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Preface

The First International Conference on Sustainable Built Environment (ICSBE), held
in Noida, Uttar Pradesh on 23rd-24th February, 2023, is an international confer-
ence organized by the RICS School of Built Environment Amity University, Noida,
Uttar Pradesh. The conference is aimed at nurturing the study, comprehension and
appreciation of the built environment.

The international conference looks to deliver multiple dialogues between
academia, policymakers, institutions, industry and society for a push towards a
sustainable built environment in the future. The conference aligns with UN- SDG
goals and COP- 26 agreements as the countries of the world push towards net zero
carbon emissions.

The International Conference on Sustainable Built Environment (ICSBE’23) aims
to create a platform for scholars, academics, practitioners and other experts from the
society to discuss and deliberate the issues relating to sustainability and resilience
in all types of buildings projects, construction projects, operational building and
infrastructure projects within urban regions of the world. The ICSBE’23 hopes to
add steps towards creating a healthy and net zero built environment for the future
generation.

The Built Environment sector is responsible for nearly 40% of carbon emissions
and energy consumption, 50% of all extracted materials, 33% of water consumption
and 35% of waste generated. The sector has enormous untapped potential to assist in
decarbonizing the global economy while addressing the serious climate challenges
that the global economy is currently facing. A sustainable built environment considers
environmental and socioeconomic challenges such as energy security, resilience,
equity, water and waste management, health and well-being. These issues are at the
centre of creating sustainable habitats and cities which are equitable and affordable
to all sections of society.

The sustainability of green infrastructure and environment is a common thing to
be realized without compromising the ability of future generation. It must be done
to prevent any adverse impacts on our lives such as air and water pollution, land use
and contamination, material depletion, impacts on human health, and climate change.
Therefore, it is expected that the incorporation of sustainable development concept
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in terms of research, product and values will enhance the energy performance of
environment development and bring about building sustainability as well as disaster
management. The needs should merge with the improvement of global development
to create a sophisticated life.

The following are the key themes for the conference.

First Part: Education for Sustainability, Training
and Capacity Building

The theme of education for sustainability, training and capacity building within
the sustainable built environment reflects a pivotal step towards a greener future.
This theme underscores the imperative of equipping current and future professionals
with the knowledge and skills required to navigate the complexities of sustainable
practices. Education becomes a cornerstone, enabling architects, engineers, urban
planners and policymakers to comprehend the intricacies of sustainable design,
construction techniques, and integrated systems. Moreover, it emphasizes the need
for interdisciplinary collaboration, fostering a holistic understanding of how various
elements in the built environment intertwine with ecological considerations. Through
comprehensive training and capacity building initiatives, individuals gain the prac-
tical expertise necessary to implement innovative solutions, thereby bridging the gap
between theoretical knowledge and real-world applications. Workshops, certifica-
tions and continuous learning opportunities empower professionals to incorporate
sustainable principles into their work, ensuring that sustainable considerations are
seamlessly integrated from conceptualization to execution. Additionally, this theme
advocates for educational inclusivity, extending knowledge dissemination to diverse
communities, thereby promoting a culture of sustainable consciousness at every
level of society. Ultimately, education, training and capacity building converge to
drive a paradigm shift towards a sustainable built environment, where expertise and
awareness intertwine to create transformative change.

Second Part: Sustainable Urban Planning, Housing, Real
Estate and Construction Practices

The quest for a sustainable built environment necessitates a transformative approach
to urban planning, housing, real estate and construction practices. Sustainable urban
planning must prioritize compact, mixed-use communities that minimize sprawl,
encourage public transportation and integrate green spaces to mitigate carbon emis-
sions and enhance livability. In tandem, sustainable housing design must embrace
energy-efficient materials, passive design principles and renewable energy integra-
tion, fostering dwellings that reduce resource consumption while ensuring occupant
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comfort. Simultaneously, the real estate sector must transition towards eco-friendly
certifications, promoting green building standards that validate sustainable prac-
tices and attract conscientious investors. Such endeavours are inextricably linked
to construction practices that emphasize modular construction, minimized waste
and sustainable sourcing of materials, thus redefining the industry’s impact on the
environment. In amalgamating sustainable urban planning, housing, real estate and
construction, a harmonious built environment emerges, one that harmonizes human
habitation with the planet’s ecological limits.

