21,089 (without self-citations—19,600). In
the analyzed period, in total 1877 articles, 1384 proceedings papers, 162 reviews, 41 editorial
material, etc., were printed on green building topic.

Figure 2 displays a two-dimensional green building map. Its basis constitutes the data
from the search SCOPUS database from the second stage of the model. This figure indicates
topic similarities as per the manner of their distribution over keywords. The topic label
additionally indicates how to best capture the semantics of the top keywords. Figure 2
presents the keywords taken from the search on green buildings in 2019 in a circle. These
reflect the following on a green building:

• a life cycle along with the latest information, artificial intelligence and other technolo-
gies applied to it (a)

• level of user satisfaction with green buildings and resources and aspects of green
matters, environmental protectors, and renewables (b)

• national, city wide, residential area and decision-making dimensions (c)
• green building aspects (d).

Figure 2 submits circles in sizes indicative of the number of articles issued in Sci-
enceDirect journals in 2019 according to the key search words for specific green buildings.

Comparisons of articles published in 2019 and 2020 in the Scopus journal database
according to specific key search words for green building during the Third stage of the
model. Figure 3 shows the y axis containing the numbers of articles found in the Scopus
journal database by year according to specific key words. For example, in 2020, there
were 853 articles in the Scopus journal database published according to the key words
“green building” and “construction”, whereas, in 2019, there were 781 such articles. The
overall number of articles in the 2020 database under analysis increased by 8.5 percent
when compared with the 2019 database. Meanwhile, during this same period, the number
of articles on green housing increased by 10.5 percent.
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Figure 3. Comparison of articles published in the 2019 and 2020 Scopus journal databases by
key words reflecting (a) Green building life cycle, (b) Resources, green matters, environmental
protectors, renewables, and climate change aspects, (c) Green building aspects, (d) National, city-wide,
residential area and decision-making dimensions, (e) Applications of latest information, artificial
intelligence, and other technologies and (f) Level of user satisfaction with green buildings.

The correlation and distributional hypothesis of topic words was raised and sub-
stantiated during the Fourth stage. A qualitative approach to automatically uncover
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the coherence of a topic are, as proposed by researchers in the field, topic coherence
measures [18,19]. Meanwhile the root of the underlying idea lies in the distributional
hypothesis of linguistics [20]. Additionally words with similar meanings tend to occur in
similar contexts. Whenever all or most words relate with one another, e.g., the leading N
words of a topic, then the topics are considered coherent [7]. The distributional hypothesis
was also raised during the course of this research that the key words relevant to the green
building topic strongly correlate with one another (see Table 1).

Table 1. Strong correlation coefficients obtained between user satisfaction with green buildings, the life cycle of a green
building and the national, city-wide, residential area, and decision-making dimensions.
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“land use” - - 1 0.996 0.991 0.777 0.983 0.833 0.986 0.987 0.994 0.996 0.984 0.988 0.902

sustainability - - - 1 0.985 0.726 0.986 0.827 0.993 0.987 0.998 0.995 0.986 0.984 0.900

“quality of life” - - - - 1 0.781 0.979 0.871 0.972 0.988 0.984 0.989 0.980 0.986 0.888

“human-centered” - - - - - 1 0.759 0.710 0.694 0.790 0.751 0.778 0.823 0.749 0.618

satisfaction - - - - - - 1 0.866 0.990 0.993 0.990 0.992 0.984 0.991 0.859

happiness - - - - - - - 1 0.804 0.875 0.829 0.854 0.862 0.872 0.676

“life cycle” - - - - - - - - 1 0.985 0.993 0.988 0.974 0.980 0.891

brief - - - - - - - - - 1 0.991 0.994 0.986 0.990 0.877

design - - - - - - - - - - 1 0.997 0.991 0.985 0.893

transport - - - - - - - - - - - 1 0.991 0.991 0.885

density - - - - - - - - - - - - 1 0.977 0.873

neighborhoods - - - - - - - - - - - - - 1 0.861

yard - - - - - - - - - - - - - - 1

Table 1 shows a matrix in which the obtained correlation coefficients were strong
between user satisfaction with green buildings, the life cycle of a green building and
the national, city-wide, residential area and decision-making dimensions (see Table 1).
Analogically strong correlations were also obtained between other key search words. These
strong correlations indicate that the key search words were appropriately selected for
performing the analysis on green housing before, during, and after the COVID-19 Big
Picture analysis. The distributional hypothesis was also confirmed during the progression
of this study that the key words pertinent to the green building topic strongly correlate
with one another.

The Fifth stage involves compiling a colored, document-frequency matrix. The
columns of the colored, document-frequency matrix presented in Table 2 contain key
words reflecting user satisfaction with green buildings and the life cycle of a green building.
The rows of Table 2 contain the number of articles found in the Scopus journal database
by year according to specific key words. For example, in 2020, there were 130 articles
published in the Scopus journal database containing the key words “green building” and
“quality of life”, whereas, in 2009, there were 24 such articles. These numbers appear within
the colored cells of the matrix by which the darkness of the color demonstrates the number
of published articles, the darker the color, the greater the number of published articles.
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Table 2. Key words reflecting user satisfaction with green buildings and the life cycle of a green building as well as colored
cells in which the darkness of the color demonstrates the number of published articles (the darker the color, the greater the
number of published articles).
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2018 5 33 99 60 108 14 162 15 353 211 847 716 257 567 78
2017 13 21 94 66 102 4 148 7 365 191 909 783 253 612 71
2016 5 18 74 54 97 5 119 14 295 180 718 651 205 481 49
2015 2 14 53 50 70 3 103 9 257 128 614 523 178 394 49
2014 3 9 49 38 65 3 74 8 197 108 467 385 147 327 44
2013 6 12 32 30 48 2 52 7 115 86 302 267 118 218 37
2012 5 2 36 30 64 - 59 3 128 92 330 278 122 211 32
2011 4 8 21 21 57 3 38 8 102 65 341 309 94 199 21
2010 4 3 31 24 35 2 44 9 97 63 211 184 99 159 10
2009 1 - 10 15 24 1 14 1 47 28 108 95 41 77 11
2008 1 3 16 5 18 - 24 3 56 51 132 109 57 84 15
2007 - 3 9 5 10 - 6 3 26 28 80 57 33 48 8
2006 1 1 6 5 9 - 18 2 55 25 113 87 45 70 1
2005 1 - 2 6 6 - 6 - 24 11 46 32 13 21 2
2004 1 - 1 1 4 - 3 - 7 6 26 22 11 11 1
2003 - 1 1 1 2 - 2 - 3 9 22 17 10 12 1
2002 - 1 1 1 4 - 1 - 6 3 23 22 7 10 5
2001 - - 1 1 2 - 3 - 6 2 14 11 3 6 -
2000 - - 1 - 1 - - - 6 4 12 12 3 7 3
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The interlink between green housing and COVID-19 was methodically studied during
the Sixth stage of the model to test the hypothesis regarding the interactions between
COVID-19, the housing COVID-19 policies of relevant countries and cities and the behav-
iors of their residents along with their demands for green housing. Two hypotheses were
raised during the Sixth stage:

Hypothesis 2. COVID-19, housing policies of countries and cities during COVID-19 impact
green housing, and the wellbeing of their residents; additionally the residents and a housing policy
impact the dispersion of COVID-19.

Hypothesis 3. A green building analysis is markedly more effective, when the life process of a
green building along with the interest groups participating in it with goals they wish to implement
of their own, the COVID-19 situation and the external micro- and macro-level environments are
comprehensively analyzed as a single entity.

The validations of these hypotheses were performed by analyzing the scientific litera-
ture worldwide and a statistical analysis of appropriate articles in the Elsevier ScienceDirect
bibliographic database. The scholars of this research integrated research design enrich-
ments to derive greater reliability of the hypothetical relationship between COVID-19, the
housing policies of pertinent countries and cities, and how their residents behave pertinent
to their green housing demands. The validations of these two hypotheses were performed
by applying scientific literature (see Sections 3–5) and statistical (see Section 2) analyses.
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The establishment of green housing trends both on the micro- and macro-scope was
performed by applying an analysis of scientific literature (see Sections 3–5) during the
Seventh stage of the model.

The numeric data obtained pertinent to the presented conclusions were made based
on the Green Housing Topic Model.

3. Sustainable Housing
3.1. Changes in the Way of People and Communities Live, Interact, and Work, and the
COVID-19 Pandemic

The number of publications about COVID-19 on Web of Science (WoS) has been grow-
ing this year and more than 6000 references are now available, as it has on ScienceDirect
where more than 8000 references can be found, but, in both cases, less than 1% of them
deal with buildings or the built environment. A more focused research, however, shows
that various journals published articles dedicated to the built environment in the context
of the COVID-19 pandemic, analyzing potential preventive measures or discussing this
issue through the lens of sustainable development [21]. However, from another viewpoint,
every service unit has needed greater consumption of energy, water, and cleaning products
due to the reduced capacities of outside services, e.g., the schools, shops, and restaurants
that have ceased being users [21].

Lockdowns have changed the way people and communities live, interact, and work,
and the COVID-19 pandemic reminds us the necessity to make the built environment
resilient, including outdoor spaces, but especially homes, offices, entertainment facilities,
public buildings, and other indoor spaces. How can the concept of public health and
well-being be adjusted to the context of a future with evolving and transformed living
places? Learning from this period of physical distancing, this research integrates wellbeing
and hygiene in buildings, highlighting possible responses both for new and existing
buildings. The following key categories of public health and wellbeing recommendations
for sustainable, safe, and healthy housing have been selected: water consumption and
wastewater management; solid waste management in cities; sharing, adaptability, and
flexibility of living spaces, ensuring enough space per person, and adding compliant
functions to buildings; reclamation of the basic archetypes and principles related to indoor
air quality, thermal comfort, and sustainable architecture; visible and accessible green
spaces and elements; electromagnetic fields and housing automation; building and décor
materials and products for interior design. The recommendations from the aforementioned
categories can serve as a basis for local health agencies, public health experts, policy
makers (tax incentives tied to building refurbishment), and designers in speaking up for
policies and actions aimed at promoting and maintaining physical and mental wellbeing in
healthier living places [22].

