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Climate change has caused extremity in weather events by increasing their
intensity and frequency. The recent pandemic has further exacerbated the
extremities and added new challenges in addressing climate change.

The current state of affairs demands immediate action in multiple dimensions
ranging from climate adaptation and mitigation to climate resilience.
Moreover, focusing on the regeneration of resources is equally critical
at present. Climate change affects various geographical, social, cultural,
economic, and climatic contexts differently. Additionally, its impacts are
visible at extreme physical scales ranging from an individual human body
and its physiology to the urban level. Therefore, we need diverse solutions
for diverse scales and contexts. The plethora of probable solutions must
also be interdisciplinary to demonstrate effectiveness in multiple domains
that affect each other.

Building on the success of the international ‘Windsor Conferences on
Thermal Comfort (1994-2020)' and the '‘Comfort atthe Extremes Conferences’
in Dubai (2019), Oman (2021), and Edinburgh (2022), CATE 2023 at CEPT
University, Ahmedabad hopes to bring diverse groups together to deliberate
interdisciplinary solutions and strategies oriented toward climate change
and associated extreme events at several scales.

A rapidly developing country in the global south, India is a representative
of cooling-dominated countries and the challenges they face due to climate
change. At CATE 2023, the authors will attend the conference in person in
Ahmedabad, India to present their papers. Moreover, live streaming will be
available to bring the proceedings of the conference to a wider audience
worldwide.
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ABOUT KEYNOTE ADDRESSES

Pondering the Performance of the Performance Paradigm

University Professor Dr Ardeshir Mahdavi is an internationally recognized
authority in Building Science. Prior to his current affiliation at the Institute
of Building Physics, Services, and Construction at the Faculty of Civil
Engineering Sciences, Graz University of Technology (TU Graz), Professor
Mahdavi held positions atthe Carnegie Mellon University (CMU), Technical
University of Vienna (TU Wien), and National University of Singapore
(NUS). Professor Mahdavi conducts research in building physics, building
simulation, building ecology, and human ecology. Professor Mahdavi has
published over 700 scientific papers and has supervised over 65 doctoral
students. Professor Mahdavi is the recipient of the prestigious IBPSA
Distinguished Achievements Awards.

Performance paradigm is a natural reflection of our interest in the quality
and effectiveness of the artifacts we build, whether they are machines,
buildings, or whole cities. To this end, performance domains are defined,
performance variables are established and included, together with their
mandated values in standards and legal documents. We develop methods
and tools to predict the performance implications of our interventions
and proclaim that performance-based standards liberate stakeholders
from the straightjackets of prescriptive mandates. Instead of prescribing
professionals how to design and maintain their artifacts in detail, we tell
them what performance is expected from those artifacts. However, looking
at the consequences of our interventions across multiple scales we may
need to consider if the performance paradigm has been implemented
sufficiently and properly. We may even need to consider if the performance
paradigm itself is indeed performant.

Are we tropical animals?

Wouter van Marken Lichtenbelt is the head of the research group
Thermophysiology & Metabolism at Maastricht University. —The
fundamental aspect of the research is the effect of environmental
temperatures on physiology and behavior. This ranges from indoor
environments in western populations to extreme conditions in Siberia.
The study results show significant beneficial effects of excursions outside
the thermoneutral zone; i.e. being exposed to heat and cold positively
affects metabolic and cardiovascular health and increases resilience to
the extremes. The applied part of the research puts emphasis on how
daily indoor environmental conditions relate to thermal comfort, behavior,
health, and prevention of metabolic syndrome. His group searches for an
optimal mix of different lifestyles and environmental factors to create a
healthy sustainable indoor environment.

Are we better adapted to heat than cold? The presentation will include
examples and new results from traditionally living humans and how they
cope with extreme environmental conditions. This will be linked to current
physiological knowledge about heat and cold acclimation. Finally, there
will be food for thought on what extremes of heat and cold we can cope
with,
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Alliesthesia - the other kind of thermal comfort

Richard de Dear has been continuously active in the domain of thermal
comfort for over forty years in Australian, European, Asian, and North
American universities. With over 250 peer-reviewed research outputs on
the topic de Dear is currently the most highly cited researcher in thermal
comfort (Scopus), and his work forms the basis for ASHRAE's Standard
55 Adaptive Thermal Comfort section (from 2004 till present). Among
his current duties are editorships for Nature Scientific Reports, ASHRAE
Science and Technology for the Built Environment, and Elsevier Energy
and Buildings. He was co-chair of the International Energy Agency's (IEA)
Energy in Buildings and Communities Programme Annex 69 Strategy
and Practice of Adaptive Thermal Comfort in Low Energy Buildings from
2016 through to its completion in 2022. He serves on the WHO-WMO
Indoor Overheating Technical Advisory Group. His work have received
numerous best paper awards, including Building and Environment (2022,
2018), Energy and Buildings (2018), and ASHRAE Transactions (1999,
1998). He received the ASHRAE's Crosby-Field Award (1998) for best
research paper across all of its outlets in 1998. In 1993 ASHRAE awarded
him the Ralph G Nevins Physiology and Human Environment Award. In
1999 he received the Environmental Design and Research Association’s
(EDRA) "Places” Research Award, and in 2014 he was inducted into the
International Society of Indoor Air Quality's Academy of Fellows.

An overwhelming majority of our knowledge of thermal comfort is
confined to relatively simple situations of steady-state and iso-thermal
exposures. In this talk de Dear will review thermal comfort, pleasure, and
irritation in more complex and non-steady exposures. The talk will begin
with the conceptual framework of alliesthesia and its empirical bases, and
end with identifying where alliesthesia is most directly relevant including
outdoor and semi-outdoor settings, personal comfort systems, vehicle
cabins, transition spaces including rapid transit carriages, and station
environments,

Building Sustainable Community: Good Earth Experiment

Jeeth lype is an Architect and co-founder of GoodEarth. A person of
ideas,, he is excited by innovation and translating ideas into architecture.
He is part of the team that conceptualizes the communities. Having
gained experience creating vibrant communities that make one feel
psychologically and socially secure, he is trying to address larger issues
like climate change and desertification through regenerative agriculture,
and sustainable water and waste management, to add value to its core
business of building sustainable communities.

Jeeth and his team at GoodEarth, are engaged in bringing together like-
minded people with a common vision of building a sustainable future.
They believe that such a community generates a strong sense of belonging
while also enabling a collective sense of security and responsibility. They
foresee a future where many such communities keep growing, each
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influencing its neighborhood and context. Their vision is to inspire
change in the way people live through our efforts in development. The
keynote will narrate Jeeth's journey in making Good Earth a successful
experiment.

The Siesta and the Wildfire: Designing Comfort in Times of
“Anomalous Weather”

Susan Ubbelohde is a founding principal of Loisos + Ubbelohde, an office
of unconventional practice based in Alameda, California and a Professor
Emerita at the Department of Architecture at University of California,
Berkeley. Her practice specializes in high-performance integrated design
and is recognized for expertise in daylighting and lighting design, zero-
energy/zero-carbon design, energy and thermal comfort simulations,
natural ventilation, building monitoring, solar reflections and data
visualization, as well as design and fabrication of light sculptures. L+U
projects have won over 240 design, sustainability, and lighting awards,
including AIA/COTE Top Ten Green Project awards, Platinum LEED
Certifications and Zero-Net-Energy projects. Throughout her career, she
has served on design and sustainability juries, lectured internationally
and published extensively on green design, simulation tools, daylighting,
and lighting. An Indo-American Fellowship in Ahmedabad in 1989
supported a study of climate response in Le Corbusier's Sarabhai House
and Millowners Building, as well as the classrooms and dormitories of
Louis Kahn's IIM, Susan is a graduate of Oberlin College, the University
of Michigan and the University of Oregon.

As architects practicing at the cutting edge of low-energy and resilient
design, our office of Loisos + Ubbelohde believes buildings should "sail"
This means operating with minimal mechanical systems, like sails when
they are becalmed can be assisted with a small auxiliary engine. We work
in a design process that begins with human comfort delivered primarily
by the envelope. But we practice in interesting times. With 2023, the
"anomalous weather” that we assumed was sold in the future arrived.
Our buildings designed 10 years ago can no longer be counted on to
provide comfort and fresh air to the occupants. Germany is looking at
Spain's siesta that they previously ridiculed, while Hawaiians need their
open houses to transform to spaceships when the fires arrive. Integrated
architecture, systems and controls must couple with buildings that can
sell open to the world when the breeze is up and the air is temperate. We
will need to both survive and remain human in our architecture.
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ABOUT INVITED SPEAKERS

From cooled to fresh conditions - Hybrid Cooling for the Dry and
Humid Zones

Wolfgang Kessling holds a doctorate in physics and is a partner at
Transsolar Energietechnik, Germany. He is an expert in climate-friendly
building design and adaptive comfort concepts. The focus of his work
is the development of innovative comfort concepts for both, indoor and
outdoor spaces. He lectures regularly at universities and international
conferences on sustainable design, thermal comfort, and zero-energy
projects. In Asia, he was involved in the design of the first Zero Energy
Office in Malaysia, in the climate and energy concepts for the cooled
conservatories at the Gardens by the Bay in Singapore. The environmental
concept of the School of Design Buildings 4 and recently opened 1&3 at
NUS, Singapore became a highly recognized example of a tropical high
comfort net positive energy design. These projects have been instrumental
in laying the grounds for designing with higher indoor temperatures
compensated by elevated air speeds and changing the code of practice in
Singapore, The so-called Hybrid Cooling concepts are also implemented
in the new BRAC University Campus building in Dhaka, Bangladesh, orin
the Atlassian high rise in Sydney, Australia.

Where conventional low-temperature air conditioning represents the
well-established standard, leaving traditional paths and introducing a
high comfort design with higher room air settings in combination with
breeze poses a challenge to clients and design teams. There are very
few little buildings designed on purpose with this concept. Adaptive
Comfort concepts deliver excellent comfort but with lower reliance on
mechanical systems. With Hybrid Cooling concepts, the ventilation and
cooling systems can be substantially downsized, reducing investment
costs as well as substantially reducing energy demand for ventilation and
space cooling. The presentation will include examples of projects with
Hybrid Cooling in Asia and explore innovations in design for comfort in
the tropics: indoors, mid-doors, and outdoors.

Living laboratory insights for low energy, healthy and resilient built
environments - the case of Fairwater, Western Sydney Australia

Professor Leena Thomas is a sustainable architecture academic and
research expert with experience in Australia and IWndia. Her research
and teaching focus on transforming development and design practices
in response to global concerns for climate change and sustainability.
Thomas's presentation will focus on her research into workplace and
living environments where she has pioneered the use of detailed post-
occupancy evaluation to investigate the role of the built environment in
delivering energy efficiency, comfort, productivity, health and well-being,
and sustainability. Through her research findings, Thomas argues for
the consideration of the social dimension of user experience alongside
technical performance and the value of linking public health with planetary
health.
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Founder, Ashok B Lall
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Building on detailed post-occupancy evaluation and living laboratory
approaches, this presentation will highlight opportunities and barriers for
strengthening climate resilience at the scale of buildings and precincts.
It provides insights from the Fairwater Living Laboratory that focused on
an 850-home development in western Sydney that is home to Australia’s
largest-scale geothermal air-conditioning installation and achieved a
6-Star GreenStar Communities rating. Covering a three-year period to
include one of Sydney's worst summers as well as the pandemic, the
research draws on precinct-level data, community and household surveys,
as well as the detailed monitoring of 40 homes. Research findings have
shown energy savings and electrical demand reduction attributable to
the geothermal air-conditioning and the added impact of house size in
driving consumption. Other findings in relation to the rebound effect
from installed air-conditioning and installed rooftop PV in some homes
and adaptive practices in others point to the importance of designing
sustainable practices amongst users. Precinct-based findings include the
cooling effect of light-colored roofs and trees and vegetation, as well
as the health and well-being benefits for residents in spite of extreme
weather and pandemic conditions. Through these findings, we argue
for the consideration of the social dimension of user experience and
community engagement alongside technical performance, the value of
linking public health with planetary health, and the benefits of a precinct-
based approach for the built environment.

Integrated Design for a Warming Future - Resilience and Well-
being in Warm Climates

Ashok Lall, graduated from the University of Cambridge U.K. in Architecture
& Fine Arts and obtained the Architectural Association Diploma in
1970. His architectural firm (estd. 1981) is committed to an architectural
practice based on the principles of environmental sustainability and
social responsibility. Engaged in architectural education since 1990, he
has developed curricula and teaching methods to address environmental
issues. He has published many articles and presented papers on
environmentally sustainable designs and has been an active member of
institutions and groups promoting awareness and building competence in
the sustainable design of buildings.

Given the rapid rate of urbanisation, the challenge for the developing
economies of the warm climate zones dealing with Climate Change is two-
fold: to provide resilient shelter with improved quality of life for growing
urban populations, and to mitigate climate change while doing so. The
key lies in urban morphology. We seek a framework for urban growth and
regeneration that is affordable, achieves basic comfort and well-being for
poor citizens, and does so with limited embodied and operational carbon
emissions while optimizing the potential for integrating renewables with
the urban fabric. Parallel lines of research are presented that converge
toward a high-density low-rise morphology as the optimum. This is
accompanied by a menu of passive design principles that need to be
mandated by regulation with standards for sufficiency of thermal comfort
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Director of Building

Performance Bentley
Systems Inc, USA

accounting for heat waves and UHI. Case studies of housing, institutional,
and commercial buildings are presented. The level of comfort sought is
a cultural phenomenon. Greater the expectation - greater the need for
complex integration of building and cooling systems. We see a possibility
of convergence around an expectation of sufficiency met with low carbon
means.

Impact of Climate Change and Urbanization on Future Building
Performance

Dr. Drury B. Crawley, Ph.D., AlIA, Fellow ASHRAE, BEMP, is a Bentley
Fellow and Director of Building Performance with Bentley Systems
Inc,, focusing on building performance, decarbonization, zero-energy
buildings, sustainability, and smart cities. With more than 45 years of
experience in energy efficiency, renewable energy, and sustainability, Dr.
Crawley has worked in engineering software development, government
research, and standards development organizations, as well as building
design and energy consulting companies.

With the increasing interest in climate change driven by human activity,
recent research has focused on the impact of climate change or urban
heat island on building operation and performance across the world. But
this work usually aggregates the energy and peak demand impacts across
a broad sector. In a recent study, impacts on the operating performance of
an office building were estimated based on climate change and heat island
scenarios in 25 locations (20 climate regions). This presentation shows
the variation and differences among the 20 regions when climate change
is introduced. The focus is on changes in comfort conditions, building
equipment operation as well as daily patterns of energy performance
using prototypical buildings that represent typical, good, and low-energy
practices around the world. Other issues such as fuel swapping as heating
and cooling ratios change, impacts on environmental emissions, and how
low-energy building design incorporating renewables can significantly
mitigate any potential climate variation are also presented.
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Ways forward in thermal comfort prediction for building design
and operation

Marcel Schweiker leads Research and teaching in Healthy Living Spaces
at the Institute for Occupational, Social and Environmental Medicine of
RWTH Aachen since April 2020. He has previously worked at the Institute
of Building Design and Technology, Karlsruhe Institute of Technology.
Schweiker's research is focused in Environmental Engineering,
Architectural Engineering and Mechanical Engineering with a focus on
thermal comfort and human adaptation. One of the current projects is
‘International Energy Agency Energy in Buildings and Communities
Programme, Annex 79: Occupant-Centric Building Design and Operation'

Thermal comfort predictions are essential during building design and
operation to aim for high satisfaction rates. Standardization currently
includes two approaches to such predictions: predicted mean vote (PMV)
based on Fanger's heat balance model, and predicted acceptable ranges of
operative temperature based onregression based adaptive thermal comfort
models (ATCM). Both approaches have advantages and disadvantages
such as poor predictive accuracy forindividual comfort votes and neglect
of certain adaptive components of PMV and the neglect of variations
in influencing factors such as air speed or clothing levels of ATCM. At
the same time, research includes a much larger variety of methods and
models for thermal comfort prediction including combinations of heat
balance and adaptive approaches like the adaptive thermal comfort
models (ATCM). Both approaches have advantages and disadvantages
such as poor predictive accuracy for individual comfort votes and neglect
of certain adaptive components of PMV and the neglect of variations
in influencing factors such as air speed or clothing levels of ATCM. At
the same time, research includes a much larger variety of methods and
models for thermal comfort prediction including combinations of heat
balance and adaptive approaches like the adaptive thermal heat balance
(ATHB) approach, detailed multi-node thermo-physiological models,
and individualized predictions based on machine learning approaches.
The objective of this talk is an overview of these approaches and their
suitability for building design and operation. Based on a large field dataset
from India, some of these approaches are assessed and ways forward
in theory-based, data-driven modelling approaches including individual
adaptive mechanisms and design characteristics are demonstrated. The
talk ends with open points to be discussed among the research community
and standardization bodies.
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The Quantum Comfort Leap

Sue Roaf (B.A.Hons, A.A. Dipl.,, PhD, ARB, FRIAS) is an Emeritus Professor
at Heriot Watt and an award winning architect, teacher, author and
activist. She has written and edited 22 books on solar and sustainable
design, thermal comfort and climate change adaptation and is currently
looking at extreme design in hot dry deserts and Antarctica.