Third Part: Net Zero Built Environment Agenda,
Progression, Opportunities and Challenges

The theme of the Net Zero Built Environment Agenda encapsulates a resolute
commitment to achieve carbon neutrality in the construction, operation and main-
tenance of the built environment. It highlights a trajectory that envisions a future
where all aspects of the built environment, from buildings to infrastructure, operate
with a net zero carbon footprint. This agenda signifies a profound shift towards
renewable energy integration, energy-efficient designs and innovative technologies,
propelling the industry towards a sustainable and regenerative path. As this journey
unfolds, unprecedented opportunities emerge, such as fostering innovation in green
technologies, creating new job markets centred around sustainability and enhancing
the resilience of communities against climate change impacts. However, the Net
Zero Built Environment Agenda also brings forth a set of formidable challenges.
Technical complexities, limited scalability of emerging technologies and financial
constraints can impede progress. Regulatory hurdles and varying standards may
hinder a harmonized approach across regions. Moreover, achieving net zero aspira-
tions necessitates a deep-seated transformation of established practices, demanding
a collective mindset shift and comprehensive stakeholder engagement. Balancing
these opportunities and challenges is pivotal, as the agenda’s realization holds the
key to a sustainable future, wherein the built environment is not just a contributor to
planetary well-being but a catalyst for it.

Fourth Part: Climate Change Policy, Legal Framework
and Financing

In the pursuit of a sustainable built environment, the convergence of climate change
policy, legal frameworks and innovative financing is paramount. As climate concerns
intensify, policy initiatives must be crafted to set aggressive emission reduction
targets, enforce energy-efficient building codes and encourage the adoption of low-
carbon technologies. These policies are fortified by a robust legal foundation that
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integrates climate resilience into urban planning, mandates disclosure of energy
performance and aligns zoning regulations with eco-friendly land use. However,
these efforts hinge on innovative financing mechanisms, such as green bonds, public—
private partnerships and incentivized programmes, which provide the necessary
resources for the development of energy-efficient infrastructure, retrofitting projects
and the realization of sustainable urban landscapes. This amalgamation of policy,
legal structure and financing prowess constitutes a holistic approach to address
climate change within the built environment, fostering a future where sustainability
thrives hand in hand with human progress.

Fifth Part: Technology and Innovation in Process
and Products

The theme of Technology and Innovation in the Sustainable Built Environment
underscores the indispensable role of cutting-edge advancements in reshaping both
processes and products within the construction industry. Rapid technological evolu-
tion offers a wealth of tools and methodologies that can revolutionize the way
buildings and infrastructure are conceived, designed, constructed and operated.
From Building Information Modelling (BIM) and prefabrication techniques to smart
sensors and data analytics, technology optimizes resource utilization, reduces waste
and enhances energy efficiency. Innovation in sustainable materials, like green
concrete and recycled steel, further reduces the environmental footprint of construc-
tion while fostering resilience against climate impacts. Yet, this theme navigates a
dual narrative of promise and caution. The promise lies in harnessing technology’s
potential to accelerate sustainable progress, from 3D-printed eco-friendly structures
to renewable energy-integrated smart cities. However, the challenge lies in equitable
access to these innovations across regions and socioeconomic strata. Ethical consider-
ations surrounding data privacy, resource extraction for tech production and the envi-
ronmental consequences of e-waste must also be navigated. Ultimately, the synergy
between technology and sustainability lays the foundation for a built environment
that embraces innovation as a cornerstone of its eco-conscious evolution.

We would like to express our gratitude to the reviewers of these manuscripts, who
provided constructive criticism and stimulated comments and suggestions to the
authors. We are extremely grateful as organizers, technical programme committee
and editors, and extend our most sincere thanks to all the participants of the confer-
ence. Our sincere gratitude also goes to the Publication Partner Springer Nature for
their helpful cooperation during the preparation of the proceeding.

Noida, India Deepak Bajaj
Newcastle, Australia Thayaparan Gajendran
Mumbai, India Sanjay Patil
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Automated Framework for Evaluating )
Sustainability and Resilience in Higher L
Education Curriculum

Madhuri Kumari, Mamta Mehra, and Dieter Pfoser

1 Introduction

With the advances in technology, sustainable development is gaining great attention.
The 2030 agenda for sustainable development [11] motivates us to take transforma-
tive steps for shifting the world towards a sustainable and resilient path. The oper-
ationalization of sustainability and resilience requires specific skill sets. Looking at
the demand of the time, it is imminent that the higher educational institutes (HEISs)
need to equip the graduates with required skills.