The spread of SARS-CoV-2 with its extended lockdowns, school and university lectures
moving online, and millions of people forced to turn to teleworking and spend most of
their time at home has changed the way of life in home spaces. The pandemic has also
made an impact on real estate values, with some characteristics becoming more desirable,
while others falling out of favor. A group of university researchers present their ideas in
this brief study. They are experts in public health and architecture-related health issues
and have been addressing the health problems related to modern urban life and homes for
many years. This aim could promote closer and broader scientific links between medicine
and architecture to improve the wellbeing of people in any environment, with emphasis on
urban settings [23].

When, on 11 March 2020, the World Health Organization (WHO) declared the COVID-
19 outbreak a pandemic, the Italian Government imposed severe lockdowns with extremely
restricted movement. As people were forced to stay indoors, all their life happened at
home where they ate, slept, exercised, worked, socialized, and engaged in other activities.
Evidence shows that housing is a significant determinant of health. The lockdown mea-
sures related to COVID-19 response and their impact on mental health and wellbeing are,
therefore, an interesting area to explore. In Europe, Northern Italy has been one of the most
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affected regions by the pandemic, and the authors of this study carried out a large online
survey of 8177 students from a university institute in Milan. Our analysis shows a link
between poor housing and higher risk of lockdown-related depressive symptoms. Among
surveyed people, those reporting a drop in performance when they work from home were
more than four times more likely to report depression as well. Housing design strategies
should focus on larger and more livable living spaces facing green areas. Authors argue
that a stronger multi-interdisciplinary approach is needed to investigate the ways the built
environment can affect mental health. Such approach, where sociology, epidemiology,
public mental health, environmental health, and urban planning intertwine, would benefit
decision making and inform housing and welfare policies aimed at ensuring the wellbeing
of people [24].

The COVID-19 pandemic has changed many aspects of our life and is offering an
opportunity to change the way we design our living spaces. A comfortable and healthy
home is an important contributor to mental and physical wellbeing. Based on the latest
documents, including peer-reviewed papers, news, media articles, blog posts, and expert
opinions, this study presents a critical review of COVID-19-related lessons and looks at
changes in the sustainability requirements for residential buildings that can be expected.
Lockdowns tested the three main aspects of residential buildings, i.e., comfort, environment,
and health and safety. A major overhaul of these aspects towards sustainability is expected.
Proper sanitation to diminish the probability of getting infected, new touchless technologies,
and greener and more intimate spaces for better mental health are just a few solutions
that can improve health and safety protection in our homes. The lockdowns have resulted
in much greater consumption of household energy globally due to the increased time
people spend at home. One example is the 30% increase in energy consumption during the
daytime, as per U.K. statistics. These sorts of spikes in use had occurred during mornings
previously, when people would be getting ready to go to work. U.S. statistics show an
overall increase in household electricity use of up to 8% during lockdowns. Another key
topic during the pandemic is waste management because waste must be kept apart to
prevent virus transmissions, since viruses can survive for 3–4 days on different surfaces [25].

It is widely accepted that health and housing are related. In Victorian England, for
instance, people hypothesized links between poor housing and ill health and were looking
for solutions; indeed, better sanitation and slum clearance did much to improve health.
Soon many countries followed suit, Italy among them. A growing body of knowledge
about infectious diseases and illnesses made people more aware that the quality of housing
is an important factor for physical and mental wellbeing. This has been recently reaffirmed
by the WHO and vividly reminded by the COVID-19 pandemic. The built environment,
and in particular housing, where people spend lots of time, is a significant source of indoor
pollutants, especially in bad-quality housing generally occupied by very low income
households. WHO 2011 estimates attribute 13 deaths per 100,000 inhabitants to low indoor
temperatures, 2–3 to radon, and 7 to environmental tobacco smoke (ETS) per year globally.
In terms of disability-adjusted life years (DALYs), 40 DALYs per 100,000 children are
annually lost due to mold in homes, 577 DALYs per 100,000 children younger than five
are caused by solid fuels as an energy source in homes, 31 DALYs per 100,000 inhabitants
are lost each year due to traffic noise exposure, and 22 DALYs per 100,000 inhabitants
due to lack of home safety features. The use of solid fuels in homes is also responsible for
17 deaths per 100,000 children [26].

COVID-19 lockdowns attended by economic shutdown and social isolation have dis-
rupted individual lifestyles and society’s priorities with serious sustainability implications.
Grounded planes, as well as lower vehicle traffic flows and industrial activity reduced
society’s ecological footprint, as homebound families turned to non-commercialized leisure
modes and social interactions. However, social isolation has hit mental and physical health,
and economic recession has also caused adverse effects exacerbating issues of undercon-
sumption and poverty [27]. The pandemic, as some sustainability researchers believe,
could potentially speed up the progress towards a future of more social fairness and better
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environment protection [27,28]. We have been given a rare opportunity for putting together
a sustainable transition towards broadly-adopted low-carbon solutions with both shifts
in individual lifestyles and systemic-institutional reforms driven and implemented by
multiple stakeholders [27,29]. The changes caused by COVID-19 are a source of both worry
and hope for organizations engaged in the advancement of sustainable development. The
source of hope have been palpable short-term environmental benefits such as pollution
decreases [27,30] brought about by government measures. These events have demonstrated
that policy makers can and have the will to introduce systemic changes away from an end-
less work-spend cycle and non-stop consumerism [8,31]. Unfortunately, counter-pandemic
measures have also led to adverse effects with serious sustainability consequences: they
have unsettled sustainable development goals reversing, for the first time in 30 years, the
progress towards lower poverty and misery [27]; deprived millions of children of access to
education; led to social isolation to the detriment of mental and physical health [27,32,33];
and undermined the efforts to make people less dependent on the use of plastics [8] and
individualized modes of transport [34], among others.

Faced with the devastating COVID-19 pandemic, people were suddenly forced to
change many aspects of their usual lifestyles—an unprecedented event. However, besides
adverse effects, the COVID-19 pandemic can also push individuals towards environmental
responsibility. The authors of this study provide a comprehensive analysis of shifts in
pro-environmental beliefs and behavior catalyzed by the COVID-19 pandemic with a focus
on the comparison between recycling and consumption reduction pre-COVID-19 with
intentions post-COVID-19. The authors analyze a survey conducted during the national
March–April 2020 lockdown imposed in Israel and validate the behavioral model using
a generalized ordered probit estimated on a sample of 296 respondents. The findings
show that shifts in behavior towards pro-environmental approach are driven by threat and
coping appraisal [35].

To contain the spread of a new and unknown highly contagious virus with relatively
high mortality rates, humanity seems to have no choice but to limit social contacts and
put an emphasis on personal hygiene. The pandemic has hit a heavy blow to the world
economy; the energy sector suffered as well. As people are forced to stay at home, energy
and water consumption in the residential sector has gone up. Using EnergyPlus software
packages (U.S. Department of Energy’s (DOE) Building Technologies Office (BTO)), this
study looks at a household in Kragujevac, Central Serbia, and analyzes four simulated
scenarios for the month of March 2020 to discover correlations between the way people
behave and the residential consumption of natural gas, electricity, and water in unforeseen
circumstances, such as the COVID-19 pandemic. The behavior of people was tracked at a
one-minute time step, taking into consideration the number of household members, their
habits, occupation, age, lifestyle (in line with socio-economic and cultural circumstances),
and the pandemic-related measures taken by the Government of Serbia. Energy consump-
tion at the level of Kragujevac for the past three years has also been analyzed, based on the
data available from public utility companies distributing natural gas, thermal energy, water,
and electricity, as has the quality of air for the same time period, in view of its dependence
on mobility and energy consumption patterns [36].

All areas of socio-economic life have been affected by the COVID-19 pandemic and
the world has been changing rapidly in recent months with concerted efforts focused
on ensuring public health, and then, in the next phase, looking for means to jumpstart
economic recovery by resuming the human activities. Adequate housing has proved to be
an important means of ensuring the well-being and health of the population. At the same
time, housing is a point of stability from which all efforts start. This research, based on
data provided by the National Institute of Statistics, the Quality-of-Life Research Institute,
Eurostat, and reports from specialized European organizations, aims to call attention
to a number of housing affordability problems in the general picture of housing at the
national level in Romania, looking at both the issues that existed before and new issues
related to the COVID-19 pandemic. The role these issues play in access to affordable
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and adequate housing is analyzed, the emergence of new risk groups with limited access
to housing discussed, the impact of the pandemic on the ability of households to pay
their bills examined, and evidence that the effects of the crisis amplify housing insecurity
provided [37].

3.2. Necessary Changes in Built Environment during the Pandemic towards Sustainable Living

The COVID-19 pandemic forced people to stay indoors and work from home, but
even before this health crisis they spent around 90% of their time in buildings. We need a
radically new take on the design and operation of buildings. When Indoor Environmental
Quality (IEQ), which directly affects the well-being and comfort of occupants, is com-
promised, occupants become more exposed and vulnerable to many diseases that can be
exacerbated by both economic and social factors. The estimated annual cost linked to sick
building syndrome in commercial workplaces is between $10 billion and $70 billion in the
United States alone. We need to understand ways we can ensure proper design of parame-
ters that drive IEQ, as well as ways to operate buildings achieving ideal health-benefiting
IEQ. IEQ offers many research opportunities, but now more than ever we need a systematic
understanding of the way IEQ factors work for or against occupant health. Extreme events,
a global pandemic among them, call to provide occupants, facility managers and designers
with pragmatic guidance on ways to mitigate health risks in buildings. This research gives
answers to ten questions related to the effects of buildings on occupant health and can serve
as a basis for future work offering insights for new lines of research and discoveries [38].