The notion of Quantum Evolution refers to an "all-or-none reaction” where
the transitional forms of an evolving species are unstable, and perishing
rapidly so that it is left with is what the species has finally morphed into
into. The term describes the comparatively rapid transition from one stable
type of species adaptation to another distinctly different type under the
influence of some strong selection pressure. This paper outlines the need
for a Quantum Leap in what we considered to be ‘comfort conditions’
today to ensure we can adapt to survive in the coming decades of climate
heating. As the temperatures soar, populations will have to rapidly set
against the rising pressures of energy scarcity and costs, globally flat-
lining economies and rising levels of fuel and food poverty. Individuals
can accommodate only so much in terms of personal thermal adaptation.
It has to be buildings that become the first bastion of protection against
extreme weather. To avoid wasting time, their intermediate unstable
transitional forms will have to be side-lined as designers try and anticipate
what the final form of buildings must evolve into to protect populations
from extinction. Most of the current design tools are inadequate for this
task. Designers will have to rely on their own intelligent intuition and
foresight to create buildings in which people can remain comfortable in
a very different future. This requires a Quantum Leap of both Faith and
Comfort Thinking.

Harnessing Mixed mode ventilation and Occupant-Centric Control
for Energy savings in the Tropics

Dr. Adrian Chong is an IBPSA Fellow and Assistant Professor in the
Department of Built Environment at the National University of Singapore
(NUS). At NUS, he leads the IDEAS Lab (https://ideaslab.io), a
multidisciplinary group that leverages building performance simulation,
real-time data, and machine learning to improve building energy efficiency
and occupant comfort. Adrian also serves as a subject editor for the journal
Building Simulation and holds the role of Early Career Board Member for
the journal Building and Environment.

According to the IEA, buildings account for 30% of global final energy
consumption, with energy demand for space cooling tripling since 1990.
This escalating demand and climate change necessitates we rethink how
we currently cool our buildings. Mixed-mode ventilation emerges as a
promising solution to significantly reduce energy consumption through
the integrated use of natural ventilation and air-conditioning. However,
the application of mixed-mode ventilation in tropical climates has been
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Vice Deputy
President
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constrained by a prevailing preconception of its limited effectiveness.
This skepticism stems from challenges posed by consistently hot and
humid conditions, which are thought to limit the potential of operating in
natural ventilation. In this talk, | will share ongoing work from my research
group to achieve effective mixed-mode ventilation in the tropics. Our
approach, focusing on systems integration and occupant-centric controls,
aims to address the skepticism surrounding mixed-mode ventilation in
such climates. Preliminary findings underscore the promise of a more
sustainable way to cool our buildings in the tropics through mixed-mode
ventilation.

Lodha's approach of delinking growth from emissions by
transforming the built environment

Aun Abdullah leads sustainability/ESG at Lodha Group and has been
instrumental in shaping the sustainability strategy at the group. He comes
from a building services and infrastructure design, design management
background, with experience on large and very large landmark projects in
India and the Middle East (UAE and Qatar). Abdullah has led the formation
of Lodha Net Zero Urban Accelerator, which focuses on embodied
carbon, passive designs, equipment efficiency, renewable integration,
green mobility, and green finance - with the intention of making net zero
carbon the new normal for the built environment. Abdullah is interested
in cleantech and ideas that have the potential to become cost-effective
(for the developer as well as the end-user) given the scale and growth
opportunities in our operations.

This talk explores the pivotal role of the built environment in navigating
India’s impending growth while addressing climate risks. Emphasizing
resilience and decarbonization, it delves into the critical business case
for climate action within the built environment sector. By examining
the challenges and opportunities in supply chain transformation, the
presentation advocates for sustainable practices that not only mitigate
environmental impact but also foster economic growth. The intricate
relationship between India's development trajectory, climate resilience,
and the imperative for transformative actions in the built environment will
be addressed.
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By: Prof Sukumar Natarajan

Workshop 2: Urban Energy Modelling in the
Global South (UBEM) Workshop
By: Dr. Paul Ruyssevelt

Lunch

Workshop 1: Climate Resilient Energy Efficient Design in Architecture
(CREEDA) Workshop
By: Prof Sukumar Natarajan

‘Workshop 3: Grounded Energy Modelling Development
(GEMDev) Workshop
By: Dr. Pamela Fennell

Break

Workshop 1: Climate Resilient Energy Efficient Design in Architecture
(CREEDA) Workshop
By: Prof Sukumar Natarajan

CFP101C
CEPT University, K.L.Campus,
Ahmedabad, Gujarat.

Seminar U01-201
Above New Canteen, CEPT
University, K.L.Campus,
Ahmedabad, Gujarat.

Seminar U01-201
Above New Canteen, CEPT
University, K.L.Campus,
Ahmedabad, Gujarat.

CFP 101C
CEPT University, K.L.Campus,
Ahmedabad, Gujarat.

CFP 103
CEPT University, K.L.Campus,
Ahmedabad, Gujarat.

Seminar U01-201
Above New Canteen, CEPT
University, K.L.Campus,
Ahmedabad, Gujarat.

CFP 101C
CEPT University, K.L.Campus,
Ahmedabad, Gujarat.

Seminar U01-201
Above New Canteen, CEPT
University, K.L.Campus,
Ahmedabad, Gujarat.
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DAY 1: Wednesday, December 13, 2023

Ground Floor, Net Zero Energy

Technical Tour 1: Net Zero Energy Building and Building, CEPT University, K.L.

15:25 - 16:25

CAIREIE (D) Fasllifes Campus, Ahmedabad, Gujarat
16:25 - 16:35 Break
Balwantrai N. Brahmbhatt
17:15 - 18:55 Registration and Reception Lecture Hall and Kund area,

CEPT University, K.L.Campus,
Ahmedabad, Gujarat.

DAY 2: Thursday, December 14, 2023

Ground Floor, Net Zero Energy

Technical Tour 2: Net Zero Energy Building and Building, CEPT University, K.L.

08:30 - 09:30

IR AR R Campus, Ahmedabad, Gujarat
Balwantrai N. Brahmbhatt
10:00 - 10:30 Session 1: Inauguration of CATE 2023 LEEEOTLE Al

CEPT University, K.L.Campus,
Ahmedabad, Gujarat.

Session 2 Keynote 1: Alliesthesia — the other kind of thermal comfort. Balwantrai N. Brahmbhatt

Richard de Dear, Lecture Hall
10:30 - 11:20 Professor Emeritus, secture
. . . . . CEPT University, K.L.Campus,
School of Architecture, Design and Planning, The University of Sydney, .
. Ahmedabad, Gujarat.
Australia
11:20 - 11:30 Break: Tea, Coffee, Snacks

Session 3 Keynote 2: Are we tropical animals?
Wouter D. van Marken Lichtenbelt,
11:30 - 12:20 Professor Ecological Energetics and Health
School for Nutrition and Translational Research in Metabolism, Maastricht
University, Netherlands

Balwantrai N. Brahmbhatt
Lecture Hall
CEPT University, K.L.Campus,
Ahmedabad, Gujarat.

CFP 103
12:20 - 13:05 Lunch CEPT University, K.L.Campus,
Ahmedabad, Gujarat.
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Session 4: Paper Presentations (13:05 - 14:25)

Paper ID: 1110
Occupant satisfaction: a measure of Green
Building Performance
Presenting Author: Grover, Ashima C

Paper ID: 1125

Enhancing Indoor Air Quality and Occupant

Session 4A: Well-being in Split Air-Conditiopeq Bedrooms
Health and Well-being through Integrated Ventilation Balwantrai N. Brahmbhatt
in buildings Presenting Author: Mondal, Nilabhra Lectqre Hall
CEPT University, K.L.Campus,
Paper ID: 1170 Ahmedabad, Gujarat.
The daylight almanac of Indian hoseholds: A
case of Ahmedabad
Presenting Author: Agarwal Minu

Paper ID: 1189
Field study on measuring indoor air quality in
certified green-rated urban Indian residences
Presenting Author: Gupta, Rajat

Paper ID: 1114
Contemporary Vernacular Architecture in The
Brazilian Tropical Savana: The Case-Study of
the Children's Village in the Canuana
Farm, in Tocantis.
Presenting Author: Soares Goncalves, Joana
Carla

13:05 - 14:25

Paper ID: 1117
Impact of Naturally Ventilated Residential Units
on Heat Stress
Presenting Author: Ghosal, Sreeparna

Session 4B:
Design Intervention in
Buildings for thermal

comfort

CFP 101A
CEPT University, K.L.Campus,

Ahmedabad, Gujarat.
Paper ID: 1127

Designing dwellings to cope with extreme heat
in low-income communities
Presenting Author: Roberts, Ben M.

Paper ID: 1130
The Future of Responsive Facade for Multi-
Storey Residential Buildings
in Tropical Climates
Presenting Author: Goncalves, Joana
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Session 4: Paper Presentations (13:05 - 14:25)

Paper ID: 1126
Influence of Hygroscopic Property of Lime and
Cement Plaster on Building Energy
Consumption for
Different Climate Zones of India
Presenting Author: Mullick, Divya

Paper ID: 1150
Learnings from the extreme thermal comfort
adaptation of Jain ascetics during the summer
Session 4C: Nature-based and the monsoon months in India
Solutions Presenting Author: Dhariwal, Jay .CFP. 101C
CEPT University, K.L.Campus,

Ahmedabad, Gujarat.
Paper ID: 1153

Perception of the impact of biophilia on the
health and well-being of occupants
in a hospital setting.
Presenting Author: Watwani, Unati Kumar

Paper ID: 1160
The Green Side of Passive Cooling: Building
Facades Inspired by
Evapotranspiration in Trees
Presenting Author: Siripurapu, Monish
13:05 - 14:25

Paper ID: 1134
Role of urban morphology in enhancing the
outdoor thermal comfort: A case of Mumbai
Presenting Author: Rahigude, Srushti

Paper ID: 1191
Onsite Thermal Energy Storage for Efficient and
Resilient Air-conditioning
in Indian Buildings

Session 4D: Climate Presenting Author: Goyal, Anurag
Resilience Buildings and FP 102 Auditorium
Communities Paper ID: 1188 CEP&EE;E;;:? I((}.&ﬁ;tmpus,
Assessing the Integration of Building Science in » vjarat.

Higher Education Curricula: Implications for
Climate Change Adaptation
in the Built Environment
Presenting Author: Kotharkar, Rajashree
Shashikant

Paper ID: 1115
The energy saving potential of using adaptive
setpoint temperatures: a case study
for offices in India
Presenting Author: Rubio-Bellido, Carlos
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Session 5: Talk by Invited Speakers (14:25 - 16:25)

The Quantum Comfort Leap
Susan Roaf
Emeritus Professor, Heriot Watt University

Advancement in Urban Energy Modeling
Drury Crawley
Director of Building Performance with Bentley Systems Inc

14:25 - 16:25 Integrated Design for a Warming Future — Resilience and Well-being
in Warm Climates
Ashok B Lall
Architect and Founder, Ashok B Lall Architects

Lodha's approach of delinking growth from emissions by
transforming the built environment.
Aun Abdullah
Deputy Vice President, Lodha Group

16:25-16:35 Break: Tea, Coffee, snacks

Session 6: Paper Presentations (16:35 - 17:55)

Paper ID: 1116
Pitch to Policy program in India and Indonesia
- a co creation approach towards
decarbonisation
Presenting Author: Burton, Craig
Alexander

Paper ID: 1118
Circular Economy, Building Materials and
Methods

Presenting Author: Bhandari Arun
Session 6A: Circular

Economy, building Paper ID: 1148
materials and methods  An experimental investigation on the impact of
lime and cement mortar/plaster material on the
indoor hygrothermal environment of test
spaces
Presenting Author: Singh, Ayushi

Paper ID: 1161
Assessment of the thermal performance of
alternative wall and roof assembly in buildings:
A case in Vijayawada
Presenting Author: N, Yeswanth

Balwantrai N. Brahmbhatt
Lecture Hall
CEPT University, K.L.Campus,
Ahmedabad, Gujarat.

Balwantrai N. Brahmbhatt
Lecture Hall
CEPT University, K.L.Campus,
Ahmedabad, Gujarat.

XIX



Comfort At The Extremes Conference 2023
Wednesday - Friday | December 13-14-15, 2023 : = CA I E 2023
CEPT University, Ahmedabad, India

Session 6: Paper Presentations (16:35 - 17:55)

Paper ID: 1119
Characteristics of thermal comfort in the warm
and humid climate of North-East India
Presenting Author: Singh, Manoj Kumar

Session 6B: Thermal N Pap‘er‘lD: i f CFP 101A
Comfort Models and Applicability of existing models for predicting

thermal comfort in sports facilities through the ~ CEPT University, K.L.Campus,
analysis of a case study Ahmedabad, Gujarat.
Presenting Author: Lamberti, Giulia

Metrices, and Resilience

Paper I1D: 1167
Thermal comfort and occupants' behavior in
Japanese condominium
Presenting Author: Aqilah, Naja

paper ID: 1129
Development of simulation-based strategy for
mixed-mode operation of buildings

ksl Presenting Author: Singh, Harshal

Paper ID: 1141
Thermal performance analysis of
thermoelectric radiant panel system for indoor
space heating
Presenting Author: Mishra, Gaurav

Session 6C: Low energy CFP 101C
Cooling Technologies Paper ID: 1157 CEPT University, K.L.Campus,
Passive Cooling Strategies For A Better Ahmedabad, Gujarat.

Comfort During Weather Extremes — Adapting
the Existing Building Stock In German Cities
To Future Climatic Conditions
Presenting Author: Kader, Alexander

Paper ID: 1181
Experimental assessment of various control
algorithms for direct evaporative cooling
systems
Presenting Author: Nigam, Shreya
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Session 6: Paper Presentations (16:35 - 17:55)

Paper ID: 1131
Revisiting hotels: A holistic approach to
increase guest comfort and save energy for
hotels in North India
Presenting Author: Soares Goncalves, Joana
Carla

Paper ID: 1144
Skin temperature and thermal perceptions over

Session 6D: the day: a case study in a hybrid-ventilated
Human Physiology and . living lab FP 102 Auditorium
Adaptation Presenting Author: Bavaresco, Mateus CEPT University, K.L.Campus,

Ahmedabad, Gujarat.
Paper ID: 1186
Impact of Climate Change on the Sociocultural
Landscapes of Barsana Town in Braj Region
Presenting Author: Bharti, Anupama

Paper ID: 1200
Study on behavioral adaptation for the adaptive
thermal comfort and energy saving in Japanese
office buildings
Presenting Author: Rijal, Hom Bahadur

Session 7 Keynote 3: Pondering the Performance of the Performance

Paradigm Balwantrai N. Brahmbhatt
17:55 - 18:55 Ardeshir Mahdavi Lecture Hall
: : University Professor, Institute of Building Physics, Services, and CEPT University, K.L.Campus,
Construction, Ahmedabad, Gujarat.
Faculty of Civil Engineering Sciences, TU Graz, Austria
AGASHIYE: The house of MG
19:15 Onwards Conference Dinner Oigiz- 160 Sptyyiee ek s, Ol

City, Gheekanta, Lal Darwaja,
Ahmedabad, Gujarat 380001
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DAY 3: Friday, December 15, 2023

07:30 - 09:30

08:30 - 09:30

10:30 - 11:20

11:20 - 11:30

11:30 - 12:20

12:20 - 13:05

Starting Point: The house of MG,
Opp. Sidi Saiyyed mosque, Old
Ahmedabad Heritage Walk City, Gheekanta, Lal Darwaja,
Ahmedabad, Gujarat 380001
Ending Point: Jama Masjid

Ground Floor, Net Zero Energy
Technical Tour 3: Net Zero Energy Building and Building,
CARBSE R&D Facilities CEPT University, K.L.Campus,
Ahmedabad, Gujarat

Session 9 Keynote 4: The Siesta and the Wildfire: Designing Comfortin ~ Balwantrai N. Brahmbhatt

Times of “Anomalous Weather Lecture Hall
Susan Ubbelohde CEPT University, K.L.Campus,
Principal Architect of Loisos + Ubbelohde, Alameda, California, USA Ahmedabad, Gujarat.