Sustainability refers to the development of products and services which do
not limit the future generations need or ability to acquire the same product and
services [2]. The concept can be related to societal, economic, cultural, techno-
logical or psychological practices thus qualifying sustainability as social sustain-
ability, economic sustainability, cultural sustainability, technological sustainability
and psychological sustainability [5] respectively. Resilience is used to identify prod-
ucts that do not get damaged and deformed easily and can be used for a long time.
Resilience is the ability of any system to prepare for facing threats, to absorb impact,
to bounce back and adapt to challenges, adversity and stressful situations [7].
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As part of quality education, the fourth sustainable goal of the UN-SDGs, sustain-
ability and resilience related topics should be covered in the university course offer-
ings. The curriculums are the foundation of academic learning and practical expe-
riences in higher education. It is required to include sustainability and resiliency
related courses as part of curriculum for a future ready academic framework. In
order to develop and design new courses, the reconnaissance of existing curriculum
system has to be carried out to understand the current state of course offerings in
context of sustainability and resiliency.

With increasing number of universities, institutions and courses across the globe,
manual review of the existing system is not feasible. Further, no technology support
is available in market for automated review of the course catalogues. Thus, the
curriculum review process is manual and very tedious. This provides an opportu-
nity to develop a tool and automate the curriculum review process. Considering
the advances in web crawling and data analytics technology, this study proposes an
automated framework for evaluating the curriculums of HEIs. This tool can read the
contents of course catalogue from the website of universities and further perform
data collection and analysis of the courses. As a final outcome, this tool lists the
courses in the area of sustainability and resilience and provides insight into the type
of the courses. The data collected from the automated system can be further analysed
using computational method of text analytics and keyword ontology. The analysis
result available from this tool can be used to identify the gap areas and then develop
appropriate courses in the area of sustainability and resilience.

2 Literature Review and Research Gap

Many researchers have supported the need for automation of several aspects of
education system for getting right input and feedback required for timely impro-
visation of the system. In a higher educational institute, using of digital technology
for automating various educational processes will not only help in achieving a high
quality of education but will also help decision makers in monitoring and expediting
the changes in HEI as per market demand. At global level, summative assessments
are carried out to provide feedback and data on general trends and the state of the
education system [10]. Digitalization is much discussed intervention in the education
sector. In a study presented by Wright et al. the author has discussed the use of real-
time data for adaptive management in education [12]. This study also presents the
advantage of such real-time data management system for data-informed decisions
helping in teaching and learning experiences. Several works have been carried out
in automating the process of the educational institutions. For the past decade, web
scraping and web crawling have witnessed application in tasks involving mining the
data from internet sources [1, 6, 13]. According to Suhirman et al. [9], the use of data
mining or web scraping in education can no longer be considered a new methodology.
It is known to be a powerful tool that can render significant results in curriculum
design. However, it is a significantly underused methodology in curriculum design
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research [8]. Automation framework for accreditation of HEI [3], converting the
collected data into valuable knowledge, student performance assessment and web-
based platform for educational processes are some of the preferred areas by the
researchers.

These studies collectively highlight the growing interest in automating the assess-
ment of resilience and sustainability courses offered by universities. They emphasize
the benefits of using text analysis, machine learning, and data-driven approaches to
streamline the evaluation process and ensure consistent standards for these crucial
aspects of higher education.

To assess the performance and benchmark HEISs, ranking and accreditation has an
important role to play [5]. Globally there are many recognized ranking and accredi-
tation, and curriculum review forms an integral module of these process. However,
there are limited studies or research work on automation of curriculum review due
to the inconsistent format of the course catalogue of universities.

Considering the outlined research gap in the above paragraph, there is a scope
for developing automation tool that can check and review the course catalogue
and provide insights and future course of actions. Through this study, authors have
proposed an automated framework for evaluating the curriculums of HEIs for sustain-
ability and resilience. This framework is modular and can be expanded for any future
requirements.

3 Study Data Set

This study was supported by Global Council for Science and the Environment
(GCSE), USA. The organization of GCSE is a credible source of data and analysis of
trends in higher education landscape, especially related to sustainability education
and environmental studies. The dataset used in the study was divided into a training
dataset and validation dataset. The list of 165 member universities of GCSE as shown
in Fig. 1 was considered as training dataset which was used to train and develop the
proposed automation framework. A comprehensive list of 2000 universities of USA
was used to validate the developed framework.