In research on housing, one of important parts is looking at health-related aspects in
indoor environment. This research presents an overview of the latest research on occupant
health evaluation in residential buildings and examines some of the key impacts people
experienced during the lockdowns. The authors analyze satisfaction and dissatisfaction
across ten UK housing typologies, representative in this and other contexts. Lack of regular
physical exercise, lack of vitamin D from sunlight, excessive food consumption, mental
health, lack of good air circulation indoors, and issues with indoor air quality are the gen-
eral health concerns in this extended period of lockdowns and restricted mobility. Excessive
noise from upper floors in blocks of flats or from shared walls and gardens/communal
spaces in closely-spaced residential areas, and issues of privacy to maintain social distanc-
ing measures are the other concerns discussed. Accessibility to the nearest outdoor spaces
(a backyard or garden), noise and privacy issues, adequate indoor air circulation, adequate
natural indoor lighting, opportunities to do physical exercises, and impacts on general
health are evaluated. The earlier reports from various housing studies suggest that user
satisfaction is important in indoor environments. As the COVID-19 pandemic hit, this field
of research seems to have grown in importance as people are forced to spend long hours
indoors and their thermal comfort and general comfort have to be maintained [39].

A year has already passed since the first cases of COVID-19 were detected and the
novel SARS-COV-2 virus identified. The world has responded with a range of decisions.
A few of the things we have learned from this complex COVID-19 crisis with interlinked
political, social, public health, and economic dimensions, testing the world’s ability to
take measures, have a direct relevance to the climate crisis we are facing and our aims
to achieve broader advances in sustainable development. First, the scientific community
actively contributed to the handling of the COVID-19 pandemic and proved its ability
to generate great quantities of new practical knowledge in a record short span of time.
By 13 October, Pubmed, a database of research papers focusing on health sciences and
biomedicine, offered over 63,000 hits for the search term “COVID-19” and the number of
publications keeps growing. The number of search hits for “climate change” is, in contrast,
only 53,000 papers since 1975—a sign of huge differences in scientific and societal priorities.
However, faced with a sense of urgency, priorities and incentives can be aligned to push the
scientific community towards producing new knowledge on climate change at the same
pace and scale as in the case of COVID-19. Second, COVID-19 has shown that scientific
research needs robustness even when we face an emergency. Hasty research of poor quality
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risks contributing more noise than actionable knowledge and can mislead public opinion
or decision makers on vital issues; the Retraction Watch database has so far identified
over 35 retracted COVID-19 publications. Third, COVID-19 has been a notable example
of blurred lines between science and policy, at least in countries where leaders were keen
to base their decisions and communication strategies on science, rather than disregard
it. COVID-19 is striking not only because of the scale and pace of scientific production—
the speed of putting new knowledge to action has also been impressive. Nonetheless,
mere behavior changes among people during the COVID-19 period has been shown to
be insufficient. Governments must engage in ambitious and sustained policies in their
pursuits of structural emission reductions. One such example might be an acceleration
pertinent to the development and deployment of cleaner energy [40].

The natural environment can suffer negative effects from construction activities and
the concept of sustainability has, therefore, been introduced in the construction industry.
The construction industry, according to the United Nations Environment Program, gener-
ates 33% of CO2 emissions, 25% of waste production, and 30% of all annual waste products.
It is, therefore, important to ensure sustainability in residential buildings with an aim to
reduce air pollution and greenhouse gas emissions and improve the quality of life and
health outcomes. The drive towards sustainability in construction and buildings creates
new jobs and business opportunities, boosts energy security, and productivity, and has also
resulted in the promotion of assessment systems to increase sustainability, declarations to
preserve the environment, and the development of various international policies [41].

Sustainability is an integrated part of construction processes and the building it-
self, and construction companies have a range of building sustainability assessment tools
(BSATs) available to promote economic, environmental, and social sustainability by meet-
ing design and construction requirements. The number of registered tools is currently
more than 400 [42]. Over the last three decades many green buildings have been certi-
fied, and each new case makes the issue of the development of sustainable residential
buildings more prominent, starting a virtuous circle. The Leadership in Energy and Envi-
ronmental Design (LEED), the Comprehensive Assessment System for Built Environment
Efficiency (CASBEE), the Building Research Establishment Environmental Assessment
Method (BREEAM), and the Wellness (WELL) Building Standard are already established
and recognized green building certification systems (GBCSs) that assist the construction
industry in mitigating the environmental impact of buildings and achieving better perfor-
mance throughout their lifetime [43]. Most of these certification systems, however, have
been designed with a specific region in mind and different climate conditions, geographical
features, and government policies may lead to sustainability differences across regions [41].
To address this issue, many researchers are already trying to transpose recognized green
building rating systems to developing countries adapting them to their specific features,
with examples ranging from Kazakhstan [44] and Iran [45] to countries in sub-Saharan
Africa [46] and Qatar [47]. Rapid changes in the living conditions around the globe mean
that existing green building rating systems need to be constantly updated in this respect,
too. The COVID-19 pandemic and the related lockdowns hit our societies everywhere,
disrupting almost every part of daily life, including business, lifestyles, healthcare systems,
education, economy, and tourism. Such unexpected changes, with people stuck at home
for long durations, brought us to a new reality. This new reality should be analyzed and
taken into account in future decision-making. Since the COVID-19 pandemic and the
changes it brought will likely stay with us even when the pandemic is over, many people in
academic circles are re-examining the current sustainability approaches pushing towards
new horizons [41]. Mohammadian et al. [48] argue that four new sustainability pillars, di-
rectly or indirectly interrelated, namely, educational, cultural, technical, and political ones,
should be added to the conventional group of three, which includes economic, environ-
mental, and social pillars. Other researchers state that the main focus in LEED, BREEAM,
and other current sustainability rating systems is the environmental aspect of sustainable
development (indoor environment, and energy), whereas the social aspect lacks proper
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attention [49]. Possible effects of the current pandemic on the short-term and long-term
transition of sustainability have been analyzed by Kuzemko et al. [50]. They predict a
fall of electricity prices and demand in the energy sector. Investments could move away
from current industries and carbon-intensive fuels. Globalization and interconnectivity
conventions could be challenged, leading to changes in politics and multi-scalar policies.
The pandemic could also be an opportunity and impetus to move away from unsustainable
practices towards more sustainable ones, for example, to exchange driving for walking.
It is not the first epidemic to leave a mark in the built environment: cholera and plaque
pushed towards the development of green spaces and new wastewater routes; a fight with
tuberculosis led to the increase of sunlight in housing units; and the SARS-COV-1 outbreak
led to the improvement of ventilation systems [21,41].

4. Green Housing

The real estate industry was severely affected by the COVID-19 in both the residential
and the commercial sectors due to travel and site-visit limitations, rent sustainability issues,
and a decrease of or higher uncertainty about disposable income [51]. The real estate
market, as for other productive and commercial sectors, in the short and mid-run, will
not tend to move independently from the context of economic variables [52]. During the
lockdown, houses became more important. It can be assumed that household preference
of a new demand could emerge after this crisis making households looking for more
comfortable houses since this asset will increase its importance for living and working.
Similarly, the commercial real estate sector will change due to lower rent sustainability.
However, the main expected change is related to the building type and the standards
requested by tenants in the new economic environment. Household investment prospects
will change. Housing demand will need products (new or recovered) suitable for the
times—high-quality properties capable of offering a safe and healthy living and working
environment. The COVID-19 emergency highlighted that domestic spaces have become
obsolete from a functional point of view, especially in current times of smart-working and
minors being forced into social and home isolation due to unpredictable health emergencies.
Residential and office real estate sectors, once distinct, today tend to overlap with each
other. The housing market will be stable, but the change in commercial real estate markets
will accelerate [53]. For real estate and property owners and users, there may be changes in
credit usage, rental, and contracts.

COVID-19 put the spotlight on health protection in buildings [54]. Existing efforts
combined with new transformations may help address urban health inequalities stemming
from socio-spatial structural injustices for the benefit of cities and all their residents to
make them better prepared for, and more resilient to, COVID-19 and other similar crises
we may face in the future [55].

Tokazhanov et al., argue that the COVID-19 pandemic has given us lessons, and
changes in sustainability requirements for residential buildings should be expected and
evaluated [25]. After COVID-19, new designs of living spaces may be introduced in
sustainability requirements for residential buildings with emphasis on protective indoor
health and safety measures, more intimate and greener spaces, new touchless technologies,
better communication technologies for remote services, and improved control of light,
humidity, air quality, temperature, etc. For now, the building sustainability rating methods
in existence have primarily favored “environmental impact” and “energy performance”.
A significant shift is expected towards an emphasis on “social and health” aspects. The
authors suggest sustainability requirements for residential buildings need a review with
a marked shift towards “social and health” aspects in sustainability rating methods for
buildings, possibly with the support funds from expected COVID-19 stimulus measures for
construction and current, as well as future green stimulus packages. Sustainable technolo-
gies mainly need to tackle the specific issue of improving the record regarding increased
consumption of energy and water as a response to environmental needs. “The development
of novel building codes and green certificates for the post-pandemic residential buildings
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and/or the modification of existing codes and certificates considering particular pandemic
needs” are seen as future efforts driven by requirements with a view to resilient design
solutions and possible pandemic scenarios [25].

To cover special pandemic-related requirements, this research [41] proposes a particu-
lar set of sustainability indicators. The focus on particular sustainability pillars is different
in various GBCSs (BREEAM, LEED, WELL, and CASBEE), as has been their response to
pandemic resilience requirements. Some green certificates (GBCSs) have placed a lot of
attention in a human-centered assessment of the sustainability of both residential and non-
residential buildings and a reflection on the benefits of green buildings in the COVID-19
period is addressed [56].

Insufficient readiness for waste and wastewater management has been noted in
all GBCSs and they all need modifications to improve their adaptability to pandemic
conditions in line with existing and emerging post-pandemic requirements. A realization
has dawned that modern life is possible without drastically harming the environment.
It has involved taking a look at what the globe might look like without the use of fossil
energy sources. This has encouraged hope that people could survive this pandemic while
ending up in a healthier, cleaner world [41].

Air pollution, air quality improvements, wildlife, global migration, sustainability
waste management, and waste fires were the focus of the researchers [53] who analyzed
a summary of the existing reports on the impact of the COVID-19 pandemic on the envi-
ronment. Many regions—Italy, France, Spain, Los Angeles, and Wuhan in China among
them—observed a noticeable drop in air and water pollution. The crisis saw a rapid growth
in health waste threatening the environment [53].