Break: Tea, Coffee, Snacks

Session 10 Keynote 5: Building Sustainable Community: Balwantrai N. Brahmbhatt
Good Earth Experiment Lecture Hall
Jeeth Iype CEPT University, K.L.Campus,
Architect and Founder of Good earth, India Ahmedabad, Gujarat.
CFP 103
Lunch CEPT University, K.L.Campus,

Ahmedabad, Gujarat.
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C ATE 2023

Session 11: Paper Presentations (13:05 - 14:25)

Workshop 4: Preparing for climate change — a perspective

on humans and buildings

By: Marcel Schweiker and Hannah Pallubinsky

Session 11A:
Health and Well-being
in buildings

13:05-14:25

Session 11B:
Urban Heat Island and
Outdoor Comfort

Paper ID: 1135
Analysing indoor thermal comfort in LIG
housing with respect building materials and
openings, a case of Trivandrum
Presenting Author: Sherin P M, Fahmida

Paper ID: 1136
Perceptions of IEQ, well-being and work
performance in work-from-home settings
Presenting Author: Manu, Sanyogita

Paper ID: 1154
Evaluation of the occupant perception of air
quality within the indoor setting in the
composite climate of Delhi
Presenting Author: Agarwal, Pooja

Paper ID: 1168
Study on WBGT for heat stroke evaluation
during summer in Japanese living rooms
Presenting Author: Mizutani, Nokuto

Paper ID: 1142
The climate spatial variability and its impact on
the thermal energy simulation of buildings: a
case study of Sdo Paulo, Brazil
Presenting Author: Geraldi, Matheus

Paper ID: 1162
An assessment of the Universal Thermal
Climate Index of Urban Outdoor Spaces- A case
study of Central Business District (CBD),
Ahmedabad
Presenting Author: Mehta, Jahnvi

Paper ID: 1177
Study on the role of vegetation towards thermal
comfort in outdoor urban areas
Presenting Author: Subedi, Rupendra

Paper ID: 1155
Impact of extreme weather events on the
thermal comfort of vulnerable populations in the
city of Sao Paulo
Presenting Author: Dardin, Alessandro
Augusto

CFP 101A
CEPT University, K.L.Campus,
Ahmedabad, Gujarat.

Balwantrai N. Brahmbhatt
Lecture Hall
CEPT University, K.L.Campus,
Ahmedabad, Gujarat.

CFP 101C
CEPT University, K.L.Campus,
Ahmedabad, Gujarat.
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Session 11: Paper Presentations (13:05 - 14:25)

Paper ID: 1121
Enhancing Contemporary Envelope Design for
Hot and Arid Climates: Integrating Vernacular
Strategies for Window-to-Wall Ratios and
Shading Devices.
Presenting Author: Goncalves, Joana

Paper ID: 1149
Reducing extreme discomfort in the global
South — Comparison of a calibrated model and

Session 11C: locally measured data from

Climate Resilience informal housing in Peru
Buildings and Presenting Author: Oraiopoulos, Argyris
Communities

Paper ID: 1175
Urban Oasis for Adaptation to Climate Change:
Analysis of Climate Adaptation Plans (CAP)
13:05 - 14:25 around the world
Presenting Author: Duarte, Denise Helena
Silva

Paper ID: 1124
Energy Usage in Buildings for future climate: A
case study of Concordia University Buildings in
Montreal
Presenting Author: Sharma, Kartikay

Session 12: Invited Speakers (14:25 - 16:25)

Ways forward in thermal comfort prediction for building
design and operation
Marcel Schweiker
Professor Healthy Living Spaces,
Institute for Occupational, Social, and Environmental Medicine

From cooled to fresh conditions - Hybrid Cooling for the Dry and
Humid Zones
Wolfgang Kessling
Director, Transsolar, Germany

14:25 - 16:25 Living laboratory insights for low energy, healthy and resilient built
environments - the case of Fairwater, Western Sydney Australia
Leena Thomas
Professor, Faculty of Design Architecture and Building, University of
Technology, Sydney

Harnessing Mixed Mode Ventilation and Occupant-Centric Controls
for Energy Savings in the Tropics
Adrian Chong
Assistant Professor, Department of the Built Environment College of
Design and Engineering
National University of Singapore

FP Auditorium
CEPT University, K.L.Campus,
Ahmedabad, Gujarat.

Balwantrai N. Brahmbhatt
Lecture Hall,
CEPT University, K.L.Campus,
Ahmedabad, Gujarat.
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16:25 - 16:35 Break: Tea, Coffee, Snacks

Session 13: Paper Presentations (16:35 - 17:55)

Paper ID: 1171
Balancing Carbon Emissions and Comfort: A
Comparative Study of Envelope Materials in
Affordable Housing Projects
Presenting Author: Tripathi, Awatans

Paper ID: 1190
Improved burnt clay brick masonry: Lowering
upfront embodied carbon, improving thermal
Session 13A: comfort and climate resilience of new housing
Climate Resilience in the Indo-Gangetic Plains
Buildings and Presenting Author: Maithel, Sameer

Communities

Balwantrai N. Brahmbhatt
Lecture Hall
CEPT University, K.L.Campus,

Paper ID: 1178 Ahmedabad, Gujarat.

Integrated evaluation for energy and comfort
quantification of windows in a residential
apartment of Mumbai
Presenting Author: Soi, Vardan

. . Paper ID: 1198
16:35 - 17:55 Slum redevelopment and its gendered
implications on thermal comfort — the
experiences of female residents in Ahmedabad
Presenting Author: Fuchs, Janina

Paper ID: 1152
Roadmap to implementation of thermal comfort
policies in affordable housing
Presenting Author: Ramesh, Nithya

Session 13B: Paper ID: 1169
Thermal Comfort Models gy, 4y on thermal comfort zone in MM and CFP 101A
and Me"[r'1ces HVAC office buildings in Aichi prefecture CEPT University, K.L.Campus,
and Resilience based on daily survey Ahmedabad, Gujarat.
Presenting Author: Khadka, Supriya

Paper ID: 1182
Study on comfort temperature in Autumn season
of naturally ventilated office
building in Kathmandu
Presenting Author: Lamsal, Prativa
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Session 13: Paper Presentations (16:35 - 17:55)

Paper ID: 1132
Field Studies of Thermal Comfort in Heritage
Hotel Buildings in warm humid climate of India
Presenting Author: Dasgupta, Shalini

Paper ID: 1146
Historic windows with passive heat loss
reduction strategies and their effect on indoor
thermal comfort
Presenting Author: Mathew, Dennis CFP 101C
CEPT University, K.L.Campus,
Paper ID: 1166 Ahmedabad, Gujarat.

Session 13C:
Design Intervention in
16:35 - 17:55 Buildings for thermal
comfort

Optimising energy efficiency and thermal
comfort measures for a low-income residential
building in Ahmedabad, India
Presenting Author: Sharmin, Tania

Paper ID: 1204
Enhancing Net-Zero Energy Buildings: A
Comprehensive critical Review of Passivhaus
Design in the UK
Presenting Author: Singhal, Harshul

Paper ID: 1173
Comfort Rating Method for Potential Inclusion
in Australia’s Nationwide Energy Rating
Scheme (NatHERS) — Darwin Climate Zone
Case Study
16:35 - 17:55 Presenting Author: Sadeghi, Mahsan
Session 13D:
Health and Wellbeing in Paper ID: 1176 FP Auditorium

Buildings Furniture layout in residences- The role of CEPT University, K.L.Campus,
thermal comfort Ahmedabad, Gujarat.

Presenting Author: T K, Jayasree

Paper ID: 1203
An assessment of the thermal conditions and
users’ thermal adaptability in air-conditioned
offices in a hot climate region
Presenting Author: Al-Khatri, Hanan

aturday, December 16, 2023

Pickup Point: CEPT University,
North Gate
Drop-off Point: CEPT
University, North Gate

09:00 - 18:00 Full Day Trip: Adalaj, Patan, Modhera Sun temple
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Paper Presentation - Session 4

Session 4A - Health and Well-being in buildings
Occupant satisfaction: a measure of Green Building Performance
Enhancing Indoor Air Quality and Occupant Well-being in Split Air-Conditioned Bedrooms
through Integrated Ventilation
The daylight almanac of Indian hoseholds: A case of Ahmedabad
Field study on measuring indoor air quality in certified green-rated urban Indian
residences

Session 4B - Design Interventions in Buildings for Thermal Comfort

»  Contemporary Vernacular Architecture in The Brazilian Tropical Savana: The Case-Study
of the Children's Village in the Canuana Farm, in Tocantis.
Impact of Naturally Ventilated Residential Units on Heat Stress
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Abstract

Green building certification is standard practice for ensuring positive performing buildings during
their construction and operational phase. Throughout the lifecycle of the building, the major
consumption of resources occurs in the operational phase, when occupants interact with the building
systems and spaces for their comfort and productivity. Building performance is largely a measure
of the number of natural resources it consumes for its work and the quality of spaces it provides for
its occupants. Occupant perception and satisfaction within an environment is an implicit parameter
that has a huge impact on building performance. This parameter of performance is hardly attempted
for comprehension or quantification by building operators, managers, and owners by conducting
post-occupancy evaluation (POE) studies. This lacuna in building industry practice leads to a gap
in anticipated building operational performance. Therefore, this paper is an attempt to highlight the
significance of occupant satisfaction in achieving green building performance targets.

Keywords - Building operational energy Performance, Occupant Satisfaction, Post Occupancy
Evaluation (POE).

1. Introduction

Buildings play a critical role in overall environmental sustainability. Throughout the building life
cycle construction, occupancy, renovation, repurposing, and demolition, have a huge impact on
land use, material use, waste generation, atmospheric emissions, water, and energy consumption
(Gupta, Gregg, Manu, Vaidya, & Dixit, 2019). Other than these mentioned effects on the environment,
buildings/spaces also have effects on their occupant's physical/mental health, productivity, and
satisfaction. In response to these, Green Building certification systems provide building experts
with a global standardized yard scale to measure a building's impact on the environment and
occupants. At large, Green building certification systems are based on similar domains like site
sustainability, energy efficiency, water efficiency, material use, indoor environmental quality (IEQ),
and waste management (Honnekeri, Brager, Manu, & Rawal, 2014). Within these domains of green
building certification systems, the environmental benefit is indisputably the prime benefit, but there
are several unspoken benefits as well that are addressed to occupant well-being- comfort and
satisfaction majorly under the |EQ section. The green buildings industry has a deeper impact on the
social transformation of society. It is not only the building designers and owners but it propagates a
larger role to its occupants like understanding of design philosophy, generation of green ideologies,
and encouraging pro-environmental behaviors. The provision of awareness, education, and training
to occupants, a minor feature within the green rating systems, helps to regulate their behavior in
using systems and operating the buildings which later affects the building performance significantly
(Elham, Song, Angela, & Ying, 2017).

Published literature highlights the fact that green building designs do not always operate ideally
as anticipated (Al horr, et al,, 2016). In such a scenario strategies adopted in a green building may
not always facilitate occupant's desired comfort conditions, therefore, it is of great significance
to ensure that energy-efficient systems, technologies, operations, and measures do not have an
undesirable impact on occupants’ health, productivity, comfort and perception of indoor space,
which may incite undesired adaptive behaviors of occupants later leading to altered unpredicted
building performance (Kim & Kim, 2020). In this context, it is important to investigate how occupants
respond and interact with green building technologies and find measures to sustain high energy
performance along with desired occupant satisfaction (Kim & Dear, 2012).
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2. Impact of space environmental factors on Occupant Satisfaction

People spend almost 90% of their life in indoor environments (houses, schools, work environments,
etc.) and the effects of indoor conditions on human health cannot be ignored (Fantozzi & Rocca,
2020). It is of prime importance for fulfilling a space's purpose and productivity that occupants are
comfortable, healthy, and satisfied. It is imperative for occupants that their psychological comfort
and assurance at work are fulfilled through quality designs and efficient operation of space (Asmara,
Chokor, & Srour, 2014). Satisfaction or dissatisfaction within a working/living environment space
can be a subjective perceived opinion of an occupant which is also influenced by personal and
contextual characteristics (Abbaszadeh, Zagreus, Lehrer, & Huizenga, 2006).

Buildingoccupantsareexposedtonumerousindoorenvironmentalfactorslikethermal, visual, acoustic,
and air quality factors (Schweiker, et al.,, 2020). Various research indicates that there exists a very
complex relationship between space environmental factors and occupant perception of satisfaction
(Delzendeh & Song, 2017). The overall interactive outcome of this determines occupants’ indoor
environmental perception, and satisfaction leading to adaptive behavior toward its environmental
space factors. These factors can have both short and long- term impacts on the occupants (Al horr,
et al., 2016). Out of all environmental space factors, |IEQ factors determining occupants' comfort
levels are of high significance. The building owners claim that the cost of the occupant to do the
job is substantially higher than the cost of energy, which goes contradictory if workplace designers
fail to provide workers with an environment healthy, comfortable, and productive through improved
space environmental parameters (Asmara, Chokor, & Srour, 2014),

3. Studies on Occupant Perception and Satisfaction

Conducting a POE study and surveying occupants, to understand occupant interaction patterns
and evaluate satisfaction levels within a space is the most used method throughout. There exists
a varied range of published studies conducted in other countries, but hardly any on Indian green
buildings (Gupta, Gregg, Manu, Vaidya, & Dixit, 2019). Most POE studies aiming to investigate
occupant satisfaction in the context of IEQ factors of space have investigated specific aspects such
as thermal comfort, visual comfort, ventilation, stuffiness, and sound privacy. Some studies indicate
that along with IEQ factors other space elements such as exposure to nature and daylight, noise,
and ergonomics as well as opportunities for social gathering, relaxation, and exercise also impact
occupant satisfaction (Kamaruzzamana, Egbu, Zawawi, Ali, & Che-Ani, 2011).

Interdisciplinary studies on human perception, behavior, and building performance evaluation have
highlighted a wide range of facts, emphasizing the influencing factors and their implications on
occupant satisfaction scores (Frontczak, et al.,, 2012). The satisfaction levels of occupants to a very
great extent are influenced by the perception or image they have of their working/ living space/
environment. In comparison to green versus conventional buildings, it is found that occupants are
more appreciative of their environment, even in cases of discomfort (Berquista, M. Oufb, & O'Brien,
2019). The Image of enhanced performance i.e., the green building certification label, has a positive
impact on the user's perception, studies have revealed that the occupant satisfaction score with
their workspace is much higher for a green building compared to a conventional building (Max Paul
& Dear, 2010).

It is also found that the occupant's awareness of its building performance and system efficiency
influences his perception of space psychologically. Even in the cases where all I[EQ parameters of
spaces are equally performing, a green certification label on a building can have a positive impact,
influencing occupant perception and leading to scoring higher on occupant satisfaction compared
to a non-green building (Holmgren, Kabanshi, & Sorqvist, 2017). This positive image influencing
occupant perception was also investigated in a study (Khoshbakht, Gou, Dupre, & Best, 2018),
highlighting that occupants of a green building even if they are experiencing discomfort in certain
IEQ parameter, tends to forgive the discomforting conditions due to the overall positive image of the
building performance. However, an experimental study (Geng, Ji, & Zhu, 2017) conducted to find the
relationship between various IEQ factors and their related impact on occupant perception highlights
that in some scenarios the unsatisfactory performance in any one of the factors not only affected the
associated comfort levels of that factor but also had a comparative and relative impact
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on the perception of other IEQ factors indirectly leading to lower satisfaction scores. This study also
highlighted the fact that the occupant's expectations from the environment in terms of comfort and
satisfaction is higher in better-performing spaces or green-labeled buildings.

An analytical study to investigate the impact of interior design space layout on occupant energy
behavior where space was studied by dividing into destination, circulation, and energy consumption
spots highlights the significance of space design and how it influences the choices of activities and
potential behavior (Delzendeh & Song, 2017). A detailed literature review of the relation between
IEQ and occupant satisfaction is published where experts imply that top-rated green buildings with
high IEQ scores, that have implemented measures to achieve improved IEQ conditions within the
spaces have a positive influence on the satisfaction and perceived productivity of occupants (Kim
& Kim, 2020).