4 Methodology

The automation framework was developed using four step approach as outlined in
Fig. 2. As a first step, the training dataset was thoroughly analysed by visiting the
web pages of each of these 165 GCSE member universities. The website of the
universities was traversed to find the catalogue page. Thus, the catalogue URLs were
listed corresponding to the list of universities. In the second step, the catalogue page
was explored to identify the pattern of course information arrangement. This step
was critical for framing the strategies and algorithms for scraping the course related
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Fig. 1 Training dataset ( [JJ: Location of Universities)

data from catalogue web page. In the third step, the normalization of web response
from catalogue web pages of different universities was done to list down the set
of common information available across most of the catalogue information. This
information formed the base for the schema designed for the extraction of course
related data. As a final step, automated framework was developed using web crawling
technologies.

1. Identify catalogue URLs: In this stage, the websites of 165 GCSE member
universities were traversed to check the placement of course catalogue infor-
mation and extraction of course catalogue URLs. were explored to understand
the placement of course catalogue information. Subsequently, the URLs for
accessing the course catalogue were identified. Figure 3 shows the representative
data of course catalogue URLs collected in the first stage.

2. Analyse catalogue page for identifying the patterns: The presentation and

arrangement of course catalogue information on web pages varies across different
universities. In general, the course catalogue contains a list of courses which are

Analyze web sites Analyze web Analyze the web Develop

of universities for response page for response to automated

catalog listing identifying the identify the data to framework using

(identify catalog patterns (how to be extracted web crawling

URLs) scrap the data technologies
from web page?)

Fig. 2 Methodology
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Fig. 3 Identification of course catalogue URLs

either arranged semester wise, UG/PG basis, department wise or presented as a
single consolidated list with pagination. To develop web crawler, it is required to
identify patterns of information arrangement on webpage. In this stage, an agile
approach was used for identification of pattern and sub pattern which evolved as
development progressed. In stage 1, the pattern at macro level was identified as
table, non-table and pdf as shown in Fig. 4.

In stage 2, the high-level pattern was further nailed down and patterns for accessing
details of courses was identified as (a) major divided directory: The courses were
listed alphabetically and traversed using menu ‘Courses A-Z’. The course name was
displayed as hyperlink which on click opens a new page with course details. (b) full
listing: All the courses offered by the university are listed on single page with course
details presented in tabular format. (c) search-based directory: The subset of courses
offered by the university is shown on the web page based on the search criteria.
Figure 5 shows stage 2 of pattern identification.

In stage 3, the most common pattern of major divided directory and full course
listing was further explored and a micro-level pattern identification was carried out
which can form as an input for designing web crawler and parser. The micro-level
pattern was identified as (a) major divided directory with details of course opening in
new page (b) major divided directory with details of course opening on the same page
(c) full course listing with all course information on single page displayed at single
click of course catalogue menu. Figure 6 shows stage 3 of pattern identification at
micro-level.

3. Analyse the web response to identify the data to be extracted: The course
information common across different web response pages was identified. It was
found that most web pages render the course catalogue with each course qualified
by course title (along with course code), course description and course url that
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points to course details. Based on the finding the parser was designed to extract
course code and course title, course description and course urls (Fig. 7).

4. Develop automated framework: An automated web crawler-based framework
was developed using open-source technology which can read the contents of
course catalogue from the website of universities and further parse the webpage,
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perform data collection and analysis of the courses. The system was developed
for a subset of universities in United States. It was tested using the validation
dataset containing the comprehensive list of universities in United States.

5 Automated Framework for Evaluating Sustainability
and Resilience in Higher Education Curriculum

The automated framework consists of four important components namely, web driver,
web crawler, web response parser and output formatter as shown in Fig. 8. The
framework was developed using python. The web driver was responsible for reading
the URL of course catalogue and sending the request to the URL. It used selenium
library of python. The web crawler was used for collecting the response from the
website and storing it offline as a text file. This approach of dumping response in
file without parsing was helpful in saving time required for revisit of the website
and handle bulky response from the website. The web parser was developed using
beautifulsoup library of python. This component was responsible for parsing the
web page and extracting the course related information as per designed response
schema and storing it in object. The web parser passed on the control to output
formatter synchronously. The output formatter prepared JSON object and dumped
it in output text file which was then stored offline. The technology stack used for
the development of this automated framework is shown in Fig. 9. Google colab was
used as the platform to write and execute the python code.

