
SpringerBriefs in
Architectural Design and Technology

Shveta  Mohan · Vijayalaxmi J.

Embodied and 
Operational Carbon in 
Buildings
Strategies to Decarbonize



SpringerBriefs in Architectural Design and 
Technology 

Series Editor 

Thomas Schröpfer, Architecture and Sustainable Design, Singapore University of 
Technology and Design, Singapore, Singapore



Indexed by SCOPUS 

Understanding the complex relationship between design and technology is 
increasingly critical to the field of Architecture. The Springer Briefs in 
Architectural Design and Technology series provides accessible and 
comprehensive guides for all aspects of current architectural design relating to 
advances in technology including material science, material technology, structure 
and form, environmental strategies, building performance and energy, computer 
simulation and modeling, digital fabrication, and advanced building processes. The 
series features leading international experts from academia and practice who 
provide in-depth knowledge on all aspects of integrating architectural design 
with technical and environmental building solutions towards the challenges of a 
better world. Provocative and inspirational, each volume in the Series aims to 
stimulate theoretical and creative advances and question the outcome of technical 
innovations as well as the far-reaching social, cultural, and environmental 
challenges that present themselves to architectural design today. Each brief asks 
why things are as they are, traces the latest trends and provides penetrating, 
insightful and in-depth views of current topics of architectural design. Springer 
Briefs in Architectural Design and Technology provides must-have, cutting-edge 
content that becomes an essential reference for academics, practitioners, and 
students of Architecture worldwide.



Shveta Mohan · Vijayalaxmi J. 

Embodied and Operational 
Carbon in Buildings 
Strategies to Decarbonize



Shveta Mohan 
Sustainability, WSP Consultant 
Bangalore, Karnataka, India 

Vijayalaxmi J. 
Department of Architecture 
School of Planning and Architecture 
Vijayawada, Andhra Pradesh, India 

ISSN 2199-580X ISSN 2199-5818 (electronic) 
SpringerBriefs in Architectural Design and Technology 
ISBN 978-981-97-7186-8 ISBN 978-981-97-7187-5 (eBook) 
https://doi.org/10.1007/978-981-97-7187-5 

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Singapore Pte Ltd. 2024 

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether 
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse 
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and 
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar 
or dissimilar methodology now known or hereafter developed. 
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use. 
The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or 
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations. 

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd. 
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721, 
Singapore 

If disposing of this product, please recycle the paper.

https://doi.org/10.1007/978-981-97-7187-5


Ms. Shveta Mohan dedicates the Book to her 
grandfathers. 
Dr. Vijayalaxmi J. dedicates the Book to all 
her students.



Foreword 

The book Embodied and Operational Carbon in Buildings by Ms. Shveta Mohan 
and Prof. Vijayalaxmi J., is a must-read book recommended to all building, energy, 
and environmental professionals, decision-makers, and students. It addresses and 
provides insights and useful scientific and engineering solutions for a very important 
problem in the built environment: ‘Embodied and Operational Carbon and Emis-
sions’. Considering that the energy efficiency of buildings is improving fast, and the 
operation energy consumption of the building sector is expected to decrease signifi-
cantly soon, embodied energy and embodied carbon will be one of the principal terms 
in the energy and environmental balance of buildings. It is, therefore, necessary to 
understand the science and engineering related to the embodied and operational 
carbon, to develop methodologies to assess its magnitude, to evaluate its impact 
under various local and regional conditions, and most importantly to develop, imple-
ment, and assess appropriate solutions to minimize or at least reduce significantly its 
impact. The present book is among the very few documents that address the problem. 
It provides comprehensive and well-organized knowledge and information and 
succeeds in informing and educating the reader on almost all important aspects of the 
problem and finally offering a complete picture of the necessary scientific background 
including both the existing knowledge and future scientific developments. 

Mat Santamouris 
马特.桑塔莫里斯教授 

Scientia Professor 
Anita Lawrence Chair High Performance Architecture 
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Faculty Art Design and Architecture 

University New South Wales 
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Preface 

The Emissions Gap Report 2023 states that temperature records have escalated and 
climate impacts are to intensify as greenhouse gas emissions hit new high. The SDG 
13 seeks to take urgent action to combat climate change and its impacts. Concentra-
tions of greenhouse gases continued to increase in 2020, reaching new record highs. 
It was one of the three warmest years on record, with the global average temperature 
about 1.2 °C above the 1850–1900 baseline. It is imperative for all countries to do 
their part to meet the commitments to reduce carbon emissions. India is committed 
to reducing CO2 emissions by 1 billion tons by 2030; reducing carbon intensity 
below 45% by 2030; and finally achieve a Net-Zero emission target by 2070. In the 
building sector, energy consumption and carbon emissions in the built environment 
are largely born out of the use of electricity and building materials. In India, under the 
current scenario, embodied and operational emissions have a share of 40% and 60%, 
respectively. India’s total building floor area is predicted to be around 57.6 billion m2 

by 2050 from 15.8 billion in 2015. With the conventional building systems, this will 
escalate the demand for construction materials like cement, steel, bricks, glass- and 
all of these are energy and emissions intensive materials. Hence, there is a need to 
reduce the use of carbon intensive materials and adopt low carbon emitting materials. 

This book offers the basics of embodied and operational carbon while discussing 
the inclusion of carbon emission in the GBRS at global and national level. This book 
also critically explores the important topic of embodied and operational carbon of 
buildings with insights on the strategies to measure and reduce embodied carbon in 
buildings through a case study and application approach. This approach assesses the 
impact of embodied carbon on the choice of structural systems, alternate building 
materials, alternate building technologies, and air conditioning system. The impact 
of these alternate measures in reducing embodied and operational carbon is analyzed 
by demonstrating its use on a base case building. 

This book is written with a hope that architects, construction engineers, interior 
designers, architecture students, civil engineering students and all those associated

ix
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with the construction industry gain an insight into their roles in reducing carbon 
emissions in order to achieve the National and International commitments. 

Dr. Vijayalaxmi J. 
Professor 

Department of Architecture 
School of Planning and Architecture 
Vijayawada, Andhra Pradesh, India
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