In contradiction with the above facts, in a study where 65 LEED-certified and 79 conventional
buildings were surveyed in the US, to investigate the performance and occupant satisfaction levels,
the outcomes revealed that green buildings and conventional buildings have equivalent occupant
satisfaction scores with the IEQ factors, building, interior, and workspace design, highlighting the
fact that there is no substantial influence of LEED certification on occupant satisfaction (Altomonte
& Schiavon, Occupant satisfaction in LEED and non-LEED certified buildings, 2013). A similar study
was conducted to investigate occupant satisfaction in UK BREEAM- certified office buildings and
showed similar results that certification does not have a substantial effect on occupant satisfaction
(Altomonte, Saadouni, & Schiavon, Occupant Satisfaction in LEED and BREEAM-Certified Office
Buildings, 2016). The above studies highlight the fact that any building or space, that maintains
a positive optimal balance with its efficient operations, human-centric space designs, and ethical
working social norms, like encouraging positive/constructive interactions and reducing negative/
relegating distractions, could help in maintaining desirable effects on occupant's satisfaction and
perceived productivity (Gocer, Candido, Thomas, & Gocger, 2019).

The results from the POE study on 77 Australian open-plan offices emphasize a strong link of space
physical configuration /space design with occupants’ perceived productivity and satisfaction levels.
Evaluating several features of a building design and operations like aesthetic quality of space and
building, comfort conditions from environmental parameters- visual, thermal, IEQ and acoustics,
personal controls, outside views and connections to spaces, privacy, security, maintenance, and
individual space configuration. This study highlights the same fact that a good space physical
configuration /space design with maintained building operations, positive occupant working
conditions/experience, and regular working hours have a high association with the overall image of
a workspace building for users (Gocer, Candido, Thomas, & Gocer, 2019). However, it is difficult to
directly determine what environmental factors of space have a major role in inducing satisfaction or
dissatisfaction to a user.

4, Parameters affecting occupants’ satisfaction

The Reviewed literature supports that the overall space can affect its users through its performance
or its experience/ perception. A study to measure user satisfaction broadly classifies a method
within two main clusters such as performance-based building user satisfaction measurements and
perception-based building user satisfaction measurements (Shafaghat, et al., 2016).

Performance-based IEQ parameters
Thermal comfort - Temperature & humidity Levels, Visual Comfort- daylight & artificial light levels,
Acoustic comfort - Noise control, Indoor Air Quality, Odour, CO, levels, pollutants, Ventilation & Air
Exchange rate.

Perception-based -Space design parameters
Aesthetics value, outside visual connections, Furniture, and Partition layouts, Colour and Material,
Privacy, Cleanliness/Maintenance, and Building/Space System Controls.

The satisfaction of building occupants is affected by the above all parameters of space. Space
constitutestangible andintangible factors that form a relationship with the occupant. The Performance
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based IEQ parameters are quantifiable and can be measured space-wise, whereas the Perception
based - space design parameters are subjective and qualitative, These parameters need to be
collected for each user of the space and results may differ for each enquiry.

To understand the overall process and linkages it is necessary to evaluate all the above-mentioned
parameters of a space that interacts with the occupant and helps to develop perceived satisfaction.
These Space environmental parameters should form the core of all inquiries aiming toward occupant
satisfaction.

5. The relation between occupant satisfaction, adaptive behavior & Building Performance

The assessment of occupants’ perceptions and satisfaction within a building can provide valuable
information about building performance (Kamaruzzamana, Egbu, Zawawi, Ali, & Che-Ani, 2011). It
is a fact that the performance of occupants should be aligned with the building's performance to
achieve the desired results of sustainability. There should exist a fine balance between energy
and resource efficiency in a green building to provide a satisfactory and productive space for the
occupants. For this, it is imperative to understand the engagement of occupants in the buildings.
Occupant interaction and adaptive behavior within the building are strongly influenced by occupant
satisfaction and perception which influences the building operations involving energy use and cost
of operations thus forming a closed-loop (LBNL & Tsinghua University, November 2017). Technology
and occupant adaptive behavior together hold the potential to achieve high-performing buildings
and spaces. Space operational cost and energy consumed are greatly affected when occupants
perform various actions to satisfy their physical, environmental, psychological, or physiological to
achieve suitable indoor comfort conditions like adjusting thermostat settings to be warmer or cooler,
opening windows for ventilation, turning on lights, pull down the window blinds and move around,
among many other actions that significantly affect building operations (Belafi, Hong, & Reith, 2018).

OCCUPANT SATISFACTION

PARAMETERS EFFECTS ON
OCCUPANTS

Performance based IEQ parameters—

* Thermal comfort — Temperature & humidity Levels * Physical & Mental Health

* Visual Comfort- daylight & artificial light levels * Productivity

* Acoustic comfort — Noise control « Satisfaction

* Indoor Air Quality, Odor, Co2 levels, pollutants * User experience

* Ventilation & Air Exchange rate. + Space perception

Perception based -Space design parameters

* Aesthetics value

*+ OQutside visual connections ADAPTIVE BEHAVIOUR |
*+ Furniture and Partition design/layouts PARAMETERS '
* Colour and Material

* Privacy * Present & Absence

+ Cleanliness/Maintenance * Movement within the space

" * Interaction with the building envelope like Opening

Building/Space System Controls.
windows or Window blind use

+ Changing Lighting levels
* Interaction with the building internal systems like
BUILDING ENERGY USE Heating, thermostat adjustment and Air conditioning
use or Use of electrical appliances
+ Space Customization required

Figure 1: lllustrates the association between occupant satisfaction, adaptive behavior, and building performance

Experts claim that Occupant Adaptive behavior is the measure of user satisfaction and has the
potential to improve building/space energy performance (Shafaghat, et al., 2016). However, Green
building certification systems have not yet recognized a clear association between user satisfaction
with adaptive behavior and energy efficiency. Within a green building code, the potential to enhance
Indoor environmental quality (IEQ) is substantial. It is implied that a higher-ranked green building
is high performing as well, with high-performance occupant comfort and comfort-related behavior
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is high performing as well, with high-performance occupant comfort and comfort-related behavior
aligned (Brown & Cole, 2009). A study conducted with this theory (Keyvanfar, Shafaghat, Majid,
Lamit, & Ali, 2014) provides evidence that the occupant’'s adaptive behavior formed due to discomfort
or dissatisfaction, contributes highly to operations energy use, this implies building occupants when
not satisfied with the building operational features or systems and they may adapt the building
indoor environment design according to their satisfaction level with individual interventions, which
causes higher energy consumption.

A review paper (Sujanova, Rychtarikova, Mayor, & Hyder, 2019) published based on an analysis
of more than 300 scientific publications between 1960 and 2019, covering topics concerning IEQ,
energy efficiency, occupant comfort, health, sustainability, and adaptability of the built environment,
highlights the necessity of a human- centric design of the built environment, where the efficiency
of technology can be measured only if it is successfully implemented and used by the building
occupants.

6. Data Collection and Quantification Methods

All over the globe, experts are attempting to arrive at an accurate methodology to integrate occupant
satisfaction and behavior modeling into pre-and post-construction building energy efficiency
approaches. Methods like surveying, surveillance, and simulations have been used by experts in
various studies to evaluate the same (Grover & Brar, 2019). For POE investigations Occupant Survey-
electronic or handouts with walkthroughs, interviews, and field measurements are widely used.

Survey-based approach

To evaluate occupants’ perception and satisfaction levels, longitudinal surveys are the most used
method due to their relatively low cost of implementation and ease of communication (Berquista, M.
Oufb, & O'Brien, 2019). A literature review published by (Li, Froese, & Brager, 2018) shows that the
occupant long-term survey helps quantify subjective opinions through a series of questions with
scaled answers orresponses and then benchmarks the outcomes. These types of longitudinal surveys
are suitable for consistent building occupants who are exposed to the same space’s conditions daily,
over the long term (Berquista, M. Oufb, & O'Brien, 2019).

Survey Execution

) ™y g N
* Framing of « Analysing the occupant
guestionnaire engagement and
* Building selection « Conducting the study perception in the space.
* Sample Selection * Collection of data on * Mapping comfort levels
* Sample sizing Building Features, Work & satisfaction
* Survev Medium Space design, Occuapnt
% background & IEQ
arameters.
~— s J \

Survey Design Conclusion

Figure 2: Illustrates the process of conducting a survey
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UC Berkeley published a literature review on established survey methodologies and identified 10
surveys that evaluate occupant comfort, perception, and satisfaction on space IEQ parameters
(Clara & Stefano, 2011). Seven of the ten surveys were used for specific research projects and fell
into disuse. This review highlights that the two most extensively used survey methods for long-term
assessments are the Center for the Built Environment (CBE) survey and the Building Use Studies
Occupant Survey (BUS). Another Survey tool recently developed and widely in practice is BOSSA-
The Building Occupants Survey System Australia. It is an Australian-developed POE instrument for
office buildings (Candido, Dear, Thomas, Kim, & Parkinson, 2012). All these survey methods are based
on a similar base ground of assessing the results from occupants and their engagement with the built
environment. Although they differ in their approach, features, and structure of the questionnaire. All
three survey methods are closed-ended with multiple-choice answers and require participants to
choose each possible answer independent of the others, on the continuum of responses, provided
by the Likert scale. They all have been established, verified, and kept consistent over many years
thus enabling reliable benchmarking. The BUS questionnaire has been developed in the UK and
used worldwide, the CBE questionnaire is developed and implemented in the USA, whereas BOSSA
has most of its implementation in Australia.

The mentioned established survey methods are well designed to investigate occupant satisfaction
scores, primarily dealing with IEQ factors and space design. They are widely implemented in various
other countries but when tested for application in Indian office buildings, the questions and structure
need modifications as per the climatic context, regional context, working pattern, and social norms
followed in the Indian workspace. Also, the structure of these survey methods does not focus largely
on adaptive behavior linked with discomfort experienced in the specific environmental or non-
environmental space parameter. These lacunas accentuate the need for developing an advanced
method tool structure specific to the Indian workspace context (Grover & Brar, 2022). To address
these issues for Indian workplace post-occupancy evaluation of occupant satisfaction and energy
adaptive behavior, an advanced survey framework - Workplace Survey on Occupant Perception,
Satisfaction, and Adaptive Behavior (WSOPSAB) is developed and in the testing phase. The design
of WSOPSAB aims to evaluate this complete loop of interaction system of occupants within the
building space (Grover & Brar, 2022).

7. Discussion

The consumption of resources like energy, water, and daylight, are the prime focused parameters
of efficiency in green buildings but there exists a strong relationship between occupant perception,
satisfaction levels, adaptive behavior, and building performance levels, which is still overlooked in
current green building practice. The occupant-centric discussion presented in the paper with the
building systems and the space environment has large implications on building performance that
need to be acknowledged by all stakeholders of the building industry and considered throughout
the building life cycle.

The foreign existing established quantification-survey methods highlighted in the paper are well
verified to comprehend the occupant perception and satisfaction levels of the space but this is still
open-looped as this method does not close the connection of occupant dissatisfaction to the mapping
of occupant adaptive behaviors and then methodically leading its connection to the building overall
performance. To address this gap WSOPSAB is an advanced tool or method that can investigate the
complete link between satisfaction, and adaptive behavior of occupants that can be adopted as a
solution to test the performance of Indian workspace buildings.

In the current practice of green buildings, professionals have yet not acknowledged that occupant
satisfaction can be a measure to test the building performance but it holds large potential for
improving efficiency levels leading to the overall sustainability and mitigating adverse effects of
building sectors on planetary problems like climate change.
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Abstract

Maintaining Indoor Air Quality (IAQ) and ensuring the well-being of individuals in split air-conditioned
indoor spaces such as bedrooms can be challenging, primarily due to the increased risk of airborne
infection transmission and high CO2 concentration. To address these issues, pertinent guidelines
recommend ensuring adequate ventilation with fresh air, as it effectively mitigates the spread of
indoor pollutants. However, split air-conditioned spaces often lack a continuous supply of fresh
air. The resulting indoor air quality deterioration can cause occupants to resort to opening doors
and windows. This, in turn, can result in an unnecessary increase in heating or cooling energy use.
The objective of this study is to address the limitations of existing air cleaning and airconditioning
systems, which may include insufficient ventilation, excessive recirculation of indoor air, limited
effectiveness, and the inability to dynamically respond to indoor pollutants in an energy-efficient
manner. It has been observed that occupant's open doors and windows for fresh air ventilation in
response to a feeling of stuffiness for a considerable fraction of the total operational hours of a split
AC in a bedroom. The present study suggests that by integrating ventilation and air-conditioning in
a coordinated manner, IAQ and hence occupants’ well-being in bedrooms can be enhanced in an
energy-efficient manner.

Keywords - Bedroom Ventilation, CoVID-19, Split AC, Energy Efficiency, Occupant Behaviour, IAQ

1. Introduction

The demand for energy consumption in India has surged due to urbanization and population growth.
Buildings are significant energy consumers, especially for lighting, heating, cooling, and appliances.
Efficient energy use is crucial to curb consumption. The rapid growth of the building sector in India
is anticipated to lead to a substantial increase in energy use [1]. Moreover, urban densification
has posed challenges to the liveability and well-being of urban populations. The recent Covid-19
pandemic has underscored the critical nature of health outbreaks in densely populated indoor
spaces such as bedrooms in residences, dormitories, hostels, and apartments. The virus can spread
via aerosols or airborne infections, leading to rapid clusters of infection. Furthermore, poor indoor
air quality has additional adverse impacts on human health [2-7].

To address this, a novel Fan Filter Unit (FFU) technology proposed in a previous study can be utilized,
as this technology can mitigate Covid-19 transmission in crowded indoor spaces by enhancing
ventilation with clean outdoor air [8]. However, the key energy efficiency operational concept of
Split AC is the airtightness of indoor spaces, and bringing hot air from outdoors to indoors can lead
to reduced energy efficiency, as more energy is required for cooling. Additionally, numerous studies
in the past have tried to address efficiency within existing systems through demand-controlled
ventilation to occupancy-based AC system control [2]. However, air conditioning has operational
constraints such as ventilation issues prevalentin both residential and commercial spaces, influencing
indoor air quality by modulating temperature, humidity, and CO, concentration. Thus, even modern
buildings, designed with energy efficiency in mind, can limit outdoor air exchange, resulting in the
accumulation of pollutants, discomfort, and respiratory issues. However, achieving the best possible
energy efficiency without compromising indoor air quality is always challenging. Therefore, there is
a need to investigate the trade-off between energy performance and indoor air quality to optimally
operate building systems such as Split AC in an airtight bedroom [2]. It has been hypothesized that
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occupant's open doors and windows for fresh air ventilation in response to a feeling of stuffiness for
a considerable fraction of the total operational hours of a split AC in a bedroom.

The objective of this study is to identify the occupants' energy usage behaviour by analysing
window/door operations and AC usage, using indoor and outdoor environmental data such as
CO2 concentration and Dry Bulb Temperature (DBT) data. A rule-based method is employed to
understand the window/door operation behaviour using collected data and to identify instances of
energy wastage. Through behaviour modification, the potential for energy savings is also assessed.
The outcome of this study can prove valuable for bedrooms or similar air-tight spaces where split
AC units operate without proper ventilation provisions, aiming to enhance indoor air quality for the
occupants' health and well-being.

2. Methods

A three-step methodology has been adopted in this study. In the first step, time series environmental
data of indoor and outdoor CO, concentrations and air temperature (DBT) were collected for 2
months (15/02/2023-15/04/2023). This included time series occupant behavioural data for window
and door opening and closing, along with time series data of the Split AC's on and off status, all
obtained from the bedroom of a 1BHK residential apartment. Moving to the second step, the rule
mentioned in Table 1 was utilized to identify window or door opening and Split AC's on and off
behaviour.

Data status Occupancy Status ~ Window/Door Status Split AC Status
Indoor CO; > Outdoor CO; + Threshold
Yes Closed NA
(150 ppm based on sensor accuracy)
Indoor CO; = Outdoor CO; + Threshold
Yes/No Open/Closed NA
(150 ppm based on sensor accuracy)
Indoor DBT < Outdoor T + Threshold Yes/No NA AC ON

(3°0)

Table 1. Rule-based predictions for window opening and closing

This was done by computing the differences between indoor and outdoor CO, concentrations as
well as indoor and outdoor temperatures. Proceeding to the third step, a comparison was made
between the actual occupant behaviour and the rule-based occupant behaviour for window/door
opening/closing and AC on/off activities. For the collection of indoor and outdoor environmental
data, Testo 160 IAQ sensors were employed.

3. Results
- Overview of data:

The outdoor concentration values were mostly found stable, ranging between 400-450 ppm. In
contrast, indoor concentrations in the bedroom were found varying from 400 ppm to 2800 ppm,
depending on the presence of indoor CO, generation sources. Further, the outdoor DBT during the
study period ranged between 22°C and 33°C. However, the indoor DBT was found mostly higher
and ranging from 26°C to 32°C. However, instances where the indoor DBT pattern deviated from the
outdoor trend were primarily observed when the split AC was in operation.