~, v e —
/ N\ rd ™ of \ / Y P Y
f Web | { Wb / Qutput \ [ Automated
| Webdriver | 3 | response | f-- tp \ (A .
\ / \ crawler ) \  parser | ormatter / \ ramework /
\\‘-- S X PL R AN P4 i pd

233020 KDTON

- I --B- - 5] Ty ()U_TP{I

A

Fig. 8 Automated framework for evaluating sustainability and resilience in higher education
curriculum []
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Fig. 9 Technology stack
used for developing
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In summary, this framework takes catalogue URL of a university as input and
generates a well formatted file with course information extracted from the course
catalogue web page. The output is in popular data-interchange format, JSON which
is lightweight, text-based and represents the data as a collection of name/value pairs.
It can be easily consumed by any programming language and supports ease of
integration.

6 Result and Conclusion

The course data collected through the web scraping programme was analysed to
understand the integration of sustainability and resilience in the courses being offered
across the universities. The data so collected from the automated system was analysed
using computational method of text analytics and keyword ontology. Text mining
techniques were applied for distilling insights from the collected course data.

The field of course title and course description were searched for keywords that
directly or indirectly indicated the relevance with regard to resilience. The keywords
used as a direct indicator were ‘resilient’, ‘resilience’, ‘resiliency’, ‘sustainable’,
‘sustainability’. The keywords used as an indirect indicator were ‘energy’ and
‘climate’. This was followed by analysing the search result further for finding the
resilient courses in the area of environment, energy and climate. Word frequency
analysis was carried out on the course title and course description field of search
results to understand the occurrence of keywords in resilience related courses. The
frequency of the words was used to infer the top 5 areas of resilient ready courses. To
make semantic analysis more accurate in text mining, collocation analysis using the
Bag of Words (BoW) approach was applied. The course title and course description
were tokenized using 2-g, 3-g and 4-g to find the occurrence of environment, energy
or climate in the courses matching the resilience criteria.
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As a final outcome, this tool listed the courses in the area of sustainability and
resilience based on the keywords used for searching. The data can be used for getting
an insight into the type of the courses as presented in Fig. 10. The top 10 phrases
using 2-g, 3-g and 4-g.

The spatial map of resilience courses as in Fig. 10a clearly shows that less number
of resilient or sustainability related courses are being offered by the universities
across USA. East Coast of USA has better coverage of resilience in the courses as
compared to the West Coast of USA. The word cloud of course title having direct
mention of resilience or sustainability in the title is plotted in Fig. 10b. It shows that
there are varied areas covered as part of resilience education. The top 10 areas include

Total No. of Courses across USA universities Total No. of Resilient Courses
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Fig. 10 Spatial map and word cloud for resilience courses
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psychology, social, climate, health, community, development, environmental, trauma
and stress. The word cloud can be supplemented by insights from Table 1 which
provide top phrases using 2-g, 3-g and 4-g, indicates that community resilience is
most popular course across the university. Climate, weather, food security are also
popular resilience subjects. Psychology courses covering trauma and stress resilience
are also offered in many of the universities of USA. Resilience in security, risk,
system reliability is also covered as course offering in few universities. Though the
universities across USA are offering courses related to resilience, still the knowhow
of the students in this matter is very limited. This clearly indicates the need for
designing and introducing new courses in areas of resilience and sustainability. The
courses related to resilience in the field of environment, disaster need to be designed
and should be offered in all the universities so that students are aligned to the SDGs.

This outcome can be effectively used to identify the gap and thus preparing the list
of courses to be developed and designed for an efficient and future ready curriculum.

Table 1 Top phrases using Bag of Words approach and tokenized using 2-g, 3-g and 4-g

2 words phrase 4 words phrase

Community resilience Agroecology and resilient communities

Resilient communities climate change community resilience

Building resilience Family stress and resilience

Coastal resilience Stress and resiliency

Community resiliency Building community environmental resilience

Environmental resilience

Climate and weather resiliency

Resilient cities

Food security and resilient

Resilient systems

Security and resilient communities

Weather resiliency

System reliability and resilience

3 words phrase

Trauma and resilience

Legacy of resilience

Agroecology and resilient

Reintegration and resilience

Change community resilience

Reliability and resilience

Stress and resilience

Resilience and freedom

Identity and resiliency

Resilience and recovery

Resilience in children

Resiliency and coping

Resiliency in public

Resiliency in meteorology

Risk and resiliency

Resilient communities practicum

Stress and resiliency

Risk to resiliency

Sustainability and resiliency

Security and resilient

Threats and resilience

Skills of resilience

Community environmental resilience

Trauma and resiliency
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7 Challenges and Future Scope of Work

The current course offering in various universities is varied, with each college offering
different courses under sustainability and resilience. These varied courses need some
normalization so that they can be compared and evaluated. Itis also important to grade
the various courses so that no redundant courses are being offered.