An analysis of occupant health in buildings by Awada et.al [38], covering both normal
times and extreme events, the COVID-19 pandemic among them, shows that undermined
Indoor Environmental Quality (IEQ) may expose occupants to a higher risk of catching
many diseases exacerbated by both economic and social forces. The estimated annual cost
linked to sick building syndrome in commercial workplaces is between $10 billion and
$70 billion in the United States alone. During a global pandemic and other extreme events,
occupants, facility managers, and designers need pragmatic guidelines on ways to reduce
health risks in buildings. An interdisciplinary approach may help, and common standards
and frameworks should be established with occupants rather than the building as the main
focus. We should find ways to design buildings that support health and happiness [38].

The ability to recreate in public green spaces was seriously affected by the COVID-19
pandemic. To compensate this restriction and feel like they are away while at home, people
turned to houseplants and outdoor green views. Research shows that exposure to more
greenery had positive effects on the mental health of students forced by COVID-19 to spend
most of their time at home [54].

The COVID-19 pandemic has hit many industries, with solar energy among them.
Malaysia, in its efforts towards low carbon society beyond COVID-19, has plans to install
rooftop solar panels, new grids, and LED street lights and earmarked about US$2.9 billion
for that purpose. To accomplish this vision, the government, businesses, and small players
should work hand in hand [55]. Consequently, this article has undertaken a review of the
current status pertinent to renewable energy in Malaysia. Furthermore it also reviews the
initiatives taken to promote solar photovoltaic (PV) technology before the pandemic for
meeting energy demands via a low-carbon pathway.

Energy demand is often uncertain, and the COVID-19 pandemic has only made things
worse. Researchers [56] investigate the impact of the COVID-19 confinement measures
on energy demand in buildings and use Urban Modelling Interface to simulate various
scenarios. The COVID-19 outbreak comes in waves and a few more of them are possible.
We should prepare for their impact by understanding related seasonal energy patterns and
performance and with appropriate new policies able to withstand future long-term shocks.
It is vital to set new building standards for extreme crisis conditions with guidelines for
building design, ventilation rates, and lighting/equipment power density in an effort to
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support city—or even region-level policymaking for planning new areas, their energy
supply systems and infrastructure, design of confinement measures, and energy system
options to make sure different buildings will not be short of energy [56].

Urban design will inevitably be affected by the current COVID 19 pandemic highlight-
ing the need for scalable smart city solutions, emphasizing the importance of public health
and safety and exposing the need to invest more in public health care and infrastructure in
the built environment [57]. This study [38] shows that architecture and urbanism have a
potential in epidemics control and prevention and can actively contribute to human health.
The authors investigate links between the scale in the built environment, epidemiology, and
proxemics, as well as between population density and mortality rates. Solutions through
architecture and urbanism are possible at multiple levels from individuals to shopping,
transport and mobility ideas. They can be individual distancing and isolation; building-
scale hygiene solutions; humidifying, ventilation, and filtering for indoor air control; social
interaction solutions in the form of public spaces between buildings; intermediate housing;
the scale and distribution of remote work; smaller shops closer to home; autonomous taxies,
shared rides, bicycling, and walking; and mixed solutions spanning entire neighborhoods.
We need to determine the role for architecture and urbanism in pandemic-related social
resilience management.

Kapecki [58] examines the impact of humanitarian, financial, and environmental
crises on sustainable development with a focus on housing. Crisis-hit economies, at local
scale or globally, suffer economic, ecological, financial blows, and now, because of the
latest COVID-19 crisis, a humanitarian emergency. Because of that the development of a
sustainable economy, and sustainable construction in particular, is left on the sidelines [58].

The author believes that this catastrophe will teach us a lot and will leave us more open
to all activities. Among the activities, sustainable construction should play an important
role. In the housing industry, green and sustainable, energy efficient construction so far
makes only a small share of total residential construction, but in public buildings sustain-
able construction has dominated the market. There are wide gaps between residential and
public construction and lack of green housing may make competing with the achievements
in public architecture difficult. As countries imposed lockdowns one after another, some
of them plunged into economic stagnation. The lockdowns also revealed a lack of safe
housing so important for survival during the pandemic [59].

5. Countries, Cities, and Housing in the Era during and Post COVID-19

There would be considerable benefit in having more interdisciplinary researches
focusing on the analyses of three-way interactions pertinent to COVID-19. The interest is
on the impact the related housing policies of countries/cities have on green housing and the
betterment of the lifestyles for their residents. Conversely, it is also important to investigate
how the residents themselves as well as the housing policies impact the dispersion of
COVID-19. Such analyses need to treat all the named components as interacting and,
thereby, have an integrated methodology as their bases.

5.1. Real Estate Policy in Countries and Cities: Responses and Challenges

COVID-19 disrupted the normal flow of life in the United States, with state and local
governments issuing orders to stay at home and allowing only essential businesses and
services to stay open. Communities across the country were affected. With no vaccines
or medical treatments available, social distancing interventions were a necessary move to
contain the virus, but they also meant crushing economic costs to businesses and people.
Among the direct impacts are job losses, reduced hours and incomes, food and housing
insecurity, and permanently closed businesses. Even ordered to stay at home, people still
could go out for outdoor exercise. In their effort to give residents spaces for safe exercising
(and commuting) in view of the two-meter social distancing recommendation, several
cities, including New York City, banned vehicular traffic from certain streets leaving them
exclusively to pedestrians and bikers. New Yorkers were offered about 11 km of open
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streets in and around parks. Recently the city announced new plans to add 160 more
kilometers, add additional bike lanes and widen sidewalks in May. Similar measures have
been introduced in Seattle, Oakland, and San Francisco [60].

Some experts even suggest that telework becoming a new normal will make living
in a large city less desirable and people, no longer attached to their old offices, will prefer
less populous, and thus more affordable, places. Politico, a political journalism company,
published an article titled “The Death of the City”, which argues: “For the first time since
the earliest cities emerged in the Fertile Crescent some 6000 years ago, concentrated urban
centers no longer have a monopoly on the economic and cultural connections that make
civilizations tick forward” [61].

In an attempt to make tenants, and sometimes landlords, less burdened, many coun-
tries have introduced changes in their real estate policies [62]:

• The United States is a country where state and local authorities are in charge of many
decisions, and evictions have been temporarily prohibited in at least 34 states. The
federal government also prohibited evictions from a property with a federally backed
mortgage loan or federally subsidized housing for a term of 120 days. Citigroup,
JPMorgan Chase, and other major mortgage lenders suspended mortgage payments.
Construction has been suspended on all projects in some U.S. states, with a few
exceptions, medical facilities among them.

• Some countries in Europe are providing temporary mortgage relief, have suspended
evictions or both, France, Germany, Italy, and the U.K. among them. Mortgage and
rent payments have been suspended both for commercial and residential tenants
in various European countries. France, Italy, and other countries have suspended
construction. Official tax reliefs have been granted to retailers in Europe, while banks
have been urged to be lenient and refrain from foreclosures for late payments.

• Some countries in Asia, Singapore among them, are thinking of new laws to grant six-
month protection to commercial tenants who cannot pay rent. Some Asian landlords
have offered temporary rental rebates and rent discounts.

Tenants, owners, and other entities have been offered a range of support measures
around the world. These include a freeze of rent increases, rent reductions, suspended
evictions, rent payment subsidies, and rental contract extensions for tenants; deferred
taxes, suspended foreclosures, assisted bank lending, mortgage forbearing, and mortgage
payment support for owners; and, in general, emergency shelter, support for construction
industry and utility bill payment support [63].

In response to COVID-19, countries introduced a range of crisis-response measures in
their housing policies, such as suspended or limited rent payments, tax reliefs for mortgage
borrowers, suspended evictions or extra rules regulating landlord–tenant relations, eased
macroprudential policy settings, expanded public capital spending on affordable housing
supply, increased housing allowances, and relaxed land-use restrictions. Maintained for
a long period, these measures may discourage from the expansion and maintenance of
the housing stock, and put barriers restricting mobility, both labor and residential, in the
longer term. Financial and economic resilience may also suffer [63].

In the ongoing COVID-19 crisis, cities are the first line of response. Measures are
introduced nationally, but each city is a key to their implementation. They also act as
laboratories of innovative and bottom-up recovery strategies. The shift towards green,
inclusive, and smart cities was already in progress before COVID-19, but the pandemic has
sped up this trend. In our efforts to build back better cities, this policy note offers 10 key
lessons learned from the crisis [64]:

1. Various countries suffered different impacts from COVID-19, but policy responses
were often very similar across the world. It is important to customize approaches
with local situation and the needs of local people in mind.

2. The health crisis has hit economic and social life hard with various cities suffering
different consequences. Their recovery options and possibilities depend on their
openness to trade, labor market structure, and industrial composition.
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3. A shift from the emphasis on increasing mobility towards expanded accessibility was
already happening, but this rediscovery of proximity offers an opportunity to speed
up the process by looking at urban design and planning and public spaces from a
new angle.

4. The pandemic laid bare striking inequality across places and people, and this in-
equality was particularly glaring in large cities, where vulnerable groups such as the
elderly, women, the poor, and migrants have been disproportionately affected.

5. Urban density is not the key factor in this health problem—the quality of urbanization
and structural inequalities are. Thus, tighter clustering will likely continue to be a
source of benefits rather than concern.

6. A shit towards digital life, especially prominent and of great significance during the
pandemic, will become entrenched as part of a “new normal”, although remote work
possibilities vary both within and across countries.

7. As people are becoming more environmentally aware, thanks to the “Greta effect” and
“Zoom effect”, circular economy and clean mobility have become more acceptable
goals for transition, both socially and politically.

8. Governance has also been affected by COVID-19, due to changing trust in authori-
ties, especially local politicians. In some countries people trust them more, but less
in others.

9. Resilience needs more emphasis, as the disrupting effects of COVID-19 show. To
achieve resilience, cities need to prepare for future shocks better by setting guidelines
what persons have to take action, what their actions should be, at what scale measures
should be applied and how to proceed in case of a crisis.

10. Strategy, policy, planning, and budget need an overhaul, and global agendas such
as the Sendai Framework, the Sustainable Development Goals (SDGs), and the New
Urban Agenda can help with this aim.

