ENERGY CONSERVATION IN AN ANCIENT
PASSIVE BUILDING FOR A COMPOSITE CLIMATE

HEENA FATIMA ALI

DEPARTMENT OF ENERGY SCIENCE AND ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY DELHI
APRIL 2022



©Indian Institute of Technology Delhi (IITD), New Delhi, 2022



Energy Conservation in an Ancient Passive Building for a
Composite Climate

by
Heena Fatima Ali

Department of Energy Science and Engineering
Submitted

in fulfillment of the requirements of the degree of Doctor of Philosophy

to the

Indian Institute of Technology Delhi
April 2022



Certificate

This is to certify that the thesis entitled “Energy Conservation in an Ancient Passive Building

for a Composite Climate” being submitted by Heena Fatima Ali to the Indian Institute of

Technology Delhi, is worthy of consideration for the award of the degree of ‘Doctor of

Philosophy’ and is a record of the original bona fide research work carried out by her under our

guidance and supervision at Department of Energy Science and Engineering, Indian Institute of

Technology Delhi. The results contained in the thesis have not been submitted in part or full, to

any other University or Institute for the award of any degree or diploma.

(Dr. T. S. Bhatti)

Emeritus Professor

Department of Energy Science and Engineering
Indian Institute of Technology Delhi

Hauz Khas, New Delhi — 110016

India

(Dr. Ashu Verma) (Care-taker Supervisor)
Associate Professor

Department of Energy Science and Engineering
Indian Institute of Technology Delhi

Hauz Khas, New Delhi — 110016

India

Date: April 2022

WAV
«%{\

(Dr. G.N. Tiwari)

Professor

Center for Energy Study and Research
Shri Ramswaroop Memorial University
Lucknow — Dewa Road, U.P- 225003

India



Acknowledgements

I would like to take this opportunity to express my heartfelt gratitude to my supervisor,
Prof. G.N Tiwari. His deep knowledge and enthusiasm for the subject was the continual source of
inspiration throughout my research work and | will be forever grateful to him for his consistent

support and guidance.

I am deeply and sincerely indebted to my supervisor Prof. T.S. Bhatti for motivating

and giving me courage to continue unabated even when the going got tough.

I would like to express my sincerest gratitude towards my care-taker supervisor, Prof.

Ashu Verma, for her administrative support and suggestions during my work.

I am thankful to Prof. K.A. Subramanian, Head, Department of Energy Science and
Engineering and my SRC members, Prof. R. Uma, Prof. Dibakar Rakshit and Prof. A.D. Rao for
their constructive criticism, motivation and support. I would like to express my appreciation

towards the staff of Indian Institute of Technology Delhi for their help.

My heartfelt thanks are due to Dr. Sabiha A. Zaidi, Director, Jamia’s Premchand
Archives and Literary Centre; Mohd. Sulaiman Qasmi, Imam, Jamia Masjid; Er. Rashid Ansari,
Retd. Asst. Vice President (BSES Rajdhani Power Limited) and Ar. Mohd. Shahaab for providing
me with the necessary data to support my research work. The teachings of my former mentors,
Retd. Prof. S. M. Akhtar, Prof. Taiyaba Munawer and Associate Prof. Nisar Khan, when | was an

architect-in-making will always be a guiding force for me wherever | go.

I am deeply thankful to the seniors in my office organization, Ar. Sohrab S. Dalal,
Director; Ar. Sanjay Madan, Vice President; Ar. Sevak R. Bhagel, Project Manager; Ar. Shadab
Ahmad, Project Manager; Ar. Taimur Sheikh, Project Manager, and Ms. Rita John for extending
all their possible support throughout my research journey. Thanks are also due to my colleagues,
Dr. Pramod Rajput, Dr. Lovedeep Sahota, Dr. Hoor Fatima, Dr. Neha Dimri, Dr. Neha Gupta, Dr.
Sumedha Sharma, Ar. Manisha Jain, Ar. Neha Rai, Ar. Deepti S. Bhatti, Ar. Rashmi Chauhan, Ar.

Satish Kaushik, Ar. Udayveer Singh and Ar. Sandeep Rana for their time-to-time support.
iv



I am sincerely thankful to my uncle Dr. J.K. Garg, aunt Late Ms. Snehlata Garg, brother
Dr. Nizamuddin and sister-in-law Ms. Huma Khan for their constant encouragement to

successfully complete my thesis work.

I am forever indebted for the constant motivation to work hard and encouragement that
I received from my sister Sana Fatima Ali during all my ups and downs. Without her strong

support, I would not have been able to complete my research work.