The dynamically changing pages of catalogue presented a challenge during frame-
work development. With new semester and academic session, pointer to catalogue
changes. The catalogue URL working today may not be working in future. Also,
the web response of the given catalogue URL may change in future. Considering
the cases analysed during the development, around 50-65% cases of web response
were not generalizable and hence developing a fool proof framework is difficult. In
many cases, the university maintains the course catalogue in the form of a pdf copy,
parsing of which is not handled as part of our study and forms a limitation for usage
of the framework.

Several technological challenges were encountered during development of the
framework. Initially, the four components of the framework worked synchronously,
and the control serially passed on from one component to another. However, the http
request timed out while fetching multiple pages of web response as many web pages
of catalogue presented the course list along with pagination. Further, the large size
of web response could not be stored in memory and hence the data processing was
interrupted. To handle this timeout error, the http request was made asynchronous
with increased time lag and the web response was cached in a file. The cached
response was advantageous as revisit of web page could be avoided thus saving time.

The developed framework can be extended and generalized in future to cater
to higher education institution across the world. Further, the framework is flex-
ible to handle the queries related to finding courses in any domain provided the
keyword is defined. This framework can be used for identification of university
readiness for subjects beyond sustainability and resilience. Also, there is a scope
of increasing the data collection from catalogue for better report generation and
handling complex queries. The framework can be considered as a base for incor-
porating more customization to increase the reach of this framework to recruiters,
research institutions and policy makers.
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Monitoring Occupant Preferences )
for Daylight Levels in Indian Homes: e
A Case of Ahmedabad

Minu Agarwal, Swetha AB, and Atisha Jain

1 Introduction

1.1 Overview

Daylighting is one of the critical ingredients for human health. To encourage the
use of daylight and enhance indoor environment quality, Leadership in Energy and
Environmental Design (LEED) prescribes up to three points, and the WELL building
standard prescribes up to two optimizations through simulation and a prescriptive
approach. However, availing the full daylight depends upon home design, location,
content, weather, occupant behavior, and visual and thermal comfort.

Growing urban density and air pollution reduce daylight availability inside homes,
resulting the need for artificial ventilation and lighting systems. Daylight significantly
impacts natural body functions and is considered central to our well-being as it
influences our circadian rhythm, which further impacts our sleep cycle, energy and
alertness, mood, and other essential functions for our health and well-being.

Considering that people spend substantial period of the day indoors, sufficient
daylight access in buildings has become a public health issue. At the same time,
cross-modal research shows that people in warm environments may prefer low light
levels to enhance their overall comfort. Improper daylight access has been linked
to breast cancer, type-2 diabetes, and prostate cancer that have reached epidemic
levels in many countries. The occupants without a good source of overall lighting
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environment can have a subsequent impact on health. The sunlight and vitamin-D
have been associated with reduced risk for many chronic illnesses, including cancer
and cancer mortality [10]. It is shown that there is a 30 to 50% reduction in risk for
developing breast and prostate cancer by either increasing vitamin D or increasing
sun exposure [9]. Studies show that daylight has been linked with better mood, less
tiredness, and reduced eye strain.

While daylight ensures many health benefits, occupants may experience barriers
in using it effectively at all times. Electric lighting is often used to supplement
daylight in homes. In 2011, The Indian Bureau of Energy Efficiency stated that the
end-use-energy consumption break-up in the Indian residential sector was 28% of
energy use in lighting, 34% in fans, and 13% in refrigeration systems [14].

1.2 Research Goals

1. To measure and report the average daylight levels maintained in the Indian
residences by their respective occupants.

2. To estimate the gap between the daylight access availed by the occupant and the
ideal daylight access of the residence as per the design.

This study also reveals the extent of trade-offs that occupants have to make for
their daylight access and the occupant’s comfort in their living rooms.

The study shall be limited to the living rooms of residential buildings in
Ahmedabad, considering the most used space in residence during day time.

2 Literature Review

The literature review is divided into three major parts. First, to understand the occu-
pant behavior in residential buildings. Second, to understand the factors determining
the occupant to curtail the daylight access in the residences. Third, to understand the
importance of vertical illuminance in everyday life.