After the initial short-term responses to manage the crisis, including local service
delivery, workplace and commuting, social distancing, vulnerable groups, citizen engage-
ment, support to business and other aspects, cities now have turned to long-term recovery
strategies aiming to become greener, smarter, and more inclusive ones [64]:

• Moving towards recovery, cities have taken many inclusive measures to address
structural inequality and close the gap. Their measures include support to vulnerable
households, construction and renovation of affordable housing, and local business
support and employment.

• Looking forward to the future after COVID-19, many cities are already planning and
making investments to ensure economic recovery is accompanied by environmental
sustainability with a focus on energy efficiency and green modes of urban mobility.

• As digitalization has been one of the key emergency responses to the pandemic, many
cities are adopting smart city tools and making their use a more permanent aspect, at
the same time monitoring the risk of spreading infection and staying alert. As cultural
resources, municipal services, information, and participation are moving online, the
virtual space is becoming more and more integral.

Even when the COVID-19 pandemic is over, COVID-19 will likely stay with us. The
pandemic is a public health emergency with attempts to protect the health of people and
limit the spread of disease. At the same time, the pandemic and its aftermath is prompting
cities to look for new ways to deliver services, plan spaces and resume economic growth.
In the context of the COVID-19 pandemic, 33 latest city strategies to achieve long-term
recovery and ensure resilience to future shocks are summarized as broad categories of
inclusive recovery and green recovery [64]:

• Inclusive recovery. Social inequality has existed before, but the COVID-19 crisis puts
an additional emphasis on the importance to address this issue. The crisis has revealed
shortages of affordable housing for low-income people and families, as well as the
risks of infection the inadequate housing poses in lacking communities. For that
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purpose, many cities launched public policy or investment initiatives with an aim to
address the shortage of affordable and adequate housing and make disadvantaged
residential areas better.

• Green recovery. As communities start recovering from COVID-19, cities will have
many opportunities to emphasize ecological solutions in their economies, which, in
addition to pathways to new jobs and long-term local economic growth, can also bring
lower CO2 emissions, make communities better prepared for climate related risks
(e.g., heatwaves or flooding) in the future, and improve urban environments (e.g.,
higher biodiversity, and lower air pollution). As one city after another across the globe
imposed lockdowns, car traffic significantly dropped in most cases, which, in turn,
led to cleaner air and lower CO2 emissions. Regions with lockdowns saw a 50–75%
decrease in road traffic flows and major cities experienced drops in rush-hour traffic
congestion as high as up to 95%.

During the pandemic cities are upgrading various urban solutions to achieve maxi-
mum energy efficiency and reduce energy costs in their buildings after COVID-19. Experi-
ence shows that investment in energy efficiency and retrofitting not only reduces emissions
but can also drive economic activity and job creation in the construction sector [65]. Urban
density and urban form (compact or sprawl) are the advantages that could be used by all
levels of government towards green urban economies with climate-resilient and low-carbon
urban infrastructure. Designing and construction of green buildings and streets, renewable
energy production and procurement, where feasible, and other similar solutions of spatial
and land use planning with future in mind would help to achieve the goal [64].

The COVID-19 and the related pandemic caused serious disruptions in the construc-
tion industry hurting the housing sector. Households were also suddenly struggling with
income shortages hitting their ability to pay for shelter. In response, governments intro-
duced many different protection and support measures for tenants, mortgage-holders,
lenders, and builders [66]. To visualize the fallout of the crisis in the construction indus-
try better, [66] looks at web-search data. Having then reviewed the measures taken by
governments, Organisation for Economic Co-operation and Development (OECD) [66]
concludes that, in addition to benefits, some of those relief measures might create inad-
vertent inefficiencies and make housing supply less responsive to the evolving needs of
society and changing demand; hence, the measures have to be phased out as planned.
Recent empirical findings led [66] to a conclusion that immediate rescue measures should
transition gradually to recovery-oriented policy settings that can support the development
of sustainable, inclusive, and efficient housing markets.

As COVID-19 was spreading, the pandemic hit the real estate sector around the
globe. With countries scrambling to contain the virus, work in construction sites in many
places stopped completely or to some extent, leading to loss of income and revenue
for households and enterprises alike. Because of that various segments of the property
market faced gloomy prospects to different degrees, as some countries introduced stricter
lockdowns than others and at different times, and the public health crisis was also of
different severity. The housing sector suffered a particularly serious blow, but governments
were quick to introduce a wide range of measures to mitigate the adverse effect of the
crisis on lenders, borrowers, builders, and tenants. Among them are measures that aim
to preserve near-term affordability. If maintained for an extended period, however, they
may discourage businesses from the expansion and maintenance of the housing stock, and
because of that, in the longer term, residential and labor mobility may suffer. Economic
and financial resilience is another area that may be undermined. Kept up for too long these
measures—most, if not all, meant to be temporary—can cause difficulties with achieving a
robust recovery. They can also make the housing market less responsive to the evolving
needs of society. As emergency support measures went into force, eviction procedures
were suspended, mortgage and rent payments deferred for a time, and utility payments
in some cases postponed. During lockdowns, most national as well as local governments
introduced certain measures to provide shelter for the homeless [63].
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To facilitate the recovery of homebuilding and ensure that the supply of housing
matches evolving demand and the needs of society better, land-use restrictions need to be
eased. Greater benefits can be achieved if such reforms are part of an integrated spatial
planning framework spanning various hierarchies and government sectors. The reforms
should promote housing construction, make housing more affordable, as well as improve
neighborhoods and avoid excessive differences in the access to social infrastructure, trans-
portation systems, and public services across different urban areas. Another benefit of
the promotion of new residential construction is that a requirement for new buildings
to comply with certain environmental standards could speed up the move towards low-
carbon economy. The COVID-19 crisis may lead to lasting interrelated changes in housing
demand and work organization that could be accommodated by facilitating construction
and redevelopment. Living in lower-density areas and working remotely could be new
preferences. Urban–rural divergences then would slow down or even be reversed relieving
the current demand pressures in very dense areas. A growing uptake of remote work with
flexible workplace would also mean that some office spaces in city centers would be free
for conversion to residential units if land use permits the change. Such shifts could help
reduce the gap between regional home prices and, in turn, residential segregation [63].

5.2. COVID-19 and Its Possible Effects on Future Homes

Affordable housing movements and the COVID-19 crisis are changing the definition
of “quality housing”. Alternative ways to organize and use living spaces and new models
have been proposed [67]:

1. New or adjusted forms of shared living, co-living models in particular. Issues such as
human connection, flexibility, and cost could be addressed by making this form of
housing available to everyone.

2. In light of the blurring lines between work and home life, homes could become
multipurpose spaces where people live, work, and spend their free time.

3. Private Rented Sector (PRS), Build to Rent (BTR), multifamily schemes and other
models of managed rentals. Technology could also facilitate real-time residential
management.

4. Lease-to-own, co-investment, ownership unbundling, collaborative forms of the
reverse-annuity-based French viager system, and other tenancy–ownership options
to access new housing.

In times of the COVID-19 pandemic, our homes are no longer just living spaces. They
are now places where we work and exercise, and where our children attend lessons or
lectures. They have made room for new hobbies and hosted happy hours at home. Real-
estate experts speak about changing homebuyer preferences due to COVID-19 and predict
possible shifts in home design in view of this new normal [68].

As the COVID-19 pandemic hit, almost every aspect of our life has changed, including
preferred locations and forms [69]:

• Suburbs give way to exurbs. With many people forced to work from home, commuting
in no longer a tying factor limiting the choice of housing. Thus many people now
prefer to leave cities with their soaring prices behind and favor more remote areas.
Since telework and remote learning have settled indefinitely as typical forms, many
have no intention of coming back. Closer suburbs are still popular too, but low supply
and large groups of motivated buyers are driving a sprawl. Among attractive features
we still find proximity to the city, sidewalk-lined centers, and accessibility to shops.

• Notable changes have happened in the condo market. Condos are declining in popu-
larity. One of the reasons is that the shared areas previously presented as added value
in many condo buildings are now seen as risky inconvenience. Figuring out how to
stay two meters apart in an elevator is too bothersome. People are now giving up
their condo homes and moving to single-family houses: the range of amenities may be
smaller, but you can remove the face mask as soon as you are inside. Another factor
is the price, because even the cheapest city condos cost more than suburban homes
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where you also get more space. Both more space and a lower price can motivate
the move.

COVID-19 has changed housing interior trends and Rizzato [70] analyzes a few of them:

• Soundproofing and privacy. Big open plans seem to have fallen out of favor. No more
kitchens, sitting rooms, dining rooms, and leisure rooms combined in one space.

• Healthier spaces. Germ-resistant flooring and surface materials, smart toilets, air
purifiers, new air and water filtration systems, indoor air quality monitoring, in-
furniture auto-cleaning technologies, automatic cleaning, and ultraviolet lamps.

• Voice Control and user-friendly technologies. A shift caused by the need to avoid
touching the buttons of an elevator and other surfaces.

• New spaces for new functions. Online shopping, drone deliveries, and dedicated
package drop-off areas for home deliveries.

• Greenery. A boom of indoor gardening and vertical gardens is expected. They can
improve indoor air quality in our homes and reduce stress [70].

The COVID-19 pandemic has forced limited or zero access to common areas and
non-essential amenities in residential buildings. More and more people, however, expect
luxury amenities in multifamily communities [71]:

• Health-related amenities. A gym or fitness center, membership to local gym (discount
or free), building-wide social distancing measures, contactless food delivery, free
masks and gloves, and hand sanitizer stations.

• Entertainment-based amenities. Outdoor grill areas, recreation rooms, rooftop deck or
patio, basketball and/or tennis court, pool, and movie theatre rooms.

• Convenience-based amenities. Free broadband internet and cable TV, in-building
convenience store, package lockers, electric car charging stations, exclusive meal
services and/or a virtual restaurant, video intercom systems, package alerts and
mailrooms with mailroom management software, valet services, dog run, or park.