- Identification of No occupancy and AC usage hours:

Based on on-the-ground truth, the time-series data for CO, concentration and temperature profiles
in Figure 3 have been annotated to indicate periods of no occupancy and usage of the split AC.

Paper ID - 1125 | Enhancing indoor air quality and occupant well-being in BOOK OF PROCEEDINGS
Split Air-conditioned bedrooms through integrated ventilation |
https://doi.org/10.62744/CATE.45273.1125-043-048 12


https://carbse.org/book_of_process_detail?bid=26

COMFORT AT THE EXTREMES
DEC 13-14-15 | AHMEDABAD INDIA CATE ‘2023

—— Indcor

= Qutdoor

. o
k"] i i
JIE L} &0
% i i
i 1 . ]
]
» s
‘é Sl
£ e B o
E 4 | D
2 i ==t
IR«
F ey )i IS
"o o w—
2 8§ 5 8 2 § 3 8 @ ® 8 5 8 ° § 3 ] 2 § 5§ & 2 § & 8 =&
3 ¢ ¢ 2 2 & 3 3z 3 § § 8 8 38 33 § ¢ 8 28 ¢ ¢ 3 3 3
g 8 8 8 8 8 8 8 3§ 8 8 8 8 &8 8§ & 8 § 8 B B § B 8§ B B8
aanas&waagﬁ ga%a%’a 8 8 W & B g%maa
e

Figure 3: CO2 concentration and temperature profiles

- Identification of AC usage during no occupancy and window open hours:

Moving on to Figure 4 and 5, after excluding the ground truth data and relying solely on rule-
based analysis, it was determined that out of the total instances occupancy status and window/door
closed status was confirmed for 3391 instances, while for 2384 instances it was uncertain whether
occupants were present or not and window/door was open or not, Furthermore, since the rate of CO,
concentration decay is generally higher than the rate of generation [9], this method may estimate
instances in a more conservative manner rather than leading to overestimation. The decrease in
CO, concentration could be attributed to either the absence of occupants or the opening/closing of
doors and windows. In both cases, whether occupants are absent or doors/windows are open, itis
evident that energy is being wasted if the split ACis on, The main limitation with this method could
be situations where occupants have left the room, but the delay in the decrease of concentration is
solely due to the window/door being closed. However, based on ground truth, the likelihood of this
scenario is negligible. To address this issue, a more detailed data assessment is needed. However,
if this scenario exists, further assessment should involve analysing the slope of the time series
difference between indoor and outdoor CO, concentration data to determine if there is occupancy
or the status of windows/doors (open versus closed) is the key factor. If the slope of the difference
between indoor and outdoor concentration is positive, it suggests that the window/door can be
considered closed, indicating occupancy. Still, this interpretation depends on numerous factors,
including the rate of infiltration/exfiltration and airtightness of the bedroom, which can be only
confirmed through experiments such as the blower door test.
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Figure 4: Occupancy presence/status identification
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Furthermore, utilizing a rule-based approach to AC usage based on DBT, the on and off status of
the AC is plotted against the air temperature profile in Figure 6. It was assumed that if the indoor
temperature is consistently 3°C or lower than the outdoor temperature, the air conditioner (AC) is
operational. This assumption is based on past observations, indicating that even when the AC is not
running, the room maintains, primarily due to its thermal mass, a temperature that, as compared to
outdoor temperature, is up to 3 K lower during summer and up to 3 K higher during winter. Among
the total 227 instances when the AC was found to be on, in 64 instances, either doors or windows
were open, or there was no evidence of occupancy. This indicates a potential for energy savings if
the operation of doors and windows could be synchronized with the usage of the split AC.
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Figure 6: AC usage and corresponding window/door opening/closing behaviour
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However, due to limitations in the collected data, accurately identifying energy wastage scenarios
is challenging. For example, instances where windows and doors are open may be due to demand
for fresh air ventilation as occupants might feel the space is stuffy. Therefore, a comprehensive
investigation is needed to understand the reasons behind occupants’' door/window opening
and closing behaviour. Another limitation of this rule-based study is the consideration of CO2
concentration without accounting for time lags. There could be cases where occupants have left the
room, but the delay in concentration decay is solely due to the room's door/window being closed. To
address this issue, a more detailed data assessment is necessary. This should include the analysis
of the slope of the time series difference between indoor and outdoor CO2 concentration data to
infer the presence/absence of occupancy or the open/close status of windows/doors. Thereby, if the
slope of the difference between indoor and outdoor concentration is positive, the window/door can
be considered to be closed and occupants can be assumed to be present.

5. Conclusion

Maintaining good indoor air quality in split air-conditioned spaces such as bedrooms is crucial
for people's health. However, these spaces often lack sufficient fresh air ventilation, leading to a
decline in indoor air quality. Consequently, people frequently resort to opening doors and windows
to introduce fresh outdoor air into the environment. This practice inadvertently results in the split
air conditioner consuming more energy to maintain the room's cooling. Upon evaluating indoor
and outdoor CO, levels, along with temperature data, it can be shown that individuals commonly
open doors and windows while the split AC is operational. Although accurately quantifying the
energy wastage is challenging due to data limitations, it is evident that significant energy savings
can be achieved by influencing occupants’' behaviour with regard to building systems operation.
Nevertheless, this shift may potentially compromise indoor air quality (IAQ). This underscores the
necessity for a smart ventilation system that collaborates with the split AC, automatically detecting
deteriorating IAQ and supplying the minimal necessary ventilation to uphold occupants' health
and well-being while optimizing energy usage. This insight thus suggests that orchestrating a
coordinated relationship between the operation of the air conditioner and the provision of fresh air
can not only improve indoor air quality in bedrooms and enhance occupants’ well-being, but also
reduce energy consumption.
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Abstract

Daylight access is a critical element for human health and well-being. Given the increasing density
of urban built environments and large share of time spent indoors, daylight access in buildings has
become a public health issue. At the same time, the need for visual privacy, controlling direct sun
and glare may drive occupants to further curtail their daylight access at times. Cross modal research
also shows that people in warm environments may prefer low light levels to enhance their overall
comfort. This study tries to estimate to what extent occupants intervene to curtail daylight in their
homes. A field study was conducted in the city of Ahmedabad from November, 2022 to March, 2023
to monitor light levels maintained by 10 households in their living room with daytime-active users
present at home. At least one week worth of data (vertical illuminance on a window facing wall)
was collected from each home. Depending on the home conditions, large variations were seen in
the indoor light levels. For example, in the critical morning period (6:30 AM - 8:30 AM) daylight
levels in the dimmest parts of the living room varied from 20 Lux to 100 lux in different homes.
However, occupant interventions (lowering daylight access) were found to be most prevalent in the
late morning (9:30 PM - 11:30 PM) and lunch period (12:30 PM to 2:30 PM).

Keywords - Daylight Access, Field study, Occupant behaviour

1. Introduction

Daylight access plays a critical role in human health and well-being. Given the large amount of time
people spend indoors, daylight access in buildings has become a public health issue. Urban-scale
studies show that buildings cannot support daylight needs at all times. At the same time, residents
tend to assign a wide variety of roles to windows and view them as means to not only control
daylight but also personal control over fresh and cool air, sound, sunlight, night-time street lighting,
and privacy (Inkarojrit, 2005). Inkarojrit, (2005) organised several reasons due to which building
occupants may modulate window openings (1) physical factors (e.g., regulating light and heat) (2)
physiological factors (e.g., individual sensitivity to light), (3) psychological factors (e.g.,, access to
view or privacy) and (4) social factors (e.g., norms). If we examine reasons due to which residential
occupants may try to limit daylight access in homes, they could be categorized into two broad
categories (1) Use of window openings to limit exposure to a nuisance (e.g., glare, excess heat) (2)
to regulate their home environment (e.g., achieve preferred light levels).

One or multiple issues mentioned above could cause the occupants to curtain their daylight levels.
For example, occupants have been found to modulate window openings (e.g., using blinds) based
on global horizontal radiation (e.g., Tokel, 2006) or radiation incident on windows (e.g., Inkarojrit,
2008) suggesting under periods of high radiation occupants may curtail their daylight access. If
we examine types of users or occupants, daylighting studies have identified two types of users 1)
active users 2) passive users (Van Den Wymelenberg, 2012, Reinhart, 2004). Active users respond to
environmental changes to modulate window openings and thus modulate the indoor environment.
Passive users do not respond to environmental changes. The ratio of passive users in a multi-
occupant space can be as high as 40 - 60% (Van Den Wymelenberg, 2012). Occupant interventions,
and satisfaction with daylight in their space is also examined through use of artificial lighting. In the
residential context, Bournas and Dubois, 2020 found that west-facing rooms use electric lighting
less frequently compared to east-facing rooms indicating better daylight conditions in west-facing
rooms. Room function did not affect use of artificial light during daytime suggesting that occupants
are not neccessarily seeking different lighting conditions across their home. However, bedrooms
were found to be the lowest reported priority of being daylit among residential users.
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Residents using windows to limit exposure to nuisance

Movable shading devices enable the occupants to increase comfort levels and satisfaction from
their home. Visual privacy is one of the ways in which occupant derives comfort from their homes
(Amal et. Al,, 2023) and is a rising concern in increasingly dense urban environments. For example,
residents of a residential tower sued a neighbouring building with high footfall” that made the
residents feel "like being on display in a zoo" in their own home (BBC 2023). Visual screens and
curtains are often used by occupants to gain visual privacy. While screens and curtains can provide
privacy, they can contribute to feelings of claustrophobia and also result in loss of daylight access.
Among further reasons for curtailing daylight, cross modal research shows that people in warm
environments may prefer low light levels to enhance their overall comfort. For example (Chinazzo,
Wienold and Andersen, 2018). Glare and sun control are further well-known reasons for deployment
of blinds that would result in curtailment of daylight (e.g., Gugliermetti 2016).

Residents using windows to balance comfort and needs

Curtailment of light extends beyond the use of blinds and curtains. Occupants may also try to
control window openings to suit their specific needs. Thus, control of windows is not always to
curtail a nuisance but to accommodate other preferences. For example, furniture, air-conditioning
units, plants and other household items could be placed in front of or in the vicinity of the windows.
Furniture placement in the room may further facilitate or inhibit daylight access. Comfort related
factors that influence deployment of curtains etc. have been extensively studied, there is potential
for endogeneity between indoor daylight availability and occupants' action (e.g., closing blinds/
curtains, daytime use of artificial lighting). For example, occupant may not only draw or close curtains
under excess light (period of high radiation), in case of insufficient daylight availability also they may
close the curtains as they do not derive the benefit of daylight access. This is an observational study
that tries to examine how often and at which times of the day, occupants try to curtail their daylight
access. The objectives of this study were as follows:

What are the preferred and resultant daylight levels in homes in Ahmedabad as observed through
an in-home survey.

Do occupants tend to curtail their daylight access more at certain times of the day?

Are the daylight access related controls more habitual in nature or tend to vary day-to-day?

2. Methods

We took a field study approach to assess 10 homes in Ahmedabad (hot and dry climate) where they
were monitored for a week each (data logged at 15-minute intervals, October 2022- Jan 2023) for
daylight levels received in the living room. Use of electric lighting and activities being carried out
by occupants were also monitored. Weather data was also collected simultaneously from a local
weather station. The frequency and duration of occupant interventions were estimated by running
correlation tests between prevailing weather and indoor daylight levels.

2.1 Monitoring protocol for the indoor light environment

Onset hobo loggers were used to monitor daylight levels in each home for at least 7 days at 15-minute
intervals round the clock. Since a limited number of photo sensors could be set up to measure the
daylight levels in each home, the placement of the sensor was a critical issue. The intent was to
measure the daylight contribution to the main activity area in the room and brightness of walls
resulting from daylight (Nezamdoost and Van Den Wymelenberg, 2016).

The sensor was placed vertically on a wall in the living room at eye level (1.2 m) in all homes while
trying to meet the following conditions depending on the home conditions:

Access to direct daylight: The sensor was positioned on the wall such that it had direct line-of-
sight to the sky through a window in the room while being placed on or near the darkest wall in
the room. The sensor was thus placed so that light levels at the sensor location would be driven
by daylight but also reveal the light levels in the darkest parts of the room.
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Proximity to the main activity area in the room: As far as possible, the sensor was placed within
the activity area such as the main seating area in the living room (e.g.,, sensor placed above the
sofa) or dining area.

Alternate location: If both the above-mentioned conditions (direct daylight access and close
to main activity area) could not be met at the same time in a given home, then the logger was
placed facing a window (with direct sky access) next to the switchboard. Figure 1 shows two
example cases of position of sensor.

Figure 1: Schematic of two example houses prepared before monitoring to decide location of daylight sensor
(shown in green rectangle on wall)

The location of the daylight sensor (with data logger) shall be referred to as the "sensor point”
through the rest of the paper. Along with daylight access, the contribution of artificial light was also
measured at the sensor point. Additional, secondary light sensors (with loggers) were all installed
above the window head height and for the exclusive purpose of monitoring daytime and night-
time use of artificial lights in the living room. Weather data for the duration of the field study was
obtained from a local research facility.

2.2 Identification of homes, space description and duration of monitoring

A list of potential homes was created from known contacts and homes were shortlisted based on
the following criteria:

Size of household: Only households with two or more residents were approached for the study.
It was also ensured that at least 2 or more people were present at home during daytime. Home
with night-time shift workers were excluded.

Household activities: The presence of residents was confirmed both before and after the study.
Days of festivals and any special activities (weddings, large gatherings) were excluded from the
data set. If the home occupants happened to leave, the duration of the monitoring exercise was
extended.

Physical context of the home: Size of the window openings, depth of space and sky view factor
are the key determinants of daylight sufficiency.

2.3 Occupant survey through questionnaire

At the end of the monitoring period, when the loggers were removed from a home, the home
occupants were also surveyed for their usage of the living room in the past week, use of curtains
and presence at home,
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3. Results
3.1 Data summary of home monitoring exercise

Table 1 shows the summary of homes that were included in the study. Total of 23 homes were
approached for this study. Several home owners declined due to privacy related concerns or
inconvenience the study may cause. An attempt was made to select a diverse set of homes with
varying contexts (floor level) and design. It was also intended that at least two homes should be
monitored simultaneously (e.g., RES 1 and 2 have the same monitoring period). This was also not
feasible in the long term due to non-availability of home-owners. Data from one home survey was
rejected as the homeowner was unavailable for the questionnaire-based survey afterwards and their
presence at home during the study could not be confirmed. In all homes listed in Table 1, we were
able to follow the protocol that was set forward in Table 2.1.

Table 1. Key descriptors of homes included in the study

Study period per home and conditions in home Descriptors of home and context

5 <'0~ o =}

w = an G o 2|

g8 w58, ¢ B.%¢ & Tsg =
: E8E25E3E Ss 288 2 5§ §3.% £ §g
Period of Study 28 a3<SB8TE S2 wzg P e ] 2's B 58
mﬂ-m*ﬁgsug 8@.53'&@ = E-g = e 2

§Ee 28E% gsvzxdge & ZES 5

3: 2 _g S .= = 3 = ) pr
RES1 9-11-22 to 16-11-22 30.7 3 Yes 4BHK 10th 1 70% Yes
RES2 Same as RES1 30.4 4 2 Yes 6BHK 10th 2 65% Yes

17-11-2022 to 24-
RES3 11-22 271 2 1 Yes 3BHK 5th 1 60% No
RES4 Same as RES3 271 2 1 No 3BHK 5th 1 60% Yes
RESS 26-11-22 to 8-12-22 24.7 2 1 Yes 2BHK Ground 3 35% No
RES6 9-12-22 10 17-12-22 254 2 1 No 2BHK Ground 3 35% No
RES7 23-12-22 10 1-4-23 219 2 1 No 3BHK Ground 3 35% No
RESS 4-1-23 t0 15-1-23 214 2 1 No 2BHK Ground 3 40% No
RES9 5-1-23 to 17-1-23 23.6 2 1 No 3BHK Second 1 55% No
28-1-23 to 15-2-

RES10 2023 244 2 2 Yes 2BHK Second 1 40% No

* 1 — Sensor location on a dark wall farthest from the window near the sofa
* 2 — Sensor location on a dark wall farthest from the window near the Light Switch

Table 2 shows the simple data summary of the data logging activity done in RES8 from 4th January
to 15th January 2023. The dates on which the occupants were not at home were removed. The sensor
logs the total light falling on it. The logged value is split into daylight and artificial light contributions
using separate loggers that were used to track on/off status of artificial lighting in the room. RES
8 was found to rely on a fair amount of artificial light (indicated by orange area in Figure 2) during
daytime as daylight availability was low.