2.1 Impact of Occupant Behavior on Residential Buildings

Building energy certification versus user satisfaction with the indoor environment:
Findings from a multi-site post-occupancy evaluation (POE) in Switzerland. This
paper presents a thorough and detailed method for generating occupancy data for
offices using on time-use data by surveying method. The study adopts the survey
methodology to understand the occupants’ daily activities. The presented approach
generates statistical occupancy time series data at ten-minute intervals, taking into
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account weekdays and weekends by building transaction probability matrices from
the source data and using these to generate synthetic data series. The model indicates
the number of occupants active within a house at a given time to model the sharing
of energy use. As a result, the model generates detailed occupancy patterns in time
series, intended to be used in energy simulations and to track a space’s active and
passive users [17].

Occupancy and occupant activity drivers of energy consumption in residential
buildings—This paper addresses one of the uncharted area occupant behavior and its
co-relationship with the load profiles through plug loads and end-use energy demand.
Three residential units of the same floor plans were chosen in an apartment to inves-
tigate Occupancy and occupant activity drivers of energy consumption. The method-
ology is based on a data-driven framework which is monitored for an entire year in
these 3 residential units. Occupants have much control over their indoor environ-
ment. A long-term data collection declines each household’s weekend and weekday
behavior based on the occupancy profile. Knowing the occupancy profile of a partic-
ular house can help in knowing the high energy consumptions period throughout the
day. This paper states, “The impact of reducing peak demand and achieving flatten
load profiles for each household can become tangible on large scales.” This paper
clearly shows that occupancy profiles and behavior play a significant role in energy
consumption, and it changes for every household [1].

Residential electric lighting use during daytime: A field study in Swedish multi-
dwelling buildings—This paper explores how occupants’ behavior in a residential
building is affected by the characteristics of the rooms, specifically focusing on their
electrical lighting usage. The study aims to understand how room features influence
how people interact with lighting systems in the building.

This paper investigates the effect of room function and orientation on daytime elec-
tric lighting use in dwellings and the role of room design. The study was conducted
in six multi-dwelling residences in the kitchen, the living room, and the bedroom in
Sweden. The study adopts the methodology of a questionnaire survey with responses
on electric lighting using a seven-point Likert scale, a preliminary study to under-
stand the effect of orientation, geometry, and function on occupant behavior diversity
and statistical analysis was performed to verify whether there is a relation between
daytime electric lighting and the room function, room orientation or both. The find-
ings of this study show that lighting usage in a built space depends upon occupancy
patterns and design features like room orientation and window orientation [5].

2.2 Daylight-Related Trade-Offs Made by Occupants

Privacy and daylight: Evaluating the acceptance of daylighting traditional
devices in contemporary residential houses in Bahrain—The need to curtail
daylight by an occupant in a residence depends upon various reasons like visual



20 M. Agarwal et al.

Table 1 Understanding the correlation of the factors determining the occupant to curtail the
daylight access

F\"(-m;f\m“ Glare-Visual discomfort Heat (Direct sunlight) Privacy Noise
Ventilation * * * v
Daylight v v v *
View v v v *
Direct Sunlight v v v *
Legend
v Trade-off

* Plausible but no papers found

Source Author’s Computation

comfort (glare), noise, privacy, direct sunlight, etc. In Bahrain architecture, the
trade-off on the daylight is also based on cultural considerations of privacy.

This paper presents the Trade-off is done between daylight access and visual
privacy. A cross-sectional survey with 15 close-ended questions was used to measure
visual privacy and daylight issues in Bahraini homes. In this study, all questionnaire
surveys showed that 92.07% of people considered daylight important and 95% of
respondents considered visual privacy to be important. Moreover, 30.29% of people
considered priority to the need for visual privacy over the need for daylight in the
space. The results show that religious beliefs and cultural factors also play a signifi-
cant role in visual privacy. Even though people were aware of the conflict between
the need for visual privacy and daylight availability in their houses, they were ready
to trade off the light levels for visual privacy.