Around four out of ten workers took up remote working for the first time; thus, many
people are spending much more time at home. For families with children homes have
also become makeshift playgrounds and schoolrooms. The current stock of housing, with
issues such a lack of personal space, high-speed internet, outdoor space, or natural light,
poses the question of the adequacy of our homes. COVID-19 is not the first and hardly
the last public crisis that may disrupt our everyday lives, and remote work may become
prevalent in view of its current relative success. Public authorities should, therefore, review
their planning guidelines with homes as places to truly live in, rather than just eat and
sleep, in mind. As over the medium-term (at least) private developers of housing are
likely to be in partially suspended mode, waiting to see the direction the market takes,
ready-to-implement public housing projects are a great opportunity for nations to restart
construction work, making sure it is safe to bring workers back on site, and this way to give
their economies a much-needed boost. In the current climate of economic and financial
uncertainty and rock-bottom bond yields, residential properties can be seen as an attractive
investment for prospective private landlords looking for ways to convert their cash to
sources of rental income. The post-COVID period could, therefore, see the monetization of
housing, prevalent since the financial crisis of 2007–08, keeping up and going further [72].

Ogunnusi et al. [73] examine the effects of COVID-19 on real-estate-related deals and
the prospects of the construction industry by means of quantitative measures. Built asset
procurement professionals were surveyed and the results of this survey reveal certain issues
with workflow and supply chain disruptions, new policies, workforce anxiety, as well as
COVID-19 vs. Force Majeure revisions in standard construction contracts. The necessity for
virtual working and unique design considerations, however, presents new opportunities to
modern procurement planning. The research by Ogunnusi et al. [73] can serve as a basis for
those developing additional contingency plans and a new working strategy in situations
of social distancing caused by the pandemic. The study by Gamil and Alhagar [74] looks
at the effect of COVID-19 on the survival of the construction industry and classifies the
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impacts into different groups, including human and economic resources. The biggest
impacts of COVID-19, as the study by Gamil and Alhagar [74] shows, are labor impact and
job loss, the suspension of projects, cost overrun, time overrun, and financial implications.
Bailey et al. [75] look at the impact of COVID-19 pandemic and its management with focus
on construction projects were the pandemic has been slowing processes and leading to
disruptions and delays. Legal implications, however, vary between contracts and across
countries. Some projects were suspended and delayed. Businesses must assess health
and safety risks in line with medical, scientific, and government guidelines. In indoor
spaces, for instance, people face higher risk than those working outside. Whereas no one
could foresee COVID-19 and its outcomes, it can be considered a case of force majeure,
which in any standard form of contract (FIDIC among them) usually affords contract
extension spanning the duration of the pandemic with no compensation for cost [75]. The
findings by Shibani et al. [76] show that lockdowns and social distancing rules caused by
the COVID-19 pandemic provided a serious hit to construction companies involved both in
residential and commercial projects. In response, construction companies chose the strategy
to stay on good terms with their suppliers and ensure the safety of construction teams [76].
Ataei et al. [77] review the immediate response of the construction industry to the COVID-
19 pandemic and the challenges it poses looking at the impacts on projects related to
timetables, delays, financial difficulties, as well as new and shifting regulations. Hook [78]
argues that this pandemic may force some engineering and construction companies to look
for funding and streamline debt, or they risk bankruptcy. Engineering and construction
companies face new realities in the future with changing markets and public infrastructure
investment, as governments look for ways to jump-start recovery [78].

In the times of the ongoing COVID-19 crisis, Zillow has presented the Top 10 housing
trends for 2021 related to life in this environment in the nearest future. Zillow’s top housing
trends for 2021 are as follows [79]:

• “Zoom Rooms”. Zillow surveyed Americans and discovered that the top reason
they would consider a move, if they were to continue working remotely at least
occasionally, is that they would prefer a home with a dedicated office in such case. In
2021, employers will give a clearer message about the possibilities of remote work
in the future, and this could encourage people to look for homes with more space,
as tired of working in their kitchens people will want more permanent solutions for
their work at home—to have a quiet dedicated corner. As of November, an increase
of 48.5% was recorded year-over-year in the number of listings mentioning “home
office” or “Zoom room”.

• “Homecation” Amenities. As people are forced to stay home and have lots of time,
they are thinking up creative solutions to make themselves a vacation at home. In 2020,
“pool” was the most popular search term at Zillow, with “waterfront” and “dock” also
in the top ten. Homeowners may also be looking for ways to add a touch of luxury at
home with a relaxing rain shower or spa-like bathtub, and home buyers, according
to Zillow, paid extra for amenities that make their home feel like a resort. A mention
of a free-standing tub typically meant the listing sold for a price 5.5% higher than
expected, while the keyword “spa-inspired” added a 1.8% price premium. The rise of
telecommuting means that more people will be able to take permanent residence in
their favorite vacation destination. Key West, the Jersey Shore, and Cape Cod are just
a few of areas typically considered vacation destinations with page views of for-sale
listings there up nearly 50% compared to previous year.

• Intergenerational Living. This form of living will become more popular as, for financial
and health reasons, both young and old people move in with family. Today about 16%
of Americans, according to Generations United, live in households of more than one
generation, and the share of young people (Millennials and Gen Z, especially among
renters) moving back in with their parents reached historical heights in 2020.

• Gourmet Kitchens. With fewer opportunities to eat out, the year 2020 inspired people
to look for new things they can bake in their kitchens. In 2021, homeowners will want
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to go further in this endeavor and level-up with more new culinary masterpieces. As
a result of social distancing recommendations, 41% of people value a well-equipped
kitchen more than before, according to a previous Zillow survey. In the next year,
more people are likely to prefer better-equipped space for their new culinary skills.

• Backyard Oasis. Social distancing recommendations have highlighted the importance
to have a safe and functional yard and 41% of people, according to a Zillow survey
from the Harris Poll, now value a large outdoor space more. A few easy touches and
your backyard can become a relaxing oasis for the whole family with an additional
benefit of a higher resale value of your home. Listings mentioning “firepit” sold at a
2.8% price premium, and “outdoor kitchen” added extra 4.5% to the price, according
to Zillow. An addition of outdoor lighting and/or smart sprinkler systems also makes
your backyard look more attractive to potential home buyers and may speed up the
sale of your home up to 15 days.

• Smart and Safe Tech. Home disinfection has become a vital part of our daily lives, and
smart-home technology is rushing to the rescue with products such as self-cleaning
toilets, bidets, and touchless appliances. These are often still niche products, but
gradually they will become standard fixtures in home design. When social distancing
rules will be lifted and guest visits will become a normal thing again, more and
more homeowners will look for creative solutions to keep their spaces clean, but also
chic. By incorporating thoughtful innovation into home products, robotic vacuums,
electronic-assistant controlled lights, voice-activated faucets, and other features have
brought into homes new ways of cooking and cleaning. Buyers increasingly see smart
home technology as an attractive option. Listings mentioning a smart light sold seven
days faster than expected, and those with a smart thermostat mentioned in their
description sold six days faster than expected, according to Zillow. Looking for ways
to keep their families safe and germ-free, homeowners will be more likely to add a
new touchless faucet and similar fixtures and fittings to their homes.

• Small City Living. With ever more telecommuting opportunities, many people looking
for a new home now have new ideas of where and how they want to live. As the need
to be close to jobs in cities is falling, smaller, more affordable communities and wide
open spaces may become the main preference for homebuyers in 2021. Search traffic
data is already showing this trend. Pierre in South Dakota, Borger in Texas, Vernal
in Utah, and other similar small cities contributed most to the growth in out-of-town
search traffic, compared to the previous year; out-of-town search traffic in a dozen
markets such as Jackson in Wyoming, Pierre in South Dakota, and Hudson in New
York doubled this year. In case of small cities, with populations between 54,000 and
137,000, newly pending sales have increased 34.3% since last year, and YOY pending
sales have been positive since July. The preference to live in small cities will only
keep growing as remote work becomes a more established practice and give renters
opportunities to become homeowners.

• Health and Wellness at Home. Nationwide, people were quick to adapt to new
restrictions, setting up mental wellness spaces or fitness clubs right at their home.
In November, health and wellness areas were mentioned in 4.1% of homes listed
for sale on Zillow. The number of listings mentioning “health and wellness” has
been increasing since early summer and peaked in November with lockdown orders
renewed and fewer daylight hours for outdoor activities because of the approaching
winter. Physical health, however, is not the only priority homeowners have. Isolated
from social activities and loved ones, people will be more inclined to set up their own
private areas for their mental wellbeing activities such as meditation and reflection.
According to Berks Homes, the number of homes with an extra bedroom in the
basement or over the garage has increased this year. These new private spaces added
to homes may be converted to meditation rooms or become a quiet space to spend
some time away from chaotic life.
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• Pet-Friendly Living. Telecommuting gave many people the opportunity to spend all
their day at home and better ability to take care of pets. Twenty percent of respondents
surveyed by Nielsen in July said they had adopted one or more cats or dogs between
March and June, compared to less than 5% over the same period last year. As more
furry new best friends join families, the demand for pet-friendly rentals is growing
and landlords use these added benefits to entice renters. According to Zillow, 73.1% of
residential properties listed for rent allow pets. Because the number of families with
pets is growing, Zillow reckons they will expect pet-friendly features in their next
home. In 2020, Zillow analyzed available data and found that listed properties with a
fenced backyard mentioned in their description sold 6.8 days faster than expected and
those with a pet shower or dog wash mentioned added a 5.1% price premium over
similar homes with no such amenities.

• Rise in Demand for New Construction. Zillow has observed a significant increase in
traffic of people looking for new construction homes, up 82% in the third quarter of
2020 YOY. This means more homebuyers are interested in the ability to personalize
their home and want to live in a clean, new space. Surveyed by Zillow in 2020, over
a quarter of households who bought a new construction home said their choice was
determined by the wish to customize home features, while another 37% based their
decision on the fact that everything in the home was new and never used.

BIM means that each building has a virtual counterpart used throughout its lifecycle—
from its design and construction through its operational life until its demolition. This
virtual counterpart makes it possible to track and analyze environmental metrics, energy
consumption, and human activity patterns. Efficiency thus can be improved and desired
outcomes (e.g., social distancing) promoted. Soon virtual counterparts will be used in the
planning of and, later, adding adjustments to entire neighborhoods and cities. However,
equity should be front and center when this point-of-no-return will be reached [61].