Table 3 shows the comparison of illuminance data of RES 1 and RES2. The data logging activity
in both these homes was carried out at the same time (9th November to 16th November 2022).
The orientation of the two homes (REST: east and west facing, RES 2 South facing) and number
of windows in the living room (RES1: two windows, RES2: single window) was different. Occupant
interventions towards reducing daylight access were seen in both homes. Figure 3(a) for example
showed a sharp dip in light levels around 1:30 PM and daylight levels were kept low in RES until
12:30 PM. These initial observations were studied more formally and results are reported in the
following section.
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Figure 2: Example data summary showing average indoor illuminance (15-minute intervals) in example house
(RES8) at the sensor point.

12 AM 11 AM

6PM 6AM 6PM 6 AM

1100 Lux

1150 Lux

200 Lux 700 Lux
12PM 12PM

(a) (b)

Figure 3: Example data summary for the whole study period showing average indoor illuminance (15-minute
intervals) in (a) REST and (b) RES2 at the sensor point. Both homes were adjacent to each other and were
monitored at the same time (identical weather conditions)

3.2 Tests for occupant interventions

Inthe monitoring exercise, we logged indoor illumination levels in each household for a week. Within
a week, the solar declination angles change less than 1 degree. Thus, within a week, at a given time
of day, the large changes in indoor light levels in a home will be brought about by change in weather
conditions and occupant usage of blinds/curtains. Directly monitoring occupant activities such as
use of blinds/curtains was not feasible. So, in order to estimate how often occupants may have felt
the need to reduce the indoor light levels, we conducted two types of tests on the monitoring data:

1. Spearman's rank correlation coefficient to assess monotonicity between indoor illuminance
levels and outdoor radiation levels. We hypothesised that when the occupant intervenes, the
monotonic relation between indoor illuminance and outdoor radiation levels would be disrupted.
Spearman’s rank correlations test was done for four different time periods of the day for each
house to find the periods of low correlation (potential period of intervention by occupants). Other
methods for testing correlation were rejected (e.g, Pearson's correlation) as they test linear
relationships and rely on the magnitude of change in the variables. Low correlation on Pearson's
test could also be the outcome of fairly steady radiations levels (e.g., during the lunch period)

2. Heteroscedasticity in linear regression was also looked at as a secondary means of testing the
above hypothesis. If occupant do not intervene, a random distribution of residuals (on linear
regression between indoor illuminance levels and outdoor radiation levels) would be expected.
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Table 4 indicates better correlation between indoor illuminance and outdoor radiation levels (proxy
for outdoor light levels) in the afternoon period. Figure 5 supports the notion that occupants are
intervening in both homes from time to time to modulate indoor light levels. Figure 6 shows the
summary of all homes included in this study. Low to negative correlation was found during 'late
morning’ and ‘lunch’ seen between indoor daylight levels and outdoor irradiation levels. While the
low correlation could be attributed to the low rate of change in radiations levels (relative to early
morning and afternoon), negative values suggest interventions by occupants.

Scatter plot for indoor illuminace and outdoor GHI (Afternoon 3:30 PM - 5:30 PM) Scatter plot for indoor illuminace and outdoor GHI (Lunch 12:30 PM - 2:30 PM)
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Figure 4: Scatter plot showing hourly values of indoor illuminance for REST and RES for the afternoon period
(3:30 PM to 5:30 PM) (a) and Lunch period (12:30 PM -2:30 PM)(b)
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Figure 5: Q-Q plot of residuals of linear regression of REST (a) and RES 2(b). "Fan” shape of residuals indicating
heteroscedasticity. If the occupant interventions were absent then a more even distribution of residuals would
be expected along the zero line.
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Figure 6. Spearman rank correlation to test monotonicity between indoor light levels and outdoor radiation
levels for each home by time-of-day. Weak and negative correlation values (Morning and Lunch) indicate
potential period of intervention by home occupants. (Early morning= 6:30 AM - 8:30 AM, morning = 9:30 AM
- 11:30 AM, Lunch = 12:30 - 2:30 PM, Afternoon = 3:30 PM - 5:30 PM)
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4, Discussion

Several studies classify users of blinds and active shading devices into two broad categories 1)
active users 2) passive users. For active users, orientation of windows and incident irradiation levels
have been found to be the strongest drivers of blind/curtain usage. Findings of this study appear
largely consistent with the literature with regards to curtailment of daylight access (use of blinds/
curtains) during periods of day with high radiation. However, several other factors were found to
influence occupant's behaviour. For example, REST occupants reported watching TV in the living
room post lunch and closing blinds for this purpose. RES2 occupants reported that a small child in
the house does not like bright light in the morning and so all curtains in the home are kept closed
during morning hours. RES8 occupants reported that the daylight levels in their home were too low
to serve much use and so they prefer to close the blinds and rely on electric lights throughout the
day. Hence GHI values have been used in this study as a means to evaluate the timing of occupant
interventions, but GHI was not considered to be an explanatory factor for curtailing daylight. Some
homes were also revisited after a gap of 3 months and daylight access patterns were found to be
similar indicating habitual nature of preferences.

5. Conclusion

This study aimed to survey indoor daylight levels being maintained by occupants in homes in the
city of Ahmedabad. The data of indoor daylight levels was logged at 15-minute intervals for a period
of at least a week (7 days) per home. We found that there is large variation in light variation in light
levels. For example, the weekly average morning (6:30 AM - 8:30 AM) daylight levels in the dimmest
parts of the living room varied from 20 Lux to 100 lux in different homes. These observed daylight
levels were a combined result of the design of the home, its context and the occupant interventions.
Irrespective of orientation of windows in the home, WWR, and time of year, afternoon light levels
(after 12 noon) were found to be lower than morning in 9 out of 10 homes. This could indicate
occupants lowering daylight access to support afternoon activities like sleeping, watching TV or
lowering solar ingress. To further understand the degree of occupant interventions in modulating
the indoor daylight access, we used correlation and linear regression-based tests. We found the
occupant interventions (lowering daylight access) were most prevalent in the late morning (9:30 PM
- 11:30 PM) and lunch period (12:30 PM to 2:30 PM).
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Abstract

India has the second largest registered green building footprint in the world, however, there is
growing recognition that green building rating and certification systems do not always ensure better
indoor air quality (IAQ) over conventional buildings. Moreover, residents spend a substantial fraction
of their lives indoors, yet IAQ in homes has been studied far less than air quality outdoors, especially
in urban India. To verify the actual IAQ performance of green-rated buildings built to sustainability
standards, this study uses a socio-technical building performance evaluation (BPE) approach to
empirically assess daily trends and variations in IAQ parameters measured across a sample of twelve
green-rated urban Indian residences (high-income group) co-located in an apartment complex in
Delhi. Using internet-enabled Airveda devices, time-series monitoring data at 30’ intervals were
gathered for indoor temperature, relative humidity, CO2, PM2.5 and PM10 for 7 days during the
summer season when air conditioning was prevalent. Contextual data about the physical and social
aspects of residences were gathered using household surveys. Results were compared against
the recommended ISHRAE and WHO standards to observe any deviations. Given the paucity of
empirical data, an online interactive dashboard (RIAQ) for visualising IAQ in green-rated homes was
developed to enable further research.

Keywords - Indoor air quality, post-occupancy evaluation, green-rated residences, visualization

1. Introduction

The building sector in India is experiencing unprecedented growth, which is responsible for 47%
of total energy consumption in India [1]. Catering to sustainable development, the Indian Green
Building Council (IGBC) has launched 30 different IGBC GREEN building rating systems [2] to suit
different types of buildings (residential, commercial, industrial, educational, etc.). To date, IGBC
has over 10,698 registered projects with a footprint of over 10.26 billion square feet (as of March
2023), making India 2nd in the world in terms of green footprint [3]. Although many emerging smart
technologies and building performance assessment systems have been developed to save energy
and improve occupant-perceived comfort, many buildings do not perform as planned [4]. There is
growing recognition that green building rating and certification systems do not always ensure better
indoor air quality (IAQ) over conventional buildings. There is an unbalanced building evaluation
development between the design and operation stages.

Building performance evaluation (BPE) in the green buildings sector is an emerging area of research
in India, especially in the residential building field [5-7]. To address these concerns, Gupta, Gregg,
Manu, et al., based on their experience in BPE work and the feedback from the expert survey,
have developed one of the first BPE frameworks in India, namely the |-BPE framework (Building
performance evaluation in an Indian context), to evaluate green building performance in the Indian
context [8]. In the same year, Gupta, Gregg, & Joshi [9] and Gupta, Gregg, & Panchal [10] applied
the I-BPE approach to a sample of 29 Platinum-certified green residential units located in the warm-
humid climate and a green-certified office building in the hot-dry climate, respectively, to assess
buildings’ performance in actual energy consumption and indoor environmental conditions. These
studies evidenced the applicability of the I-BPE framework and benchmarking data for green-rated
buildings in India.

To better understand the green buildings' in-use performance, some studies have been conducted
to develop an India-specific BPE method for green buildings in India, from both technical and
occupants' perspectives. Table T summarises BPE-related studies in the Indian context related to
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energy consumption, indoor environment, and thermal comfort. These studies cover residential and
non-residential buildings, such as office buildings, educational buildings, etc., as shown in Table 1.
The table also indicates that there has been limited focus on monitoring the indoor environment as
compared to energy consumption.

Table 1. BPE- related studies of green-rated buildings in India

Building type  Source Energy Indoor Occupant Questionnaire
environment
Domestic Gupta, Gregg, & Joshi (2019) [9] o v v
Building Verma et al. (2019) [11]
Basu et al. (2020) [5] i v
IFC (2018) [12] X x v
Batra et al. (2013)[13] v v x
Non-Domestic  Gupta, Gregg. & Panchal (2019)
Building [10]
Sonar & Nalawade (2019) [4] v v v
Gupta, Gregg. Manu. et al. (2019)
[8]
Sabapathy et al. (2010) [14] v x ¥

Very limited resources and studies are available on building performance assessment of green-
rated buildings in the Indian context [4]. Against this context, this study empirically investigates IAQ
parameters’ daily trends across a sample of twelve green-rated urban Indian residences located in
Delhi, representing the composite climate. Contextual data about the physical and social aspects
of residences were gathered using face-to-face household surveys. The results were compared
against the recommended ISHRAE to observe any deviations. An online and interactive dashboard
(RIAQ-Green Homes) for visualizing IAQ was developed for academics, policymakers and industry
to enable further research.

2. Methods

2.1 Monitoring and survey data collection

The field study was carried out in a sample of twelve green-rated urban Indian residences located
in Delhi during the summer season. The |AQ parameters of temperature, RH, CO2, PM2.5 and PM10
were monitored at 30’ intervals by using the internet-enabled Airveda devices for 7 days (25th-
31st May 2023) when air conditioning was prevalent. Airveda monitoring devices were installed in
the most occupied space - the living room of the case study residences. Outdoor environmental
data were gathered from the Central Pollution Control Board (CPCB) online portal [15]. A series of
face-to-face interview-based surveys were conducted to collect data on dwelling and household
characteristics of residences, such as the dwelling size, built-up area, the number of residents,
annual income groups, the number and usage habits of different household appliances, as well as
their received thermal comfort feedback information.

2.2 Overview of case study residences

The twelve sample residences are co-located in a 31-storey luxurious apartment complex in Delhi,
which is certified as an 'IGBC Green Homes Pre-Certification’ and was built 3-5 years ago. All
sample residences were from the high-income group (HIG, income more than INR 18 lac per annum),
with at least 6AC equipped in each home. Modern amenities, such as electric geysers, washing
machines, TVs, music systems, computers, etc.,, are commonly equipped in every home, as detailed
in Table 2. Except for DG-020 and DG-047, all the other residences are self-owned. Most of the
sample residences were constantly occupied, except for dwelling DG-010, all others have 2 or more
residents living in, with DG-012 having the highest number of occupants with 7. Across the overall
sample, all residences owned 6 or more AC units, with DG-018 having the most, 9 AC.
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Table 2: Residences’ characteristics

Home

Floor

Dwelling Dwelling No. of No. of of No. of Electric
1D tenire __area (m’) size residents AC computer geyser AC usage
DG-008 hE 277 3BHK 4 6AC 2 4 7-9 hours
owned i
- b,
DG-010 Self- 277 3BHK ) 6AC 5 > 7-9 hours
owned per day
DG-012 et 337 4BHK 7 TAC 3 NMothims
owned by
eli- 7=
DG-017 o 277 3BHK 4 6AC 2 3 7-9 hours
owned per day
DG-018 el 337 4BHK 6 9AC 2 Moire than S i
owned per day
DG-020 | Rented 277 3BHK 3 7AC 1 4 10-12, b
per day
DG-024 belE 277 3BHK 2 TAC 1 4 7-9 hours
owned per day
DG-028 Sl 337 4BHK 3 7AC 1 3 T
owned per day
DG-032 el 337 4BHK 2 7AC 1 5 7-9 hours
owned per day
D03z | Sf 337 4BHK 3 6AC 2 5 L L7 ey
owned per day
pGo4o | SIF 277 3BHK 4 6AC 2 4 e
owned per day
DG-047 | Rented 277 3BHK 3 6AC 2 4 = hpurs
per day

Statistical analysis was carried out to derive the descriptive statistics and perform significance
tests for the IAQ data from measurements and household characteristics survey data. The daily
mean IAQ values were compared against classification limits specified by the Indoor Environmental
Quality Standard, ISHRAE Standard - 10001:2016 [16], which attributes three specific threshold
levels for individual IEQ parameters under Class A (Aspirational), Class B (Acceptable) and Class C
(Marginally acceptable). In this study, the maximum values (Class C) for indoor PM2.5 at 25ug/m3,
PM10 at 100ug/m?®, CO2 at 1100ppm, RH at 70% and temperature at 27°C, have been adopted.

3. Results
3.1 Temperature and Relative Humidity

Descriptive statistics were conducted to identify the variations between IAQ elements in each of the
case study dwellings. During the monitoring period, external temperatures ranged from 10°C to 49°C,
indoor temperature varied across 12 residences (with air conditioning), with daily mean temperatures
ranging from 28.5°C in DG-008 to 33.4°C in DG-010, while the outdoor mean temperature was 26.4°C.
The mean RH ranged from 37.7% in DG010 to 67.2% in DG-047, these values remained within the
acceptable comfortable RH band of 30%-70% prescribed by the ISHRAE standard.
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Figure 1: Line graphs of indoor and outdoor temperature & RH across the weekday and weekend

The daily profiles across all days, weekdays and weekends of indoor temperature and RH are given
in Fig1l. The mean temperature of each case study dwelling during the monitoring period exceeded
ISHRAE's recommended limit of 27°C for indoor temperature. At the sample level, the mean indoor
temperature was 30.7°C, which is 3.7°C warmer than the recommended acceptable temperature
prescribed by ISHRAE. More specifically, at the individual dwelling level, the temperature difference
between the mean temperature of each dwellingand the maximum specified by the ISHRAE threshold
varied from 1.5°C to 6.4°C, where DG-010 had the biggest temperature difference from the ISHRAE
threshold, which was 6.4°C, and DG-008's mean temperature was 1.5°C higher than the ISHRAE
threshold.

Profiles for weekdays and weekends in Fig.l show that the mean indoor temperature on weekends
was lower than on weekdays, but the relative humidity was slightly higher than on weekdays. The
mean RH levels varied from 37.7% - 67.2%, with a sample mean of 47%, these RH values correspond
with the ISHRAE required range of 30%-70%. Over the course of sleeping hours (00:00-08:00, the
shaded area in figures), mean relative humidity levels were respectively consistent when compared
to the waking hours. Indoor RH showed a weak correlation with external RH with Pearson correlation
r= 0195, but a moderate negative correlation with indoor temperature with Pearson correlation r=
-0.435, both significant at the 0.01 level. Observe when the outdoor temp is high at which indoor RH
drops. This indicates the use of a space-cooling appliance. In addition, the indoor temperature is also
influenced by the occupancy pattern and appliance usage. Residence DG-010 which was occupied
by one person experienced the lowest mean indoor humidity and highest mean indoor temperature,
which might be because of the lower frequency of cooling appliances (ACs, fans) usage.