Daylight and view through residential windows: effects on well-being—[20]
states that direct sunlight provides light and warmth, and conversely, direct sunlight
and a bright sky can also cause visual discomfort for the elderly. A set of open-ended
questions were developed to understand the visual performance, spatial appearance,
discomfort, stress and restoration, and circadian regulation. The results state that
openings must be modifiable to exclude direct sunlight when required for privacy
and discomfort, and views contribute to the health and well-being of human eyes.
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3 Overview of the Daylight-Related Trade-Offs Made
by Occupants

3.1 Importance of Vertical Illuminance

Vertical illuminance is an indicator for the brightness of vertical surfaces such as walls
which form a large part of an occupant’s field of view. Thus, brightness of walls is
seen as the missing link between existing daylight standards (horizontal illuminance-
based) and user evaluations and satisfaction with daylight levels [16]. Its primary
purpose is to make spatial proportions, spatial experience, and immediate visual
tasks visible. The light on the vertical plane significantly influences the impression
of brightness. The perception of brightness is greatly influenced by the light on the
vertical plane. Therefore, a space where people move, or work should be illuminated.

3.2 Literature Gaps and Methods Used in Earlier Studies

Daylighting in residences in the urban environment is a relatively uncharted area of
study. Only a few studies are showing the impact of daylighting in residential spaces,
with the influence of surrounding contexts of obstructions and shading devices [11].

In earlier daylighting studies, Horizontal illuminance has been taken as the param-
eter to evaluate daylight access in the horizontal work plane. In this study, Vertical
illuminance was taken as the parameter to access the illumination because it is evalu-
ated by its visual task when we enter a space. Hence in this study, vertical illumination
was measured in point in time.

This study focuses on vertical illuminance with a data set collected over a week
and with the seasonal change at various residences.

4 Research Methodology

A field study was conducted in the living room of eleven residences to assess daylight
access by measuring the vertical illuminance of the living room. In the field study,
vertical illuminance was measured at a point in time [4]. The sensor point was decided
based on the thumb rules to measure the maintained daylight in the house. After the
field study, a simulation-based study was conducted for the same house to understand
the potential/theoretical daylight access in the living room using LightStanza—a
cloud-based simulation tool.
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Fig. 1 Overview of methodology. Source Author’s Computation

4.1 Selection Criteria of Residences

In this study, eleven residences were selected based on the following criteria.
Where the residence should compile under the Comprehensive General Develop-
ment Control Regulations Gujarat (CGDCR) code compliance residence, the living
room should have a minimum of 10% of the floor area of the residence, and the
window-to-wall ratio should have a minimum of 15%. All the residences should be
built after 1990, and an occupant should reside at the residence during the daytime
from sunrise to sunset. These criteria were formulated to select consistent houses for
the data without any bias in the residences (Fig. 1).

4.2 Selection of Logger

Onset MX1104 hobo logger has been used to measure vertical illuminance in homes.
The FOV (180) measures 0 to 167,731 lux with an accuracy of £10%, typical for
direct sunlight and flexibility time steps starting from 1-second intervals. Also, the
range of wavelength of light that this can measure. Capable of measuring daylight
and artificial light sources commonly used in homes.

4.3 Protocol for Placement of the Sensors

Placement of the sensors follows specific thumb rules for all the residences,

e HOBO logger measuring daylight lux levels to be placed at 1.2 m from the ground.

e HOBO logger measuring daylight lux levels should be placed at the darkest or
farthest wall with direct light of sight to the window and the sky visible through
the window.
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Fig. 2 Protocol for placement of the sensors. (Green marker indicates the daylight sensor, orange
marker indicates the sensor below the primary luminaire, and yellow indicates the Primary
luminaire). Source Author’s Computation

e To monitor the usage of the luminaires, a second HOBO logger should be placed
below the primary and if needed a third HOBO logger to be placed under the
secondary luminaire (Fig. 2).

4.4 The Procedure of the Field Study

See Fig. 3.

e Vertical illuminance would be measured using HOBO Loggers—Ilux meters in
the living room of residences at the height of 1.2 m for obtaining a point in time
data at an interval of fifteen minutes for one week.

e The location, time of conducting the experiment, site context, orientation of the
building, and other room level and building level observation as per Table 2 must
be recorded

e The data of the residences are quantified based on the window wall area

4.5 Observations at Room Level and Building Level

The observations in Table 2 were taken to better understand the occupant behavior
in the house.
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Table 2 Building and room level observations

Observations

Room level details * Obstructions near the window opening

* Window shading (Curtains/blinds) type and color

Distance from window to the position of the logger

surface reflectance of the materials (door, wall, curtain, furniture, floor)
Visible light transmittance (VLT) of the glazing

Dimensions of the living room

Dimensions and orientation of the openings

Building floor level

Number of luminaires and their light contribution to the room