The COVID-19 pandemic pushed up the demand for more space and less dense living
environments among consumers. With the U.S. housing market bustling this year as
Americans encouraged by extremely low mortgage rates and remote work opportunities
are looking for places to relocate, the condo market has not gained much. During the
coronavirus pandemic, people looking for a new home preferred more space and privacy
of single-family homes to dense cities. An exodus from cities to the suburbs in search of
more space has been observed [80].

A new report by Zillow shows that more than a third (34%) of potential sellers prefer
to stay out of the market for now, faced with uncertainties, mostly caused by COVID-19.
An important role is played by financial anxiety: of the homeowners who are thinking
of selling their current home in the next three years 31% say they are discouraged by the
current precarious or uncertain financial situation, with 27% reporting recent employment
changes with fewer hours or lower pay, and 17% mentioning a job loss or furlough; these
reasons could make people less inclined to look for a new home. Another contributing
factor is the uncertainty surrounding the place of work. A survey by Zillow shows that
homeowners started to work from home more often in the past six months and this new
arrangement is the most common change. Another survey by Zillow shows that two-thirds
of people teleworking during the pandemic would consider looking for a new home if
the ability to work from home occasionally stays after the pandemic. While homeowners
wait for a clear signal from their employers when (or if) they will have to return to the
office, however, those plans may be on the backburner. Almost 40% of the homeowners
who are thinking of selling their current home in the next three years say they expect a
more favourable sale price if they wait, suggesting they do not think now is the only time
to get a good price, despite all-time high median sale prices, up nearly 11% YOY for the
week ending 5th September. Sellers are once again optimistic, too: a Fannie Mae survey in
September found a majority (56%) of people think now is a good time to sell, up from 29%
with the same opinion in the spring. Potential sellers believe that home prices have not
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peaked yet. They are likely correct, but there is no clear “right time” to sell, because prices
always tend to rise in the long run [81].

Density is usually associated with higher rates of mortality from, infection with, and
transmission of, highly contagious diseases, COVID-19 among them [82,83]. An opposite
conclusion can be drawn, however, from a U.S.-wide analysis of the relationship between
COVID-19 infection and mortality rates and density in 913 metropolitan counties [84].

Connectivity makes a serious impact on COVID-19 infection and death rates. More
in-depth research on measuring connectivity in cities and its impact on the spread of
pandemic is, therefore, important. Future studies could reveal new aspects by developing
and using more sophisticated internal connectivity measures; for instance, location-based
social networks [85].

Confirmed virus infection rates are not related to density but confirmed virus death
rates are inversely related to it. This fact is unexpected, important, and very serious with
implications for transportation expenditures, regional planning, community design, urban
redevelopment, congestion pricing, affordable housing, tax policy, smart growth, and
almost all other urgent issues important to planners. It goes against ideas that, without
data and analysis, might question the foundation of modern city planning that density is
preferrable to sprawl, at least in some places such as urban and suburban centers [86].

The number of studies looking into the impact of density on highly contagious new
infections is not high. In theory, people living in densely populated areas have more
interactions with others, which may contribute to the rapid spread of contagion. However,
dense areas may also mean better access to health care facilities and higher adoption of
social distancing practices and policies [84]. The findings by Hamidi et al. [84] suggest the
spread of the COVID-19 pandemic is facilitated more by connectivity than density. The
most vulnerable locations are large metropolitan areas with tight economic, social, and
commuting links with a higher number of counties. With higher movement of people
(tourists, businesspeople) both inside such areas and with outside locations, the risk of
cross-border infections is also higher [81].

Every aspect of urban planning practices has been affected by this pandemic. With
high unemployment rates, its economic impact is already obvious. Months of social distanc-
ing, staying a home, and the economic crisis will lead to societal impacts. Environmental
impacts are also expected: both positive ones from changed behaviors and, without the
right measures in place, recovery-related negative ones from rebuilding the economy. The
severity of all impacts combined will determine political impacts. Finally, technological
impacts may open new opportunities to find ways to respond and prepare for this new
future [87].

Facebook expects to see half of its employees working remotely by the end of the
decade, and this expectation is not tied to the pandemic. Meanwhile, seven in ten Microsoft
employees would like to continue teleworking after the pandemic ends. Among surveyed
employers, 94% stated that productivity did not suffer due to teleworking, 27% noted an
improvement in productivity, and 73% expect that at least a quarter of employees will work
remotely indefinitely, with close to half of those reckoning that 50% of their employees will
continue teleworking even when offices are safe to return to. Various surveys predict a
shrinkage of office footprints, which, in turn, will open new ways to solve longstanding
urban problems as transportation and land-use patterns shift. Downtown areas often lack
housing, so some of the empty offices might be converted to residential units. Such endeav-
ors will demand extensive investments from building owners. Government incentives and
zoning changes are likely to be required making it a long-term effort [61].

Although a home in the U.S.A. typically costs about $263,000, a sharp increase in the
number of “million-dollar cities”, according to Zillow, was recorded in 2020, adding 45
new U.S. cities to the pool of those with a typical home value of at least $1 million. No
larger increase has been observed in at least a decade. The number of million-dollar cities
is now 312, compared to 104 five years ago. The significant increase over the course of
2020 is the testimony of considerable activity in the market last year and surging demand
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through most of 2020 caused by demographic trends and the pandemic, with home values
going up almost 7.5% annually in November. The year before, in contrast, saw the lowest
rate of home value appreciation since 2013. The list of million-dollar cities is typically
dominated by areas with attractive natural surroundings, such as mountains or the ocean
nearby. A great media package, including 3D imaging, virtual staging, and a floor plan
with dimensions, give sellers a competitive edge [88].

Cities are making moves to protect homeless people. Among them, Chicago and Los
Angeles, where resources have been prioritized for emergency shelters, Baltimore, where
vulnerable homeless residents aged over 62 are being relocated from emergency shelters
to motels, and New Orleans, where homeless people were also moved to a hotel. Various
modes of transport have been impacted by the COVID-19 pandemic and the impact is huge.
With transit use declines of about 97% in Chicago and San Francisco, and 87% for subways,
and 70% for buses in New York, most transit agencies have cut their services down to
hedge against financial loss. Other modes of transport also suffered with rider numbers
at Uber 60–70% down in Seattle, and zero rides in New York where this type of services
has been banned. Across major cities, Uber suspended its UberPool, a ride-share service.
The story of bike sharing is different. Divvy in Chicago and other similar companies, in
partnership with cities, offer their members attractive discounts during the pandemic.
People increasingly are choosing biking over using transit as a safer option. Philadelphia
is going with the trend and, to make its cyclists safer, has closed a 7-km street to vehicles;
biking in Philadelphia is up more than 150% [60].

The impacts of digitalized workplaces will go along with, and be reinforced by, the
digitalization of education, shopping, and entertainment. More people will regularly shop
for basic goods online and brick-and-mortar retail stores will be mostly devoted to offering
experiences. These trends driven to new levels by the pandemic will result in huge areas
of obsolete asphalt. Perhaps we are not going see autonomous cars taking over roadways
anytime soon and it might take several decades for this future to arrive, but the ever more
popular ideas for converting parking areas to serve other purposes may be implemented
sooner rather than later. The Christmas rush plays an important role in setting parking
requirements, but this phenomenon may move increasingly online. In that case, the supply
of parking spaces will exceed demand considerably. All these no-longer-needed paved
spaces could then be converted for other uses such as urban green spaces or affordable
housing. As people spend more time at home, they are likely to ask for more activities—
from green landscapes to entertainment options—within a walking distance. How does the
concept of land use change when people do everything at home: live, work, shop, study,
and produce things? Does the concept of a residential district still have a meaning? How is
it different from an office district, a commercial district, or an industrial district? The land
zones set in the past may no longer correspond to the way people are actually living and
working in the future. A more inclusive and flexible system will be required where people
will be able to adapt. This trend opens many opportunities [61].

Industry 5.0 expects to resolve the increasing need for personalization, since Industry
4.0 was unable to accomplish such [89]. Industry 5.0 endeavors to personalize its products
and services on masse, like never before. The experiences of its clients are also included in
this process. Japan describes Industry 5.0 as “Society 5.0”—a revolution of “human touch”—
as follows: “A society that orients towards the human being balances between a system
of economic advancement and social problem resolution, which integrates cybernetic and
physical spheres very well” [90]. “Vital entrepreneurship” and “vital marketing” are the
activated goals of personalization including those companies that are constantly able to
foresee and react to ever-changing client needs (by gathering and analyzing data in real
time). Such companies become a part of the daily lives of their clients [91].

Industry 5.0 is now seemingly progressing towards harmonious technological and
societal systems that deliver a customization of products and services en-masse, which are
all personalized [92]. An increased human–machine interaction is the primary difference
between Industry 4.0 and Industry 5.0, according to [93]. It encourages personalized
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expressions among people by their use of personalized products and services. The emphasis
in the work by Yin et al. [94] that regards the future of technology and personalization
revolves around human centrality.

Unfortunately, there is very slow movement of the Internet of Things towards hu-
manization. This has inspired Kaklauskas et al. [95] to foster the idea of humanizing the
Internet of Things among academic and business communities. Analyzing the affective
Internet of Things, smart homes, ambient intelligence, affective computing, BIM, smart
and interactive buildings, and smart building systems constitute the presentation of the
humanization of the Internet of Things by this research [96].

A number of researchers have also engaged in scientific studies focusing on individual
thermal comfort and indoor air quality [97–106]. Personal comfort systems (PCS) are
analyzed next as an example. PCSs in laboratory and field studies can appear in different
forms, such as ceiling fans, radiant or convective heaters, and temperature-controlled
surfaces on chairs, desks, and floors. Certain systems and devices have been designed to
address individual thermal variability by permitting people to control their own thermal
status. Thereby people are able to adjust temperatures to the degree of comfort for them-
selves. The warming and cooling stimuli on surface bodily areas can affect the entire body’s
thermal sensation [100,107–109]; thus such systems are effective. A unique approach to
PCS appears in the work by Wang et al. [99], who assess leveraging the time-dependence
of human thermal perception. Embr Wave, which is a 6.25 cm2 wearable device, supplies
dynamic, cooling, or warming waveforms to the inner wrist. A substantiating work of
research is by Wang et al. [99], which concludes that this wearable device running on low
power betters the thermal phenomenon, comfort, and satisfaction over the entire body.
Meanwhile a study by Lopez et al. [110] discovers that a whole-body thermal sensation
works more efficiently by cyclic heating rhythms than it does by continuous heating.