3.2 CO2 level

Indoor CO2 levels indicate the level of ventilation in buildings. It is also used as a proxy for IAQ [17].
Throughout the monitoring period, the mean CO2 levels varied from 451ppm in DG-024 to 714ppm
in DG-012, much below the ISHRAE standard's maximum threshold of 1100ppm. In line with the
window opening frequency leading to higher ventilation rates, all residences experienced low CO2
concentrations in rooms. The mean CO2 concentrations on weekdays and weekends was 548ppm
and 615ppm, respectively. There were some significant variations of CO2 levels during waking hours
observed in the daily mean CO2 profiles for all residences. Weekday daily profile of CO2 showed
a similar trend with the overall CO2 profile - with CO2 concentrations increasing around 07:00 at
510ppm and peaking at 600ppm at 21:30. On weekends, CO2 levels started increasing at 09:00
(560ppm) and peaking at 21:30 (695ppm). Daily profiles of CO2 showed a direct relationship to
room occupancy rates and household activities like cooking, children playing, watching TV, etc. In
addition, weekend effects were also obvious, in which CO2 levels were higher on weekends and
during the evening time when more residents were at home most of the time. Residence DG-012
which experienced the highest CO2 levels was occupied by seven residents majority of the time
(Table 2). A moderate correlation between indoor CO2 levels and number of residents was found,
with a Pearson correlation value of 0.456, significant at the 0.01 level.

3.3 Particulate matter (PM2.5 and PM10)

India has been ranked the 8th most polluted country in 2022, with PM2.5 levels 10 times the WHO
limit. Exposure to PM2.5 can impair cognitive and immune functions and could cause cardiovascular,
respiratory disease and cancers [18]. Indoor PM sources include indoor origins and outdoor infiltration
[21]. The level of indoor air pollution in the majority of Indian households is far worse than ambient air
pollution [19]. More specifically, sources of PMs are indoor activities like smoking, cooking, cleaning,
burning candles or incense, and air fresheners usage, etc. In addition, high PM concentrations
are caused by outdoor infiltration sources including industrial and vehicular emissions, dust from
construction activities, emissions from local power plants and biomass burning from the surrounding
rural areas [20]. Other factors like the design of the building, air exchange efficiency in the room and
occupancy pattern rate also have an impact on indoor PM concentrations [21].

In this study, at the sample level, the mean concentrations of PM2.5 and PM10 were observed to be
35.5ug/m3 and 57.8ug/m3, respectively. PM2.5 levels in all residences were both double
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both double over the 24-hour recommended WHO limit of 15ug/m3 [22] and the recommended
ISHRAE limit of 25ug/m3. Throughout the monitoring period, the daily mean PM2.5 levels in
DG-010 was recorded with the lowest value at 25ug/m?®, while DG-033 had the highest value at
48.3ug/m?®. Overall, the daily profiles of PM2.5 varied significantly throughout the daytime with
high concentrations between 08:00 and 12:00, the influence of traffic and house cleaning activities
were noticeable here. The weekday profile of PM2.5 concentrations showed a similar trend with the
overall profile but with generally higher concentrations. Weekend trend was lower than weekday
trend throughout the daytime, unexpectedly, higher and variable concentrations of PM2.5 were
observed during the sleep hours on weekends than on weekdays, which were mainly attributed to
human activities.
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Figure 2: Line graphs of indoor and outdoor PM2.5 & PM10 across the weekday and weekend

At an individual residence level, the daily mean level of PM10 ranged from 42.2ug/m? in DG-047 to
75pg/m?® in DG-033 and varied significantly throughout the daytime. Except for DG-047, the PM10
levels at the other 11 residences exceeded the 24-hour recommended WHO limit of 45ug/m® but
remained much below the ISHRAE limit of 100ug/m?® during a 24-hour period. Overall, PM10 had
obvious diurnal variations with high concentrations between 08:00 to 10:00 but the lowest hourly
concentrations often occurred around 03:00 and 16:00. The weekday profile of PM10 concentrations
showed a similar trend with the overall profile. The weekend trend was higher than the weekday
trend between 21:00 and 07:00. This might be associated with changes in the outdoor ambient PM10
concentrations, it can be seen from the daily profile in Fig. 2, that the outdoor PM10 concentrations
at the weekend were higher than weekdays around the above-mentioned time frame. Higher
concentrations of PM10 were observed between 08:00 to 16:00 on weekdays than on weekends,
which might be associated with the traffic on weekdays. As evidenced by other studies, the average
daily concentration of PM10 decreases as traffic flows decrease during late-night hours, and vice
versa [23].

PM levels were related to household activities, with the highest PM concentrations observed between
20:00 to 22:00 wherein cooking and eating activities would have taken place. Cooking fuels are the
main contributor to high PM concentrations in Indian households. In this study, all 12 households use
gas as their primary cooking fuel, and 25% do not have exhaust fans in their homes, which explains
why PM peaks occurred during cooking time in this study. Suggestions to reduce indoor PM levels
include ensuring there is adequate ventilation, especially when doing activities that may generate
PM.

3.4 Cross relating IAQ parameters and household characteristics

The strength of the relationship between indoor and outdoor parameters across dwellings has been
calculated using Pearson’s Correlation and presented in Table 3. Indoor CO2 levels were found to
be weakly correlated with outdoor temperature and PM10, with the Pearson correlation value at
0.229 and 0.232, respectively. Weak negative correlation was found between indoor temperature and
outdoor RH, with a Pearson correlation r= -0.201. Indoor and outdoor PM was weakly associated
where Pearson correlation r=0.227 for PM2.5 and r=0.155 for PM10.
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Table 3: Pearson’s Correlation Coefficient between indoor and outdoor air quality parameters at the sample
level.

Outdoor Outdoor Outdoor Outdoor  Indoor Indoor Indoor Indoor Indoor

Temp RH PM:.5 PMio Temp RH CO: PM: 5 PM;io
Indoor Temp 156 201" 0BT 065" 1 -4357  -080" -174"  -064*
Indoor RH -0.012 195" .100™ -0.021 -435~ 1 -0.024 160" 080"
Indoor CO, 229 063" 183" 232" -080"  -0.024 1 150" .106™
Indoor PM, Jog™ 072* a7 113* -174"  160™ 150" 1 928"
Indoor PMg 167" 0.020 203" 558 -064™ 080" 106"  .928" 1

Unsurprisingly, a strong positive correlation was observed between PM2.5 and PM10, which had a
correlation coefficient of 0.928. Moderate negative correlation with a Pearson correlation value of
-0.435 was observed between indoor temperature and RH. Generally, as air temperature increases,
air can hold more water molecules, and its relative humidity decreases. When temperatures drop,
relative humidity increases, and vice versa. Weak correlation was observed between indoor PMs and
CO2, implying that CO2 concentration on its own may not be an appropriate proxy for measuring
IAQ in Indian residences since most of the PMs are generated due to household activities like
cooking and cleaning. The relationship between CO2 and PMs is still under researched.

Using statistical analysis, the relationship between IAQ elements and household characteristics,
such as the number of residents, and the number of appliances in terms of AC units, computers, and
electric geysers, has been investigated. Indoor CO2 levels had a moderate correlation with number of
residents, with a correlation coefficient value of 0.550, while weak negative correlation was observed
between indoor CO2 and number of ACs, with a correlation coefficient value of -0.254. Interestingly
indoor CO2 levels were observed to have a weak correlation with the number of exhaust fans with
a correlation coefficient value of 0.358, showing that the exhaust fans were not used enough, while
weak negative correlation has been found between indoor temperature and the number of electric
geysers (correlation coefficient value = -0184), both significant at the 0.01 level.

3.5 IAQ dashboard for green homes

To provide an overview of IAQ in green homes, a visualisation dashboard called RIAQ (RESIDE Indoor
Air Quality Dashboard-Green Homes) has been developed. This is an online interactive platform that
can be used to rapidly analyse and visualize the technical monitoring IAQ data along with the social
data on physical dwelling properties and household characteristics. RIAQ dashboard consists of five
main tabs, i.e. Characterising, Profiling, Distribution, Correlation, and Benchmarking. The outputs of
each tab are varied by the selection of input variables, which can be filtered by different levels in
terms of the Overall level (all residences), Typology level (by Home tenure, Occupation, Dwelling
size and No. of AC units), and dwelling ID.
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Figure 3: RIAQ green homes dashboard profile examples: Characterising (left) and Benchmarking (right)

Paper ID - 1189 | Field study on measuring Indoor Air quality in certified BOOK OF PROCEEDINGS
Green-rated urban Indian residences |
https://doi.org/10.62744/CATE.45273.1189-057-065 30


https://carbse.org/book_of_process_detail?bid=28

COMFORT AT THE EXTREMES
DEC 13-14-15 | AHMEDABAD INDIA CATE ‘2023
o I———

The association between physical building properties and household characteristics can be reviewed
on the Characterising page (Fig. 3. left). The Profiling page visualizes the indoor and outdoor ambient
air quality monitoring data. Grouped by the number of AC units, the Distribution page presents the
distributions of IAQ through the box plots by home tenure, occupation, dwelling size and the number
of AC units. Grouped by dwelling size, the Correlation tab demonstrates the correlations between
IAQ parameters data, the correlation strength between paired variables can be seen by positive
and negative linear trend lines in each scatter plot. The Benchmarking tab (Fig. 3. right) presents
the comparison between the |IAQ data and the recommended acceptable range prescribed by the
ISHRAE IEQ standard Class C [16], which attributes three specific threshold levels for individual [EQ
parameters.

To our knowledge, there is no available interactive online dashboard that has been developed for
green-rated urban Indian residences yet. It is free to access and easy to use for the public. The RIAQ
dashboard developed in this study empowers users like academics, industry or building standards
legislation authorities, to understand the changes happening in the indoor environment quality of
green-rated homes in India, and also provides insights into the green building further development
as well as the demand on IAQ legislation progress in India.

4, Discussion

A socio-technical BPE assessment of IAQ in a small sample of twelve certified green-rated urban
Indian residences over seven days revealed IAQ conditions that exceeded recommended thresholds,
particularly with regard to indoor temperatures and PM2.5. Indoor temperatures were found to vary
across the 12 residences with daily mean temperatures ranging from 28.5°C to 33.4°C, all dwellings
failed to meet the ISHRAE |EQ standard recommended minimum mean indoor temperature of 27°C,
with an overall average of 3.7°C higher temperature than the ISHRAE threshold, where dwelling DG-
010 having a 6.4°C higher temperature than the ISHRAE threshold, and DG-008's mean temperature
was 1.5°C higher than the ISHRAE threshold. Mean indoor RH levels ranged from 37.7% to 67.2%
and remained within the acceptable comfort range of 30%-70% prescribed by the ISHRAE standard.
Despite all case study residences having 6 or more air conditioning units, indoor temperature and
RH were found to have a moderate negative correlation.

All twelve residences experienced low levels of CO2 concentration ranging from 451ppm to
714ppm, much below the maximum benchmark of 1100ppm prescribed by ISHRAE. The mean CO2
concentrations on weekdays increased around 07:00 at 510ppm and peaked at 600ppm at 21:30. On
weekends, the rise in CO2 levels started 2 hours later than on weekdays - with CO2 levels increasing
from 09:00 at 560ppm and peaking at 695ppm at 21:30. Residents usually have a later start of the
day during weekends. Weekend effects were also obvious, in which CO2 levels were higher on
weekends and during the evening time when more residents were at home most of the time.
Although daily mean PM10 concentration ranged from 42ug/m?®to 75ug/m?, much below the ISHRAE
prescribed upper limit of 100pg/m?® daily mean PM2.5 levels (arising from cooking and cleaning
activities) had a range of 25ug/m?®-48ug/m?, much above the upperlimit of 25ug/m?® set by ISHRAE.
PM levels were related to occupant activities, with high PM levels observed between 08:00 to 12:00,
the influence of traffic and house cleaning activities was noticeable here. Weekend trend was lower
than weekday trend throughout the daytime, unexpectedly, higher and variable concentrations of
PM2.5 were observed during the sleep hours (00:00-08:00) on weekends than on weekdays, which
were mainly attributed to human activities.

The RIAQ dashboard, an online interactive platform developed for the first time in this study, can be
used to rapidly analyse and visualize the technical monitoring IAQ data along with the social data
on physical dwelling properties and household characteristics. This allows academics, researchers,
policymakers and building practitioners to better understand how IAQ varies daily in Indian
residences with different numbers of residents. This can potentially enable further research related
to improving IAQ in residences.
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5. Conclusion

To verify the actual IAQ performance of green-rated buildings built to sustainability standards, this
study used a socio-technical BPE approach to empirically assess the daily trends and variations in
IAQ elements measured across a sample of twelve green-rated urban Indian residences co-located
in an apartment complex in Delhi. The findings revealed that the green-rated homes had good levels
of IAQ in terms of RH, CO2 levels and PM10 levels that remained within the acceptable thresholds
prescribed by the ISHRAE standard. However exposure to PM2.5 levels was found to be high. Due
to the lack of a comprehensive protocol for monitoring indoor PM2.5 levels in residences, such
exposures go unnoticed.

Since the research presented is based on a small sample, there are limitations in drawing general
conclusions on the link between IAQ and household characteristics in green-rated urban residences.
Nevertheless, the proposed socio-technical POE method and valuable findings presented here can
be rolled out more widely to provide more comprehensive coverage of green-rated urban Indian
residences. The findings also reveal the urgent need for developing large-scale monitoring campaigns
to measure different IAQ parameters in Indian residences and how these relate to occupant activities
and behaviours. Starting this effort in green homes may have a rapid uptake.

The RIAQ dashboard, an online interactive platform developed for the first time in this study, can be
used to rapidly analyse and visualize the technical monitoring IAQ data along with the social data
on physical dwelling properties and household characteristics. This allows academics, researchers,
policymakers and building practitioners to better understand how IAQ varies daily in Indian
residences with different numbers of residents. This can potentially enable further research related
to improving IAQ in residences.
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Abstract

Completed in 2017, the building complex Moradias Infantis de Canuana (Canuané Children’s Village)
is located in the city of Formoso do Araguaia in Tocantins, in Brazil. Its architecture is strongly
influenced by the local savanna climate which is characterised by distinct hot-dry and hot-mid
seasons. In this study, the authors evaluated the buildings thermal conditions and the potential of
natural ventilation using analytical procedures supported by computer simulations. Air movement in
the transitional spaces was also simulated with CFD techniques. The findings reveal that, during the
hottest periods of the year, the key habitable spaces (bedrooms) in the building have temperatures
10 oC below the outdoors. Primarily, this performance is attributed to the influence of thermal mass,
combined with natural ventilation and shading. Additionally, a positive impact of natural ventilation
on indoor conditions requires a combination of wind driven and buoyancy effects. In the courtyards,
the distance between blocks is enough to allow perceivable air-speeds. Overall, this study has
shown that the holistic design employed at the Children’s Village building complex in Tocantins
works well to maintain the indoor thermal environment at acceptable conditions.

Keywords -Vernacular Architecture, Tropical Savanna, Thermal Conditions, Natural Ventilation,
Analytical Study.

1. Introduction
1.2 The Case Study Building: Architectural design and passive strategies

The building design of Canuana Children’s Village addresses the brief of reformulation of the spaces
of the rural school of the Fazenda Canuana, which houses 540 children (students from the Bradesco
Foundation). The new building complex encompassed approximately 23,000 m? of built area [14].
Completed in 2016 in the city of Formoso do Araguaia, in the Brazilian state of Tocantins, the
architectural design is strongly influenced by the local tropical savanna climate (tropical wet and dry
- Aw), characterized by a dry and a rainy season, with peak air temperatures varying between 30°C
and 40°C throughout the year and significant thermal amplitudes (mainly in dry periods), exceeding
10°C. The spaces are distributed in blocks around three rectangular patios, side by side (Figs 1 and
2), all shaded by a large roof structure made by glued laminated wood and external high-reflective
metal sheets. The overarching structure acts as a second roof, shading the blocks and their roof
terraces, with openings over the courtyards. The big second roof is slightly sloped to increase
airflow at the roof tops. Dormitories are located at the ground floor, whilst classrooms, a library and
other living spaces are on the upper level.

In the search for climatic responsive architectural solutions (the so-called passive solutions), for
thermal comfort of the users throughout the year in the hot-dry and hot and humid climate of
Tocantis, strategies were combined providing ample shading and natural ventilation, coupled with a
high thermal capacity building fabric. The inspiration in examples from the regional construction and
traditional building techniques, led to the choice of building components with low environmental
impact, with emphasis on the use of raw adobe bricks, made from local soil, clay, sand and organic
material for walls and floors, with the aim of adding thermal inertia to indoor environments, to deal
with the high temperatures and thermal amplitudes. Precedents of analytical thermodynamic studies
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Figure 1. Views of Canuana Children’s Village. One of the internal courtyards on the left and external view of
the building complex, on the right [14, 5]. Architects! Aleph Zero & Rosenbaum.

for compact adobe construction environments in three hot climatic contexts showed that while the
maximum external temperature occurs between 15:00 and 16:00 hrs, the temperature maximum
internal temperature is registered between 19:00 and 20:00 hrs, pointing to a peak temperature
delay of approximately 4 hours, accompanied by a damping between external and internal surface
temperature around 12°C [8].