I am short of words to convey my sentiments for the love and blessings I received from
my grandparents: Late Retd. Jailor Wagar Hussain Zaidi, Late Mr. Mehdi Hasan, Late Ms. Asghari
Begum and Late Ms. Suraiyya Khanam; my uncle, Late Mr. Shameem Akhtar Zaidi; my parents,
Ms. Nighat Sughra and Er. S.M. Liyaquat Ali Zaidi; brother S.M. Abbas Ali Zaidi and parents-in-
law, Ms. Nigar Mirza and Late Mr. Mirza Farhat Hussain, my brother-in-law, Mr. Yasir Hussain
Mirza and my sister-in-law, Ms. Zehra Yasir. | owe gratitude towards my uncle Ghulam Mehdi

for always showing trust in my work.

I am extremely thankful to my husband Mr. Mirza Ali Hussain for his patience,

cooperation, thoughtfulness, and strong support throughout my journey of research work.

My special thanks to my uncles: Mr. Jafar Raza Naqvi, Mr. Nadir Hussain, Mr. Azadar
Hussain, Mr. Nadeem Agha, Mr. Masood Mirza, Mr. Gauhar Mirza and Mr. Wajahat Mirza; my
aunts: Late Ms. Hameeda Bano, Ms. Kaneez Fatima, Ms. Naseem Bano, Ms. Zeba Agha, Ms. Saba
Mehdi, Ms. Tahseen Mirza, Ms. Arshi Gauhar and Ms. Seema Mirza. | deeply thank my nieces
and nephews for their unconditional love: Zainab, Haider Abbas, Zehra, Danish, Haider, Yusra,

Lubaba and Ammar.

My heartfelt gratitude to my friends Ar. Shagufta Khan, Ar. Shazia Rehman, Ar. Farhan
Khan, and Late Ar. Wasim Ahmad. My sincere thanks to Mr. Shikhar Baranwal.

Date: April 2022 Heena Fatima Ali



Abstract

The growing concerns about global warming and the depletion of fossil fuels have
prompted architects to include energy-saving measures in their designs. Contemplating over the
time-tested centuries old constructions and ancient buildings which aided in maintaining thermal
comfort for occupants and providing daylight, without depending on the non-renewable energy
sources, has inspired architects and builders to embrace the ancient design approaches. Solar
energy, which is abundant in countries such as India, can be extremely resourceful in achieving

this goal of alleviating energy consumption.

The thesis elucidates the developments made in the field of building energy
conservation. It begins with a comprehensive review of the research endeavors towards
incorporating passive design strategies within buildings, from where, it delves into the cardinal
role of ancient architecture in energy conservation. New Delhi, the capital of India, has more than
170 ancient structures under Archeological survey of India which are yet to be explored for their
energy performance aspect, though outside India only a few ancient structures are numerically
investigated for their energy performance. Thus, a vernacular structure with ancient architecture,
located in the composite climatic conditions of New Delhi has been selected for the case study.
The findings of the study would help in the adoption of appropriate passive design technique in
the modern-day constructions. It thus, becomes imperative to identify the passive solar design
strategies of the vernacular building with ancient architecture that is drastically impacting the
building’s energy performance. This can lead to further understanding of the sustainable design

principles and prioritize energy efficiency measures.

The study then investigates the energy saving potential of the passive solar design
determinants identified in the case study building. Thermal modelling of the building has been

performed to assess the annual total thermal energy savings. For this, hourly solar radiation,
Vi



illuminance level from daylighting, ambient temperature as well as temperature of the building
have been measured, based on which, annual energy savings owing to the passive features have
been assessed. This has been further used for the estimation of artificial lighting energy savings
during the daytime and eventually the annual total energy savings. One of the salient elements of
the case study building is the ‘Trombe’ wall, which has been studied in detail. Thickness of the
wall has been varied to analyze its influence on the energy saving potential of the building. Further,
the study attempts to analyse the energy performance of the vernacular architecture for its passive
solar strategies employed and develop a code using MATLAB to assess the viability of the building
present in the composite climate of New Delhi. The embodied energy, energy payback time
(EPBT), energy production factor (EPF) and life-cycle conversion efficiencies (LCCE), forming
the energy matrices, as well as COz emissions, net CO2 mitigation and carbon credits earned,
forming the enviro-economics have also been evaluated. Further, the influence of parameters such

as wall thickness, life of building and average daily solar intensity have been analyzed.

Finally, ‘Life-Cycle Cost Assessment’ has been performed on the case study building.
A cash flow model is generated and analyzed, covering economic aspects from the time of the
building’s construction to its expected life. It attempts to propose an ‘analysis-led-design’ strategy
using MATLAB for builders and architects, providing a beforehand benefit-cost economic
performance study for future ‘state-of-the-art’ building projects prior to their actual construction.
A parametric study has been conducted for varying number of annual thermal energy saving days,

interest rates, building timelines and wall thickness functioning as ‘Trombe’ wall.

This study would provide inputs to the architects to incorporate design features of
ancient architecture into modern buildings from the first stage of building design itself — concept
visualization, hence, encouraging architects to rely more on passive design strategies. It would
also help in saving time and energy to be spent on building design encompassing appropriate
passive techniques for energy saving by using building performance analysis tools.
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