6. Conclusions

This review presents analysis under three hypotheses: articles give a specific perspec-
tive on the green housing before, during, and post COVID-19 area.

There is a methodological integration of the Topic Model, Environmental Psychol-
ogy Theory, building life cycle method and certain elements of Bibliometrics, Webomet-
rics, Article Level Metrics, altmetrics, and scientometrics for deriving the Green Housing
Topic Model.

The reviewed literature only came from some of the countries affected by the pandemic.
Thus, the studies are not comprehensive of all parts of the world now suffering from this
virus. The other countries also affected, especially those with highly vulnerable populations,
additionally require coverage. Despite this shortcoming, this review looks over proposed
policies so it can indicate certain main guidelines aimed at the green housing research
community and its overall sector.

There was no detailed investigation to date on how COVID-19, the housing policies of
countries and cities during COVID-19 impact green housing, and the wellbeing of their
residents. Furthermore no investigation has taken place on how the residents and a housing
policy impact the dispersion of COVID-19. Additionally an analysis on green buildings is
markedly more effective, when the life process of a green building, participating interest
groups that have their own goals for implementation, the COVID-19 situation, and the
external micro- and macro-level environments are analyzed comprehensively, as a singular
entity. These are the two reasons, why the research was undertaken, in an effort to close
the gap between knowledge about green housing before, during and after COVID-19.

The research in the area of the relationship between green housing and COVID-19
is yet limited, but promising. This paper reviews a selection of such studies with an
aim to take a look at the research on housing development during the COVID-19 crisis,
focusing on the response from the green building sector. It is a rapidly emerging field
with ever more new research. The preferred choice were last year’s peer-reviewed journals
dedicated to urban studies, construction, buildings, energy, economics, civil engineering,
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management, business, indoor air, environmental sciences, and environmental studies.
A range of keywords were applied in this review, including energy-efficient retrofitting,
green construction, sustainable building, efficient use of resources throughout the life cycle
of buildings, comfort, occupant behaviour, COVID-19, health effects, economy, and profit.
This review focuses on the period of the COVID-19 pandemic and on green housing and its
value. The articles for this analysis were selected based on the aforementioned keywords.

Certainly, green housing and location choices can be under the influence of a number of
issues. What distinguishes the research results presented here are the interactions between
COVID-19, the housing policies of countries and cities, and the behaviors of residents as
being key regarding green housing requirements. Thus, this analysis is intended to serve
the different stakeholders involved in making green housing decisions pertinent to micro-
and macro-level circumstances and needs.

The studies that were accessed contain worthwhile evidence containing a great many
clarifications and proposals that can prove valuable for all green housing stakeholders,
such as those presented next.

The pandemic resulted in many problems for the housing sector, especially for green
buildings. These difficulties for the sector are expected to continue for a considerable
time. Some consider rentals to be such a difficulty during the upswing of COVID-19.
Relationships of influence must be understood for an appropriate focus on pandemic
policies and their responses. Housing outcomes and their coordination constitutes another
topic regarding policies of concern during the COVID-19 outbreak. Relationships between
landlords and renters become a major consideration during and after the pandemic. The
entire green building concept must be reconsidered. It is now over a year where lockdowns
have been initiated in very many locations. This has meant that all life’s functions—
sleeping, eating, working, exercising, and socializing—must take place at home. There can
be only one outcome. Living spaces need to be larger and to overlook greenery. That needs
to be the goal of any green housing design strategy.

Housing improvements have become a challenge in many countries currently, which
are crying for adequate solutions. There are many aspects regarding micro-, mezzo-, and
macro-environments relevant to housing during the COVID-19 pandemic. For one, at
home work has become a crucial issue, which require appropriate environments. The
home of the future after COVID-19 will have to show resource efficiency over the entire
lifecycle of a building. It will also require larger than usual lots. Its interior must contain
smart bathrooms and bidets. Multi-generational homes will now include unique spaces
that were previously expendable like extra rooms and more bathrooms. The home of the
future will have to be healthy and energy-efficient, not merely a smart home. More open
spaces will be needed in every floor plan. Office use will need to be part of every design
for a home. Infrastructural facilities will need management teams, and technical facilities
will need smaller teams than before. Designs will be simplified to handle daily hygienic
needs on-site. Day-to-day needs for health and security will get handled by means of
checklists. Digital risk monitoring on construction and work sites can be handled by BIM
and other digital means that are needed to fight COVID 19. Data analysis, alerting, video
surveillance, IoT, and non-invasive temperature monitoring could prove adequate systems.
Competent execution for remote diagnoses and health reporting needs to be included in
daily plans. Facilities management is an area Proptech can adapt on a step-by-step basis
by involving wellbeing in workplaces, efficiencies in the use of energy, and optimal use of
available space and data management.

Many countries are now facing multiple challenges and are looking for solutions to
improve their housing stock. As many people now work from home, they need appropriate
environment. After COVID-19, new requirements will inevitably emerge for future homes.
Smart bathrooms and bidets, efficient use of resources throughout the life cycle of buildings,
and larger lots are just a few examples. Multi-generational homes will have new aspects,
with a need for more rooms, more bathrooms, and unique spaces. To be a smart home
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will not be enough for future homes—they will need to be energy-efficient homes, healthy
homes and include more open spaces.

An analysis of research articles shows that housing choices have undergone a sig-
nificant shift due to the COVID-19 pandemic. The preference is moving towards green
buildings, better for human well-being and health.

The following factors, then, make the biggest impact on green/sustainable buildings:
building hygiene and wellbeing, indoor environment, design concept, built environment,
the COVID-19 pandemic, social environment and lifestyle, human behaviour, and house-
hold energy source.

In the times of the pandemic, housing researchers focus on occupant health. For better
understanding of the ways buildings affect health, an interdisciplinary approach is needed.
Since the COVID-19 has caused many different uncertainties, research efforts span many
areas. Various stakeholders need pragmatic instructions on ways to reduce indoor risks.
In response to changing sustainability requirements for residential buildings, residential
interior design can also change in the upcoming years. The COVID-19 pandemic is expected
to cause changes in sustainability requirements for residential buildings; a specific set of
sustainability indicators will be proposed, including specific sustainability requirements for
a pandemic, and the need to revise current building codes and certification processes taking
into account specific pandemic-related needs. A significant shift in building sustainability
assessment methods will happen with an emphasis on “social and health” aspects.

Two innovative elements distinguish this current study in comparison to the most
advanced studies that have been available on green housing before, during and after
COVID-19. How COVID-19, housing policies of countries and cities pertinent to COVID-19
impact green housing, and the wellbeing of their residents comprises the first innovation
of this analysis; and how the residents and a housing policy impact the dispersion of
COVID-19. Furthermore, this investigation has established that an analysis on a green
building is markedly more effective, when there is a comprehensive analysis of the life
process of a green building, the participating interest groups that maintain their own goals
for implementation, the COVID-19 situation, and the external micro- and macro-level
environments treated as a singular entity.

Some very fragmented research involves three-way interactions between COVID-19,
the housing policies of pertinent countries/cities and green housing coupled with well-
being of their residents. Therefore a comprehensive investigation is required for adequate
understanding of these three components.

The micro-level (building) and macro-level (city, country) aspects of green housing
during and after the COVID-19 era are discussed in this article. For the micro-level (build-
ing) aspect, the analysis centered around multi-functional spaces (home-office-classroom),
luxury amenities, nature-inspired views, backyard oases, greenery, larger lot sizes, healthier
areas, and health-related amenities that are integrated in designs for interiors. These also
include convenience-based amenities with new spaces for new functions, entertainment-
based amenities, privacy and soundproofing functions, security focus, sanitation, and
automation. Furthermore it also encompassed antimicrobial materials, a return of the
mudroom, smart homes, industry 5.0, and customization along with virtual tours and
self-guided showings. Meanwhile, for the macro-level (city, and country) aspect, the
analyses of countries involved crisis-response measures, support measures for tenants
and owners, recovery strategies, and other means and of cities, crisis-response measures,
support measures for tenants and owners, recovery strategies and other means. All these
constituted housing policy responses during and after the COVID-19 era. New models
were also analyzed pertinent to alternative ways for using and organizing living spaces,
co-living, lower-density properties, growth of suburban sunbelts, and such.

The Figure 1 submits current, green housing trends, including those like renewables,
zero energy dwellings and carbon footprint simulators for products; product transparency
and green housing certifications; prefabricated dwellings, reasonably priced sustainability,
healthy dwellings, living green walls and roofs, an environmentally friendly yard, well-
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organized spaces, mass timber applications, water-efficient, recycled, resilience, smart
dwellings, and BIM.

A brief analysis was undertaken pertinent to the performance of an ongoing, three-
way process of interactions between COVID-19, green housing (at the micro-level), and
housing policy responses by countries and cities (at the macro-level) during and after
the COVID-19 pandemic. This work concentrates on the means by which COVID-19, the
housing policies of countries and cities impact green housing and the wellbeing of residents.
Furthermore the work also looks at how the residents and a housing policy impact the
dispersion of COVID-19 (see Figure 1). The entire analysis emphasizes the objective and
subjective factors of green housing, its neighboring environment, and the wellbeing of
its residents.

Sections 3–5 describe policy implications comprehensively. One proposal, for example,
is to apply information in practice on how COVID-19, the housing policies of countries
and cities pertinent to COVID-19 impact green housing and the wellbeing of their residents
as well as how the residents and a housing policy impact the spread of COVID-19. An
additional proposal is to constantly analyze the life process of a green building in prac-
tice comprehensively along with its participating interest groups with their own goals
for implementation, the COVID-19 situation, and the external micro- and macro-level
environments as one, singular entity.

Interdisciplinary research is still required for a more comprehensive analysis regarding
the interactions between COVID-19, the housing policies of relevant countries and cities,
and the behaviors of their residents along with their demands for green housing.
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