In Brazil, the assessment of the thermal response of brick constructions in housing was verified
by measurements in loco at the Vila Butantd development in Sdo Paulo (1998), showing that while
the external temperature reaches 30°C, the internal temperature is around 24°C, given the thermal
inertia combined with shading and opening control for ventilation, as applied in the Tocantins project
[12]. Combined with the control of heat transfer from outdoor to indoor by means of thermal mass,
perforated brick elements, known in Brazilian architecture as cobogds, are placed on the external
and internal facades (in communication with the patios) of the dormitories, to induce constant air
flow, which, at night, assists in the passive cooling of the internal spaces (in addition to cooling the
envelope of buildings). In addition to the cobogds, dormitory windows for transitional spaces and
movable wooden panels over doors and partitions have the potential to increase cross ventilation
through the spaces (Fig. 2 and 3). The wooden components, including the rafters and roof slats,
are made of glued laminated reforestation wood (the most local sustainable choice for the use of
wood in construction). Looking at the arrangement of the building form, the courtyards facilitate
cross ventilation and daylight to the internal environments, while the large double roof shades the
buildings. In this way, open and transitional spaces on the ground and at roof level, where living and
common areas are located, are protected against the direct impact of solar radiation throughout the
year.
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Figures 2a & 2b: Architectural drawings of the Canuana Children’s Village. At the top: Cross section highlighting
the shading role of the double roof and the ventilation strategy through the perforated external walls, At the
bottom: Ground plan of the building complex showing the three courtyards, with the bedrooms [5].

Paper ID - 1114 | Contemporary Vernacular Architecture in The Brazilian BOOK OF PROCEEDINGS
Tropical Savana: The Case-Study of the Children’s Village in the Canuana —
Farm, in Tocantis. | https://doi.org/10.62744/CATE.45273.1114-066-074 35


https://carbse.org/book_of_process_detail?bid=17

COMFORT AT THE EXTREMES
DEC 13-14-15 | AHMEDABAD INDIA CATE ‘2023

1 - Metalic roof with insulation, glued -laminated
autoclaved eucalyptus rafter and beam

2 - Glued -laminated autoclaved eucalyptus
structure

3 - Railings in autoclaved eucalyptus wood
- Concrete slab with fibre wool panels
- Single glass windows

- Adobe brick wall

S —

- Concrete slab with stone and compact soil

® 9 o o

- Autoclaved eucalyptus wood board

Figure 3: Detailed sections of different parts of the envelope, showing the building components and the
different heights of the roof, as a result of its inclination [5].

The penetration of daylight in the dormitories occurs through the reflection of solar radiation through
the external wall of the perforated elements, which shadows the area of the balcony, which, in turn,
works as a transition zone for solar radiation, which is then reflected inwards. Previous analytical
work showed that in addition to the meaningful reduction of solar gains, the roof worked also acts
as a means to control excessive daylighting levels across the building, in locations close window
openings, avoiding glare [7]. The same studies demonstrated that even without the big double roof,
the occurrence of UDI in the "excessive” range is predominant in the balcony area, but does not go
higher than 18%, approximately, in the worst case, being this the southwest.

In general, cross ventilation is possible by spatial communication between floors (stack effect), as
well as by the continuity between same floor areas. In the dormitories, the design of the window
frames allows for the complete opening of the window area. On the ground floor, open spaces in
the interior and in the immediate surroundings of the buildings received a landscape treatment of
native plants from the tropical savanna, qualifying the open spaces between buildings. Regarding
the natural characteristics of the place, the water body close to the buildings, the Javaés River,
contributes to the local microclimate, especially in the hot and dry season, increasing the relative
humidity. The architectural synthesis achieved in the design Canuana Children’s Village, which
explores the use of reforestation wood and earth architecture, made this design an international
reference in contemporary vernacular architecture (and bioclimatic design) for hot and dry climates,
awarded and published internationally. In this context, the main objective of this environmental
assessment is to verify the thermal performance and the role of ventilation in the buildings complex
of Canuana Children’'s Village, in Tocantis, Brazil, through analytical evaluations carried out with
the use of computer simulations. The analyses are focused on examining the impact of the thermal
mass of the building fabric and of the large roof on the internal thermal conditions of the dormitories
and their respective balconies, by quantifying the internal operative temperatures throughout the
year. In addition, the resultant indoor air changes (ach) was estimated as a function of the design
of the apertures and the proportions and orientations of the spaces. With respect to the outdoors,
Air movement in the open and transitional spaces of the development were examined by means of
simulations of computer fluid dynamics.

1.2 Climate

Located at latitude 11° 47'S, the city of Formoso do Araguaia is located in a tropical savanna region
[12]. This climate is characterized by high temperatures throughout the year with a dry and a rainy
season. Because of the low latitude, the northern and southern orientations receive significant
amounts of solar radiation throughout the year, with the southern orientation mostly affected between
January and April and from October to December (summer and spring seasons), while in the north,
impinging solar radiation is significant from March to June and July to September (autumn and
winter months). At this latitude, the solar path quickly reaches the most central area of the sky domo.
As an example, at 12 o'clock the solar altitude reaches 77.5°n the equinoxes, 78° on the summer
solstice and 55° on the winter solstice, making horizontal elements the most efficient strategy for
shading. Climate data from the local meteorological station has shown that the global radiation
on the horizontal surface is between 4,000Wh/m?® and 6,000Wh/m?, with August and October the
months with the highest incidence and April the month with the lowest [12]. The dry-
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bulb temperature remains relatively constant throughout the year, with monthly averages ranging
from 25°C to 30°C, with maximums exceeding 35°C and reaching close to 40°C in August and
December, the hottest months. In general, the period between October and April comprises the most
humid and hot months, with relative humidity rates around 80%, while the period between May and
September is mostly hot and dry, with relative humidity around 40%. Because of the drop in humidity,
the hottest and driest months are also those with the greatest daily temperature amplitude (AT),
reaching 13°C in June and 18°C in September, while in the humid months this variation is about 6°C.
Such values of AT, particularly in the hottest period of the year, point out to the advantages of thermal
mass combined with night-time ventilation to moderate internal temperatures. The prevailing winds,
important for wind-driven ventilation strategy, vary between the south and southeast throughout the
year, with average speeds around 1.9 m/s and high speeds reaching 8.3 m/s.

2. Methods

The environmental assessment of this case-study is essentially analytical, focusing on dormitories
and their respective balconies (space created between the external cobogd walls and internal
facades), across three different orientations (Fig.5). For the thermal assessment, thermodynamic
simulations were carried out, from which the percentages of annual hours of comfort and discomfort
were calculated based on the ASHRAE adaptive thermal model [2]. In addition, aiming for a deeper
understanding of the project's thermal response to the local climatic conditions, the profile of
operative temperatures over two weeks of the hottest period of the year was extracted from the
thermodynamic simulation, comprising the period between end of September and the beginning
of October. The thermodynamic simulations were carried out with the Honeybee plugin of the
Grasshopper simulation software, which makes use of the Energyplus computational calculation
tools. The digital model was built with Rhinoceros 5. Tables 1 and 2 show the thermophysical
properties of the building components and the internal gains and ventilation schedules used in the
thermal model.

Table 1: Thermophysical specification of the construction components used in the thermal model [10, 5, 3].

53, thickness Conductivity Density U Value
Elemento Materiais o (W/m*K) (kg/m?) (Wm™K)
concrete 10 2.3 2500
Floor stone 40 13 2240 2,19
compact soil 10 1,28 1460
External Wall adobe block 14 0,37 1700 237
concrete 7 2.3 2500
Slab 1,60
fibre wool 2.5 0,042 12
N 15 0.48 880
Internal Wall OOW:DI00 135
gypsum 25 0,22 800
Windows Single glass 0.3 1 2500 5,00

Table 2: Occupancy, internal thermal load and window opening regime for natural ventilation on weekdays.

Times People Artificial light Equipament Natural Ventilation Schedule

(W/m?) (W/m?) (% of window opening)
00:00-7:00 6 0 0 100
7:00-8:00 3 5 il 50
8:00-9:00 0 5 0 50

9:00-18:00 0 0 0 0 (infiltration = 0,28 ach)
18:00-21:00 3 2.5 2 100
21:00-23:00 6 3 2 100
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To examine the potential of natural ventilation, four room scenarios were simulated with the Optivent
software, an analytical tool based on the fundamental equations of air flow [4]. The scenariosincluded
two bedrooms, one from Block B, facing southwest (leeward side) and another one from Block A,
facing southeast (windward side). In both cases cross ventilation was adopted, given the possibility
of using the apertures on opposite sides of the room. For each room, two scenarios were tested, one
for a mild day (in June) and another one for a hot day (in October). The results were extracted in air-
changes per hour (ach/hour). In all four cases the results included the contribution of stack-effect
(buoyancy) only and stack-effect plus wind-driven ventilation. In order to focus on the best possible
outcomes, the results presented here refer exclusively to the combined effect of stack plus wind
driven ventilation. The calculation of the required air-changes assumed an internal peak temperature
20C above the outside. It is important to mention that the natural ventilation assessment did not
consider the positive impact of the thermal mass, only the shading and insulation from the building
fabric.

The computer fluid dynamics (CFD) simulation was executed using the open-source software
OpenFOAM [10]. For the simulations of external airflow, the simpleFOAM solver was employed for
the definition of the boundary condition. The equation proposed by Hargreaves and Wright was
adopted to generate an Atmospheric Boundary Layer (ABL), which best emulates the characterization
of natural ventilation in an urban environment. This process facilitates the creation of an urban
gradient based on parameters like roughness values, porosity, and turbulence [6]. The input data
for air velocity was set at 1.9 m/s, aligning with the characteristic direction for the city in question.
The simulation was carried out using the SimpleFoam calculation method within a steady, adiabatic,
incompressible, and turbulent regime. Air was treated as an ideal gas at a temperature of 25°C,
The methodology for the CFD simulation was divided into four stages: 1. Pre-processing; 2. Setting
boundary initial values; 3.

Solving equations; and 4. Post-processing. During the Pre-processing stage, the geometry was
developed using solid modeling techniques within CAD software. Meshing stands as a pivotal phase
in any CFD simulation. Mesh production involves subdividing the analyzed geometry into smaller
segments for analysis. The mesh was generated in an unstructured manner, focusing on creating
prism elements close to the ground and buildings to better capture the detachment of the boundary
layer. Additionally, tetrahedral elements were constructed to form a non-linear polymesh. A mesh
independence test was conducted using three distinct meshes (Table 3).

Table 3: Data from the three meshes used in the mesh independence test.

Skewness Orthogonal Quality wind speed at a
Mesh Min size Max size Nodes Elements Average Average specific point
Ml  1,45E-01 29 62765 224135  0,2797604338 0,8382301043 0,18
M2 8,50E-02 17 73826 271314  0,2682210511 0,844354768 0,24
M3 425E-02 85 126342 474757  0,223688128  0,86130751 0,25

The equations were repeatedly solved, with each iteration aimed at minimizing the residuals. This
iterative approach stems from the differential nature of the Navier-Stokes equation, striving to
converge towards values approaching zero. Beyond addressing residuals, it is imperative to ensure
the physical stability of the analyzed variables. For the analysis and validation of simulation results,
only simulations with residuals smaller than 10e-4 and exhibiting a physical stability variation of
less than 5% across simulations were considered [9]. In addition to the examination of the internal
conditions, the outcome of the CFD simulation was use to inform a qualitative interpretation of the
thermal outdoor conditions in the transitional and open spaces of the building complex.

Paper ID - 1114 | Contemporary Vernacular Architecture in The Brazilian BOOK OF PROCEEDINGS
Tropical Savana: The Case-Study of the Children’s Village in the Canuana —
Farm, in Tocantis. | https://doi.org/10.62744/CATE.45273.1114-066-074 S8


https://carbse.org/book_of_process_detail?bid=17

COMFORT AT THE EXTREMES

DEC 13-14-15 | AHMEDABAD INDIA CATE |2023
I —

3. Results

3.1 Thermal Performance

The results of the analytical studies showed that the rooms/dormitories facing the three orientations
present a high percentage of comfort hours (above 85% of the time in the dormitories and above
69% in the respective balconies) for scenarios with and without the roof. The greater exposure
of the balconies to the external environment (even if well protected) results in-a slightly worse
thermal performance. In the case of the scenario with the big double roof, the difference between
the dormitory and the balcony is around 5%. This difference goes up to 20%, approximately, in the
scenario without the roof. Looking exclusively at the dormitories, as shown in Table 4, while in the
scenarios with roof the heat discomfort is practically zero in all orientations, without it, the heat
discomfort is between 919% and 11.58%, depending on the room orientation. With respect to the
balconies, the difference between orientation is much greater, staying at a little less than 1%, in the
best case, with the roof, and reaching almost 30% in the worst case, without the roof. Comparatively,
the percentages of discomfort due to cold were low, being 4% in the worst case of dormitories
facing the northeast and 7% on their respective balconies, not being a problem, per se, as a small
percentage of night-time thermal discomfort can be adjusted with blankets. The small difference of
annual hours of discomfort between the scenarios with and without the double roof can be attributed
to the high degree of shading inherent to the external walls of perforated elements, combined with
the effects of thermal mass and controlled natural ventilation,

Regarding trends of operative temperatures during the two representative weeks, the thermodynamics
simulations showed that the blocks have little difference among them. Therefore, for the purpose of
objectivity, Figure 4 brings the data exclusively to the dormitory and the balcony of Block B, with
and without the roof, during a period of two weeks of hot and dry conditions, between September
19 and October 3. The results point to a clear thermal stability of the simulated environments, even
in the scenario without the roof. However, it is worth noting that in the scenario with the roof, the
air temperatures in both the dormitory and the balcony are more in the center of the comfort zone
(close to the neutral temperature line). In the case of September 23, one of the hottest days of
the selected period, while the outside temperature is around 38°C, the indoor temperature in the
scenario with the double roof is 25.8°C, whilst without it, the temperature reaches 29°C, both still
within the comfort zone. Another point to note is that only in the balcony of the scenario without
the roof the upper limit of the comfort zone is exceeded during the day, presenting daily amplitudes
of 12.5°C and 9.3°C, respectively, which are significant for the effectiveness of night ventilation.
The operative temperature profiles prove the relevant role of the roof for the thermal comfort of the
dormitories and balconies. Due to its effect, the internal temperature in the dormitory is about 3.2°C
below the scenario without it.

Table 4: Annual percentage of comfort and discomfort hours, in the simulated scenarios

ASHRAE Block A Block B Block C
(90% External facade: SO External facade: NO External facade: SE
acceptance)
% in relation to with roof without roof with roof without roof with roof without roof
the comfort
zone
D* B** D* B** D* B** D* B** D* BPK* D* B**
% Below 4.01 7.01 0.61 0.58 2159 3235 0.47 0.55 1.86 4.46 0.56 0.43
% Above 0.00 0.89 9.19 29.68 0.00 1.96 11.76 2339 0.01 1.88 11.58 | 24.55
% Comfort 95.99 | 92.01 | 90.21 | 69.55 | 97.41 92.81 87.77 76.06 | 98.13 | 93.65 | 87.87 | 75.01
*Dormitory **Balcony
DI ASHRAE - Adaptative Comfort Model - Block B
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Figure 4: Profile of Operative Temperatures in the dormitory and balcony of Block B (main facade to the
Southeast orientation - 2080), in the scenarios with and without the double roof, for the period between
September 19 and October 3, showing the comfort zone according to the adaptive model of ASHRAE [2].

3.2. Indoor natural ventilation

Firstly, the Optivent results confirmed the need for cross ventilation if higher air change rates are
required (results associated with stack effect only are not shown in this work, as they failed to
provide the required air-changes in all cases). The room in the leeward direction (SW), scenarios
1 and 2, achieved more than half of the required air changes during the milder day, but stayed at
less than half of the required performance on the hot day. The room on the windward orientation
(SE), scenarios 3 and 4, showed a similar trend. It should be noted that, although on the leeward
side, the air movement in the courtyard allows for enough wind speed to promote wind-driven cross
ventilation. The insufficient air-changes found in scenarios 2 and 4 indicate the high probability of
temperatures will be above the upper limit of the comfort zone during those hours.
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Figure 5: Comparison of air changes required and achieved in rooms A (SW) and B (SE), during the peak hour
of a mild and a very hot day in Tocantis, Brazil,

3.3 Air Movement in the open and transitional

The study of air movement focused on the courtyards and respective external areas around the
buildings, for the prevailing southeast wind of .90 m/s (Fig. 6). The result highlights a plane at 1.5m
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